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7HUDSDWLN�SURWHLQ�LQVDQ�E�\�PH�KRUPRQXQXQ��K*+���UHWLPL�LoLQ�JHUoHNOHúWLULOHQ�YH�DOWÕ�DúDPDGDQ�ROXúDQ�
DUDúWÕUPD�SURJUDPÕQÕQ� LON�DúDPDVÕQGD�GR÷DOD�|]GHú�� o|]�QHELOLU�YH�EL\RORMLN�RODUDN�DNWLI� \DSÕGD�VDGHFH�
insanda üretilebilen hGH’nin mikroorganizmalarca  hücre-GÕúÕ� �UHWLOHELOPHVL� LoLQ� �Bacillus hücre-GÕúÕ�
enzimi serin alkali proteaz (SAP)  geninin (subC) pre- sinyal dizini hGH gen dizininin önüne SOE 
\|QWHPL\OH�HQWHJUH�HGLOHUHN�ROXúWXUXODQ�KLEULW�JHQ�|QFH�S8&���E.coli SODVPLGLQH�NORQODQPÕú�� VRQUD�GD�
pMK4 E.coli-Bacillus shuttle plasmide sub-NORQODPD� \DSÕOPÕú� YH� UHNRPELQDQW� '1$� –

pre(subC)::hGH::pMK4� IDUNOÕ� Bacillus� W�UOHULQH� DNWDUÕODUDN� UHNRPELQDQW� Bacillus subtilis türleri elde 
HGLOPLúWLU�� øNLQFL� DúDPDGD�� UHNRPELQDQW� PLkroorganizmalar  ile mikro-biyolojik hava-filtreli, kesikli, 
VR=110cm3� � oDOÕúPD� KDFÕPOÕ� ODERUDWXDU-ölçek biyoreaktörlerde, T=37 oC, N=200 dk-1 ve pHo=7.25 
LúOHWPH�NRúXOODUÕQGD��UHWLP�RUWDPÕQD�HNOHQHQ�SURWHD]�LQKLELW|U��YH�NDUERQ�ND\QD÷Õ�JOXNR]XQ�GHULúLPOHUi 
EHOLUOHQPLúWLU���(Q�\�NVHN�&hGH= 0.03 kg/m3�K*+�GHULúLPLQH�Bacillus subtilis BGSC-1A751 ile CGo= 8.0 
kg/m3� JOXNR]�GHULúLPLQGH� RUWDPD����µO� SURWHD]� LQKLELW|U��HNOHQHUHN�XODúÕOPÕúWÕU��$UDúWÕUPDQÕQ��o�QF��
DúDPDVÕQGD� ODERUDWXYDU� |OoHNWH� EXOXQDQ� HQ� X\JXQ� NRúXllarda,  VR=550 cm3� � KDFÕPOÕ�� PHNDQLN�
NDUÕúWÕUPDOÕ�� S+�� VÕFDNOÕN�� o|]�QP�ú� RNVLMHQ� YH� NDUÕúWÕUPD� KÕ]Õ� NRQWUROO�� SLORW-ölçek kesikli 
EL\RUHDNW|UOHUGH��IDUNOÕ�KDYD�JLULú��4o/VR �����YH�����YYP��YH�NDUÕúWÕUPD�KÕ]ODUÕQGD��1 ����������YH�����
dk-1) oksijen aktarÕP�HWNLOHUL�\DQ��U�Q�GD÷ÕOÕPODUÕ�LOH�ELUOLNWH�LQFHOHQPLú��RNVLMHQ�DNWDUÕPÕ�YH�EL\RSURVHV�
NDUDNWHULVWLNOHUL�EHOLUOHQPLúWLU���(Q�\�NVHN�K*+�GHULúLPLQH��&hGH= 0.07 kg/m3)  Qo/VR= 0.5 vvm, N= 800 
dk-1� NRúXOXQGD�XODúÕOPÕúWÕU��'|UG�QF�� DúDPDGD� � EHOLUOHQHQ� HQ� L\L� RNVLMHQ� DNWDUÕP�NRúXOXQGD�KLEULW� JHQ�
içeren (-pre(subC)::hGH::pMK4) ve içermeyen (pMK4) plasmidli Bacillus BGSC-1A751 ile  üretim 
GHQH\L�JHUoHNOHúWLULOHUHN�–pre(subC)::hGH�KLEULW�JHQLQ�HWNLVL� LQFHOHQPLúWLU��%HúLQFL�DúDPDGD�EHOLUOHQHQ�
HQ� L\L� RNVLMHQ� DNWDUÕP� NRúXOXQGD� �UHWLP� RUWDPÕQD� IDUNOÕ� ]DPDQODUGD� �We= 0 ve 24 st’te ) C= 2.5 mM 
GHULúLPGH�HNOHQHQ�VHULQ��DVSDUWLN�DVLW��O|]LQ��YDOLQ�YH�JOXWDPLN�DVLWLQ��UHWLPH�HWNLVL�DUDúWÕUÕOPÕú��hUHWLP�
RUWDPÕQD�D\UÕ�D\UÕ�HNOHQHQ�VHULQ��DVSDUWLN�DVLW��O|]LQ��YDOLQ�YH�JOXWDPLN�DVLW�K*+�GHULúLPLQL�VÕUDVÕ\OD�We= 0 
st’te % 6.1, 34.3, 42.4 ve 48.4 , te ���� VW¶WH� � HNOHQHQ� NDUÕúÕPODUÕ� YH� O|]LQ�YDOLQLQ� LVH��������YH� �����
D]DOWPÕúWÕU�� 6RQ� DúDPDGD� LVH� ���� WHSNLPH� YH� ���� PHWDEROLWWHQ� ROXúDQ� K�FUH-içi tepkime sistemi için 
matematik modeO� ROXúWXUXOPXú� YH� UHDNVL\RQ�P�KHQGLVOL÷L� �SUHQVLSOHUL\OH� � WHSNLPH�DNÕODUÕ�KHVDSODQDUDN�
VRQXoODU�\RUXPODQPÕúWÕU� 
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Metabolic engineering in Bacillus subtilis for extracellular human growth hormone (hGH) synthesis system 
design is conceptually based on construction of a hybrid gene of two DNA fragments, i.e. signal DNA 
sequence of a B.subtilis extracellular enzyme gene and the DNA encoding human therapeutic protein. 
Complementary oligodeoxyribo-nucleotide (oligo) primers and the polymerase chain reaction (PCR) are used 
to generate two DNA fragments having overlapping ends. The two DNA fragments having overlapping ends 
are combined to form the hybrid gene in a subsequent ‘fusion’ reaction in which the overlapping ends anneal, 
allowing the 3' overlap of each strand to serve as a primer for the 3' extension of the complementary strand.  
Extracellular protease (subC) pre- signal DNA sequence of B. licheniformis chromosomal DNA and plasmid 
carrying hGH cDNA were used as templates in PCRs, respectively, for the amplification of subC signal DNA 
sequences and hGH mature peptide sequence. Extension of the overlaps by DNA polymerase has yielded a 
recombinant hybrid-gene. Hybrid gene fragment was cloned into pUC19, and then sub-cloned into pMK4 
E.coli- Bacillus shuttle plasmid. Thus, the new expression vector was transferred into host B. subtilis strains. 
Effects of oxygen-transfer on product and by-product distributions in extracellular rhGH production by 
recombinant B. subtilis carrying –pre(subC)::hGH::pMK4 were investigated in 1.0dm3 batch-bioreactor-
systems at four different conditions with the parameters, air-inlet rate of QO/VR =0.5 vvm, and agitation rates of 
N= 500 (low:LOT), 700 (medium:MOT1), 800 (medium:MOT2) min-1 and, at QO/VR=0.7 vvm, N=800 min-1 
(high:HOT),  on a glucose-based defined-medium. Cell, rhGH, amino and organic acid concentrations, yield 
values, KLa, and oxygen-uptake and oxygen-ransfer rates were determined throughout the bioprocess. 
Considering the cell and rhGH concentration profiles, the bioprocess was divided into five periods. Period I 
(0<t<4h) is the cell first-growth-phase;  Period II (4<t<12h) is the growth-interruption-phase; Period III 
(12<t<16h) is the lag-phase after the growth-interruption-phase where rhGH synthesis starts; Period IV 
(16<t<24h)  is the second-cell-growth-phase where rhGH synthesis increases; and Period V (24<t<32h) is the 
end of the growth-phase where rhGH synthesis was the highest. The highest rhGH production was obtained as 
ChGH = 0.07 kg m-3 at MOT2. At QO/VR=0.5vvm, with the increase in N, Damköhler number that is the oxygen-
transfer-limitation decreases. At MOT1, MOT2, and HOT, in Period IV both oxygen-transfer and biochemical-
reaction resistances are effective; Period V at MOT2 has a tendency to proceed under biochemical-reaction-
limited conditions. The results encourages the design of a two-step oxygen-transfer strategy based on the 
periods of the bioprocess that starts with HOT in Periods I-III that yields higher cell concentration using less 
glucose and producing the lowest amount of organic acids; and proceeds with MOT2 in Periods IV and V to 
increase rhGH production further. The metabolic flux distributions were calculated using  the mass balance 
based stoichiometric model. The effects of the addition of  2.5 mM serine, leucine+valine, aspartic acid  and 
glutamic acid on hGH production were investigated at MOT2. ChGH  was decreased by % 34.3, 42.4 and 48.4,  
respectively, by addition of Asp, Leu+Val, and Glu; whereas addition of Ser increased the flux through rhGH 
and rhGH production rate in Period V.  
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Key Words: Human growth hormone, hGH, production, recombinant  Bacillus subtilis, medium design, 
oxygen transfer, amino acid, metabolic flux analysis, metabolic engineering 
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ÖNSÖZ 

 

øQVDQ� E�\�PH� KRUPRQX� �UHWLPL� LoLQ� \DSÕODQ� \�NVHN� OLVDQV� DUDúWÕUPDVÕ� $QNDUD� hQLYHUVLWHVL� .LP\D�
0�KHQGLVOL÷L� %|O�P�� %L\RNLP\DVDO� 5HDNVL\RQ� 0�KHQGLVOL÷L� $UDúWÕUPD� *UXEX¶GD� \�U�W�OP�úW�U��
“(QG�VWUL\HO�%L\RWHNQRORMLN�3URVHVOH�øQVDQ�%�\�PH�+RUPRQX�hUHWLPL´�NRQXOX�7h%ø7$.-0ø6$*����5 
SURMHVL�LOH�GH�GHVWHNOHQPLúWLU� 
 

+D]LUDQ� ����¶WH� $QNDUD� hQLYHUVLWHVL� .LP\D� 0�KHQGLVOL÷L� %|O�P�¶QGHQ� PH]XQ� ROGXNWDQ� VRQUD� (\O�O�
����¶GH� \�NVHN� OLVDQV� SURJPÕQD� EDúODGÕP�� %LU� \DQGDQ� GHUVOHULPH� GHYDP� HGHUNHQ� GL÷HU� \DQGDQ�
laboratuarlarda yürümekte olan lisans-�VW��oDOÕúPDODUD�HWNLQ�RODUDN�NDWÕOGÕP��%X�DúDPDGD�VLVWHPOHULQ�YH�
FLKD]ODUÕQ� NXOODQÕPÕ� LOH� LOJLOL� WHFU�EH� ND]DQDUDN�� ODERUDWXYDUODUD� � X\XPXPX�JHOLúWLUGLNWHQ� � YH� GHQH\VHO�
SURJUDPÕPOD�LOJLOL�DOW-\DSÕ\Õ�ROXúWXUGXNWDQ�VRQUD�JHQLú�ELU�ND\QDN�DUDúWÕUPDVÕ�LOH�oDOÕúPDODUÕPD�EDúODGÕP��
$UDúWÕUPDPÕQ� |]HOOLNOH� PHWDEROLN� P�KHQGLVOLN� WDVDUÕPÕQÕQ� JHQHWLN� P�KHQGLVOL÷L� WHNQLNOHUL\OH�
JHUoHNOHúWLULOPHVL� LOH� LOJLOL� DUDúWÕUPD�SURJUDPÕPGD� �NDUúÕODúWÕ÷ÕP�SUREOHPOHUL��EL\RUHDNW|U�VLVWHPOHULQGH�
JHUoHNOHúWLUGL÷LP� ��� VDDWOLN� �UHWLP� proseslerinin ön-KD]ÕUOÕN� oDOÕúPDODUÕ\OD� ��� VDDWÕ� DúDQ� V�UHoOHUGHNL�
\R÷XQ� WHPSRGD� oDOÕúPDODUÕPÕ�� WHODúÕPÕ�� \RUJXQOX÷X� � YH� NDUúÕODúWÕ÷ÕP� SHN� oRN� WDWOÕ-� EXUXN� DQÕ\Õ� KLo�
XQXWPD\DFD÷ÕP� 
 
$UDúWÕUPDP� V�UHVLQFH� VRQXoODUÕQ� \RrumlanPDVÕ�� GH÷HUOHQGLULOPHVL�� DOWHUnatif çözüm yöntemlerinin 
bulunmaVÕ� YH� ROJXQODúPDVÕ� LoLQ� SHUL\RGLN� RODUDN� YH� LVWHGL÷LP� KHU� ]DPDQ� EHQLPOH� WDUWÕúDQ��
IRUPDV\RQXPXQ�KÕ]OÕ�JHOLúPHVL�LoLQ�EDQD�YHUGL÷L�GHVtek ve özellikle sorumluluk ve inisyatif sahibi iyi bir 
DUDúWÕUÕFÕ�RODUDN�\HWLúPHPH�RODQDN�YHUHQ�NRúXOODUÕ� VD÷OD\DQ�GDQÕúPDQ�KRFDP�6D\ÕQ�3URI��'U��+��7XQoHU�
g='$0$5¶D�WHúHNN�U�HGHULP� 
 
<�NVHN�OLVDQV�DUDúWÕUPDODUÕPGD�³ILLOHQ�LNLQFL�ELU�GDQÕúPDQ�RODUDN´�G�ú�QFHOHULQL�YH�HPH÷LQL��DNDGHPLN�
WDUWÕúPDODUOD� GD� ]DPDQÕQÕ� HVLUJHPH\HQ� YH�PROHN�OHU� JHQHWLN� NRQXVXQGDNL� YH�PHWDEROLN� DNÕ� DQDOL]L� LOH�
LOJLOL�ELOJL�ELULNLPLQGHQ�oRN�\DUDUODQGÕ÷ÕP�6D\ÕQ�3URI��'U��3ÕQDU�d$/,.¶D�LoWHQOLNOH�WHúHNN�U�HGHULP� 
 
$UDúWÕUPDODUÕP� V�UHVLQFH� KHU� ]DPDQ� G�ú�QFHOHULQGHQ� YH� WHFU�EHOHULQGHQ� \DUDUODQGÕ÷ÕP�� WDUWÕúDELOGL÷LP�
ve, biOJL�� GHVWHN� YH� |QHULOHULQL� DVOD� HVLUJHPH\HQ� 6D\ÕQ� 3URI�� 'U�� *�]LGH� d$/,.¶D� LoWHQOLNOH� WHúHNN�U�
ederim.  
 
:HVWHUQ�%ORWW�\|QWHPLQLQ�X\JXODQPDVÕQGD�LON�DúDPDGD�ELOJL�YH�WHFU�EHOHULQL�EHQLPOH�SD\ODúDQ��3URI��'U��
Ongun ONARAN’a, glukoz analiz yönteminin uygulanPDVÕQGD� \DUGÕPODUÕQÕ� HVLUJHPH\HQ� �'Ro�� 'U�� ø��
+DNNÕ�%2<$&,¶\D��WHúHNN�U�HGHULP� 
 
$UDúWÕUPDODUD� \HQL� EDúODGÕ÷ÕP� G|QHPGH� GHQH\LPOHULQL� EHQLPOH� SD\ODúDQ� YH� |]HOOLNOH� ODERUDWXDUODUD�
RU\DQWDV\RQXPGD� E�\�N� SD\Õ� RODQ� 6D\ÕQ� 'U�� øONQXU� ù(19(5� g=d(/ø.¶H� WHúHNN�U� HGHrim. 
dDOÕúPDODUÕP�VÕUDVÕQGD��GHVWHN�YH�\DUGÕPODUÕQÕ�HVLUJHPH\HFHNOHULQGHQ�HPLQ�ROGX÷XP��JHUHNWL÷LQGH�GHQH\�
VLVWHPOHULPL� HPDQHW� HWWL÷LP�� GHQH\OHULP� VÕUDVÕQGD� EDQD� HúOLN� HGHUHN� JHFH� EHQLPOH� NDODQ�� KHU� ]DPDQ�
WDUWÕúPD�YH�|QHULOHUOH�NDUúÕOÕNOÕ�ELOJL�DOÕúYHULúLQGH�EXOXQGX÷XP�YH�J�]HO�ELU�GRVWOXN�RUWDPÕ�\DUDWDQ�VHYJLOL�
DUNDGDúODUÕP� .0� <DVHPLQ� '(0ø5&ø¶\H�� .<0� 1XUKDQ� *h1*g5¶H�� .<0� +DQGH� .$<$¶\D� YH�
%L\RORJ�$UGD�%h<h.681*85¶D�WHúHNN�U�HGHULP�� 
 
<�NVHN�OLVDQV�oDOÕúPDODUÕP�VÕUDVÕQGD�YH�|QFHVLQGH�KHU�]DPDQ�\DQÕPGD�RODQ�HQ�E�\�N�GHVWH÷LP��EDúDUÕP�
LoLQ� PDGGL� YH� PDQHYL� KLoELU� úH\L� HVLUJHPH\HQ�� KHU� ]DPDQ� EDQD� J�YHQHQ� VHYJLOL� DQQHP� *�OGDQL\H�
ù(17h5.�YH�VHYJLOL�EDEDP�(PLQ�ù(17h5.¶H�YH�VHYJLOL�NDUGHúLP�%LOJLQ�ù(17h5.¶H���EHQL�VDEÕUOD�
EÕNPDGDQ� GLQOH\HQ� YH� HQ� VWUHVOL� DQODUÕPGD� ELOe  bana destek olan sevgili ev-DUNDGDúÕP�.LP\DJHU� $��
*|NoH�*h5.g.¶H�oRN�WHúHNN�U�HGHULP�� 
 
 
%LUJ�O�ù(17h5. 
$QNDUD��$÷XVWRV����� 
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COA 7RSODP�RUJDQLN�DVLW�GHULúLPL��NJ�P3 

CO �����d|]�QP�ú�RNVLMHQ�GHULúLPL��PPRO�GP-3 

Cx �����0LNURRUJDQL]PD�GHULúLPL��NJ�P3 

ChGH K*+�GHULúLPL��NJ�P3 

c(t) Metabolit birikim vektörü 

c1(t) +�FUH�GÕúÕ�PHWDEROLW�ELULNLP�YHNW|U� 

c2(t) Hücreiçi metabolit birikim vektörü 

E Artma faktörü  (=KLa / KLao ) 
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qp             6SHVLILN�K*+��UHWLP�KÕ]Õ��NJ�NJ-1 st-1 

ro 2NVLMHQ�W�NHWLP�KÕ]Õ��PPRO�GP3 s 

rx +�FUH�oR÷DOPD�KÕ]Õ��kg/m3 st 

rp hGH �UHWLP�KÕ]Õ��kg/m3 st 

r(t) 7HSNLPH�KÕ]��DNÕ��YHNW|U� 
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T 6ÕFDNOÕN��°C 

VR BiyodöQ�ú�P�RUWDPÕ�KDFPL��FP3  
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YX/O 7�NHWLOHQ�RNVLMHQ�EDúÕQD�K�FUH�YHULPL 
YP/S 7�NHWLOHQ�VXEVWUDW�EDúÕQD��U�Q�YHULPL 
YP/O 7�NHWLOHQ�RNVLMHQ�EDúÕQD��U�Q�YHULPL 
YS/O 7�NHWLOHQ�RNVLMHQ�EDúÕQD�W�NHWLOHQ�VXEVWUDW�YHrimi 

αø 6WRNL\RPHWULN�NDWVD\ÕODU 
λ Dalga boyu, nm 

µ 6SHVLILN�oR÷DOPD�KÕ]Õ��V-1 

µmax 0DNVLPXP�VSHVLILN�oR÷DOPD�KÕ]Õ��V-1 
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.ÕVDOWPDODU 
 

AcCoA Asetil koenzim A 
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ATP  Adenozin 5'-trifosfat 

DAHP  3-deoksi-D-arabino-heptulozonat 7-fosfat 

E4P  Eritroz 4-fosfat 

F6P  Fruktoz 6- fosfat 

FTS  Fosfotransferaz sistemi 

G6P  Glukoz 6- fosfat 

K*+����������������øQVDQ�%�\�PH�+RUPRQX 

αKG  Alfa ketoglutarik asit 

OA  Okzaloasetik asit 

PEP  Fosfoenol piruvat 

Phe  L-fenilalanin 

PFY   Pentoz fosfat yolizi 

R#  5HDNVL\RQ�QXPDUDVÕ 
R5P  Ribuloz 5-fosfat 

TCA   Trikarboksilik asit 

T3P  Trioz 3-fosfat 
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MhbCoA 2-metil-3-hidroksibutiril koenzim A 

mMalSa metilmalonat semialdehid 

MTHF  N5- metil-THF 

Muc  sis Mukonat 
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OacSer o-asetilserin 

Obut  2-okzobitürat 

Orn   Ornitin 

Oval  2-okzo-3-metilvalerat 

OisoCap 2-okzoizocaproat 

PEP  Fosfoenolpirüvat 
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Shik5P  Shikimat-5-P 

Suc  Suksinat 

SucCoA Suksinat koenzim A 

Xyl5P  Ksiloz 5- fosfat 

Tet  L-2,3,4,5 Tetrahidrodipikolinat 
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THF   Tetrahidrofolat 

Thr  L-Treonin 
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UDPNAG UDP-N-Asetil-glukozamin 
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‘5HDNVL\RQ� P�KHQGLVOL÷L� SUHQVLSOHUL\OH� UHNRPELQDQW� LQVDQ� E�\�PH� KRUPRQX�
�UHWLPL� LoLQ� EL\RSURVHV� JHOLúWLULOPHVL¶� NRQXOX� \�NVHN� OLVDQV� DUDúWÕUPD� SURJUDPÕ�
NDSVDPÕQGD�WHUDSDWLN�SURWHLQ�LQVDQ�E�\�PH�KRUPRQXQXQ��K*+��K�FUH-GÕúÕ��UHWLPL�LoLQ�
metabolik mühendislik tekniklerini kullanarak rekombinant mikroorganizma 

JHOLúWLULOPHVL�� �UHWLP� RUWDPÕ� WDVDUÕPÕ� YH� � EL\RUHDNW|U� LúOHWLP� SDUDPHWUHOHULQLQ�
DUDúWÕUÕOPDVÕ�DPDoODQPÕúWÕU� 
 

2(&'�WDQÕPÕQD� �Biotechology: International Trends and Perspectives, OECD, 1982) 

J|UH� � EL\RWHNQRORML�� ³%L\RORMLN� RUJDQL]PDODUÕQ�� EL\RORMLN� VLVWHPOHULQ� YH� EL\RORMLN�
SURVHVOHULQ� �UHWLP� YH� VHUYLV� HQG�VWULOHULQH� X\JXODQPDVÕ´� RODUDN� WDQÕPODQPDNWDGÕU��
Biyoteknolojik ürünler olan biyomoleküller –mikrobiyal, bitki doku veya hayvan doku- 

K�FUHOHUL�� HQ]LPOHU� YH\D� GL÷HU� EL\RORMLN� VLVWHPOHU� EL\RNDWDOL]|U� RODUDN� NXOODQÕODUDN��
hücre-� LoLQGH� YH\D� GÕúÕQGD� EL\RNLP\DVDO� WHSNLPHOHUOH� �UHWLOLUOHU�� %L\RWHNQRORMLN�
SURVHVOHUOH��UHWLP�����\�]\ÕOÕQ�VRQ����\ÕOÕQGD�NLP\D�HQG�VWULVLQLQ�E�\�N�JHOLúLPLQLQ�HQ�
|QHPOL� DODQODUÕQGDQ�ROPXúWXU�� ���� \�]\ÕOÕQ� VRQ�\LUPL�\ÕOÕQGD� LVH�\HQL�EXOXúODUOD�EDúWD�
farmasötik temel maddeler üretiminde  yeni ürünlerle, daha sonra ise biyokimyasal 

WHPHO� PDGGHOHUOH� YH� HQ]LPOHUOH� IDUPDV|WLN�� JÕGD�� GHWHUMDQ� HQG�VWULOHUindeki   

JHOLúPHOHULQ�WHPHO�ND\QD÷ÕQÕ�ROXúWXUPXúWXU��%L\RWHNQRORMLN�SURVHVOHUOH�EL\RPROHN�OOHUL�
�UHWHQ�VHNW|UOHU��U�Q��NXOODQDQ�VHNW|U�WHPHO�DOÕQDUDN�DúD÷ÕGDNL�JLEL�JUXSODQÕUODU� 
 

1. Farmasötik Hammaddeler Sektörü 

2. Biyokimyasal Temel Maddeler Sektörler Grubu 

3. Enzim Üretim  Sektörü 

4. Klasik Fermantasyon Ürünleri Sektörler Grubu 

5. +D\YDQFÕOÕN�� 2UPDQFÕOÕN�7DUÕP� 6HNWRUOHUL� øFLQ� %L\RWHNQRORMLN� hU�QOHU� hUHWHQ�
Sektörler 

6. %L\RWHNQRORMLN�3URVHVOHU�LOH�$WÕN�$UÕWÕPÕ�YH�(QHUML�hUHWLPL 
úHNOLQGH�JUXSODQPDNWDGÕUODU� 
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Hormonlar iç sDOJÕ�EH]OHUL�YH�ED]Õ�RUJDQODUÕQ�K�FUHOHULQGH��UHWLOHQ�YH�NDQ�\ROX\OD�KHGHI�
K�FUHOHUH� YDUDQ�� K�FUHOHUGHNL� oHúLWOL� PHWDEROLN� ROD\ODUÕ� G�]HQOH\HUHN� Y�FXWWD� |QHPOL�
LúOHU� \DSDQ� NLP\DVDO� PDGGHOHUGLU�� K*+�� GR÷DO� RODUDN� EH\LQLQ� |Q� OREXQGDNL� KLSRIL]�
bezlerinden salJÕODQDQ�� ���� DPLQR� DVLW� LoHUHQ����N'D�PROHN�O� D÷ÕUOÕ÷ÕQGD�N�UHVHO�ELU�
SURWHLQGLU�� .URPR]RP� ��� �]HULQGH� K*+� 
QX� NRGOD\DQ� JHQ� EXOXQPDNWDGÕU�� 7HUDSDWLN�
SURWHLQ�K*+¶QLQ�\DSÕVÕQGD���VLVWHLQ�YH���GLV�OILW�ED÷Õ�EXOXQPDNWDGÕU��ø]RHOHNWULN�QRNWDVÕ�
S, ���¶GLU��*HOLúPH�oD÷ÕQGD�\�NVHN� VHYL\HGH� VDOJÕODQDQ�KRUPRQXQ�Y�FXWWDNL�GHULúLPL�
\Dú� LOHUOHGLNoH� D]DOPDNWDGÕU�� K*+
QXQ� HQ� \R÷XQ� VHQWH]OHQGL÷L� SHUL\RW� GHULQ� X\NXQXQ�
EDúODPDVÕQGDQ� KHPHQ� VRQUDGÕU�� %DúWD� E�\�PH� JHULOL÷L� ROPDN� �]HUH� NHPLN� NÕUÕNODUÕ��
\DQÕN� WHGDYLVL�� PLGH� NDQDPDODUÕ�� \DUDODUÕQ� L\LOHúWLULOPHVL�� EHVODQPH� \HWHUVL]OL÷LQGHQ�
GROD\Õ�DGHOHOHULQ�JHOLúPHPHVL��YG� �SHN�oRN�WHUDSDWLN�NXOODQÕPÕ�PHYFXWWXU��dRFXNODUGD�
D]� VDOJÕODQPDVÕ� GXUXPXQGD� E�\�PH� JHFLNPHVL� �F�FHOLN-dwarfism) görülmektedir. 

Kalp–GDPDU� KDVWDOÕNODUÕ�� úLúPDQOÕN�� VDoODUÕQ� EH\D]ODPDVÕ� YH� FLOWWH� NÕUÕúÕNOÕNODU� JLEL�
\DúODQPD�EHOLUWLOHULQLQ�oR÷X��\DúODQPD\OD�ELUOLNWH�K*+¶GHNL�D]DOPD\OD�LOJLOLGLU���)D]OD�
VDOJÕODQPDVÕ�GXUXPXQGD�JHQo�\DúWDNLOHUGH�GHY�KDVWDOÕ÷Õ� �JLJDQWL]LP�� �\DúOÕODUGD� LVH�HO�
ve ayak kemiklerini, çene, alÕQ�JLEL�oÕNÕQWÕ�NÕVÕPODUÕQ�ID]OD�E�\�PHVL�RODUDN�RUWD\D�oÕNDQ�
DNURPHJDOL\H�QHGHQ�ROPDNWDGÕU��K*+¶QLQ�EL\RORMLN�YH�IL]\RORMLN��DNWLYLWHOHUL�LOH�SURWHLQ��
\D÷�YH�NDUERQKLGUDW�PHNDQL]PDVÕ��]HULQGHNL�HWNLOHUL�QHGHQL\OH�WHUDSDWLN�SURWHLQ�RODUDN�
tedavide önemli bir yere sahiptir. 

 

����¶OL�\ÕOODUÕQ�EDúÕQGDQ�LWLEDUHQ�5HNRPELQDQW�'1$�WHNQRORMLVLQLQ�JHOLúLPL�LOH�ELUOLNWH�
VD÷OÕN��VHNW|U�QGH�|QHPOL�JHOLúPHOHU�HOGH�HGLOPH\H�EDúODQPÕúWÕU��)DUPDV|WLN��U�QOHULQ�
EDúÕQGD� WHUDSDWLN� EL\RPROHN�OOHU� �KRUPRQODU�� DQWLEL\RWLNOHU�� PRnoklonal antikorlar, 

DúÕODU���KDVWDOÕNODUÕQ� WDQÕPODQPDVÕQGD�NXOODQÕODQ� LPPXQRGLDJQRVWLN� WHVWOHU� LoLQ�JHUHNOL�
SURWHLQOHU� YH� '1$� SUREODUÕ�� GR÷XP� |QFHVL� NDOÕWVDO� KDVWDOÕNODUÕQ� WDQÕVÕQGD� NXOODQÕODQ�
kitler dikkati çekmektedir. Kimyasal-biyokimyasal, fizikokimyasal ve fiziksel 

\|QWHPOHUL� NDSVD\DQ� JHQHWLN� P�KHQGLVOL÷L� YH\D� PROHN�OHU� � EL\RWHNQRORML� LOH� GR÷DO�
RODUDN�HOGH�HGLOPHVL�J�o�YH�SDKDOÕ�RODQ��LQVDQ�VD÷OÕ÷Õ�DoÕVÕQGDQ�|QHPOL�SHN�oRN�WHUDSDWLN�
SURWHLQ� E�\�N� PLNWDUODUGD�� \�NVHN� ELOJL� ELULNLPL� YH� G�ú�N� LON� \DWÕUÕP� YH� LúOHWPH�
NRúXOODUÕQGD��UHWLOHELOPHNWHGLU�� 
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%L\RWHNQRORMLN� �U�QOHULQ� �UHWLPLQGH� �U�Q� YHULPL� YH� � VHoLPOLOL÷L�� KHU� QH� NDGDU� RUWDP�
ELOHúLPL� YH� EL\RUHDNW|U� LúOHWLP� NRúXOODUÕQÕQ� JHOLúWLULOPHVL\OH� DUWWÕUÕODELOVH� GH��
PLNURRUJDQL]PDQÕQ��UHWLP��NDSDVLWHVL�LOH�VÕQÕUOÕGÕU��%X�QHGHQOH�LVWHQLOHQ��U�Q�Q�YHULP�
YH�VHoLPOLOL÷LQLQ�DUWÕUÕODELOPHVL�LoLQ�R��U�Q���UHWHFHN�PLNURRUJDQL]PDQÕQ�JHOLúWLULOPHVL�
gerekir. Bunun için insan genomundan biyomolekülün üretiminden sorumlu gen izole 

HGLOLU�� VRQUD� EX� JHQ� WDúÕ\ÕFÕ� '1$� PROHN�OOHULQH� �SODVPLGOHUH�� ED÷ODQÕU�� 8\JXQ� ELU�
NRQDN� K�FUH\H� WUDQVIHU� HGLOLS� RUDGD� oR÷DOWÕOGÕNWDQ� VRQUD� UHNRPELQDQW� '1$�
PLNURRUJDQL]PD� LoLQH� WUDQVIHU� HGLOHUHN� JHQL� WDúÕ\DQ� X\JXQ� WDVDUODQPÕú� UHNRPELQDQW�
mikroorganizma elde edilir. Çizelge 1.1’de rekombinant DNA teknolojisi ile üretilen 

IDUPDV|WLN�SURWHLQOHU�YHULOPLúWLU� 
 

%L\RWHNQRORMLN� �U�QOHU� �UHWLPLQGH� LON� VÕUDODUGD� $%'�� -DSRQ\D� YH� $%� �ONHOHUL� \HU�
DOPDNWDGÕU��)DUPDV|WLN�PDGGHOHU� LoLQGH� IDUPDV|WLN�SURWHLQOHU� VHNW|UOHULQGH�$%'�\HQL�
�U�QOHUOH�OLGHUGLU�YH������\ÕOÕ�WRSODP�VDWÕúÕ�\DNODúÕN������0LO\DU�GH÷HULQGHGLU�� 
 

øON� RODUDN� ����¶WH� *HQHQWHFK� �$%'�� WDUDIÕQGDQ� Protropin ürün-DGÕ\OD� 1-ucunda 

PHWL\RQLQ�EXOXQDQ��YH������DPLQR�DVLW�LoHUHQ�UHNRPELQDQW�K*+��UHWLPLQH�EDúODQPÕúWÕU�� 
����¶GD�(OL�/LOO\�����DPLQR�DVLWWHQ�ROXúDQ�rekombinant hGH’u Humatrope ürün-DGÕ\OD�
�UHWLOPLú� YH� IDNOÕ� ELU� NLP\DVDO� \DSÕ\D�� VRQXo� RODUDN� IDUNOÕ� HWNLOHUH� VDKLS� ROGX÷X� LoLQ�
)'$� WDUDIÕQGDQ� OLVDQV� YHULOPLúWLU�� K*+� �UHWLFLOHUL� YH� �U�Q� DGODUÕ� dL]HOJH� ���¶GH�
YHULOPLúWLU� 
 

øQVDQ� � SURWHLQOHULQLQ� GR÷DO�� o|]�OHELOLU� YH� EL\RORMLN� RODUDN� DNWLI� \DSÕGD� �UHWLOHELOPHVL�
için mikro-EL\RUHDNW|U�RODUDN�J|UHY�\DSDQ� UHNRPELQDQW�PLNURRUJDQL]PDGDQ�GR÷UXGDQ�
EL\RUHDNW|U� �UHWLP� RUWDPÕQD� VDOJÕODQPDVÕ� |QHPOLGLU�� E. coli� JHQHWLN� \DSÕVÕ� |QFH�
D\GÕQODWÕOPÕú� ROPDVÕ� QHGHQL\OH� IDUPDV|WLN� SURWHLQOHULQ� �UHWLP� X\JXODPDODUÕQGD� HQ�
\D\JÕQ�NXOODQÕOPÕú�PLNURRUJDQL]PDGÕU��E. coli¶GH�SURWHLQ��UHWLPLQGH�NDUúÕODúÕODQ�SURWHLQ�
degradasyonu problemi sebebiyle ürettikleri proteinleri hücre-GÕúÕQD� VDOJÕODPD�
\HWHQH÷LQH�VDKLS�Bacillus�W�UOHUL�JHOLúWLULOPHNtedir. 
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dL]HOJH�����5HNRPELQDQW�IDUPDV|WLN�SURWHLQOHU�YH�NXOODQÕP�DODQODUÕ 
 

Farmasötik Protein .XOODQÕP�$ODQÕ 
α1 – Antitripsin 

Adrenokortikotrofik hormon 

B-K�FUH�oR÷DOPD�IDNW|UOHUL 
Kalsitonin  

.RORQL�X\DUÕFÕ�IDNW|UOHU 
Chorionic gonadotropin 

Endorphins ve ankephalins 

(SLGHUPDO�oR÷DOPD�IDNW|U�� 
Eritropoietin 

Faktör VIII  

Faktör IX 

Büyüme hormonu 

%�\�PH� KRUPRQ� VDOJÕODPD�
faktörü  

øQV�OLQ 

øQWHUIHURQODU�α,β,γ) 

øQWHUO|NLQOHU 
Limfotoksin  

Makrofaj aktive edici faktör 

6LQLU�oR÷DOPD�IDNW|U� 

Platelet-GHULYHG�oR÷DOPa faktörü 

Relaxin 

Serum albümin 

Somatomedin C 

Doku plasminogen aktivatör 

Tümör necroz faktörü  

Urogastron 

Ürokinaz  

Emphysema tedavisi 

5RPDWL]PDO�KDVWDOÕNODU�WHGDYLVL 
%D÷ÕúÕNOÕN�G�]HQVL]OLNOHUL�WHGDYLVL 
Osteomalacia tedavisi 

Kan düzensizlikleri tedavisi 

Anovulation tedavisi  

Analjezik ajan 

<DUD�WHGDYLVLQGH�KÕ]ODQGÕUÕFÕ� 
Anemi tedavisi 

Koagülasyon faktörü;hemofili tedavisi 

Koagülasyon faktörü;hemofili tedavisi 

%�\�PH�KÕ]ODQGÕUÕFÕ 
%�\�PH�KÕ]ODQGÕUÕFÕ 
 

Diyabet tedavisi 

Antiviral , Antitümör, Antikanser ajan 

KaQVHU�WHUDSL��ED÷ÕúÕNOÕN�G�]HQVL]OLNOHUL�WHGDYLVL
Antitümör ajan 

Antitümör ajan 

2QDUÕP�KÕ]ODQGÕUÕFÕ� 
Atherosclerosis tedavisi 

'R÷XP�NROD\ODúWÕUÕFÕ 
Plazma destekleyici 

%�\�PH�KÕ]ODQGÕUÕFÕ 
Trombolitik ajan 

Antitümör ajan  

Antiülser ajan 

Trombolitik ajan 
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Çi]HOJH�����K*+��UHWHQ�NXUXOXúODU�YH�LODo�VDQD\LQGHNL��U�Q�DGODUÕ 
 
.XUXOXú hU�Q�DGÕ 
Eli Lilly  Humatrope  

Genentech Nutropin & Protropin 

Pharmacia & Upjohn Company  Genotropin 

Novo Nordisk Norditropin 

Serono Laboratories Saizen & Serostim 

 

Bacillus tür��EDNWHUL�WRNVLN�ROPD\DQ�K�FUH�GXYDUÕQD�VDKLS��WHN�PHPEUDQÕ�RODQ���SDWRMHQ�
olmayan mikroorJDQL]PDODUGÕU� � �)URVW� ������� Bacillus türleri  endüstriyel enzimler, 

DQWLEL\RWLNOHU� YH� LQVHNWLVLGOHULQ� �UHWLPL� LoLQ� NXOODQÕOPDNWDGÕUODU�� Bacillus türlerinin 

NXOODQÕOGÕ÷Õ�� KÕ]OD� JHOLúHQ�|]J�Q�EDúND�ELU� DODQ�GD�PROHN�OHU� JHQHWLN� DUDúWÕUPDODUÕGÕU��
JHQOHULQ� HNVSUHV� HGLOPHOHULQGH� NRQDN� K�FUH� RODUDN� NXOODQÕOPDNWDGÕU�� dL]HOJH� ���¶GH�
Bacillus�W�UOHULQL�JHQHWLN�WHNQLNOHU�NXOODQÕODUDN��UHWWLNOHUL�YH�K�FUH-GÕúÕQD�VDOJÕODGÕNODUÕ�
SURWHLQOHU�J|VWHULOPLúWLU� 
 

Çizelge 1.3 Bacillus sp.� WDUDIÕQGDQ� �UHWLOLS� K�FUH-GÕúÕQD� VDOJÕODQDQ� UHNRPELQDQW�
proteinler 

 
%LOHúLN� 
Pertussis toksin alt-birimi 

ú-laktamaz 

øQVDQ�|QLQV�OLQL��SURLQVXOLQ� 
.-galaktosidaz 

øQVDQ�HSLGHUPDO�oR÷DOPD�IDNW|U� 

øQVDQ�DWULDO�.-faktörü 

øQVDQ�VHUXP�DOE�PLQL 
. 2-interferon 

Makrofaj plasminojen aktivatörü 

 

øQVDQ�E�\�PH�KRUPRQXQX�NRGOD\DQ�JHQ�LON�RODUDN��*RHGGHO�et al.��������WDUDIÕQGDQ�E. 

coli¶\H� EDúDUÕ\OD� NORQODPÕúWÕU�� )DNDW� HOGH� HGLOHQ� UHNRPELQDQW� K*+� � EDúODPD� NRGRQu 

RODQ�PHWL\RQLQ�YH�����DPLQR�DVLWWHQ�PH\GDQD�JHOHQ�PDWXUH�K*+¶D�VDKLSWLU��'R÷DO�K*+�
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ile benzer biyolojik aktiviteye ve temel özellikler sahip olan  rekombinanat hGH’nin  

sentezi  E. coli�NXOODQÕODUDN�,NHKDUD�et al.��������WDUDIÕQGDQ�JHUoHNOHúWLULOPLúWLU�� Gray et 

al.� ������� GR÷DO� YH� EDNWHUL\DO� LNL� VLQ\DO� SHSWLW� NXOODQDUDN� K*+¶QLQ� E. coli’de 

SHULSOD]PLN� �UHWLPL� LOH� EX� VLQ\DO� SHSWLWOHUL� SHULSOD]PLN� ERúOX÷D� VDOJÕODPD� DoÕVÕQGDQ�
NDUúÕODúWÕUPÕúODUGÕU��&KDQJ�et al. (1987) hGH’nin yüksek  seviyede verimi için E. coli 

ÕVÕO-NDUDUOÕ�HQWHURWR[LQ�,,��67,,��VLQ\DO�SHSWLW�GL]LQL�LOH�PDWXUH�K*+�GL]LQLQL�ELUOHúWLUHUHN�
E. coli alkali fosfataz (phoA��SURPRWHU�NRQWUROXQGD�HNVSUHV�HWPLúOHUGLU��<DPDNDZD�YG��
�������JHQ�PLNWDUÕQÕQ�E. coli’de  hGH üretimine etkisini; Jensen and Carlsen (1990) 3-4 

DPLQR� DVLWOLN� IDUNOÕ� 1–precursor’lara sahip hGH’nin  E. coli’de periplazmik 

HNVSUHV\RQX�LOH�JOXNR]��DVHWDW��YH�WX]ODUÕQ��UHWLPH�IL]\RORMLN�HWNLOHULQL�DUDúWÕUPÕúODUGÕU��
øQVDQ�SURWHLQOHULQLQ�GR÷DO�� o|]�QHELOLU�YH�EL\RORMLN�RODUDN�DNWLI�\DSÕGD üretilmesi için 

GR÷UXGDQ� EL\RUHDNW|U� �UHWLP� RUWDPÕQD� VDOJÕODQPDVÕ� |QHPOLGLU�� +�FUH-GÕúÕ� VDOJÕODPD�
\HWHQH÷LQH� VDKLS� RODQ�Bacillus� W�UOHUL� EX� |]HOOLNOHULQGHQ� GROD\Õ� WHUDSDWLN� SURWHLQOHULQ�
HQG�VWUL\HO��UHWLPLQGH�NRQDN�K�FUH�RODUDN�|QHP�ND]DQPÕúODUGÕU��%UHLWOing et al. (1989) 

N�OW�U� RUWDPÕQD� VDOJÕODQPD� \HWHQH÷L� ROPD\DQ� E. coli hücreleri ile Bacillus türlerini 

NÕ\DVODGÕNODUÕQGD� � E. coli¶QLQ� KHP� YHULPLQLQ� GDKD� G�ú�N� � KHP� GH� UHNRPELQDQW�
PLNURRUJDQL]PDODUÕQÕQ� NDUDUVÕ]� ROGX÷XQX� J|UP�úOHUGLU�� )UDQFKL� et al. (1991) uygun 

RODUDN� WDVDUODQPÕú�RODQ�1-� XFXQXQ�X]DNODúWÕUÕOPDVÕ\OD�GR÷DO�K*+¶QXQ�VDOJÕODQPDVÕQÕ��
Kajino et al. (1997)  B. brevis�LOH�EL\RORMLN�RODUDN�DNWLI�YH�D\QÕ�\DSÕ\D�VDKLS�K*+¶QXQ�
K�FUH� GÕúÕ� �UHWLPLQL�� %\OXQG� et al. (2000) E. coli WDUDIÕQGDQ� \DUÕ-kesikli sistemde 

DHURELN�RODUDN�UHNRPELQDQW�K*+��UHWLPLQL� �DUDúWÕUPÕúODUGÕU��6RQXo�RODUDN�V�UHOL�\D\ÕQ�
literatüründe, Bacillus türleri ile hücre-GÕúÕ� K*+� �UHWLPL� LoLQ� RUWDP� ELOHúHQ� YH�
GHULúLPOHULQLQ�� VÕFDNOÕN�� S+� NRúXOODUÕQÕQ�� KDYD� JLULú� KÕ]Õ� YH� NDUÕúWÕUPD� KÕ]Õ� JLEL�
bL\RUHDNW|U�LúOHWLP�NRúXOODUÕQÕQ��U�Q- ve yan ürün-�GHULúLPOHULQH�YH�EL\RSURVHV�RNVLMHQ�
DNWDUÕPÕ� NDUDNWHULVWLNOHULQH� HWNLVLQL� LQFHOH\HQ� VLVWHPDWLN� ELU� oDOÕúPD� KHQ�]�
EXOXQPDPDNWDGÕU� 
 

Bu çerçevede,� µ5HDNVL\RQ�P�KHQGLVOL÷L�SUHQVLSOHUL\OH�UHNRPELQDQW� LQVDQ�E�\üme 

KRUPRQX� �UHWLPL� LoLQ� EL\RSURVHV� JHOLúWLULOPHVL¶� NRQXOX� \�NVHN� OLVDQV� DUDúWÕUPD�
SURJUDPÕ�NDSVDPÕ� 
1. 2OXúWXUXODQ� PHWDEROLN� P�KHQGLVOLN� DUDúWÕUPD� SURJUDPÕ� GR÷UXOWXVXQGD�� K�FUH�

LoLQGH� �UHWLOHQ� K*+¶QXQ� K�FUH� GÕúÕQD� DNWDUÕODELOPHVL� LoLQ�� Bacillus K�FUH� GÕúÕ�
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enzimlerinden serin alkali proteaz (SAP) geninin (subC��VDOJÕODPDGD�J|UHY�\DSDQ��
sinyal dizini (pre-) hGH gen dizininin  önüne  SOE (gene splicing by overlap 

H[WHQVLRQ�� \|QWHPL� LOH� HQWHJUDV\RQX� VRQXFXQGD� ROXúWXUXODQ� –pre(subC)::hGH 

hibrit genini içeren pMK4 SODVPLGLQL� WDúÕ\DQ� UHNRPELQDQW� Bacillus türlerinin 

JHOLúWLULOPHVL� 
2. *HOLúWLULOHQ� UHNRPELQDQW� Bacillus¶ODUGDQ� K*+� �UHWLP� NDSDVLWHVL� HQ� L\L� RODQÕQ�

VHoLOPHVL�YH��UHWLP�RUWDP�WDVDUÕPÕQÕQ�\DSÕOPDVÕ�� 
3. /DERUDWXYDU�|OoHNWH�EHOLUOHQHQ�HQ�X\JXQ�NRúXOODUGD�IDNOÕ�KDYD�JLULú�YH�NDUÕúWÕUPD�

KÕ]ODUÕQGD�SLORW�|OoHN�EL\RUHDNW|UGH��U�Q�YH�\DQ-�U�Q�ROXúXPXQD�RNVLMHQ�DNWDUÕP�
HWNLOHUL� LQFHOHQHUHN� EL\RSURVHV� YH� RNVLMHQ� DNWDUÕP� NDUDNWHULVWLNOHULQLQ�
belirlenmesi, 

4. 3LORW� |OoHNWH� EHOLUOHQHQ� HQ� L\L� RNVLMHQ� DNWDUÕP� NRúXOXQGD� KLEULW� JHQ� Lçeren (-

pre(subC)::hGH::pMK4) ve içermeyen (pMK4) plasmidli Bacillus ile  üretim 

deneyi tasarlanarak hibrit genin etkisinin incelenmesi, 

5. 3LORW�|OoHNWH�EHOLUOHQHQ�HQ�L\L�RNVLMHQ�DNWDUÕP�NRúXOXQGD��UHWLP�RUWDPÕQD�We=0 ve 

te ���VW�D\UÕ�D\UÕ�YH�NDUÕúÕP�RODUDN�eklenen aspartik asit, glutamik asit, serin, valin 

YH� O|]LQ� DPLQR� DVLWOHULQLQ� � K�FUH� GHULúLPL� YH� K*+� �UHWLPL� �]HULQGHNL� HWNLVL�
incelenmesi, 

6. 0HWDEROLN�DNÕ�DQDOL]L\OH�K�FUH-LoL�WHSNLPH�KÕ]ODUÕQÕQ��DNÕODUÕQ��EXOXQPDVÕ�YH�IDUNOÕ�
RNVLMHQ�DNWDUÕP�NRúXOODUÕQÕQ�DNÕ�GD÷ÕOÕPODUÕQD�HWNLVLQLQ�LQFHOHQPHVL�DPDoODQPÕúWÕU�� 
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���.85$06$/�7(0(//(5�YH�.$<1$./$5,1�'(ö(5/(1'ø5ø/0(6ø 
     

%L\RWHNQRORMLN��SURVHVOHUGH�LNL�JUXED�D\ÕUÕOÕU�� 
$��%L\RG|Q�ú�P�3URVHVOHUL 
    1. Enzim Katalitik tepkimeler 

    2. Dinlenen (reVWLQJ��K�FUHOHUOH�EL\RG|Q�ú�P�WHSNLPHOHUL� 
B.  Biyoprosesler / Fermentasyon Prosesleri  

 

%L\RSURVHV� LOH� �UHWLP� ELU� NDUERQ� �|UQH÷LQ��PHODV�� VR\D�� JOXNR]�� YG�� ND\QD÷ÕQÕQ� JLUGL�
RODUDN�NXOODQÕOPDVÕ\OD�X\JXQ�ELU�RUJDQL]PD�LOH�K�FUH�LoLQGH�ROXúDQ�oRN�VD\ÕGD�WHSNime 

VRQXFXQGD� JHUoHNOHúWLULOPHNWHGLU�� (QG�VWUL\HO� EL\RWHNQRORMLN� �U�QOHULQ� EL\RSURVHV� LOH�
üretiminde genellikle mutant ve/veya genetik olarak modifiye edilerek üretim kapasitesi 

DUWÕUÕOPÕú�PLNURRUJDQL]PDODU�NXOODQÕOÕU��%L\RSURVHVOHUGH�EL\RUHDNW|U�LúOHWLP�NRúXOODUÕQÕQ�
NROD\�JHUoHNOHúWLULOHELOLU�ROPDVÕ�YH�\DSÕODUÕ�NDUPDúÕN�ROPD\DQ�EL\RUHDNW|U�VLVWHPOHULQLQ�
NXOODQÕODELOPHVL� |QHPOL� DYDQWDMODUÕGÕU�� øVWHQHQ� �U�Q�Q� \DQÕVÕUD� EL\RUHDNW|U� �U�Q�
NDUÕúÕPÕQGDQ�D\ÕUÕOPDVÕ�JHUHNHQ�oRN�VD\ÕGD�\DQ��U�Q�–amino asitler ve organik asitler, 

proteinler, üretim potansiyeli olmayan hücre-� ROXúPDVÕ� EL\RSURVHVOHULQ� |QHPOL�
GH]DYDQWDMODUÕ� RODELOLUOHU�� %X� QHGHQOH� IHUPHQWDV\RQ� SURVHVOHUL\OH� \�NVHN� YHULP� YH�
VHoLPOLOLNWH� LVWHQHQ� �U�Q�Q� �UHWLPL� LoLQ� HQ� X\JXQ� EL\RUHDNW|U� LúOHWLP� NRúXOODUÕQÕQ�
EHOLUOHQPHVLQLQ� \DQÕVÕUD� PHWDEROLN� P�KHQGLVOLN� WHNQLNOHUL\OH� PLNURRUJDQL]PDQÕQ�
IRQNVL\RQODUÕQÕQ�YH�E|\OHFH��UHWLPGHNL�GDUER÷D]ODUÕQ�EHOLUOHQPHVL�YH�EX�GDUER÷D]ODUÕQ�
JHQHWLN� P�KHQGLVOL÷L� WHNQLNOHUL\OH� DúÕODFDN� úHNLOGH� PLNURRUJDQL]PD� JHOLúWLULOPHVL�
gerekmektHGLU�� 6RQXo� RODUDN�� PHWDEROLN� P�KHQGLVOLN� YH� JHQHWLN� P�KHQGLVOL÷L�
WHNQLNOHUL\OH� JHOLúWLULOHQ� PLNURRUJDQL]PDODU� NXOODQÕODUDN� EL\RSURVHV� LOH� �UHWLPGH� \DQ�
�U�Q�ROXúXPX�PLQLPXPD�LQGLULOHUHN�\�NVHN�YHULP�YH�VHoLPOLOLNWH�LVWHQHQ��U�Q��UHWLPL�
JHUoHNOHúWLULOHELOLU. 
 

%L\RG|Q�ú�P� SURVHVOHULQGH� LVH� WHN� YH\D� ELU-NDo� EDVDPDNWDQ� ROXúDQ� HQ]LPDWLN� ELU��
WHSNLPH� LOH� NDWDOL]|U� RODUDN� PLNURRUJDQL]PDQÕQ� �UHWWL÷L� VSHVLILN� ELU� HQ]LPLQ� \D� GD�
dinlenen (resting) hücrenin -enzim deposu olarak-� NXOODQÕOPDVÕ\OD� �UHWLP�
JHUoHNOHúWLULOLU��%X�SURVHVOHUGH�\DQ��U�Q�ROXúPDPDNWD��YHULP�\�NVHN�ROPDNWDGÕU��$QFDN�
EX�SURVHVOHUGH�NXOODQÕODQ�HQ]LPOHULQ� WHN�VXEVWUDWODUÕ�YDUGÕU�YH�EX�VXEVWUDWODUÕQ�KHP�D]�
EXOXQPDVÕ� KHP� GH� JHQHOOLNOH� SDKDOÕ� ROPDVÕ� SURVHVLQ� GH]DYDQWDMODUÕ� DUDVÕQGD� \HU 
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DOPDNWDGÕU��%X�QHGHQle bundan sonraki bölümlerde biyoproseslerle üretimde verim ve 

VHoLPOLOL÷LQ�DUWÕUÕOPDVÕ��]HULQGH�GXUXODFDNWÕU� 
 

2.1 Mikro-biyoreaktörler: Mikroorganizmalar 

 

%L\RWHNQRORMLN�SURVHVOHUGH�LVWHQHQ�QLWHOLNWH�YH�QLFHOLNWH��U�Q��UHWPHQLQ�ELULQFL�NRúXOX�
onu üretebiOHQ� X\JXQ� PLNURRUJDQL]PD\Õ� VHoPHNWLU�� 0LNURRUJDQL]PDODU� IDUNOÕ� �U�Q�
�UHWHELOGLNOHUL� JLEL�� D\QÕ� �U�Q�� �UWHELOHQ� IDUNOÕ� PLNURRUJDQL]PDODU� GD� EXOXQPDNWDGÕU��
%L\RWHNQRORMLN� �U�QOHULQ� �UHWLPLQGH� YHULP� YH� VHoLPOLOL÷LQ� DUWÕUÕOPDVÕ� LoLQ� LúOHWLP�
NRúXOODUÕ� YH� RUWDP�ELOHúLPL� QH� NDGDU� GH÷LúWLULOLUVH� GH÷LúWLULOVLQ� LVWHQHQ��U�Q�Q��UHWLPL�
NXOODQÕODQ� PLNURRUJDQL]PDQÕQ� NDSDVLWHVL� LOH� VÕQÕUOÕGÕU�� *�Q�P�]GH� VHOHNVL\RQ��
PXWDV\RQ� YH� JHQHWLN� P�KHQGLVOL÷L� WHNQLNOHUL\OH� YHULP� YH� VHoLPOLOL÷L� \�NVHN�
PLNURRUJDQL]PD�JHOLúWLULOPHNWHGLU. 
 

������0LNUREL\RORMLN�\DSÕ 
 

+�FUHOHU�EL\RORMLN� DNWLYLWH�J|VWHUHQ�HQ�N�o�N�ELULPGLU��+�FUHOHU��|QFH�JHOLúPH�� VRQUD�
E|O�QHUHN�NHQGL� |]HOOL÷LQH� EHQ]H\HQ�\HQL�K�FUH� ROXúWXUPD�YH� E|O�QPHGHQ� VRQUD�NÕVD�
süreli dinlenme, eksik metabolik maddelerini tamamlama gibi süreçlerden geçerler. 

2UJDQL]PDODU� IL]LNVHO� úHNLO� YH� \DSÕ�� HQHUML� YH� EHVLQ� LKWL\DoODUÕ�� oR÷DOPD� YH� �UHWPH-

VDOJÕODPD�KÕ]ODUÕ���UHPH�\|QWHPOHUL�YH�KDUHNHW�HWPH�YDVÕWDODUÕ�YH�NDELOL\HWOHUL�DUDVÕQGDNL�
farklara göre prokaryotlar ve ökaryotlar olmak üzere iki DQD�JUXED�D\UÕOÕU��ùHNLO����¶GH�
K�FUHOHULQ� VÕQÕIODQGÕUÕOPDVÕ� J|VWHULOPLúWLU� �%DLOH\� DQG� 2OOLV� ������� +�FUHOHU� �o�
IRQNVL\RQHO�WHPHO�ELULPGHQ�ROXúXU� 
 

���K�FUH�]DUÕ 
2. sitoplazma  

3. çekirdek 

 

gNDU\RWLN� K�FUHOHU� RUJDQHOOHUL\OH� EDVLW� ROPD\DQ� \DSÕVDO� |]HOOLNOHU� J|VWHUHQ�� oHNLUGH÷L�
ELU�]DUOD�VLWRSOD]PDGDQ�D\UÕOPÕú�K�FUHOHU�ROGX÷X�KDOGH��SURNDU\RWLN�K�FUHOHU�oHNLUGH÷L�
EHOLUJLQ� ELU� ]DUOD� oHYULOL� ROPD\DQ�GDKD�EDVLW�\DSÕOÕ� K�FUHOHUGLU��3URNDU\RWLN�K�FUHOHULQ�
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\DúDPVDO� ROD\ODUÕ� LoLQ� IDUNOÕODúPÕú� RUJDQHOOHUL� \RNWXU�� &DQOÕOÕ÷Õ� EHOLUOH\HQ� PHWDEROLN�
ROD\ODU�K�FUH�]DUÕ�YH�RQGDQ�ROXúDQ�\DSÕODUOD�\�U�W�O�U��gNDU\RWLN�K�FUHOHU�SURNDU\RWLN�
hücrelerden 1000-������NH]�GDKD�E�\�NW�UOHU��gNDU\RWLN�K�FUHOHUGH�K�FUH�LoL�\DúDPVDO�
HWNLQOLNOHU�IDUNOÕODúPÕú�RUJDQHOOHU�WDUDIÕQGDQ�D\UÕ�D\UÕ�\DSÕOÕU� 
 

                                                            Hücreler 

 

                                                                                                                                   

         Prokaryotik hücreler                                                     Ökaryotik hücreler                           

 

     Bakteriler            Mavi-<HúLO�����������������������)XQJL���������������$OJOHU���������3URWR]RDODU 
                                    Algler 

                                                           Küfler                Mayalar 

  

ùHNLO�����+�FUHOHULQ�VÕQÕIODQGÕUÕOPDVÕ�(Bailey and Ollis 1986) 

 

2.1.1.1 Prokaryotik hücreler 

 

Prokaryotik hücreler küçük ve basit hücrelerdir; zarla çevrili çekirdek içermezler. 

ProkaryRWLN�K�FUHOHU�JHQHOOLNOH�\DOQÕ]�EXOXQXUODU�YH�GL÷HU�K�FUHOHU�LOH�ELUOHúPH]OHU��%X�
JUXSWDNL� K�FUHOHU� � N�UHVHO�� VSLUDO� YH� oXEXN� ELoLPLQGH� RODELOLUOHU�� %R\XWODUÕ� ���-�� �P�
PHUWHEHVLQGHGLU�� KDFÕPODUÕ� LVH� \DNODúÕN� ��-12 cm3’dür ve bunun %50-80’i sudur; bir 

prokaU\RWXQ�N�WOHVL��LVH�\DNODúÕN��-12J¶�GÕU� 
 

3URNDU\RWLN� K�FUHOHU� \DNODúÕN� ��� GDNLNDGD�ELU� E|O�QHUHN� LNL� \DYUX� K�FUH� ROXúWXUXUODU���
EL\RNLP\DVDO���RODUDN��]HQJLQGLUOHU��YH��ELUoRN��NDUERQ��ND\QD÷ÕQÕ��NXOODQDELOLUOHU���%X��
YH���GL÷HU�|]HOOLNOHUL�SURNDU\RWLN�K�FUHOHULQ�JHQLú�ELU�oHYUH\H�DGDSWH�ROPDODUÕQÕ�VD÷ODU��
3URNDU\RWLN� ELU� K�FUH� \DNODúÕN� ���� c� NDOÕQOÕNWD� J|]HQHNOL� K�FUH� GXYDUÕ� WDUDIÕQGDQ�
VDUÕOPÕúWÕU�� %X� GXYDU� K�FUHQLQ� E�W�QO�÷�Q�� NRUXU� YH� RQD� \DSÕVDO� GD\DQÕNOÕOÕN� YHULU��
+�FUH�GXYDUÕQÕQ�DOWÕQGD�\DNODúÕN����c�NDOÕQOÕ÷ÕQGD�K�FUH�]DUÕ�YDUGÕU��3OD]PD�]DUÕ�RODUDN�
GD� DGODQGÕUÕODQ� EX� ]DU� W�P� K�FUHOHUGH� EXOXQXU�� +�FUH� ]DUÕ� NDUERQ� YH� HQHUML�
ND\QDNODUÕQÕQ� K�FUH\H� WDúÕQÕPÕQÕ�� VLWRSOD]PD\D� JHoPHVLQL� � YH� K�FUH� LoLQGH� ROXúDQ�
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PHWDEROLN��U�QOHULQLQ�GH�K�FUH�GÕúÕQD�DNWDUÕPÕQÕ�VD÷ODU��+�FUHOHULQ�WHPHO�NRQWURO�ELULPL 
çekirdek �Q�NOHXV�� W�P� JHQHWLN� ELOJL\L� WDúÕPDNWDGÕU�� 3URNDU\RWLN� K�FUHOHULQ�
VLWRSOD]PDODUÕQGD� SURWHLQ� YH� 51$� ODUGDQ� ROXúDQ� ULER]RPODU� EXOXQXU�� %X� ELULPGH�
SURWHLQOHULQ�HQ]LPOHULQ� VHQWH]LQL� JHUoHNOHúLU�� 6LWRSOD]PD�� oHNLUGHN� LOH� ]DU� DUDVÕQÕ�
GROGXUDQ� YH� K�FUH� RUJDQHOOHULQL� WXWDQ� VÕYÕ�PDGGHGLU��%D]Õ� SURNDU\RWODUGD� SOD]PD� ]DUÕ�
EHOOL�\HUOHUGHQ�K�FUH�LoLQH�GR÷UX�X]D\ÕS�NDWODQDUDN�]DU�\�]H\LQL�DUWÕUÕU��%X�NDWODQPDODUD�
mezozom (mesosome) denir. Mezozomun solunum ve hücre bölünmesi gibi hücresel 

HWNLQOLNOHUH�NDWÕOGÕ÷Õ�G�ú�Q�OPHNWHGLU���%DLOH\�DQG�2OOLV�������� 
  

2.1.1.2 Ökaryotik hücreler 

 

gNDU\RWLN� K�FUHOHU� SURNDU\RWLN� K�FUHOHUH� NÕ\DVOD� GDKD� NRPSOHNVWLU�� 7�P� \�NVHN�
RUJDQL]PDODUÕQ� K�FUHOHUL� EX� VÕQÕID� JLUHU�� %XQXQ� \DQÕQGD� WHN� K�Freli 

PLNURRUJDQL]PDODUÕQ� GD� |QHPOL� ELU� JUXEX� |NDU\RWLN� K�FUHOHUGLU�� gNDU\RWLN� K�FUH�
VWRSOD]PDVÕ��K�FUHQLQ�DNWLYLWHOHULQL�\�U�WPHN�LoLQ�|]HO�\DSÕODUD�YH�IRQNVL\RQODUD�VDKLS�
RODQ� oRN� VD\ÕGD� RUJDQHOH� VDKLSWLU�� gNDU\RWLN� K�FUHOHU�� � SURNDU\RWLN� K�FUHOHUGH� GH�
buOXQDELOHQH�EHQ]HU�ELU�]DU�LOH�oHYULOPLúWLU��%X�]DUÕQ�GÕú�\�]H\LQGH�K�FUH�GXYDUÕ�RODELOLU��
%X�GÕú�|UW�Q�Q�\DSÕVÕ�K�FUH�W�U�QH�ED÷OÕGÕU��gUQH÷LQ�\�NVHN�RUJDQL]PDODU�RODQ�KD\YDQ�
K�FUHOHUL� LQFH� ELU� K�FUH� GXYDUÕQD� VDKLSWLU�� %X� GXYDUÕQ� |]HO� \DSÕúNDQ� |]HOOLNOHUL� 
NDUDFL÷HU� JLEL� |]HO� DPDo� LoLQ� NXOODQÕODQ� GRNXODUÕ� YH� RUJDQODUÕ� ROXúWXUPDN� LoLQ�EHQ]HU�
K�FUHOHUL�WXWXFX�ROPDVÕ�|QHPOLGLU��'L÷HU�WDUDIWDQ�ELWNL�K�FUHOHUL�oRN�GD\DQÕNOÕ��NDOÕQ�ELU�
K�FUH� GXYDUÕ� LOH� NDSODQPÕúWÕU�� gNDU\RWLN� K�FUHOHULQ� RUJDQHOOHULQLQ� LúOHYOHUL� DoÕVÕQGDQ�
K�FUHLoL�PHPEUDQODUÕQ�YDUOÕ÷Õ�|QHPOLGLU��+�FUH�]DUÕQGDQ�EDúOD\ÕS�K�FUH�LoLQGH�oHNLUGHN�
]DUÕQD� NDGDU� X]DQDQ� NRPSOHNV� LQFH� PHPEUDQ� NDQDOODU� VLVWHPL� RODQ� HQGRSOD]PLN�
UHWLNXOXP�EHVLQ�PDGGHOHULQLQ�K�FUH�LoLQH�DOÕQPDVÕQGD�LúOHY�\DSDU��*ROJL�NRPSOHNVLQLQ 

J|UHYL� LVH� ROXúDQ� PHWDEROLN� �U�QOHUL� K�FUH� GÕúÕQD� WUDQVIHU� HWPHNWLU�� %X� K�FUHOHUGH�
oHNLUGHN� J|]HQHNOL� ELU� PHPEUDQ� LOH� VDUÕOPÕúWÕU�� 3URWHLQOHULQ�HQ]LPOHULQ� VHQWH]LQLQ�
JHUoHNOHúWL÷L� EL\RNLP\DVDO� WHSNLPH� NRQXPODUÕ� RODQ� ULER]RPODU�� oR÷XQOXNOD�
endoplazmik retiNXOXP�\�]H\LQH�J|P�OP�ú�RODUDN�EXOXQXUODU��gNDU\RWODULN�K�FUHOHUGH�
bulunan ribozamlar prokaryotik hücrelerdekilerden daha büyüktür (Bailey and Ollis 

1986). 
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dHNLUGH÷LQ� WHPHO� LúOHYOHULQGHQ� ELUL� ULER]RPODUGDNL� NDWDOLWLN� DNWLYLWHOHULQ� GHQHWLPLGLU��
Hücrenin tePHO� DNWLYLWHVLQL� YH� NDOÕWÕPÕQÕ� VD÷OD\DQ� ³NURPDWLQ´�FKURPDWLQ��PDGGHVLGLU��
%XQXQ�LoHULVLQGH�oHúLWOL�SURWHLQOHU��'1$�YH�NDOÕWVDO�PROHN�OOHU�\DQL�JHQOHU�EXOXQXU��+HU�
K�FUH� LoLQ� |]J�Q� NDUDNWHUOHU� '1$� PROHN�O�QGH� úLIUHOHQPLúWLU�� dHNLUGH÷LQ� LoHULVLQGH�
D\UÕFD�N�UH�úHNOLQGH�ELU�oHNLUGHNoLN��NÕVÕP�EXOXQPDNWDGÕU��%XQXQ�LoHULVLQGH�YDNXROOHU�
�YDFXROH�� YH� ELUoRN� JUDQ�O� ELoLPLQGH� SDUoDFÕN� YDUGÕU�� %XQODU�� 51$� LoHUGLNOHUL� KDOGH�
genellikle DNA içermezler. 

 

dHNLUGHN�PHPEUDQODU�WDUDIÕQGDQ�VDUÕOPÕú�ELUNDo�Lo�E|OJHGHQ�ELULGLU��%X�PHPEUDQ�NDSOÕ�
bölgeler organeller olarak bilinir. Mitokondri hücrenin aktiviteleri için gerekli enerjiyi 

üretir. Bunlar, enerji üretme prosesinde oksijen kullanan bütün ökaryotik hücrelerde 

EXOXQXUODU��/L]R]RPODU�YH�YDNXROOHU� LVH�NLP\DVDO� UHDNVL\RQODUÕ�ya da belirli kimyasal 

ELOHúHQOHUL�VLWRSOD]PDGDQ�L]ROH�HWPHGH�J|UHY�\DSDUODU��%DLOH\�DQG�2OOLV�������� 
 

2.1.2 Bakteriler   

 

%DNWHULOHULQ� WDP� RODUDN� WDQÕPODQPDVÕ� J�oW�U�� SURNDU\RWODU� JUXEXQGD�� WHN� K�FUHOL� YH�
E|O�QHQ�PLNURRUJDQL]PDODU� úHNOLQGH� WDQÕPODQDELOLUOHU�� %DNWHULOHU� GÕú� WDUDIWDQ� VHUW� ELU�
K�FUH�GXYDUÕ� LOH�oHYULOLUOHU�� W�UOHULQLQ�oR÷XQXQ�K�FUH�GXYDUÕQÕQ�GÕú�\�]H\L�kapsül veya 

slime-layer� RODUDN�DGODQGÕUÕODQ�\DSÕúNDQ�� MHODWLQLPVL�ELU� WDEDND� LOH�NDSODQPÕúWÕU��7LSLN�
ELU� EDNWHUL� K�FUHVL� ùHNLO� ���¶GH� J|VWHULOPLúWLU�� %DVLW� EDNWHULOHU� VSRU�� NDPoÕ� YH� NDSV�O�
içermezler. 0.5-2.0 mikron uzunluk ve 0.2-����PLNURQ�oDSÕQGDGÕUODU��øQFH�LSOLNVL��ELU�D÷�
úHNOLQGH�J|U�QHQ�oHNLUGH÷L�GR÷UXGDQ�GR÷UX\D�VLWRSOD]PD�LOH�VÕQÕUODQPÕú�RODQ�EDNWHULOHU�
ùHNLO����¶GH�J|U�OHQ��o�WHPHO�PRUIRORMLN�úHNLOGH�EXOXQDELOLUOHU��%DLOH\�DQG�2OOLV������� 
 

a) Çubuk (rod) : Genel olarak 0.5-���� �P� X]XQOXN� YH� ���-���� �P� JHQLúOLNWHGLUOHU����
Bacillus bu gruba girmektedir. 

b) .�UHVHO��FRFFXV����dDSODUÕ����-���P�DUDVÕQGD�GH÷LúPHNWHGLU� 
c) 6DUPDO��VSLULOOL����<DNODúÕN����P�X]XQOXN�YH������P�JHQLúOLNWHGLU� 
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�ùHNLO�����%DNWHUL�K�FUHVL 
 

 

 

 

 

 

 

 

 

 

 
ùHNLO�����%DNWHULOHULQ��o�IDUNOÕ�IRUPX 

 

%DNWHULOHU� W�U� YH� oHYUHVHO� NRúXOODUD�J|UH� WHN�� LNLOL�� N�PHOL� \D�GD�X]XQ�]LQFLUOL� JUXSODU�
KDOLQGH�EXOXQDELOLUOHU��+�FUH�]DUÕ�EHVLQOHUH�NDUúÕ�\DUÕ�JHoLUJHQ�|]HOOLNWH�ROXS��NXUX�K�FUH�
D÷ÕUOÕ÷ÕQÕQ�\DNODúÕN���-��¶XQX�ROXúWXUXU��%X�]DU�EDúOÕFD�����SURWHLQ������\D÷�����-20 

NDUERQKLGUDW� LoHUHQ� oLIW� NDWPDQOÕ� ELU� \DSÕ� J|VWHULU�� *UDP-pozitif bakterilerin hücre 

]DUÕQGD� DURPDWLN� YH� N�N�UW� içeren amino asitler, arginin ve prolin bulunmaz. Gram-

QHJDWLI�K�FUHOHULQ�]DUODUÕ�LVH�OLSLGFH�GDKD�]HQJLQGLU��+�FUH�]DUÕQGD�HOHNWURQ�DNWDUDQ�YH�
RNVLGDWLI�IRVIDWODQPD\Õ�VD÷OD\DQ�HQ]LPOHU�EXOXQPDNWDGÕU� 
 

Bakteri hücrelerinde; endoplazmik retikulum, mitokondria, golgi kompleksi bulunmaz. 

dXEXN� YH� VDUPDO� \DSÕGD� RODQODUÕQ� ELU� \D� GD� KHU� LNL� XFXQGD� ED]HQ� GH� W�P� \�]H\LQGH�
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KDUHNHW� HWPH\H� \DUD\DQ� NDPoÕ� EXOXQXU�� %X� NDPoÕODUÕQ� ER\ODUÕ� JHQHOOLNOH� EDNWHUL�
ER\XQXQ�ELU� NDo� NDWÕQD� XODúÕU��%DNWHULOHULQ� oR÷X��'1$�NURPR]RPXQD�HN�RODUDN��ED]Õ�
|]HOOLNOHULQL�JHQHWLN�NRQWURO�DOWÕQGD�WXWDQ��VLWRSOD]PD�LoHULVLQGH�VHUEHVW�RODUDN�EXOXQDQ��
kendi kendini replike edebilen 1-���NE�E�\�NO�÷�QGH�plasmid�DGÕ�YHULOHQ�GDUHVHO�'1$�
moleküllerini içerir.   

 

%D]Õ� EDNWHULOHU� VWRSOD]PDODUÕQGD� VSRU�\Dpma ve bulundurma potansiyeline sahiptirler. 

%X�WLS�EDNWHULOHU�\�NVHN�YH�G�ú�N�VÕFDNOÕN��NXUDNOÕN��RVPR]�YH�NLP\DVDO�HWNLOHUH�NDUúÕ�
GLUHQoOLGLUOHU��dHYUH�NRúXOODUÕQÕQ�X\JXQ�ROPDGÕ÷Õ�GXUXPODUGD�VSRU�\DSDELOHQ�EDNWHULOHU�
J�o�GÕú�HWNHQOHUH�NDUúÕ�W�U�Q���NRUX\DELOPHN�LoLQ�³VSRU´�ROXúWXUXUODU��6SRU��X\JXQ�EHVL�
\HULQGH� YH� oHYUH� NRúXOODUÕQGD� EXOXQGX÷X� ]DPDQ� NHQGLQL� NRUX\DQ� NRUWHNVLQGHQ�
NXUWXODUDN�\DúDPVDO�IDDOL\HWOHULQH�JHUL�G|QHU���Bacillus, spor yapan bakterilerdendir. Bu 

EDNWHULOHULQ�VSRUODUÕ�KDYDGD�YH�WRSUDNWD�EXOXQPDNWDGÕU��/HKQLQJHU������� 
 

2.2 Bacillus  Türü ve Özellikleri 

 

Bacillus�� SURNDU\RW� VÕQÕIÕQGDQ�� DHURELN�� VSRU�ROXúWXUDELOHQ�� oXEXN� úHNLOOL��JUDP�SR]LWLI�
bir bakteri türüdür. Bacillus� W�U��EDNWHULOHU�� WRNVLN�ROPD\DQ�K�FUH�GXYDUÕQD�VDKLS�� WHN�
PHPEUDQÕ� RODQ�� �UHWWL÷L� SURWHLQOHUL� �HQ]LPOHUL�� K�FUH� GÕúÕQD� DNWDUDELOPHN� LoLQ� X\JXQ�
PHNDQL]PDODUD� VDKLS��JHQHOOLNOH�SDWRMHQ�ROPD\DQ�PLNURRUJDQL]PDODUGÕU��Bacillus 0.3-

2.2 µP� oDSÕQGD� YH� ���-7.0 µP� X]XQOX÷XQGDGÕU��Bacillus¶ODUÕQ� JXDQLQ�VLWR]LQ� �*�&��
ELOHúLPL� ���-62 aUDVÕQGD� GH÷LúLU�� %XQODUÕQ� oR÷X� \DQ� WDUDIODUÕQGD� EXOXQDQ� NÕUEDo� LOH�
NHQGLOL÷LQGHQ� KDUHNHW� HGHELOLUNHQ� ED]ÕODUÕ� KDUHNHW� HGHPH]OHU�� Bacillus’lar tek 

K�FUHOLGLUOHU� YH� LNL\H� E|O�QHUHN� oR÷DOÕUODU�� Bacillus� W�U�� EDNWHULOHU� VWRSOD]PDODUÕQGD�
spor bulundurma potansi\HOLQH�VDKLSWLUOHU��6SRUODU�\�NVHN�YH�G�ú�N�VÕFDNOÕN��NXUDNOÕN��
R]PR]��UDG\DV\RQ�YH�NLP\DVDO�HWNLOHUH�NDUúÕ�YHJHWDWLYH�K�FUHOHUGHQ�GDKD�GLUHQoOLGLUOHU��
dHYUH�NRúXOODUÕQÕQ�X\JXQ�ROPDGÕ÷Õ�GXUXPODUGD�EX�W�U�EDNWHULOHU�N|W��GÕú�HWNHQOHUH�NDUúÕ�
korunabilmek içiQ� VSRU� ROXúWXUXUODU�� 6SRU� X\JXQ� EHVL� \HULQGH� YH� oHYUH� NRúXOODUÕQGD�
EXOXQGX÷X� ]DPDQ� DNWLI� RODUDN� IDDOL\HW� J|VWHUPH\H� EDúODU�� %XQODUÕQ� PHWDEROL]PDVÕ��
úLGGHWOL� VROXQXP��úLGGHWOL� IHUPHQWDV\RQ�\D�GD�KHP�VROXQXP�KHP�GH� IHUPHQWDV\RQ� LOH�
RUJDQLN� VXEVWUDWODUÕQ� GLVVLPLODV\RQXQX� VD÷ODU�� 0ROHN�OHU� RNVLMHQ�� VROXQXP�
PHWDEROL]PDVÕQGD�WHUPLQDO�HOHNWURQ�DOÕFÕ�RODUDN�J|UHY�\DSDU��%X��ED]Õ�W�UOHUGH�D]RW�LOH�
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\HU� GH÷LúWLUHELOLU�� *HQHO� RODUDN�� VSRU� ROXúWXUDQ�Bacillus¶ODU� WRSUDNWD� EXOXQXUODU�� %D]Õ�
türleri patojeniktir ve toksinleU��UHWHUHN�KDVWDOÕ÷D�QHGHQ�ROXUODU��dDOÕN�������%XFKDQDQ�
and Gibbson 1974). 

 

Rekombinant mikroorgnizma kullanan fermentasyon endüstrisinde konak hücre olarak 

NXOODQÕODQ Bacillus�HQG�VWUL\HO�|QHPL�RODQ�ELU�PLNURRUJDQL]PDGÕU��Bacillus¶ODU�GH÷LúLN�
karbon kaynDNODUÕQÕ� NXOODQDUDN�� oRN� \�NVHN� S+� YH� VÕFDNOÕNODUGD� HNVWUHP� NRúXOODUGD�
NDUDUOÕOÕ÷Õ� \�NVHN� �U�QOHUL� �UHWHELOPHNWHGLUOHU�� 'L÷HU� PLNURRUJDQL]PDODUD� NÕ\DVOD�
moleküler genetik tekniklerle daha kolay manipüle edilebilirler; metabolitleri ve 

SURWHLQOHUL�K�FUH�GÕúÕQD� WUDQVIHU� HWPH�NDSDVLWHOHUL� \�NVHNWLU�YH�HQG�VWUL\HO��UHWLP�LoLQ�
VHoLPOL�ROPDODUÕQÕQ�ELU�GL÷HU�QHGHQL�GH�NROD\OÕNOD�oR÷DODELOPHOHULGLU��%X�JUXEXQ��UHWWL÷L�
DQD� �U�QOHU�� �L�� KLGUROLWLN� HQ]LPOHU�� �LL�� DQWLEL\RWLNOHU�� �LLL�� KDúDUDW� LODoODUÕ�� �LY��
nükleosidlHU���Y��YLWDPLQOHU�YH��YL��GL÷HU�EL\RPROHN�OOHUGLU�(Arbige et al. 1993). 

 

2.2.1 Bacillus¶ODUÕQ�VÕQÕIODQGÕUÕOPDVÕ 
 

Bugün, Bacillus FLQVLQGH� ��� WDQH� W�U� WDQÕPODQPÕúWÕU� �dL]HOJH� ������ � %X� JHQHWLN� YH�
IL]\RORMLN� oHúLWOLOLN� RODUDN� D]GÕU� IDNDW� V�UHNOL� RODUDN� \HQL türler izole edilmekte ve 

WDQÕPODQPDNWDGÕU�� %X� W�UOHU� oHúLWOL� úHNLOGH� VÕQÕIODQGÕUÕODELOLUOHU�� %XQODU� PRUIRORMLN�
olarak, (i) ana hücreyi büyütmeyen oval sporlar üreten türler, (ii) ana hücreyi büyüten 

oval sporlar üreten türler ve (iii) küresel sporlar üreWHQ� W�UOHU��RODUDN�EDVLW�ELU� úHNLOGH�
VÕQÕIODQGÕUÕODELOLU� 

 

6ÕQÕIODQGÕUPDGD� HVDV� |]HOOLN�� \HQL� FLQVOHULQ� IHQRWLSLN� |]HOOLNOHUL� LOH� NROD\OÕNOD� D\ÕUW�
HGLOHELOPHVL� ROPDOÕGÕU�� Bacillus¶ODU� IHQRWLSLN� EHQ]HUOLNOHULQH� J|UH� �� VÕQÕIWD�
WRSODQPÕúODUGÕU��dL]HOJH�������3ULHVW��������(QG�VWUL\HO�RODUDN�|QHPOL�RODQ�ED]Õ�Bacillus 

W�UOHULQLQ� |]HOOLNOHUL� WDEOR� KDOLQGH� YHULOPLúWLU� �dL]HOJH� ����� �%XFKDQDQ� DQG Gibbons 

1974). 

 

 

 

 



16 

Çizelge  2.1  Bacillus    �W�UOHULQLQ����IHQRWLS�����EHQ]HUOLNOHULQH�����J|UH��VÕQÕIODQGÕUÕOPDVÕ�
(Priest 1993) 

 
Grup I 

B. alvei 

B. amylolyticus 

B. apiarius 

B. azotofixans 

B. circulans 

B. glucanolyticus 

B. larvae 

B. lautus 

B. lentimorbus 

B. macerans 

b. macquariensis 

B. pabuli 

B. polymyxa 

B. popilliae 

B. psychrosaccharolyticus 

B. pulvifaciens 

B. thiaminolyticus 

B. validus 
 
Grup III 

B. alginolyticus 

B. aneurinolyticus 

B. azotoformans 

B. badius 

B. brevis 

B. chondroitinus 

B. frudenreichii 

B. gordonae 
 
Grup V 

B. coagulans 

B. flovothermus 

B. kaustophilus 
B. pallidus 

B. schlegelii 

B. smithii 

b. stearothermophilus 

B. thermocloacae 

B. thermodenitrificans 

B. thermoglucusidasius 

B. thermoleovrans 

B. thermoruber 

Grup II 

B. alcolophilus 

B. amyloliquefaciens 

B. anthracis 

B. atrophaeus 

B. carotorum 

b. firmus 

B. flexus 

B. laterosporus 

B. lentus 

B. licheniformis 

B. niacini 

B. pantothenicus  

B. pumilus 

B. simplex 

B. suptilis 

B. thuringiensis 

 
Grup IV 

B. aminovorans 

B. fusiformis 

B. globisporus 

B. insolitus 

B. marinus 

B. pasteurii 

B. psychrophilus 

B. sphaericus 
 
Grup VI 

A. acidocaldarius 

A. acidoterrestiris 

A. sikloheptanius 

 
DL÷HU 
B. benzoervorans 

B. fastidiosus 

B. nagonoensis 
 

 

 

 

 

 

 



17 

 
dL]HOJH�����%D]Õ�Bacillus türlerinin karakteristikleri (Buchanan and Gibbons 1974) 
 

                            

                                           B.           B.                      B.         B.               B.               B.            B.             B. 

                                        Subtilis  licheniformis   cereus  polymyxa   macerans   firmus     brevis       alvei 

Çubuklar 

���JHQLúOLN��µm                  0.7-0.8    0.6-0.8        1.0-1.2    0.6-0.8       0.5-0.7       0.6-0.9    0.6-0.9    0.5-0.8 

   uzunluk, µm                    2-3         1.5-3                3-5       2-5           2.5-5           1.2-4         1.5-4         2-5 

dR÷DOPD 

   Anaerobik agar                  -             +                    +           +                +                  -               -              + 

   %0.001 lizozim                 d            d                     +           d                 -                   -              d              + 

   %7 NaCl                            +            +                    +           -                 -                  +               -               - 

   Sabouraud dextrose             

     broth ve/veya agar           +             +                   +          +                 +                  -              d               - 

dR÷DOPD�LoLQ�VÕFDNOÕN��� 
   Maksimum oC               45-55      50-55          35-45      35-45         40-50         40-45        40-60      35-45 

   Minimum oC                   5-20          15            10-20       5-10            5-20           5-20        10-35      15-20 

Hidrolizi            

���1LúDVWD���������������������������������������������������������������������������������������������������             +               -              + 

   Kazein                              +              +                    +          +                -                  +               +             + 

   Tirozin                              -               -                     +          -                -                  d                +             d 

Hareketlilik                         +              +                     d           +               +                 d                +             d 

NO3
—NO2

-                                         +              +                   +           +               +                 +                d              - 

Asit üretimi 

   arabinoz,ksiloz ve            +              +                     -           +               +                 d                 -              - 

   mannitolden                     +              +                     -           +               +                  +                d              - 

Katalaz                                +              +                    +           +               +                  +                +             +    

•�G���GH÷LúNHQ 

 

 

 2.2.2 Bacillus subtilis  ve özellikleri 

 

Bacillus� W�UOHUL� HQG�VWUL\HO� RODUDN� |QHPOL� RODQ� oHúLWOL� HQ]LPOHUL�� KDúDrat öldürücü 

HQGRWRNVLQOHU� YH� UHNRPELQDQW� SURWHLQOHUL� VDOJÕOD\DQ� RUJDQL]PDODUGÕU� Bacillus 

DUDúWÕUPDODUÕ� LoLQ� Bacillus subtilis� NXOODQÕOÕU�� JHQHWLN�� EL\RNLP\DVDO� YH� IL]\RORMLN�
VHYL\HGH�HQ�L\L�WDQÕPODQPÕú�SURNDU\RWLN�RUJDQL]PDGÕU� 
 

B. subtilis üzerinde en fD]OD� oDOÕúPD�\DSÕOPÕú�JUDP-pozitif prokaryottur ve B. subtilis 

LoLQ�ELUoRN�SODVPLG�JHOLúWLULOPLú�YH�X\JXQ�SODVPLG-YHNW|U�VLVWHPOHUL�JHOLúWLUPHQLQ�IDUNOÕ�
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HYUHOHULQGH� IDUNOÕ� SUREOHPOHUOH� NDUúÕODúÕOPÕúWÕU�� 'R÷DO� RODUDN� WUDQVIRUPDV\RQOD�
plasmidleri alma potansiyeli olan B. subtilis�HQGRJHQRXV�SODVPLGOHU�LoHUPH]OHU��'L÷HU�
ED]Õ�Bacillus�VXúODUÕ�GD�NRQDNoÕODUÕ��]HULQGH�NROD\OÕNOD�VHoLOHELOLU�IHQRWLSOHU�YHUPH\HQ�
gizli plasmidler içerirler. B. subtilis plasmid vektörleri ilk olarak Staphylococcus aureus 

kökenli plasPLGOHU� NXOODQÕODUDN� HOGH� HGLOPLúWLU��%XQODUÕQ�ELUNDoÕ�B. subtilis’de replike 

ROXU�YH�DQWLEL\RWLN�GLUHQoL�VD÷OD\DQ�SURWHLQOHUL��UHWLU��B. subtilis için bugünkü plasmid 

YHNW|UOHULQLQ� oR÷X� \LQH� S. aureus� � SODVPLGOHULQH� GD\DQÕU�� %DúDUÕOÕ� NORQODPD�
kaydedilmesinH�UD÷PHQ��G�ú�N�NORQODPD�YHULPOHUL�YH�SODVPLG�NDUDUVÕ]OÕ÷Õ�QHGHQL\OH�EX�
plasmidlerin B. subtilis� LoLQ� X\JXQ� ROPDGÕ÷Õ� EXOXQPXúWXU��*UDP-pozitif bakterilerden 

küçük plasmidlerin tek zincir bir DNA araürünü yoluyla, muhtemelen rolling-circle 

replikasyon ile rHSOLNH�ROPDODUÕ�|QHPOL�ELU�EXOJXGXU��%URQ�������� 
 

����7DúÕQÕP�0HNDQL]PDODUÕ 
 

0HWDEROL]PD� VXEVWUDWODUÕQÕQ�� �U�QOHULQ� YH� \DQ� �U�QOHULQ� K�FUH� LoLQH� YH� K�FUH� GÕúÕQD�
WDúÕQPDODUÕ�� K�FUHQLQ� oR÷DODELOPHVL�� LVWHQHQ� �U�QOHUL� �UHWHELOPHVL� YH� IRQNVL\RQODUÕQÕ�
yerine gHWLUHELOPHVL�LoLQ�|QHPOLGLU��+�FUHOHU�LoLQGH�oHúLWOL�SURWHLQOHULQ�\HUOHúLN�ROGX÷X�
SOD]PD� PHPEUDQODU� LOH� oHYULOLGLU�� %X� PHPEUDQODU�� ED]Õ� PDGGHOHULQ� JHoLúLQL�
NROD\ODúWÕUÕUNHQ�ED]ÕODUÕQÕQ�JHoLúLQL�LVH�HQJHOOHU��gUQH÷LQ��L\RQODU�YH�oHúLWOL�PHWDEROLWOHU�
gibi hiGURILOLN� PDGGHOHUH� NDUúÕ� JHoLUJHQ� GH÷LOGLU�� 0HPEUDQÕQ� EX� |]HOOL÷L� VHoLFL�
JHoLUJHQOLN� RODUDN� DGODQGÕUÕOÕU�� +�FUH� LoLQGHNL� WHSNLPHOHULQ� JHUoHNOHúHELOPHVL� LoLQ�
JLUGLOHULQ�K�FUH\H� WDúÕQÕPÕ���U�QOHULQ�YH�K�FUH� LoLQGH� LVWHQPH\HQ�YH�JHUHNHQGHQ�ID]OD�
GHULúLPGH�EXOXQDQ�PDGGHOHULQ�K�FUH�GÕúÕQD�DNWDUÕPÕ�JHUHNOLGLU��(ULQFLQ�������� 
 

Maddelerin hücre-GÕúÕ�YH\D�K�FUH-LoL�PHPEUDQODUGDQ�JHoLúOHULQLQ�ROGX÷X�PHNDQL]PDODU��
WDúÕQÕP PHNDQL]PDODUÕ�RODUDN�DGODQGÕUÕOÕU��ho�IDUNOÕ�WDúÕQÕP�PHNDQL]PDVÕ�YDUGÕU��� 
     

1) 6HUEHVW�\D\ÕQPD 
2) .ROD\ODúWÕUÕOPÕú�\D\ÕQPD 
3) $NWLI�WDúÕQÕP� 
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øON� LNL� PHNDQL]PDGD�� PDGGHOHU� GHULúLP� JUDG\HQLQH� J|UH� \�NVHN� GHULúLPGHQ� G�ú�N�
GHULúLPH�GR÷UX�WDúÕQÕUODU��%XQODU�SDVLI�SURVHVOHUGLU�YH�HNVWUD�ELU�HQHUML�GHVWH÷LQH�JHUHN�
GX\PD]ODU�� $NWLI� WDúÕQÕPGD�PDGGHOHU�� GHULúLP� JUadyenin ters yönünde –GHULúLP� DUWÕú�
yönünde-�GH�WDúÕQDELOLUOHU�YH�*LEEV�VHUEHVW�HQHUML�JLULúLQH�LKWL\Do�GX\DUODU��%DNWHULOHUGH�
ED]Õ�VXEVWUDW�YH�PHWDEROLN��U�QOHU�LoLQ�WDúÕQÕP�PHNDQL]PDVÕ�dL]HOJH����¶GH�YHULOPLúWLU�
(Erincin 1998, Nielsen and Viladsen 1994).  

 

dL]HOJH�����%DNWHULOHUGH�ED]Õ�PDWDEROLWOHULQ�WDúÕQÕP�PHNDQL]PDODUÕ 
 

%LOHúLN 7DúÕQÕP�0HNDQL]PDVÕ 
Amino asitler 

Glukoz 

Laktoz 

Gliserol 

Etanol 

Laktik asit 

Asetik asit 

Karbondioksit 

Oksijen 

Su 

$NWLI�WDúÕQÕP 

$NWLI�WDúÕQÕP 

$NWLI�WDúÕQÕP 

6HUEHVW�YH�NROD\ODúWÕUÕOPÕú�\D\ÕQPD 

6HUEHVW�\D\ÕQPD 
6HUEHVW�\D\ÕQPD�YH�DNWLI�WDúÕQÕP 

6HUEHVW�\D\ÕQPD 
6HUEHVW�\D\ÕQPD 
6HUEHVW�\D\ÕQPD 
6HUEHVW�\D\ÕQPD 

 

 

�������6HUEHVW�\D\ÕQPD 

 

%LU�PDGGHQLQ�VHUEHVW�\D\ÕQPD�LOH�PHPEUDQGDQ�WDúÕQÕPÕ��o�EDVDPDNWDQ�ROXúXU�� 
 

1) Maddenin hücre-GÕúÕ�RUWDPGDQ�PHPEUDQ�ID]ÕQD�WDúÕQÕPÕ�� 
���/LSLG�PHPEUDQ�ER\XQFD�PROHN�OHU�\D\ÕQPD�� 
���/LSLG�PHPEUDQ�ID]ÕQGDQ�VLWRSOD]PD\D�WDúÕQÕP�� 

 

6HUEHVW� \D\ÕQPDGD� WDúÕQÕP� KÕ]Õ� YH� QHW� DNÕ�� PHPEUDQGDQ� JHoHQ� PDGGHQLQ� GHULúLP�
JUDG\HQL�LOH�GR÷UX�RUDQWÕOÕGÕU��(÷HU�PHPEUDQ�PDGGH\H�NDUúÕ�JHoLUJHQVH�YH�PHPEUDQÕQ�
ELU�WDUDIÕQGDNL�GHULúLPL�GL÷HU�WDUDIWDQ�\�NVHNVH��PDGGH�D]DODQ�GHULúLP�JUDG\HQLQH�J|UH�
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PHPEUDQGDQ�JHoPH�H÷LOLPLQGH�RODFDNWÕU��+�FUH-içi ve hücre-GÕúÕ�GHULúLP�IDUNÕ�QH�NDGDU�
ID]OD�LVH�\�U�W�F��NXYYHW�R�NDGDU�\�NVHN�RODFD÷ÕQGDQ�\D\ÕQPDGD�R�GHQOL�ID]OD�RODFDNWÕU��
$\UÕFD� PHPEUDQÕQ� KHU� LNL� WDUDIÕQGDNL� VÕYÕODUÕQ� IDUNOÕ� KLGURVWDWLN� EDVÕQoODUÕ�� VÕYÕQÕQ�
\�NVHN� EDVÕQoWDQ� G�ú�÷�QH� SDVLI� KDUHNHWL� LoLQ� \�U�W�F�� ELU� NXYYHW� VD÷OD\DELOLU��
<�U�W�F�� NXYYHWH� DOGÕUÕú� HWPHNVL]LQ� JHoLUJHQ� PHPEUDQODU� ER\XQFD� SDVLI� \D\ÕQPD�
VDGHFH�� WDúÕQÕP�SURVHVL� LoLQ�VHUEHVW�HQHUMLGHNL�GH÷LúLPLQLQ� �∆*��QHJDWLI�ROGX÷X�\|QGH�
NHQGLOL÷LQGHQ�PH\GDQD�JHOLU��6HUEHVW�\D\ÕQPD�ùHNLO����¶GH�J|VWHULOPLúWLU��(ULQFLQ�������
Bailey and Ollis 1986). 

 

            ���������������������K�FUH�GÕúÕ������������������K�FUH�]DUÕ���������������K�FUH�LoL 

                             (Cd)                                                                (Ci) 

  
ùHNLO�����6HUEHVW�\D\ÕQPD 
 

������.ROD\ODúWÕUÕOPÕú�\D\ÕQPD 

 

Hücre zDUÕQÕQ�\DSÕVÕQGDQ�GROD\Õ�KHU�NLP\DVDO�YH�EL\RNLP\DVDO�PDGGH�D\QÕ�NROD\OÕNOD�
difüzlenememektedir. Genellikle zardaki gözeneklerden ötürü, küçük moleküllerin 

\D\ÕQPDVÕ�NROD\�ROGX÷X�KDOGH�GDKD�E�\�N�PROHN�OOHULQNL�GDKD�J�o�ROPDNWDGÕU��$QFDN�
pek çok metabolit NROD\ODúWÕUÕOPÕú� \D\ÕQPD� LOH� K�FUH� ]DUÕQGDQ� GDKD� NROD\� YH� KÕ]OÕ�
difüzlenebilmektedir. 

 

.ROD\ODúWÕUÕOPÕú� \D\ÕQPD�� HQHUML� JHUHNWLUPH\HQ� PHNDQL]PDODUOD� ELU� ELOHúL÷LQ�� WDúÕ\ÕFÕ�
SURWHLQOHU� \DUGÕPÕ\OD� PHPEUDQGDQ� JHoLúLQLQ� \HU� DOGÕ÷Õ� SURVHVOHUGLU�� .ROD\ODúWÕUÕOPÕú�
\D\ÕQPDGD�� GLI�]OHQHQ�PDGGH�K�FUH� ]DUÕQGDQ�ELU� WDúÕ\ÕFÕ�PROHN�O� LOH�ELUOHúLU�YH�]DUÕQ�
LoLQGH� NROD\OÕNOD� WDúÕQDUDN� |WHNL� XoWD� WDúÕ\ÕFÕGDQ� D\UÕOÕU�� 6LWRSOD]PLN�PHPEUDQGD� oRN�
VD\ÕGD� EXOXQDQ�� SHUPHD]ODU� YH� WDúÕ\ÕFÕ� SURWHLQOHU� RODUDN� ELOLQHQ� EX� PROHN�OOHU��
suEVWUDWODUÕQD� PHPEUDQODUÕQ� GÕú� \�]H\LQGH� ED÷ODQÕU� YH� PHPEUDQGDQ� WDúÕ\ÕFÕ-substrat 

NRPSOHNVLQLQ� D\UÕOGÕ÷Õ� Lo� \�]H\H� JHoLúOHULQL� VD÷OD\DUDN�� VXEVWUDWÕ� K�FUH� LoLQH� EÕUDNÕU��
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.ROD\ODúWÕUÕOPÕú�\D\ÕQPD��VXEVWUDWÕQ�\�NVHN�GHULúLPGHQ�G�ú�N�GHULúLPH�D]DODQ�GHULúLP�
grDG\HQL� ER\XQFD� WDúÕQPDVÕ� DoÕVÕQGDQ� VHUEHVW� \D\ÕQPD\D� EHQ]HUGLU�� $QFDN� VHUEHVW�
\D\ÕQPD\D� NÕ\DVOD� GDKD� KÕ]OÕ� ELU� SURVHVWLU�� %LOHúLN�� DQFDN� X\JXQ� ERú� ELU� WDúÕ\ÕFÕ�
ROGX÷XQGD� PHPEUDQD� JLUHELOLU�� 6XEVWUDW� VSHVLILN� WDúÕQÕP� PHNDQL]PDVÕ� RODQ�
NROD\ODúWÕUÕOPÕú� \D\ÕQPada substrat-WDúÕ\ÕFÕ� SURWHLQ� HWNLOHúLPL�� HQ]LPDWLN� WHSNLPH�
PHNDQL]PDODUÕQD�X\DU��.ROD\ODúWÕUÕOPÕú�\D\ÕQPD�|NDU\RWLN�PLNURRUJDQL]PDODU��|UQH÷LQ�
IXQJL�� LoLQ� JHQHO�� DQFDN� EDNWHULOHU�SURNDU\RWODU� LoLQ� D]� UDVWODQDQ� WDúÕQÕP�
PHNDQL]PDVÕGÕU�� )XQJLGH�|NDU\RWODUGD� EX�PHNDQL]PD\OD� WDúÕQDQ� HQ� |QHPOL� PDGGHOHU�
JOXNR]�YH�GL÷HU�úHNHUOHUGLU��3URNDU\RWODUGD�LVH�EX�PDGGHOHU�GL÷HU�PHNDQL]PDODUOD�-aktif 

WDúÕQÕP�YH\D�JUXS�WUDQVIHU�VLVWHPL�LOH-� WDúÕQÕUODU��ùHNLO����¶GH�NROD\ODúWÕUÕOPÕú�\D\ÕQPD�
görülmektedir (Erincin 1998, Nielsen and Viladsen 1994). 

 

 

 ��������������K�FUH�GÕúÕ���������������������K�FUH�]DUÕ���������������������K�FUH�LoL 
 

                                                                                                        

 

                                            

����������������&G�����������������������WDúÕ\ÕFÕ�SURWHLQ���������������������&L��� 
 

ùHNLO�����.ROD\ODúWÕUÕOPÕú�\D\ÕQPD� 
 

 

����������������K�FUH�GÕúÕ���������������K�FUH�]DUÕ����������������K�FUH�LoL 
 

 

  

 

                 Cd                                                          Ci 

                                         ATPaz  

                                ATP   →   ADP + Enerji 

ùHNLO�����$NWLI�WDúÕQÕP 
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2.3.3  Aktif taúÕQÕP 

 

$NWLI� WDúÕQÕP�� PROHN�OOHULQ� GHULúLP� JUDG\HQOHUL� YH\D� L\RQODUÕQ� HOHNWURNLP\DVDO�
JUDG\HQOHU�ROXúWXUDUDN�PHPEUDQGDQ�WDúÕQÕPÕQÕQ�JHUoHNOHúWL÷L�SURVHVOHUGLU� 
 

$NWLI� WDúÕQÕP�� WDúÕQÕP� SURVHVLQGH� WDúÕ\ÕFÕ� SURWHLQOHULQ� URO� R\QDPDVÕ� DoÕVÕQGDQ�
NROD\ODúWÕUÕOPÕú� GLI�]\RQD� EHQ]HU�� $QFDN� NROD\ODúWÕUÕOPÕú� GLI�]\RQXQ� WHUVLQH�� WDúÕQÕP�
GHULúLP� JUDG\HQLQLQ� DUWDQ� \|Q�QGH� RODELOLU�� $NWLI� WDúÕQÕP� VHUEHVW� HQHUML� W�NHWLPL��
JHUHNWLUHQ�ELU�SURVHVWLU��7DúÕQÕP�SURVHVL�LoLQ�JHUHNHQ�HQHUML��$73�PROHN�O�QGHNL�\�NVHN�
enerjili fosfat� ED÷ODUÕQÕQ� SDUoDODQPDVÕ� � LOH� YH\D� SURWHLQLQ� \�]H\LQGHNL� WDúÕ\ÕFÕ� RODUDN�
J|UHY� \DSDQ�GL÷HU� ELU� \�NVHN� HQHUMLOL� ELOHúL÷LQ� KLGUROL]L� LOH� VD÷ODQDELOLU� �ELULQFLO� DNWLI�
WDúÕQÕP��YH\D�SURVHV��WHUVLQPH]�RODUDN�NHQGLOL÷LQGHQ�\�U�\HQ��-∆G>����D]DODQ�GHULúLP�
gradyenLQH�J|UH�KDUHNHW�HGHQ�LNLQFL�ELU�PDGGHQLQ�HúDQOÕ�WDúÕQÕPÕQD�ED÷ODQDELOLU��LNLQFLO�
DNWLI� WDúÕQÕP��� øNLQFLO� DNWLI� WDúÕQÕP� VLVWHPOHUL�� JOXNR]� YH� GL÷HU� úHNHUOHU� LoLQ� YH� Q|WUDO�
DPLQR� DVLWOHU� LoLQ� EHOOL� GRNXODUGD� EXOXQXUODU�� *OXNR]�� VHUEHVW� YH� NROD\ODúWÕUÕOPÕú�
yD\ÕQPD� GÕúÕQGD� 1D+ L\RQODUÕ� \DUGÕPÕ� LOH� DNWLI� WDúÕQPD\D� GD� X÷UDPDNWDGÕUODU��
%DNWHULOHUGH� LVH� JOXNR]�� HQ]LPOHU� \DUGÕPÕ� LOH� JOXNR]-�� IRVIDWD� G|Q�úW�U�OHUHN� DNWLI�
WDúÕQPDVÕ�JHUoHNOHúWLULOLU��%X�WDúÕQPD�LoLQ�JHUHNOL�HQHUML�$73�→�$'3�G|Q�úPHVLQGHQ�
VD÷ODQÕU��ùHNLO����¶GH�DNWLI�WDúÕQPDQÕQ�ELU�úHPDVÕ�J|U�OPHNWHGLU��(ULQFLQ������� 
 

2.4 Bacillus +�FUH� =DUIÕ� YH� (Q]LPLQ� +�FUH� øoLQGHQ� %L\RUHDNW|UH� 7DúÕQÕPÕ� YH��������������������������������������
0HNDQL]PDVÕ 

  

+�FUHOHULQ� \DúDP� V�UHFLQGH� GH÷LúLN� PDGGHOHU� VLWRSOD]PD\D� JLUHU� YH� LoHUGH� ROXúDQ�
PHWDEROLWOHU� GÕúDUÕ� oÕNDU�� %X� JHoLúOHU�� KHU� PDGGH\H� |]J�� RODUDN� PH\GDQD� JHOLU�� %X�
PDGGHOHULQ�JHoLúLQGH�K�FUH�GXYDUÕ��K�FUH�]DUÕ�YH�GL÷HU�NÕVÕPODUGDQ�ROXúDQ�K�FUH�]DUIÕQÕQ��
rolü büyüktür. 

 

2.4.1 Bacillus�K�FUH�]DUIÕQÕQ�\DSÕVÕ�YH�IRQNVL\RQu 

 

Bacillus� K�FUHVL� \DSÕVDO� RODUDN� oRN� EDVLW� ELU� RUJDQL]PDGÕU��Bacillus¶ODUÕQ� K�FUH� ]DUIÕ�
�FHOO�HQYHORSH���VLWRSOD]PLN�PHPEUDQGDQ��K�FUH�GXYDUÕQGDQ�YH�ED]Õ�W�UOHUGH��B. brevis 
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gibi) S-WDEDNDVÕ�RODUDN�DGODQGÕUÕODQ�YH�SURWHLQOHUGHQ�ROXúDQ�ELU�GÕú�WDEDNDGDQ�Peydana 

JHOHQ� NDWPDQODU� KDOLQGH� ELU� \DSÕGÕU�� +�FUH� ]DUIÕQÕQ� SULPHU� IRQNVL\RQX�� VLWRSOD]PD\Õ�
oHYUHOHPHN��NRUXPDN�YH�oHYUH\OH�DUDVÕQGDNL�PDGGH�WDúÕQÕPÕQÕ�NRQWURO�HWPHNWLU��dXEXN�
úHNOLQGH�RODQ�Bacillus¶ODU��\�NVHN�ELU�\�]H\�KDFLP�RUDQÕQD�VDKLSWLUOHU��%X��\�NVHN�KÕ]GD�
EHVLQ�WUDQVIHUL�YH�FRFFDO�úHNOLQGH�RODQODUÕQGDQ�GDKD�\�NVHN�KÕ]GD�oR÷DOPDODUÕQÕ�VD÷ODU��
)DNDW��oXEXN�úHNLOOL�RODQODU�FRFFDO�úHNLOOLOHUGHQ�GDKD�D]�NDUDUOÕGÕUODU��%DLOH\�DQG�2OOLV�
1986). 

 

2.4.1.1 Sitoplazmik membran  

 

Bacillus türlerinin sitoplazmik ]DUÕ�� VLWRSOD]PD\Õ� VDUDU� YH� K�FUH� PHWDEROL]PDVÕQGD�
|QHPOL�ELU�\HU�WXWDU��0HPEUDQ��ELU�VHQWH]��K�FUH�GXYDUÕ�SROLPHUOHULQLQ���HQHUML�PH\GDQD�
JHWLUPH��VLQ\DO�WUDQVG�NVL\RQ��o|]�QHQ�WUDQVORNDV\RQ�YH�IDM�ED÷ODPD�NRQXPXGXU��+�FUH�
]DUÕ�EHVLQOHUH�NDUúÕ�\DUÕ�JHoLUJHQ�|]HOOLNWHGLU��NXUX�K�FUH�D÷ÕUOÕ÷ÕQÕQ�\DNODúÕN���-10’unu 

ROXúWXUXU��%X�]DUÕQ�EDúOÕFD�����SURWHLQ������\D÷�����-���NDUERQKLGUDW�LoHUHQ�ELOHúLPL�
YH� oLIW� NDWPDQOÕ� ELU� \DSÕVÕ� YDUGÕU�� 6WRSOD]PLN� PHPEUDQ� IRVIROLSLGOHU� YH� SURWHLQOHUFH�
zengindir. B. subtilis ve GL÷HU� oR÷X� Bacillus türlerinde, fosfotidil ethanolamin esas 

IRVIROLSLGGLU� YH� WRSODP� OLSLG� D÷ÕUOÕ÷ÕQÕQ� ���-��¶ÕQÕ� ROXúWXUXU�� 'L÷HU� IRVIROLSLGOHU��
NDUGLROLSLQ�YH�IRVIRWLGLO�JOLVHURO� LoHULUOHU��dR÷X�W�UOHU�KLo�\D�GD�FRN�D]�GR\PDPÕú�\D÷�
DVLGL��UHWLU��7RSODPÕQ�\DNODúÕN����¶LQL�WHúNLO�HGHQ�GDOODQPÕú�\D÷�DVLWOHUL��]DU�DNÕFÕOÕ÷ÕQÕ�
muhafaza etmek için önemlidir. Küçük oranlarda bulunan izoprenoid lipidler, 

SHSWLGRJOLNDQ� YH� WHLNRLN� DVLW� JLEL� GXYDU� SROLPHUOHULQLQ� VHQWH]L� LoLQ� OLSLG� WDúÕ\ÕFÕODU�
RODUDN� GDYUDQÕUODU�� 6LWRSOD]PLN� PHPEUDQÕQ� HQ� |QHPOL� J|UHYOHULQGHQ� ELUL� o|]�QHQ�
WUDQVORNDV\RQXGXU��dR÷X�GXUXPODUGD��úRN-etiketleme deneylerini tasarlamak veya belirli 

GLUHQo� |]HOOLNOHULQL� YH� VDOJÕODPD� IHQRWLSOHULQL� EHOLUOHPHN� LoLQ�� Bacillus hücrelerine 

o|]�QHQOHULQ�VDOJÕODPD�NLQHWL÷LQL�EHOLUOHPHN�LoLQ�|QHPOLGLU��+DUZRRG�et al. 1990). 

 

2.4.1.2 Bacillus K�FUH�GXYDUÕ�� 
 

%DFLOOXV� W�UOHULQLQ� K�FUH� GXYDUODUÕ�� VLWRSOD]PLN� PHPEUDQODUÕ� NRUX\DQ� YH� oHYUHOH\HQ��
GLQDPLN�RODUDN�GH÷LúNHQ�YH�HVQHN�\DSÕODUGÕU��+�FUH�GXYDUODUÕ�K�FUHOHULQ�oR÷DOPDVÕQGa, 

morfogenesis de, hücre bölünmesinde, genom segregasyonunda, hücre ve çevre 



24 

HWNLOHúLPLQGH�YH�PDWHU\DOOHULQ�K�FUH�LoL�YH�GÕúÕQD�WDúÕQÕPÕQGD�|QHPOLGLU��Bacillus¶ODUÕQ�
K�FUH� GXYDUÕ� NDOÕQOÕ÷Õ� ��-��� QP� DUDVÕQGDGÕU��Bacillus� W�UOHULQLQ� YH� GL÷HU� JUDP�SR]LWLI�
baNWHULOHULQ� K�FUH� GXYDUÕ�� oDSUD]� ED÷OÕ� \DUÕ� JHoLUJHQ� ELU� PDNURPROHN�OG�U�� Bacillus 

türlerinde, bu temel olarak peptidoglikan ve teikoik ve teikuronik asitler gibi anyonik 

SROLPHUOHUGHQ� ROXúXU�� %X� DQ\RQLN� SROLPHUOHU� GXYDUD� DPSLILOLN� |]HOOLNOHU� ND]DQGÕUÕU��
BuQXQ� \DQÕQGD� SHSWLGRJOLNDQ-DQ\RQLN� SROLPHU� NRPSOHNVLQH� NRYDOHQW� ED÷ODUOD� YH\D�
NRYDOHQW� ROPD\DQ� HWNLOHúLPOHUOH� ED÷OÕ� GH÷LúLN� RUDQODUGD� SURWHLQ�� Q|WUDO� SROLVDNNDULW��
OLSRWHLNRLN�DVLW� � YH�K�FUH�GXYDUÕ�NRPSOHNVLQLQ�SROLHOHNWUROLW� MHO�\DSÕVÕQÕQ�SDUoDVÕ�RODQ�
katyRQODU�K�FUH�GXYDUÕQGD�EXOXQXUODU��'XYDUÕQ�IL]LNVHO�YH�NLP\DVDO�|]HOOLNOHUL�|]HOOLNOH�
VÕQÕUOÕ�J|]HQHNOLOL÷L�YH�\�NO��JUXSODUÕQ�\�NVHN�GHULúLPLQGHQ�GROD\Õ�GXYDU��VLWRSOD]PLN�
PHPEUDQ� LOH�PLNURoHYUH� DUDVÕQGDNL�PDWHU\DOOHULQ� VÕQÕUVÕ]� WDúÕQÕPÕQÕ� HQJHOOH\HELOHFHN 

|]HOOLNWHGLU�� 'XYDUÕQ�� NDW\RQ� ED÷ODPD� �L\RQ� GH÷LúLPL�� YH� PHPEUDQ-ED÷OÕ� HQ]LP�
VLVWHPOHULQLQ�HWNLQOL÷L�LoLQ�X\JXQ�L\RQLN�RUWDP�ROXúWXUPD�LúOHYL�YDUGÕU��'XYDUÕQ�ELOHúLPL�
YH�\DSÕVÕ�N�OW�U�NRúXOODUÕ�LOH�GH÷LúLU�YH�VRQXo�RODUDN�RQXQ�J|]HQHNOLOL÷L�YH�L\RQ-GH÷LúPe 

NDSDVLWHVL�GH�GH÷LúHELOLU��%X�GH÷LúLNOLNOHULQ��SURWHLQ�VDOJÕODPD�YH�RWROL]L]�JLEL�GL÷HU�LOJLOL�
K�FUHVHO�IRQNVL\RQODUÕ�HWNLOHPHVL�EHNOHQHELOLU��$UFKLEDOG�et al. 1993). 

 

 B.subtilis¶LQ�K�FUH�GXYDUÕ�\DNODúÕN����IDUNOÕ�SURWHLQ�LoHULU��%XQODUGDQ�VDGHFH�ELUNDoÕQÕQ�
IRQNVL\RQX�ELOLQLU��%XQODU��K�FUH�GXYDUÕ�ELOHúHQOHULQL�GHJUDGH� �ER]DQ��HGHQ�YH�QRUPDO�
oR÷DOPD� YH� K�FUH� E|O�QPHVL� LoLQ� JHUHNOL� RODQ� RWROLWLN� HQ]LPOHUGLU�� dHúLWOL� Bacillus 

türleri –B. subtilis�GÕúÕQGD-�SHSWLGRJOLNDQÕQ�GÕúÕQGD�SURWHLQ�WDEDNDODUÕQD�VDKLSWir. Bunlar 

JHQHOOLNOH��EDNWHULQLQ�HQ�GÕúWDNL�WDEDNDVÕ�RODUDN�G�]HQOL�ELU�NDIHV�ROXúWXUDQ��ELU�YH\D�LNL�
protein içerir. Bu tabakalar sadece gram-SR]LWLI� EDNWHULOHU� LoLQ� WLSLN� GH÷LOGLU�� dR÷X�
gram-negatif bakteriler de bu tabakalara sahiptir. Bu tabakalar geçirgendir ve proteinleri 

bir taraftan öbür tarafa geçirmek için yeterli büyüklükte gözenekler içerir (Archibald et 

al. 1993). 

 

D��3HSWLGRJOLNDQODUÕQ�PROHN�O�\DSÕODUÕ��$GÕQGDQ�GD�DQODúÕODFD÷Õ�JLEL�SHSWLGRJOLNDQODU�
LNL�NÕVÕPGDQ�ROXúPXúODUGÕU����3HSWLW�NÕVPÕ����*OLNDQ�\DQL�SROLVDNNDULW�NÕVPÕ��*OLNDQ�\DQL�
polisakkarit, birbirlerine β-1,4-JOLNR]LG�ED÷ODUÕ\OD�ED÷ODQPÕú��1-asetilmuramik asit ve 

N-DVHWLOJOLNR]DPLQ�ELULPOHULQGHQ�ROXúXU��+HU�PXUDPLN�DVLWLQ�NDUERNVLO�JUXEX��NÕVD�ELU�
peptidin N terminal aminoasiti ile bLU�DPLG�ED÷Õ�ROXúWXUXU��dR÷X�Bacillus türlerinde bu 
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SHSWLW� EHú� DPLQR� DVLWWHQ� ROXúXU�� 1-terminal amino asiti L-DODQLQGLU� YH� GL÷HU� DPLQR�
DVLWOHU�VÕUD\OD�'-glutamik asit, mezo-diaminopimelik asit ve iki D-alanindir. 

     

b) Anyonik polimerler:�dR÷X�Bacillus sXúODUÕQÕQ�GXYDUODUÕ��WHLNRLN�YH�YH\D�WHLNXURQLN�
DVLW�SROLPHUOHULQL�LoHULU��%X�DQ\RQLN�SROLPHUOHU�K�FUH�GXYDUÕ�\DSÕVÕQÕQ�\DNODúÕN�\DUÕVÕQÕ�
ROXúWXUXU� YH� NRYDOHQW� RODUDN� ED÷OÕ� ROGXNODUÕ� SHSWLGRJOLNDQ� NDWPDQÕQÕQ� GÕú� WDUDIÕQGD�
bulunurlar (bunlar, glikan zincirindeki N-asetilmuramik asitin C-6 daki hidroksil 

JUXEXQD�IRVIRGLHVWHU�ED÷Õ�LOH�ED÷ODQÕUODU���%XQODU��WHLNXURQLN�DVLWOHUGH�NDUERNVLO�JUXSODUÕ�
YH�WHLNRLN�DVLWOHUGH�IRVIDW�JUXSODUÕ�ROPDN��]HUH�\�NO��JUXSODUD�VDKLSWLU��%X�JUXSODU�K�FUH�
GXYDUÕQÕQ� QHW� \�N�QH� |QHPOL� RODUDN� NDWNÕGD� EXOXQXUODU� YH� EXQODU� DUDVÕQGDNL�
HOHNWURVWDWLN� HWNLOHúLPOHU� GXYDUÕQ� SROLHOHNWUROLWLN� ELU� MHO� \DSÕVÕQD� VDKLS� ROPDVÕ\OD�
VRQXoODQÕU�� +�FUH� GXYDUÕQGD� EXOXQDQ� DQ\RQLN� SROLPHUOHULQ� WLSOHUL� YH� ELOHúLPOHUL�
oR÷DOPD�NRúXOODUÕ\OD�GH÷LúLU��Bacillus hüFUHOHULQLQ�GXYDUÕQGD�HQ�oRN�EXOXQDQ�DQ\RQLN�
SROLPHU�WHLNRLN�DVLWWLU��dHúLWOL�IDUNOÕ�WHLNRLN�DVLWOHU�EXOXQXU�IDNDW�HQ�oRN�J|]OHQHQ�\DSÕ��
gliserol fosfat polimeridir. Bacillus� K�FUH� GXYDUODUÕQGDNL� WHLNRLN� YH� WHLNXURQLN� DVLW�
PLNWDUODUÕ��VÕUDVÕ\OD�IRVIRUXV�YH�XUDQLN�DVLW�ELOHúLPOHULQL�KHVDSOD\DUDN�EHOLUOHQLU� 
 

%XQODUÕQ�GÕúÕQGD�Bacillus K�FUHOHUL�\DNODúÕN���-��RUDQÕQGD�OLSRWHLNRLN�DVLW�LoHULUOHU��%X�
DVLWLQ�oR÷X�PHPEUDQOD�ELUOHúLU� IDNDW�ED]ÕODUÕ�\D�GXYDUGD�K�FUH�\�]H\LQGH�\D�GD�N�OW�U�
RUWDPÕQGD� VHUEHVW� RODUDN� EXOXQXU�� /LSRWHLNRLN� DVLWOHU� \DSÕ� RODUDN� K�FUH� GXYDUODUÕQGD�
bulunan 1,3-poligliserol fosfat teikoik asitine benzerler. Fakat, onlar bir fosfodiester-

ED÷OÕ�JOLNROLSLG�YH\D�DoLO�JOLVHURO�\ROX\OD�VLWRSOD]PLN�PHPEUDQD�ED÷ODQÕUODU��$UFKLEDOG�
et al. 1993). 

 

2.4.2 Bacillus W�UOHULQGH�SURWHLQOHULQ�VDOJÕODQPDVÕ� 
 

%LU� SURWHLQLQ� VDOJÕODQPDVÕ�� RQXQ� VHQWH]� NRQXPX� RODQ� VLWRSOD]PDGDQ� K�FUH� GÕúÕQD�
WUDQVIHU�HGLOPHVLGLU��6DOJÕODQDQ�SURWHLQOHU�LON�RODUDN�VLQ\DO�SHSWLGOL�SUHSURWHLQOHU�RODUDN�
VHQWH]OHQLU��%X�VLQ\DO�SHSWLG��VDOJÕODQDFDN�SURWHLQOHUL�VLWRSOD]PLN�RODQODUGDQ�D\ÕUW�HGHU�
YH�SURWHLQOHULQ�VDOJÕODQPD�\ROXQD�\|QHOPHOHUL�LoLQ�JHUHNOLGLU��SURWHLQOHULQ�VDOJÕODQPDVÕ�
için gereklidir). Bu yönlendirme, sinyal peptidin membrana ya direk olarak yada 
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VLWRSOD]PLN� SURWHLQ� ELOHúHQOHULQLQ� LoLQGH� o|]�QHUHN� ED÷ODQPDVÕ\OD� PH\GDQD� JHOLU�
(Harwood et al. 1990).  

 

6DOJÕODQDQ�SURWHLQOHU��VLWRSOD]PDGD�JHQHOOLNOH�VRQ��o�QF�O�úHNLOOHULQL�DODPD]ODU��d�QN��
FKDSHURQODU� RODUDN� DGODQGÕUÕODQ� o|]�OHELOLU� SURWHLQOHU�� RQODUÕQ� NDWODQPDVÕQÕ� HWNLOHU� YH�
preproteinOHUL� NÕVPHQ� NDWODQPDPÕú�� WUDQVORNDV\RQ� LoLQ� \HWHUOL� NRQIRUPDV\RQGD�
muhafaza ederler. Translokasyon, proteinin sitoplazmadan ya membrana yada 

PHPEUDQÕQ� LoLQH� WUDQVIHU� HGLOGL÷L� ELU� EDVDPDN� RODUDN� WDQÕPODQÕU�� 3URWHLQOHULQ�
NDWODQPDVÕQÕQ� |QOHQPHVL� SURWHLQ� VDOJÕODQPDVÕ� LoLQ� oRN� |QHPOLGLU�� o�QN�� H÷HU�
WUDQVORNDV\RQGDQ�|QFH�SURWHLQLQ��o�QF�O�\DSÕVÕQÕ�DOPDVÕQD�L]LQ�YHULOLUVH��SURWHLQ�GDKD�
oRN�VDOJÕODQPD]��6LQ\DO�SHSWLG��FKDSHURQH�\DGD�KHULNLVL�\ROX\OD��SUHFXUVRU�RQXQ�VSHVLILN�
PHPEUDQÕQD�\|QHOLU��%XQGDQ�VRQUD��PHPEUDQdan öbür tarafa translokasyon bilinmeyen 

ELU� VWLOOH�PH\GDQD� JHOLU�� 7UDQVORND]� RODUDN� DGODQGÕUÕODQ� PHPEUDQ� SURWHLQ� NRPSOHNVL��
VDOJÕODQDQ�SURWHLQOHULQ�VLWRSOD]PLN�PHPEUDQ�YH�HQGRSOD]PLN�UHWLNXOXP�PHPEUDQÕQGDQ�
|E�U� WDUDID� WUDQVIHULQH� DUDFÕOÕN� HGHU�� 6LQ\DO� SHSWLG�� � WUDQVORNDV\RQ� SURVHVL� VÕUDVÕQGD�
VSHVLILN� ELU� SURWHD]�� VLQ\DO� SHSWLGD]� WDUDIÕQGDQ� X]DNODúWÕUÕOÕU�� 7UDQVORNDV\RQGDQ� YH�
VLQ\DO� SHSWLGLQ� D\UÕOPDVÕQGDQ� VRQUD�� VDOJÕODQDQ� SURWHLQOHU� RQODUÕQ� NDWODQPDVÕ�
WDPDPODQDQD� NDGDU� PHPEUDQD� ELUOHúPLú� RODUDN� NDOÕU�� %X� NDWODQPDQÕQ� VSHVLILN�
FKDSHURQODU� WDUDIÕQGDQ� GHVWHNOHQGL÷L� RUWD\D� oÕNDU��%X� FKDSHURQODUGDQ� ED]ÕODUÕ� EDúDUÕOÕ�
translokasyon içinde gereklidir (Harwood et al. 1990, Simonen and Palva 1993).    

 

��������6DOJÕODPD�oDOÕúPDODUÕQGD�Bacillus türleri  

 

Bacillus’lar gUDP�SR]LWLI�ROGX÷XQGDQ�GROD\Õ��EX�W�UOHU�VDOJÕODPD�oDOÕúPDODUÕ�LoLQ�E. coli, 

S. cerevisiae�YH�PHPHOL�K�FUHOHULQGHQ�IDUNOÕ�ELU�PRGHO�J|VWHULUOHU��Bacillus�VDOJÕODPDVÕ�
oDOÕúÕODQ�LON�EDNWHUL\HO�VDOJÕODPD�VLVWHPL�ROGX÷X�KDOGH��RQXQ�PHNDQL]PDVÕ�KDNNÕQGD�oRN�
fazOD�úH\�ELOLQPL\RU� 
 

Bacillus� W�UOHUL� K�FUH� GÕúÕQD� E�\�N� PLNWDUODUGD� SURWHLQ� VDOJÕOD\DELOPH� SRWDQVL\HOLQH�
VDKLS� ROGX÷XQGDQ�� DONDOL� SURWHD]� YH�α-amilaz gibi endüstriyel enzimlerin üretimi için 

NXOODQÕOPDNWDGÕU�� Bacillus türlerinde homojen ve heterojen proteiQOHULQ� VDOJÕODQPDVÕ�
KDNNÕQGD� oHúLWOL� PDNDOHOHU� \D\ÕQODQPÕúWÕU�� dHúLWOL� VDOJÕODPD� YHNW|UOHUL� \DSÕOPÕúWÕU� YH�
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oR÷X� SURWHLQOHULQ� �UHWLPL� YH� VDOJÕODQPDVÕQD� \DUGÕP� HGLOPLúWLU�� )DNDW� VDGHFH� ELUNDo�
makale Bacillus W�UOHULQGH� SURWHLQ� VDOJÕODPDQÕQ� PROHN�OHU� PHNDQL]PDVÕQGDQ�
EDKVHWPLúWLU��6LPRQHQ�DQG�3DOYD�������� 
 

dR÷X� oDOÕúPDODUGD�B. subtilis� NRQDN� K�FUH� RODUDN� NXOODQÕOPÕúWÕU�� d�QN�� UHNRPELQDQW�
'1$�oDOÕúPDVÕ�LoLQ�JHUHNOL�RODQ�YDVÕWDODU��B. subtilis�LoLQ�GL÷HU�Bacillus türlerinden daha 

L\L� JHOLúWLULOPLúWLU��B. subtilis¶GH� SURWHLQ� VDOJÕODPD� KDNNÕQGDNL� oDOÕúPDODUGDQ� WRSODQDQ�
ELOJLOHU��GL÷HU�HQG�VWUL\HO�Bacillus’lara uygulanabilir. 

 

Genel olarak Bacillus¶ODUÕQ�EDVLW�EHVLQ�LKWL\DoODUÕ��IHUPHQWDV\RQ�WHNQRORMLOHUL�KDNNÕQGD�
ELOJLOHULQ� YDUROPDVÕ�� 6-WDEDNDVÕ� SURWHLQOHUL� LoHUHQ� B. brevis¶GH� RSWLPXP� oR÷DOPD�
NRúXOODUÕ�DOWÕQGD����PJ�PO¶H�NDGDU�YDUDQ�SURWHLQ�VDOJÕODPD�SRWDQVL\HOL�LOH�ELUOHúWL÷LQGH�
EX�RUJDQL]PDODUÕ�HNRQRPLN�LúOHWPH�LoLQ�X\JXQ�\DSDU�YH�ELUoRN�Bacillus exoenzimleri, 

|UQH÷LQ�DPLOD]ODU�YH�DONDOL�YH�Q|WUDO�SURWHD]ODU�HQG�Vtriyel ölçekte üretilir (Simonen and 

Palva 1993) . 

 

��������$ONDOL�SURWHD]�HQ]LPLQLQ�K�FUH�GÕúÕQD�WDúÕQÕPÕ 
 

 

                     

                          

                     Sinyal peptit     Pro peptit       SAP 

 

ùHNLO�����+�FUH�LoLQGHNL�6$3¶ÕQ�úHPDWLk gösterimi 
 

+�FUHGÕúÕ� SURWHLQOHULQ� K�FUHLoLQGHQ� K�FUHGÕúÕQD� � WDúÕQÕPODUÕ� � NRPSOHNV� � ELU� SURVHVWLU��
Hücre içinde serin alkali proteaz sinyal peptit, propeptit ve protein (serin alkali proteaz) 

ROPDN��]HUH��o�NÕVÕPGDQ�ROXúXU��+�FUH�GÕúÕ�HQ]LPOHULQ�1�WHUPLQDlinde bulunan sinyal 

SHSWLWOHULQ� NULWLN� IRQNVL\RQODUÕ�� K�FUH�GÕúÕ�SURWHLQLQ�K�FUH�PHPEUDQÕQGDQ�K�FUH�GÕúÕQD�
WUDQVIHULQL�VD÷ODPDNWÕU��6LQ\DO�SHSWLWOHU��o�E|O�PGHQ�ROXúXU��L��1�WHUPLQDO�Xo�E|OJH��LL��
hidrofobik çekirdek ve  iii) C terminal bölümü.  N terminal ucunda bulunan amino 

DVLWOHULQ� VD\ÕVÕ� �-�� DUDVÕQGD� GH÷LúLU� YH� EX� DPLQR� DVLWOHULQ� RUWDODPD� QHW� \�N�� �-3.1 

DUDVÕQGDGÕU��6LQ\DO�SHSWLWLQ�SR]LWLI�\�NOHQPLú�1� WHUPLQDO�XFX��K�FUH�GXYDUÕQÕQ�QHJDWLI�
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\�NO�� IRVIROLSLG� WDEDNDVÕ� LOH� HWNLOHúLU�� +LGURIRELN� oHNLUGHN� Jlisin veya prolin amino 

DVLWOHULQGHQ�ELUL\OH�VRQODQÕU�YH� O|]LQ�� L]RO|]LQ��YDOLQ��DODQLQ�YH�IHQLODODQLQ�JLEL�\�NV�]�
DPLQR�DVLWOHUGHQ�ROXúXU��EX�E|O�P�Q�J|UHYL��K�FUH�PHPEUDQÕ\OD�HWNLOHúPHVL��VSDQ��YH�
WUDQVORNDV\RQX� �WDúÕQÕPÕ�� EDúODWPDVÕGÕU�� 6LQ\DO� SHSWLW� SRlar amino asitler içeren C 

WHUPLQDO�E|O�P�\OH�VRQ�EXOXU��6LQ\DO�SHSWLW�HQ]LPGHQ�\D�WUDQVORNDV\RQ�VÕUDVÕQGD�\D�GD�
WUDQVORNDV\RQGDQ� KHPHQ� VRQUD� D\UÕOÕU� �ùHNLO� ������ $ONDOL� SURWHD]� HQ]LPL� \DSÕVÕQGD��
VLQ\DO� SHSWLW� YH� HQ]LP� DUDVÕQGD� SURSHSWLW� DGÕ� YHULOHQ� ELU� E|O�P� GH� EXOXQPDNWDGÕU��
3URSHSWLW�VDGHFH�JUDP�SR]LWLI�EDNWHULOHUGH�EXOXQXU�YH�\DSÕVÕQÕQ�E�\�N�E|O�P�Q��\�NO��
DPLQR� DVLWOHU� LoHULU�� 3URSHSWLWLQ� SURWHLQ� \DSÕVÕQGD�ELUoRN�J|UHYL� YDUGÕU��%XQODU�� VLQ\DO�
SHSWLW� D\UÕOGÕNWDQ� VRQUD� PHPEUDQGD� DVNÕ� RODUDN� EXOXQPDN�� K�FUH� GXYDUÕQGDNL�
NDW\RQODUOD�HWNLOHúPHN�E|\OHFH�SURWHLQLQ�o|]�Q�UO�÷�Q��DUWÕUPDN��SURWHLQLQ��o�ER\XWOX�
\DSÕVÕQÕ� DOPDVÕQÕ� VD÷ODPDN� YH� SURWHLQLQ� 1� WHUPLQDO� XFXQX� SURWHROLWLN� KLGUROL]GHQ�
NRUXPDNWÕU� �1DJDUDMDQ� ������� 6LQ\DO� SHSWLW� 6$3� HQ]LPLQGHQ� VLQ\DO� SHSWLGD]Oar 

WDUDIÕQGDQ� D\ÕUÕOÕU�� SURSHSWLWLQ� D\ÕUÕOPDVÕQÕ� VD÷OD\DQ� HQ]LP� �]HULQGH� DUDúWÕUPDODU�
sürmektedir (Erincin  1998).  

 

 

                         

  Sinyal peptit  Pro peptit   SAP 

 

 

 

 

        K�FUH�GXYDUÕ 
 

 

 

 

     

                

     K�FUH�GXYDUÕ                                                      K�FUH�GXYDUÕ 
                                                                            

ùHNLO�����6HULQ�DONDOL�SURWHD]�HQ]LPLQLQ�K�FUH�GÕúÕQD�WDúÕQÕPÕ 
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 ��������6DOJÕODPD�LoLQ�K�FUH�GXYDUÕ�HQJHOL 
 

B. subtilis, SHSWLGRJOLNDQ� YH� WHLNRLN� \DGD� WHLNXURQLN� DVLWWHQ� ROXúDQ� NDOÕQ� ELU� K�FUH�
GXYDUÕQD� VDKLSWLU� YH� EX� K�FUHQLQ� HWUDIÕQGD� QHJDWLI� \�NO�� ELU� NDIHV� ROXúWXUXU��dHYUH\H�
VDOJÕODQDQ� SURWHLQOHU� K�FUH� GXYDUÕQÕ� JHoPHOLGLU�� Bacillus YH� \DEDQFÕ� ND\QD÷ÕQ� oR÷X�
proteinleri, N�OW�U� RUWDPÕQGD� NÕVD� ELU� UDG\RDNWLI� úRNWDQ� VRQUD� RUWD\D� oÕNDUODU��
3URWHLQOHULQ� GXYDUÕ� QDVÕO� JHoWL÷L� \DGD� VDOJÕODQDQ� SURWHLQOHU� LoLQ� |]HO� NDQDOODU� ROXS�
ROPDGÕ÷Õ�ELOLQPHPHNWHGLU� 
 

+Õ]OÕ� RODUDN� VDOJÕODQDQ� SURWHLQOHUH� LODYHWHQ�� X]XQFD� ELU� V�UH� GXYDUGD� NDODQ� Eir grup 

VDOJÕODQPÕú� SURWHLQOHU� YDUGÕU�� 3XOVH-FKDVH� GHQH\OHUL� EX� SURWHLQOHULQ� N�OW�U� RUWDPÕQD�
\DYDú� RODUDN� EÕUDNÕOGÕ÷ÕQÕ� J|VWHULU�� %X� JLEL� SURWHLQOHU�� \D� E�\�NO�NOHUL�� úHNLOOHUL� \DGD�
\�NOHULQGHQ� GROD\Õ� K�FUH� GXYDUÕQD� \DNDODQPÕú� RODELOLUOHU�� 2QODU� VLWRSOD]PLk 

PHPEUDQGDQ� GÕúDUÕ\D� GR÷UX� PH\GDQD� JHOHQ� K�FUH� GXYDUÕ� E�\�PHVL� LOH� VLWRSOD]PLN�
PHPEUDQGDQ� GÕúDUÕ� LWLOHELOLUOHU�� %X� JHFLNPLú� SURWHLQOHULQ� EDúOÕFD� K�FUH� GXYDUÕ�
SURWHLQOHULQGHQ��|UQH÷LQ�RWROL]LQOHU��ROXúXS�ROXúPDGÕ÷Õ�KHQ�]�ELOLQPL\RU��6LPRQHQ�DQG�
Palva 1993).   

 

+HWHURMHQ�SURWHLQOHULQ�VDOJÕODQPDVÕQGD��K�FUH�GXYDUÕQD�SRWDQVL\HO�ELU�HQJHO�RODUDN�|QHP�
YHULOPHPLúWLU�� $QFDN�� Bacillus� K�FUH� GXYDUÕ� HQ� D]ÕQGDQ� ED]Õ� \DEDQFÕ� SURWHLQOHU� LoLQ�
úLGGHWOL� ELU� HQJHO� ROXúWXUXU�� gUQH÷LQ� LQVDQ� VHUXP� DOE�PLQL� B. subtilis¶GH� WDúÕQÕU� YH�
LúOHWLOLU�� DQFDN� EX�� K�FUH� GXYDUÕQÕQ� SHSWLGRJOLNDQ� WDEDNDVÕ� X]DNODúWÕUÕOPDGÕNoD� N�OW�U�
RUWDPÕQD�VDOJÕODQPD]��%DFLOOXV�K�FUH�GXYDUÕQÕQ��S. aureus protein A ve Streptococcus 

SURWHLQ�*¶QLQ�VDOJÕODQPDVÕQÕGD�JHFLNWLUGL÷L�RUWD\D�oÕNDU��B. subtilis¶GHQ�EDúNa Bacillus 

W�UOHUL� \DGD� IDUNOÕ� ]D\ÕI� K�FUH� GXYDUÕQD� VDKLS� RODQ� GL÷HU� VWUDLQOHU�� K�FUH� GXYDUÕQD�
\DNDODQPÕú�SURWHLQOHULQ�VDOJÕODQPDVÕ�LoLQ�GDKD�X\JXQ�NRQDN�K�FUH�RODELOLUOHU��gUQH÷LQ��
B. brevis, B. subtilis¶GHQ� GDKD� LQFH� ELU� SHSWLGRJOLNDQ� WDEDNDVÕQD� VDKLSWLU ve bu 

SURWHLQOHULQ� K�FUH� GXYDUÕQGDQ� JHoHUHN� VDOJÕODQPDVÕQÕ� NROD\ODúWÕUÕU�� $\QÕ� ]DPDQGD��
EHOLUOL� K�FUH� GXYDUÕ� PXWDQWODUÕ� �UHWLP� NRQDNoÕODUÕ� RODUDN� X\JXQ� RODELOLUOHU�� gUQH÷LQ��
K�FUH� GXYDUÕ� \DSÕVÕQGD� HWNLOL� ROGX÷X� YDUVD\ÕODQ�� oHúLWOL� Bacillus� W�UOHULQLQ� ED]Õ 
antibiyotik-GLUHQo� PXWDQWODUÕQÕQ� X\JXQ� ZLOG-type strainlerden daha fazla miktarda 

H[RHQ]LPOHU�VDOJÕODGÕ÷Õ�ND\GHGLOPLúWLU��6LPRQHQ�DQG�3DOYD��������� 
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�����*HQHWLN�0�KHQGLVOL÷L�7HNQLNOHUL�YH�0ROHN�OHU�7DVDUÕP 

 

Endüstriyel biyoteknolojik ürünlerin üretiminde� GDUER÷D]� ROXúWXUDQ� YH� NULWLN� ELU�
EDVDPDN�RODQ�PLNURRUJDQL]PD�JHOLúWLULOPHVLQGH�*HQHWLN�0�KHQGLVOL÷L�YH�UHNRPELQDQW�
'1$�WHNQRORMLVL�X\JXODQPDVÕ�YH�JHOLúLPL�LoLQ� 
 

����'1$�\DSÕVÕQÕQ�YH�IRQNVL\RQODUÕQÕQ�ELOLQPHVL 
���%L\RNLP\DVDO� UHDNVL\RQ�P�KHQGLVOL÷L� WHPHOOHULQLQ� ELOLQPHVL�� JHUHNPHNWHGLU� �dDOÕN�

1998). 

 

2.5.1 Nükleik asitler 

 

1�NOHLN� DVLWOHU� �'1$�� 51$��� \DúDP� ELOJLOHULQL� LoHUHQ�� EXQODUÕ� VDNOD\DQ� YH� SURWHLQH�
G|Q�úW�U�OPHVLQL� JHUoHNOHúWLUHQ� EL\RSROLPHUOHUGLU�� øNL� W�U� Q�NOHLN� DVLW� YDUGÕU��%XQODU��
deoksiribonükleik asiW� �'1$�� YH� ULERQ�NOHLN� DVLW� �51$�¶GÕU�� 1�NOHLN� DVLWOHU� GL÷HU�
SROLPHUOHUGH�ROGX÷X�JLEL��GHKLGUDV\RQ�VHQWH]L� LOH�ELUOHúHQ�PRQRPHUOHUGHQ�ROXúPXúWXU��
Nükleik asit monomerleri-nükleotitler-�o� ELULPGHQ� ROXúPXúWXU��%XQODU� ELU� D]RWOX� ED]��
ELU�úHNHU�YH�ELU�IRVIRULN�DVLWWLU��ùHNLO����¶GD�ELU�Q�NOHRWLW�ELULPLQLQ�\DSÕVÕ�J|VWHULOPLúWLU�
(Lehninger 1979).  

 

 

   
�ùHNLO�����1�NOHRWLW�ELULPLQLQ��\DSÕVÕ 
 

1) Azotlu bazlar; N içerHQ� KDOND� úHNOLQGHNL� ED]ODUGÕU�� 1�NOHRWLGOHUGH� EXOXQDQ� D]RWOX�
ED]ODU�S�ULQ�YH�SLULPLGLQ�ED]ODUÕ�RODUDN�LNL�JUXED�D\UÕOÕUODU� 

a) 3LULPLGLQ�ED]ODUÕ��3LULPLGLQ�����-GLD]LQGLU�\DQL�EHQ]HQ���¶OÕ�NDUERQ��KDONDVÕQÕQ��- 

ve 3- yerlerinde iki azot molekülü  bulunur. Bunun türevleri timin (T), sitozin (C) ve 

XUDVLO��8��GÕU��ùHNLO�����¶GD�SLULPLGLQ�ED]ODUÕQÕQ�IRUP�OOHUL�J|VWHULOPLúWLU� 

úHNHU 

baz 

fosfat 
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b) 3�ULQ� ED]ODUÕ�� 3�ULQ� KDONDVÕ�� LPLGD]RO� YH� � SLULPLGLQ� KDONDODUÕQÕQ� ND\QDúPDVÕ\OD�
ROXúPXúWXU�� %XQXQ� � W�UHYOHUL� DGHQLQ� �$�� YH� JXDQLQ� �*�� GLU�� ùHNLO� ����¶GD� S�ULQ�
ED]ODUÕQÕQ�IRUP�OOHUL�J|VWHULOPLúWLU� 

%X� D]RWOX� ED]ODU� NÕVDFD� LON� KDUIOHUL� LOH� J|VWHULOLUOHU�� +HU� Q�NOHLN� DVLW� VDGHFH� G|UW� W�U�
Q�NOHRWLW� PROHN�OOHULQGHQ� ROXúXU�� '1$¶GD� XUDVLO� LoHUHQ� Q�NOHRWLW�� 51$¶GD� LVH� WLPLQ�
ED]ÕQÕ�LoHUHQ�Q�NOHRWLW�EXlunmaz (Lewin 1994). 

 

 

 

 

 

 

 

 

 

 

 

2) %Hú�NDUERQOX�PRQRVDNNDULW��1�NOHLN�DVLWOHULQ�\DSÕVÕQD�JLUHQ�úHNHU�EHú�NDUERQOX�ELU�
SHQWR]GXU�� )DNDW� SHQWR]XQ� PROHN�O� \DSÕVÕ� LNL� WLS� Q�NOHLN� DVLWWH� IDUNOÕ� ROXU�� '-riboz 

úHNOLQGH�ROGX÷X�]DPDQ��Q�NOHLN�DVLW��ULERQ�NOHLN�DVLW�(RNA), 2 deoksi-D-ULER]�ROGX÷X�
]DPDQ�GD�GHRNVLULERQ�NOHLN�DVLW��'1$��DGÕQÕ�DOÕU��dHNLUGHN�ED]�'-ULER]�KDONDVÕQÕQ��-β 

NRQXPXQD� ED÷ODQPÕú� LVH� Q�NOHRVLW�� �� GHRNVL-D-ULER]� KDONDVÕQÕQ� �-β konumuna 

ED÷ODQPÕú�LVH�EXQD�GHRNVLQ�NOHRVLW�GHQLU��%X�LNL�SHQWR]XQ�PROHN�OHU�\DSÕVÕ�LQFHOHQLUVH��
DUDODUÕQGDNL� IDUN� ULER]¶GD� LNL� QXPDUDOÕ� NDUERQD� ED÷OÕ� KLGURNVLO� JUXEX� ROGX÷X� KDOGH�
GHRNVLULER]� úHNHULQGH� EX� NRQXPGD� KLGURMHQLQ� EXOXQPDPDVÕGÕU�� EX� QHGHQOH� LNLQFLVL�
³RNVLMHQVL]´� DQODPÕQGD� � ³GHRNVL´� |Q-HNL� NXOODQÕODUDN� DGODQGÕUÕOPÕúWÕU (Stryer 1995, 

Lewin 1994). 

 

3) )RVIDW�L\RQX��1�NOHLN�DVLWOHULQ�IRVIDW�NÕVPÕ��IRVIRULN�DVLGLQ�GLHVWHUL�úHNOLQGHGLU��%X�
nükleik asitlerin, uzun zincirlerini  3’-�¶� \HUOHULQGHQ� ELUELULQH� ED÷ODU�� � )RVIRGLHVWHU�
NÕVPÕQGD�IRVIRUD�ED÷OÕ�VHUEHVW�ELU�–OH grubu bulundu÷XQGD�S+�∼2 olan güçlü bir asittir 

(Lewin 1994). 

Primidin Purin 

Sitozin(C) Timin(T) Adenin(A) Guanin(G) 

Nükleotid ùHNHU� ��
Deoksiriboz 

Fosfat 

Baz 

ùHNLO������3�ULQ�YH�SLULPLGLQ�ED]ODUÕ 



32 

 

*HQHWLN�ELOJL��'1$�\DSÕVÕQGDNL�ED]ODU�WDUDIÕQGDQ�WDúÕQÕUNHQ��úHNHU�YH�IRVIDW�JUXSODUÕ�LVH�
'1$¶QÕQ� \DSÕVÕQÕQ� ROXúPDVÕQGD� URO� R\QDUODU� �6WU\HU� �������1�NOHLN� DVLW� GL]LQL� úHNHU�
IRVIDW� RPXUJDVÕ� �]HULQH�RWXUXU�� )RVIDW�PRQRVDNNDULW� RPXUJDVÕ�'1$�PROHN�O�Q�Q�GÕú�
NÕVPÕQGDGÕU�YH�\DSÕVÕQGDNL�IRVIDW�JUXSODUÕ�QHGHQL\OH�QHJDWLI�\�N�WDúÕUODU���1�NOHRWLWOHULQ�
ELUELULQH� IRVIDW� ED÷ODUÕ\OD� -5’-ucundan 3’-ucuna-ED÷ODQPDVÕ� VRQXFXQGD� ROXúDQ� ]LQFLU�
\DSÕ�'1$�PROHN�O�Q�Q�SULPHU��ELULQFLO��\DSÕVÕQÕ�ROXúWXUPDNWDGÕU��ùHNLO��������� 
 

'1$�LNLQFLO�\DSÕVÕ�SULPLGLQ�YH�S�ULQ�ED]ODUÕ�DUDVÕQGD�JHUoHNOHúHQ�G�]OHPVHO�KLGURMHQ�
ED÷ODUÕ\OD�ROXúXU��$�LOH�7�LNL�KLGURMHQ�ED÷Õ�LOH��*�LOH�&��o�KLGURMHQ�ED÷Õ\OD�ELUELUOHULQH�
ED÷ODQÕUODU� �$ 7�� *≡&��� øNL� ]LQFLULQ� ELUELUOHULQH� KLGURMHQ� ED÷Õ\OD� ED÷ODQPDODUÕ�
VRQXFXQGD�RUWD\D�oÕNDQ�\DSÕ\D�LVH�'1$¶QÕQ�VHNRQGHU��LNLQFLO��\DSÕVÕ�GHQLU��ùHNLO��������
'1$¶QÕQ� WHUVL\HU� \DSÕVÕ� VDUPDO� \DSÕQÕQ�RUWD\D� oÕNPDVÕGÕU��%X�\DSÕGD�'1$�PROHN�O��
VD÷D�YH�VROD�NÕYUÕODUDN��o�ER\XWOX�\DSÕVÕQÕ�ROXúWXUXU��ùHNLO��������6WU\HU�������� 
 

 

                    

 

 
ùHNLO������'1$¶QÕQ�ELULQFLO�\DSÕVÕ�����������������������������ùHNLO������'1$¶QÕQ�LNLQFLO�\DSÕVÕ 

 
 

 

 

 

 

úHNHU 

úHNHU 

úHNHU 

úHNHU 
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ùHNLO������'1$¶QÕQ��o�ER\XWOX�\DSÕVÕ 
 

�������'1$�\DSÕVÕ�YH�IRQNVL\RQX 

 

Çift helis DNA, çift sarmal iplik hHOLV�\DSÕGD� �SROLPHULN�ELU�PDNURPROHN�OG�U��'1$�
ipliksi molekülün temel birimi bir organik baz-adenin(A), sitozin (C), guanin (G)  veya 

timin (T)-LoHUHQ� � Q�NOHRWLWWLU�� %D]ÕQ�� GHRNVLULER]� úHNHULQLQ� �¶-karbon atomuna, fosfat 

JUXEXQXQ� GD� GHRNVLULER]� úHNHULQLQ 5’-NDUERQ� DWRPXQD� ED÷ODQPDVÕ\OD� '1$�
PROHN�O�Q�Q�PRQRPHULN�ELULPL�Q�NOHRWLW�ROXúXU��%LU�Q�NOHRWLW�GHRNVLULER]�úHNHULQLQ��¶-
KLGURNVLO� JUXSODUÕQÕQ� YH� NRPúX� Q�NOHRWLWLQ� �¶-IRVIDW� JUXSODUÕQÕQ� IRVIRGLHVWHU� ED÷ODUÕ�
ROXúWXUPDVÕ� LOH� ELQOHUFH� Q�NOHRWLWWHQ� ROXúDQ� ELULQFLO� \DSÕGDNL� LSOLNVL� '1$�
PDNURPROHN�O�� ROXúXU�� øSOLNVL�'1$�PROHN�O�� �]HULQGH�ELU� Q�NOHRWLW� VDUPDO�'1$¶GD�
NDUúÕW� LSOLNVL� '1$� PDNURPROHN�O�� �]HULQGH� NDUúÕVÕQGD� EXOXQDFDN� Q�NOHRWLWL� EHOLUOHU��
o�QN��G|UW�ED]��$��&��*�YH�7��LNL�VSHVLILN�HúOHúPLú�oLIW�ROXúWXUDELOLU��DGHQLQ��$��\DOQÕ]�
timin (T) ile (AQ7��� YH� JXDQLQ� �*�¶GH� \DOQÕ]� VLWR]LQ� �&�� LOH� �*A&�� HúOHúHELOLU��
'1$¶GDNL� DGHQLQ�PLNWDUÕ� WLPLQ�PLNWDUÕQD��JXDQLQ�PLNWDUÕ�GD�VLWR]LQ�PLNWDUÕQD�HúLWWLU��
$QFDN� WRSODP�$�7�PLNWDUÕQÕQ�� WRSODP�&�*�PLNWDUÕQD� RUDQÕ� KHU� W�U�mikroorganizma 

LoLQ�IDUNOÕGÕU��'1$¶QÕQ�ELOHúLPL�RQXQ�*�&�PLNWDUÕ� LOH�WDQÕPODQDELOLU��%X��IDUNOÕ� W�UOHU�
için %26-����DUDOÕ÷ÕQGD�GH÷LúLU��5HSOLNDV\RQ�RODUDN�DGODQGÕUÕODQ�'1$¶QÕQ�HQ]LPDWLN�
VHQWH]L� VÕUDVÕQGD�� PHYFXW� KHU� '1$� LSOL÷L� ELU� NDOÕS� '1$� J|UHYL� \�NOHQHUek yeni bir 

LSOLNVL�PDNURPROHN�O�Q�ROXúPDVÕQÕ� VD÷ODU��$GHQLQ� LOH� WLPLQ�YH�JXDQLQ� LOH�VLWR]LQ�ED]-
HúOHúPH�NRúXOX�\HQL� VHQWH]OHQHQ� LSOLNVL�PROHN�O�Q�Q�NOHRWLW� GL]LQLQLQ�GR÷UX�ROPDVÕQÕ�
VD÷ODU�� '1$� UHSOLNDV\RQX� SURVHVL� V�UHVLQFH�� KHU� Q�NOHRWLW� GL]LQLQH� X\JXQ� Rlarak 
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enzimatik tepkime ile-  uzayan DNA ipliksi polimer molekülünün- deoksiriboz 3’-

hidroksil grubu gelen nükleotitin5’-IRVIDW� JUXEXQD� ED÷ODQÕU�� dLIW� KHOLV� '1$�
PROHN�O�Q�Q� LNL� LSOLNVL�PROHN�O�� ]ÕW� \|QOHUH� �DQWLSDUDOHO�� RULHQWH� ROXU�� E|\OHFH�'1$�
polimerinin bir ucunda 3’-KLGURNVLO�JUXEX�YH�GL÷HU�XFXQGD�LVH��¶-fosfat grubu bulunur. 

dLIW� VDUPDO� \DSÕGDNL� '1$� PROHN�O�Q�Q� X]XQOX÷X� JHQHOOLNOH� HúOHúPLú� Q�NOHRWLWOHULQ�
VD\ÕVÕ�LOH�WDQÕPODQÕU��NÕVDFD�ED]�oLIWOHUL�VD\ÕVÕGÕU��%LU�ED]-çifti mertebesi  için ‘b’, binler 

meUWHEHVL� LoLQ� µNE¶�� PLO\RQ�PHUWHEHVLQGH� � LoLQ� µ0E¶�PHJDED]� oLIWOHUL� VD\ÕVÕ� X]XQOXN�
ELULPL� RODUDN� NXOODQÕOÕU�� %LU� RUJDQL]PDQÕQ� \DSÕVÕQÕQ� ROXúPDVÕ� YH� EL\RNLP\DVDO�
IRQNVL\RQODUÕ�� '1$¶GD� NRGODQPÕú� EXOXQDQ� ELOJL\H� GD\DQÕU�� *HQHWLN� ELOJLQLQ� |]J�Q�
birimlerine ‘GEN¶�GHQLU��'1$¶GDNL�ELOJL�LoHUL÷L�Q�NOHRWLWOHULQ�|]J�Q�GL]LQLQH�ED÷OÕGÕU��
Herhangi bir gen otomatik olarak fonksiyon gösteremez, fonksiyonunu göstermesi veya 

SHUW�UEH�HGLOPHVL� LoLQ�K�FUH�ELOHúHQOHUL� WDUDIÕQGDQ�ELOJLOHQGLULOPHOLGLU��+HU�JHQ�NDUDUOÕ�
ELU� \DSÕ\D� VDKLSWLU� YH� GÕúDUÕGDQ� ELU� HWNL� JHOGL÷L� WDNWLUGH� HWNLOHUGHQ� GROD\Õ� GH÷LúLPOHU�
RODELOLU��*HQ�GL]LQLQGH�PH\GDQD�JHOHQ�GH÷LúLNOLNOHUH�PXWDV\RQ�GHQLU��0XWDV\RQ�JHQHWLN�
ELOJL�\DSÕVÕQGDNL�ELOJL�GH÷LúLPLQH�QHGHQ�ROXU��/HZLQ�������� 
 

0LNURRUJDQL]PDODUÕQ� YH� |NDU\RWik hücrelerin DNA büyüklükleri Çizelge 2.4’de 

YHULOPLúWLU�� %DNWHULOHUGH� YH� \�NVHN� RUJDQL]PDODUGD� JHQHWLN� ELOJL\L� ELU� MHQHUDV\RQGDQ�
GL÷HU� ELU� MHQHUDV\RQD� oLIW-VDUPDO� \DSÕGDNL� '1$� WDúÕU� �GV'1$��� %D]Õ� EDNWHUL\HO�
virüslerde ise genetik bilgi tek DNA (ssDNA) di]LQL�LOH�WDúÕQÕU��/HZLQ������� 
 

Çizelge 2.4 DNA molekül büyüklükleri 
 
Polimer 0ROHN�O�oDSÕ��' 

DNA(Mikroorganizma) 20 Å 

DNA(Yüksek mikroorganizma)* 110 Å 

DNA polimeraz  200 Å 

RNA polimeraz  100 Å 

Protein (50.000 dalton) 50 Å 

* Hayvan hücrelerinin kromR]RPX� EDNWHUL� NURPR]RPXQGDQ� \DNODúÕN� ��� NDW� E�\�NW�U�� %LU�
insan kromozomu bir bakteriden daha büyüktür. 
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������51$�YH�\DSÕVÕ 
 

51$¶QÕQ�SULPHU�\DSÕVÕ� WHPHOGH�'1$¶\D�oRN�EHQ]HU�� DUDODUÕQGDNL� IDUN�51$¶GD� WLPLQ�
\HULQH�XUDVLO�EXOXQPDVÕ�YH�úHNHU�JUXEXQGD�ULER]�ROPDVÕGÕU��7HN�]LQFLU�KDOLQGH�EXOXQDQ�
51$� PROHN�OOHUL�� \HU� \HU� NHQGL� �]HUOHULQGH� NÕYUÕODUDN� oLIW� KHOLNV� E|OJHOHU� PH\GDQD�
JHWLUHELOLUOHU��%X�E|OJHOHU�GH�'1$¶GD�ROGX÷X�JLEL�$ 8�YH�*≡&�ED]�oLIWOHUL�DUDVÕQGD�\HU�
DODQ�KLGURMHQ�ED÷ODUÕ�WDUDIÕQGDQ�ROXúWXUXOPXúWXU (Lehninger 1979). 

 

3URWHLQ� VHQWH]LQGH� J|UHY� \DSDQ� Q�NOHLN� DVLWOHU� 51$¶ODU� K�FUHGH�� '1$¶GDQ� DOGÕNODUÕ�
genetik bilgi ile protein sentezinde görev yaparlar. RNA molekülleri genellikle tek 

]LQFLU�KDOLQGHGLU��+�FUHGH�SURWHLQ�VHQWH]LQGH�J|UHY�\DSDQ��o�IDUNOÕ�51$�YDUGÕU��%XQODU�
ULER]RPDO� 51$� �� U51$��� PHVDMFÕ� 51$� �P51$�� YH� WUDQVIHU� 51$� �W51$�� ¶GÕU��E. 

coli¶GHQ� L]ROH� HGLOHQ� 51$� PROHN�OOHULQLQ� E�\�NO�NOHUL� dL]HOJH� ���¶GD� YHULOPLúWLU�
(Lehninger 1979). 

 

U51$¶ODU� �o� IDUNOÕ� ER\XWWD� ROXUODU�� �6�� ��6� YH� ��6�� %XQODU� oRN� VD\ÕGD� SURWHLQ� LOH�
NHQGLOL÷LQGHQ� ELUOHúHUHN� YH� NRPSOHNVOHúHUHN� SURWHLQOHULQ� VHQWH]OHQGL÷L� ULER]RPODUÕ�
ROXúWXUXUODU� 
 

P51$¶ODU� VHQWH]OHQHFHN� SURWHLQLQ� E�\�NO�÷�QH� ED÷OÕ� RODUDN� GH÷LúLN� E�\�NO�NOHUGH�
olurlar. mRNA’lar DNA’dan genin dizini ile ilgili bilgiyi üzeUOHULQH�DOGÕNODUÕQGDQ�JHQLQ�
Q�NOHLN� DVLW� GL]LQLQH� DQDORJ� E�\�NO�NWH� ROXUODU�� 0ROHN�OOHULQGH� ED]� HWNLOHúPHOHUL�
\RNWXU�� %XQODUÕQ� IRQNVL\RQODUÕ� '1$¶GDNL� JHQHWLN� ELOJL\L� DODUDN� SURWHLQ� VHQWH]�
PHUNH]OHUL�RODQ�ULER]RPODUD�WDúÕPDNWÕU��/HKQLQJHU�������� 
 

tRNA’lar DPLQR�DVLWOHUL�SURWHLQ�GL]LQLQGH�\HUOHULQL�DOPDODUÕ�LoLQ�WDúÕUODU��+HU�ELU�DPLQR�
asite ait spesifik tRNA hücrede mevcuttur. tRNA’lar 73-93 nükleik asitten meydana 

JHOPLúOHUGLU��0ROHN�O�D÷ÕUOÕNODUÕ��������'D¶GXU��/HKQLQJHU������� 
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Çizelge 2.5 E. coli’deki RNA molekülleri 
 
51$�oHúLGL Yüzde 0ROHN�O�D÷ÕUOÕ÷Õ 
Ribozomal RNA 

(rRNA) 

 

Transfer RNA (tRNA) 

Haberci RNA (mRNA) 

80 

 

 

15 

5 

1.2*106 Da 

5.5*105 Da 

3.6*104 Da 

2.5*104 Da 

** 



�%�\�NO�NOHUL�SURWHLQ�PROHN�O�Q�Q�E�\�NO�÷�QH��J|UH�GH÷LúLU� 
 

2.5.4  Mikro-Reaksi\RQ�0�KHQGLVOL÷L�YH�0LNUR-$\ÕUPD�øúOHPOHUL 
 

*HQHWLN�P�KHQGLVOL÷L�LOH�LOJLOL�WHNQLNOHUGH��WHSNLPHOHU�QJ�PHUWHEHVLQGH�'1$�YH�JLUGLOHU�
V=20-���/� WHSNLPH�NDUÕúÕPÕ�NXOODQÕODUDN�PLNUR-UHDNW|UOHUGH�\DSÕOÕU��7HSNLPH�VRQUDVÕ�
'1$�SDUoDODUÕ�WHSNLPH�NDUÕúÕPÕQGDQ�PLNUR-D\ÕUPD�LúOHPOHUL�LOH��VSHVLILN�DGVRUSVL\RQ��
L\RQ� GH÷LúLPL�� HNVWUDNVL\RQ�� o|NW�UPH� YG�� D\ÕUÕOÕU�� '1$
QÕQ� NLP\DVDO� \DSÕVÕQÕQ�
D\GÕQODWÕOPDVÕ� YH� K�FUH� LoLQGHNL� EL\RNLP\DVDO� WHSNLPH� NRúXOODUÕQÕQ� EXOXQPDVÕ\OD��
ELUoRN� WHSNLPH\L� K�FUH� GÕúÕQGD� UHDNVL\RQ�P�KHQGLVOL÷L� WHNQLNOHUL� NXOODQÕODUDN�PLNUR-

UHDNW|UOHUGH�JHUoHNOHúWLUPHN�LoLQ�JHOLúWLULOHQ�\|QWHPOHU�PROHN�OHU�EL\RWHNQRORMLGH�KÕ]OÕ�
JHOLúPHQLQ� WHPHOLQL� ROXúWXUPXúWXU�� %LU� '1$� PROHN�O�Q�� NLP\DVDO� RODUDN� ³'1$�
6HQWH]OH\LFL´�YH\D�³*HQ�0DNLQDVÕ´�DGÕ�YHULOHQ�FLKD]ODUOD�VWandart olarak sentezlemek, 

'1$� 'L]LQ� $QDOL]� &LKD]Õ\OD� JHQ�'1$� GL]LQLQL� DQDOL]OHPHN�� 3ROLPHUD]� =LQFLU�
7HSNLPHVL\OH� �3&5�� JHQ� VHQWH]OH\HUHN� GHULúLPLQL� DUWÕUPDN� PLNUR-reaksiyon 

P�KHQGLVOL÷L� SUHQVLSOHULQH� X\JXQ� RODUDN� JHOLúWLULOHQ� PLNUR-reaktör sistemlerinde 

gHUoHNOHúWLULOLU��dDOÕN������� 
 

���������'1$¶QÕQ�NLP\DVDO�VHQWH]L� 
 

'1$�VHQWH]OH\LFLGH� VHQWH]� EL\RNLP\DVDO� WHSNLPHOHU� LOH�GH÷LO�NLP\DVDO�ELU�SURVHV� LOH��
'1$¶QÕQ��¶-KLGURNVLO�XFXQGDQ�EDúOD\DUDN�Q�NOHRWLWOHULQ�VÕUD\OD�ED÷ODQPDVÕ�SUHQVLEL\OH��
tüm tepkimeler kontrollu gözenekli cam (KGC/CPG) ile dolgulu bir tek kolonda, kalma 

V�UHVL� IDUNOÕ� WHSNLPHOHULQ� DUGÕúÕN� RODUDN� \DSÕOPDVÕ\OD� JHUoHNOHúWLULOLU�� *HOLúWLULOHQ�
dolgulu kolon mikro-UHDNW|U�VLVWHPLQGH�DUGÕúÕN�WHSNLPHOHU�YH�WHSNLPH\L�L]OH\HQ�\ÕNDPD�
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LúOHPOHUL� ELOJLVD\DU� NRQWUROOX� RODUDN� \DSÕOÕU�� .RORQGDNL� WHSNLPH� |QFHVLQGH� DGHQLQ��
JXDQLQ�YH�VLWR]LQ�DPLQR�JUXSODUÕ�VÕUDVÕ\OD�EHQ]RLO�� L]RE�WLULO�YH�WHNUDU�EHQ]RLO�JUXSODUÕ�
HNOHQHUHN� W�UHYOHUL� \DSÕOÕU� YH�'1$�]LQFLULQLQ�ROXúPDVÕ� LoLQ�\DSÕODQ� WHSNLPH� VÕUDVÕQGD�
yan-ürün vermeOHUL�|QOHQLU��WLPLQLQ�DPLQR�JUXEX�ROPDGÕ÷ÕQGDQ�W�UHYL�\DSÕODPD]���'1$�
PROHN�O�� KDQJL� X]XQOXNWD� VHQWH]OHQHFHNVH� KHUELU� DUGÕúÕN� WHSNLPH� LoLQ� JLUGLOHU� NRORQD�
SRPSDODQÕU��WHSNLPHGHQ�VRQUD�\ÕNDPD�LOH�WHSNLPH\H�JLUPH\HQOHU�X]DNODúWÕUÕOÕU�YH�LNLQFL�
basamak tepkimeye geçilir. Nükleositler, KGC-VLOLV\XP� JUXSODUÕQD� ED÷OÕ� KLGURNVLO�
JUXSODUÕQD� ED÷ODQDQ�� VSDFHU� �DUD� PROHN�O�� DGÕ� YHULOHQ� XFXQGD� ELULQFL� Q�NOHRVLWLQ� �¶–
XFXQGDQ� ED÷� \DSDELOHFH÷L� IRQNVL\RQHO� JUXS� EXOXQDQ� WDúÕ\ÕFÕ� SHOOHW� �]HULQGH�� DUGÕúÕN�
tepkimelerle istenen GL]LQGH�'1$�]LQFLULQLQ�ROXúPDVÕ�LoLQ�VÕUDVÕ\OD�WHSNLPH\H�VRNXOXU�
(Glick and Pasternak 1994). 

 

2.5.4.2 Gen dizininin belirlenmesi 

 

DNA dizini iki yöntemle belirlenebilir; 

 

1. '1$�GL]LQL�'1$�GL]LQ�DQDOL]�FLKD]ÕQGD�GR÷UXGDQ�EHOLUOHQHELOLU� 
2. 3URWHLQ�\DSÕVÕQGDQ�\ROD�oÕNDUDN�EXOXQDELOLU��%X�\|QWHPGH�SURWHLQ�PROHN�O��N�o�N�

SDUoDODUD�E|O�Q�U�YH�SURWHLQ�GL]LQL�SURWHLQ�DQDOL]�FLKD]ÕQGD�DQDOL]�HGLOGLNWHQ�VRQUD�
SURWHLQ� \DSÕVÕQGDQ� Q�NOHLN� DVLW� �'1$�� GL]LQLQH� JHQHWLN� NRGODUGDQ� \DUDUODQÕODUDN�
geçilebilir. 

 

DNA dizin analiziniQ� WHPHOL� 6DQJHU� YH\D� GLGHRNVL� \|QWHPLQH� GD\DQÕU�� %X� \|QWHPGH�
VV'1$�NDOÕS��WHPSODWH��RODUDN�NXOODQÕOÕU�YH�SULPHUOHU�\DUGÕPÕ\OD�VV'1$¶ODUÕQ�NRS\DODUÕ�
�UHWLOLU�� %XUDGD� NXOODQÕODQ� SULPHUOHU� NORQODPDQÕQ� \DSÕOGÕ÷Õ� YHNW|U�Q� SROLOLQNHU�
bölgesinden seçilir. GenelliNOH� PDYL�EH\D]� NRORQL� \|QWHPL� LOH� VHoLPL� \DSÕOGÕ÷Õ� LoLQ�
NXOODQÕODQ� SULPHUOHU� β-JDODNWRVLGD]� HQ]LPLQLQ� JHQ� GL]LQLQGHQ� VHoLOLU�� .XOODQÕODQ�
primerler gen sentezi 3’-ucundan 5’-XFXQD� GR÷UX� LOHUOHPHOLGLU�� 3ULPHUOHU� \DUGÕPÕ\OD�
genin sentezlenmesi için DNA polimeraz ve dNTP’lere gerek duyulur. Dizin analizi 

\DSDELOPHN� LoLQ� RUWDPD� KHP� G173¶OHU� KHP� GH� GG173¶OHU� HNOHQLU�� .DOÕEÕQ� NRS\DVÕ�
�UHWLOLUNHQ� '1$� SROLPHUD]� HQ]LPL� KHU� GG173� HNOHGL÷LQGH� VHQWH]� RUDGD� GXUDFDNWÕU��
Çünkü ddNTP’lerin 3’-ucu sonra gelecek dNTP’nin 5’-uFX�LOH�IRVIRGLHVWHU�ED÷Õ�\DSDFDN�
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NRQXPD�VDKLS�GH÷LOGLU��3UDWLNWH�KHU�ELU�WHSNLPH�NDEÕQD�G|UW�W�U�G173¶�GH�NRQXU��DQFDN�
GG173¶OHUGHQ� LVH�VDGHFH�ELU� WDQHVL� WHSNLPH�RUWDPÕQD�HNOHQLU��gUQH÷LQ��G|UW�G173�YH�
GG$73
QLQ�EXOXQGX÷X�ELU�WHSNLPH�NDEÕQGD��'1$�GL]LQLQLQ sentezi, polimer her ddATP 

LOH� NDUúÕODúWÕ÷ÕQGD�GXUDFDNWÕU��2UWDPGD�KHP�GG$73�KHP�GH�G$73�EXOXQGX÷X� LoLQ� LNL�
Q�NOHRWLW� D\QÕ� \HU� LoLQ� \DUÕúDFDNODU� YH� WHSNLPHOHU� VRQXQGD� GH÷LúLN� X]XQOXNWD� RODQ� -
hepsinin sonu ddATP ile biten- polimer zincirleri senetzlenebilecektir. Bu tepkime 

GG$73� LOH� \DSÕOGÕ÷Õ� JLEL� GL÷HU� GG173-ddCTP, ddGTP, ddTTP-� LOH� IDUNOÕ� WHSNLPH�
NDSODUÕQGD� \DSÕOÕS� DJDUR]� MHOGH� HOHNWURIRUHWLN� D\ÕUPD� LOH� D\ÕUÕOGÕNWDQ� VRQUD� SROLPHULQ�
E�\�NO�÷�QH�YH�VRQ�Q�NOHRWLW�ED]ÕQD�EDNÕODUDN�GL]LQ�WD\LQ�HGLOHELOPHNWHGLr. Günümüzde 

LVH� KHU� ELU� GG173� IDUNOÕ� ELU� IORUHVDQV� PDGGH� LOH� LúDUHWOHQPHNWH� YH� YHULOHU� GH� OD]HU�
WDUD\ÕFÕVÕ�YH�ELOJLVD\DUODU�WDUDIÕQGDQ�J�YHQOH�LúOHQHELOPHNWHGLU��:DWVRQ�et al. 1992). 

 

��������3ROLPHUD]�]LQFLU�WHSNLPHVL\OH��3&5���JHQ��GHULúLPLQLQ�DUWÕUÕOPDVÕ 
 

3ROLPHUD]� ]LQFLU� WHSNLPHVL� �3&5�3RO\PHUDVH� &KDLQ� 5HDFWLRQ�� VSHVLILN� ELU� '1$
QÕQ�
EHOLUOL�X]XQOXNWDNL�ELU�KHGHI�E|OJHVLQLQ�GL]LQLQL��NDOÕS��K�FUH�GÕúÕQGD�\�NVHN�GHULúLPGH�
oR÷DOWPDN�LoLQ�HWNLOL�ELU�\|QWHPGLU��+HGHI�'1$�GL]LQLQLQ�GHULúLPL��3&5�WHSNLPHVL�LOe 

KHU� G|QJ�V�� �o� EDVDPDNWDQ� ROXúDQ� oRN� VD\ÕGD� ���-��� G|QJ��� DUGÕúÕN� G|QJ�� LOH� �VWHO�
RODUDN�DUWÕUÕOÕU��3&5�LOH�JHQ�GHULúLPLQLQ�DUWÕUÕOPDVÕQÕQ�WHPHOL�'1$�SROLPHUD]�HQ]LPL�LOH�
VV'1$
QÕQ�NDOÕS�RODUDN�NXOODQÕOPDVÕ\OD�'1$�SDUoDVÕQÕQ�GHULúLPLQLQ�DUWÕUÕOPDVÕGÕU��3CR 

LOH� KHGHI� JHQLQ� GHULúLPLQLQ� DUWÕUÕODELOPHVL� LoLQ� KHGHI� JHQLQ� KHU� LNL� XFXQGDNL� '1$�
GL]LQLQLQ�WDPDPOD\ÕFÕVÕ�RODQ��X\JXQ�NRúXOODUGD�KHGHI�VV'1$
QÕQ�XoODUÕQD�ED÷ODQDELOHQ��
3’-KLGURNVLO�XoODUÕQGDQ�VHQWH]LQ�EDúODPDVÕQÕ�YH�GHYDP�HWPHVLQL�VD÷OD\DQ�YH�NORQODPD�
ioLQ�X\JXQ�UHVWULNVL\RQ�HQ]LP�NRQXPODUÕQÕ�LoHUHQ��\DNODúÕN���-���Q�NOHRWLWWHQ�ROXúDQ�LNL�
VHQWHWLN� ROLJRQ�NOHRWLW� SULPHU� �LOHUL� SULPHU� YH� JHUL� SULPHU�� WDVDUODQÕU� �ùHNLO� �������
%LUELULQGHQ� ÕVÕ� HWNLVL\OH� D\ÕUÕOPÕú� LNL� '1$� ]LQFLUL� GH� –SULPHUOHU� \DUGÕPÕ\OD- 

oR÷DOWÕOPDVÕ� VÕUDVÕQGD� NDOÕS� RODUDN� NXOODQÕODELOPHNWHGLU�� %LU� 3&5� SURVHVLQGHNL� KHU�
G|QJ���o�|QHPOL�EDVDPDNWDQ�ROXúPDNWDGÕU��:DWVRQ��������%XQODU� 
 

1. GV'1$¶GDQ� VV'1$� ROXúPDVÕ�� 3&5� VLVWHPLQGH� LON� EDVDPDN�� WHSNLPH� NDUÕúÕPÕQÕQ�
VÕFDNOÕ÷ÕQÕQ����&¶\H�oÕNDUÕOPDVÕ\OD�GV'1$¶GDQ�VV'1$�ROXúWX÷X�EDVDPDNWÕU��+HGHI�
'1$
\D� HN�RODUDN� WHSNLPH�NDEÕQGD�SULPHUOHU��G|UW�G173�YH�7DT�'1$�SROLPHUD]�
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HQ]LPL�GH�EXOXQPDNWDGÕU��6ÕFDNOÕN����&
\H�oÕNDUÕOGÕNWDQ�VRQUD�WHSNLPH�NDEÕ��GN�EX�
VÕFDNOÕNWD�EHNOHWLOLU� 

 

2. 3ULPHUOHULQ� ED÷ODQPDVÕ�� øNLQFL� EDVDPDNWD�� VÕFDNOÕN� ���&¶GHQ� SULPHUOHULQ� \DSÕúPD�
VÕFDNOÕ÷ÕQD��∼50-���&��G�ú�U�O�U��%|\OHFH�SULPHUOHU�KHGHI�'1$��]HULQGHNL�VSHVLILN�
E|OJHOHULQH�ED÷ODQÕUODU� 

 

3. '1$�VHQWH]L��GV�'1$¶QÕQ�ROXúPDVÕ���6RQ�EDVDPDN�RODQ��o�QF��EDVDPDNWD��VÕFDNOÕN�
Taq�'1$�SROLPHUD]ÕQ�NDWDOLWLN�IRQNVL\RQX�LoLQ�RSWLPXP�RODQ����&¶\H�oÕNDUWÕOÕU�YH�
böylece herbir primerin 3’-KLGURNVLO� JUXEXQGDQ� '1$� VHQWH]L� EDúODU�� '1$�
VHQWH]LQLQ� WDPDPODQPDVÕ� LoLQ� JHUHNOL� V�UH� KHGHI� '1$
QÕQ� E�\�NO�÷�QH� ��GN�NE��
ED÷OÕ�RODUDN�GH÷LúLU��6DPEURRN�DQG�5XVVHOO�������� 
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                     III. DNA Sentezi (72oC) 

 

ùHNLO������3&5��WHSNLPHVL\OH�JHQ�GHULúLPLQLQ�DUWWÕUÕOPDVÕ 
 
 

���������3&5�WHNQL÷L�NXOODQÕODUDN�KLEULW�JHQ�ROXúWXUXOPDVÕ��62(�\|QWHPL� 
 

øON�NH]�����¶WH��3ROLPHUD]�]LQFLU�UHDNVL\RQODUÕ�ELOLP�G�Q\DVÕQD�GX\XUXOPDVÕQGDQ�VRQUD�
UHNRPELQDQW�PROHN�O� ROXúWXUPDN� DPDFÕ\OD�'1$¶\Õ� UHVWULNVL\RQ� HQ]LPOHUL\OH� VSHVLILN�
SDUoDODUD� �D\ÕUPD�YH�EX�SDUoDODUÕ�\HQL�ELU�GL]LQ�ROXúWXUPDN�LoLQ�'1$�OLJD]�HQ]LPL\OH�
ELUOHúWLUPH�WHPHOLQH�GD\DQD�VWDQGDUW�WHNQLNOHU�JHOLúWLULOPLúWLU��³*HQH-splicing by overlap 

H[WHQVLRQ� �62(�´�\|QWHPL�� UHNRPELQH�HGLOHFHN�JHQ�SDUoDODUÕQÕQ�XoODUÕQGD�ELUELUOHrine 

WDPDPOD\ÕFÕ�GL]LQOHU�LoHUPHVL�LoLQ��WDVDUODQPÕú�RODQ�SULPHUOHU�LOH�JHQ�SDUoDODUÕQÕQ�D\UÕ�

1adet hedef 
DNA 

I.�+LGURMHQ�ED÷ÕQÕQ�NRSDUÕOPDVÕ–denatürasyon (94oC) 

II. 3ULPHUOHULQ�ED÷ODQPDVÕ����-60oC) 

III. DNA sentezi  (72oC) 

2 adet hedef  
DNA 

 Hidrojen 
ED÷ODUÕ 

A 
T 

 

C 
G 
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D\UÕ� 3&5� WHSNLPHVL\OH� LOH� oR÷DOWÕOÕS� � VRQUD� EX� 3&5� �U�QOHULQLQ� �o�QF�� 3&5�
UHDNVL\RQXQGD�ELUDUD\D� JHWLULOLS�JHQOHULQ�ELUOHúHFHN�XoODUÕQÕQ� WDPDPOD\ÕFÕ�GL]LQOHULQLQ�
SULPHU�J|UHYL�\DSPDVÕ�LOH�KLEULW�JHQLQ�ROXúWXUXOPDVÕ�WHPHOLQH�GD\DQPDNWDGÕU��+R�et al.  

1989, Horton et al. ������� øON�RODUDN�����¶GD� �+RUWRQ�YG�WDUDIÕQGDQ�WDQÕPODQPÕú�62(�
\|QWHPL� UHNRPELQDV\RQ� NRQXPXQGD� UHVWULNVL\RQ� HQ]LPL� NRQXPODUÕQÕQ� YDUOÕ÷ÕQD� ED÷OÕ�
olmDGDQ�'1$�PROHN�OOHULQL�ELUOHúWLUPHN�YH�D\UÕFD�JHQ�GL]LQLQGH�DUD\D�GL]LQ�VRNPDN��
dizin silme gibi konuma yönelik mutasyonlar yapmak için uygundur. 

 

62(¶QLQ� JHQHO� PHNDQL]PDVÕ� ùHNLO� ����¶WH� J|VWHULOPLúWLU�� %XQD� J|UH� |QFHOLNOH��
ELUOHúWLULOHFHN�SDUoDODU� \DQL� JHQ� ,¶GHQ�$%�SDUoDVÕ� YH� JHQ� ,,¶GHQ�&'�SDUoDVÕ� D\UÕ� D\UÕ�
3&5¶ODUGD� �³�´� YH� ³�´� �� oR÷DOWÕOPÕúWÕU��hVW� �VWH� JHOHUHN� ELUOHúLPL� VD÷OD\DFDN�XoODUGD�
NXOODQÕODFDN� SULPHUOHU� �³E´� YH� ³F´��� �¶� XoODUÕQGD� GL÷HU� SULPHUOHULQ� �¶� NÕVÕPÕQD�
WDPDPOD\ÕFÕ� Q�NOHRWLWOHU� LoHUPHNWHGLr. Böylece (1) ve (2) PCR ürünlerinin bu 

XoODUÕQGDQ��VW��VWH�JHOHUHN�ELUOHúPHVL�VD÷ODQDELOLU��%XQXQ�LoLQ�EX�LNL�3&5��U�Q��\HQL�
ELU� UHDNVL\RQGD� �³�´�� NDUÕúWÕUÕODUDN� GHQDW�UDV\RQ�� SULPHUOHULQ� \DSÕúPDVÕ� � YH� '1$�
SROLPHUD]OD�VHQWH]�EDVDPDNODUÕQÕ�LoHUHQ�G|QJ�\H�PDUX]�EÕUDNÕOÕU��.DUÕúWÕUÕODQ�LNL�'1$�
SDUoDVÕQGDQ�� �¶� XFXQGD� ELU� GL÷HU� SDUoD\D� WDPDPOD\ÕFÕ� GL]LQ� LoHUHQ� VWUDQGOHU�� EX�
XoODUÕQGDQ� ELUOHúLUOHU� YH� EXQODU� ELUELUOHUL� LoLQ� SULPHU� RODUDN� J|UHY� \DSDUDN� '1$�
SROLPHUD]�DUDFÕOÕ÷Õ\OD�UHNRPELQDQW��U�Q�HOGH�HGLOLU���¶�XoODUÕQGD�WDPDPOD\ÕFÕ�GL]LEOHUH�
VDKLS�RODQ�GL÷HU�VWUDQGOHU�ELUELUOHUL�LoLQ�SULPHU�RODUDN�J|UHY�\DSDPD]ODU�IDNDW�EXQODU�³D´�
YH�³G´�SULPHUOHUL� LoLQ�NDOÕS�RODUDN�GDYUDQDELOLUOHU�YH�GDKD�ID]OD�RULMLQDO�3&5��U�QOHUL�
meydana getirebilirler. “3” reaksiyonunda iki SDUoD� �³$%´� YH� ³&'´� �� DUDVÕQGDNL�
ELUOHúPH�G�ú�N�VÕNOÕNWD�OVD�ELOH�X\JXQ�SULPHUOHULQ�YDUOÕ÷Õ��³D´�YH�³G´��UHNRPELQDQW��U�Q�
ROXúXU�ROXúPD]�RQXQ�oR÷DOWÕOPDVÕQÕ�VD÷ODU��+RUWRQ�et al. 1993).   
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ùHNLO��������62(�JHQHO�PHNDQL]PDVÕ��+RUWRQ�et al. 1993) 
 

��������*HQ�GHULúLPLQLQ�|Oo�P� 

 

*HQ�GHULúLPL� 
1. Jel elektroforetik, ve 

2. UV spektrofotometrik  

Yöntemlerle belirlenebilir. 

 

DNA molekülünün net yükü -\DSÕVÕQGDNL� IRVIDW� L\RQODUÕ� QHGHQL\OH- negatiftir. DNA 

molekülleri -PROHN�O� D÷ÕUOÕNODUÕQGDNL� IDUNlar nedeni ile-� MHO� HOHNWURIRUH]� FLKD]Õ\OD��ELU�
HOHNWULN�DODQ�X\JXODQDUDN�D\ÕUÕOÕUODU��8\JXODQDQ�HOHNWULN�DODQ�LoLQGH�PROHN�O�D÷ÕUOÕ÷Õ�HQ�
N�o�N�RODQ�'1$�HQ�KÕ]OÕ��HQ�E�\�N�RODQ�GD�HQ�\DYDú�KDUHNHW�HGHU���'1$�PROHN�OOHULQLQ�
D\ÕUÕOPDVÕQGD� MHO� RODUDN� DJDUR]-çRN� N�o�N� '1$� SDUoDODUÕQÕQ� D\ÕUÕOPDVÕ� LoLQ� GH�
SROLDNULODPLW�NXOODQÕOÕU��$JDUR]�GHULúLPL�����-�����D�K��DUDVÕQGD�DPDFD�J|UH�GH÷LúLU��-HO�
HOHNWURIRUH]LQ�LúOHWLOPHVL�VÕUDVÕQGD�YROWDM����9�DúPDPDOÕGÕU��%X�GH÷HULQ��]HULQGH�MHOLQ�
\DSÕVÕ�ER]XOXU�YH�HOHNWURIRUH]�o|]HOWLVLQGH�EXKDUODúPD�PH\GDQD�JHOLU��-HO�HOHNWURIRUH]�
FLKD]ÕQGD�MHOLQ�|UQHN�KD]QHOHULQGHQ�ELULQH�LúDUHWOH\LFL��PDUNHU��\�NOHQLU��øúDUHWOH\LFLGH�

AB PARÇASI 

CD PARÇASI 

5(.20%ø1$17�h5h1 
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EXOXQDQ�EDQWODU�YH�E�\�NO�NOHUL�EHOOLGLU��%X� VD\HGH�NRúWXUXODQ� MHO� LoLQ� X]DNOÕ÷D� NDUúÕ�
PROHN�O�D÷ÕUOÕ÷Õ�JUDIL÷H�JHoLULOHUHN�NDOLEUDV\RQ�\DSÕOÕU�YH�LVWHQHQ�JHQLQ�PROHN�O�D÷ÕUOÕ÷Õ�
\DSÕODQ� EX� NDOLEUDV\RQ� LOH� EXOXQXU�� gUQHNOHUL� MHOH� \�NOHUNHQ�� \�NOHPH� ER\DVÕQÕQ�
NXOODQÕOPDVÕ� JHUHNPHNWHGLU�� d�QN�� \�NOHPH� ER\DVÕQGDNL� EURPRIHQRO� PDYLVL� ���ES�
'1$�LOH�D\QÕ�KÕ]OD�KDUHNHW�HGHU�YH�E|\OHFH�'1$�EDQWODUÕQÕQ�\DNODúÕN�\HUOHUL�YH�FLKD]ÕQ�
LúOHWPH� V�UHVL� EHOLUOHQLU�� -HOGH� '1$� SDUoDODUÕQÕQ� HOHNWURIRUHWLN� NRúWXUXOPDVÕ�
WDPDPODQGÕNWDQ� VRQUD� MHO� HWLG\XP� EURP�U� �(W%U�� o|]HOWLVLQGH� EHNOHWLOLU� YH� '1$�
SDUoDODUÕ� (W%U� LOH� ER\DQÕU�� E|\OHFH�89� ÕúÕ÷Õ� DOWÕQGD� EDQWODU� J|]OHQHELOLU��*HQLQ� YH\D�
'1$�SDUoDODUÕQÕQ�GHULúLPL�YH�PROHN�O�D÷ÕUOÕNODUÕ��ELOLQHQ�LúDUHWOH\LFL�'1$�SDUoDODUÕQÕQ�
EDQW��]HULQGHNL�NRQXPODUÕ�YH�\DQVÕWWÕNODUÕ�ÕúÕN�úLGGHWL�LOH�NÕ\DVODQDUDN�KHVDSODQÕU��dDOÕN�
�������+HP�'1$�KHP�GH�51$�GHULúLPL�Vpektrofotometre ile tayin edilebilir. Nükleik 

asitler, UV-VSHNWURIRWRPHWUHGH� ���QP� GDOJD� ER\XQGD� HQ� \�NVHN� RUDQGD� ÕúÕN�
DEVRUSVL\RQX� \DSDUODU�� 'HULúLP� WD\LQ� HGLOLUNHQ�'1$¶QÕQ� YH\D� 51$
QÕQ� VDIODúWÕUÕOPÕú�
ROPDVÕQD� GLNNDW� HGLOPHOLGLU�� o�QN�� EXOXQDQ� GHULúLP� RUWamda bulunan tüm DNA ve 

51$
QÕQ�GHULúLPL�RODFDNWÕU��6PLWK�DQG�:RRG������� 
 

2.5.4.6 Restriksiyon enzimleri ve seçimi 

 

%HOOL�ELU�JHQ�GL]LQLQGHQ�KHGHI�'1$�SDUoDVÕQÕQ�D\ÕUÕOPDVÕQÕ�VD÷ODPDN��]HUH�NXOODQÕODQ�
yöntem DNA moleküllerinin uygun restriksiyon endonükleaz enzimleri ile kesikli 

mikro-UHDNW|UOHUGH� HQ]LPDWLN� WHSNLPHOHUOH� NHVLOPHVLGLU�� %DNWHULOHU� WDUDIÕQGDQ� \DEDQFÕ�
'1$
ODUÕ�\RN�HWPHN�LoLQ�VHQWH]OHQHQ�EX�HQ]LPOHULQ�GL÷HU�HQGRQ�NOHD]ODUGDQ�HQ�|QHPOL�
IDUNODUÕ�'1$¶GD�GDLPD�EHOOL�KHGHI�GL]LQOHUL�VHoHELOPHOHUL�YH�KHS�D\QÕ�GL]LQGH�|]J�O�YH�
|]J�Q� NHVPH� \DSDELOPHOHULGLU�� (WNLOHULQH� J|UH� �o� IDUNOÕ� UHVWULNVL\RQ� HQ]LP� VÕQÕIÕ�
EXOXQPDNWDGÕU�� 7�P� HQGRQ�NOHD]� HQ]LPOHUL�� Q�NOHLN� DVLWOHU� DUDVÕQGDNL� IRVIRGLHVWHU�
ED÷ODUÕQÕ� NHVHUOHU�� %XQODUGDQ� HQGRQ�NOHD]� HQ]LPL� ,,� JUXEXQGD� RODQOar gen 

NORQODPDVÕQGD�NXOODQÕOPDNWDGÕU��%X�HQ]LPOHU�'1$¶QÕQ�JHQHOOLNOH���LOH���DGHW�ED]�LoHUHQ�
NÕVPÕQÕ� VHoHUOHU� YH� KHGHI� GL]LQL� WDQÕ\DUDN� NHVPH� \DSDUODU�� 6SHVLILN� '1$
ODUÕ� NHVHQ�
���¶GHQ� ID]OD� HQGRQ�NOHD]� HQ]LPL� L]ROH� HGLOPLú� GXUXPGDGÕU� �dDOÕN� �������<DSWÕNODUÕ�
NHVPH� ELoLPLQH� J|UH� N�W� �EOXQW�� \D� GD� \DSÕúNDQ� �VWLFN\�� XoOX� '1$� SDUoDODUÕ� ROXúXU�
�ùHNLO� ������� %D]Õ� UHVWULNVL\RQ� HQ]LPOHUL� YH� NHVPH� ELoLPOHUL� dL]HOJH� ���
GH�
J|VWHULOPLúWLU�� 
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dL]HOJH�����5HVWULNVL\RQ���HQ]LPOHULQGHQ����ED]ÕODUÕQÕQ����L]ROH�����HGLOGLNleri 
                    mikroorganizmalar,  hedef  dizinler  ve  kesim biçimi  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

5HVWULNVL\RQ�HQ]LPOHUL�VSHVLILN�RODUDN�ELU�Q�NOHRWLW�úHNHULQLQ��¶-karbonunun oksijeni ile, 

NRPúX�Q�NOHRWLW�úHNHULQLQ��¶-NDUERQXQD�ED÷OÕ�IRVIDW�JUXEX�DUDVÕQGDNL�LQWHUQ�NOHRWLW�ED÷Õ�
NRSDUÕU�� 5HVWULNVL\RQ� HQ]LPOHUL� LOH� '1$� PROHN�O�Q�� NHVPH� LúOHPL� ùHNLO� ����¶GD�
J|VWHULOPLúWLU��'1$
QÕQ�NHVLPLQGH�NXOODQÕODQ�UHVWULNVL\RQ�HQ]LPOHULQLQ�VHoLPL�NORQODPD�
SURVHVLQLQ�WDVDUÕPÕQGD�|QHPOL�ELU�EDVDPDNWÕU� 
 

 

 

 

 

 

            A                           B  +   C 

  
�ùHNLO������5HVWULNVL\RQ�HQ]LPOHUL�LOH�N�W�\DSÕúNDQ�XoOX�NHVPH�WHSNLPHVL 
 

 

 

Enzim              Hedef dizin                      Mikroorganizma                             

Küt 
<DSÕú

Kesme 
H

E

HaeIII 

EcoRI 

<DSÕúNDQ�XoOX 

Küt uçlu 

enzim 
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2.5.4.7 Plasmidler ve özellikleri 

 

%DNWHULOHUGHNL� WHPHO� JHQHWLN� ELOJLOHU� NURPR]RPGD� EXOXQXU�� %DNWHULOHULQ� oR÷X� E�\�N�
'1$� NURPR]RPXQD� HN� RODUDN�� ED]Õ� |]HOOLNOHULQL� JHQHWLN� NRQWURO� DOWÕQGD� WXWDQ��
sitoplazma içinde serbest olarak bulunan, kendi kendilerini replike edebilen 1-100kb 

E�\�NO�÷�QGH� SODVPLG� DGÕ� YHULOHQ� GDLUHVHO� '1$� PROHN�OOHUL� LoHULU� �ùHNLO� ��������
3ODVPLGOHU��LoLQGH�EXOXQGXNODUÕ�NRQDNoÕ�K�FUH�LOH�X\XP�LoLQGH�\DúDUODU��3ODVPLGOHULQ�HQ�
|QHPOL�|]HOOL÷L��EDNWHUL�NURPR]RPXQGDQ�ED÷ÕPVÕ]�RODUDN�UHSOLNH�RODELOPHOHUL�YH�NHQGL�
UHSOLNDV\RQODUÕQÕ� NRQWURO� HGHELOPHOHULGLU� �.DOHQGHU� ������� 3ODVPLGOHULQ� E�\�NO�÷��
LGHDOGH���NE¶Õ�JHoPHPHOLGLU��d�QN��E�\�N�'1$�PROHN�OOHULQLQ�VDIODúWÕUPD�VÕUDVÕQGD�
NÕUÕOPD� RODVÕOÕ÷Õ� YDUGÕU�� D\UÕFD� E�\�N� SODVPLG� PROHN�OOHUL� oRN� ]RU� PDQLS�OH� ROXUODU��
3ODVPLGOHU� JHQHOOLNOH� ELU� YH\D� ELU� NDo� JHQ� WDúÕUODU�� YH� EX� JHQOHU� NRQDNoÕ� EDNWHULQLQ�
belirli karakteristik özellikleri göstermesine nedHQ�ROXUODU��gUQH÷LQ��NORUDPIHQLNRO�YH\D�
DPSLVLOLQ� JLEL� DQWLEL\RWLNOHULQ� WRNVLN� GHULúLPOHULQGH� EDNWHULOHULQ� \DúDPODUÕQÕ�
V�UG�UHELOPH� NDELOL\HWOHUL� JHQHOOLNOH� EDNWHULOHUGH� EXOXQDQ� SODVPLGOHULQ� WDúÕGÕ÷Õ�
DQWLEL\RWLN�GLUHQo�JHQOHUL� LOH�VD÷ODQPDNWDGÕU��3ODVPLGOHr hücrede sabit ve karakteristik 

ELU� NRS\DODPD�VD\ÕVÕQGD�PXKDID]D� HGLOLUOHU��<DQL�EX� VD\Õ�QHVLOGHQ�QHVLOH� VDELW�RODUDN�
NDOÕU��.RS\DODPD�VD\ÕVÕ�SODVPLGOHUGH�EXOXQDQ�JHQOHU�WDUDIÕQGDQ�EHOLUOHQLU�IDNDW�NRQDNoÕ�
K�FUH�YH�oR÷DOPD�NRúXOODUÕQGDQ�HWNLOHQLU��.DOHQGHr 2000). 

 

 

 

Genellikle bakteriyel plasmidler hücre içinde dairesel DNA molekülleri olarak 

EXOXQXUODU�� 3ODVPLGOHU� NRS\DODPD� VD\ÕVÕQD� J|UH� G�ú�N� �ORZ�� NRS\DODPD� VD\ÕOÕ� YH�
\�NVHN� �KLJK�� NRS\DODPD� VD\ÕOÕ� RODUDN� LNL� JUXED� D\UÕOÕU�� %X� VÕQÕIODQGÕUPD� ROGXNoD�

 

ùHNLO������3ODVPLGOHULQ�JHQHO�\DSÕODUÕ 
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JHQLúWLU�� 3ODVPLGOHULQ� WUDQVIHU� úHNOL�� VÕNOÕ÷Õ�� DQWLEL\RWLN� GLUHQoOLOL÷L� JLEL� ED]Õ�
|]HOOLNOHULQH�J|UH�GDKD�GHWD\OÕ�ELU�VÕQÕIODQGÕUPD�\DSPDN�P�PN�QG�U�� 
 

 

 

 

 

 

 

 

 

ùHNLO������+�FUHGH�EXOXQDQ�SODVPLG�úHNLOOHUL 
 

En önemli plasmid tipleri 

 

$úD÷ÕGD� YHULOHQ� �� JUXS� SODVPLG� GL÷HUOHULQH� RUDQOD� GDKD� L\L� LQFHOHQPLúWLU� �.DOHQGHU�
2000). 

 

a) )�SODVPLGL��)�SODVPLG�LON�NHúIHGLOHQ�SODVPLGGLU�YH�oRN�JHQLú�RODUDN�oDOÕúÕPÕúWÕU��%X�
SODVPLGOHU� NRQMXJDV\RQ� LOH� ELU� PLNURRUJDQL]PDGDQ� GL÷HU� ELU� PLNURRUJDQL]PD\D�
kendilerini transfer edebilmeleri nedeniyle önemlidir. 

 

b) 5� SODVPLGOHUL�� $QWLEL\RWLNOHUH� NDUúÕ� GLUHQo� |]HOOL÷LQL� \|QHWHQ� JHQOHUL� LoHUHQ�
SODVPLGOHUGLU�� %XQX� WDúÕ\DQ� ELU� EDNWHUL� KDQJL� DQWLEL\RWL÷H� NDUúÕ� GLUHQoOL� LVH� R�
RUWDPGD� UDKDWOÕNOD� \DúD\DELOLU�� %LU� SODVPLG� ELUGHQ� IDOD� DQWLEL\RWL÷H� NDUúÕ� GLUHQoOL�
olabilir. 

 

c) &RO� SODVPLGOHUL�� &RO� SODVPLGOHUL� EDNWHULOHUGH� �FROLFLQ�� \DSÕPÕQÕ� \|QHWHQ� JHQHWLN�
ELOJL\L�WDúÕ\DQ�SODVPLGOHUGLU��&ROLFLQOHU��GH÷úLN�EDNWHUL�W�UOHUL�WDUDIÕQGDQ�VDOJÕODQDQ�
YH�JHQHOOLNOH�D\QÕ�W�U�Q�GL÷HU�HOHPDQODUÕQD�|OG�U�F��HWNLVL�RODQ�DQWLEL\RWLN�EHQ]HUL�
PDGGHOHUGLU��'H÷LúLN�EDNWHUL�W�UOHUL�WDUDIÕQGDQ�ROXúWXUXODQ�YH�ELUELULQH�EHQ]H\HQ�EX�
maddelere genel olarak "Bacteriocine" de denilmektedir.  
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d) 5HNRPELQDQW� SODVPLGOHU�� %X� SODVPLGOHU�� GR÷DO� RODUDN� LNL� YH\D� Gaha fazla 

SODVPLGGHQ� W�UHWLOHQ� SDUoDODUÕQ� \HQLGHQ� ELUOHúWLULOPHVL� LOH� \DSÕODQ� KLEULG�
SODVPLGOHUGLU��%XQODU�\D\JÕQ�RODUDN�NORQODPD�YHNW|UOHUL�RODUDN�NXOODQÕOÕU��.DOHQGHU�
2000). 

 

2.5.4.8 Klonlama : Ligasyon tepkimesi 

 

.ORQODPD�LúOHPL��PLNUR-UHDNW|UOHUGH�VÕYÕ ortamda Taq DNA polimeraz enzimi ile DNA 

PROHN�OOHUL� DUDVÕQGD� IRVIRGLHVWHU� ED÷Õ� ROXúWXUXODUDN� JHUoHNOHúWLULOLU� �ùHNLO� ������� %X�
WHSNLPHQLQ�ROXúPDVÕ�LoLQ�RUWDPGD�D\QÕ�UHVWULNVL\RQ�HQ]LPOHUL�LOH�NHVLOPLú�-D\QÕ�XoODUD�
sahip- plasmid DNA ve klonlanmak istenen�JHQLQ�EXOXQPDVÕ�JHUHNPHNWHGLU��/LJDV\RQ�
WHSNLPHVL�� JHQHWLN� P�KHQGLVOL÷L� WHNQLNOHUL� LoLQGH� NÕVÕWOD\ÕFÕ� EDVDPD÷Õ� ROXúWXUPDNWD��
UHDNVL\RQ� P�KHQGLVOL÷L� SUHQVLSOHUL� LOH� WHSNLPH� NRúXOODUÕQÕQ� JHOLúWLULOPHVL� NORQODPD�
SURVHVLQLQ� G�ú�N� RODQ� EDúDUÕ� RODVÕOÕ÷ÕQÕ� \�NVHltebilmektedir. Ligasyon tepkimesi 

VRQXQGD� ROXúDQ� �U�QOHU� OLQHHU� YH� JHYúHPLú� �UHOD[HG�� SODVPLG� ROGXNODUÕ� LoLQ� EXQODUÕQ�
WUDQVIRUPDV\RQX� V�SHUKHOLV� �VXSHUFRLOHG�� SODVPLGH� NÕ\DVOD� GDKD� ]RU� ROXU�� /LJDV\RQ�
tepkimesi sonunda elde edilen ürünler gen transfer teknikleri ile uygun konak hücrelere 

WUDQVIHU�HGLOLUOHU��dDOÕN�������%ORRP�et al. 1996). 

 

2SWLPXP� WHSNLPH� NRúXOODUÕQÕQ� EXOXQPDVÕ�� /LJDV\RQ� WHSNLPHVLQLQ� JHUoHNOHúPHVL� LoLQ�
RUWDPGD�QJ�PHUWHEHVLQGH�PDNURPROHN�O�'1$�EXOXQXU��0DNURPROHN�OOHULQ�NORQODQPDVÕ�
için klonODQPDVÕ� JHUHNHQ� LNL� PDNURPROHN�O�Q� NORQODQPDVÕ� JHUHNHQ� XoODUÕQÕQ� NDUúÕ�
NDUúÕ\D� JHOPHVL� JHUHNPHNWHGLU�� %X� RODVÕOÕ÷ÕQ� G�ú�N� ROPDVÕ� NORQODPD� WHSNLPHOHULQLQ�
JHUoHNOHúPH� RODVÕOÕ÷ÕQÕ� GD� D]DOWPDNWDGÕU�� /LJDV\RQ� WHSNLPHVLQGH� RUWDPGD� EXOXQDQ�
YHNW|U�Q� YH� JHQLQ� GHULúLPL� oRN� |QHPOLGLU�� 9HNW|U�Q� YH� JHQLQ� GHULúLPOHUL� '1$�
SDUoDODUÕQÕQ� E�\�NO�÷�QH� J|UH� GH÷LúWL÷LQGHQ� EXQODUÕQ� X\JXQ� GHULúLPOHUL� RSWLPL]H�
edilmelidir (Bloom et al. 1996). 
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a- 

 

 

b- 

 

 

�ùHNLO������/LJDV\RQ�WHSNLPHVL 
 

2.5.4.9 Genin hücreye transferi 

 

%DNWHULOHU� VDGHFH� ODERUDWXYDU� NRúXOODUÕQGD� GH÷LO�� GR÷DGD� GD� JHQHWLN� \DSÕODUÕQÕ�
GH÷LúWLULUOHU�� %DNWHULOHUH� JHQ� WUDQVIHUL� DúD÷ÕGDNL� �o�PHNDQL]PD� LOH� JHUoHNOHúPHNWHGLU��
Bunlar; 

 

1. Transformasyon, 

2. Konjugasyon ve  

3. Transdüksiyondur. 

 

%DNWHULOHULQ� W�P�QH� \XNDUÕGDNL� KHU� �o� PHNDQL]PD� LOH� GH� JHQ� WUDQVIHUL� \DSÕODPD]��
gUQH÷LQ��NRQMXJDV\RQ��VDGHFH�JUDP�QHJDWLI�K�FUHOHUGH�JHUoHNOHúWLULOLUNHQ��JUDP�SRzitif 

EDNWHULOHUGH� JHUoHNOHúPH]�� %D]Õ� EDNWDULOHUGH� GH� WUDQVIRUPDV\RQ� GR÷DO� RODUDN�
JHUoHNOHúLUNHQ��ED]ÕODUÕQGD�JHQ�WUDQVIHUL�LoLQ�|QLúOHPOHULQ�X\JXODQPDVÕ�JHUHNLU��'R÷DGD�
PH\GDQD�JHOHQ� WUDQVIRUPDV\RQODU� LVH��EDNWHULOHULQ�\DEDQFÕ�'1$¶ODUD�NDUúÕ�NHQGLOHULQL�
kRUXPDN�LoLQ��UHWWLNOHUL�HQGRQ�NOHD]ODU�VD\HVLQGH�VÕQÕUOÕGÕU� 

hidroksil 
fosfat 

Eco5,�HQ]LPL�LOH�NHVLOPLú 
DNA SDUoDVÕ 

 
 

EcoRI enzimi  ile 
NHVLOPLú�SODVPLG 

 

 

 

plasmid 

rekombinant 
DNA 
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Transformasyon 

 

%X�\|QWHP�JHQHWLN�oDOÕúPDODUGD�HQ�oRN�NXOODQÕODQ�\|QWHPOHU�JUXEXGXU��%X�\|QWHPGH�
EDNWHUL� K�FUHOHUL� '1$� PROHN�O�Q�� LoLQH� DOÕUODU� �/HZLQ� ������� '|UW� IDUNOÕ� \|QWHP�
YDUGÕU��%XQODU� 
 

i. DR÷DO�DNWDUÕP� 
ii. øQG�NOHQPLú�DNWDUÕP� 
iii. Protoplast transformasyonu, ve 

iv. Elektroporasyon 

 

'R÷DO�DNWDUÕP�\|QWHPLQGH�EDNWHUL�NHQGLOL÷LQGHQ�\DEDQFÕ�'1$¶\Õ��VWHO�oR÷DOPD�ID]ÕQÕQ�
EDúÕQGD�DOÕU��%DNWHULQLQ�LoLQH�DOGÕ÷Õ�'1$�SDUoDVÕ��NURPR]RPDO�'1$¶QÕQ�ELU�E|O�P�\OH�
D\QÕ� GL]LQH� VDKLSVH�� NURPR]RPD� HQWHJUH� ROXU� YH� NURPR]RP� LOH� ELUOLNWH� oR÷DODUDN�
YDUOÕ÷ÕQÕ�V�UG�U�U��%DFLOOXV�W�U��EDNWHULOHUH�JHQ�EX�\|QWHPOH�WUDQVIHU�HGLOHELOPHNWHGLU� 
 

øQG�NOHQPLú� DNWDUÕP� \|QWHPLQGH� EDNWHUL� K�FUHOHUL� |QLúOHPOHUGHQ� JHoLULOGLNWHQ� VRQUD�
DNA transIHUL� \DSÕOÕU� �ùHNLO� ������� %X� \|QWHP� LOH� LOJLOL� ELUoRN� \|QWHP� �SURWRNRO��
EXOXQPDNWDGÕU��%XQODUGDQ�HQ�X\JXQX�YH�HQ�oRN�NXOODQÕODQÕ��E.coli hücrelerinin CaCl2 ile 

\ÕNDQPDVÕ� YH� ���&¶GD� EHNOHWLOGLNWHQ� VRQUD� SODVPLG� '1$� LOH� D\QÕ� RUWDPD� NRQXOXS��
42°C'da 1-2 dakiND� EHNOHWLOHUHN� ÕVÕ� úRNX\OD� SODVPLG� '1$¶QÕQ� K�FUH\H� WUDQVIHULGLU��
7UDQVIHU� \DSÕOGÕNWDQ� VRQUD� K�FUHOHU� NDWÕ� RUWDPGD� X\JXQ� ELU� LúDUHWOH\LFL� DQWLEL\RWLN�
NXOODQÕODUDN� oR÷DOWÕOÕUODU�� %X� \|QWHPGH� K�FUHQLQ�� LVWHQHQ� '1$� PROHN�O�Q�� KDQJL�
PHNDQL]PD�LOH�LoLQH�DOGÕ÷Õ�halen bilinmemektedir. 
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ùHNLO������øQG�NOHQPLú�WUDQVIRUPDV\RQ�VÕUDVÕQGD�K�FUH�YH�SODVPLGLQ�GXUXPX 
 

3URWRSODVW� WUDQVIRUPDV\RQ� \|QWHPLQGH� EDNWHULOHULQ� K�FUH� GXYDUÕ� NÕVPHQ� - lizozim 

enzimi ile- enzimatik olarak hidroliz edilir. Ortamda osmotik stabilizatörlerin -sakkaroz 

gibi-� EXOXQPDVÕ� GXUXPXQGD�� K�FUHOHULQ� SDUoDODQPDODUÕ� |QOHQLU�� 7UDQVIRUPDV\RQ�
VÕUDVÕQGD� RUWDPGD� K�FUH� YH� '1$� LOH� ELUOLNWH� X\JXQ� RUDQGD� 3(*� NXOODQÕOPDVÕ�
GXUXPXQGD��\�NVHN�YHULPGH�WUDQVIRUPDV\RQ�JHUoHNOHúLU�YH�LVWHQHQ�'1$�SDUoDVÕ�istenen 

PLNURRUJDQL]PDQÕQ�NURPR]RPDO�'1$
VÕQD�JLUPLú��IXVHG�HGLOPLú��ROXU��7UDQVIURPDV\RQ�
EDVDPD÷ÕQGDQ�VRQUD�K�FUHOHU�VDQWULI�MOHQHUHN�3(*�X]DNODúWÕUÕOÕU�IDNDW�K�FUH�oR÷DOPDVÕ�
VWDELOL]DW|U� YDUOÕ÷ÕQGD� JHUoHNOHúWLULOLU�� 7UDQVIRUPDV\RQ� LoLQ� GL÷HU� ELU� WHNQLN� Ge 

elektroporasyondur. Bu yöntemde pulse etkiyle yüksek voltaj uygulanarak DNA istenen 

K�FUH\H� WUDQVIHU�HGLOLU��%X�\|QWHPGH�GH�K�FUHQLQ�KDQJL�PHNDQL]PD�LOH�'1$¶\Õ�DOGÕ÷Õ�
henüz bilinmemektedir (Glazer  1995). 

 

����������*HQL�WDúÕ\DQ�SODVPLGOHULQ�DUDQPDVÕ 
 

TrDQVIRUPDV\RQ� LúOHPLQGHQ� VRQUD�� LVWHQHQ� JHQL� WDúÕ\DQ� K�FUHOHULQ� X\JXQ� \|QWHPOHUOH�
VHoLPL� JHUHNLU�� 7UDQVIRUPDV\RQ� VRQXQGD� RUWDPGD� oRN� ID]OD� NRORQL� EXOXQDFD÷Õ� LoLQ�
VHoLFL�LúDUHWOH\LFL��VHOHFWLYH�PDUNHU��JHUHNOLGLU��(Q�\D\JÕQ�\|QWHP�DQWLEL\RWLNOHUH�NDUúÕ�
direno� VD÷OD\DELOHFHN� JHQ� WDúÕ\DQ� SODVPLGOHULQ� NORQODPDGD� NXOODQÕOPDVÕGÕU��E.coli ile 

\DSÕODQ� oDOÕúPDODUGD� JHQHOOLNOH� DPSLVLOLQL� HWNLVL]� KDOH� JHWLUHFHN� JHQL� -ampr-� WDúÕ\DQ�
SODVPLGOHU� WHUFLK� HGLOPHNWHGLU�� 7UDQVIRUPDV\RQ� LúOHPLQGHQ� VRQUD� NRORQLOHU� VHoLFL�
LúDUHWOH\LFL�J|UHYLQL�\DSDFDN�DQWLEL\RWL÷L�LoHUHQ�RUWDPGD�oR÷DOWÕOÕUODU��3ODVPLGL�WDúÕ\DQ�
K�FUHOHULQ�KHSVL�EX�RUWDPGD�\DúDPD�NDSDVLWHVLQH� VDKLSWLU��$QWLEL\RWLN� LoHUHQ�RUWDPGD�
\DúD\DELOHQ� K�FUHOHULQ� KHSVL� NORQODPDGD� NXOODQÕODQ� SODVPLGL� WDúÕPDODUÕQD� UD÷PHQ�
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klonlanmaVÕ�DPDoODQDQ�JHQL�WDúÕPD�RODVÕOÕNODUÕ�oRN�G�ú�NW�U��.RQWURO�DPDFÕ�LOH�KHU�ELU�
K�FUH� WHNUDU�oR÷DOWÕOÕU�YH�K�FUHOHUGHQ�SODVPLG�L]RODV\RQX�\DSÕOGÕNWDQ�VRQUD�SODVPLGOHU�
X\JXQ� UHVWULNVL\RQ� HQ]LPOHUL� LOH� NHVLOHUHN� LVWHQHQ� JHQL� WDúÕ\ÕS� WDúÕPDGÕNODUÕ� NRQWURO�
edilir. 

 

3ODVPLGLQ�|]HOOLNOHULQH�ED÷OÕ�RODUDN�JHQL�WDúÕ\DQ�SODVPLGL�VHoPH�\|QWHPOHUL�GH�GH÷LúLU��
'L÷HU� ELU� \|QWHP� GH� LNL� DQWLEL\RWL÷H� NDUúÕ� GLUHQo� VD÷OD\DQ� SODVPLG� NXOODQÕPÕGÕU�� %X�
\|QWHPGH�NORQODQPDN� LVWHQHQ�JHQ�� DQWLEL\RWL÷H�NDUúÕ�GLUHQo� VD÷OD\DQ�JHQOHUGHQ�ELrini 

SHUW�UEH� HGHFHN� úHNLOGH� NORQODQÕU�� øVWHQHQ� JHQL� WDúÕ\DQ�PLNURRUJDQL]PD� LVH� DúD÷ÕGDNL�
yöntemle seçilir. 

 

a) 7UDQVIRUPDV\RQGDQ� VRQUD� K�FUHOHU�� NORQODPDGDQ� HWNLOHQPHPLú� DQWLEL\RWL÷L� LoHUHQ�
RUWDPGD�oR÷DOWÕOÕUODU� 

 

b) øNLQFL� DúDPDGD�� EX� K�FUHOHU� LNL� D\UÕ� RUWDPGD� oR÷DOWÕOÕUODU�� %LULQFL� RUWDP� � JHQL�
SHUW�UEH�HGLOHQ�DQWLEL\RWL÷L�LoHULU��LNLQFL�RUWDP�LVH�NORQODPDGDQ�HWNLOHQPHPLú�JHQLQ�
DQWLEL\RWL÷LQL�LoHULU� 

 

c) %LULQFL� RUWDPGD� oR÷DOPD\DQ�� LNLQFL� RUWDPGD� oR÷DODELOHQ� K�FUHOHUH� NORQODPD�
JHUoHNOHúPLúWLU��d�QN��ELULQFL� ELULQFL� DQWLEL\RWLNOL�RUWDPGD�K�FUHQLQ�oR÷DOPDPDVÕ�
DQWLEL\RWL÷L� HWNLVL]� KDOH� JHWLUHFHN� JHQLQ� IRQNVL\RQ� J|VWHUPHPHVL� GHPHNWLU�� %X�
GXUXP� DQWLEL\RWL÷L� HWNLVL]� KDOH� JHWLUHQ� JHQLQ� LoLQH� ELU� EDúND� -\DQOÕú- nükleik asit 

GL]LQLQLQ� JLUPHVL� LOH�P�PN�QG�U��'R÷UX� NRORQL\L� Veçmek için -bir önceki önceki 

\|QWHPGH�ROGX÷Õ�JLEL-� DOWHUQDWLI�KHU�K�FUH� WHNUDU�oR÷DOWÕOÕU�YH�K�FUHOHUGHQ�SODVPLG�
L]RODV\RQX�\DSÕOGÕNWDQ� VRQUD� SODVPLGOHU�X\JXQ� UHVWULNVL\RQ�HQ]LPOHUL� LOH�NHVLOHUHN�
LVWHQHQ�JHQL�WDúÕ\ÕS-WDúÕPDGÕNODUÕ�NRQWURO�HGLOLU�� 

 

KlonlaQPÕú�SODVPLGL�WDúÕ\DQ�NRORQLQLQ�VHoLPLQGH�HQ�oRN�NXOODQÕODQ�\|QWHPOHUGHQ�ELUL��
lacZ�JHQLQL� WDúÕ\DQ�SODVPLGOHULQ�NXOODQÕPÕGÕU��*HQLQ��UHWWL÷L�β-galaktosidaz enziminin 

JDODNWR]X� SDUoDODPD� IRQNVL\RQXQGDQ� \DUDUODQÕOPDNWDGÕU�� %X� \|QWHPGH� JDODNWR]XQ�
DQDOR÷X� ;-gal (5-bromo-4-kloro-3-indolil-β-D-galaktosid) substrat olarak 

NXOODQÕOPDNWDGÕU�� 3ODVPLG� WDUDIÕQGDQ� β-galaktosidaz üretilip ve substrat hidroliz 
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HGLOGL÷LQGH� K�FUHOHULQ� UHQJL� EX� VXEVWUDW� DQDOR÷XQXQ� NURPDWRJUDILN� |]HOOLNOHULQGHQ�
GROD\Õ� PDYL� ROPDNWDGÕU�� lacZ geQL�� JHQ� \DSÕVÕQD� KHUKDQJL� ELU� Q�NOHLN� DVLW� GL]LQLQLQ�
VRNXOPDVÕ\OD� SHUW�UEH� HGLOGL÷LQGH� β-JDODNWRVLGD]� HQ]LPL� VHQWH]OHQHPH\HFH÷L� YH�
VXEVWUDW� DQDOR÷XQX� SDUoDOD\DPD\DFD÷Õ� LoLQ� NRORQLOHULQ� UHQJL� EH\D]� RODFDNWÕU�� %X�
LúDUHWOH\LFL� LoHUHQ�SODVPLGOHUGH� lacZ geni içinde bir poliklonlama konumu bulunur ve 

NORQODPD�LúOHPOHUL�EX�E|OJH\H�\DSÕOÕU��.RORQLOHU�EX�\|QWHPOH�UHQNOHULQH�J|UH�VHoLOLU�YH�
W�P� \|QWHPOHUGHNL� JLEL� UHVWULNVL\RQ� DQDOL]OHUL\OH� JHQLQ� YDUOÕ÷Õ� NRQWURO� HGLOLU�� ùHNLO�
����¶GH�S8&���SODVPLG�YHNW|U��J|VWHULOPLúWir. Bu vektör, hem ampisilin direnç genini 

WDúÕPDNWD�KHP�GH��lacZ JHQLQL�WDúÕPDNWDGÕU��%X�YHNW|UH�EHQ]HU�oRN�VD\ÕGD�YHNW|U�WHPLQ�
edilebilir. 

 

Verimi en yüksek olan yöntem ise koloni hibridizasyon (hybridisation) yöntemidir. Bu 

yöntemde radyoaktif izotop içHUHQ� G173¶OHU� NXOODQÕODUDN�� NORQODQPDVÕ� LVWHQHQ� JHQ�
UDG\RDNWLI� RODUDN� LúDUHWOHQHUHN� SUREH� KD]ÕUODQÕU�� 3UREH� KD]ÕUODPDN� LoLQ� VV'1$� NDOÕS�
RODUDN� NXOODQÕOÕU�� VV'1$¶QÕQ� NDUúÕOÕN� JHOHQ� ]LQFLUL� NOHQRZ� HQ]LPL� LOH� ROXúWXUXOXU��
Ortamdaki nükleik asitlerden birisi rDG\RDNWLI�L]RWRS�WDúÕU��*HQL�WDúÕ\DQ�SODVPLGL�LoHUHQ�
PLNURRUJDQL]PDODU�QLWURVHO�OR]�ILOWUHOHU��]HULQH�DGVRUSODQÕU�YH�EX�ILOWUH�UDG\RDNWLI�SURE�
LOH�KLEULGL]H�HGLOLU�YH�ELU�VRQUDNL�DúDPDGD�\D�;-UD\�ILOPLQH�UDG\RDNWLI�PDGGHQLQ�ÕúÕQODUÕ�
DNWDUÕOÕU�YH\D�|]HO�ELU�J|U�QW��DQDOL]��0ROHFXODU�,PDJHU��FLKD]ÕQGD�UDG\RDNWLI�ÕúÕPD�LOH�
ROXúDQ� VLQ\DOGHQ� \DUDUODQDUDN� NORQODQPÕú� JHQL� LoHUHQ� SODVPLGLQ� DNWDUÕOGÕ÷Õ�
mikroorganizma seçilir (Sambrook  et al. 1995). 

  

ùHNLO������S8&���SODVPLG�YHNW|U� 
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2.6  Proteinler 

 

Proteinler yaúDPÕQ� HQ� |QHPOL� EL\RSROLPHUOHULGLU�� 0ROHN�O� D÷ÕUOÕNODUÕ� ELUNDo� ELQGHQ�
PLO\RQODUD� NDGDU� XODúDELOPHNWHGLU��0ROHN�O�QGH� �KHP� �DPLQR�JUXEX� �- NH2)  hemde 

karboksilik asit grubu  ( -&22+���EXOXQGXUDQ�ELOHúLNOHUH��DPLQR�DVLW�GHQLU���3URWHLQOHU�
bir yada daha fazlD�DPLQR�DVLW�]LQFLULQGHQ�ROXúPXú�SROLPHUOHUGLU��&DQOÕ�Y�FXGXQGD�����
oHúLW�DPLQR�DVLW�EXOXQPDNWDGÕU��$PLQR�DVLWOHU�ELUELUOHUL\OH�SHSWLW�ED÷ODUÕ�LOH�ELUOHúLUOHU��
+�FUHGH�ULER]RPGD�VHQWH]OHQLUOHU��+�FUHQLQ�HQ�|QHPOL�ELOHúLNOHULQGHQGLU��<DSÕVÕQGD��&��
H, O, N vH� ED]ÕODUÕQGD� EXQD� HN� RODUDN� 3�� 6� � EXOXQDELOLU�� 3URWHLQ�PROHN�O�� KHU� FDQOÕ�
W�U�QH� KDWWD� ELUH\H� |]J�� ROXS� DQWLMHQ� |]HOOL÷L� J|VWHULU�*�Q�P�]GH� GRNX� YH� RUJDQ�
QDNLOOHULQLQ�EDúDUÕVÕ]OÕNOD�VRQXoODQPDVÕQÕQ�QHGHQL� �EX�|]HOOLNOHULQGHQ�GROD\ÕGÕU��)DUNOÕ�
|]HOOL÷H�VDKLS�FDQOÕ\D�DNWDUÕOGÕNODUÕQGD�DQWLNRU�ROXúXPXQD�QHGHQ�ROXUODU��$PLQR�DVLWOHU�
5� JUXSODUÕQÕQ� IDUNOÕOÕ÷Õ� QHGHQL\OH� � E�\�NO�N�� VXGD� o|]�Q�UO�N�� HOHNWULNVHO� \�N� JLEL�
IL]LNVHO�YH�NLP\DVDO�|]HOOLNOHU�EDNÕPÕQGDQ��IDUNOÕGÕUODU��<DSÕFÕ�YH�RQDUÕFÕ�PROHN�OOHUGLU��
Az miNWDUGD�DQHUML�YHULFL�RODUDN�NXOODQÕOÕUODU��%DLOH\�DQG�2OOLV�������� 
 

 

NH2-CH-COOH + NH2-CH-COOH               NH2-CH-CO-HN-CH-COOH +H2O  

          R1                           R2                                      R1                R2 

Amino asit               Amino asit                                    Protein 

          

ùHNLO�������3URWHLQ�ROXúXP�PHNDQL]PDVÕ 
 

3HSWLW�ED÷Õ��ELU�DPLQR�DVLGLQ�NDUERNVLO�JUXEX�LOH�GL÷HU�DPLQR�DVLWLQ�DPLQ�JUXEX�DUDVÕQGD�
ELU�PROHN�O�VX\XQ�oÕNPDVÕ\OD�PH\GDQD�JHOLU�� 
 

2�����3URWHLQOHULQ�VÕQÕIODQGÕUÕOPDVÕ� 
 

3HN� oRN� úHNLOGH� VÕQÕIODQGÕUÕODELOLU�� ����� \ÕOÕQGD� � $PHULNDQ� %L\RNLP\DJHUOHU��
WRSODQWÕVÕQGD�JHQHO�RODUDN�úX�úHNLOGH�VÕQÕIODQGÕUÕOPÕúODUGÕU�(Stryer 1995); 

 

1. �%DVLW�SURWHLQOHU��+LGUROL]OHQLQFH�VDGHFH�DPLQR�DVLW�NDUÕúÕPÕ��Yerirler. 
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2. .RQMXJH� SURWHLQOHU�� +LGUROL]OHQLQFH� � DPLQR� DVLW� NDUÕúÕPÕQÕQ� \DQÕQGD� EDúND� ELU�
madde daha verirler ki buna da prostetik grup denir. 

      

�������3URWHLQOHULQ�\DSÕVÕ 
 

%DúOÕFD���DOW�\DSÕ�J|VWHULUOHU��/HKQLQJHU������� 
 

a –�3ULPHU�\DSÕ��$PLQR�DVLWOHULQ�EHOLUOL�ELU�VÕUD\D�J|UH�ED÷ODQPDVÕ\OD�ROXúDQ�\DSÕGÕU��%X�
\DSÕGD� SHSWLW� ED÷ODUÕ� HWNLQGLU�� *HUoHNWH� SURWHLQOHU� GH÷LúLN� ELU� oRN� SROLSHSWLW�
]LQFLULQGHQ�PH\GDQD�JHOPLúWLU�� 

 

b-� 6HNRQGHU� \DSÕ�� 3ULPHU� \DSÕGDNL� SROLSHSWLN� ]LQFLUOHULQ� GH÷LúLN� NRQILJ�UDV\RQ�
göstermHVL\OH�ROXúDQ�\DSÕGÕU���'|UW�W�U��YDUGÕU� 

 

    i - α-�KHOLNV��\DSÕVÕ��3ULPHU�\DSÕGDNL�SROLSHSWLW�]LQFLULQLQ�ELU�HNVHQ�HWUDIÕQGD�KHOH]RQ�
úHNOLQGH� NÕYUÕOPDVÕ\OD� PH\GDQD� JHOLU�� %X� \DSÕ\D� \�QGH�� VDoODUGD� YH� NDVODUÕQ�
PL\R]LQLQGH��YE��UDVWODQÕU� 

 

   ii - β - yapUDN�\DSÕVÕ�� øSOLNVL�SURWHLQOHUGH� VDUPDO�ER]XFX�DPLQR�DVLW�NDOÕQWÕODUÕ� �oRN�
ID]OD�LVH��GR÷DO�RODUDN�� �α-�KHOLNV��\DSÕVÕ�ROXúPD]���%XQXQ�\HULQH�G�]�SROLSHSWLW�
]LQFLUOHUL��KLGURMHQ�ED÷ODUÕ��LOH�\DQGDQ�oDSUD]�RODUDN�ELUELULQH�ED÷ODQDUDN�\HQL�ELU�
VHNRQGHU�\DSÕ�olan β -�\DSUDN�\DSÕVÕQÕ��ROXúWXUXUODU����%X�\DSÕ�NHUDWLQ���LSHN��YH�
NDOORMHQGH��YE��EXOXQPDNWDGÕU� 

 

c –�7HUVL\HU�\DSÕ��3URWHLQOHULQ��α-�KHOLNV�\DSÕVÕQGDNL�X]XQ�SURWHLQ�PROHN�O�Q�Q��NÕYUÕOÕS�
NDQJDOODúPDVÕ\OD� ROXúDQ� \DSÕGÕU�� %X� \DSÕGD� SURWHLQLQ� � YH\D� HQ]LPLn bütün 

PROHN�OOHUL� D\QÕ� WHUVL\HU� \DSÕ\Õ� DOÕUODU� YH� NDWDOLWLN� HWNLQOLNOHUGH� YH� GH� \DSÕVDO�
geometride gereklidir. 

 

d –�'|UG�QF��\DSÕ���'L÷HU��o�\DSÕQÕ�ER]XQPDVÕ�VRQXFX�ROXúDQ�\DSÕGÕU��%X�SURWHLQOHULQ��
denatürasyonudur. 
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Çizelge 2.7 Proteinlerin  metabolizmaGDNL�ED]Õ�IRQNVL\RQODUÕ 
 

Fonksiyon Örnek 

<DSÕ� 'HULGH� NDOORMHQ�VDoWD� WÕUQDNWD�
boynuzda keratin 

Hareket Kasta aktin ve miyozin  
Savunma Kanda antibadiler 
Depo 0ÕVÕU�WRKXPODUÕQGD�]HRWLQ 

Sinyaller Kanda büyüme hormonu  

Kataliz Enzimler ; pepsin, amilaz, ATP 
sentaz 

   

2.7 Hormonlar   

 

øQVDQ� Y�FXGXQXQ� G�]HQOH\LFL� ELULPOHULGLU�� K*+� � $QWHULRU� � KLSRIL]� KRUPRQODUÕQGDQ�
ELULGLU��+RUPRQODU��SURWHLQ�YH�\D÷ODU�JLEL��EHOLUOL�ELU�JUXED�JLUPH\HQ�PHVDM�WDúÕ\ÕFÕ�|]HO�
maddelerdir. Kan yoluyla vücudun en uzak bölgesine kDGDU� WDúÕQÕUODU��+HU� KRUPRQXQ�
Y�FXWWD�HWNLOHGL÷L�K�FUH��GRNX��RUJDQ�IDUNOÕGÕU��.DQGDNL�PLNWDUODUÕ�D]�ROPDVÕQD�UD÷PHQ�
EL\RORMLN� HWNLOHUL� ROGXNoD� \�NVHNWLU�� +RUPRQODUÕQ� VDOJÕODQPDVÕ� YH� SDUoDODQPDVÕ�
HQ]LPOHU�WDUDIÕQGDQ�ROPDNWDGÕU��6LQLU�VLVWHPL�LOH�ELUOLNWH�NRRUGLQDV\RQ�YH�E�W�QOHúWLUPH�
J|UHYLQL� \DSDUODU�� 9�FXGXQ� Lo� GHQJHVLQLQ� NXUXOPDVÕQGD� �KRPHRVWDVLGH�� J|UHY� DOÕUODU��
K*+�|]HOOLNOH�X]XQ�NHPLNOHULQ�YH�NDVODUÕQ�E�\�-mesini kontrol eder. Bu hormon 191 

DPLQR�DVLWWHQ�PH\GDQD�JHOPLú�ELU�SROLSHSWLGGLU��%�\�PH�KRUPRQu, vücudun tüm olarak 

E�\�PHVLQL�GR÷UXGDQ�GH÷LO��GROD\OÕ�RODUDN�HWNLOHU��3HNLQ��������� 
 

�������øQVDQ�%�\�PH�+RUPRQX���K*+�- Human Growth Hormone) 

 

Somatotropin olarak da bilinen insan büyüme hormonu (hGH), beynin ön lobunda 

bulunan hipofiz bezlerindeki soPDWRWURSLN�K�FUHOHU�WDUDIÕQGDQ�VHQWH]OHQLU�� 
 

��������<DSÕVÕ�YH�GR÷DO��VHQWH]L 
 

����DPLQR�DVLWWHQ�ROXúDQ��PROHN�O�D÷ÕUOÕ÷Õ ����N'D��N�UHVHO�ELU�SURWHLQ�RODQ�K*+¶QX�
NRGOD\DQ� JHQ� '1$¶GD� NURPR]RP� ��� �]HULQGH� EXOXQPDNWDGÕU�� 0DNURPROHN�O�Q�
SROLPHULN�\DSÕVÕQGD��������������YH�����QXPDUDOÕ�NRQXPODUGD�EXOXQDQ�G|UW�WDQH��VLVWHLQ�
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PROHN�O�� K*+¶QXQ� DNWLI� PROHN�O� NRQIRUPDV\RQXQGDNL� LNL� GLV�OILW� ED÷ÕQÕ�
ROXúWXUPDNWDGÕUODU��&\V35-Cys165 ve Cys182-Cys189���7HN�ELU�SROLSHSWLW�]LQFLUGHQ�ROXúDQ�
K*+¶QXQ�LNLQFLO�\DSÕVÕ�α-heliks úHNOLQGHGLU��YH�L]RHOHNWULN�QRNWDVÕ�S, ����¶GLU��*RHGGHO�
et al. 1979). 

 

.URPR]RP�����]HULQGH�EHú�WDQH��E�\�PH�KRUPRQ�JHQL�EXOXQPDNWDGÕU��%XQODUGDQ�LNLVL- 
hGH-N (normal) ve hGH-V (varyant)-� ELUELULQH� EHQ]HU� \DSÕ\D� VDKLSWLU�� $UDODUÕQGDNL�
IDUNOÕOÕN� IDUNOÕ� RODQ� ��� DPLQR� DVLWLQ� SROLSHSWLW� ]LQFLULQGH� IDUNOÕ� GD÷ÕOPDVÕQGDQ� LOHUL�
gelmektedir.  hGH-N geni hipofiz bezinde, hGH-V geni ise  plasenteda ekspres 

edilmektedir.  hGH-V geninin 22kDa,  25kDa ve 26kDa olmak üzere üç formu 

mevcuttur. hGH-N geninin ise 22kDa ve 2�N'DµOXN��LNL�L]RIRUPX��YDUGÕU���dRFXNODUGD�
YH� \HWLúNLQOHUGH� K*+
QXQ� VLUN�OH� HGHQ� IRUPX� KLSRIL]� EH]OHULQGH� �UHWLOHQ� K*+-N gen 

�U�Q�G�U�� +LSRIL]GHNL� WRSODP� K*+¶QLQ� \DNDODúÕN� ���¶QÕ� ��N'D¶OXN�� ���¶QX�
��N'D¶OXN� IRUPX� ROXúWXUPDNWDGÕU�� ��N'D¶OXN� IRUPXQGDNL� ��-4�� DUDVÕ� DPLQR� DVLWOHU�
��N'D¶OXN�IRUPXQGD�\RNWXU��6D÷OÕNOÕ�E�\�PHQLQ�JHUoHNOHúHELOPHVL�LoLQ��PHWDEROLN�YH�
IL]\RORMLN�DoÕGDQ���N'D¶OXN�K*+�IRUPX�JHUHNOLGLU�����N'D¶OXN�IRUPXQ�LQVDQGD�E�\�PH�
üzerindeki etkileri bilinmemektedir.  

 

%�\�PH� KRUPRQXQXQ� � VDOJÕODQPDVÕ� LNL� KLSRWDODPXV� KRUPRQXQXQ� -growth hormone-

releasing hormone (GHRH) ve somatostatin (GHIF) –�NRQWURO�QGH�JHUoHNOHúPHNWHGLU��
GHRH  büyüme hormonunu stimüle edici; GHIF ise büyüme homonunu inhibe edici 

etkiye sahiptir.  

 

 

 

 

 

 

 

 

 

 



57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����  22kDa’luk hGH’nin amino asit  dizini 
 

 

2.7.1.2  Fizyolojik ve metabolik etkileri 

 

K*+¶QXQ� WHPHO� IRQNVL\RQX� LVNHOHW� YH� \XPXúDN� GRNXQXQ� E�\�PHVLQL� VD÷ODPDNWÕU��
%�\�PH�ELUELUL�LOH�LOJLOL�ELU�NÕVÕP�PHWDEROLN�ROD\ODU�YH�RUJDQL]PDQÕQ�EHVOHQPH�GXUXPX�
ile ilgili�RODQ�NRPSOHNV�ELU�SURVHVWLU�YH�oHúLWOL�KRUPRQODUÕQ�NRRUGLQHOL�RODUDN�oDOÕúPDVÕQÕ�
JHUHNWLULU�� � K*+� GRNXODU� �]HULQGH� GLUHN� YH� LQGLUHN� ROPDN� �]HUH� LNL� D\UÕ� HWNL�
PHNDQL]PDVÕQD� VDKLSWLU�� 'LUHN� HWNLOHUL� K*+¶QXQ� KHGHI� K�FUHOHUL� �]HULQGH� EXOXQDQ�
UHVHSW|U�QH�ED÷ODQDUDN�JHUoHNOHúWLUPHNWHGLU��øQGLUHN�HWNLOHUL�LVH��NDUDFL÷HU�YH�GL÷HU�ED]Õ�
GRNXODUGDQ� K*+¶D� FHYDS� RODUDN� VDOJÕODQDQ� øQVXOLQ-like growth factor-1 (IGF-1) 

KRUPRQX� DUDFÕOÕ÷Õ\OD� JHUoHNOHúLU�� %�\�PH� KRUPRQXQXQ� E�\�PH\L� GHVWHNOH\LFL�
HWNLOHULQLQ� oR÷X�� RQXQ� KHGHI� Kücreleri üzerinde etki gösteren IGF-�¶H� GD\DQPDNWDGÕU���
6DOJÕODQDQ� ,*)-�� KRUPRQX�� � NÕNÕUGDN� K�FUHOHULQLQ� oR÷DOPDODUÕQÕ� VWLP�OH� HGHUHN�
NHPLNOHULQ�� NDV� K�FUHOHULQLQ� � oR÷DOPDVÕQÕ� YH� IDUNOÕODúPDVÕQÕ� VD÷OD\DUDN� � NDVODUÕQ��
E�\�PHVLQGH��URO�DOPDNWDGÕU� 
 

G

 

NH2 

COOH 

GH 
YDU\DQWODUÕQGD�
kaybolan amino 
asitler 

Cys35-Cys165 ve 
Cys182-Cys189 
'LV�OILW��ED÷ODUÕ 
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Büyüme hoUPRQX����DPLQR�DVLW�NDWDEROL]PDVÕQÕ�JHFLNWLULS��EXQODUÕQ�Y�FXW�SURWHLQOHULQH�
oHYULOPHVLQL�KÕ]ODQGÕUDUDN��SURWHLQ�PHWDEROL]PDVÕQÕ����WULJOLVHULWOHULQ�SDUoDODQPDVÕQÕ�YH�
RNVLGDV\RQXQX�VWLP�OH�HGHUHN� �\D÷�NXOODQÕPÕQÕQ�DUWWÕUÕOPDVÕ\OD�\D÷� �PHWDEROL]PDVÕQÕ���
anti-LQV�OLQ� DNWLYLWH\H� VDKLS� ROPDVÕ� � VD\HVLQGH� � GH� NDUERQKLGUDW� PHWDEROL]PDVÕQÕ��
HWNLOHPHNWHGLU�� *HOLúPH� oD÷ÕQGD� \�NVHN� VHYL\HGH� VDOJÕODQDQ� KRUPRQXQ� Y�FXWWDNL�
PLNWDUÕ� \DúODQPD� LOH� D]DOPDNWDGÕU�� K*+¶QXQ� HQ� \R÷XQ� VDOJÕODQGÕ÷Õ� SHUL\RW� GHULQ�
X\NXQXQ�EDúODPDVÕQGDQ�KHPHQ�VRQUDGÕU� 
 

%DúWD� E�\�PH� JHULOL÷L� ROPDN� �]HUH� NHPLN� NÕUÕNODUÕ�� \DQÕN� WHGDYLVL��PLGH� NDQDPDODUÕ��
\DUDODUÕQ� L\LOHúWLULOPHVL�� EHVOHQPH� \HWHUVL]OL÷LQGHQ� GROD\Õ� DGDOHOHULQ� JHOLúPHPHVL� JLEL�
SHN�oRN� WHUDSDWLN�NXOODQÕPÕ�PHYFXWWXU�� �.DOS�–�GDPDU�KDVWDOÕNODUÕ��úLúPDQOÕN��VDoODUÕQ�
EH\D]ODPDVÕ�YH�FLOWWH�NÕUÕúÕNOÕNODU�JLEL�\DúODQPD�EHOLUWLOHULQLQ�oR÷X��\DúODQPD\OD�ELUOLNWH�
E�\�PH� KRUPRQXQGDNL� D]DOPD\OD� LOJLOLGLU�� )D]OD� VDOJÕODQPDVÕ� GXUXPXQGD� JHQo�
\DúWDNLOHUGH�GHY�KDVWDOÕ÷Õ��JLJDQWL]LP���\DúOÕODUGD�LVH�EXUXQ��GXGDN��DOÕQ�YH�NDIDWDVÕQÕQ�
\XPXúDN� GRNXODUÕQÕQ� NDOÕQODúPDVÕ�� HO� YH� D\DN� NHPLNOHULQL�� oHQH�� DOÕQ� JLEL� oÕNÕQWÕ�
NÕVÕPODUÕQ� ID]OD� E�\�PHVL� RODUDN� RUWD\D� oÕNDQ� DNURPHJDOL\H� QHGHQ� ROPDNWDGÕU�� $]�
VDOJÕODQPDVÕ� GXUXPXQGD� E�\�PH� JHFLNPHVL� �F�FHOLN-dwarfism) görülmektedir. 

K*+¶QLQ� PHWDEROL]PD� �]HULQGHNL� HWNLOHULQGHQ� GROD\Õ� \DúODQPD� V�UHFLQL�
\DYDúODWÕODELOHFH÷L� �EHOLUOHQPLúWLU��%X� �DPDoOD� � µ$QWL-DJLQJ¶�DGÕ�DOWÕQGDNL�oDOÕúPD� �KÕ]�
ND]DQPÕúWÕU� 
 

K*+¶QXQ� EL\RORMLN� YH� IL]\RORMLN� � DNWLYLWHOHUL� LOH� SURWHLQ�� \D÷� YH� NDUERQKLGUDW�
meNDQL]PDVÕ��]HULQGHNL�HWNLOHUL�QHGHQL\OH�WHUDSDWLN�SURWHLQ��UHWLPLQGH�|QHPOL�ELU�\HUH�
sahiptir. 

 

��������K*+¶QLQ�WHUDSDWLN�SURWHLQ�LoLQ�NXOODQÕP�RQD\Õ��7DULKoHVL�YH���UHWLPL 
 

����¶GDQ� ����� \ÕOÕQD� NDGDU� LQVDQ� NDGDYUDVÕQGDQ� � oÕNDUWÕODQ� KLSRIL]� EH]LQGHQ� L]ROH�
HGLOPLú�RODQ�E�\�PH�KRUPRQX�&UHXWIHOGW�MDFRE�KDVWDOÕ÷ÕQD�ED÷OÕ�|O�POHU�RUWD\D�oÕNPDVÕ�
VHEHEL\OH�JHQHWLN�P�KHQGLVOL÷L� � WHNQLNOHUL\OH�K*+¶QX��NRGOD\DQ�JHQLQ�NORQODQPDVÕ\OD�
HOGH�HGLOHQ�UHNRPELQDQW�K*+¶QXQ�EL\RWHNQRORMLN�SURVHVOHUOH��UHWLPL�LoLQ��DUDúWÕUPDODUD 
KÕ]�YHULOPLúWLU� 
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5HNRPELQDQW�'1$� WHNQRORMLVLQGHNL�JHOLúPHOHUOH�� LQVDQ�E�\�PH�KRUPRQXQX�NRGOD\DQ�
gen ilk olarak Goeddel et al. �������WDUDIÕQGDQ�NORQODQPÕúWÕU��%XQXQ��]HULQH�KD\YDQVDO��
IRUPODUÕ� LQVDQODUGD� LQDNWLI� WHN� KRUPRQ� RODQ� K*+
QXQ�� PROHN�OHU� EL\RWHNnolojik 

WHNQLNOHUOH�UHNRPELQDQW��UHWLPL�LoLQ�\DSÕODQ�HQG�VWUL\HO�EL\RWHNQRORMLN�DUDúWÕUPDODU�KÕ]�
ND]DQPÕúWÕU������¶WH�*HQHQWHFK��$%'��WDUDIÕQGDQ�3URWURSLQ��U�Q-DGÕ�YHULOHUHN��UHWLOHQ�
ve pazarlanan rekombinant hGH’a ABD Food and Drug Administration (FDA) 

taUDIÕQGDQ� LON� OLVDQV� YHULOPLúWLU�� 'R÷DO� K*+� ���� DPLQR� DVLWWHQ� ROXúPDNWDGÕU�� DQFDN��
*HQHQWHFK� WDUDIÕQGDQ� �UHWLOHQ� K*+� � 1-XFXQGD� PHWL\RQLQ� EXOXQGXUPDNWDGÕU� YH� ����
DPLQR�DVLWH�VDKLSWLU������¶GD�(OL�/LOO\�WDUDIÕQGDQ�����DPLQR�DVLWWHQ�ROXúDQ�UHNRPELQDQW�
hGH Humatrope ürün-DGÕ\OD��UHWLOPLú�YH�IDNOÕ�ELU�NLP\DVDO�\DSÕ\D��VRQXo�RODUDN�IDUNOÕ�
HWNLOHUH�VDKLS�ROGX÷X�LoLQ�)'$�WDUDIÕQGDQ�OLVDQV�YHULOPLúWLU�� 
 

%L\RWHNQRORMLN�SURVHVOHUOH�K*+��UHWLP� LOH� LOJLOL� LON�oDOÕúPDODU�NRQDN�K�FUH�RODUDN� �E. 

coli�PLURRUJDQL]PDVÕQÕQ�NXOODQÕPÕ�LOH�JHUoHNOHúWLULOPLúWLU��*UD\�et al. 1985,  Becker et 

al. 1986, Chang et al. 1987, Kato et al. �������)DNDW�K�FUH�GÕúÕQD�VDOJÕODQDQ�K*+¶QLQ�
DQFDN� GR÷DOÕ\OD� D\QÕ� |]HOOLNOHU� J|VWHUPHVL� QHGHQL\OH� EX� |]HOOL÷H� VDKLS� Bacillus 

K�FUHOHULQLQ� NXOODQÕOGÕ÷Õ� � oDOÕúPDODUÕQ� � KÕ]� ND]DQPDVÕQD� QHGHQ� ROXúWXU� �)UDQFK� et al. 

1991,  Kajino et al. 1997).  

  

2.8  Biyoproses Karakteristikleri 

 

%L\RWHNQRORMLN��UHWLPOHUGH�NXOODQÕODQ�YH�EL\RUHDNW|U�LoLQGHNL�PLNUR-biyoreaktörler olan 

K�FUHOHU� KHGHIOHQHQ� �UHWLP� LoLQ� NRúXOODUÕ� JHOLúWLULOPHVL� YH� RSWLPL]H� HGLOPHVL� JHUHNHQ�
RUWDPODUGD�� JHQHWLN� NRQWURO�PHNDQL]PDODUÕQÕQ� HWNLVL� DOWÕQGD�ELQOHUFH� HQ]LP� WDUDIÕQGDQ�
NDWDOL]OHQHQ� oRN� VD\ÕGDNL� PHWDEROLN� UHDNVL\RQX� K�FUH� LoLQGH� JHUoHNOHúWLUHUHN� YH�
K�FUHLoL�GÕúÕ� DUDVÕQGD� IDUNOÕ� PHNDQL]PDODUOD� \�U�\HQ� WUDQVIHUOHU� \DSDUDN� VXEVWUDWODUÕ�
W�NHWLUOHU�� NHQGLOHULQL� YH� PHWDEROLN� �U�QOHUL� �UHWLUOHU�� +�FUH� NLQHWL÷L� \DQL� VXEVWUDW�
tüketim, hücre ürün ve yan-�U�Q��UHWLP�NLQHWLNOHUL�K�FUHOHUL�VÕUDVÕ\OD�oRN�ELOHúHQGHQ�YH�
WHN� ELOHúHQGHQ� ROXúPXú� 

\DSÕVDO

� �VWUXFWXUHG�� YH� 

\DSÕVDO� ROPD\DQ

� �XQVWUXFWXUHG��
\DNODúÕPODUOD� WDQÕPODQDELOLU�� )DUNOÕ� |]HOOLNOHUGH� KHWHURMHQ� K�FUH� WRSOXOXNODUÕ� 

D\UÕN

�
�VHJUHJDWHG��� RUWDODPD� RUWDN� |]HOOLNOHUH� VDKLS� K�FUH� WRSOXOXNODUÕ� 

ELUOHúLN

�
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�XQVHJUHJDWHG�� RODUDN� QLWHOHQGLULOGL÷LQGH�� D\UÕN� K�FUHOHUL� GLNNDWH� DODQ� \DSÕVDO� PRGHO�
\DNODúÕPÕ��JHUoHN�GXUXPX�\DQVÕWÕUNHQ�RUWDN�|]HOOLNOHUH�VDKLS�K�FUHOHULQ�WHN�ELOHúHQ�JLEL�
G�ú�Q�OG�÷�� PRGHOOHU� LGHDO� ELU� GXUXPX� WDQÕPODUODU�� *HQHO� RODUDN� K�FUH� NLQHWL÷L�
SURVHVWH�XODúÕOPDN�LVWHQHQ�WHPHO�DPDFD�X\JXQ�JHUHNOL�DQDKWDU�GH÷LúNHQOHUH�ED÷OÕ�RODUDN�
NXOODQÕúOÕ�PDWHPDWLNVHO�PRGHOOHUOH�WDQÕPODQPDOÕGÕU��%DLOH\�DQG�2OOLV������ 
 

.HVLNOL� EL\RUHDNW|UOHUGH� K�FUH� GHULúLPLQLQ� ]DPDQOD� GH÷LúLPL� 

oR÷DOPD� H÷ULVL

� JHQHO�
olarak S-H÷ULVL� �VLJPRLG�� úHNOLQGHGLU� YH� 

JHFLNPH

�� 

�VWHO� oR÷DOPD

� YH� 

GXUDNODPD

�
ID]ODUÕQÕ�LoHULU��+�FUH��UHWLP�KÕ]Õ��Ux�DúD÷ÕGD�YHULOHQ�0RQRG�GHQNOHPL\OH�K�FUH�GHULúLPL�
Cx
H�ED÷ODQDELOLU� 
 

                                       (2.1) 

 

Burada µ�� VSHVLILN� oR÷DOPD� KÕ]ÕGÕU�� µ� GH÷HULQL� VXEVWUDW� GHULúLPLQH� ED÷OD\DQ�0RQRG��
VXEVWUDW���U�Q�LQKLELV\RQX�JLEL�PRGHOOHU�PHYFXWWXU��.DUERQ�ND\QD÷ÕQÕQ�W�NHWLP�KÕ]Õ��-rs 

�U�Q��UHWLP�KÕ]Õ��Up�LVH�VÕUDVÕ\OD� 
 

 

(2.2)              

 

                         

 

(2.3) 

 

W�NHWLOHQ� VXEVWUDW� EDúÕQD� �UHWLOHQ� K�FUH� YH\D� �U�Q� LVH� DúD÷ÕGDNL� YHULP� NDWVD\ÕODUÕ� LOH�
WDQÕPODQDELOLU� 
 

                                             (2.4) 

 

                                                                              (2.5) 
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%HQ]HU�úHNLOGH�W�NHWLOHQ�RNVLMHQ�EDúÕQD��UHWLOHQ�K�FUH�YHULPL�LVH�� 
 

                                (2.6) 

 

úHNOLQGH�WDQÕPODQPÕúWÕU� 
 

)DUNOÕ�YHULP�NDWVD\ÕODUÕQÕQ�WDQÕPODUÕ�YH�ELULPOHUL�LOH�ELUOLNWH�dL]HOJH����
GH�YHULOPLúWLU��
.HVLNOL� EL\RWHNQRORMLN� SURVHVOHUGH� VSHVLILN� oR÷DOPD� KÕ]Õ� YH� YHULP� NDWVD\ÕODUÕ�
PLNURRUJDQL]PDQÕQ�oR÷DOPD�KÕ]Õ�YH�\DúDP�IRQNVL\RQODUÕQD�ED÷OÕ�RODUDN�SURVHV�ER\XQFD�
GH÷LúLP�J|VWHUHELOHFHNOHUL�JLEL�GR÷DO�RODUDN�NXOODQÕODQ�NDUERQ�ND\QD÷ÕQD�ED÷OÕ�RODUDN�GD�
GH÷LúHELOLUOHU�� dL]HOJH� ���
GH� IDUNOÕ� VXEVWUDWODU� LoLQ� EDNWHULOHULQ� YHULP� NDWVD\ÕODUÕ� \HU�
DOPDNWDGÕU�� 
 

 

dL]HOJH�����)DUNOÕ�YHULP�NDWVD\ÕODUÕQÕQ�WDQÕPODUÕ��%ODQFK�DQG�&ODUN������ 
 
Sembol 7DQÕP Birim 

Yx/s' 
2OXúDQ� K�FUHQLQ� PRO� &� PLNWDUÕQÕQ�
W�NHWLOHQ�VXEVWUDWÕQ�PRO�&�PLNWDUÕQD�RUDQÕ mol hücre (mol substrat)-1 

Yx/s 
ROXúDQ� K�FUHQLQ� D÷ÕUOÕ÷ÕQÕQ� W�NHWLOHQ�
substrDWÕQ�D÷ÕUOÕ÷ÕQD�RUDQÕ g hücre  (g substrat)-1 

Yx/o' 
ROXúDQ�K�FUHQLQ�PRO�&�PLNWDUÕQÕQ�W�NHWLOHQ�
RNVLMHQLQ�PRO�&�PLNWDUÕQD�RUDQÕ mol hücre (mol oksijen)-1 

Yx/o 
ROXúDQ� K�FUHQLQ� D÷ÕUOÕ÷ÕQÕQ� W�NHWLOHQ�
RNVLMHQLQ�D÷ÕUOÕ÷ÕQD�RUDQÕ g  hücre (g oksijen)-1 

Yp/s' 
oOXúDQ� �U�Q�Q�PRO�&�PLNWDUÕQÕQ� W�NHWLOHQ�
VXEVWUDW�PRO�&�PLNWDUÕQD�RUDQÕ mol ürün (mol substrat)-1 

Yp/s 
ROXúDQ��U�Q�Q�D÷ÕUOÕ÷ÕQÕQ�W�NHWLOHQ�VXEVWUDW�
D÷ÕUOÕ÷ÕQD�RUDQÕ g ürün ( g substrat)-1 

 
 
 
 
 
 
 
 
 
 
 
 

or

xr

ox
Y

−
=/



62 

dL]HOJH�����)DUNOÕ�VXEVWUDWODU�LoLQ�EDNWHULOHULQ�YHULP�NDWVD\ÕODUÕ��%DLOH\�DQG�2OOLV������� 
 

Substrat 
Yx/s;  

g hücre (g substrat)
-1

 

Yx/o;  

g hücre (g oksijen)
-1

 

Malat 0.34 1.02 

Asetat 0.36 0.70 

*OXNR]�ELOHúLNOHUL 
�PHODV��QLúDVWD��VHOXOR]� 0.51 1.47 

Metanol 0.40 0.44 

Etanol 0.68 0.61 

ø]RSURSDQRO 0.43 0.23 

n-Parafin 1.03 0.50 

Metan 0.62 0.20 

 

 

(÷HU� YHULP� IDNW|U�� WDQÕPODQDQ� SURVHV� LoLQ� \DNODúÕN� RODUDN� VDELWVH�� SURVHV� V�UHVLQFH�
K�FUH� YH� VXEVWUDW� GHULúLPLQGHNL� GH÷LúLNOLNOHU� VDGHFH� VWRNL\RPHWUL� WHPHO� DOÕQDUDN�
EHOLUOHQHELOLU�� %X� GXUXPGD� EL\RUHDNW|U� WDVDUÕPÕQGan gelen etkiler ihmal edilerek 

GH÷LúNHQOHUGHQ�ELUL�GL÷HUL�FLQVLQGHQ�LIDGH�HGLOHELOLU���$QFDN�EL\RWHNQRORMLN�SURVHVOHUGH�
YHULP� NDWVD\ÕVÕQÕQ� VDELW� ROGX÷XQX� NDEXO� HWPHN�� PLNURRUJDQL]PDQÕQ� \DúDPVDO�
IDDOL\HWOHUL�GH�J|]�|Q�QH�DOÕQGÕ÷ÕQGDQ�P�PN�Q�GH÷LOGLU��%X�QHdenle proses veriminde 

PLNURRUJDQL]PDQÕQ� oR÷DOPD� KÕ]ÕQD� YH� \DúDPVDO� LúOHYOHULQH� ED÷OÕ� RODUDN� EL\RSURVHV�
V�UHVLQFH� GH÷LúLP� J|]OHQLU�� %X� GXUXPGD� PLNURRUJDQL]PDQÕQ� VXEVWUDW� W�NHWLPLQL�
EHOLUOHPHN� LoLQ� � �U�Q� ROXúXPX� YH� K�FUH� oR÷DOPDVÕ� \DQÕQGD� � K�FUHQLQ� \DúDP�
foQNVL\RQODUÕQÕQ�GD��GLNNDWH�DOÕQPDVÕ�JHUHNLU��Bailey and Ollis 1986).  

 

����%L\RUHDNW|U�øúOHWLP�3DUDPHWUHOHUL 
 

�������6ÕFDNOÕN� 
 

%L\RSURVHV� RUWDPÕQÕQ� VÕFDNOÕ÷Õ� oR÷DOPD� KÕ]ÕQGD� HWNLOL� ROGX÷X� JLEL� NDUERQ� YH� HQHUML�
ND\QDNODUÕQÕQ�NXOODQÕPÕQGD�GD�HWNLOLGLU��VXEVWUDWODUGDQ�K�FUH�YH��U�Q�ROXúXP�YHULPOHULQL�
GH÷LúWLUHELOLU��6ÕFDNOÕN�G�ú�QFH�GDKD� ID]OD�HQHUML\H�JHUHNVLQPH�RODFD÷Õ� LoLQ�NDUERQ�YH�
HQHUML� ND\QD÷ÕQÕQ� YHULPL� GH� G�úHU�� $\UÕFD� VÕFDNOÕN� D]DOGÕNoD� oR÷DOPD� VÕUDVÕQGDNL�
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magnezyum, potasyum ve fosfat verimleri üzerLQGH� GH� G�úPHOHU� J|]OHQPLúWLU�� %D]Õ�
KDOOHUGH�EL\RSURVHV�RUWDPÕQÕQ�VÕFDNOÕ÷Õ� LOH�ELUOLNWH�PLNURRUJDQL]PDODUGDNL�\ROL]OHULQGH�
GH� GH÷LúLNOLNOHU� ROGX÷X� � J|]OHQHELOPLúWLU� �3HNLQ� ������� +HU� PLNURRUJDQL]PDQÕQ�
oR÷DOPDVÕQÕQ��U�Q� �UHWLPLQLQ�PDNVLPXP�ROGX÷X�ELU�RSWLPXP� VÕFDNOÕN�VÕFDNOÕN� DUDOÕ÷Õ�
YDUGÕU��øVWHQLOHQ��U�Q�Q�YHULPLQL�YH�VHoLPOLOL÷LQL�DUWÕUPDN�LoLQ�PLNURRUJDQL]PDQÕQ�DNWLI�
ROGX÷X� RSWLPXP� VÕFDNOÕN� GH÷HULQGH� YH\D� DUDOÕ÷ÕQGD� oDOÕúÕOPDOÕGÕU�� E. coli 

PLNURRUJDQL]PDODUÕ� LOH� K*+� � �UHWLPLQGH� � -HQVHQ� DQG� &DUOVHQ� �����), Byund et al. 

(2000) ve Caston et al. (2002) 30 oC’de, Shin et al. (1998a-b) ve Tabandeh et al. (2004) 

ise 37 o&¶GH�VÕFDNOÕN�HWNLVLQL�LQFHOHPHGHQ�oDOÕúPÕúODUGÕU��6�UHOL�\D\ÕQ�OLWHUDW�U�QGHNL�WHN�
Bacillus� W�UOHUL� LOH� K*+� �UHWLPL� � DUDúWÕUPDVÕQGD� 1DND\DPD� et al. (1988) 30 oC’de 

VÕFDNOÕN�HWNLVLQL�LQFHOHPHGHQ�oDOÕúPÕúODUGÕU� 
 

2.9.2  pH  

 

2UWDPGDNL�KLGURMHQ�L\RQX�GHULúLPL�K�FUHQLQ�PHWDEROLN�IDDOL\HWOHULQH�ED÷OÕ�RODUDN�GH÷LúLU�
YH�K�FUH�GÕúÕQGDNL�GH÷LúLPOHUH� UD÷PHQ�K�FUH�� Lo�S+�GH÷HULQL� VDELW� WXWDU��+�FUH� LoL�YH�
GÕúÕ� DUDVÕQGDNL� SURWRQ� JUDG\HQL� LVH� N�WOH� DNWDUÕPÕQGDQ� HQHUML� �UHWLPLQH�� SHN� oRN�
PHWDEROLN�IRQNVL\RQ�LoLQ�JHUHNOLGLU��1HLOVHQ�DQG�9DOOLGVHQ��������%X�QHGHQOH�K�FUH�GÕúÕ�
S+¶ÕQ�GH÷HUL�DUDOÕ÷Õ�K�FUH�ID]OD�\D�GD�D]�HQHUML�KDUFD\DUDN�SURWRQ�JUDG\HQLQL�NRUXPD\D�
oDOÕúDFD÷Õ� LoLQ� PHWDEROLN� IDDOL\HWOHUL�� GROD\ÕVÕ\OD� GD� �UHWLP� YHULPLQL� GH÷LúWLUHFHNWLU��
6RQXo�RODUDN�EL\R�UHWLP�VÕUDVÕQGD�YHULP�YH�VHoLPOLOLN�DoÕVÕQGDQ�GÕú�RUWDPÕQ�S+¶ÕQÕ�EHOOL�
GH÷HUGH�\D�GD�DUDOÕNWD�WXWPDN�JHUHNHELOLU��3HNLQ������� 
 

Biyoproses süresince p+� GH÷LúLPL� PHWDEROLN� \ROL]LQGHNL� GH÷LúLPOHULQ� YH� VDSPDODUÕQ�
|QHPOL� ELU� J|VWHUJHVLGLU�� .DUERQKLGUDWODU�� |UQH÷LQ� JOXNR]� NXOODQÕOGÕ÷ÕQGD�� K�FUH� LoL�
WHSNLPHOHUOH� ROXúDQ� RUJDQLN� DVLWOHULQ�� DPLQR� DVLWOHULQ� RUWDPD� VDOJÕODQPDVÕ\OD� ELUOLNWH�
RUWDP� S+¶ÕQGD� G�úPH�� RUWDPD� VDOJÕODQDQ� PHWDEROLWOHULQ� WHNUDU� K�FUH\H� WUDQVIHUL� YH�
NXOODQÕPÕ\OD�GD�DUWÕú�J|]OHQLU��2UWDP�S+¶ÕQD�ED÷OÕ�RODUDN�K�FUH�LoL�WHSNLPHOHU�YH�KÕ]ODUÕ�
GH÷LúWL÷LQGHQ�� EL\RWHNQRORMLN� �U�QOHULQ� �UHWLPLQGH� NXOODQÕODQ� PLNURRUJDQL]PDODU��
oR÷DOPD�YH�LVWHQHQ��U�Q�Q��UHWLPL�LoLQ�IDNOÕ�RSWLPXP�S+�GH÷HUL�\D�GD�DUDOÕ÷ÕQD�VDKLS�
olabilirler. 
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E.coli ve Bacillus türü mikroorganizmalar ile hGH üretiminde, Nakayama et al. (1988),  

Jensen and Carlsen (1990), Byund et al. (2000) ve Caston et al. (2002), Shin et al. 

(1998a-b), Tabandeh et al.��������S+�HWNLVLQL�LQFHOHPHGHQ�oDOÕúPÕúODUGÕU� 
 

������2NVLMHQ�DNWDUÕPÕ� 
  

D��gQHPL�YH�PHNDQL]PDVÕ 
 

2NVLMHQLQ� JLUGL� RODUDN� NXOODQÕOGÕ÷Õ� DHURELN� SURVHVOHUGH� �PLNUREL\DO� K�FUHOHU� VROXQXP��
oR÷DOPD���U�Q�VHQWH]L�JLEL�PHWDEROLN�IDDOL\HWOHULQL�V�UG�rebilmek için temel girdilerden 

ELUL� RODQ� RNVLMHQH� LKWL\Do� GX\DUODU�� %X� QHGHQOH� � oR÷DOPD� YH� �UHWLP� RUWDPÕQGDNL�
o|]�QP�ú�RNVLMHQ�GHULúLPL�YH�RNVLMHQLQ�DNWDUÕP�KÕ]Õ�|QHPOLGLU��2NVLMHQLQ�DNWDUÕPÕQÕQ�
HNVLNOL÷L�\D�GD�ID]ODOÕ÷Õ��U�Q�YHULPL�YH�VHoLPOLOL÷LQL�HWNLOer. Bir biyoteknolojik proseste 

RNVLMHQ� JHUHNVLQLPL� YH� DNWDUÕPÕ�� PLNURRUJDQL]PD� W�U�\OH�� �UHWLP� RUWDPÕQÕQ� IL]LNVHO�
|]HOOLNOHUL� LOH�� EL\RUHDNW|U� YH� NDUÕúWÕUÕFÕ� NRQILJ�UDV\RQX\OD� LOJLOLGLU�� .DUÕúWÕUPDOÕ�
EL\RUHDNW|UOHUGH� RNVLMHQ� DNWDUÕPÕ� LoLQ� RNVLMHQ�KDYD� JLULú� KÕ]Õ� YH� NDUÕúWÕUPD� KÕ]Õ� LOH�
ELUOLNWH� |QHPOL� EL\RUHDNW|U� LúOHWLP� SDUDPHWUHOHULGLU�� $HURELN� �UHWLP� SURVHVOHULQGH�
PLNUREL\DO�K�FUHOHUH�RNVLMHQLQ�DNWDUÕP�KÕ]Õ��EL\RORMLN�G|Q�ú�P�KÕ]ÕQÕQ�EHOLUOHQPHVLQGH�
|QHPOL� ELU� NÕVÕWOD\ÕFÕ� HWNHQGLU�� d�QN�� EL\RNLP\DVDO� UHDNVL\RQODUÕQ� KÕ]ODUÕ� �UHWLP�
RUWDPÕQD�DNWDUÕODQ�RNVLMHQLQ�DNWDUÕP�KÕ]ÕQD�RUDQOD�JHQHO�RODUDN�GDKD�\�NVHNWLU��%DLOH\�
and Ollis 1986). 

 

øNL�ILOP�WHRULVLQH�J|UH�EL\RSURVHV�RUWDPÕQGDNL�ELU�JD]�NDEDUFÕ÷ÕQGDQ�PLNUREL\DO�K�FUH\H�
RNVLMHQLQ�DNWDUÕPÕ�ùHNLO�����¶WH�J|U�OG�÷��JLEL�VHNL]�EDVDPDNWD�JHUoHNOHúLU��%DLOH\�DQG�
Ollis 1986). 
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ùHNLO��������øNL�ILOP�WHRULVLQH�J|UH�ELU�JD]�NDEDUFÕ÷ÕQGDQ�PLNURRUJDQL]PD\D�RNVLMHQLQ�
DNWDUÕP�PHNDQL]PDVÕ� 

 

���2NVLMHQLQ�JD]�\Õ÷ÕQÕQGDQ�JD]-VÕYÕ�DUD�\�]H\LQH�DNWDUÕPÕ 
2. Gaz-VÕYÕ�DUD�\�]H\GH�o|]�QPH��JD]�ID]GDQ�VÕYÕ�ID]D�JHoLú�� 
���d|]�QP�ú�JD]ÕQ�GXUJXQ�VÕYÕ�ILOPLQGH�DNWDUÕPÕ 
���d|]�QP�ú�JD]ÕQ�L\L�NDUÕúDQ�VÕYÕ�\Õ÷ÕQGD�DNWDUÕPÕ 
���d|]�QP�ú�JD]ÕQ�PLNUREL\DO�K�FUH�\Õ÷ÕQÕQD�ELWLúLN�GXUJXQ�VÕYÕ�ILOPLQGH�DNWDUÕPÕ 
���d|]�QP�ú�JD]ÕQ�GXUJXQ�VÕYÕ�ILOP�WDEDNDVÕQD�ELWLúLN�K�FUH�N�PHVLQH�DNWDUÕPÕ 
���+�FUH�\Õ÷ÕQÕQGDQ�K�FUH\H�DNWDUÕP 

���+�FUH�GXYDUÕQGDQ�JHoLú�YH��UHDNVL\RQ�NRQXPXQD�DNWDUÕP 

 

2NVLMHQLQ� VX� LoHULVLQGHNL� o|]�Q�UO�÷�� G�ú�NW�U�� %X� QHGHQOH� RNVLMHQ� DNWDUÕPÕQGD� JD]�
ILOPLQLQ� GLUHQFL� VÕYÕ� ILOP� GLUHQFLQH� NÕ\DVOD� LKPDO� HGLOHELOLU� G�]H\GHGLU�� %L\RSURVHV�
RUWDPÕQGD�NDUÕúWÕUPD�KÕ]ÕQÕQ�YH\D�KDYDODQGÕUPD�KÕ]ÕQÕQ�DUWÕUÕOPDVÕ\OD�KDYD�NDEDUFÕNODUÕ�
oHYUHVLQGHNL�ILOP�GLUHQoOHUL�NÕUÕODUDN�RNVLMHQLQ�EL\RG|Q�ú�P�RUWDPÕQGDNL�DNWDUÕP�KÕ]Õ�
DUWÕUÕODELOLU��+�FUH� N�PHOHU� ROXúWXUPX\RUVD� DOWÕQFÕ� DGÕP�RUWDGDQ�NDONDFDNWÕU��+�FUHOHU�
DUD�\�]H\OHUH�DGVRUSODQPD�H÷LOLPLQGH�ROGXNODUÕQGDQ�o|]�QP�ú�RNVLMHQ�WHN�ELU�VÕYÕ�ILOP�
GLUHQFLQL�DúPDN�GXUXPXQGD�NDODELOLU� 
 

I. Film 
WDEDNDVÕ 

II. Film 
tabakasÕ 

Gaz-VÕYÕ�
arayüzeyi 

Hücre  
WRSOXOX÷X 

6ÕYÕ-K�FUH�WRSOXOX÷X�
arayüzeyi 

6ÕYÕ�\Õ÷ÕQÕ 

Gaz 
NDEDUFÕ÷Õ 

hücre 

Hücre 
PHPEUDQÕ 

Biyokimyasal 
reaksiyon 
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2NVLMHQLQ� EL\RSURVHV� RUWDPÕQGDNL� o|]�QPH� KÕ]Õ� KDYD� NDEDUFÕNODUÕ� oHYUHVLQde yeni 

ILOPLQ� ROXúPD� KÕ]Õ� LOH� NRQWURO� HGLOLU�� (÷HU� EL\RSURVHV� RUWDPÕ� L\L� ELU� úHNLOGH�
NDUÕúWÕUÕODPÕ\RU� YH� VÕYÕ� ID]� LoLQGH� GHULúLP� SURILOOHUL� |QHPOL� LVH� VÕYÕ� \Õ÷ÕQGDNL� RNVLMHQ�
DNWDUÕP� GLUHQoOHUL� GH� KÕ]Õ� NÕVÕWODU�� %X� QHGHQOH� VÕYÕ� ID]GDNL� W�P� RNVLMHQ� DNWDUÕP�
GLUHQoOHULQL� D]DOWPDN� LoLQ� EL\RSURVHV� RUWDPÕ� PHNDQLN� YH�YH\D� JD]� JLULúL� LOH�
NDUÕúWÕUÕOPDOÕGÕU��%X�GXUXPGD��RNVLMHQ�PROHN�OOHULQLQ�EL\RSURVHV�RUWDPÕQGD�PLNUREL\DO�
K�FUHOHUH� WDúÕQÕPÕ� KHP� PROHN�OHU� DNWDUÕP� KHP� GH� NRQYHNWLI� DNWDUÕP� LOH� JHUoHNOHúLU�
(Bailey and Ollis 1986). 

 

Hücre kümesi içinde difüzyon ve arayüzeylerden (gaz-VÕYÕ��VÕYÕ-hücre kümesi ve hücre 

]DUÕ�� JHoLú� GLUHQo� ROXúWXUPX\RUVD� ELULP� KDFÕP� EDúÕQD� JD]GDQ� VÕYÕ\D� RNVLMHQ� DNWDUÕP�
KÕ]Õ��VÕYÕ�ID]�KDFÕPVDO�N�WOH�DNWDUÕP�NDWVD\ÕVÕ�FLQVLQGHQ�DúD÷ÕGDNL�JLEL�WDQÕPODQDELOLU� 
 

                                                                                      

 

 

2NVLMHQLQ� VXGDNL� o|]�Q�UO�÷�� G�ú�N� ROGX÷XQGDQ� WRSODP� N�WOH� DNWDUÕP� NDWVD\ÕVÕ� .La 

VÕYÕ�WDUDIÕ�N�WOH�DNWDUÕP�NDWVD\ÕVÕ�NLD¶\D�HúLW�RODFDNWÕU� 
 

b. OksijeQ�DNWDUÕP�NDUDNWHULVWLNOHUL 
 

$HURELN� IHUPHQWDV\RQ� SURVHVOHULQGH� PLNUREL\DO� K�FUH\H� RNVLMHQ� DNWDUÕPÕ�� PHWDEROLN�
DNÕODUÕQ�GH÷LúPHVL�YH�PHWDEROLN�\ROL]LQLQ�HWNLOHQPHVL�QHGHQL\OH��U�Q�ROXúXPXQX�HWNLOHU��
%X� QHGHQOH� PLNURRUJDQL]PDQÕQ� IL]\RORMLVL\OH� LOJLOL� EL\RUHDNW|U� SHUIRUPDQVÕQÕQ�
EHOLUOHQPHVL� LoLQ�PLNURRUJDQL]PDQÕQ�RNVLMHQ� LKWL\DFÕQÕQ�D\GÕQODWÕOPDVÕ�JHUHNPHNWHGLU��
'HQNOHP� ������ LOH� WDQÕPODQDQ�JD]GDQ� VÕYÕ\D�RNVLMHQ� DNWDUÕP�KÕ]Õ� LVH� KHP�JD]�KÕ]Õ� YH�
NDUÕúWÕUPD�KÕ]Õ\OD�EHOLUOL�IL]LNRNLP\DVDO�|]HOOLNOHUH�VDKLS�VÕYÕ�ID]GD�\DUDWÕODQ�NDUÕúWÕUPD�
HWNLOHULQH� KHP� GH� VÕYÕ� ID]GD� RNVLMHQLQ� PLNURRUJDQL]PD� WDUDIÕQGDQ� W�NHWLP� KÕ]ÕQD�
ED÷OÕGÕU��%X� QHGHQOH� RNVLMHQ� W�NHWLP�KÕ]Õ� YH� N�WOH� DNWDUÕP� NDWVD\ÕVÕ� ³RNVLMHQ� DNWDUÕP�
NDUDNWHULVWLNOHUL´�RODUDN�DGODQGÕUÕOÕUODU�� 
 

 

(2.7) ( )ooLA CCaKaN −= *OTR = 
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 b.1 Oksijen tükeWLP�KÕ]Õ�� 
 

$HURELN�EL\RUHDNW|UOHULQ�WDVDUÕPÕ�oR÷XQOXNOD�SURVHVL�NRQWURO�HGHQ�EDVDPDN�EHOLUOHQHUHN�
\DSÕOÕU��%X�EDVDPDN�RNVLMHQ�DNWDUÕP�KÕ]Õ��RNVLMHQ�W�NHWLP�KÕ]Õ�\D�GD�EDúND�ELU�VXEVWUDWÕQ�
W�NHWLP� KÕ]Õ� RODELOLU�� 0�PN�Q� RODQ� HQ� \�NVHN� RNVLMHQ� DNWDUÕP� YH� W�NHWLP� KÕ]ODUÕ�
EHOLUOHQLS� NÕ\DVODQDUDN� LOJLOL� SDUDPHWUHOHUGHQ� KDQJLVLQLQ� KÕ]� NÕVÕWOD\ÕFÕ� ROGX÷X�
EXOXQDELOLU��0DNVLPXP� RNVLMHQ� DNWDUÕP� KÕ]Õ� &o �� NRúXOXQGDNL�1A� GH÷HULGLU� �1Amax= 

kLa Co
*��� 2NVLMHQLQ� PDNVLPXP� W�NHWLP� KÕ]Õ� � LVH� 'HQNOHP� ������ YH� �����¶GDQ� –romax= 

Cxµmax/Yx/o olarak bulunur. Burada Cx� K�FUH� GHULúLPLQL�� <x/o tüketilen 1 g oksijene 

NDUúÕOÕN�ROXúDQ�K�FUH\L�J|VWHULU�� 
 

(÷HU� PDNVLPXP� RNVLMHQ� DNWDUÕP� KÕ]Õ� PDNVLPXP� RNVLMHQ� W�NHWLP� KÕ]ÕQGDQ� GDKD�
büyükse, artan oksijen tüketimi için esas direnç mikrobiyal mHWDEROL]PDGÕU� YH�
EL\RSURVHV�EL\RNLP\DVDO�WHSNLPH�D÷Õ�NÕVÕWODPDOÕ�ROXU���%X�GXUXPXQ�WHUVL�JHoHUOL�LVH�&o 

\DNODúÕN�VÕIÕU�YH�EL\RSURVHV�N�WOH�DNWDUÕP�NÕVÕWODPDOÕ�ROXU��$UD�GXUXPODUGD�SURVHVL�KHU�
LNL� DGÕP� GD� NRQWURO� HGHELOLU�� *HUoHNWH� GXUXP� \XNDUÕGDNL� \DNODúÕPdan çok daha 

NDUPDúÕNWÕU�� 6ÕYD� ID]GD� RNVLMHQ� GHULúLPL� NULWLN� GH÷HULQLQ� �]HULQGH� LVH� K�FUH�
PHWDEROL]PDVÕ�RNVLMHQH�GR\PXú�GXUXPGDGÕU�YH�VROXQXP�]LQFLULQGHQ�JHoHQ�W�P�HOHNWURQ�
oLIWOHUL� RNVLMHQ� WDUDIÕQGDQ� DOÕQÕU�� %X� GXUXPGD� PHWDEROL]PD� LoLQGH� EDúND� ELU� DGÕP�
prRVHVLQ�KÕ]ÕQÕ�NÕVÕWOD\DFDNWÕU��%DLOH\�DQG�2OOLV������� 
 

3HN� oRN� IDNW|U� PLNURRUJDQL]PDQÕQ� RNVLMHQ� LKWL\DFÕQÕ� HWNLOH\HELOLU�� %L\RSURVHVWHNL�
RNVLMHQ� W�NHWLP� KÕ]Õ� PLNURRUJDQL]PDQÕQ� IL]\RORMLN� |]HOOLNOHULQH� YH� RUWDPGDNL� NDUERQ�
ND\QD÷ÕQD�ED÷OÕGÕU��.DUERQ�ND\QDNODUÕ� LoLQGH�JOXNR]�JHQHOGH�GL÷HU�NDUERQKLGUDWODUGDQ�
GDKD� KÕ]OÕ� PHWDEROL]PD\D� JLUHU�� gUQH÷LQ� Penicillium LoLQ� J|]OHQHQ� RNVLMHQ� LKWL\DFÕ�
ODNWR]�� VXNUR]� YH� JOXNR]� LoLQ� VÕUDVÕ\OD� ����� ����� ����� PRO� GP-3 st-1’dir. Oksijen 

W�NHWLPLQLQ� |QHPOL� ELU� NÕVPÕQÕ� K�FUH� NHQGLQL� oR÷DOWPDN� LoLQ� NXOODQÕUNHQ� \DúDPVDO�
LúOHYOHUL�� EL\RVHQWH]�YH��U�Q�ROXúXPX� LoLQGHNL�RNVLGDV\RQ� WHSNLPHOHUL� LoLQ�GH�RNVLMHQ�
JHUHNPHNWHGLU�� 'ROD\ÕVÕ\OD� PHWDEROLN� VWRNL\RPHWUL� \DUGÕPÕ\OD� oR÷DOPD� LoLQ� RNVLMHQ�
W�NHWLP� KÕ]Õ�� VXEVWUDW� W�NHWLP� KÕ]Õ\OD� GR÷UXGDQ� LOLúNLOHQGLULOHELOLU� �%DLOH\� DQG� 2OOLV�
1986). 
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$HURELN� SURVHVOHUGH�PLNURRUJDQL]PDQÕQ� �VWHO� oR÷DOPD� ID]Õ� VÕUDVÕQGD� RNVLMHQ� W�NHWLP�
KÕ]Õ�DUWDU�YH�RNVLMHQ�DNWDUÕP�KÕ]Õ�\HWHUOL�GH÷LO�LVH�RUWDPGDNL�o|]�QP�ú�RNVLMHQ�VHYL\HVL��
PLNURRUJDQL]PDQÕQ� RNVLMHQH� RODQ� LKWL\DFÕQGDQ� GROD\Õ� D]DOÕU�� %L\RSURVHVWH� NDOPD�
V�UHVL\OH� ELUOLNWH� RUWDPGD� K�FUH� ELULNLPL� YH� �U�Q� ROXúXPXQXQ� DUWPDVÕ� VRQXFX�
YLVNR]LWHQLQ� DUWPDVÕ\OD� LVH� RNVLMHQ� DNWDUÕP� KÕ]Õ� YH� EXQD� SDUDOHO� RODUDN� GD� � RNVLMHQ�
W�NHWLP� KÕ]Õ� D]DOPD\D� EDúODU�� 'XUJXQOXN� ID]Õ� VÕUDVÕQGD� LVH� K�FUHQLQ� RNVLMHQ� LKWL\DFÕ�
D]DOÕU�YH�EX�JHUHNVLQLPLQ�E�\�N�ELU�NÕVPÕQÕ�\DúDPVDO� IRQNVL\RQODU�ROXúWXUXU��2NVLMHQ�
W�NHWLP� KÕ]ÕQÕQ� D]DOPDVÕ\OD� GD� RUWDPGDNL� o|]�QP�ú� RNVLMHQ� GHULúLPL� DUWDU� �$WNLQVRQ�
and Mavituna 1991).  

 

E���6ÕYÕ-ID]�N�WOH�DNWDUÕP�NDWVD\ÕVÕ� 
 

2NVLMHQLQ�VÕYÕ�ID]�KDFÕPVDO�N�WOH�DNWDUÕP�NDWVD\ÕVÕ��.La), biyoreaktörlerde gaz-VÕYÕ�N�WOH�
DNWDUÕP� KÕ]ÕQÕ� J|VWHUHQ� |QHPOL� ELU� SDUDPHWUHGLU�� .La, mikroorganizma türüne, 

IHUPHQWDV\RQ� RUWDPÕQÕQ� IL]LNRNLP\DVDO� |]HOOLNOHULQH�� EL\RUHDNW|U�Q� YH� NDUÕúWÕUPD�
sLVWHPLQLQ�WDVDUÕPÕQD��NDUÕúWÕUPD�YH�KDYDODQGÕUPD�KÕ]ODUÕQD�ED÷OÕGÕU��$LED�et al. 1973). 

d|]�QP�ú�RNVLMHQLQ�PHWDEROL]PD\D�\HWHUOL�KÕ]GD�DNWDUÕOÕS�DNWDUÕODPDGÕ÷ÕQÕQ�ELOLQPHVL��
RNVLMHQ�DNWDUÕP�NDWVD\ÕODUÕQÕQ�EHOLUOHQPHVL�LOH�P�PN�QG�U��5DLQHU��������EL\RORMLN ve 

EL\RORMLN� ROPD\DQ� VLVWHPOHUGH� VÕYÕ� ID]� KDFÕPVDO� N�WOH� DNWDUÕP� NDWVD\ÕVÕQÕQ� �.La) 

GHQH\VHO� RODUDN� EHOLUOHQPHVL� LoLQ� |Oo�P� \|QWHPOHULQL� ³GR÷UXGDQ´� YH� ³GROD\OÕ´�
yöntemler olmak üzere LNL�JUXSWD�VÕQÕIODQGÕUPÕúWÕU� 
 

1) 'R÷UXGDQ�gOo�P�<|QWHPOHUL 
i. Dinamik Yöntem 

ii. Gaz Dengesi Yöntemi 

iii. Sürekli Kültür Yöntemi 

2) 'ROD\OÕ�gOo�P�<|QWHPOHUL 
i. *D]�dÕNÕú�<|QWHPL� 
ii. Elektrot-Momentum Yöntemi 

iii.        Sülfit Oksidasyon Yöntemi 

iv.        Glukoz-Oksidaz Yöntemi  

v. CO2   Yöntemi 
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1) i. Dinamik yöntem 

 

DinamiN� <|QWHP� EL\RUHDNW|UOHUGH� VÕYÕ� ID]� N�WOH�RNVLMHQ� DNWDUÕP� NDWVD\ÕVÕQÕQ� �.La) 

GHQH\VHO� EHOLUOHQPHVL� DPDFÕ\OD� \D\JÕQ� RODUDN� � NXOODQÕODQ� \|QWHPGLU�� .ROD\�
X\JXODQDELOLU�ROPDVÕ�YH�JD]� LoHULVLQGHNL�ELOHúHQOHULQ�DQDOL]OHULQH� LKWL\Do�GX\XOPDPDVÕ�
yöntemin avantajlarÕ�DUDVÕQGDGÕU��<DWÕúNÕQ�ROPD\DQ�NRúXOGD��NHVLNOL�EL\RUHDNW|UGH�VÕYÕ�
faz için kütle korunum denklemi kurulursa Denklem (2.8)  elde edilir: 

        

           

(2.8) 

 

<|QWHP� EL\RUHDNW|UH� J|QGHULOHQ� KDYDQÕQ� NÕVD� V�UHOL� RODUDN� NHVLOPHVL� YH� ELU� RNVLMHQ�
elektrodX� LOH� o|]�QP�ú� RNVLMHQ� GHULúLPLQGH� |QFH� D]DOPDQÕQ�� KDYDQÕQ� WHNUDU� VLVWHPH��
YHULOPHVL� LOH� GH� DUWÕúÕQ� LQFHOHQPHVL� SUHQVLELQH� GD\DQPDNWDGÕU� �5DLQHU� ������ �ùHNLO�
������� +DYDQÕQ� NHVLOGL÷L� Wo� DQÕQD� NDGDU� EL\RUHDNW|UGH� o|]�QP�ú� RNVLMHQ� GHULúLPL�
\DWÕúNÕQ� NRúXOGD� &� JLEL� ELU� GH÷HUGHGLU� YH� W1� DQÕQGD� KDYD� \HQLGHQ� YHULOPHNWHGLU�� Wo 
$QÕQGDQ� W1� DQÕQD� NDGDU� ]DPDQOD� o|]�QP�ú� RNVLMHQ� GHULúLPLQGHNL� D]DOPD� � J|]OHQLU��
%XUDGD� � RNVLMHQ� DNWDUÕPÕ� JHUoHNOHúPHGL÷LQGHQ� .La(Co*- Co�� WHULPL� VÕIÕUD� HúLWWLU� YH�
Denklem (2.8) denklem (2.9)’a indirgenir:  

 

    

            (2.9) 

'HQNOHP������¶GDQ�RNVLMHQ�W�NHWLP�KÕ]Õ�-ro; denklem (2.10)’dan ise birim hücre kütlesi 

EDúÕQD�RNVLMHQ�W�NHWLP��KÕ]Õ��-ro''' bulunabilir. 

 

                          
                             (2.10) 

t1 $QÕQGD�KDYD�J|QGHULOPHVL�LOH�o|]�QP�ú�RNVLMHQ�GHULúLPLQLQ�]DPDQOD�DUWÕúÕ�J|]OHQLU��
%X�GXUXPGD�'HQNOHP�������JHoHUOLGLU��'HQNOHP�������YH������¶GDQ�\DUDODQÕODUDN� 

  

JUDIL÷L�HOGH�HGLOLU��ùHNLO���������JUDIL÷LQ�H÷LPLQGHQ�.LD�KHVDSODQÕU� 

dt
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%L\RUHDNW|UGH� KDYDQÕQ� NHVLOPHVL� LOH� o|]�QP�ú� RNVLMHQ� GHULúLPLQGH� KHPHQ� D]DOPD�
ROPD]�� %L\RUHDNW|UGHQ� oÕNDQ� KDYD� NDEDUFÕNODUÕQÕQ� X]DNODúPDVÕ� JD]� WXWPD� �KROG-up) 

QHGHQL\OH� ]DPDQ� DOÕU�� <�NVHN� NDUÕúWÕUPD� KÕ]ODUÕQGD�� VÕYÕ� �]HULQGHNL� DUD� \�]H\GHQ�
|Oo�OHELOHQ� E�\�NO�NWH� RNVLMHQ� DNWDUÕPÕ� GD�PH\GDQa gelmektedir. Bu etkiyi azaltmak 

LoLQ�KDYD�NHVLOGL÷L�]DPDQ�NDUÕúWÕUPD�KÕ]Õ�G�ú�U�OPHOLGLU. 
 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

    t  zaman 
 
 

 
ùHNLO�������'LQDPLN�<|QWHP�X\JXODPDVÕQGD�o|]�QP�ú�RNVLMHQ�GHULúLPLQLQ�NDOPD�V�UHVL 

�������LOH�GHULúLPL� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

ùHNLO������'LQDPLN�<|QWHP�LOH�VÕYÕ�ID]�KDFÕPVDO�N�WOH�DNWDUÕP�NDWVD\ÕVÕQÕQ�EHOLUOHQPHVL� 
 

 

 

I

Co

Co 

II III 

Hava kesilir 

Hava 

t0 t1 

Co* 

Co 

(dCo/dt-ro) 

(÷LP �-1/KLa 
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KLD��NDOPD�V�UHVL��JD]�KÕ]Õ�YH�NDUÕúWÕUPD�KÕ]Õ\OD�GH÷LúLU�YH�NDUÕúWÕUPD�KÕ]Õ�DUWWÕNoD�DUWDU��
%L\RSURVHVLQ� JHFLNPH� YH� �VWHO� oR÷DOPD� HYUHOHULQGH� VÕYÕ-ID]� KDFÕPVDO� N�WOH� DNWDUÕP�
NDWVD\ÕVÕ�� EL\RSURVHV� SHUL\RGODUÕQD� ED÷OÕ� RODUDN� GH÷LúLP� J|VWHUPHNWHGLU�� %L\RSURVHV�
RUWDPÕQÕQ�UHRORMLN�|]HOOLNOHULQLQ�SURVHV�V�UHVLQFH�ID]OD�GH÷LúPHGL÷L�NRúXOODUGD��.LD¶QÕQ�
PRPHQWXP�\D\ÕQÕUOÕ÷ÕQÕQ�N�WOH�\D\ÕQÕUOÕ÷ÕQD�RUDQÕ�RODQ�6FKPLGW�VD\ÕVÕQGDNL�GH÷LúLPGHQ�
HWNLOHQPHGL÷L� G�ú�Q�OHELOLU�� 7HSNLPHOL� ELU� VLVWHPGH�� WHSNLPH� YH� JD]-VÕYÕ� N�WOH�
DNWDUÕPÕQÕQ�ELUOLNWH�\HU�DOGÕ÷Õ�SURVHVOHUGH�N�WOH�DNWDUÕPÕ�oRN�VD\ÕGD�SDUDPHWUH\H�ED÷OÕ�
RODUDN�GH÷LúHELOLU��%XQODUGDQ�ELUL�WHSNLPH�KÕ]ÕQÕQ�SURVHV�V�UHVLQFH�GH÷LúLPL��GL÷HUL�LVH�
N�WOH� DNWDUÕP� DODQÕQGD� EXOXQDQ� N�o�N� SDUoDFÕNODUGÕU� �PLNURRUJDQL]PD��� %X� QHGHQOH�
PLNURRUJDQL]PDQÕQ� EXOXQGX÷X� RUWDPGD� VÕYÕ� ID]� N�WOH� DNWDUÕP� NDWVD\ÕVÕQÕQ�
PLNURRUJDQL]PDQÕQ� RNVLMHQ� W�NHWLP� KÕ]ÕQD�� ER\XWODUÕQD� YH� GHULúLPLQH� ED÷OÕ� RODUDN�
GH÷LúPHVL�EHNOHQHELOLU��dDOÕN�et al. 1997).  

 

%L\RWHSNLPH�RUWDPÕQÕQ�NDUÕúWÕUÕOPDVÕ�YH�KDYDODQGÕUÕOPDVÕ�N|S�N�ROXúXPXQD�QHGHQ�ROXU��
%L\RSURVHV� RUWDPÕQD� NLP\DVDO� N|S�N� JLGHULFLOHULQ� NDWÕOPDVÕ� JD]-VÕYÕ� DUD� \�]H\LQGH�
N�WOH� DNWDUÕP� GLUHQoOHULQL� ROXPVX]� \|QGH� HWNLOHU�� <�]H\� JHULOLPLQLQ� DUWPDVÕ� LOH� JD]�
NDEDUFÕ÷Õ� DUD� \�]H\� DODQÕ� D]DOÕU�� %X� QHGHQOHUOH� N|S�N� NRQWUROX� LoLQ� NLP\DVDO� N|S�N�
JLGHULFLOHULQ�NXOODQÕOPDVÕ�N�WOH�DNWDUÕP�NDWVD\ÕVÕQGD�D]DOPD\D�QHGHQ�ROXU��$LED��������
$\UÕFD��U�Q�YH�PLNURRUJDQL]PD�GHULúLPLQLQ�DUWPDVÕ�QHGHQL\OH�YLVNR]LWHQLQ�DUWPDVÕ�GD�
N�WOH�DNWDUÕP��GLUHQoOHULQL�DUWÕUDFD÷Õ�LoLQ�.LD¶\Õ�D]DOWÕU� 
 

2.10  Metabolik Mühendislik 

 

Biyoteknolojik proseslerde üretim kompleks bir tepkime sistemi üzerinden mikro-

EL\RUHDNW|U�RODUDN�J|UHY�\DSDQ�K�FUH�LoHULVLQGH�DUGÕúÕN�SDUDOHO��oRN�VD\ÕGD�WHSNLPH�LOH�
JHUoHNOHúPHNWHGLU��+�FUH� LoLQGH�PH\GDQD� JHOHQ� oRN� VD\ÕGD� EL\RNLP\DVDO� WHSNLPH� YH�
WHSNLPHOHULQ� ELUELUOHUL� LOH� RODQ� HWNLOHúLPOHULQL� J|VWHUHQ� EL\RWHSNLPH� \ROL]OHULQH�
metabolik yolizi denir. Metabolik mühendislik, istenen ürünün yüksek verimlilik ve 

VHoLPOLOLNWH��UHWLPL�LoLQ�JHQHWLN�P�KHQGLVOL÷L�WHNQLNOHUL\OH�K�FUH�LoLQGH�PH\GDQD�JHOHQ�
VSHVLILN�EL\RNLP\DVDO�WHSNLPHOHULQ�X\JXQ�ELU�úHNLOGH�PRGLILNDV\RQX�YH\D�EXQODUD�\HQL�
WHSNLPHOHULQ� HNOHQPHVL\OH� K�FUHQLQ� |]HOOLNOHULQLQ� GR÷UXGDQ� JHOLútirilmesi olarak 

WDQÕPODQPDNWDGÕU� �Stephanopoulos et al. 1998).� .ÕVDFD�� PHWDEROLN� P�KHQGLVOLN��
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KHGHIOHQHQ� |]HO� DPDFD� XODúPDN� LoLQ� P�KHQGLVOLN� SUHQVLSOHUL\OH� PHWDEROLN� WHSNLPH�
\ROL]OHULQLQ� DQDOL]OHQPHVL� YH� WDVDUODQPDVÕGÕU� �Yang et al. 1998). Moleküler biyolojik 

WHNQLNOHU�� DQDOLWLN� \|QWHPOHU� YH� PDWHPDWLNVHO� DUDoODUGD� VRQ� RQ� \ÕOGD� PH\GDQD� JHOHQ�
JHOLúPHOHUOH� HQG�VWUL\HO- ve medikal- biyoteknolojik amaçlar için metabolik 

P�KHQGLVOLN� \DNODúÕPÕQÕQ� JHOLúPHVLQH� YH� EX� DODQ� LOJL� ROXúPDVÕQD� QHGHQ� ROPXúWXU�
(StephanopoulRV� ������� +�FUH� LoHULVLQGH� LVWHQHQ� �U�Q� �UHWLPLQGH� KÕ]� NÕVÕWOD\ÕFÕ�
WHSNLPH�OHU��PHWDEROLN�P�KHQGLVOLN�\DNODúÕPÕ�LOH�EHOLUOHQLU��+Õ]�NÕVÕWOD\ÕFÕ�WHSNLPH�OHU��
EHOLUOHQGLNWHQ�VRQUD��JHQHWLN�P�KHQGLVOL÷L�WHNQLNOHUL\OH�LVWHQHQ�EL\RPROHN�O���SURWHLQ��
amino asit ve antibiyotik, vitamin vd) üretebilen rekombinant mikroorganizma 

JHOLúWLULOHUHN�YHULP�YH�VHoLPOLOLN�DUWÕUÕODELOLU�� 
 

0HWDEROLN�P�KHQGLVOL÷LQ�ELU�oRN�X\JXODPD�DODQODUÕ�YDUGÕU��%XQODU� 
¾�Proteinler, amino asitler, organik asitler,  vitaminler ve antibiyotikler vb. 

EL\RNLP\DVDO��U�QOHULQ��UHWLPLQGH�YHULP�YH�VHoLPOLO÷LQ�DUWÕUÕOPDVÕQGD� 
¾�Yeni ürünlerin üretiminde (örnek; mikroorganizmalarda ve bitkilerde poliketid ve 

biyopolimer sentezi), 

¾�Farmasotik ürünlerin üretiminde ara-�U�QOHU�RODQ�NLUDO�ELOHúLNOHULQ��UHWLPLQde, 

¾�Medikal alanda, gen-WHUDSL� YH� EHVOHQPH� VWDUWHMLOHUL\OH� KDVWDOÕNODUÕQ� NRQWURO�� LoLQ�
KHGHIOHULQ� EHOLUOHQPHVL� YH� W�P� RUJDQ� YH� GRNXODUÕQ� PHWDEROL]PDODUÕQÕQ� DQDOL]LGLU�
(Stephanopoulos et al. 1998). 

  

%L\RWHNQRORMLN� �U�QOHULQ� YHULP� YH� VHoLPOLOL÷LQLQ� DUWÕUÕODbilmesi için istenen ürünü 

�UHWHFHN� K�FUHQLQ� \DSÕVÕQÕQ� YH� IRQNVL\RQODUÕQÕQ� ELOLQPHVL� JHUHNLU�� %L\RSURVHVOHUOH�
KHUKDQJL� ELU� EL\RWHNQRORMLN� �U�Q�Q� �UHWLOGL÷L� PLNUR-biyoreaktör olarak görev yapan 

K�FUHOHUGH�oRN�VD\ÕGD�NLP\DVDO�WHSNLPH�JHUoHNOHúPHNWHGLU��+�FUH�oR÷DOPDVÕ�GD�K�FUH�
LoLQGH� JHUoHNOHúHQ� � EX� WHSNLPHOHU� VRQXFX�PH\GDQD� JHOLU��%X� WHSNLPHOHU� JHQHO�RODUDN�
VXEVWUDWODUÕQ�N�o�N�PROHN�OOHUH�SDUoDODQDUDN�SHN�oRN�K�FUHLoL�PHWDEROLWLQ�VHQWH]L�LoLQ�
JLUGLOHULQ� ROXúWX÷X� WHSNLPHOHU�� N�o�N� PROHN�OOHULQ� SROLPHUOHúHUHN� daha büyük 

PROHN�OOHUL� ROXúWXUGX÷X� WHSNLPHOHU�� PDNURPROHN�OOHULQ� ELUOHúHUHN� K�FUH� RUJDQHOOHULQL�
ROXúWXUGX÷X� WHSNLPHOHU� YH� VXEVWUDWODUÕQ� YH� ROXúDQ�PHWDEROLWOHULQ� K�FUH-içinden hücre-

GÕúÕQD� YH\D� K�FUH-GÕúÕQGDQ� K�FUH-LoLQH� DNWDUÕPÕQÕ� LoHUPHNWHGLU�� +�FUH-içinde 
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JHUoHNOHúHQ�EX�WHSNLPHOHU�LoLQ�JHUHNOL�*LEEV�VHUEHVW�HQHUMLVL�\LQH�EX�WHSNLPHOHUOH�ROXúXU�
(Nielsen and Villadsen 1994). 

 

2.10.1 Hücre-içi tepkimeler 

 

+�FUHOHU�� LoHULVLQGH� oRN� VD\ÕGD� IDUNOÕ� HQ]LP� WDUDIÕQGDQ� NDWDOL]OHQHQ� \DNODúÕN� �����
kimyasal tepkimenin gHUoHNOHúWL÷L� NRPSOHNV� NLP\DVDO� UHDNW|UOHU� ROGX÷X� LoLQ� PLNUR-

EL\RUHDNW|UOHU�RODUDN�G�ú�Q�OPHOLGLUOHU��dDOÕN�et al. 1999). Hücre-içinde meydana gelen 

tepkimelerin tümüne metabolizma denir (Bailey and Ollis 1986). Hücre 

PHWDEROL]PDVÕQÕQ�G|UW� VSHVLILN� IRQNVL\RQX�YDUGÕU�����\�NVHN�NLP\DVDO�HQHUMLOL�JLUGLOHU�
kullanarak veya fotosentezle hücre-LoL� HQHUML� ROXúXPXQX� VD÷ODPDN� YH� IDUNOÕ� HQHUML�
W�UOHULQL�JHUHNOL�IRUPD�G|Q�úW�UPHN�����JLUGL�PROHN�OOHULQL�K�FUHVHO�PDNURPROHN�OOHULQ�
öncülü (girdileri) olan moleküllere dön�úW�UPHN�� ��� |QF�OOHUL� ELUOHúWLUHUHN� SURWHLQ��
Q�NOHLN�DVLW�JLEL�GL÷HU�PDNURPRHN�OOHUL�VHQWH]OHPHN�����K�FUH�IRQNVL\RQODUÕ�LoLQ�|QHPOL�
RODQ� EL\RPROHN�OOHUL� VHQWH]OHPHN� YH\D� SDUoDODPDNWÕU� �/HKQLQJHU� ������� %X�
WHSNLPHOHULQ� KÕ]�� \|Q� YH� RUDQODUÕ� ELUELUL� LOH� ED÷ODQWÕOÕ� RODUDN�� K�FUHQLQ� JHUHNVLQLPLQH�
J|UH� G�]HQOHQLU��+�FUH�PHWDEROL]PDVÕ� ELUELULQH� ED÷OÕ� DUGÕúÕN� WHSNLPHOHUGHQ�ROXúXU� YH�
ELU� WHSNLPH� \ROL]LQGH� \HU� DODQ� ELU� �U�Q� GL÷HU� ELU� ]LQFLULQ� EDúÕQGD� \HU� DODQ� VXEVWUDW�
RODELOLU�� gUQH÷LQ�� JOXNR]XQ� SDUoDODQPD� WHSNLPHOHUL� VÕUDVÕQGD� ROXúDQ� $F&R$�� \D÷�
DVLWOHULQLQ�VHQWH]LQL�EDúODWDQ�PROHN�OG�U� 
 

0HWDEROL]PD�� �NDWDEROL]PD�� YH� �DQDEROL]PD�� ROPDN� �]HUH� LNL� ID]D� D\UÕOÕU�� +�FUHQLQ�
çevresinde veya besin deposunda bulunan karbonhidratlar, lipidler ve proteinler gibi 

büyük ve kompleks girdi moleküllerini parçalayarak, amino asitler, organik asitler, CO2, 

DPRQ\DN� YH\D� �UH� JLEL� GDKD� N�o�N� YH� EDVLW� PROHN�OOHUH� G|Q�úW�UG�÷�� YH� EXQODUD�
SDUDOHO� RODUDN� K�FUHQLQ� GL÷HU� IRQNVL\RQODUÕ� �DQDEROL]PD�� LoLQ� JHUHNOL� RODQ� VHUEHVW�
enerjiyi (ATP) üretWL÷L� ID]D� PHWDEROL]PDQÕQ� LQGLUJHQ� ID]Õ� RODQ� �NDWDEROL]PD�� GHQLU��
�$QDEROL]PD�� LVH� NDWDEROL]PD� VRQXFX� ROXúDQ� N�o�N� PROHN�OOHUGHQ� Q�NOHLN� DVLWOHU��
SURWHLQOHU�� SROLVDNNDULWOHU� YH� OLSLGOHU� JLEL� K�FUH� ELOHúHQOHULQLQ� NDWDEROL]PD� VÕUDVÕQGD�
�UHWLOHQ� HQHUML� NXOODQÕODUDN� VHQWH]OHQGL÷L� ID]� RODQ�PHWDEROL]PDQÕQ� EL\RVHQWHWLN� ID]ÕQD�
denir. Hücre-içinde meydana gelen katabolizma ve anabolizma tepkimelerinin tümüne 

PHWDEROL]PD� YH� EX� WHSNLPHOHUGH� \HU� DODQ� ELOHúLNOHUH� PHWDEROLW� GHQLU�� +�FUH-içinde 
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meydana gelen tepkimelerin oOXúWXUGXNODUÕ� WHSNLPH� \ROL]OHULQH� LVH� PHWDEROLN� \ROL]L�
GHQLU��.DWDEROL]PD� YH� DQDEROL]PD� ELUELUOHULQL� WDPDPOD\DQ�ROD\ODUGÕU��%XQODU� K�FUHGH�
D\QÕ�]DPDQGD�PH\GDQD�JHOHELOLU��YH�KHP�D\UÕ�D\UÕ�KHP�GH�ELUOLNWH�NRQWURO�HGLOHELOLUOHU��
Temel metabolik yolizleri; glikoliz yolizi, glikoneogenesis yolizi, TCA (trikarboksilik 

asit) döngüsü ve pentoz fosfat yolizidir. 

 

6XEVWUDWODU��VLWRSOD]PD\D�WUDQVIHU�HGLOGLNWHQ�VRQUD��oRN�VD\ÕGD�EL\RNLP\DVDO�WHSNLPH\OH�
hücre-LoL� ELOHúLNOHUH� YH� PHWDEROLN� �U�QOHUH� G|Q�úW�U�O�U�� 2OXúDQ� Kücre-LoL� ELOHúHQOHU�
PROHN�O� D÷ÕUOÕNODUÕ� YH� IRQNVL\RQODUÕ� DoÕVÕQGDQ� ELUELULQGHQ� oRN� IDUNOÕGÕU�� *HQHOOLNOH�
K�FUHQLQ� ���
Õ� SURWHLQ�� 51$�� OLSLG� YH� NDUERQKLGUDWODU� JLEL� PDNURPROHN�OOHUGHQ�
ROXúPDNWDGÕU�� 6XEVWUDWODUGDQ� PDNURPROHN�OOHULQ� ROXúXPX� DQDEROLN� WHSNLPHOHrle 

JHUoHNOHúLU��6XEVWUDWODU�|QFH�DPLQR�DVLW�YH�Q�NOHRWLWOHU�JLEL�DQD�\DSÕ�WDúODUÕQD�G|Q�ú�U��
polimerizasyon tepkimeleriyle amino asitlerden proteinler ve nükleotitlerdende DNA ve 

51$�VHQWH]OHQLU��$QDEROLN�WHSNLPHOHU�GÕúDUGDQ�HQHUML�JHUHNVLQLPL�GX\DQ�WHSNLmelerdir. 

%X� HQHUML� $73
GHNL� \�NVHN� HQHUMLOL� IRVIDW� ED÷ÕQÕQ� NRSPDVÕ\OD� YH\D� 1$'3+�
NRHQ]LPLQLQ� LQGLUJHQPHVL\OH� VD÷ODQÕU�� $73� 
GHNL� \�NVHN� HQHUMLOL� IRVIDW� ED÷ÕQÕQ�
LQGLUJHQPHVL\OH�E�\�N�PLNWDUGD�HQHUML�DoÕ÷D�oÕNDU��1LHOVHQ�DQG�9LOODGVHQ������� 
 

 ADP + P - ATP - H2O = 0; -∆G = 30.5kJ/mol 

 

NADPH, NADP+� 
\D� RNVLWOHQGL÷LQGH� LNL� HOHNWURQ� DoÕ÷D� oÕNDU�� EX� HOHNWURQODU� K�FUH�
LoLQGH�GL÷HU�ELOHúLNOHUH�WUDQVIHU�HGLOHUHN�EX�ELOHúLNOHU�LQGLUJHQLU� 
 

 NADP+ + H+ + 2e- - NADPH = 0 

 

$73� YH�1$'3+� VXEVWUDWÕQ� GDKD� G�ú�N� HQHUMLOL� GL÷HU�PDGGHOHUH� G|Q�úW�÷�� NDWDEROLN�
WHSNLPHOHUOH�ROXúXU��1LHOVHQ�DQG�9LOODGVHQ������� 
 

a. Katabolik tepkimeler 

 

+�FUH�oR÷DOPDVÕQGD�HQ�oRN�NXOODQÕODQ�HQHUML�ND\QD÷Õ�úHNHUOHUGLU��ùHNHUOHU�&22, laktik 

DVLW��DVHWLN�DVLW�YH�HWDQRO�JLEL�PHWDEROLN��U�QOHUH�G|Q�ú�U�YH�EX�G|Q�ú�P�VÕUDVÕQGD�$73��
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1$'3+�YH�1$'+�ROXúXPX�JHUoHNOHúLU��1$'+�GD�1$'3+�JLEL�ELU�NRIDNW|UG�U��DQFDN�
1$'+� RNVLGDWLI� IRVIRULODV\RQ� JLEL� NDWDEROLN� WHSNLPHOHUGH� NXOODQÕOÕUNHQ�� 1$'3+�
DQDEROLN�WHSNLPHOHUGH�NXOODQÕOÕU��ùHNHUOHULQ�oR÷XQXQ�K�FUH\H�WUDQVIHUL\le G6P veya F6P 


WD�ROXúXU�YH�VÕUDVÕ\OD�JOLNROL]�\ROL]LQH��SHQWR]�IRVIDW�\ROL]LQH��3)<��YH�7&$�G|QJ�V�QH�
girerek katabolize olurlar.  

 

*OLNROL]� \ROL]L� JOXNR]XQ�ELU� VHUL� WHSNLPH� LOH�SLU�YDWD�G|Q�úW�÷��YH� SDUDOHO�RODUDN�ELU�
PLNWDU� $73� ¶QLQ� GH� �UHWLOGL÷L� NDUERQ� NDWDEROL]PDVÕQÕQ� LON� WHPHO� WHSNLPH� VLVWHPLGLU��
%XQODUÕQ�\DQÕVÕUD�JOLNROL]�\ROL]LQGH�7&$�G|QJ�V�Q�Q��SHQWR]�IRVIDW�\ROL]LQLQ�YH��ED]Õ�
amino asitlerin ilk girdisi olan metabolitler üretilir.  

 

Aerobik proseslerde, glikoliz yolizinden sonraki basamak; pirüYDWÕQ� RNVLGDWLI�
GHNDUERNVLODV\RQX�LOH�DVHWLONRHQ]LP$��$F&R$��ROXúXP�WHSNLPHVLGLU�YH�$F&R$�VRQUDNL�
EDVDPDNWD� NDUERQ� NDWDEROL]PDVÕQÕQ� WHPHO� WHSNLPOHULQGHQ� ELUL� RODQ� 7&$� G|QJ�V�QH�
girer ve tamamen CO2 ve H22¶\D� G|Q�úHELOLU�� +HU� ELU� PRO� SLU�YDW� RNVLGDV\RQXQD�
kDUúÕOÕN�7&$�G|QJ�V�QGH�ELU�PRO�$73��G|UW�PRO�1$'+�YH�ELU�PRO�GH�)$'+2�ROXúXU��
3LU�YDWÕQ� RNVLGDV\RQX� VÕUDVÕQGD� NXOODQÕODQ� 1$'+ ve FAD+, NADH ve FADH2 'den 

rejenere edilir. NADH ve FADH2 –HOHNWURQ� WDúÕ\ÕFÕODUÕ-� VROXQXP�]LQFLULQGH�ROXúXU�YH�
serbest oksijen içeren bu oksidasyon prosesi bu nedenle sadece aerobik 

PLNURRUJDQL]PDODUGD� JHUoHNOHúLU� �1LHOVHQ� DQG� 9LOODGVHQ� ������� 7&$� G|QJ�V�QGH�
HQHUMLQLQ�\DQÕVÕUD�DVSDUWLN�DVLW�JUXEX�YH�JOXWDPLN�DVLW�JUXEX�DPLQR�DVLWOHULQ�VHQWH]L�LoLQ�
JHUHNOL�EDúODWÕFÕ�PHWDEROLWOHU�GH��retilir. 

 

.DUERQ�NDWDEROL]PDVÕQÕQ� WHPHO� WHSNLPHOHULQGHQ�ELU�GL÷HUL�RODQ�SHQWR]�IRVIDW�\ROL]LQLQ�
HQ� |QHPOL� IRQNVL\RQX� EL\RNLP\DVDO� WHSNLPHOHUGH� HOHNWURQ� WDúÕ\ÕFÕVÕ� RODQ� 1$'3+¶ÕQ�
�UHWLPLQL�JHUoHNOHúWLUPHNWLU��%XQXQOD�ELUOLNWH�SHQWR]�IRVIDW�\ROL]LQGH�SXULQ�YH primidin 

Q�NOHRWLGOHULQLQ�EL\RVHQWH]L�LoLQ�WHPHO�EDúODQJÕo�JLUGLOHUL�RODQ�ULER]��-fosfat ve eritroz 

4-fosfat üretilir (Nielsen and Villadsen 1994).    
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b. Anabolik tepkimeler 

 

+�FUHQLQ� E�\�N� ELU� E|O�P�Q�� ROXúWXUDQ� PDNURPROHN�OOHULQ� ROXúXPX� LoLQ� DPLQR�
aVLWOHULQ� YH� Q�NOHLN� DVLWOHULQ� VHQWH]L� LOH� DUGÕúÕN� SROLPHUL]DV\RQ� WHSNLPHOHULQLQ�
JHUoHNOHúPHVL� JHUHNLU��%L\RVHQWH]� YH� SROLPHUL]DV\RQ� WHSNLPHOHUL� DQDEROLN� WHSNLPHOHU�
RODUDN� ELOLQLU�� +�FUHGH� �UHWLOHQ� WRSODP� HQHUMLQLQ� \DNODúÕN� ���
L� SURWHLQ� VHQWH]L� LoLQ�
kullanÕOPDNWDGÕU�� 3URWHLQ� VHQWH]L� \�NVHN� PLNWDUGD� VHUEHVW� HQHUML\H� JHUHNVLQLP� GX\DU�
(Nielsen and Villadsen 1994). Mikroorganizmalar bu enerjiyi, ortamda bulunan 

ELOHúLNOHULQ�NLP\DVDO�ED÷ODUÕQGD�GHSRODQPÕú�HQHUML\L�NXOODQDUDN�VD÷ODU��.DUERQ�ND\QD÷Õ�
olarak seçilen� ELOHúL÷LQ� -|UQH÷LQ� JOXNR]�� VDNNDUR]�� RUJDQLN� DVLW� YE- metabolizmaya 

özgün bir biyokimyasal yolizinden girerek katabolik tepkimelerle küçük moleküllü ara 

�U�QOHUH� YH\D� \DQ� �U�QOHUH� G|Q�úW�U�OPHVL\OH� HúDQOÕ� RODUDN� HQHUML�� $73�� 1$'+��
1$'3+� �UHWLOLU�� .XOODQÕODQ� NDUERQ� ND\QD÷ÕQÕQ� |]HOOLNOHULQH� YH� EL\RUHDNW|U� LúOHWLP�
NRúXOODUÕQD�ED÷OÕ�RODUDN�K�FUH-içi merkezi döngü ve metabolik yolizindeki katabolizma 

WHSNLPHOHUL��HQHUML��UHWLP�WHSNLPHOHUL�YH�KÕ]ODUÕ�EHOLUOHQLU� 
 

2.10.2 Hücre-LoL�WHSNLPH�KÕ]ODUÕQÕQ�EHOLUOHQPHVL�YH�DQDOL]L���0HWDEROLN�$NÕ�$QDOL]L�
(MAA) 

 

%L\RUHDNW|UGH� oR÷DOPD�� �U�Q� YH� \DQ-�U�Q� ROXúXPX� V�UHFLQGHNL� �U�Q� GD÷ÕOÕPÕQÕQ�
DUDúWÕUÕOPDVÕ�� EL\RSURVHVLQ� JHOLúWLULOHELOPHVL� LoLQ� K�FUHLoLQGH� ROXúDQ� WHSNLPHOHULQ� YH�
KÕ]ODUÕQÕQ� EXOXQPDVÕ� YH� ELOLQPHVL� JHUHNPHNWHGLU�� 9HULPL� YH� VHoLPOLOL÷L� HWNLOH\HQ�
EL\RUHDNW|U� LúOHWLP� SDUDPHWUHOHUL� DUDúWÕUÕOÕUNHQ�� PHWDEROLN� � \ROL]L� P�KHQGLVOL÷L�
WHNQLNOHUL\OH� PHWDEROLN� \ROL]L� �]HULQGH� EXOXQDQ� KÕ]� NÕVÕWOD\ÕFÕ� EDVDPDNODU�
belirlenmelidir. Hücre-LoL� WHSNLPH�KÕ]ODUÕQÕQ�EXOXQPDVÕ��K�FUHQLQ� IL]\RORMLVL�KDNNÕQGD�
GD�ELOJL� VD÷ODU�YH�DúD÷ÕGD�EHOLWLOHQ�JHOLúPHOHU� LoLQ�|QHPOL�DUDoWÕU� �dDOÕN�DQG�g]GDPDU�
2002): 

 

1. +�FUHLoL�WHSNLPH�\ROL]OHULQGHNL�D\UÕOPD�QRNWDODUÕQÕQ�EHOLUOHQPHVL���øúOHWLP�NRúXOODUÕ�
GH÷LúWLULOHUHN� IDUNOÕ� DNÕ� GD÷ÕOÕPODUÕQÕQ� D\UÕOPD�GDOODQPD� QRNWDVÕQGDNL� GH÷LúLPOHULQ�
NDUúÕODúWÕUÕOPDVÕ\OD� D\UÕOPD� QRNWDVÕQÕQ� HVQHN� \D� GD� NHVLQ� ROGX÷X� WHVSLW� HGLOHELOLU��
*HQHO� RODUDN� NHVLQ� D\UÕOPD� QRNWDODUÕ� DNÕ� VSOLW� RUDQODUÕQÕQ� GH÷LúLPLQH� GLUHQo�
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J|VWHULUNHQ� HVQHN� D\UÕOPD� QRNWDODUÕ� GDKD� oRN� ELUELULQH� X\XP� VD÷ODU�� Metabolik 

SURVHVOHULQ� NDUDNWHUOHULQLQ� ELOLQPHVL�� EX� WLS� GH÷LúLNOLNOHULQ� IDUNÕQD� YDUÕOPDVÕ� LoLQ�
|QHPOLGLU��%X�GH÷LúLNOLNOHU��U�Q�YHULPOHULQLQ�GH÷LúLPOHULQGH�HWNLQ�URO�R\QDU� 

2. Alternatif yolizlerinin belirlenmesi, 

3. gOo�OPHPLú�K�FUHGÕúÕ�DNÕODUÕQÕQ�KHVDSODQPDVÕ� 
4. 0DNVLPXP�WHRULN�YHULPLQLQ�KHVDSODQPDVÕ� 
5. hUHWLP�RUWDPÕQÕQ�JHOLúWLULOHELOPHVL� 
6. %L\RUHDNW|U�LúOHWLP�SDUDPHWUHOHULQLQ�JHOLúWLULOHELOPHVL� 
 

PHWDEROLN�DNÕ�DQDOL]L�\DUGÕPÕ�LOH�EDúDUÕODELOLU��B. licheniformis�PLNURRUJDQL]PD�oR÷DOPDVÕ��
PLNURRUJDQL]PDQÕQ� � \DúDPÕ�� Dra-ürünler, ürün ve yan-�U�QOHULQ� ROXúXPX� LoLQ� dL]HOJH�
����
GH�YHULOPLúWLU� 
 

Hücre-LoL�WHSNLPH�KÕ]ODUÕQÕQ�EHOLUOHQPHVL� 
 

+�FUH�LoLQGH�PH\GDQD�JHOHQ�WHSNLPHOHU�EHOLUOHQGLNWHQ�VRQUD��K�FUH�\DUÕ-kesikli mikro-

EL\RUHDNW|U� RODUDN� G�ú�Q�OHUHN�� KHU� ELU� ELOHúHQ� Loin kütle-korunum temelli 

VWRNL\RPHWULN� GHQNOHPOHU� NXUXOXU� �dDOÕN� ������ dDOÕN� DQG� g]GDPDU� ������� 7HSNLPH�
D÷ÕQGDNL� i-� ELOHúL÷L� ELULNLP� KÕ]Õ�� ELOHúL÷L� �UHWHQ� W�P� WHSNLPHOHU� LOH� ELOHúL÷L� W�NHWHQ�
WHSNLPHOHULQ�FHELUVHO�WRSODPÕ�LOH�ELOHúL÷LQ�DNWDUÕP�KÕ]ÕQÕQ�FHELUVHO�WRSODPÕQD�HúLWOHQLU� 
 

rRiV + rTiV =d(CiV)/dt        (2.11) 

 

burada, rRi i-ELOHúL÷LQH�J|UH�QHW�WHSNLPH�KÕ]Õ�YH�UTi i-ELOHúL÷LQLQ�QHW�DNWDUÕP�KÕ]ÕGÕU��%X�
úHNLOGH�NXUXODQ�GLIHUDQVL\HO�GHQNOHP�VLVWHPL�� 
 

A*r(t)=c(t)          (2.12) 

 

vektör diferansiyel denNOHPL\OH� WDQÕPODQÕU�� %XUDGD��$��PHWDEROLN� WHSNLPH� VLVWHPLQLQ�
P[Q� VWRNL\RPHWULN� NDWVD\ÕODU� PDWULVL�� U�W��� Q[�� WHSNLPH� KÕ]� �DNÕ�� YHNW|U�� YH�� F�W�� LVH�
PHWDEROLN�ELOHúLNOHU�LoLQ�Q[��ELULNLP�KÕ]�YHNW|U�G�U� 
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c(t)=c1(t)+c2(t)         (2.13) 

 

c(t)=c1(t)          (2.14) 

 

c1(t) ve c2�W�� VÕUD\OD�� K�FUHGÕúÕ� YH� K�FUHLoL�PHWDEROLW� ELULNLP� YHNW|UOHULGLU��+�FUH� GÕúÕ�
PHWDEROLWOHULQ�ELULNLP�YH�W�NHWLP�KÕ]Õ��NDOPD�V�UHVL�LOH�GHULúLPLQ�GH÷LúLP�H÷ULOHULQGHQ���
LNL� GHULúLP� DUDVÕQGDNL� H÷LPGHQ� EXOXQXU�� 0HWDEROLN� DNÕ� DQDOL]LQLQ� \DSÕOGÕ÷Õ� HYUHGH��
K�FUH� LoLQGH� \DNODúÕN� \DWÕúNÕQ� NRúXO� YDUVD\ÕPÕ� \DSÕOGÕ÷ÕQGD�� F2�W� �� ROGX÷XQGDQ��
denklem (2.13) denklem (2.14)'ya indirgenir. 

 

Matematik modelin çözümü 

 

7HSNLPH� VLVWHPLQLQ� P[Q� VWRNL\RPHWULN� NDWVD\ÕODU�PDWULVLQGH� �dDOÕN� ������ dDOÕN� DQG�
Özdamar 2002): 

• P Q�LVH�PDWHPDWLN�PRGHOLQ�WHN�ELU�o|]�P��YDUGÕU� 
• P!Q� LVH�PDWHPDWLN�PRGHOLQ� \LQH� WHN� ELU� o|]�P�� YDUGÕU� YH� \DNODúÕN� NHVLQ� o|]�P�

elde edilir. 2.12-GHQNOHPLQLQ�o|]�P��VÕQÕUODQGÕUÕOPÕú�HQ�N�o�N�NDUHOHU�\DNODúÕPÕ\OD�
kütle korunum denklemlerinde kalanlarÕQ�NDUHOHULQLQ�WRSODPÕQÕQ�PLQLPL]H�HGLOPHVL�
DPDo�IRQNVL\RQX�RODUDN�NXOODQÕODUDN�\DSÕODELOLU� 

• P�Q�LVH�PDWHPDWLN�PRGHO�RSWLPL]DV\RQ�\DNODúÕPÕ\OD�o|]�OHELOLU��%XQXQ��LoLQ�DPDo�
fonksiyonu Z: 

 

Z=Σαørø          (2.15) 

 

GHQNOHPL\OH� WDQÕPODQÕU�� %XUDGD�� L-ELOHúL÷L� için αø� VWRNL\RPHWULN� NDWVD\ÕODUÕ� LOH� Uø 
KÕ]ODUÕQÕQ� oDUSÕPÕQÕQ� OLQHHU� WRSODPÕ� RODUDN� WDQÕPODQDQ�GHQNOHP� ������¶LQ� DPDFD� J|UH�
minimize edilmesiyle ya da maksimize edilmesiyle denklem sistemi çözülmektedir. 

0DWHPDWLN� PRGHOLQ� GH÷LúNHQOHUL� RODQ� WHSNLPH� DNÕODUÕ mmolg-DW-1st-1 olarak 

WDQÕPODQPÕúWÕU��+�FUH�ROXúXP�KÕ]Õ��UX (gKHgKH-1st-1���ELULP�UHDNW|U�KDFPÕ�EDúÕQD�K�FUH�
ROXúXP�KÕ]ÕQÕQ�&X�GH÷HULQH�E|O�QPHVL\OH�UX P�RODUDN�HOGH�HGLOLU��dDOÕN�������� 
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Çizelge 2.10 Bacillus licheniformis’in metabolik yolizi tepkimelerL� �dDOÕN� ������ dDOÕN� DQG�
Özdamar 2002): 

 

A. Glukoliz ve Glukoneogenesiz Yolizi 

1. Glc  +  PEP  →     G6P + Pyr 

2. Fruktoz +  PEP  →     F6P + Pyr 

3. G6P   →   F6P  

4. F6P   →     G6P  

5. F6P + ATP   →  2T3P + ADP  

6. 2T3P  →   F6P + Pi  

7. T3P  + ADP + Pi     →     PG3 + ATP + NADH  

8. PG3 + ATP + NADH→   T3P + ADP + Pi  

9. PG3 → PEP  

10. PEP  →   PG3  

11. PEP +ADP → Pyr +  ATP  

12. Pyr +  2 ATP    →  PEP + 2 ADP 

13. Pyr    → AcCoA + NADH + CO2 

  

B. Pentoz Fosfat Yolizi   

14. G6P  →   Gluc6P  + NADPH   

15. Gluc6P   →    R5P  + NADPH + CO2     

16. R5P   →  Xyl5P  

17. Xyl5P  →  R5P  

18. R5P   →  Rib5P  

19. Rib5P   →   R5P  

20. Xyl5P + Rib5P  →  S7P + T3P  

21. S7P + T3P  →   Xyl5P + Rib5P    

22. Xyl5P + E4P   →    F6P + T3P  

23. F6P + T3P →  Xyl5P + E4P  

24. T3P +S7P  →   F6P + E4P  

25. F6P + E4P    →  T3P +S7P  
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&��*OLNROL]�\ROL]LQGHQ�D\ÕUÕODQ�WHSNLPHOHU 

26. Glc + NADP    →  NADPH + D-Glucono 1,5 Lactone 

27.  D-Glucono 1,5 Lactone  →  D-Gluconate + H2O 

28. Pyr + NADH    →  Lac  

29. Lac →    Pyr + NADH  

30. AcCoA + ADP + Pi    →     Ac + ATP  

31. Ac + ATP   →     AcCoA + ADP + Pi  

32. Pyr →    Form + CO2 

33. Form + CO2   →    Pyr 

34. Form+ CO2   → Ox 

35. Ox→ Form + CO2    

 

D. Anapleoritik Tepkimeler 

36. Mal   →    Pyr + CO2 + NADPH  

37. OA    →   Pyr + CO2  

38. Pyr + CO2   →  OA  

 

E. TCA Döngüsü 

39. AcCoA + OA → Cit  

40. Cit   →  Icit  

41. ICit  →  αKG + NADPH +CO2  

42. αKG     →   SucCoA + NADH + CO2  

43. SucCoA + Pi + ADP    →    Suc + ATP + CoA  

44. Suc + ATP     →     SucCoA  +  Pi  +  ADP   

45. Suc    →  Fum + FADH2  

46. Fum   →    Mal  

47. Mal   →   OA +  NADH    

48. ICit    →  Glx + Suc  

49. Glx  +  AcCoA →  Mal  
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F. Serin Grubu  Amino Asitlerin Biyosentezi 

50. PG3 + Glu  →     Ser +  αKG + NADH + Pi   

51. Ser + THF      →   MetTHF + Gly  

52. Ser + AcCoA + H2S  →   Cys  + Ac    

 

G. Alanin Grubu  Amino Asitlerin Biyosentezi  

53. Pyr + Glu    →      α KG + Ala   

54. 2 Pyr  + NADPH    →    KVal     

55. KVal + Glu →    αKG + Val    

56. KVal   + AcCoA + Glu →  NADH + CO2 + α KG   + Leu  

 

H. Histidin Biyosentezi 

57. R5P + ATP   →   PRPP + AMP    

58. PRPP + ATP  + Gln  → His + PRAIC +  αKG + 2PPi  + 2NADH + Pi  

 

I. Aspartik Asit Grubu  Amino Asitlerin Biyosentezi  

59. OA + Glu     →    Asp   +  αKG    

60. Asp + Gln + ATP    →   Asn + Glu + AMP + PPi   

61. Asp +  ATP + NADPH       →   AspSa + ADP + Pi    

62. AspSa  +Pyr   →    DC  

63. DC + NADPH    →       Tet  

64. Tet + AcCoA +Glu    →       Ac  +  αKG + mDAP  

65. mDAP    →     Lys + CO2    

66. AspSa  + NADPH     →   HSer  

67. Hser + ATP    →      Thr + ADP + Pi  

68. Thr + Pyr + NADPH + Glu       →   Ile +  αKG + NH3 + CO2  

69. AcCoA + Cys + Hser + H2S  + MTHF     → Pyr +  2Ac +  NH3 +  Met + THF  

 

J. Aromatik  Amino Asitlerin Biyosentezi  

70. 2 PEP +  E4P + ATP + NADPH    →    Chor + ADP + 4 Pi   

71. Chor + Glu    →    αKG +  Phe  + CO2  
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72. Chor + Glu    →   Tyr  +  αKG  + NADH + CO2   

73. Chor +  NH3 + PRPP    → Pyr + IGP + CO2 + PPi  

74. IGP + Ser       →   Trp  + T3P  

 

K. Glutamik Asit Grubu  Amino Asitlerin Biyosentezi 

75. αKG + NH3 + NADPH      →    Glu  

76. Glu + ATP + NH3   →          Gln  + ADP + Pi     

77. Glu + ATP + 2 NADPH       →    Pro  + ADP + Pi  

78. 2Glu + AcCoA + ATP + NADPH    →  Orn + Ac + ADP + Pi  +  αKG  

79. Orn + CaP      →   Citr +  Pi  

����&ÕWU���$VS���$73���→    Arg  + Fum + AMP + PPi  

 

L. APLQR�$VLWOHULQ�.DWDEROL]PDVÕ 
81. αKG + Ala    →    Pyr + Glu  

82. Arg + αKG    →   2Glu + NH3+ NADPH + CO2  

83. Asn → Asp + NH3  

84. Asp → Fum + NH3  

85. Cys   →      Pyr + NH3+ H2S  

86. Gln +  αKG + NADPH    →   2Glu  

87. Gly + MetTHF  →      Ser + THF  

88. His +THF     →     Glu + MeTHF  

89. Ile +  αKG  → Glu + FADH2 + 2NADH + CO2 + SucCoA + AcCoA  

90. Leu +  αKG + ATP → Glu + FADH2 +  NADH + 2AcCoA + ADP + Pi  

91. Phe  →     Tyr+ NADPH  

92. Pro     →  Glu + NADPH  

93. Ser → Pyr + NH3  

94. Thr →  Gly + NADH + AcCoA 

95. Trp + NADPH    → AcCoA + Ala  

96. Tyr + αKG + SucCoA → Glu + Fum + AcCoA + Succ + CO2  

97. Val +  αKG  → Glu + FADH2 + 3NADH + 2CO2 + SucCoA  
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M. Nükleotitlerin Biyosentezi   

98. PRPP +  2Gln + Asp + 2H2O + CO2 + Gly + 4ATP +  F10THF →               

        2Glu +   PPi  + 4ADP +  + 4Pi +  THF + PRAIC + Fum  

99. PRAIC + F10THF    →    IMP +THF     

100. IMP + Gln + ATP   →    NADH  + GMP + Glu + AMP + PPi    

101. GMP + ATP     →      GDP + ADP   

102. ATP + GDP   →    ADP + GTP  

103. GTP + ADP      →   ATP + GDP 

104. NADPH + ATP     →   dATP  

105. NADPH + GTP  + ATP  →  ADP + dGTP    

106. IMP + GTP + Asp    →  GDP + Pi + Fum + AMP    

107. AMP + ATP      →     2ADP  

108. PRPP + Asp + CaP    →   UMP + NADH + PPi + Pi + CO2  

109. UMP + ATP    →  UDP + ADP     

110. UDP + ATP    →   ADP + UTP  

111. UTP + NH3 + ATP       →  CTP +  ADP + Pi    

112. ATP+ NADPH + CDP     →    dCTP + ADP  

113. CDP + ATP     →    CTP + ADP  

114. CTP + ADP    →    CDP + ATP  

115. UDP + MetTHF + 2ATP  + NADPH     →  dTTP + DHF + 2ADP + Ppi  

 

N. Kofaktörlerin Biyosentezi 

116. DHF + NADPH     →   THF  

117. MetTHF + CO2 + NH3 + NADH     →   Gly + THF  

118. MetTHF + NADPH    →     MTHF  

119. MetTHF    →    MeTHF + NADPH  

120. MeTHF →   F10THF  

121. Gly + THF →     MetTHF + NH3+ NADH + CO2      

 

2��+LGURMHQ�7UDQVIHU�5HDNVL\RQODUÕ 
122. NADH     →    NADPH  
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123. NADPH   →    NADH      

 

3��(OHNWURQ�7DúÕQÕP�6LVWHPL� 
124. NADH  + 2ADP + 2Pi    →     2ATP  

125. FADH2  + ADP + Pi      →     ATP  

 

5��7DúÕQÕP�7HSNLPHOHUL 
126. CO2   →    exp  

127. imp     →     CO2  

128. imp   →       NH3  

129. NH3   →      exp  

130. 2ATP + 4 NADPH     →    AMP + ADP + H2S + PPi + Pi  

131. PPi   →    2Pi  

132. imp  →      Pi  

133. Pi     →     exp 

 

6��<D÷�$VLWOHULQLQ�YH�)RVIROLSLGOHULQ�%L\RVHQWH]L� 
134. T3P + NADPH    →   GL3P  

135. 7AcCoA + 6ATP + 12 NADPH     →   C14:0 + 6ADP + 6Pi  

136. 7AcCoA + 6ATP + 11 NADPH  →   C14:1 + 6ADP + 6Pi  

137. 8.2AcCoA + 7.2ATP + 14 NADPH  → 7.2PI  + 7.2ADP +   PA  

138. 2ATP + CO2 + Gln   → CaP + Glu + 2ADP + Pi  

 

T. Biyokütle %LOHúHQOHUL 
139. F6P + Gln + AcCoA + UTP   →    UDPNAG + Glu + Ppi  

140. PEP + NADPH + UGPNAG     →    UDPNAM + Pi  

141. R5P + PEP + CTP    →      CMPKDO + PPi + 2 Pi  

142. Ser + CTP + ATP   →   CDPEtN + ADP + PPi + CO2  

143. S7P + ATP    →     ADPHep + Ppi  

144. G6P    →     G1P   

145. G1P    →     G6P  
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146. UTP + G1P →  UDPGlc + Ppi  

 

U. Biyokütle sentezi 

147.  0.5352 Ala + 0.28 Arg + 0.22 Asn + 0.22 Asp +  0.09 Cys + 0.09 His + 0.25 Gln + 

0.25 Glu + 0.58 Gly + 0.27 Ile + 0.42 Leu +  0.32 Lys + 0.14 Met + 0.0593 Orn + 

0.17 Phe + 0.2 Pro + 0.377 Ser + 0.05 Trp + 0.13 Tyr +  0.24 Thr + 0.4 Val + 0.2 

GTP + 0.13 UTP + 0.12 CTP +0.02 dATP + 0.02 dCTP + 0.02 dGTP + 0.02 dTTP 

+ 0.129 GL3P + 0.0235 C14:0 + 0.0235 C14:1 + 0.259 FA + 0.0433 UDPNAG + 

0.0276 UDPNAM + 0.0235 CMPKDO  + 0.0235 CDPETN + 0.0157 UDPGLC + 

0.02354ADPHEP  + 0.154 G1P  +  41.139 ATP → Biyokütle + 41.139 ADP + 

41.139 Pi  

 

V. Serin Alkali Proteaz  sentezi 

148.  0.127 Gly + 0.0255 Gln + 0.0182 Glu + 0.0146 Phe + 0.0474 Tyr  +  0.116 Ser + 

0.0036Trp + 0.0328 Asp    + 0.0657 Asn + 0.0328 Lys + 0.0182 Met + 0.0729 Thr 

+ 0.0365 Ile + 0.0365 Pro + 0.0146 Arg + 0.145 Ala + 0.113 Val  + 0.0584 Leu + 

0.0182  His + 5.5 ATP →  SAP + 5.5 ADP + 5.5 Pi  

 

<��<DúDP 

149. ATP  → ADP +  Pi  

 
 
 

�����6�UHOL�<D\ÕQODUGD�øQVDQ�%�\�PH�+RUPRQX��K*+��hUHWLPL 
 

'R÷DO� RODUDN� VDGHFH� LQVDQ� PHWDEROL]PDVÕ� WDUDIÕQGDQ� � �UHWLOHQ� YH� GL÷HU�
PLNURRUJDQL]PDODUFD��UHWLOPH\HQ�K*+¶QLQ�JHQHWLN�P�KHQGLVOL÷L�WHNQLNOHUL��NXOODQÕODUDN�
JHOLúWirilen mikroorganizmalarca üretilmesi mümkündür.  hGH üretimi ile ilgili ilk 

oDOÕúPDODU�JHQHWLN�\DSÕVÕ�LON�D\GÕQODWÕODQ�PLNURRUJDQL]PD�E. coli¶GH�JHUoHNOHúWLULOPLúWLU�
�dL]HOJH� �����D��� 'R÷DOD� |]GHú�� o|]�QHELOLU� YH� EL\RORMLN� RODUDN� DNWLI� \DSÕGD� LQVDQ�
büyüme hormonu üretilebilmesi için hücre içinde sentezlenen hGH’nin biyoreaktör 

�UHWLP� RUWDPÕQD� VDOJÕODQPDVÕ� |QHPOLGLU�� %X� QHGHQOH� JHQRP� DQDOL]L� WDPDPODQPÕú�
bulunan (Sonenshein et al. �������K�FUH�GÕúÕ�SURWHLQ��UHWPH�\HWHQH÷LQH�VDKLS�Bacillus 
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subtilis -YH\D� GL÷Hr Bacillus türleri-� NRQDN� K�FUH� RODUDN� NXOODQÕODUDN� K*+� �UHWLPL�
DOWHUQDWLI�\DNODúÕP�RODUDN�|QHPOLGLU�� 
 

6�UHOL�\D\ÕQ�OLWHUDW�U�QGH�K*+��UHWLPL�LOH�LOJLOL�oDOÕúPDODU��dL]HOJH�����¶GH�JHOLúWLULOHQ�
rekombinant mikroorganizma, Çizelge 2.12’de üretim ortam bileúHQOHUL� YH� LQFHOHQHQ�
SDUDPHWUHOHU�� dL]HOJH� ����¶GH� LVH� EL\RUHDNW|U� LúOHWLP� SDUDPHWUHOHULQH� J|UH��
|]HWOHQPLúWLU� 
 

øQVDQ� E�\�PH� KRUPRQXQX� NRGOD\DQ� K*+� JHQL� LON� NH]� ����� \ÕOÕQGD� EDúDUÕOÕ� RODUDN�
NORQODQPÕúWÕU� �*RHGGHO� et al. ������� %X� oDOÕúPDGD� EDúODPD� NRGRQXQu gösteren 

PHWL\RQLQ� YH� JHQLQ� LON� ��� DPLQR� DVLWLQL� NRGOD\DQ� '1$� SDUoDVÕQÕQ� NLP\DVDO� RODUDN�
sentezlenmesi, bunun 24-���� DPLQR� DVLWOHULQL� NRGOD\DQ� HQ]LPDWLN� RODUDN� KD]ÕUODQPÕú�
F'1$� SDUoDVÕ\OD� ELUOHúWLULOPHVL� VRQXFX� K*+¶QX� NRGOD\DQ� KLEULW� JHQ� HOGH� HGLOPLúWLU� 
Hibrit gen E. coli’de lac SURPRWHUÕ�NRQWURO�QGH�HNVSUHV�HGLOPLúWLU��6RQXoWD�1-ucunda 

EDúODPD�NRGRQXQX�LoHUHQ�YH�����DPLQR�DVLWWHQ�ROXúDQ�GR÷DO�K*+�LOH�D\QÕ�LPP�QRORMLN�
özelliklere sahip bir polipeptit (fMet-K*+���UHWLOPLúWLU�� 
 

Ikehara et al. (1984) E. coli¶GH� oRN� NXOODQÕODQ� DPLQR� DVLW� NRGRQODUÕQÕ� NXOODQDUDN�
PHWL\RQLQ� YH� ���� DPLQR� DVLWWHQ� ROXúDQ� K*+¶QX� NRGOD\DQ� JHQL� NLP\DVDO� RODUDN�
VHQWH]OHPLúOHU� YH�E. coli� WULSWRIDQ� �WUS�� SURPRWHUÕQÕQ� NRQWURO�QGH�E. coli’de ekspres 

HWPLúOHUGLU��%DúODQJÕo�NRGRQXQXQ�|Q�QGH�9 baz içeren pGH-L9 plasmidiyle en  verimli 

met-K*+� HOGH� HGLOPLúWLU�� 5DGLRLPPXQRDVVD\� �5,$�� DQDOL]L� VRQXFXQGD� PHW-hGH 

GHULúLPL� ���PJ�/� YH\D� ������6� PROHN�O�K�FUH� RODUDN� |Oo�OP�úW�U�� 6RQXo� RODUDN��
EL\RORMLN� DNWLYLWH� YH� LPP�QRORMLN� |]HOOLNOHU� DoÕVÕQGDQ� GR÷DO� K*+� LOH� D\QÕ� |]HOOLNOHUH�
VDKLS�UHNRPELQDQW�K*+�HOGH�HGLOPLúWLU� 
 

Gray et al. �������LNL�VLQ\DO�SHSWLW�NXOODQDUDN�ROXúWXUGXNODUÕ�LNL�SODVPLGL�E. coli’de hGH 

�UHWLPL� YH� SHULSOD]PLN� ERúOX÷D� VDOJÕODQPD� DoÕVÕQGDQ� NDUúÕODúWÕUPÕúODUGÕU�� %XQXQ� LoLQ�
GR÷DO� VLQ\DO� SHSWLW� WDúÕ\DQ� K*+� JHQL�E. coli  trp� SURPRWHUÕQÕQ� NRQWURO�QGH��E. coli 

IRVIRWD]� VLQ\DO� SHSWLGL� ELUOHúWLULOPLú� K*+� JHQL� LVH� DONDOL� IRVIRWD]� �phoA�� SURPRWHUÕ�
NRQWUROXQGH� � HNVSUHVOHUL� VRQXFXQGD� VÕUDVÕ\OD� S3UHK*+���-2 ve pAPH-1 plasmidleri 

HOGH� HGLOPLúWLU��2VPRWLN� úRN� X\JXODQDUDN� KHU� LNL� HNVSUHV\RQ� VRQXFXQGD�K*+¶QLQ� �E. 
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coli�SHULSOD]PLN�ERúOX÷XQD�VDOJÕODQDELOGL÷L�J|VWHULOPLúWLU��%XQD�J|UH�S3UHK*+���-2 ve 

pAPH-��SODVPLGOHUL�NXOODQÕODUDN��UHWLOHQ�K*+¶QLQ�VÕUDVÕ\OD�����YH����¶VL�SHULSOD]PLN�
ERúOX÷D�VDOJÕODQPÕúWÕU��Ürünlerin N-XFX�GL]LQL�EHOLUOHQHUHN�KHU� LNLVLQLQ�GH�D\QÕ�\DSÕGD�
ROGXNODUÕ� YH� GR÷DO� � K*+� JLEL� LNL� GLV�OILW� ED÷Õ� LoHUGLNOHUL� EHOLUWLOPLúWLU�� %X� VRQXoODU�
SHULSOD]PLN�RODUDN��UHWLOHQ���U�Q�Q�GR÷DO�NRQIRUPDV\RQXQGD�ROXúPDVÕ�YH�GR÷UX�GLV�OILW�
ED÷ODUÕQÕ�ROXúWXUPDVÕ�LoLQ�\HQLGHQ�NDWODQÕS�NÕYUÕOPDVÕQD�JHUHN�NDOPDGÕ÷ÕQÕ�J|VWHUPLúWLU� 
 

 Becker and Hsiung (1986) ile Becker et al. (1986)’da rekombinant hGH’nin E. coli’de  

SHULSOD]PLN� RODUDN� �UHWLPLQL� DUDúWÕUPÕúODUGÕU�� %XQXQ� LoLQ�E. coli OmpA sinyal peptit 

dizinini hGH mDWXUH� SHSWLW� GL]LQL� LOH� ELUOHúWLUHUHN� E.coli lpp
p
-lac

po� SURPRWHUÕ�
NRQWURO�QGH� HNVSUHV� HWPLúOHUGLU�� (NVSUHV\RQ� VRQXQGD� SHULSOD]PLN� ERúOX÷D� ��-15 µg 

K*+� VDOJÕODQPÕúWÕU��E. coli¶GH� � �UHWLOHQ� WRSODP� K*+¶QLQ� ���¶L� SHULSOD]PLN� ERúOX÷D�
VDOJÕODQPÕúWÕU�� %XQXQ��� ��¶OLN� NÕVPÕ�PDWXUH� K*+� LOH� D\QÕ����¶OÕN� NÕVPÕ� LVH�PDWXUH�
K*+¶GHQ�G�ú�N��PROHN�O�D÷ÕUOÕ÷ÕQD�VDKLSWLU���6DIODúWÕUÕOPÕú�RODQ�UHNRPELQDQW�K*+¶QLQ�
SDS-PAGE analizi, N-XFX� DQDOL]L� LOH� � GR÷UX� RODUDN� NDWODQGÕ÷Õ�� GR÷UX� GLV�OILW� ED÷ODUÕ�
ROXúWXUGX÷X�YH�GR÷DO�K*+�LOH�D\QÕ�1-XFX�GL]LQLQH�VDKLS�ROGX÷X�J|VWHULOPLúWLU��%|\OHFH�
K*+¶QLQ� VLWRSOD]PLN� �UHWLPL� LOH� RUWD\D� oÕNDQ� \DQOÕú� NDWODQPD�� 1-ucunda metiyonin 

LoHUPH��o|]�QPH]OLN�JLEL�SUREOHPOHU�SHULSOD]PLN��UHWLP�LOH�JLGHULOPLúWLU� 
 

Chang et al. (1987)’da E. coli’de hGH’nin sentezi için E. coli heat-stable enterotoxin II 

�67,,�� VLQ\DO�SHSWLW�GL]LQLQL�PDWXUH�K*+�GL]LQL� LOH�ELUOHúWLUHUHN�HOGH�HGLOHQ�KLEULW�JHQL�
E.coli alkali fosfataz (phoA��SURPRWHUÕQÕQ�NRQWUROX�DOWÕQGD�HNVSUHV�HWPLúOHUGLU��SK*+�/�
YH� SK*+�5� úHNOLQGH� VDGHFH� HNVSUHV\RQGD� '1$� \|QHOLPOHUL� IDUNOÕ� LNL� SODVPLG�
ROXúWXUPXúODUGÕU�� � %X� SODVPLGOHU� K*+� �UHWLPL� DoÕVÕQGDQ� NDUúÕODúWÕUÕOGÕ÷ÕQGD� SK*+�/�
içeren E. coli�LOH�GDKD�YHULPOL��UHWLP�JHUoHNOHúWLULOPLúWLU��2UWDPGDNL�IRVIDW�GHULúLPLQLQ�
�UHWLPH� HWNLVL� LQFHOHQPLú� YH� K*+� PLNWDUÕ� G�ú�N� IRVIDW� GHULúLPOL� RUWDPGD� ��-20 

µg/ml/A550 hücre � RODUDN� |Oo�OP�úW�U�� %X� GH÷HU� K�FUH� SURWHLQOHULQLQ� ��-10’nu 

ROXúWXUPDNWDGÕU�� 3HULSOD]PLN� RODUDN� �UHWLOHQ� K*+¶QLQ� GR÷DOÕ\OD� D\QÕ� \DSÕGD� ROGX÷X�
EHOLUOHQPLúWLU� 
 

Kato et al.� ������� SHULSOD]PLN� ERúOX÷D� VDOJÕODQDELOPH� |]HOOL÷LQH� VDKLS� E. coli 

K�FUHOHULQLQ�K*+¶QX��GR÷UXGDQ�RODUDN�N�OW�U�RUWDPÕQD�VDOJÕOD\DELOPHVL�LoLQ�DONDORILOLN�
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Bacillus sp. penisilinaz promoter, sinyal peptit bölgesi,  pMB9 plasmidinden kil geni  ve 

K*+�JHQLQL�WDúÕ\DQ�ELU�SODVPLG�JHOLúWLUPLúOHUGLU��*HOLúWLULOHQ�SODVPLG�E. coli'ye transfer 

HGLOPLúWLU�� 3ODVPLGLQ� E. coli’de ekspresyonu sonunda elde edilen hGH, penisilinaz 

VLQ\DO�GL]LQL�\DUGÕPÕ\OD�|QFH�E. coli iç-PHPEUDQÕQGDQ�JHoHUHN�YH�VRQUD�GD�NLO�JHQLQLQ�
NRGODGÕ÷Õ� SURWHLQ� WDUDIÕQGDQ� JHoLUJHQ� KDOH� JHWLULOHQ� GÕú-PHPEUDQÕ� JHoHUHN� �UHWLP�
RUWDPÕQD�VDOJÕODQPÕúWÕU��NLO�JHQL�LoHUHQ�S�K*+��YH�LoHUPH\HQ�S36+K*+���SODVPLGOHUL�
�UHWLP� úHNOL� DoÕVÕQGDQ� NDUúÕODúWÕUÕOPÕúWÕU�� %XQD� J|UH� S36+K*+��� SODVPLGL� WDúÕ\DQ�E. 

coli ile üretimde toplam hGH’nin %80’i (6.7mg hGH�PO� N�OW�U�� SHULSOD]PLN�ERúOX÷D�
VDOJÕODQPÕúWÕU��S�K*+��SODVPLGL�WDúÕ\DQ�E. coli ile üretimde ise toplam hGH’nin %55’ ( 

����PJ�K*+�PO�N�OW�U��N�OW�U�RUWDPÕQD�����¶L�����PJ�K*+�PO�N�OW�U��LVH�SHULSOD]PLN�
ERúOX÷D� VDOJÕODQPÕúWÕU�� hUHWLOPLú� RODQ� K*+¶QLQ� EHOLUOHnmesinde SDS-PAGE ve 

,PPXQREORW�DQDOL]OHUL�NXOODQÕOPÕúWÕU��hUHWLOHQ�K�FUH�GÕúÕ�K*+�EL\RORMLN�DNWLYLWH�YH�1-

XFX� DPLQR� DVLW� GL]LQL� EHOLUOHQPHVL� VRQXFXQGD� GR÷DO� K*+� LOH� X\XPOX� ROGX÷X�
J|U�OP�úW�U�� 
 

Nakayama et al. (1988)’da Bacillus amiloliquefaciens nötral proteaz genini ve mature 

K*+� JHQLQL� LoHUHQ� ELU� SODVPLG� JHOLúWLUPLúOHUGLU�� %X� SODVPLG� �Bacillus subtilis konak 

K�FUHVLQH� DNWDUÕODUDN� K*+� �UHWPH� SRWDQVL\HOL� |Oo�OP�úW�U�� (OGH� HGLOHQ� UHNRPELQDQW��
SODVPLG� LOH� Q|WUDO� SURWHD]� WHUPLQDWRU� �VRQODQGÕUÕFÕ�� LoHUPH\HQ� Slasmidin üretimleri 

NDUúÕODúWÕUÕOPÕúWÕU��6RQXoWD�Q|WUDO�SURWHD]�WHUPLQDWRUÕQÕ�LoHUHQ�S+*+����SODVPLGL�LOH����
NDW�GDKD�ID]OD�K*+��UHWLOPLúWLU�� �.HVLNOL�IHUPHQWDV\RQ�LOH��PJ�K*+��/��\�NVHN�K�FUH�
\R÷XQOX÷X� LoHUHQ� \DUÕ-kesikli fermentasyonla ise 40mg hGH /L ürHWLOPLúWLU�� 6RQXoWD�
EL\RORMLN�RODUDN�DNWLI�YH�GR÷DOÕ\OD�D\QÕ��\DSÕGD�K*+�YHULPOL�RODUDN��UHWLOPLúWLU� 
 

Hsiung et al. (1989)’da  E. coli¶GH� � K*+¶QLQ� � N�OW�U� RUWDPÕQD� VDOJÕODQPDVÕQÕ�
DUDúWÕUPÕúODUGÕU��%XQXQ�LoLQ��E. coli pOmpA sinyal dizini ve hGH geni içeren  pOmpA-

hGH2  plasmidi ile  bakteriocin released  protein (BRP) geni içeren pJL3 plasmidini  E. 

coli� K�FUHVLQH� WUDQVIHU�HWPLúOHU��+HU� LNL�SODVPLWWH�GH� lpp-lac promoter–operon sistemi 

EXOXQPDNWDGÕU��E. coli�GÕú-PHPEUDQÕQÕQ�JHoLUJHQOL÷LQL�DUWWÕUDQ�%53��SURWHini sayesinde 

,37*� LOH� LQG�NOHQPLú� NRúXOODUGD� N�OW�U� RUWDPÕQD� VDOJÕODQDQ� K*+�
4.5µg/ml/A550K�FUH¶GLU�� 2\VDNL� D\QÕ� NRúXOODUGD� VDGHFH� S2PS$-hGH2 plasmidiyle E. 

coli’GH�SHULSODVPLN�RODUDN��UHWLOHQ�UHNRPELQDQW�K*+�PLNWDUÕ��LVH���-15µg/ml/A600’dür 
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(Hsiung et al. ������� � %53� LQG�NOHPHVL� YH� K*+� JHoLúL� LoLQ� RSWLPXP� ,37*�GHULúLPL�
20µ0� RODUDN� EHOLUOHQPLúWLU�� ,37*� LQG�NOHPHVLQLQ� ROPDGÕ÷Õ� ]HQJLQ� N�OW�U� RUWDPÕQGD�
K�FUH� oR÷DOPDVÕ� ROPXúWXU� IDNDW� N�OW�U� RUWDPÕQD� K*+� VDOJÕODQPDPÕúWÕU�� %�\�N� |OoHN�
kültürlemelerde üretim ortamÕQD� ����PJ� K*+�/� � VDOJÕODQPÕúWÕU�� 7HN� EDVDPDN�
VDIODúWÕUPD�LúOHPL\OH�����VDIOÕNWD�VDOJÕODQPÕú�K*+�HOGH�HGLOPLúWLU��6DIODúWÕUÕOPÕú�RODQ�
hGH’nin N-XFXQGDNL�DPLQR�DVLW�GL]LQLPL�GR÷DO�K*+�LOH�D\QÕGÕU� 
 

Yamakawa et al. (1989) E. coli¶GH� K*+� �UHWLPLQH� JHQ� PLNWDUÕQÕQ� HWNLVLQL�
DUDúWÕUPÕúODUGÕU��%XQXQ� LoLQ�ELUELUL�DUGÕQD�GL]LOPLú�ELU�� LNL�YH�G|UW� WDQH�K*+�JHQLQL�YH�
tac� SURPRWHUÕQÕ� � WDúÕ\DQ� VÕUDVÕ\OD� S..::hGH, pKK::hGH::hGH, pKK::4(hGH) 

HNVSUHV\RQ�YHNW|UOHULQL�JHOLúWLUHUHN�EXQODUÕQ�E. coli¶GH�oHúLWOL�N�OW�U�NRúXOODUÕQda hGH 

�UHWLP�YHULPOHULQL�NDUúÕODúWÕUPÕúODUGÕU��0DNVLPXP��UHWLOHQ�K*+�SODVPLG�S..::4(hGH) 

içeren E.coli�LOH�WRSODP�K�FUH�SURWHLQOHULQLQ��������RODUDN�|Oo�OP�úW�U��.ÕVÕWOÕ�VHQWHWLN�
N�OW�U� RUWDPÕQGD�� YHNW|UGHNL� JHQ� VD\ÕVÕ\OD� �UHWLOHQ� K*+�PLNWDUÕ� DUDVÕQGD� RUDQWÕOÕ� ELU�
LOLúNL� J|]OHQLUNHQ�� ]HQJLQ� N�OW�U� RUWDPÕQGD� EX� LOLúNL� J|]OHQPHPLúWLU�� =HQJLQ� N�OW�U�
RUWDPÕQGD� S..::hGH� SODVPLGL� LOH� GDKD� YHULPOL� �UHWLP� JHUoHNOHúWLULOPLúWLU�� 6RQXo�
RODUDN� NÕVÕWOÕ� N�OW�U� NRúXOODUÕQGD� DUGÕúÕN� GL]LOPLú� JHQ� VD\ÕVÕQÕQ� DUWÕUÕOPDVÕ\OD� \üksek 

VHYL\HGH�SURWHLQ�HNVSUHV\RQXQXQ�HOGH�HGLOHELOHFH÷LQL�J|VWHUPLúWLU� 
 

Jensen and Carlsen (1990) 3-��DPLQR�DVLWOLN�IDUNOÕ�1-XFX�X]DQWÕODUÕQD�VDKLS�K*+¶QXQ�E. 

coli¶GH� VLWRSOD]PLN� HNVSUHV\RQXQX� YH� JOXNR]�� DVHWDW� YH� WX]ODUÕQ� EXQODUD� IL]\RORMLN�
etkilerini iQFHOHPLúOHUGLU�� 1-XFXQGD� EXOXQDQ� EX� NÕVÕPODU�� GR÷DOÕ� LOH� D\QÕ� K*+� HOGH�
HWPHN� DPDFÕ\OD� K�FUH� GÕúÕQGD� SURWHROLWLN� NHVLP� LoLQ� NXOODQÕOPÕúWÕU�� %X� DPLQR� DVLW�
X]DQWÕODUÕQGDNL� N�o�N� GH÷LúLNOLNOHU� HNVSUHV\RQ� KÕ]ODUÕQÕ� �� NDW� GH÷LúWLUPHNWHGLU�� %X�
K*+¶ODUÕQ�VSHVLILN�HNVSUHV\RQ�KÕ]ODUÕ�SODVPLG�LoHUHQ�YH�LoHUPH\HQ�K�FUHOHULQ�VSHVLILN�
oR÷DOPD�KÕ]ODUÕQÕQ�ELUELULQH�RUDQÕ��µ+/µ-��LOH�WHUV�RUDQWÕOÕGÕU��1-XFX�X]DQWÕODUÕQGDQ�����
NDUDUOÕNWD� RODQ�PHW-ala-glu-hGH (MAE-K*+�� VHoLOPLúWLU��2UWDP� ELOHúLPL� YH� oR÷DOPD�
NRúXOODUÕ� oDOÕúPDODUÕ� VRQXFXQGD�NRPSOHNV� RUWDPÕQ�NXOODQÕOGÕ÷Õ� � JOXNR]�DoÕVÕQGDQ�\DUÕ�
kesikli fermentasyon ile 2000mg/l MAE-K*+� HOGH� HGLOPLúWLU�� )HUPHQWDV\RQ� SURVHVL��
glukoz-NÕVÕWOÕ� oR÷DOPD� ID]Õ� YH� EXQX� WDNLS� HGHQ� DUWPÕú� JOXNR]�EHVOHPHOL� LNLQFL� ID]GDQ�
ROXúPXúWXU�� øNLQFL� ID]� MAE-K*+� 
QXQ� �UHWLOGL÷L� ID]GÕU�� EX� ID]GD� K�FUH� ROXúXPX�
GXUPXúWXU��*OXNR]XQ�\�NVHN�GHULúLPOHUL�0$(-K*+�HNVSUHV\RQXQX�D]DOWPÕúWÕU��*OXNR]�
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DoÕVÕQGDQ� NHVLNOL� IHUPHQWDV\RQGDNL� 0$(-K*+¶QLQ� YHULPL� \DUÕ-kesikli 

fermentasyondakinin %30’dur. Glukoz kesikli fermentasyonda ekspresyon verimindeki 

D]DOPDQÕQ��DVHWLN�DVLWLQ� LQKLEH�HGLFL�HWNLVLQLQ�VRQXFX�ROGX÷X�LVSDWODQPÕúWÕU��%X�LQKLEH�
HGLFL�HWNL��S+�NRQWUROX�LoLQ�NXOODQÕODQ�DVLW�YH�ED]ÕQ�DUWDQ�W�NHWLPLQLQ�QHGHQ�ROGX÷X�WX]�
HWNLVL� LOH� DUWPÕúWÕU�� *HUoHNOHúWLULOPLú� RODQ� NHPRVtat deneyleri, glukoz 

konsantrasyonunun yüksek verimde MAE-K*+� HOGH� HWPHN� LoLQ� NULWLN� ROPDGÕ÷ÕQÕ�
J|VWHUPLúWLU��6RQXo�RODUDN��E.coli�LOH�KHWHURMHQ�SURWHLQOHULQ��UHWLPLQGH�JOXNR]�DoÕVÕQGDQ�
\DUÕ-NHVLNOL�SURVHVOHULQ�NHVLNOL�SURVHVOHUH�J|UH�GDKD��VW�Q�ROGX÷X�VRQXFXQD�XODúÕOPÕúWÕU�� 
 

E. coli¶GH�oRN�NXOODQÕODQ�VLQ\DO�GL]LQOHUL��,NDKDUD�et al. 1984, Gray et al. 1985, Becker 

and Hsiung 1986) ve Bacillus sinyal dizinleri (Breitling et al. 1989) kullanarak 

JHUoHNOHúWLULOHQ�oDOÕúPDODU�QHWLFHVLQGH�GR÷DO��o|]�OHELOLU�YH�biyolojik olarak aktif  insan 

SURWHLQOHULQLQ�K�FUH�GÕúÕ��UHWLPLQLQ�|QHPOL�ROGX÷X�J|U�OP�úW�U��%X�QHGHQOH�K�FUH�GÕúÕ�
�UHWLP�|]HOOL÷LQH�VDKLS�Bacillus�PLNURRUJDQL]PDODUÕQÕQ��NRQDN�K�FUH�RODUDN�NXOODQÕOGÕ÷Õ���
oDOÕúPDODU�KÕ]�ND]DQPÕúWÕU� 
 

Franchi et al. (1991)� GH÷LúLN� K*+� SROLSHSWLW� GL]LQOHUL� WDVDUOD\DUDN� GR÷DOÕ\OD� D\QÕ�
IRUPGD�� NROD\� VDIODúWÕUÕODELOHQ�� \�NVHN� o|]�Q�UO�NWH� K*+¶QLQ� YHULPOL� RODUDN�
�UHWLOPHVLQL� DPDoODPÕúODUGÕU�� �%X�DPDo�GR÷UXOWXVXQGD�����DPLQR�DVLWWHQ�ROXúDQ�K*+�
dizinine ek olarak N–ucuna hGH’nin hücre proteinlerinden ve spesifik proteaz Faktör 

;D¶\Õ� J|VWHUHQ� ,OH-Glu-Gly-$UJ� �,(*5�¶GHQ� NROD\FD� � VDIODúWÕUÕOPDVÕQÕQ� VD÷OD\DFDN�
IDUNOÕ� K*+� SUHFXUVRU� GL]LQOHULQL� WDVDUODPÕúODUGÕU�� %XQODUÕ� Bacillus subtilis’e ekspres 

ederek elde edilen ürünleri çözünürlükleUL� YH� VDIODúWÕUPD� NROD\OÕNODUÕ� DoÕVÕQGDQ�
NDUúÕODúWÕUPÕúODUGÕU��0HWL\RQLQ�YH� ,(*5�WHWUDSHSWLWL�DUDVÕQGDNL�GL]LQ�KHU�X]DQWÕ\D�J|UH�
VSHVLILNWLU�� %X� GXUXP� \�NO�� DPLQR� DVLWOHU� QHGHQL\OH� PROHN�OOHUH� IDUNOÕ� |]HOOLNOHU�
ND]DQGÕUPÕúWÕU��8]XQ�KRPRSROLPHULN�NX\UXN�LoHUHQ�X]DQWÕODUÕQ�o|]�QPH]��NÕVD�NX\UXN�
LoHUHQ� X]DQWÕODUÕQ� LVH�PHW-K*+¶\H� J|UH� o|]�Q�UO�NOHULQLQ� DUWWÕ÷Õ� EHOLUOHQPLúWLU�� � .ÕVD�
NX\UXNOX� X]DQWÕODUÕQ� ELU� GL÷HU� �VW�QO�÷�� � GH� KRUPRQXQ� S,¶VÕQÕ� GH÷LúWLUPHVL� QHGHQL\OH�
VDIODúWÕUPDQÕQ� GDKD� NROD\� YH� YHULPOL� \DSÕODELOPHVLGLU�� 6DIODúWÕUPD� LúOHPLQGHQ� VRQUD�
X]DQWÕODU� ,(*5�WHWUDSHSWLQLQ�DUJLQLQ�DPLQR�DVLGLQGHQ�NHVPH�\DSDQ�SURWHD]�)DNW|U�;D�
HQ]LPL�LOH�PXDPHOH�HGLOHUHN�GR÷DOÕ\OD�D\QÕ�IRUPGD�K*+�HOGH�HGLOPLúWLU��3URWHLQ�DQDOL]L�
SDS-3$*(� YH�:HVWHUQ�%ORWW� \|QWHPL\OH� JHUoHNOHúWLULOPLúWLU�� 6DIODúWÕUPD� \|QWHPLQLQ�
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EDVLWOL÷L�� )DNW|U� ;D¶QÕQ� VSHVLILNOL÷L� YH� \�NVHN� YHULPGH� GR÷DO� K*+� HOGH� HGLOPHVL�
QHGHQL\OH�EX�SURVHVLQ�|QHPL�DUWPÕúWÕU� 
 

Kajino et al. �������\�NVHN�YHULPOH�KHWHURMHQ�SURWHLQ��UHWPH�YH�oRN�G�ú�N�K�FUH�GÕúÕ�
proteaz aktivitesine sahip olan Bacillus brevis� � K�FUHOHUL� LOH� GR÷DOOÕ\OD� D\QÕ� \DSÕGD��
EL\RORMLN�RODUDN�DNWLI�K*+¶QLQ�K�FUH�GÕúÕ��UHWLPLQL�DUDúWÕUPÕúODUGÕU��6DOJÕODQDQ�SURWHD]ÕQ�
K*+� �UHWLP� YHULPLQL� G�ú�UPHVLQL� � |QOHPHN� LoLQ� � SURWHD]Õ� HNVSUHV� HGHQ� PXWDQWODU�
NXOODQPÕúODU�YH�RUWDPD�SURWHD]�LQKLELW|UOHUL�LODYH�HWPLúOHUGLU��+�FUH�oR÷DOPDVÕ�YH�K*+�
YHULPLQL� LQKLEH�HWPH\HQ�('7$�SURWHD]� LQKLELW|U���GH÷HUL�EHOLUOHQPLúWLU��6LQ\DO�SHSWLW�
PRGLILNDV\RQX� LOH�K*+��UHWLPLQL� DUWWÕUPD\D�oDOÕúPÕúODUGÕU��%XQD�J|UH� VLQ\DO�SHSWLGLQ�
amino uç bölgeVLQLQ�ED]LNOL÷LQLQ��RUWD�E|OJHVLQLQ�GH�KLGURIRELNOL÷LQLQ�DUWPDVÕ\OD�K*+�
�UHWLPLQLQ� ��� NDW����PJ�O¶\H�� DUWWÕ� EHOLUOHQPLúWLU�� hUHWLP� RUWDPÕ� RSWLPL]DV\RQX� LOH�
K*+��UHWLPL����PJ�O¶\H�\�NVHOPLúWLU��6RQXoWD�EL\RORMLN�RODUDN�DNWLI�YH�GR÷DOÕ\OD�D\QÕ�
formda hücre dÕúÕ�K*+�YHULPOL�RODUDN��UHWLOPLúWLU� 
  

Shin et al. (1998a)’de  rekombinant E. coli� � LOH� �\DUÕ-kesikli kültürlerde yüksek hücre 

GHULúLPOHULQGH� UHNRPELQDQW� SURWHLQOHULQ� �K*+� YH� LQVDQ� JOXNDJRQX�� VHQWH]LQL�
DUDúWÕUPÕúODUGÕU��*OXNR]� NÕVÕWOÕ� oR÷DOPD� \DQ� �U�Q� ROXúPDGDQ� JHUoHNOHúPLúWLU�� %XQGDQ�
GROD\Õ�oR÷DOPD�YH�UHNRPELQDQW�SURWHLQ�VHQWH]L�HVQDVÕQGD��K�FUH�RUWDPÕQÕQ�GH÷LúPHGL÷L�
YDUVD\ÕOPÕúWÕU�� øNL� ID]OÕ� \DUÕ-NHVLNOL� LúOHWLPGHNL� � V�UHNOL�GLQDPLN� EHVOHPH� YH� VSHVLILN�
oR÷DOPD�KÕ]ODUÕ�LVWHQLOHQ�GH÷HUOHUGH�NRQWURO�HGLOPLúWLU��6SHVLILN�oR÷DOPD�KÕ]Õ��YH�E. coli 

W�UOHULQGHQ� YHULPOL� UHNRPELQDQW� �U�Q� ROXúXPX� DUDVÕQGDNL� NRUHODV\RQODUÕQ�
NDUúÕODúWÕUÕOPDVÕ� LoLQ� \DUÕ-NHVLNOL� LúOHWLPLQ�NXOODQÕPÕ�X\JXQGXU��*UDQ�O�SURWHLQ� �RODUDN�
LNL� UHNRPELQDQW�SURWHLQ�HNVSUHV� HGLOPLúWLU�� \�NVHN�K�FUH�oR÷DOPD�KÕ]ÕQGD�\DUÕ-kesikli  

N�OW�UOHUGHNL�GHULúLPOHUL���J�JUDQ�O�E�\�PH�KRUPRQX�O-1  ve 7g granül glukagon l-1’ye 

DUWPÕúWÕU��<DUÕ-NHVLNOL�IHUPHQWDV\RQGD�K*+��UHWLP�ID]ÕQGD�DVHWDW�ROXúPDPÕúWÕU� 
 

Shin et al. �����E�¶GH�VDIODúWÕUÕOPDVÕ�NROD\��o|]�OHELOHQ��\üksek verimde hGH üretimi 

LoLQ�\HQL�ELU�JUDQ�O�SURWHLQ�VLVWHPL�JHOLúWLUPLúOHUGLU��+XPDQ�WXPRU�QHFURVLV�IDFWRU-alpha 

(hTNF-α�¶QÕQ� 1-XFX� EHú� DPLQR� DVLWL�� RQ� KLVWLGLQ� DPLQR� DVLWL� YH� HQWHURNLQD]� NHVPH�
konumu (Asp- Asp- Asp- Asp-/\V�¶GDQ� ROXúDQ� SDUWQHUL� NXOODQDrak, hGH’nu granül 

protein olarak E. coli¶GH��UHWPLúOHUGLU��*HQ�HNVSUHV\RQX�7��SURPRWHUÕQÕQ�NRQWURO�QGH�
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JHUoHNOHúWLULOPLúWLU��*HQ�HNVSUHV\RQXQXQ�EDúÕQGD�o|]�OHELOLU�ELU�SURWHLQ�RODUDN��UHWLOHQ�
granül protein, ilerledikçe E. coli� VLWRSOD]PDVÕQGD� o|]�OHPH]� ROPXúWXU�� $QFDN� EDVLW�
DONDOL�S+�GH÷LúLPL�LOH�o|]�OHELOLU�KDOH�JHWLULOHQ�JUDQ�O�SURWHLQ��DILQLWH�NURPDWRJUDIL�LOH�
VDIODúWÕUÕOPÕúWÕU��<�NVHN�K�FUH�\R÷XQOXNOX�\DUÕ-NHVLNOL�IHUPHQWDV\RQGD�K�FUH�oR÷DOPDVÕ�
YH� K*+� �UHWLPL� IDUNOÕ� � ID]ODUGD� JHUoHNOHúPLúWLU�� )HUPHQWDsyon süresince maksimum 

K�FUH�GHULúLPL���J�O��PDNVLPXP�JUDQ�O�SURWHLQ�GHULúLPL��J�O�RODUDN�|Oo�OP�ú�YH�DVHWDW�
ROXúXPX� J|]OHQPHPLúWLU�� .ROD\OÕ÷Õ�� KÕ]Õ� YH� \�NVHN� YHULPOLOL÷LQGHQ� GROD\Õ� EX�
rekombinant proses, hGH’nun büyük ölçek üretimine uygulanabilirdir.  

 

Byund et al. ������¶GH� � DHURELN� \DUÕ-kesikli fermentasyon ile E. coli’de rekombinant 

K*+��UHWLPLQL�DUDúWÕUPÕúODUGÕU��%X�GR÷UXOWXGD��DPDo�UHNRPELQDQW�K*+¶QLQ�\DUÕ-kesikli 

IHUPHQWDV\RQ� VÕUDVÕQGD� �UHWLP� YH� SURWHLQ� GHJUDGDV\RQ�PRGHOLQL� EHOLUOHPHN� YH� |OoHN�
bü\�WPHQLQ�EX�PRGHOL�GH÷LúWLULS�GH÷LúWLUPHGL÷LQL��JOXNR]XQ�\DUÕ�NHVLNOL�EHVOHQPHVL\OH�
ROXúDQ� JUDG\HQOHULQ�� |OoHNOHQGLUPH� VÕUDVÕQGD� �U�Q� NDOLWHVLQGH� PH\GDQD� JHOHQ�
GH÷LúLNOL÷LQ� QHGHQL� ROXS� RODPD\DFD÷ÕQÕ� EHOLUOHPHNWLU�� /DERUDWRU\� EHQFK-scale, scale-

down (SDR) ve industrial pilot-scale (3m3) reaktörlerde üretim verimi ve kalitesi, hücre 

YHULPL�� NDUÕúÕN� DVLW� IHUPHQWDV\RQX�� JOXNR]� GHULúLPL�� K�FUH� OL]L]L� LQFHOHQPLú� YH�
NDUúÕODúWÕUÕOPÕúWÕU��*OXNR]XQ�WHN�RODUDN�GH÷LO�GH�RNVLMHQ�NÕVÕWODPDVÕ�LOH�NULWLN�SDUDPHWUH�
WHúNLO�HWWL÷L���IRUPLN�DVLWLQ�DVHWLN�DVLWH�J|UH�EDVNÕQ�ROGX÷X�\DQ��U�Q�ROXúXP�PRGHOL�LOH�
NDQÕWODQPÕúWÕU��$VHWLN� DVLW� YH� IRUPLN�DVLW�ROXúXPX�E�W�Q�N�OW�UOHPHOHUGH� IDUNOÕ�KÕ]�YH�
]DPDQODUGD�J|]OHQPLúWLU��hU�Q�NDOLWHVL�YH�PLNWDUÕ�KDULo�E�W�Q�SDUDPHWUHOHU�LoLQ��UHWLP�
mRGHOL��6'5�UHDNW|UGH��EHQ]HU�RODUDN�\DSÕODELOPLú�YH�����\�NVHN�WRSODP�YHULP�HOGH�
HGLOPLúWLU� 
 

Caston et al. ������¶GH�RNVLMHQFH�]HQJLQOHúWLULOPLú�IHUPHQWDV\RQXQ� �K�FUH�GHULúLPL�YH�
K*+� �UHWLPL� �]HULQGHNL� HWNLOHULQL� DUDúWÕUPÕúODUGÕU�� %X� GR÷UXOWXGD� VDGHFH� K�Fre 

oR÷DOPDVÕ� YH� VDGHFH� UHNRPELQDQW� K*+� �UHWLPLQLQ� LQFHOHQGL÷L� LNL� \DUÕ-kesikli 

IHUPHQWDV\RQ� JHUoHNOHúWLUPLúOHUGLU�� � +�FUH� oR÷DOPDVÕ� SURVHVLQGH�� �VWHO� oR÷DOPD� ID]Õ�
X]XQ� V�UPHNWHGLU�� RUWDPGDNL� RNVLMHQ� GHULúPLQLQ� DUWPDVÕ\OD� <O/S� � DUWPÕú� YH� \DúDP�
NDWVD\ÕVÕ� \�NVHOPLúWLU�� )RUPLN� DVLW� YH� DVHWLN� DVDLW� ROXúXPX� LVH� RNVLMHQ� GHULúLPL�
DUWÕUÕOÕQFD\D�NDGDU�oRN�G�ú�NW�U�VRQUD�LVH�VÕUDVÕ\OD������J�O�YH������J�O¶\H�DUWPÕúODUGÕU��
+�FUH� GHULúLPL� RNVLMHQFH� ]HQJLQOHúWLUPH� LOH� KÕ]OÕ� RODUDN� DUPÕú� YH� SURVHVLQ� VRQXQGD�
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DQLGHQ� G�úP�úW�U��'ROD\ÕVÕ\OD� �UHWLP�RUWDPÕQD� VDOJÕODQDQ� � IRUPLN� DVLW� � YH� DVHWLN� DVLW�
GHULúLPLQGHNL� DUWPD� � K�FUH� OL]L]LQGHNL� DUWPDGDQ� ND\QDNODQGÕ÷Õ� G�ú�Q�OP�úW�U��
5HNRPELQDQW�K*+��UHWLP�SURVHVLQGH��JOXNR]�EHVOHPH�KÕ]Õ�YH��UHWLP�RUWDP�GHULúLPL�LNL�
NDWÕQD�oÕNDUÕOPÕúWÕU��2NVLMHQFH�]HQJLQOHúWLUPH�LOH�IRUPLN�DVLW�ROXúXPX��J�O¶\H�DUWPÕúWÕU��
Proses sonunda 37au r-K*+��UHWLOPLúWLU�� 
 

Tabandeh et al. ������¶GH� ÕVÕO� LQG�NOHPH� \|QWHPLQL� NXOODQÕODUDN� E. coli’de hGH 

HNVSUHV\RQX�LOH�IDUNOÕ�NDUERQ�ND\QDNODUÕ�YH��UHWLP�RUWDPÕ�ELOHúLPOHUinde hGH üretimini 

DUDúWÕUPÕúODUGÕU�� 6RQXoWD� S+-VWDW� EHVOHPHOL� \DUÕ-NHVLNOL� IHUPHQWDV\RQGD� WDQÕPOÕ� YH�
NRPSOHNV� RUWDP� LoLQ� K�FUH� GHULúLPOHUL� VÕUDVÕ\OD� ��� YH� ��J�O� RODUDN� |Oo�OP�úW�U���
.RPSOHNV��UHWLP�RUWDPÕQÕQ�NXOODQÕOGÕ÷Õ�\DUÕ-kesikli fermentasyon ile 2g/l rekombinant 

K*+��UHWLOPLúWLU��.RPSOHNV�RUWDP� LoHUHQ� �V�UHNOL�EHVOHPHOL�\DUÕ-kesikli fermentasyon 

NDUERQ�ND\QD÷ÕQÕQ� K*+��UHWLPLQH�HWNLVL� LQFHOHQPLúWLU��.DUERQ�ND\QD÷Õ�RODUDN�JOXNR]�
\HULQH� JOLVHURO�NXOODQÕOGÕ÷ÕQGD�K�FUH� GHULúLPL� ���J�O¶\H� YH� K*+�GHULúLPL� GH 2.7g/l’ye 

DUWPÕú��\DQ-�U�Q�RODQ��DVHWLN�DVLW�ROXúXPX�D]DOPÕúWÕU� 
 

K*+� � �UHWLPL� LOH� LOJLOL� V�UHOL� \D\ÕQ� OLWHUDW�U�QGH� �UHWLP� RUWDPÕQGDNL� ELOHúHQOHULQ�
HWNLVLQLQ� LQFHOHQGL÷L� Bacillus W�UOHUL� LOH� LOJLOL� ELU� oDOÕúPD� � ROPDGÕ÷Õ� KDOGH�� E. coli 

(Tabandeh et al. 20���� LOH� LOJLOL� oDOÕúPDGD�X\JXQ�NDUERQ�ND\QD÷Õ�EHOLUOHQPLúWLU�� K*+��
�UHWLPL� LOH� LOJLOL� oDOÕúPDODUGD� S+� YH� VÕFDNOÕN� HWNLVL� DUDúWÕUÕOPDGDQ� oDOÕúÕOPÕúWÕU���
.DUÕúWÕUPDOÕ� EL\RUHDNW|UOHUGH� RNVLMHQ� DNWDUÕPÕ� NDUÕúWÕUPD� KÕ]Õ� YH� RNVLMHQ�KDYD� JLULú�
KÕ]ÕQÕQ� ELU� IRQNVL\RQX�ROXS�|QHPOL�EL\RUHDNW|U� LúOHWLP�SDUDPHWUHOHULQGHQGLU�� �dL]HOJH�
����¶GH� EHOLUWLOHQ� oDOÕúPDODUGD� � KDYD� JLULú� KÕ]Õ� YH� NDUÕúWÕUPD� KÕ]ÕQÕQ� HWNLVLQL�
LQFHOHQPHGHQ��oDOÕúPÕúODUGÕU�� 
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       Çizelge  2.11.a  Rekombinant hGH üretimi ile ilgili kaynaklar: Konak-mikroorganizma: E. coli, rekombinant  plasmid ve özellikleri,   
hGH üretim tipi ve ölçüm metodu 

 
�������*HOLúWLULOHQ 

Plasmid (ler) Mikroorganizma 
%DúODWÕFÕ�

(Promoter) 
Sinyal-peptid: 

 

hGH üretim 

tipi 

ChGH ölçüm 

metodu 
Sonuçlar   Kaynak 

E. coli 294 lac - pHGH107 sitoplazmik RIA 
*HQHQWHFK¶WH� JHOLúWLULOHQ�SODVPLG� S+*+���� � NXOODQÕODUDN�
ChGH� ����PJ�/��K*+��UHWLOPLúWLU� 

Goeddel 
vd. 1979 

E. coli trp - 
pGH-L9 

pGH-L11 
pGH-L13 

sitoplazmik RIA 
Maksimum hGH üretimi pGH-L9 plasmidi ile   
ChGH =169�PJ�/�HOGH�HGLOPLúWLU� 

øNHKDUD�YG��
1984 

E. coli 294 
trp 

phoA 

 
pre-hGH 
pho-hGH 

 

pPreHGH207-2 
pAPH-1 

periplazmik RIA 

pAPH-1 plasmidi ile 230ng/ml/A550  Met-hGH  
�UHWLOPLúWLU�� hUHWLOHQ� K*+µXQ� EL\RORMLN� DNWLYLWH� YH�
LPP�QRORMLN� |]HOOLNOHU� DoÕVÕQGDQ� GR÷DO� K*+� LOH� D\QÕ�
|]HOOLNOHUH�VDKLS�ROGX÷X�ELOGLULOPLúWLU� 

Gray vd. 
1985 

E. coli K12RV308 
(su-, ∆lacX74, galISII::OP308, 

rpsL) 

Lpp-lac OmpA pOmpA-hGH2 periplazmik 5,$�(/ø6$ 

(OL� /LOO\¶GH� JHOLúWLULOHQ� SODVPLG� S2PS$-hGH2 ile 10-15 
µg hGH/A600=1.6 hücre verimle hGH periplasmik olarak 
�UHWLOPLúWLU.  
 E. coli’de  üretilen toplam hGH’nin %72’i periplazmik 
ERúOX÷D�VDOJÕODQPÕú�YH�GR÷DO�K*+�LOH�D\QÕGÕU�   

Becker ve 
Hsuing 
1986; 
Hsiung vd. 
1986 

E. coli W3110 
(tonA; ATCC27325) 
 

phoA STII 
phGH4R 
phGH4L 

periplazmik RIA 
Genentech ‘de tasarlanan plasmidlerden phGH4L ile daha  
\�NVHN� YHULPGH� K*+� �UHWLOPLúWLU�� 7RSODP� K*+¶QLQ�
(15.4µg /ml/A550������¶Õ�SHULSOD]PLN�RODUDN��UHWLOPLúWLU� 

Chang  vd. 
1987 

E. coli HB101 
(F

-
 proA2 leuB thi lacY1 hsdR 

hsdM ala-14 galK2 xyl-5 mtl-1 

supE44 endA recA13 rpsL20) 

Ex-K 
�SHQLVLOLQD]�SURPRWÕUÕ�YH�

kil geni) 
Ex 

 

Bacillus penisilinaz 
 
 

Bacillus penisilinaz 
 

p8hGH1 
 
 

pPShGH11 

Hücre-GÕúÕ 
 
 

Periplazmik 

RIA 

kil JHQL�LoHUHQ�SODVPLG�S�K*+��LOH�JHoLUJHQOL÷L�DUWÕUPÕú�YH�
K*+¶QLQ� � ���¶L� ������ PJ�/�� K�FUH� GÕúÕ�� � ���¶si (8.6 
PJ�/���SHULSOD]PLN�RODUDN��UHWLOPLúWLU���kil geni içermeyen 
plasmid pPShGH11 ile ise  hGH’nin %80’ni (6.7 mg/l) 
SHULSOD]PLN�RODUDN��UHWLOPLúWLU� 

Kato  vd. 
1987 

 E. coli K12RV308 
(su

-
, ∆lacX74, galISII::OP308, 

rpsL) 

         Lppp-lacpo 

 

Lppp-lacpo 

OmpA 
 
- 

pOmpA-hGH2 
 

pJL3 
Hücre-GÕúÕ 5,$�(/ø6$ 

Eli Lilly’de pOmpA-hGH2  ve pJL3 plasmidlerini  içeren 
E. coli  ile 4.5 µg hGH/ml/A550=0.4   hücre-GÕúÕ� RODUDN��
�UHWLOPLúWLU� 

 
Hsuing  vd. 
1989 

E. coli K-12 JM109 
(recA1, endA1, GyrA96, thi, 

tsdR17, supE44, relA1, (lac-pro), 

F’(traD36, probAB, lacI, lacZ 

M15)) 

tac hGH 
pKK::hGH 

pKK::hGH::hGH 

pKK:: 4(hGH) 
periplazmik Western Blott 

Rekombinant pKK::hGH, pKK::hGH::hGH, 

pKK::4(hGH) ile üretilen hGH E. coli proteinlerinin 
VÕUDVÕ\OD�������������YH������¶QL��ROXúWXUPXútur. 

Yamakawa 
vd. 1989 

E. coli B21(DE3) 
(F-, ompT- rB-mB-) 

T7 - pT2GH 
(amp+,Chl+,hGH+) 

sitoplazmik Western Blott 
3ODVPLGL� S7�*+� NXOODQÕODUDN� �UHWLOHQ� K*+� K�FUH�
proteininin %30’dur. 

Shin vd. 
1998b 

E. coli A6-5 

T7 
 

λPL(kan+, T7 RNA 
polimeraz+) 

- 
pET21-hgh 

 

pGP1-2 
sitoplazmik ELISA 

øNL-SODVPLG�VLVWHPL�NXOODQÕODUDN��LVÕO-indükleme ile üretilen 
K*+�µQLQ��UHWLP�NRúXOODUÕQÕ�DUDúWÕUPÕúODUGÕU��K*+�WRSODP�
K�FUH�SURWHLQLQLQ����¶QL�ROXúWXUPXúWXU� 

Tabandeh 
vd.  2004 
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          Çizelge 2.11.b  Rekombinant hGH üretimi ile ilgili kaynaklar: Konak-mikroorganizma: Bacillus , rekombinant  plasmid ve özellikleri, 
hGH üretim tipi ve ölçüm   metodu 

 

Mikroorganizma 
%DúODWÕFÕ�

(Promoter) 
Sinyal-peptid: 

�������*HOLúWLULOHQ 

Plasmid (ler) 

hGH üretim 

tipi 

ChGH ölçüm 

metodu 
Sonuçlar   Kaynak 

B. subtilis MT500 
(apr npr  sacQ(BamF)) 

pNPA84 
pNPA84 

pNPA84 
pNPA84 

phGH526 
phGH324 

Hücre-GÕúÕ Western Blott 
1|WUDO� SURWHD]� VRQODQGÕUÕFÕ� LoHUHQ� SODVPLG� SK*+���� LOH�
hGH üretimi 10-NDW�DUWPÕúWÕU��&hGH = 40mg/L). 

Nakayama 
vd. 1988 

B. subtilis SMS118 
(leu, PyrD1, npr

-
, spr

-
) 

- pSM212 

            pSM215 

(alternatif aa uçlar: 

MRRRRRRIILM-IEGR 
MRR-IEGR 

MEELM-IEGR) 

sitoplazmik Western Blott 

8]XQ� SHSWLW� XoODUÕQ� o|]�QPH]�� NÕVD� XoODUÕQ� LVH� 0HW-
K*+¶\H� J|UH� o|]�Q�UO�÷�Q�Q� ID]OD� ROGX÷X� EHOLUOHQHUHN��
NÕVD� XoODUÕQ� SURWHLQLQ� S,¶VÕQÕ� GH÷LúWLUHUHN� VDIODúWÕUPD\Õ�
NROD\ODúWÕUGÕ÷Õ�ELOGLULOPLúWLU� 

Franchi   
vd.  1991 

B.  brevis HPD31 pNU211hGH 

MWP 
L4 

R2L4 
L15 

 
pNU211hGH 

pNU211L4hGH 
pNU211R2L4hGH 
pNU211L15hGH 

 

Hücre-GÕúÕ Western Blott 

R2L4 sinyal dizini hGH’yi üretim ortaPÕQD�VDOJÕODPDGD�HQ�
HWNLQ�EXOXQPXú��5�/��VLQ\DO�GL]LQL�LOH�K*+��UHWLPL���-kat 
(ChGH� ����PJ�/��DUWPÕúWÕU��2UWDP�RSWLPL]DV\RQX�LOH�K*+��UHWLPL����PJ�/¶\H�DUWWÕUÕOPÕúWÕU� 

Kajino vd. 
1997 
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Çizelge 2.12  hGH üretimiyle ilgili kaynaklar���hUHWLP�RUWDPÕ�ELOHúHQOHUL��YH�|Oo�OHQ�SDUDPHWUHOHU 
�

0LNURRUJDQL]PD� $UDúWÕUÕODQ�HWNL� 2UWDP� gOo�POHU� .D\QDNODU�
� &� 1� 3� <(� � &[� &K*+� &$$� &2$� &$F� &)$� �

U�(��FROL����� �� �� �� �� �� �� �� �� �� �� �� *RHGGHO��YG�������
U�(��FROL�+%���� �� �� �� �� �� �� �� �� �� �� �� øNHKDUD�YG�������
U�(��FROL����� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� *UD\�YG�������

U�(��FROL�.���59���� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� %HFNHU�YH�+VLXQJ������
U�(��FROL�:����� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� &KDQJ�YG������
U�(��FROL�+%���� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� .DWR�YG�������

U�(��FROL�.���59����
�

�� �� �� �� .RPSOHNV� �� �� �� �� �� �� +VLXQJ�YG�������
U�(��FROL�.����-0���� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� <DPDNDZD�YG������
U�(��FROL�0&����� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� -HQVHQ�YH�&DUOVHQ�������
U�(�FROL�%/���'(��� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� 6KLQ�YG�����D�
U�(�FROL�%/���'(��� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� 6KLQ�YG�����E�
U�(��FROL�.����:����� �� �� �� �� 7DQÕPOÕ� �� �� �� �� �� �� %\XQG�YG������

U�(��FROL�:����� �� �� �� �� 7DQÕPOÕ� �� �� �� �� �� �� &DVWRQ�YG������
U�(��FROL�$���� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� 7DEDQGHK�YG������

U�%�VXEWLOLV�07���� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� 1DND\DPD�YG������
U�%��VXEWLOLV�606���� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� )UDQFKL�YG������
U�%���EUHYLV�+3'��� �� �� �� �� .RPSOHNV� �� �� �� �� �� �� .DMLQR�YG������
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dL]HOJH������D���K*+��UHWLPL�LOH�LOJLOL��ND\QDN�DUDúWÕUPDVÕ��%L\RUHDNW|U�LúOHWLP�SDUDPHWUHOHUL��UHNRPELQDQW�E. coli 
 

 %L\RUHDNW|U�øúOHWLP�.RúXOODUÕ    
 

Sonuçlar    

Mikroorganizma 
Biyoreaktör / 
øúOHWLP��W�U� 

T  
ºC 

pH 
VR  
dm3 

N  
dk-1 

Q0/V 
vvm 

DO    
%  

 
Besleme 

türü 
hUHWLP�RUWDPÕ��
.DUERQ�ND\QD÷Õ 

hGH üretim 
tipi 

hGH ölçüm  
metodu 

ChGH 
g/L 

CXC 

g/L 
CA 
g/L 

Kaynak 

E. coli MC1061 
 

Kesikli 
 

Kemostat 
 

<DUÕ-kesikli 
 

<DUÕ-kesikli 

30 
 

30 
 

30 
 

30 

7.2 
 

7.2 
 

7.2 
 

7.2 

- 
 

1.3 
 

- 
 
- 

 
≥500 

 
≥500 

 
≥500 

 
≥500 

 

1 
 

1 
 

1 
 

1 

≥20 
 

≥20 
 

≥20 
 

≥20 

- 
 

Sürekli 
 

Sürekli 
 

G-
besleme 
stratejisi 

Kompleks; G sitoplazmik ELISA 

0.4 
 

0.12 
 

1.0 
 

2.0 

30 
 

30 
 

40 
 

40 

10 
 

1.6 
 

2-3 
 

0 

Jensen ve 
Carlsen 

1990 

E.coli BL21(DE3) 
(F-, ompT- rB-mB-) 

<DUÕ-kesikli 37 6.75 - - - 40 
Sürekli: 
dinamik 

Kompleks; G sitoplazmik 
SDS-
PAGE 

15a 70 0 
Shin vd. 
1998a 

E. coli BL21(DE3) 
(F-, ompT- rB-mB-) 

<DUÕ-kesikli 37 6.75 - - - 40 pH-stat Kompleks; G 
sitoplazmik: 

Western Blott 
SDS-
PAGE 

9a 90 0 
Shin vd. 
1998b 

E. coli  W3110 
Kesikli 

���<DUÕ-kesikli 
      30 7.0 

- 
- 
- 

205 
1000 

  1.4             -   

 
  sürekli 

Kompleks; G sitoplazmik HPLC 
64.6  
75.8 
41.7 

90 
80 
95 

0 
20 
30 

Byund vd. 
2000 

E. coliK-12 W3110 

<DUÕ-kesikli: 
Hücre üretimi 

 
 
<DUÕ-kesikli:  

r-hGH üretimi  

 

37 
 
 

37 

7.0 
 
 

7.0 

4 
 
 

6 

≤1000 
 
 

≤1000 

1 
 
 

1 

20 
 
 

20 

Sürekli 
 
 

Sürekli 

7DQÕPODQPÕú��* sitoplazmik HPLC 
- 
 

37aub 

75 
 
 
- 

0.5 
 
 

0.7 

Caston vd. 
2002 

pH-stat 7DQÕPODQPÕú��* - 25 - 

pH-stat Kompleks; G 2 60 2 
E. coli A6-5 <DUÕ-kesikli -37 7.0 - 400-900 1 40 

Sürekli: 
dinamik 

Kompleks; 
gliserol 

sitoplazmik 
SDS-
PAGE 

2.7 100 1 

Tabandeh 
vd.  2004 
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dL]HOJH������E��K*+��UHWLPL�LOH�LOJLOL�ND\QDN�DUDúWÕUPDVÕ��%L\RUHDNW|U�LúOHWLP�SDUDPHWUHOHUL���UHNRPELQDQW�Bacillus 
 

 %L\RUHDNW|U�øúOHWLP�.RúXOODUÕ    
  

Sonuçlar   
  

Mikroorganizma 
Biyoreaktör / 
øúOHWLP��W�U� 

T  
ºC 

pH 
VR  
dm3 

N  
dk-1 

Q0/V 
vvm 

DO    
%  

 
Besleme 

türü 
hUHWLP�RUWDPÕ��
.DUERQ�ND\QD÷Õ 

hGH 
üretim tipi 

hGH ölçüm  
metodu 

ChGH   
g/L 

CX  

g/L  
CA  
g/L 

Kaynak 

Kesikli 30 6.0-7.0 
- 
 

0-70 
- 

0.006 - - B subtilis MT500 
(apr npr sacQ(BamF) 

spoOA) <DUÕ-kesikli 
 

30 
 

6.5-7 

1 
 

 
4 

- 
 
 

    - - 0-10 
- 

7DQÕPODQPÕú��* K�FUH�GÕúÕ Western Blott 
    0.04 35 - 

Nakayama 
vd.  198 8 

 
c: kontrollü 
AC: Asetik asit 
a: füzyon  hGH 
b��+�FUH�EDúÕQD��U�Q��DX� 
G: Glukoz 
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3. MATERYAL VE YÖNTEM 

 

3.1 Mikroorganizmalar 

 

$úD÷ÕGD� W�U�DGODUÕ�YH�QXPDUDODUÕ�YHULOHQ�PLNURRUJDQL]PDODU�8QLWHG�6WDWHV�'HSDUWPHQW�
of Agriculture Northern Regional Research Laboratory (NRRL, ABD), American Type 

Culture Collection  (ATCC, ABD), Deutsche Sammlung Von Mikroorgaismen Und 

Zellkulturen GmbH (DSM, Almanya)’dan, ve Bacillus Genetic Stock Center (BGSC 

Ohio State University, ABD) dondurularak-NXUXWXOPXú�RODUDN�JHWLUWLOPLú�YH�-20 oC’da 

derin-GRQGXUXFXGD�NRUXQPXúWXU��dL]HOJH������ 
 

ÇizHOJH�����$UDúWÕUPDGD�NXOODQÕOPÕú�RODQ�PLNURRUJDQL]PD�YH�SODVPLGOHU 
 
Mikroorganizma Kaynak/Referans 

E.coli XL1Blue  ATCC 31538, Bullock et al.  (1987) 

B. licheniformis DSM 1969 

B. subtilis  

 1A751 BGSC 

 1A179 BGSC 

Plasmid Kaynak/Referans 

pHGH107 Goeddel et al. (1979) 

pUC19 Yanisch-Peron et al. (1985) 

pMK4 Brücknet et al. 1992 

-pre(subC)::hGH::pUC19 %X�oDOÕúPDGD 

-pre(subC)::hGH::pMK4 %X�oDOÕúPDGD 

 

Mikroorganizmalar, % 0.5 pepton, %1.5 soytripton, 0.001 kg/m3 MnSO4.2H2O 

ELOHúLPLQGHNL� –su içinde hazÕUODQDQ� YH� ���oC ve 1.2 atm’de doygun buharla 20 dk 

süreyle sterillenen- V=0.5 ml çözeltide 30 o&¶GD����GN�oDONDODQDUDN�FDQODQGÕUÕOPÕú�YH�
FDQODQGÕUPD�RUWDPÕQGD����GN�EHNOH\HQ�K�FUHOHU�� FDQODQGÕUPD�RUWDP�ELOHúLPLQH�HN����
kg/m3�NDWÕ�DJDU�LoHUHQ�SHWUL�NDSODUÕQD�VWHULO�NRúXOODUGD�DNWDUÕOPÕúWÕU��.DWÕ�DJDU�RUWDPODU�
DúD÷ÕGDNL�\|QWHPOH�KD]ÕUODQPÕúWÕU� 
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���<XNDUÕGD�ELOHúLPL�YHULOHQ�o|]HOWL��KRPRMHQ�KDOH�JHOLQFH\H�NDGDU�PDQ\HWLN�NDUÕúWÕUÕFÕ�
LOH�NDUÕúWÕUÕODUDN�ND\QDWÕOPÕúWÕU� 

���2UWDP�EHUUDN�KDOH�JHOGL÷LQGH��GDKD�|QFHGHQ�KD]ÕUODQPÕú�PLNUREL\RORMLN�KDYD�ILOWUHli 

tüpOHULQ�KHUELULQH����PO�NRQXOPXú�YH�VWHULOOHQPLúWLU� 
��� 7�SOHU� VWHULOD]DV\RQ� LúOHPLQGHQ� VRQUD� H÷LOHUHN�� DJDUÕQ� GRQPDVÕ� EHNOHQPLúWLU�� H÷LN�

DJDU�W�SOHUL���&�
GD�NRUXQPXúODUGÕU�� 
 

<XNDUÕGDNL� JLEL� KD]ÕUODQDQ� NDWÕ� RUWDPODUD� PLNURRUJDQL]PD� |]H� LOH� VWHULO� NRúXOODUGD�
DNWDUÕOGÕNWDQ� VRQUD� ���&� 
GD� ��� VDDW� LQN�EDW|UGH� oR÷DOWÕOPÕúWÕU�� 0LNURRUJDQL]PDODUÕQ�
\DúODQPDODUÕQÕ� YH� ]DPDQOD� DNWLYLWHOHULQL� ND\EHWPHOHULQL� |QOHPHN� LoLQ� NDWÕ� RUWDPGD�
oR÷DOWÕOPÕú�DNWLI�PLNURRUJDQL]PDODU�PLNUREDQND�DNWDUÕODUDN�-���&�
GD�VDNODQPÕúWÕU�� 
 

3.2 Rekombinant Bacillus� 7�UOHUL�*HOLúWLUPHGH�.XOODQÕODQ�*HQHWLN�0�KHQGLVOL÷L�
Teknikleri 

 

Bacillus�W�UOHUL�LOH�LQVDQ�E�\�PH�KRUPRQXQXQ��K*+��K�FUHGÕúÕ��UHWLPL�LoLQ�EL\RSURVHV�
JHOLúWLULOPHVLQLQ� DPDoODQGÕ÷ÕQGDQ�� JHQHWLN� P�KHQGLVOL÷L� WHNQLNOHUL\OH� K*+� �UHWHELOHQ�
YH��UHWWL÷L��U�Q��K�FUH�GÕúÕQD�VDOJÕOD\DELOHQ�UHNRPELQDQW�Bacillus�W�UOHUL�JHOLúWLULOPHVL�
DPDoODQPÕúWÕU�� %X� GR÷UXOWXGD� K*+
QXQ� Bacillus� W�UOHULQGH� �UHWLOLS� K�FUH� GÕúÕQD�
DNWDUÕODELOPHVL�LoLQ�Bacillus K�FUH�GÕúÕ�HQ]LPOHULQGHQ�VHULQ�DONDOL�SURWHD]��6$3��JHQLQLQ�
–pre(subC) dizininin hGH�JHQ�GL]LQLQLQ�|Q�QH�HQWHJUH�HGLOPHVL�WDVDUODQPÕúWÕU� 
 

������.XOODQÕODQ�EDNWHULOHU��oR÷DOPD�RUWDPÕ�YH�SODVPLGOHU 

 

a.  PCR'a dayanan SOE yönteminde tasarlanan primerler yardÕPÕ\OD� |QFH� D\UÕ-D\UÕ�
oR÷DOWÕODFDN�–pre(sub&��GL]LQL�YH�K*+�PDWXUH�SHSWLW�GL]LQL�LoLQ�NDOÕS�'1$�RODUDN��
SAP üretme potansiyeli olan Bacillus W�U��PLNURRUJDQL]PDQÕQ�NURPR]RPDO�'1$
VÕ�
ve hGH� JHQLQL�NRGOD\DQ� F'1$
\Õ� WDúÕ\DQ�SODVPLG�'1$�NXOODQÕODFDNWÕU��%X�DPDç 

GR÷UXOWXVXQGD�B.licheniformis (DSM 1969) SAP geni için kaynak ve E.coli XL1-

%OXH� �$7&&� ������� K*+� F'1$
VÕQÕ� WDúÕ\DQ� S+*+���� SODVPLGL� LoLQ� ND\QDN�
PLNURRUJDQL]PDODU�RODUDN�NXOODQÕOPÕúWÕU��dL]HOJH������ 
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b.  *HQHWLN� � � P�KHQGLVOL÷L� � � DUDúWÕUPD� � � SURJUDPÕQGD� B.licheniformis NDWÕ� RUWDPGD��
37oC'da   %1 tripton,  %0.5 maya özütü,  %1 NaCl,  %1.5   agar   içeren  pH=7.5 

/%$�RUWDPÕQGD���VÕYÕ��RUWDPGD��LVH��\XNDUÕGDNL��ELOHúLPGH���-DJDUVÕ]-��/%��RUWDPÕQGD��
E.coli ise bunlara ilaveten %0.01 DL-Diaminopimelik asit, %0.002 timidin ve 

%0.08 α-D-JOXNR]� LoHUHQ� VÕYÕ� YH� NDWÕ� RUWDPODUGD� ���� GN-1� NDUÕúWÕUPD� KÕ]ÕQGD�
oR÷DOWÕOPÕúODUGÕU�� E. coli 'nin plasmidi koruyabilmesi için ortama ampisilin 

����J�PO��HNOHQPLúWLU�� 
 

 

 

 

 

 

 

 

 

 

ùHNLO������S8&���YH�S0.��SODVPLGOHULQLQ�úHNLOOHUL� 
 

3.2.2 Kromozomal DNA izolasyonu 

 

.URPR]RPDO� '1$
QÕQ� Bacillus� W�UOHULQGHQ� L]RODV\RQX� LoLQ� DúD÷ÕGDNL� \|QWHP�
X\JXODQPÕúWÕU� 
 

����.DWÕ�RUWDPGDQ����PO��KDFÕPOÕ��/%�RUWDPÕQD��(.����DNWDUÕODQ�K�FUHOHU����&�
GD����VW�
�ELU�JHFH��oR÷DOWÕOPÕúWÕU� 

������+�FUHOHULQ�oR÷DOGÕNODUÕ�RUWDP������J�
GH����GN�VDQWULI�MOHQPLú��VÕYÕ�DOÕQGÕNWDQ�VRQUD��
K�FUHOHU���PO�6(7�WDPSRQX���(.����LoLQGH�WHNUDU�V�VSDQVL\RQ�KDOLQH�JHWLULOPLúWLU� 

����6RQ�GHULúLPL���PJ�PO�RODFDN�úHNLOGH�RUWDPD�OL]R]LP�HQ]LPL�HNOHQPLú�YH����&�
GD����
dk süreyle tepkLPH�JHUoHNOHúWLULOHUHN�K�FUH�GXYDUÕ�SDUoDODQPÕúWÕU�� 

���������KDFLP�RUDQÕQGD�RUWDPD�����
OXN�6'6�HNOHQPLú�YH�KHPHQ�DUGÕQGDQ�GHULúLPL�����
PJ�PO�RODFDN�úHNLOGH�SURWHLQD]-.�HNOHQPLú�YH�LNL�VDDW�V�UH\OH�-DUDVÕUD�oDONDOD\DUDN-  

��&�
GD�WHSNLPH�JHUoHNOHúWLULOPLútir. 
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�����d|]HOWL�KDFPÕQÕQ����
��NDGDU��0�1D&O��VRQUD�o|]HOWL�KDFPÕ�NDGDU�NORURIRUP�HNOHQPLú�
YH�WHSNLPH�RGD�VÕFDNOÕ÷ÕQGD����GN�V�UH\OH�NDUÕúWÕUÕODUDN�JHUoHNOHúWLULOPLúWLU� 

�����øNL�ID]OÕ�NDUÕúÕP������J�
GH���GN�VDQWULI�MOHQPLú�YH�VXOX�ID]�3DVWHXU��SLSHWL\Oe tüpe 

DOÕQPÕúWÕU� 
��� 6XOX� ID]GDNL� NURPR]RPDO� '1$� �]HULQH� KDFPÕ� NDGDU� L]RSURSDQRO� � HNOHQPLú��

V�VSDQVL\RQ�����J�
GH���GN�VDQWULI�MOHQPLúWLU��'1$������
OLN�(W2+�LOH�\ÕNDQPÕú�YH�
YDNXP� DOWÕQGD� NXUXWXOPXúWXU�� '1$� X\JXQ� PLNWDUGD� 7(� WDPSRQX� �(.� ��� LoLQGH�
o|]�OP�ú ve -���&�
GD�VDNODQPÕúWÕU��3RVSUHFK�DQG�1HXPDQQ�������� 

  

�������'1$�GHULúLPLQLQ�EHOLUOHQPHVL� 
 

'1$� PROHN�OOHULQLQ� D\ÕUÕOPDVÕQGD� MHO� HOHNWURIRUH]�� MHO� ROXúWXUPD� PDGGHVL� RODUDN�
DJDUR]��MHO�o|]HOWLVL�RODUDN�GD�7%(��WDPSRQX��(.����NXOODQÕOPÕúWÕU��$JDUR]�GHULúLPL����-

�����D�K��DUDVÕQGD�DPDFD�J|UH�GH÷LúWLULOPLúWLU��-HO�HOHNWURIRUH]�FÕKD]ÕQÕQ�LúOHWLP�YROWDMÕ�
���� 9� 
WXU�� %X� LúOHPGHQ� VRQUD� MHO� E�\�NO�÷�QH� J|UH� ��-50µl EtBr (10mg/ml) ile 

ER\DQDUDN� 89� ÕúÕ÷Õ� DOWÕQGD� IRWR÷UDIÕ� oHNLOPLú� YH� LúDUHWOH\LFLGHQ� \DUDUODQÕODUDk her 

EDQGÕQ� GHULúLPL� KHVDSODQPÕúWÕU�� 3ODVPLG� '1$� GHULúLPL� L]RODV\RQXQGDQ� VRQUD� ���QP�
dalga boyunda UV-VSHNWURIRWRPHWUH�LOH�|Oo�OP�úW�U�� 
 

�������3&5�FÕKD]Õ\OD�JHQ�GHULúLPOHULQLQ�DUWÕUÕOPDVÕ 
 

Polimeraz zincir tepkimeleriyle (PCR) termal-G|QJ�� FÕKD]ÕQGD� JHQ� GHULúLPLQLQ�
DUWÕUÕODELOPHVL� LoLQ� LON� RODUDN� JHUHNOL� SULPHU� WDVDUÕPODUÕ� \DSÕOPÕúWÕU� YH� ELOJLVD\DU�
SURJUDPÕ�1$5� LOH� SULPHUOHULQ� \DSÕODUÕ� NRQWURO� HGLOPLúWLU�� K*+
QXQ�K�FUH� GÕúÕ� �UHWLPL�
için rekombinant Bacillus�JHOLúWLULOPHVL�DPDFÕ\OD�K�FUH�LoLQGH��UHWLOHQ�KGH'nun hücre 

GÕúÕQD� DNWDUÕOPDVÕQÕ� VD÷OD\DFDN�Bacillus� K�FUH� GÕúÕ� HQ]LPOHULQGHQ� VHULQ� DONDOL�SURWHD]�
geninin -pre dizini  için iki ve hGH� JHQ� GL]LQL� LoLQ� GH� LNL� SULPHU� WDVDUODQPÕúWÕU��
3ULPHUOHULQ�WDVDUÕPÕQGD��-pre(subC) dizininin ileri primerlerine XbaI, hGH gen dizininin 

geri primerine Bam+,�UHVWULNVL\RQ�NRQXPODUÕ�SODVPLGH�NORQODQDELOPHVL�LoLQ�HNOHQPLúWLU��
7DVDUODQDQ� SULPHU� GL]LQOHUL� dL]HOJH� ���¶GH� YHULOPLúWLU�� 3&5-tepkimeleri için girdi 

GHULúLPOHUL�YH�3&5�VLVWHPL�LúOHWPH�NRúXOODUÕ�DúD÷ÕGD�YHULOPLúWLU��� 
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ÇL]HOJH�����7DVDUODQPÕú�RODQ�SULPHU�GL]LQOHUL�YH�LúOHWLP�NRúXOODUÕ 
 

Gen Primer Dizin 
3&5�øúOHWLP�
.RúXOODUÕ 3&5�%LOHúLPL 

-pre(subC) 

dizini ileri 

primeri 

5’ _GCTCTAGAGCGCAATCTCCTGTCATTCG _3’ 
 

-pre(subC) 
-pre(subC) 

dizini geri 

primeri 

5’ _GGTATAGTTGGGAAAGCAGAAGCGGAATCG _3’ 

 •  T1=94°C,  2dk         

 •  T1=94°C,  1dk 
     T2=50°C,  1dk        
     T3=72°C,  23s 

 •  T3=72°C,  5dk         
T4=4°C,   5dk         

��;�3&5�7DPSRQX����������������������������O 
MgCl2����P0������������������������������������O 
G173OHU����P0���������������������������������O 
øOHUL�3ULPHU��)3�������0��������������������O 
*HUL�3ULPHU��53������0��������������������O 
7HPSODWH�'1$����������������������������������O 
dH22�������������������������������������������������O 
pfu�'1$�SROLPHUD]�����8��/�����������O 

hGH  peptit 

dizini ileri 

primeri 

5’ _GCTTCTGCTTTCCCAACTATACCACTATCTC _3’ 

hGH 
hGH peptit 

dizini geri 

primeri 

5’ _GCGGATCCGCACTGGGGAGGGGTCAC _3’ 
 

•  T1=94°C,  2dk         

•  T1=94°C,  1dk 
    T2=57°C,  1dk         
    T3=72°C,  39s 

•  T3=72°C,  5dk         
T4=4°C,   5dk         

10X PCR 7DPSRQX����������������������������O 
MgCl2����P0������������������������������������O 
G173OHU����P0���������������������������������O 
øOHUL�3ULPHU��)3�������0��������������������O 
*HUL�3ULPHU��53������0��������������������O 
Template DNA                    ��������������O 
dH22�������������������������������������������������O 
pfu�'1$�SROLPHUD]�����8��/�����������O 

-pre(subC) 

dizini ileri 

primeri 

5’ _GCTCTAGAGCGCAATCTCCTGTCATTCG _3’ 
 

-pre(subC)::hGH 

(hibrit) hGH peptit 

dizini geri 

primeri 

5’ _GCGGATCCGCACTGGGGAGGGGTCAC _3’ 
 

•  T1=94°C,  2dk         

•  T1=94°C,  1dk 
    T2=50°C,  1dk         
    T3=72°C,  23s 

•  T3=72°C,  5dk         
T4=4°C,   5dk         

��;�3&5�7DPSRQX����������������������������O 
MgCl2����P0������������������������������������O 
G173OHU����P0���������������������������������O 
øOHUL�3ULPHU��)3�������0��������������������O 
*HUL�3ULPHU��53������0��������������������O 
7HPSODWH�'1$����������������������������������O 
dH22�������������������������������������������������O 
pfu DNA polimeUD]�����8��/�����������O 
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3ROLPHUD]�]LQFLU�WHSNLPHVL��3&5��LoLQ�WHSNLPH�ELOHúLPL��� 
��;�3&5�7DPSRQX����������������������������O 
MgCl2����P0������������������������������������O 
dNT3OHU����P0���������������������������������O 
øOHUL�3ULPHU��)3�������0��������������������O� 
*HUL�3ULPHU��53������0��������������������O������LOHUL�YH�JHUL�SULPHU�YH�NDOÕS-'1$�GHULúLPOHUL 
7HPSODWH�'1$����������������������������������O���� 
dH2O             ������������������������������������O 
pfu�'1$�SROLPHUD]�����8��/�����������O� 
 

3&5�FÕKD]Õ�oDOÕúPD�SURJUDPÕ� 
T1=94°C,  2dk    }     1 döngü  

T1=94°C,  1dk 

T2=54°C,  1dk           30 döngü  

T3=72°C,  22s 

T3=72°C,  5dk 

T4=4°C,    5dk          

 

3.2.5  Ligasyon tepkimesiyle klonlama 

 

Ligasyon tepkimelerinde \DSÕúNDQ� XoOX� �VWLFN\� HQG�� '1$� SDUoDVÕ� -gen (insert)- ve 

YHNW|U�NXOODQÕOGÕ÷ÕQGD�JHQ��LQVHUW��YHNW|U��PRODU�RUDQÕQÕQ���ROPDVÕ���küt uçlu (blunt 

end) LQVHUW� YH� YHNW|U� NXOODQÕOGÕ÷ÕQGD� gen (insert)/vektör  molDU� RUDQÕQÕQ� �-10 

NXOODQÕOPDVÕ� X\JXQGXU�� /LJDV\RQ� WHSNLPHOHUL� DúD÷ÕGDNL� YHULOHQ� � NRúXOODUGD�
JHUoHNOHúWLULOPLúWLU� 
 

Gen (Insert ) DNA                            ∼60-200 ng   

Vektör DNA                                     ∼10-60 ng 

Ligasyon tamponu (ATP içeren)          2µl 

T4 DNA ligaz                                      0.5-2U 

dH2O      Gen + vektör sulu çözeltisi VR= 20 µO
\H�WDPDPODQÕU�� 
0LNURUHDNW|U�KDFPÕ�����������������������������9R= 20 µl 

1 döngü 
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0LNURUHDNW|U��VÕFDNOÕ÷Õ�������������������������7 ���&� 
Kalma süresi                                         t= 16 st 

  

3.2.6  DNA dizin analizi 

 

3ODVPLGH� NORQODQD� KLEULG� JHQLQ� GL]LQ� DQDOL]L� LoLQ� WDVDUODQDQ� SULPHUOHU� NXOODQÕOPÕúWÕU��
.ORQODPDQÕQ� GR÷UXOX÷XQX�NRQWURO� HWPHN� LoLQ� � HOGH� HGLOHQ� KLEULG� JHQLQ� �-pre(subC) + 

hG+�JHQOHUL��Q�NOHRWLW��GL]LQL�0LFURV\QWK�*PE+��%DOJDFK��øVYLoUH��ODERUDWXYDUODUÕQGD�
'1$�GL]LQ�DQDOL]�FLKD]Õ�LOH�DQDOL]OHQPLúWLU� 
 

�������3ODVPLG�'1$
QÕQ�E.coli’ye  CaCl2 yöntemiyle transferi 

 

.ORQODPD� LúOHPLQGHQ�VRQUD�JHQL� WDúÕ\DQ�SODVPLG�'1$�� �E.coli’ye  CaCl2 yöntemi ile 

WUDQVIHU�HGLOPLúWLU�� 
 

 CaCl2 Yöntemi (Competent cell transformasyonu) : 

 

1.   E.coli���/%$�NDWÕ�RUWDPÕQGD����oC de bir gece (∼����VDDW��oR÷DOWÕOÕU�� 
����.DWÕ�RUWDPGDQ���PO�KDFÕPOÕ�/%�RUWDPÕQD�DNWDUÕOÕU�YH����oC’da bir gece daha inkübe 

edilir. 

��� � /%� RUWDPÕQGD� oR÷DOWÕODQ� K�FUHOHUGHQ� ��PO� DOÕQDUDN� ����PO¶OLN� \HQL� /%� RUWDPÕQD�
DNWDUÕOÕU�YH���o&�VÕFDNOÕNWD���VW�����GN-1¶GD��VWHO�oR÷DOPD�ID]Õ�EDúÕQD�NDGDU�WHNUDU�
oR÷DOWÕOÕU�� 

��� �dR÷DODQ�K�FUHOHU� VWHULO�� VR÷XN�����PO¶OLN�VDQWULI�M� W�SOHULQH�NRQXOur ve tüpler buz 

üzerinde 10 dk tutularak 0o&�¶D�VR÷XWXOPDVÕ�VD÷ODQÕU� 
5.   Hücreler 4000 g’de, 4oC’da 10 dk santrifüjlenerek çöktürülür. 

����6ÕYÕ�NÕVÕP�DWÕOÕU��o|NHQ�K�FUHOHU�VDQWULI�M�W�S�Q�Q�ND÷ÕW�KDYOX��]HULQGH�WHUV�oHYULOHUHN�
1 dk kurutulur.  

7.  Hücreler 10 ml,  0,1M CaCl2  ile süspansiyon haline getirilir ve buzda bekletilir. 

8.  Süspansiyon 4000 g’de, 4oC’da 10 dk santrifüjlenerek hücreler tekrar çöktürülür. 

����6ÕYÕ�NÕVÕP�G|N�O�U�YH�K�FUHOHU�VDQWULI�M�W�S�Q�Q�ND÷ÕW�KDYOX��]HULQGH�WHUV�oHYULOHUHN�
1 dk kurutulur.  
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10. Çöken  hücreler 4 ml,  0,1M CaCl2   içinde tekrar  süspansiyon  haline  getirilir  ve  

buzda bekletilir. 

����0LNURSLSHWOH� ���� �O� � V�VSDQVL\RQ� HSSHQGRUI� W�S�QH� DOÕQÕU� YH� W�SH� '1$� ����PO�
KDFPLQGH� ��� QJ¶GDQ� ID]OD� ROPD\DFDN� úHNLOGH�� HNOHQLU�� � \DYDú� \DYDú� DúD÷Õ� \XNDUÕ�
oHYULOHUHN�NDUÕúWÕUÕOÕU�YH����GN�EX]GD�EHNOHWLOLU� 

12. Daha sonra tüpler 42o&¶GDNL� VX� EDQ\RVXQD� DOÕQDUDN� ��� VDQL\H� EHNOHWLOLU� YH� ÕVÕ�
úRNX\OD�SODVPLG�'1$¶QÕQ�K�FUH\H�WUDQVIHUL�VD÷ODQÕU��%XQGDQ�VRQUD�W�SOHU�KÕ]OÕ�ELU�
úHNLOGH�EX]�EDQ\RVXQD�DOÕQÕU�YH��-2 dk hücrelerin çökmesi için beklenir.  

13. Her tüpe 800 µl  LB çözeltisi eklenir ve 37oC’da, 45 dk su banyosunda inkübe 

HGLOGLNWHQ�VRQUD�/%$�YH�VHoLFL�DQWLEL\RWL÷L�LoHUHQ�SHWUL�NDSODUÕQÕQ�KHU�ELULQH�X\JXQ�
hacimde (∼�����O���DNWDUÕOÕU��(Sambrook 1995). 

 

3.2.8  E. coli’den plasmid DNA izolasyonu 

 

1.� ��� VW� �ELU� JHFH�� /%� RUWDPÕQGD� oR÷DOWÕOPÕú� � K�FUHOHU�� ������ J� 
GH� ��� V�
VDQWULI�MOHQPLúWLU� 

2.��%HUUDN�NÕVÕP�DWÕOGÕNWDQ�VRQUD�K�FUHOHULQ��]HULQH�oR÷DOWÕOPÕú�K�FUHOHUGHQ��PO�WHNUDU�
HNOHQPLú�YH��|QFHNL�EDVDPDNWDNL�JLEL�WHNUDU�VDQWULI�MOHQPLúWLU�� 

3.� %HUUDN� NÕVÕP� WHNUDU� DWÕOPÕú� YH� K�FUHOHU� �]HULQGH� NDODQ� D]� PLNWDUGDNL� VÕYÕ� GD�
PLNURSLSHWOHU�\DUGÕPÕ\OD�DOÕQPÕú��K�FUHOHU�EX]��]HULQH�\HUOHúWLULOPLúWLU� 

4.� �+�FUHOHU���&�VÕFDNOÕ÷ÕQGDNL�� �����O�Çözelti I (EK 1) ile tekrar süspansiyon haline 

JHWLULOPLúWLU� 
5.  Üzerine 200 �O�\HQL�KD]ÕUODQPÕú�d|]HOWL�,,��(.����HNOHQPLú��HSSHQGRUI�W�S��DUD�VÕUD�

DúD÷Õ-\XNDUÕ�oHYULOHUHN���GN�NDUÕúWÕUÕOPÕúWÕU�� 
6.  Üzerine 150�O����&�VÕFDNOÕ÷ÕQGD�d|]HOWL�,,,���(.����HNOHQPLú�YH��dk buz içerisinde 

EHNOHWLOPLúWLU� 
7.�������J��
GH����&�
GD���GN�VDQWULI�MOHQPLú��EHUUDN�NÕVÕP�WHPL]�ELU�W�SH�DOÕQPÕúWÕU� 
8.� %HUUDN� o|]HOWL� KDFPÕQÕQ� ���� KDFPÕ� NDGDU� �0� 1D$F� YH� �� NDWÕ� NDGDU� VDI� (W2+��

HNOHQPLú�YH��–���&�
GD����GN�EHNOHWLOPLúWLU� 
9.  Plasmid D1$�������J�
GH����&�
GD���GN�VDQWULI�MOHQHUHN�o|NW�U�OP�úW�U� 
10.�%HUUDN�NÕVÕP�G|N�OP�ú��YH�o|NHQ��SODVPLG�'1$��YDNXP�DOWÕQGD�NXUXWXOPXúWXU� 
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11. Kuruyan  pellet  amaca göre ya 100 �O���7(���WDPSRQX��(.������S+ �����YH\D��G+2O 

LOH�o|]�OP�ú�YH�-20°C 'da saklDQPÕúWÕU��6DPEURRN������� 
 

�������'1$
QÕQ�DJDUR]�MHOGHQ�HNVWUDNVL\RQX 

 

-HOGH� D\UÕODQ� JHQ� SDUoDODUÕQGDQ� NORQODPD� WHSNLPHVLQGH� NXOODQÕODFDN� RODQÕ� 89-ÕúÕ÷Õ�
DOWÕQGD� MHOGHQ� NHVLOHUHN� DOÕQPÕú� YH� VRQUD� GD� )HUPHQWDV� '1$� (NVWUDNVL\RQ� .LW� LOH�
HNVWUDNWH�HGLOPLúWLU��� 
 

Fermentas DNA Ekstraksiyon Kit ile Ekstraksiyon Yöntemi: 

 

øVWHQHQ�'1$�PROHN�O�Q�� LoHUHQ� MHO� SDUoDVÕ� X\JXQ� o|]HOWLOHUOH� NDUÕúWÕUÕODUDN� ���&� 
GH�
çözülür.  Sonra çözeltiye geçen DNA molekülü ortama eklenen toz halindeki silika 

SDUWLN�OOHUH� DGVRUSODQÕU��'1$�PROHN�OOHULQL� WDúÕ\DQ� VLOLND� WR]ODUÕ� \ÕNDQÕU� YH� VRQUD� GD�
HO�DV\RQ� WDPSRQX� LOH� HO�DV\RQ� LúOHPL� JHUoHNOHúWLULOGL÷LQGH� NORQODPD� WHSNLPHVLQGH�
NXOODQÕODFDN�'1$�PROHN�OOHUL�VDI�RODUDN�HOGH�HGLOLU� 
 

��������(OHNWURSRUDV\RQOD�SODVPLG�'1$
QÕQ�Bacillus türlerine transferi 

 

+HGHI� JHQL� WDúÕ\DQ� E.coli-Bacillus shuttle vektörü  Bacillus subtilis¶OHUH� � DúD÷ÕGD�
DoÕNODQDQ�HOHNWURSRUDV\RQ�YH�GR÷DO�WUDQVIRUPDV\RQ�\|QWHPOHUL\OH�DNWDUÕOPÕúWÕU���'R÷DO�
WUDQVIRUPDV\RQ�\|QWHPLQLQ�HOHNWURSRUDV\RQGDQ�IDUNÕ�HOHNWULN�úRNX�X\JXODQPDPDVÕGÕU.  
 

Ependorf Elektroporasyon Yöntemi : B.subtilis ’in transformasyonu 

 

(OHNWURNRPSRWHQW�K�FUHOHULQ�KD]ÕUODQPDVÕ : 
1. +�FUHOHU��PO¶OLN�/%�VÕYÕGD����&�YH����USP�NRúXOODUÕQGD����JHFH�oR÷DOWÕOÕUODU� 
2. ��PO¶OLN�/%�VÕYÕGD�oR÷DOWÕODQ�PLNURRUJDQL]PDQÕQ�����µl ’si 50�PO¶OLN�/%�VÕYÕ�LoHUHQ�

\HQL�RUWDPODUD�DNWDUÕOÕU�YH���EDVDPDNWDNL�LOH�D\QÕ�NRúXOODUGD���VW�oR÷DOWÕOÕU� 
3. �����USP� YH� ���&¶GH� ��� GN� VDQWULI�MOHQHUHN� D\ÕUÕODQ� K�FUHOHU� �� P0� +(3(6�

�S+ ����� WDPSRQX� LOH� LNL� NH]� \ÕNDQGÕNWDQ� VRQUD� � VR÷XN� HOHNWURSRUDV\RQ� WDPSRQX�
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(%25�3(*�YH����0�PDQQLWRO��LOH�GH�LNL�NH]�\ÕNDQÕU��<|QWHPLQ�X\JXODQGÕ÷Õ�V�UHoWH�
K�FUHOHULQ�VR÷XN�ROPDVÕ�JHUHNLU� 

4. +�FUHOHU� EDúODQJÕo� oR÷DOPD� RUWDPÕ� KDFPÕQÕQ� �����¶�� NDGDU� KDFÕPOÕ� VR÷XN�
elektroporasyon tamponu ile süspansiyon haline getirilir ve +4°C’de 10 dk 

bekletilir. 

 

(OHNWURSRUDV\RQOD�'1$¶QÕQ�K�FUHOHUH�DNWDUÕOPDVÕ�: 
1. (OHNWURSRUDV\RQ�FLKD]Õ�EHOLUOHQHQ�YROWDM�GH÷HULQH�D\DUODQÕU��%DúODQJÕo�YROWDM�GH÷HUL�

��N9�FP�RODELOLU���PP¶OLN�N�YHWOHU�LoLQ������9�NXOODQÕOPÕúWÕU�� 
2. 40 µl elektrokompetent hücre içeren tüpe 5 µl’den daha az plasmid DNA (100 ile 

���QJ�DUDVÕQGD��HNOHQLU�YH�NDUÕúWÕUÕOÕU� 
3. +�FUH�'1$� NDUÕúÕPÕ� |QFHGHQ� VR÷XWXOPXú� N�YHW� LoHULVLQH� NRQXU� YH� N�YHWLQ� GÕúÕ�

NXUXODQGÕNWDQ� VRQUD� HOHNWURSRUDV\RQ� FLKD]ÕQÕQ� N�YHW� WXWXFXVXQD� �KROGHU��
\HUOHúWLULOLU� 

4. Elektrik-pulse uyguODQÕU� YH� K�FUHOHULQ� �-3 dk dinlenmesi için beklendikten sonra 

�]HULQH�����PO�/%�VÕYÕ�HNOHQLU�YH����&¶GH���VW�EHNOHWLOLU� 
5. 8\JXQ�VHoLFL�DQWLEL\RWL÷L�LoHUHQ�/%�DJDU��]HULQH�\D\ÕOÕU�YH����&¶GH�LQN�EH�HGLOLU� 
 

3.2.11 Bacillus 'tan miniprep plasmid DNA izolasyonu: Alkali liziz yöntemi 

 

Bacillus¶WDQ�SODVPLG�'1$�L]RODV\RQX�DúD÷ÕGD�YHULOHQ�\|QWHP�NXOODQÕODUDN�\DSÕOPÕúWÕU��
<|QWHP�X\JXODQÕUNHQ�NXOODQÕODQ�o|]HOWLOHULQ�ELOHúLPOHUL�(N��¶GH�YHULOPLúWLU� �+DUZRRG�
and Cutting 1990). 

  

1. Deney tüpü veya 25ml’lik erlenlerde bulunan, seçici antibiyotik içeren 2.5ml’lik LB 

VÕYÕ-RUWDPD� SODVPLG� '1$¶QÕQ� L]ROH� HGLOHFH÷L� PLNURRUJDQL]PDGDQ� WHN� NRORQL�
DNWDUÕOÕU� 

2. 0LNURRUJDQL]PD����&�YH����USP�NRúXOODUÕQGD�ELU�JHFH�oR÷DOWÕOÕU� 
3. dR÷DODQ�K�FUHOHULQ����PO¶VL������USP�YH�RGD�VÕFDNOÕ÷ÕQGD��GN�VDQWULI�MOHQLU��6ÕYÕ�

NÕVÕP�G|N�O�U�YH�NDODQ�VÕYÕQÕQ�WDPDPÕ�ELU�PLNURSLSHW�\DUGÕPÕ\OD�X]DNODúWÕUÕOÕU� 
4. Hücreler 1.2ml TSE tamponu (EK 1) ile tekrar süspansiyon haline getirilerek 

\ÕNDQÕU� 
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5. ��EDVDPDN�WHNUDUODQÕU� 
6. Hücre pelleti 2mg/ml egg-white lizozim içeren (kullanmadan hemen önce toz olarak 

HNOHQPLú������µl Çözelti A (EK 1) ile süspansiyon haline getirilir.  

7. ��V�YRUWHNV�LúOHPL�LOH�KRPRMHQL]DV\RQGDQ�VRQUD�7 ���&¶GH�K�FUHOHU�SDUoDODQÕQFD\D�
kadar (10-20 dk) inkübe edilir. Bu basamak kritiktir ve süspansiyon viskoz 

ROPDOÕGÕU� 
8. .DUÕúÕP�EX]��]HULQH�NRQXU�YH�RGD�VÕFDNOÕ÷ÕQGD�EHNOHWLOHQ�d|]HOWL-B’den (EK 1) 400 

µO� HNOHQLU�� ��V� YRUWHNV� LúOHPL� LOH� KRPRMHQL]DV\RQGDQ� VRQUD� �� GN� EX]� �]HULQGH�
EHNOHWLOLU��6�VSDQVL\RQ�JHUoHNWH�EHUUDN�ROPDOÕGÕU��H÷HU�EHUUDN�GH÷LOVH�YRUWHNV�LúOHP�
bDVDPD÷Õ�WHNUDUODQÕU� 

9. 300 µl Çözelti-&��(.����HNOHQLU�YH���V�YRUWHNV�LúOHPLQGHQ�VRQUD�EX]��]HULQGH���GN�
bekletilir. 

10. ������USP�YH�����&�NRúXOODUÕQGD���GN�VDQWULI�MOHQLU��d|NHOWLQLQ�E�\�N�NÕVPÕ�GLEH�
o|NHU��ELU�NÕVPÕ�o|]HOWLGH�NDOÕU� 

11. 6ÕYÕ�NÕVPÕQ�∼ 600 µl’si 1mO¶OLN�PLNURSLSHWOH�\HQL�HSHQGRUI�W�S�QH�DOÕQÕU�� 
12. 600 µO� IHQRO�NORURIRUP�L]RDPLODONRO� ���������� NDUÕúÕPÕ�HNOHQLU����V�YRUWHNV� LúOHPL�

X\JXODQÕU�YH���GN�VRQUD�LúOHP�WHNUDUODQÕU� 
13. )D]ODUÕ�D\ÕUPDN�LoLQ�������USP�YH�����&�NRúXOODUÕQGD���GN�VDQWULI�MOHQLU� 
14.  ∼ 500 µO�VXOX���VW��ID]���PO¶OLN�PLNURSLSHWOH�\HQL�W�SH�DOÕQÕU��$UD-faz ve alt-fazdan 

çekilmemesine dikkat edilir. 

15. 500 µO� NORURIRUP�L]RDPLODONRO� ������� HNOHQLU�� �� V� YRUWHNV� LúOHPLQGHQ� VRQUD�������
USP�YH�����&�NRúXOODUÕQGD���GN�VDQWULI�MOHQHUHN�ID]ODU�D\UÕOÕU� 

16. 14��EDVDPDNWDNL�JLEL�\DNODúÕN�����µl’lik üst-ID]�\HQL�W�SH�DOÕQÕU� 
17. ��PO����¶OÕN� HWDQRO� �RGD� VÕFDNOÕ÷ÕQGD�� HNOHQLU�� NDUÕúWÕUÕOÕU� YH� EX]� �]HULQGH� ��� GN�

bekletilir. 

18. ������USP�YH�����&�NRúXOODUÕQGD����GN�VDQWULI�MOHQHUHN�'1$�SHOOHW�KDOLQH�JHWLULOLU� 
19. 6ÕYÕ�NÕVÕP����EDVDPDNWDNL�JLEL�X]DNODúWÕUÕOÕU��SHOOHWH�GRNXQXOPDPDOÕGÕU� 
20. ��PO����¶OÕN�HWDQRO�HNOHQLU��*HQHOOLNOH�'1$�SHOOHWL�W�S�Q�ELU�WDUDIÕQGD�VDELW�NDOÕU��

(÷HU�NDOPD]VD��\D�GD�KHUKDQJL�ELU�ú�SKH�ROXUVD���GN�WHNUDU�VDQWULI�MOHQLU��6ÕYÕ�NÕVÕP�
19. basamaktaki gibi uzaNODúWÕUÕOÕU� 

21. ���EDVDPDN�WHNUDUODQÕU� 
22. Pellet vakumda kurutulur ve 25µl TE tamponunda çözülür. 
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23. 1 µl RNaz eklenir ve 37°C’de 20 dk inkübe edilir. DNA –���¶GH�VDNODQÕU� 
 

3.3  Rekombinant Bacillus Türleri ile hGH Üretimi 

 

3.3.1  Mikrobank (mikroorganizma saklama sistemi) 

 

1.8 cm3 KDFÕPOÕ� ��� DGHW� NLP\DVDO� UHDNVL\RQGDQ�JHoLULOPLú�PLNURRUJDQL]PDODUÕ� WXWXFX�
|]HOOLNWH� SRUOX� \DSÕ\D� VDKLS� VHUDPLN� ERQFXN� YH� PLNURRUJDQL]PDODUÕQ� NROD\FD� YH�
KRPRMHQ� RODUDN� ERQFXNODUD� \DSÕúPDVÕQÕ� VD÷OD\DQ� &U\RSUH]HUYDWLI� VÕYÕ� LoHUHQ� W�SOHUH�
(PRO-LAB, MicrobankTS��NDWÕ�RUWDPGD�oR÷DOWÕOPÕú�DNWLI�PLNURRUJDQL]PD�DNWDUÕOPÕú��ELU�
V�UH� oDONDODQGÕNWDQ� VRQUD� úLúHGHNL� JOLVHURO� DWÕOPÕú�� PLNURRUJDQL]PDODUÕQ� J|]HQHNOL�
ERQFXNODUD� DGVRUSVL\RQX� VD÷ODQPÕúWÕU�� 7�SOHU� GHULQ� GRQGXUXFXGD�� -20oC’da  

VDNODQPÕúWÕU� 
 

�������.DWÕ�oR÷DOPD�RUWDPÕ� 
 

Rekombinant Bacillus� W�UOHUL� LOH� \DSÕODQ� K*+� �UHWLP� GHQH\OHULQGH� NXOODQÕODQ� NDWÕ�
oR÷DOPD� RUWDPÕQÕQ� ELOHúLPL� dL]HOJH� ���¶GH� YHULOPLúWLU� �dDOÕN� ������� 5HNRPELQDQW�
Bacillus� PLNURRUJDQL]PDODUÕQ� DNWDUÕODFD÷Õ� NDWÕ� oR÷DOPD� RUWDPODUÕQa sterilizasyon 

LúOHPLQGHQ�VRQUD�SODVPLGLQ�NRUXQPDVÕ�LoLQ�RUWDPGDNL�GHULúLPL��µg/cm3�RODFDN�úHNLOGH�
NORUDPIHQLNRO� HNOHQPLú�� ��� FP3� RUWDP� SHWUL� NDEÕQD� ERúDOWÕOPÕúWÕU�� 3HWULGHNL� RUWDP�
GRQGXNWDQ� VRQUD� PLNUREDQNWDQ� DOÕQDQ� ERQFXN� LOH� VWHULO� NRúXOODUGD� PLNURUJDQizma 

DNWDUÕOPÕú�YH����o&¶GD����VW�LQN�EDW|UGH��)LVFKHU��oR÷DOWÕOPÕúWÕU��+�FUHOHU�oR÷DOWÕOGÕNWDQ�
sonra 4o&¶GD�VDNODQPÕúWÕU�� 
 

Çizelge 3.3  Rekombinant Bacillus�W�UOHUL�LoLQ�NDWÕ�oR÷DOPD�RUWDPÕ       
                       

%LOHúHQ���������������������'HULúLP��NJ�P3 

          Et özütü                           3 

           Pepton                            5 

           Agar                              15 
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�������gQ�VÕYÕ�oR÷DOPD�RUWDPÕ 
 

0LNURRUJDQL]PD� � oR÷DOPDVÕ� YH� K*+� �UHWLPLQGH� NXOODQÕODQ� |Q� VÕYÕ� RUWDPÕQ� ELOHúLPL�
dL]HOJH� ���
GH� YHULOPLúWLU� �dDOÕN� ������� gQ� VÕYÕ� RUWDP� �� µg/cm3 kloramfenikol 

LoHUPHNWHGLU�� .DWÕ� � � RUWDPGD� � � � oR÷DOPDODUÕQÕ� WDPDPOD\DQ� K�FUHOHU�� 9R=150 cm3 

KDFÕPOÕ�PLNUREL\RORMLN�KDYD�ILOWUHOL�NHVLNOL�EL\RUHDNW|UGH�EXOXQDQ�ELOHúLPL�dL]HOJH��.4 

'de verilen V= 30 cm3� KDFÕPOÕ� |Q� VÕYÕ� RUWDPD� |]H� LOH� VWHULO� NRúXOODUGD� DNWDUÕOPÕú� YH�
���&�� NDUÕúWÕUPD� KÕ]Õ� � 1 ���� GN-1� RODQ� RUELWDO� NDUÕúPDOÕ� LQN�EDW|UGH� �%�%UDXQ��
Certomat BS-������VW�oR÷DOWÕOPÕúODUGÕU� 
 

 Çizelge 3.4 Rekombinant Bacillus türleri içiQ�|Q�VÕYÕ�oR÷DOPD�RUWDPÕ� 
                       

%LOHúHQ���������������������'HULúLP��NJ�P3 

Soyton                            15.0 

Pepton                              5 

CaCl2                                0.1 

Na2HPO4                         0.25 

MnSO4.2H2O                  0.01 

 

 

 ������hUHWLP�RUWDPÕ 
 

Ön-VÕYÕ�RUWDPGD�oR÷DODQ�PLNURRUJDQL]PDODU�SLSHW�\DUGÕPÕ\OD�VWHULO�NRúXOODUGD��ELOHúLPL�
dL]HOJH� ���¶GH� �dDOÕN� ������ YHULOHQ� 9 ���� FP3� KDFÕPOÕ� PLNUREL\RORMLN� KDYD� ILOWUHOL�
biyoreaktörde bulunan V

R
=100 cm3  hDFÕPOÕ� YH� �µg/cm3� NORUDPIHQLNRO� LoHUHQ� VÕYÕ�

RUWDPODUD� ����� |OoHN� E�\�WPH� RUDQÕQGD� DNWDUÕOPÕúWÕU�� $NWDUPD� \DSÕOGÕNWDQ� VRQUD�
K�FUHOHU�NDUÕúWÕUPD�KÕ]Õ�1 ����GN-1�RODQ�RUELWDO�NDUÕúPDOÕ�LQN�EDW|UGH����&�VÕFDNOÕNWD�
oR÷DOWÕOPÕú�YH�DUDúWÕUÕODQ��SDUDPHWUHOHULQ�HWNLVL�LQFHOHQPLúWLU� 
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 Çizelge 3.5 Rekombinant Bacillus W�UOHUL�LoLQ���UHWLP�RUWDPÕ� 
                       

%LOHúHQ���������������������'HULúLP��NJ�P3 

          Glukoz                            8.0 

          (NH4)2HPO4                   4.71 

          KH2PO4                          2.0 

          Na2HPO4                        0.043 

          NaH2PO4                        5.63 

 

 

�������gOoHN�E�\�WPH�DGÕPODUÕ�YH�EL\RUHDNW|U�VLVWHPL 
 

K*+� �UHWLPLQGH� NXOODQÕODQ� SLORW� |OoHN� EL\RUHDNW|U� VLWHPL� ùHNLO� ���
GH� YHULOPLúWLU��
%LULQFL� EDVDPDNWD� PLNURRUJDQL]PD� PLNUREDQNWDQ� NDWÕ� RUWDPD� DNWDUÕOPÕú�� LNLQFL�
EDVDPDNWD� NDWÕ-ortamdan ön-VÕYÕ� � oR÷DOPD� RUWDPÕQD�� �o�QF�� EDVDPDNWD� ����� DúÕODPD�
RUDQÕ� LOH� |Q-VÕYÕ� � oR÷DOPD� RUWDPÕQD�� G|UG�QF�� EDVDPDNWD� LVH� ����� DúÕODPD� RUDQÕ� LOH�
üUHWLP�RUWDPÕQÕQ�\HU�DOGÕ÷Õ�SLORW�|OoHN�EL\RUHDNW|UH�DNWDUÕOPÕúWÕU� 
 

K*+� �UHWLP� GHQH\OHUL�� ODERUDWXYDU� YH� SLORW� |OoHN� ROPDN� �]HUH� LNL� IDUNOÕ� |OoHNWH�
\DSÕOPÕúWÕU�� /DERUDWXYDU� |OoHNWH� � ELOHúLPL� dL]HOJH� ���
GH� YHULOHQ� �UHWLP� RUWDPÕ�
NXOODQÕODUDN� 9R=33cm3� oDOÕúPD� KDFÕPOÕ� PLNUREL\RORMLN� KDYD� ILOWUHOL� WDP� NDUÕúWÕUPDOÕ�
kesikli biyoreaktörlerde N=200dk-1�NDUÕúWÕUPD�KÕ]Õ��7 ���&�VÕFDNOÕNWD�\DNODúÕN�W ���VW�
V�UH\OH�K*+��UHWLPL�JHUoHNOHúWLULOPLúWLU� 
 

3LORW� |OoHNWH� \DSÕODQ� K*+� �UHWLP� GHQH\OHULQGH� DúÕ� ELOHúLPL� dL]HOJH� ���'de verilen 

EDúODQJÕo�S+�GH÷HUL�S+O=7.25 olan VR=500 cm3�KDFÕPOÕ�EL\RUHDNW|U��UHWLP�RUWDPÕQD�
����� RUDQÕQGD� DNWDUÕOPÕúWÕU�� %X� DGÕPGD� NXOODQÕODQ� EL\RUHDNW|U� VLVWHPLQGHNL� �%�%UDXQ�
Biostat Q, Almanya) biyoreaktörlerin herbiri VR=1dm3�WRSODP�KDFÕPOÕ��LNL�DGHW�5ushton 

W�UELQ�NDUÕúWÕUÕFÕ�LOH�PHNDQLN�NDUÕúWÕUPDOÕ��S+��VÕFDNOÕN��o|]�QP�ú�RNVLMHQ�YH�NDUÕúWÕUPD�
KÕ]Õ�NRQWUROOX�SLORW�|OoHN�NHVLNOL�EL\RUHDNW|U�VLVWHPOHULGLU��6WHULOOHQHQ�EL\RUHDNW|UOHUGH�
LNL�HQJHO��LNL�DGHW�W�UELQ�WLSL�NDUÕúWÕUÕFÕ��YH�QRNWD- delikli halka-úHNLOOL�JD]�GD÷ÕWÕFÕVÕ�RODQ�
ELU� JD]� JLULú� ERUXVX�EXOXQPDNWDGÕU��6ÕFDNOÕN�NRQWUROX�FHNHWWHQ� VÕFDNOÕ÷Õ�7 -10-18°C'e 



140 

D\DUODQDELOHQ�VR÷XWPDOÕ�VX�VLUN�ODW|U���(\HOD�&$������-DSRQ\D��LOH��UHDNW|UH�EHVOHQHQ�
KDYD�LVH�/DUIRQ��øWDO\D��\DSÕPÕ�\D÷VÕ]-hava kompresörü LOH�SRPSDODQPÕúWÕU� 
 

3.3.5.1  Pilot ölçek biyoreaktörde üretim 

 

K*+��UHWLPL�LoLQ�NXOODQÕODQ��
O��EL\RUHDNW|U�VLVWHPLQLQ��%�%UDXQ�%LRVWDW�4��$ODPDQ\D��
KD]ÕUODQPDVÕQGD�L]OHQHFHN�DGÕPODU�DúD÷ÕGD�VÕUDVÕ\OD�DQODWÕOPÕúWÕU�(Özçelik 2003): 

 

1. Temiz ve saf su ile dolX�RODUDN�EÕUDNÕOPÕú�RODQ�EL\RUHNW|U��ERúDOWÕOÕU� 
2. +HU� UHDNW|U�Q� S+� HOHNWURGODUÕ� UHDNW|U� ED÷ODQWÕODUÕQGDQ� V|N�OHUHN� D\UÕ� ELU� EHKHU�

LoLQGH�S+ ����YH�S+ ����RODQ�0HWWOHU�7ROHGR�
QXQ�VWDQGDUW�WDPSRQODUÕ�LOH�VÕUDVÕ\OD�
NDOLEUDV\RQODUÕ�\DSÕOÕU�YH�HOHNWURWODU�\HULQH�WDNÕOÕU�� 

3. 6WHULOL]DV\RQ� LúOHPLQGHQ� |QFH� EL\RUDNW|UOHU� ���� FP3 glukoz  içermeyen üretim 

RUWDPODUÕ� �dL]HOJH� ����� LOH�� FHNHWOHUL� LVH� VDI� VX� LOH� GROGXUXOXU�� S+� HOHNWURGX� YH�
RNVLMHQ�HOHNWURGXQXQ�NDEORODUÕ�HOHNWURGODUGDQ�oÕNDUÕOÕU�YH�ED÷ODQWÕ�\HUOHUL�X\JXQ�ELU 
úHNLOGH� VWHULOL]DV\RQ� VÕUDVÕQGD�]DUDU�J|UPHPHOHUL� LoLQ�NDSDWÕOÕU�� �5HDNW|UOHULQ�KDYD�
oÕNÕúODUÕ� DoÕN� ROPDOÕ�� JD]-oÕNÕú� VR÷XWXFX�XFXQD� ILOWUH� ED÷ODQPÕú� ROPDOÕGÕU��$VLW� YH�
ED]�úLúHOHUL�DVLW�YH�ED]�o|]HOWLOHUL\OH�GROGXUXOGXNWDQ�VRQUD�UHDNW|UOHUOH�ED÷ODQWÕODUÕ 
\DSÕOÕU�YH�KRUWXPODU�NÕVNDoODQÕU��$oÕN�RODQ�KRUWXP�XoODUÕ�YH�VÕFDNOÕN�SUREX�ED÷ODQWÕ�
NDEORVXQXQ�XFX�X\JXQ�úHNLOGH��NDSDWÕOGÕNWDQ�VRQUD�UHDNW|UOHU�LNLúHUOL�JUXSODU�KDOLQGH�
T=121 o&�VÕFDNOÕN��3 ����DWP�NRúXOODUÕQGD� W ���GN�V�UH� LOH�EXKDU�VWHULOL]DW|U�QGH�
(Hirayama HA 240 MII)  sterillenir. 

4. 6WHULOOHQHQ�UHDNW|UOHU�GLNNDWOH�VR÷XWXOGXNWDQ�VRQUD�DQD��QLWH\H�YH�NRQWURO��QLWHVLQH�
ED÷ODQWÕODUÕ�\DSÕOÕU� 

5. $\QÕ�J�Q�KD]ÕUODQPÕú�YH�EXKDU�VWHULOL]DW|U�QGH���+LUD\DPD�+$�����0,,�����oC ve 

���GN� � V�UH\OH� VWHULOOHQPLú� RODQ��UHWLP�RUWDPÕQÕQ� GL÷HU�ELOHúHQL� �JOXNR]�o|]HOWLVL��
VR=500cm3� RODFDN� úHNLOGH� VWHULO� HQMHNW|UOHU� \DUGÕPÕ\OD� VLOLNRQ� KRUWXPODUOD� � VWHULO�
NRúXOODUGD�EL\RUHDNW|UOHUH�DNWDUÕOÕU� 

6. %L\RUHDNW|UOHU�EHOLUOHQHQ�LúOHWPH�NRúXOODUÕQGD��VÕFDNOÕN��NDUÕúWÕUPD�KÕ]Õ�YH�KDYD�JLULú 
KÕ]Õ�� oDOÕúWÕUÕOPDN� �]HUH� NRQWURO� VLVWHPLQH� LVWHQHQ� GH÷HUOHU� JLULOLU� YH� VÕFDNOÕN� YH�
NDUÕúWÕUPD�KÕ]ODUÕQÕQ�NRQWUROODUÕ�DNWLI�KDOH�JHWLULOLU�� 



141 

7. 2NVLMHQ� HOHNWURGODUÕQÕQ� NDOLEUDV\RQX� LoLQ� EL\RUHDNW|U� RUWDPÕQD�� |QFH� 12� JD]Õ�
J|QGHULOHUHN� RNVLMHQ� X]DNODúWÕUÕOÕU� YH� o|]�QP�ú� RNVLMHQ� GR\JXQOXN� GH÷HUL� ��
D�
D\DUODQÕU�� 'DKD� VRQUD� KDYD� J|QGHULOHUHN� VDELW� NDODQ� GH÷HU  %100 doygunluk 

GH÷HULQH� D\DUODQÕU�� dR÷XQOXNOD� WHN� QRNWDGD� \DQL� ����� GR\JXQOXN� GH÷HULQGH�
kalibrasyon yapmak yeterlidir.  

8. 2NVLMHQ� HOHNWURGODUÕ� NDOLEUH� HGLOGLNWHQ� VRQUD� |Q� VÕYÕ� RUWDPGD� oR÷DOWÕODQ�
PLNURRUJDQL]PD�EL\RUHDNW|UH�DúÕODQÕU� 

9. øúOHWLP� VÕUDVÕQGD� -JHUHNWL÷LQGH-� N|S�N� JLGHULFL� RODUDN� VWHULOOHQPLú� ����� �K�K��
Antifoam A (6LJPD� ������ o|]HOWLVL� JHUHNHQ� PLNWDUGD� VWHULO� NRúXOODUGD� VLVWHPH�
enjekte edilir. 
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ùHNLO������3LORW�|OoHN�EL\RUHDNW|U�VLVWHPL 
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3.3.6  Analitik yöntemler 

 

/DERUDWXYDU� YH� SLORW� |OoHNOL� EL\RUHDNW|UOHUGH� JHUoHNOHúWLULOHQ� EL\RSURVHVOHU� V�UHVLQFH�
IDUNOÕ�NDOPD�V�UHOHULQGH�DOÕQDQ�|UQHNOHULQ�|QFH�PLNURRUJDQL]PD�GHULúLPL�|Oo�OP�ú��GDKD�
VRQUD��UHWLP�RUWDPÕ���GN�V�UH\OH������J�¶GH���&�VÕFDNOÕNWD�VDQWULI�M�FLKD]Õ���+HUPOH�=�
���� .�� $OPDQ\D�� � LOH� VDQWULI�MOHQHUHN� K�FUHOHU� D\UÕOPÕúWÕU�� 2UWDPGDQ� DOÕQDQ�
PLNURRUJDQL]PDODUGDQ� D\ÕUÕODQ� VÕYÕ� ID]� ����� �P� Jözenekli filtrelerden süzüldükten 

VRQUD� VÕYÕ� RUWDPGDNL� K*+�� DPLQR� DVLW�� RUJDQLN� DVLW� YH� JOXNR]� � GHULúLPOHUL� DúD÷ÕGD�
DoÕNODQDQ�DQDOLWLN�\|QWHPOHUOH�|Oo�OP�úW�U� 
 

���������0LNURRUJDQL]PD�GHULúLPL 
 

0LNURRUJDQL]PD�GHULúLPL�89-spektrofotometrede (Shimadzu UV 160A) türbidimetrik 

olarak� DEVRUEDQV� |Oo�P�\OH� EHOLUOHQPLúWLU�� %HOOL� GHULúLPGH� PLNroorganizma içeren 

ortamlar için 400-���� QP� DUDVÕQGD� GDOJD� ER\X� WDUDPDVÕ� \DSÕOPÕú� YH� EX� GDOJD� ER\X�
DUDOÕ÷ÕQGD� PLNroorgaQL]PD� GHULúLPLQLQ� EHOLUOHQPHVL� LoLQ� NDOLEUDV\RQ� H÷ULOHUL� KD]ÕU-
ODQPÕúWÕU�� ���� QP� GDOJD� ER\X� LoLQ� ROXúWXUXODQ� NDOLEUDV\RQ� H÷ULVLQLQ� � GL÷HUOHULQH� J|UH�
GDKD� KDVVDV� ROGX÷X�EXOXQPXú�YH� GDKD� VRQUDNL� DúDPDODUGD� K�FUH� GHULúLPLQLQ� ���� QP�
GDOJD�ER\XQGD�EHOLUOHQPHVLQH�NDUDU�YHULOPLúWLU��(.����� 
 

����������K*+�GHULúLPL 
 

K*+�GHULúLPL�WDQÕPODQDQ�ELU�HOHNWULN�DODQ�LoLQGH�L\RQ�YH\D�\�NOHQPLú�NROORLGOHULQ�IDUNOÕ�
J|o� KÕ]ODUÕQD� ED÷OÕ� D\ÕUPD� \DSDQ� NDSLOHU� HOHNWURIRUH]� FÕKD]Õ\OD� �&(�� 4XDQWD� ����(��
:DWHUV�� EHOLUOHQPLúWLU� �dDOÕN� et al. ������� � K*+� GHULúLPLQLQ� EHOLUOHQHELOPHVL� LoLQ��
DQDOL]OHUGH� ��� �� oDSÕQGD�� ��� FP� X]XQOX÷XQGD� NDSLOHU� D\ÕUPD� NRORQX� NXOODQÕOPÕúWÕU��
7DúÕ\ÕFÕ� ID]�� oLIW� WX]�=�-0HWLO� �:DWHUV�� LoHUHQ�����P0
OÕN�ERUDW� WDPSRQXGXU��oLIW� WX]�
NDSLOHU� \�]H\LQH� � SURWHLQ� DGVRUSVL\RQX� D]DOWPDN� LoLQ� NXOODQÕOPÕúWÕU�� $QDOL]OHUGH�
HQMHNVL\RQ� VÕUDVÕQGD� |UQHNOerin ve tampon çözelWLQLQ� EXOXQGX÷X� NDUXsel yukaUÕ�
NDONPDNWD�� \DUDWÕODQ� \�NVHNOLN� IDUNÕ\OD� �∆h) oluúDQ� KLGURVWDWLN� EDVÕQo� HWNLsiyle 

HQMHNVL\RQ�\DSÕOPDNWDGÕU�����N9�J�o�NXOODQDUDN����GDNLND�V�UH\OH�DQDOL]�V�UG�U�OP�ú�
YH�HOHNWURIHURJUDPODU�DOÕQPÕúWÕU��&(
GH�DQDOL]OHUH�EDúlamadan önce standart verilerek, 
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GHULúLPOHUL�EXOXQDcak en]LPOHULQ�NDOPD�V�UHVL�YH�FLKD]ÕQ�SHUIRUPDQVÕ�NRQWURO�HGLOPLúWLU��
Örnek elektroferogram Ek 5 'de gösWHULOPLúWLU�� 
 

3URWHLQ��GHULúLP�NDOLEUDV\RQX��GHULúLPOHUL�ELOLQHQ�K*+��+umatrope, Elli Lilly, Fransa) 

örnekleri standart olarak  CE'de anaOL]�HGLOPHVL�YH�GHULúLP-DODQ�H÷ULVL�ROXúWXUXOPDVÕ�LOH�
KD]ÕUODQPÕúWÕU�� dL]LOHQ� JUDILN�� � SURWHLQ� GHULúLPL� |Oo�P�� LoLQ� NDOLEUDV\RQ� H÷ULVL� RODUDN�
NXOODQÕOPÕúWÕU��(.���� 

 

Kapiler elektroforezdH�HQ]LP�DQDOL]�NRúXOODUÕ� 
- Kolon                          : Silika (SiO2��NDSOÕ�NDSLOHU�NRORQ 

-�.RORQ�ER\XWODUÕ���������������FP�[����m  

-�*�o�ND\QD÷Õ������������������3R]LWLI 
-�øúOHWPH�YROWDMÕ������������������N9 

- Enjeksiyon türü           : Hidrostatik�EDVÕQo 
- Enjeksiyon hacmi        : 10µL 

- Enjeksiyon süresi        : 30s 

-�$QDOL]��VÕFDNOÕ÷Õ���������������& 

-�.XOODQÕODQ�WDPSRQ���������0RGLIL\H�%RUDW�WDPSRQX�S+ ��� 
- Dedektör, dalga boyu  : UV, 214nm         

- Analiz süresi                : 30dk.         

 

3.3.6.3  hGH tayini : WESTERN-BLOT yöntemi 

 

Bir hücre ve dokudan istenilen bir proteinin saf halde izole edilmesi oldukça güç bir 

ROD\GÕU�� %X� SURWHLQLQ� NRQVDQWUDV\RQX� G�ú�N� LVH� oRN� VD\ÕGD� �ELQOHUFH�� IDUNOÕ� SURWHLQ�
DUDVÕQGDQ� D\ÕUPDN� YH� VDI� KDOGH� HOGH� HWPHN� LoLQ� EX� SURWHLQH� X\JXQ� RODQ� VDIODúWÕUPD�
WHNQLNOHULQLQ�VHoLOPHVL�JHUHNLU��3URWHLQOHUL�ELUELULQGHQ��PROHN�O�D÷ÕUOÕNODUÕ��RSWLPXP�S+��
VÕFDNOÕN�DUDOÕ÷Õ�JLEL�|]HOOLNOHULQH�J|UH�D\ÕUPDN�P�PN�QG�U�� 
 

3URWHLQOHULQ�$\UÕOPDVÕ�LOH�LOJLOL�<|QWHPOHU� 
 

1. Kromatografik Yöntemler 
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      a. Jel Filtrasyonu 

      b. Ion -([FKDQJH���ø\RQ�'H÷LúWLULFL���.URPDWRJUDILVL 
      c. Affinite Kromatografisi 

2. Elektroforetik Yöntemler 

a. Elektroforez 

E��ø]RHOHNWULN�)RNXVODPD 
3. Santrifügasyon Yöntemleri 

a. Densiti Gradient (Zonal ) Santrifügasyon 

b. Differansiyel Santrifügasyon 

4. Dializ ve Ultrafiltrasyon 

 

0HWDEROLN� � P�KHQGLVOLN� DUDúWÕUPD� SURJUDPÕQÕQ� VRQXQGD� JHOLúWLULOPLú� RODQ� Bacillus 

W�UOHULQL�NXOODQDUDN�EL\RUHDNW|U��UHWLP�RUWDPÕQD� �VHQWH]OHQHFHN� �K*+¶QLQ�DNWLI�\DSÕGD�
olup olmadÕ÷ÕQÕ� EHOLUOHPHN� YH� GHULúLPLQL� |OoPHN� LoLQ� :HVWHUQ-Blott yönteminin 

NXOODQÕOPDVÕQD� NDUDU� YHULOPLúWLU�� :HVWHUQ-Blott yönteminin uygulanabilmesi için ilk 

DúDPDGD� �UHWLP� RUWDPÕQD� � VDOJÕODQDQ� W�P� SURWHLQOHULQ� EHOLUOHQGL÷L� 6'6-PAGE 

\|QWHPLQLQ��JHUoHNOHúWLULOPHVi gerekmektedir. 

 

(OHNWURIRUH]� \�NO�� PROHN�OOHULQ� ELU� HOHNWULN� DODQGD� IDUNOÕ� GDYUDQPDODUÕQGDQ�
\DUDUODQDUDN� � \DSÕODQ� D\ÕUPD� LúOHPLGLU�� 0DWULV� ND÷ÕW� YH\D� MHOGLU�� -HO� PDWULVL� DJDUR]��
QLúDVWD�YH�SROLDNULODPLG�RODELOLU��3ROLDNULODPLG�MHOLQ�NXOODQÕOGÕ÷Õ�\|QWHPH�Poliakrilamid 

Jel Elektroforez (PAGE) yöntemi denir. 

  

Poliakrilamid jel elektroforezi: 

1. SDS-PAGE ( denatüre edici page) 

2. ND-3$*(��QRQ�GHQDW�UH�HGLFL�SDJH���RODUDN�LNL\H�D\UÕOÕU� 
3URWHLQOHUL�D\ÕUPDN�YH�VDIODúWÕUPDN�DPDFÕ\OD�\D\JÕQ�RODUDN�NXOODQÕODQ�\|Qtemlerden biri 

de SDS-PAGE Elektroforez yöntemidir. 3URWHLQOHULQ�MHO��]HULQGHNL�J|o�KÕ]ODUÕ� 
 

• 0ROHN�O�D÷ÕUOÕ÷ÕQD 
• Amino asit kompozisyonuna 
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• <DQ� JUXSODUÕQGD�� DPLQR� � YH� NDUERNVLO� JUXSODUÕQGD� IDUNOÕ� HOHNWULN� \�NOHUL�
LoHUPHOHULQH�GD\DQÕU� 

 

3.3.6.3.1   SDS-PAGE elektroforez yöntemi 

 

(Q�\D\JÕQ�NXOODQÕP�DODQÕ�RODQ�HOHNWURIRUH]�WLSLGLU��3URWHLQOHU�LoLQ�oRN�X\JXQ�ROGX÷X�JLEL�
'1$�YH�51$�HOHNWURIRUH]OHUL�LoLQ�GH�NXOODQÕODELOLU��6'6-PAGE elektroforezin  PAGE 

HOHNWURIRUH]GHQ�IDUNÕ�6'6��VRG\XP�GRGHVLO�V�OIDW��NXOODQÕOPDVÕGÕU��$Q\RQLN�\DSÕGD�ELU�
GHWHUMDQ� RODQ� � 6'6� PROHN�OOHULQ� SULPHU� \DSÕ\D� G|Q�úPHVLQL� YH� WDúÕGÕ÷Õ� �-) yük ile 

SULPHU�\DSÕGDNL�SURWHLQOHULQ��-��\�N�ND]DQPDVÕQÕ�VD÷ODU��%|\OHFH��-��\�N�ND]DQPÕú�RODQ�
SURWHLQ�PROHN�OOHULQLQ�PROHN�O� D÷ÕUOÕNODUÕQD� J|UH� D\UÕOPDVÕ� JHUoHNOHúWLULOHELOLU��0DWULV�
RODUDN�SROLDNULODPLG�MHO�NXOODQÕOÕU��3ROLDNULODPLG�MHO��VHQWHWLN�ELU�PDGGH�RODQ�DNULODPLG�
ve akrilamid türevi olan N-N'-metilen bis-DNULODPLGLQ� SROLPHUOHúPHVL\OH� ROXúWXUXOXU��
Akrilamid moleküllerinin yan-\DQD�ED÷ODQDUDN�ROXúWXUGX÷X�G�]�]LQFLUOHULQ�DUDVÕQD�ELV-
DNULODPLG� PROHN�OOHULQLQ� oDSUD]� ED÷ODQPDVÕ\OD� SROLPHUOHúPH� UHDNVL\RQX�
JHUoHNOHúPHNWHGLU�� %X� UHDNVL\RQXQ� JHUoHNOHúPHVL� LoLQ� � NDWDOL]|U� RODUDN� 7(0('�
�WHWUDPHWLO� HWLOHQ� GLDPLQ��� NDWDOL]|U�Q� Lú� J|UPHVL� LoLQ� VHUEHVW� UDGLNDO� ND\QD÷Õ olarak 

$36� �DPRQ\XP� SHUV�OIDW�� � o|]HWOLVL� NXOODQÕOÕU�� $NULODPLG� PLNWDUÕ� YH� DNULODPLG��
ELVDNULODPLG�RUDQÕ� MHOLQ� D\UÕúWÕUPD�NDSDVLWHVLQL� EHOLUOHU��$NULODPLG��ELVDNULODPLG�RUDQÕ�
\�NVHOGLNoH�MHOOHUGH�ÕVÕQPD�ID]ODODúÕU��NÕUÕOJDQOÕN�DUWDU��GDKD�NROD\�\ÕNDQÕUODU (Leammli 

��������dL]HOJH����¶GH�3$*(�VLVWHPLQLQ�SURWHLQOHU�LoLQ�X\JXODPD�VÕQÕUODUÕ�YHULOPLúWLU� 
 

Çizelge 3.6 3$*(�VLVWHPLQGH�SURWHLQOHU�LoLQ�X\JXODPD�VÕQÕUODUÕ� 
 

Jel 

yüzdesi 

$\UÕúWÕUPD�
Kapasitesi (Dalton) 

% 5 60.000 - 212.000 

% 10 18.000 - 75.000 

% 15 15.000 - 45.000 
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Yöntem: 

1.���$QDOL]OHQHFHN�RODQ�SURWHLQ�o|]HOWLVL�HúLW�KDFLPGH�|UQHN�\�NOHPH�WDPSRQX��(.����LOH�
NDUÕúWÕUÕODUDN� ND\QDU-su banyosunda 2-3 dakika inkübe edilir. Örnek yükleme 

tamponunda bulunan merkaptoetanol protein moleküllerinin üç boyuWOX� \DSÕVÕQGD�
EXOXQDQ�GLV�OILG�ED÷ODUÕQÕ�UHG�NWH�HGLFL�HWNLVL\OH�NRSDUÕU��3URWHLQ�PROHN�OOHULQLQ��o�
ER\XWOX� \DSÕVÕQGDNL� GL÷HU� NXYYHWOHU� LVH� ÕVÕWÕODUDN� \RN� HGLOLU� YH� E|\OHFH� SURWHLQ�
molekülleri düz zincir haline geçerler. Örnek yükleme tamponundaki gliserol, 

\�NOHQHFHN�SURWHLQ�o|]HOWLVLQLQ��\R÷XQOX÷XQX�DUWWÕUDUDN�MHOLQ�NX\XFXNODUÕQÕQ�GLELQH�
o|NPHVLQL�VD÷ODU� 

2.  -HOLQ�\�NOHQHFH÷L�6'6-3$*(�MHO�\�NOHPH�WDQNÕ�KD]ÕUODQÕU��Jel,  "Slab" denilen iki 

FDP�WDEDND�DUDVÕQGD�KD]ÕUODQÕU��&DP�WDEDNDODUÕQ�LNL�\DQÕQD�MHOLQ�DU]X�HGLOHQ�NDOÕQOÕ÷Õ�
(0.5-��PP��|Oo�V�QGH�ELUHU��VSDFHU��\HUOHúWLULOLU��&DPODU�NÕVNDo�\DUGÕPÕ\OD�VÕNÕFD�
WXWWXUXOXU�� -HOLQ� DOW� NÕVPÕQÕQ� JHOHFH÷L� \HUH� GH� \LQH� D\QÕ� NDOÕQOÕNWD� GLS� �VSDFHU�Õ�
\HUOHúWLULOLU�YH�NÕVNDo�\DUGÕPÕ\OD�VÕNÕúWÕUÕOÕU��+HUKDQJL�ELU�VÕ]ÕQWÕ�ROXS�ROPDGÕ÷Õ�VX�LOH�
NRQWURO� HGLOLU�� 6Õ]ÕQWÕ� ROPDGÕ÷ÕQGDQ� HPLQ� ROXQGXNWDQ� VRQUD� KD]ÕUODQPÕú� RODQ�
UHVROYLQJ� MHO� � �(.� ��� ELU� HQMHNW|U� \DUGÕPÕ\OD� G|N�O�U�� -HOL� G|NHUNHQ� KDYD�
NDEDUFÕ÷ÕQÕQ� ROXúWXUXOPDPDVÕQD� GLNNDW� HGLOPHOLGLU� Polimerizasyon havadaki 

oksijendeQ�HWNLOHQHFH÷L�LoLQ�MHO�SROLPHUOHúPHN��]HUH�LNL�FDP�DUDVÕQD�GROGXUXOGXNWDQ�
VRQUD��]HULQH�SLSHW�\DUGÕPÕ\OD�VX� LOH�GR\XUXOPXú�E�WDQRO�NRQXU��3ROLPHUOHúPHGHQ�
sonra  MHO��]HULQGHNL�E�WDQRO�VDI�VX�LOH�\ÕNDQDUDN�X]DNODúWÕUÕOÕU��6RQUD�SROLPHUOHúPLú�
olan resolving�MHOLQ��]HULQH�VWDFNLQJ�MHOLQ��(.����G|N�O�S��]HULQH�WDUDN�\HUOHúWLULOLU� 

3. 3ROLPHUOHúPH� WDPDPODQGÕNWDQ� VRQUD� MHOLQ� �VW� NÕVPÕQD� \HUOHúWLULOPLú� RODQ� WDUDN�
oÕNDUWÕOÕU� YH� � LNL� FDP� DUDVÕQGD� EXOXQDQ� MHO� EX� � GXUXPGD� WDQND� \HUOHúWLULOLU�� 6RQUD�
WDQND�NRúWXUPD�WDPSRQX�HNOHQLU�YH����P$�VDELW�DNÕP�����9��YHULOHUHN�SURWHLQOHULQ��
NRúWXUXOPDVÕ� VD÷ODQÕU�� -HOGH� \�U�W�OHQ� SURWHLQ� EDQWODUÕQÕQ�PROHN�OHU� D÷ÕUOÕNODUÕQÕQ�
EHOLUOHQHELOPHVL� LoLQ� MHOH� PROHN�OHU� D÷ÕUOÕ÷Õ� ELOLQHQ� VWDQGDUW� SURWHLQ� EDQWODUÕ�
\�NOHQLU��ùHNLO����¶GH�SROLDNULODPLG�MHOH�|UQHNOHULQ�\�NOHQPHVL�J|VWHULOPLúWLU� 

 

Böylece SDS-3$*(� (OHNWURIRUH]� LOH� SURWHLQOHU� MHOGH� ELUELULQGHQ� D\UÕOPÕú� ROXU�� )DNDW�
KHGHI�SURWHLQLQ�YDUOÕ÷Õ�WDP�RODUDN�EHOLUOHQHPHPLúWLU�� 
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3.3.6.3.2   Western-Blott yöntemi  

 

øON�NH]�����¶GD�7RZELQ�et al. ����¶GH�%XUQHWWH� WDUDIÕQGDQ�\D\ÕQODQPÕú�RODQ�:HVWHUQ�
%ORWWLQJ�\|QWHPL�SURWHLQOHULQ�SROLDNULODPLG�MHOGHQ�HOHNWURIRUH]�LOH�D\UÕOPDVÕ�YH�D\UÕODQ�
SURWHLQOHULQ� RWRUDG\RJUDIL�� XOWUDYL\ROH� ÕúÕ÷Õ� \D� GD� SHURNVLGD]� UHDNVL\RQ� �U�Q�� LOH�
J|VWHULPLQH� GD\DQPDNWDGÕU�� %X� \|QWHPOH� � DUDQDQ� VSHVLILN� SURWHLQLQ� GHULúLPL� GH�
belirlenebilmektedir (Towbin et al. 1979, Sambrook et al. 2001, Burnette 1981):  

 

1.  SDS-3$*(�(OHNWURIRUH]�\|QWHPL\OH�NRúWXUXOPXú�RODQ�MHO�WUDQVIHU�WDPSRQXQGD��(.�
7)  ∼15dk.  bekletilir. Nitroselüloz mePEUDQ�� V�QJHU� YH� ILOWUH� ND÷ÕGÕ� MHO� LOH� D\QÕ�
E�\�NO�NWH� RODFDN� úHNLOGH� NHVLOLU� YH� ELU� NDSWD� WUDQVIHU� WDPSRQX� LOH� ÕVODWÕOÕU�� � %X�
LúOHPGHQ�VRQUD�:HVWHUQ-%ORW�NDVHGLQLQ� LoLQH�VÕUDVÕ\OD�ELU�NDW�V�QJHU�� ILOWUH�ND÷ÕGÕ��
SROLDNULODPLG� MHO��PHPEUDQ�� ILOWUH� ND÷ÕGÕ�� V�QJHU� RODFDN� úHNLOGH� \HUOHúWLULOLU� �ùHNLO�
3.4). 

2.  +D]ÕUODQPÕú� RODQ� :HVWHUQ-%ORW� NDVHGL� WDQND� \HUOHúWLULOLU�� ���P$¶GH� �VW�� V�UH\OH�
QHJDWLI� \�NO�� RODQ� MHOGHNL� SURWHLQOHULQ� QLWURVHO�OR]� PHPEUDQD� WUDQVIHUL� VD÷ODQÕU��
7UDQVIHU�VRQXQGD��PHPEUDQ�SRQVR�NÕUPÕ]ÕVÕ�ile 5 dk. boyanarak  transferin kontrolü 

JHUoHNOHúWLULOLU�� %R\D� WHUVLQLUGLU�� %R\DQPÕú� RODQ� PHPEUDQ� VX\OD� \ÕNDQÕS� 3%6�
çözeltisinde (EK 7) birkaç dakika bekletilerek boya silinir. 

 

 

 

ùHNLO�����6'6-3$*(�PRG�O�QH�\HUOHúWLULOPLú�MHOH�|UQHN�\�NOHQPHVL 

ùHNLO�����3URWHLQOHULQ�SROLDNULODPLG�MHOGHQ�PHPEUDQD�DNWDUÕPÕ 
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3���7UDQVIHULQ�NRQWURO�QGHQ�VRQUD�SURWHLQOHULQ�EXOXQGX÷X�\HUOHULQ�GÕúÕQGDNL�DODQÕQ�EORNH�
edilebilmesi için membran (IPVH 15150 Immobilan-P, Millipore, ABD) bir gece  

tween20 içeren sütte (EK 7) bekletilir. Sonra süt dökülür ve tween20 içeren PBS ile 

\ÕNDQÕU��<ÕNDPDN�LoLQ�KD]ÕUODQDQ�3%6��oH�E|O�Q�U��%LULQFL�\ÕNDPD����GDNLND��LNLQFL�
\ÕNDPD����GDNLND�YH��o�QF��\ÕNDPD���GDNLND�V�UH\OH�\DSÕOÕU� 

4.  <ÕNDPÕú� RODQ� PHPEUDQD� � SULPHU� DQWLNRU� �$��� 3ROLNORQDO� 5DEELW� $QWL-Human 

Growth Hormone, BioMeda, AB'�� LODYH� HGLOLS� � �� VDDW� NDUÕúWÕUÕFÕGD� EHNOHWLOLU�����
3ULPHU�DQWLNRU�KHGHI�SURWHLQL�WDQÕ\DQ�ELU�DQWLNRU�ROPDOÕGÕU���VW���EHNOHWLOGLNWHQ�VRQUD�
SURWHLQH� ED÷ODQPDPÕú� RODQ� SULPHU� DQWLNRUODUÕ� RUWDPGDQ� X]DNODúWÕUPDN� DPDFÕ\OD�
WZHHQ���LoHUHQ�3%6�LOH��o�DúDPDOÕ�\ÕNDQÕU� 

5. <ÕNDPD�LúOHPLQGHQ�VRQUD�VHNRQGHU�DQWLNRU�HQ]LP�NRPSOHNVL� �6-������+RUVHUDGLVK�
Peroxidase Label Goat-Anti Rabbit IgG (H+L), BioMeda, ABD) ilave edilip  1 st. 

NDUÕúWÕUÕFÕGD� EHNOHWLOLU� Sekonder antikor primer antikorun antijenidir. Sekonder 

antikorun� VXODQGÕUÕPÕ� 3%67� �(.� ��� LOH� \DSÕOÕU�� 6XODQGÕUÕP� LoLQ� ��� PO� KDFLP�
\HWHUOLGLU�� 6XODQGÕUÕP� DQWLNRUXQ� \R÷XQOX÷XQD� J|UH� \DSÕOÕU� �������- 1/10000 gibi).  

%LU� VDDWOLN� EHNOHWPH� VRQXQGD� SULPHU� DQWLNRUD� ED÷ODQPDPÕú� RODQ� VHNRQGHU�
DQWLNRUODUÕQ� RUWDPGDQ� X]DNODúWÕUÕOPDVÕ� LoLQ� WZHHQ�¶OL� 3%6� LOH� �o� DúDPDOÕ� \ÕNDPD�
\DSÕOÕU� 

6.�<ÕNDPD�VRQXQGD�RUWDPD�LODYH�HGLOHQ�VXEVWUDW��6���+53�6XEVWUDWH-Chromogen (DAB 

WDEOHWV�� .LW�� %LR0HGD��$%'�� HQ]LP� NRPSOHNVL� WDUDIÕQGDQ� SDUoDODQDUDN� UHDNVL\RQ�
JHUoHNOHúLU�� %X� DúDPDGD� RUWDPD� LODYH� HGLOHQ� boya (4 kloro-�� QDIWRO� ER\DVÕ�� LOH�
UHDNVL\RQXQ� JHUoHNOHúWL÷L� \HUOHUGH� ROXúDQ� EDQWODUÕQ� úLGGHWLQH� J|UH� J|U�QW�� DQDOL]�
VLVWHPL� LOH� KHGHI� SURWHLQLQ� � YDUOÕ÷Õ� EHOLUOHQLU�� 5HDNVL\RQXQ� ROGX÷X� \HUOHU� SULPHU�
DQWLNRUXQ� \DQL� KHGHI� SURWHLQLQ� EXOXQGX÷X� \HUOHUGLU�� *|U�Qtü analiz sistemine 

ED÷ODQDQ�ELU�ELOJLVD\DU�SURJUDPÕ�DUDFÕOÕ÷Õ�LOH�GH�KHGHI�SURWHLQLQ�GHULúLPL�EHOLUOHQLU� 
 

����������*OXNR]�GHULúLPOHUL 
 

øQGLUJHQPLú� úHNHU� -glukoz-� GHULúLPL� λ=505nm UV sperktrofotometrede glukoz 

RNVLGDV\RQ� PHWRGX\OD� |Oo�OP�úW�U� �%R\DFÕ� et al. 2005). Denklem 3.1’deki gibi D-

JOXNR]� JOXNR]� RNVLGD]� HQ]LPL� NDWDOL]|UO�÷�QGH� RNVLGDV\RQXQGDQ�SHURNVLGD]� ROXúXPX�
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YHULOPLúWLU�� 'HQNOHP� ���¶GH� LVH� � ROXúDQ� SHURNVLGD]ÕQ� � �-aminoantipürin ve fenol ile  

SHURNVLGD]�NDWDOL]|UO�÷�QGH�WHSNLPHVL�J|VWHULOPLúWLU��7HSNLPH�VRQXFXQGD�NÕUPÕ]Õ�UHQN�
gözlenmektedir. 

22
daseGlucoseoxy

2 2 OHGluconateOH  O  glucose-D + →++                   (3.1) 

OHinoquinoneOH 2
peroxidase

22 Im Phenol  yrineAminoantip-4  + →++   (3.2) 

 

gQFH�GHULúLPL�ELOLQHQ�PLNWDUODUGD�JOXNR]�LoHUHQ�RUWDPODU�NXOODQÕODUDN�NDOLEUDV\RQ�H÷ULVL�
KD]ÕUODQPÕúWÕU��2OXúWXUXODQ�NDOLEUDV\RQ�H÷ULVL�(N��¶GH��\|QWHPGH�NXOODQÕODQ�o|]HOWLQLQ�
YH�JOXNR]�VWDQGDUWODUÕQÕQ�KD]ÕUODQPDVÕ�LVH�(N��¶GH�YHULOPLúWLU��.DOLEUDV\RQ�H÷ULVLQLQ�YH�
|UQHNOHULQ�DQDOL]LQGH�NXOODQÕODQ�\|QWHP�DúD÷ÕGD�YHULOPLúWLU�� 
 

1. gUQHNOHU�GHULúLPOHUL�����J�O�YH\D�GDKD�G�ú�N�RODFDN�úHNLlde seyreltilir.  

2. 2 ml analiz çözeltisine 0.05 ml örnek çözeltisi eklenir. 

3. 2GD�VÕFDNOÕ÷ÕQGD����GN�YH\D����o&�����GN�LQN�EH�HGLOHUHN�WHSNLPH�JHUoHOHúWLULOLU�YH�
505nm dalga boyunda UV-VSHNWURIRWRPHWUHGH�J|]HOWLQLLQ�DEVRUEDQVÕ�|Oo�O�U���� 

 

3.3.6.5  AminR�DVLW�GHULúLPOHUL 
 

K*+��UHWLPLQGH��UHWLP�RUWDPÕQD�PLNURRUJDQL]PD�WDUDIÕQGDQ�VDOJÕODQDQ�DPLQR�DVLWOHULQ��
GHULúLPOHULQLQ�EHOLUOHQPHVL�LoLQ�WHUV-faz yüksek baVÕQo�VÕYÕ�NURPDWRJUDIÕ�WHPHOOL�DPLQR�
DVLW�$QDOL]�6LVWHPL��:DWHUV��$%'��NXOODQÕOPÕúWÕU�� 
 

Amino asit� DQDOL]L� LoLQ� NRORQ� |QFHVL� W�UHYOHQGLUPH� JHUHNWLUHQ� 3ø&2-TAG yöntemi 

�&RKHQ�������NXOODQÕOPÕúWÕU�����DPLQR�DVLWWHQ�ROXúDQ�NDUÕúÕPÕQ�DQDOL]LQH�\|QHOLN�RODQ�
³:DWHUV�3LFRIUHH�*UDGLHQW�<|QWHPL´�QLQ�PRGLIL\H�HGLOPHVL� LOH�JHOLúWLULOHQ�³1HZ-Pico 

Gradient Yöntemi”� LOH� DPLQR� DVLW� DQDOL]OHUL� JHUoHNOHúWLULOPLúWLU��%X� \|QWHPGH� VHUEHVW�
amino asitler birinci basamakta fenilizotiyosiyanat (PITC) ile tepkimeye sokularak 

feniltiyokarbomil amino asit (PTC-$$��W�UHYOHUL�HOGH�HGLOPLúWLU��øNLQFL�EDVDPDNWD�HOGH�
edilen amino asit� W�UHYOHUL� VLVWHPH�HQMHNWH� HGLOPLúWLU��$PLQR�DVLW�DQDOL]LQGH� LNL� IDUNOÕ�
o|]�F�� ELU� JUDG\HQ� ROXúWXUDUDN� NRORQGDQ� JHoPHNWHGLU�� dL]HOJH� ���¶GD� o|]�F�OHULQ�
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ROXúWXUGX÷X� JUDG\HQ� WDEORVX� YHULOPLúWLU�� (OGH� HGLOHQ� NURPDWRJUDPODUGDQ� DPLQR� DVLW�
GHULúLPOHUL�� GHULúLPL� ELOLQHQ� DPLQR� DVLW� VWDQGDUWODUÕ\OD� HOGH� HGLOHQ� DODQODU� \DUGÕPÕ� LOH�
EXOXQPXúWXU�� $PLQR� DVLWOHULQ� DQDOL]OHQPHVL� LoLQ� EHOLUOHQHQ� DQDOL]� NRúXOODUÕ� DúD÷ÕGD�
YHULOPLúWLU�� 
 

Kolon       :  Amino asit analiz kolonu (Nova-Pak C18, Millipore) 

.RORQ�ER\XWODUÕ     : 3.9 mm x 30 cm 

Sistem   : Ters faz kromatografi  

+DUHNHWOL�ID]�DNÕú�KÕ]Õ  : 1 cm3/dk 

.RORQ�VÕFDNOÕ÷Õ   : 38 °C 

'HGHNW|U��GDOJD�ER\X�YH�GX\DUOÕOÕN���89�9,6��254 nm, 0.05AUFS 

(QMHNVL\RQ�KDFPÕ  : 4 µl  

Analiz süresi                              : 18 dk 

Harekeli�ID]�$�ELOHúLPL��K�K�������$VHWRQLWULO�������'HL\RQL]H�VX����������D�K��6RG\XP�
asetat trihidrat, % 0.05 Trietil Amin  

+DUHNHOL�ID]�%�ELOHúLPL��K�K����������$VHWRQLWULO��������'HL\RQL]H�VX 

 

Çizelge 3.7  New-Pico yöntemi gradyen tablosu  
 

t; dk 
$NÕú�KÕ]Õ� 

cm3/dk 
% A % B 

0.0 1.0 100.0 0.0 

10.0 1.0 54.0 46.0 

10.5 1.0 0.0 100.0 

11.5 1.0 0.0 100.0 

12.0 1.0 0.0 100.0 

12.5 1.0 100.0 0.00 

18.0 1.0 100.0 0.00 
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���������2UJDQLN�DVLW�GHULúLPOHUL 
 

K*+��UHWLPLQGH��UHWLP�RUWDPÕQD�PLNURRUJDQL]PD�WDUDIÕQGDQ�VDOJÕODnan organik asitlerin 

GHULúLPOHULQLQ�EHOLUOHQPHVLQGH�\�NVHN�EDVÕQo�VÕYÕ�NURPDWRJUDIÕ��:DWHUV��$OOLDQFH�������
2UJDQLN�$VLW�$QDOL]�6LVWHPL��NXOODQÕOPÕúWÕU��2UJDQLN�DVLW�GHULúLPOHUL��GHULúLPOHUL�ELOHQ�
standart organik asit analizleriyle elde edilen standart NURPDWRJUDPODU� \DUGÕPÕ� LOH�
KHVDSODQPÕúWÕU��2UJDQLN�DVLWOHULQ�DQDOL]L�LoLQ�DúD÷ÕGD�YHULOHQ�NRúXOODU�NXOODQÕOPÕúWÕU��øOHUL�
2006):  

 

Kolon                             : Capital Optimal ODS, 5 µm 

.RORQ�ER\XWODUÕ     :  4.6 mm x 250 mm 

Sistem   : Ters faz kromatografi 

+DUHNHWOL�ID]�DNÕú�KÕ]Õ  : 0.8 cm3/dk 

.RORQ�VÕFDNOÕ÷Õ   : 30 °C 

'HGHNW|U��GDOJD�ER\X�YH�GX\DUOÕOÕN���:DWHUV������'XDO�DEVRUEDQV�GHGHNW|U��254 nm 

(QMHNVL\RQ�KDFPÕ  : 5 µl  

Analiz süresi                              :15 dk 

+DUHNHWOL�ID]�ELOHúLPL     : % 3.6 (NH4)2HPO4 (a/h), % 96.4 Deiyonize su 

 

 

3.3.6.7  Serin alkali proteaz enziminin aktivitesi 

 

Üretilen enzimin aktivitesi, kazeinin enzimatik hidrolizi soQXQGD� DoÕ÷D� oÕNDQ�
KLGUROL]DWODUÕQ� DEVRUEDQVÕQÕQ� VSHNWURIRWRPHWULN� RODrak ölçülmesiyle belirlenPLúWLU��
Enzimatik aktivitenin birimi 'U/cm3
�RODUDN�WDQÕPODQPÕúWÕU��0RRQ�DQG�3DUXOHNDU��������
WDUDIÕQGDQ� �8� �� XQLWH�� ELULP� ]DPDQGD� DoÕ÷D� oÕNDQ� �� QPRO� WLUR]LQ� PÕNWDUÕ� RODUDN�
WDQÕPODQPÕúWÕU� 
 

(Q]LP�DNWLYLWHVLQL�EHOLUOHPHN�DPDFÕ\OD��ERUDW�WDPSRQXQGD��S+ ����KD]ÕUODQPÕú���������
GHULúLPGHNL� ND]HLQ� o|]HOWLVLQGHQ� �� FP3 � DOÕQDUDN�� �FP3� PLNURRUJDQL]PDVÕ� D\UÕOPÕú�
üretim orWDPÕ����&�
GD�����GN-1�NDUÕúWÕUPD�KÕ]ÕQGD���GN�V�UH\OH�WHSNLPH\H�VRNXOPXú-
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tur. Tepkime 2 cm3 %10 (a/h) trikloroasetik asit (TCA) eklenmesiyle durduUXOPXútur. 

Çözelti 15 dk tuz-buz banyosunda bekletildikten sonra 4°C 'da, 28700 g'de 10 dk 

V�UH\OH�VDQWULIXMOHQPLú�YH��VWWH�NDODQ�VÕYÕQÕQ��DEVRUEDQVÕ�����QP��GDOJD�ER\XQGD�89-

spektrofotometrede ölçülm�úW�U�� dDOÕN� ������� WDUDIÕQGDQ� 6$3� DNWLYLWHVLQLQ�
KHVDSODQPDVÕ� LoLQ�KD]ÕUODQDQ�DEVRUEDQV-DNWLYLWH�NDOLEUDV\RQ�H÷ULVL� LOH�HQ]LP�DNWLYLWHVL�
KHVDSODQPÕú��(.��� 
 

���������6ÕYÕ�ID]�N�WOH�DNWDUÕP�NDWVD\ÕVÕQÕQ�YH�RNVLMHQ�W�NHWLP�KÕ]ÕQÕQ�EHOLUOHQPHVL 
 

3LORW�|OoHNWH�K*+��UHWLP�SURVHVL�ER\XQFD�VÕYÕ�ID]�KDFÕPVDO�N�WOH�DNWDUÕP�NDWVD\ÕVÕ�YH�
RNVLMHQ�W�NHWLP�KÕ]Õ�%|O�P������µWH�SUHQVLEL�DoÕNODQDQ�\|QWHPOH�EHOLUOHQPLúWLU��<|QWHP��
GLQDPLN� NRúXOODUGD� RNVLMHQ� LoLQ� NXUXODQ� N�WOH� NRUXQXP� GHQNOHPL� \RUXPODQDUDN��
EL\RUHDNW|UH�J|QGHULOHQ�KDYDQÕQ�NÕVD�V�UH�NHVLOPHVL�YH�ELU�RNVLMHQ�elektrodu \DUGÕPÕ\OD�
EL\RWHSNLPH� RUWDPÕQGDNL� o|]�QP�ú� RNVLMHQ� GHULúLPLQGHNL� D]DOPDQÕQ�� GDKD� VRQUD��
KDYDQÕQ� VLVWHPH� WHNUDU� YHULOPHVL� LOH� RNVLMHQ� GHULúLPLQGHNL� DUWÕúÕQ� ]DPDQOD� |Oo�OPHVL�
SUHQVLELQH�GD\DQPDNWDGÕU� 
  

hUHWLP� RUWDPÕQD� DúÕ� \DSÕOPDGDQ� |QFH� IL]LNVHO� RNVLMHQ� DNWDUÕP� NDWVD\ÕVÕ�� DúÕODPD�
\DSÕOGÕNWDQ�VRQUD�LVH�NLP\DVDO�WHSNLPHOL�RNVLMHQ�DNWDUÕP�NDWVD\ÕVÕ�EHOLUOHQPLúWLU��)DUNOÕ�
RNVLMHQ�DNWDUÕP�NRúXOODUÕ�YH�NDOPD�V�UHOHULQGH�EL\RWHNQRORMLN�SURVHVLQ�RNVLMHQ�DNWDUÕP�
GLQDPL÷LQL� HWNLOHPH\HFHN� úHNLOGH�� EL\RUHDNW|UH� EHVOHQHQ� KDYD� PLNURRUJDQL]PDQÕQ�
EL\RORMLN� IDDOL\HWOHULQL� HWNLOHPH\HFHN� úHNLOGH�� NÕVD� V�UHOL� RODUDN� NHVLOPLúWLU�� <�]H\�
KDYDODQGÕUPD�HWNLVLQL�D]DOWPDN�DPDFÕ\OD�NDUÕúWÕUPD�KÕ]Õ�1 ��-50 dk-1�DUDVÕQGD�WXWXOPXú�
YH� ]DPDQOD� EL\RUHDNW|U� LoLQGH� VÕYÕ-fazda çözünm�ú� RNVLMHQ� GHULúLPLQLQ� GR÷UXVDO�
D]DOPDVÕQGDQ�\DUDUODQÕODUDN�PLNURRUJDQL]PDQÕQ�RNVLMHQ�W�NHWLP�KÕ]Õ��Uo�KHVDSODQPÕúWÕU�
�'HQNOHP� ������ 6ÕYÕ� WDUDIÕ� KDFÕPVDO� N�WOH� DNWDUÕP� NDWVD\ÕVÕQÕQ� EHOLUOHQPHVL� LoLQ�
LQFHOHQHQ�RNVLMHQ�DNWDUÕP�NRúXOODUÕQGD�VLVWHPH�WHNUDU�KDYD�YHULOHUHN�o|]�QP�ú�RNVLMHQ�
GHULúLPGHNL� GR÷UXVDO� ROPD\DQ� DUWÕú� |Oo�OP�úW�U�� � 'HQNOHP� ���
QLQ� G�]HQOHQPHVL� LOH�
ùHNLO� ���
WH� � J|VWHULOGL÷L� úHNLOGH� ��G&o/dt-ro), Co�� JUDIL÷LQLQ� H÷LPLQGHQ� .LD� GH÷HUL�
KHVDSODQPÕúWU��gUQHN�JUDILNOHU�YH�|UQHN�ELU�KHVDS�(N��
GH�J|rülmektedir.   

 

           (3.3) 
Or

dt

dCo
=
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           (3.4) 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����'LQDPLN�\|QWHP�LOH�VÕYÕ�ID]�KDFÕPVDO�N�WOH�DNWDUÕP�NDWVD\ÕVÕQÕQ�EHOLUOHQPHVL 
 

 

3.4  Hücre-LoL�7HSNLPH�+Õ]ODUÕQÕQ�+HVDSODQPDVÕ� 
 

.DUERQ� ELOHúLNOHULQLQ� B. subtilis'te biyokimyasal tepkime-D÷Õ� �]HULQGHNL� DNÕúÕQÕ�
WDQÕPODPDN�LoLQ�K�FUH-LoL�WHSNLPHOHU�YH�EL\RNLP\DVÕ�DUDúWÕUÕOPÕú��PHWDEROLN�\ROL]OHULQLQ�
NHVLúPH� YH� GDOODQPD� QRNWDODUÕQGDNL� ELOHúLNOHU� GLNNDWH� DOÕQDUDN� EL\RNLP\DVDO� WHSNLPH�
VLVWHPL� EHOLUOHQPLúWLU� �dDOÕN� ������ dDOÕN� DQG� g]GDPDU� �999). B. licheniformis için 

dL]HOJH�����
WH�YHULOHQ�����GHQNOHPGHQ�ROXúDQ��PHWDEROLN�ELOHúLNOHU�WRSODPÕ�����RODQ�
biyokimyasal tepkime sistemi, B.subtilis
WH� EL\RNLP\DVDO� \ROL]OHULQLQ� IDUNOÕ� ROPDGÕ÷Õ�
YDUVD\ÕPÕ� \DSÕODUDN� ���� QXPDUDOÕ� VHULQ� DONDOL� SURWHD]� ROXúXP� WHSNLPHVL� \HULQH� K*+�
ROXúXP� WHSNLPHVL� \D]ÕODUDN� PRGLIL\H� HGLOPLúWLU�� %XQD� J|UH� U-B.subtilis’in metabolik 

\ROL]L�KDULWDVÕ�ùHNLO����¶GD�YHULOPLúWLU� 
 

øQVDQ�%�\�PH�+RUPRQX��ROXúXP�WHSNLPHVL� 
148.  8 Gly + 13 Gln + 14 Glu + 13 Phe + 8 Tyr  +  18 Ser + Trp + 11 Asp  + 9 Asn + 9 

Lys + 4 Cys + 3 Met + 10 Thr + 8 Ile + 8 Pro + 11 Arg + 7 Ala + 7 Val  + 26 Leu 

+ 3 His + 5.5 ATP →  hGH + 5.5 ADP + 5.5 Pi  

 

( )
dt

dC
CrCCaK O

XOOOL =+− '''*
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%L\RNLP\DVDO�WHSNLPH�VLVWHPL�LoLQ�NXUXODQ�PRGHO�dDOÕN��������YH�dDOÕN�DQG�g]GDPDU�
�������WDUDIÕQGDQ�DoÕNODQGÕ÷Õ�JLEL�o|]�O�U� 

 

   A*r(t)=c(t)                   (3.5) 

 

YHNW|U�GLIHUDQVL\HO�GHQNOHP�LOH�WDQÕPODQDUDN�DPDo�IRQNVL\RQ�=� 
 

Z = ∑ αi  ri                                                      (3.6) 

 

úHNOLQGH� LIDGH� HGLOLU�� %XUDGD� αI�� KÕ]ODUÕQ� �Ui) stokiyometriN� NDWVD\ÕODUÕGÕU�� 'HQNOHP�
3.5'ün çözümü GAMS 2.25 (General Algebraic  Modelling System, GAMS 

'HYHORSPHQW�&RUS���:DVKLQJWRQ�'&��SDNHW�SURJUDPÕ\OD�\DSÕOPÕúWÕU��Ui (mmol g-1 KH st-

1�� KÕ]ODUÕQÕQ� OLQHHU� NRPELQDV\RQX� RODQ� 'HQNOHP-3.6 minimize edilerek 3.5-denklem 

VLVWHPL�o|]�O�U��0DWHPDWLN�PRGHOLQ�GH÷LúNHQOHUL�RODQ�WHSNLPH�DNÕODUÕ�PPRO�J-1 KH st-1 

RODUDN� WDQÕPODQPÕúWÕU�� +�FUH� ROXúXP� DNÕVÕ� Ux (gKH.g-1KH st-1��� ELULP� UHDNW|U� KDFÕPÕ�
EDúÕQD� K�FUH� ROXúXP� KÕ]ÕQÕQ� &x'e bölünmesiyle rx=µ olarak elde edilir. Denklem 

sistePLQLQ� o|]�PV�]O�÷�� �VLQJXODULW\�� ED]Õ� WHSNLPHOHULQ� ELUOHúWLULOPHVL� YH\D�
oÕNDUÕOPDVÕ\OD�\RN�HGLOPLúWLU�� 
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ùHNLO�����U-Bacillus subtilis’in �PHWDEROLN�\ROL]L�KDULWDVÕ� 

Asn 

Phe 

(91) 

Pentoz Fosfat Yolizi 

Biyokütle 

%LOHúHQOHUL 

Nükleotitler 
(98-115) 

Nükleotitler 

<D÷�$VLWOHUL 
(134-138) 

Biyokütle 

%LOHúHQOHUL 
Biyokütle 

%LOHúHQOHUL 

Glc 

Xyl5P 
F6P 

T3P 

PEP 

Pyr 

PG3 

E4P 

His 

OA Cit 

AcCoA 

ICit 

ααKG 

SucCoA Suc 

Fum 

Mal 

Asp 

Ser 

Gly 

Cys 

AspSa 

DC 

Thr 

Met 

Ile 

Lac 

Ac 

Ala 

Val 

Leu 

Kval 

Glu 

Cit 

Orn 

Gln 

Pro 

Chor 

IGP Trp 

Tyr 

Glx 

Bir-C ünitesi 

(201-205) 

Gluc6P R5P 

PRPP 

S7P 

Rib5P 

HSer 

(1) 

(3) 

(5) 

(7) 

(9) 

(11)  (12) 

(13) 

(10) 

(8) 

(6) 

(4) 

(14) (15) 

(16-17) (18-19) 

(20-21) 

(22-23) 

(24-25) 

(28-29) 

(30-31) 
(36) 

(37-38) 

(39) (40) 

(41) 

(42) 

(43-44) 

(45) 

(46) 

(47) 

(48) (49) 

(50) 

(52) 

(51-87) 

(54) 

(53-81) 
(55-97) 

(56) 

(58) 

(59) 

(60) (61) 

(62) 
(66) 

(67) 
(69) 

(68) 

(70) 

(72) 

(71) 
(73) 

(74) 

(75) 
(76-86) 

(78) 

(79) 

<DúDP 

Elektron Transferi 

FADH2 

NADH 

ATP 

ADP 

(125) 

(124) (149) 

Arg 

 

(82) 

(77)      (92) 

Tet 

mDAP 

Lys 

(63) 

(64) 

(65) 

(84) 

G6P 

TCA Döngüsü 

*OLNVRODW�ù|QW� 

Anaplerotik Reaksiyonlar 

hGH 

GlcLac Gloc 

(26) (27) 
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4. DENEY VE BULGULAR 

 

'R÷DO� RODUDN� \DúDP� V�UHVLQFH� LQVDQ� PHWDEROL]PDVÕQFD� �UHWLOHQ� K*+¶QLQ�� X\JXQ�
PHWDEROLN� P�KHQGLVOLN� WDVDUÕPÕ\OD�� JHQHWLN� P�KHQGLVOL÷L� WHNQLNOHUL� NXOODQÕODUDN�
JHOLúWLULOHQ�PLNURRUJDQL]PDODUFD��UHWLOPHVL�P�PN�QG�U��'R÷DOD�|]GHú��o|]�QHELOLU�YH�
EL\RORMLN�RODUDN�DNWLI�\DSÕGD�K*+��UHWLlebilmesi için hücre içinde sentezlenen hGH’nin 

EL\RUHDNW|U� �UHWLP� RUWDPÕQD� VDOJÕODQPDVÕ� |QHPOLGLU�� %X� QHGHQOH� JHQRP� DQDOL]L�
WDPDPODQPÕú� EXOXQDQ�� K�FUH� GÕúÕ� SURWHLQ� �UHWPH� \HWHQH÷LQH� VDKLS�Bacillus subtilis -

YH\D�GL÷HU�Bacillus türleri- konak hücre olarak NXOODQÕODUDN�K*+��UHWLPL�DPDoODQPÕúWÕU�� 
 

³�5HNRPELQDQW� LQVDQ�E�\�PH�KRUPRQX��K*+���UHWLPL� LoLQ�EL\RSURVHV�JHOLúWLULOPHVL�´�
NRQXOX� \�NVHN� OLVDQV� oDOÕúPDVÕQGD� PHWDEROLN� P�KHQGLVOLN� DUDúWÕUPD� SURJUDPÕ�
GR÷UXOWXVXQGD� ��� DUDúWÕUPD� SURJUDPÕQGD� UHNRPELQDQW� PLNURRUJDQL]PD� JHOLúWLULOPHVL�
DPDoODQPÕúWÕU�����DUDúWÕUPD�SURJUDPÕQGD�PLNUREL\RORMLN�KDYD�ILOWUHOL�NHVLNOL�ODERUDWXYDU�
ölçekli biyoreaktörlerde VR=110 cm3, T=37oC, N=200 dk-1�LúOHWPH�NRúXOODUÕQGD�RUWDPD�
HNOHQHQ�SURWHD]� LQKLELW|U�Q�Q�YH�NDUERQ�ND\QD÷Õ�RODUDN�NXOODQÕODQ�JOXNR]�GHULúLPLQLQ��
K�FUH� oR÷DOPDVÕ� YH� K*+� �UHWLPL� �]HULQGHNL� HWNLVL� � LQFHOHQPLúWLU�� ��� DUDúWÕUPD�
SURJUDPÕQGD� ODERUDWXYDU� |OoHNWH� EXOXQDQ� HQ� X\JXQ� NRúXOODUGD� IDUNOÕ� KDYD� JLULú� YH�
NDUÕúWÕUPD� KÕ]ODUÕ� LOH� ROXúWXUXODQ� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGD�9R=0.550 dm3� KDFÕPOÕ�
SLORW� |OoHN� EL\RUHDNW|UGH� RNVLMHQ� DNWDUÕP� HWNLOHUL� LQFHOHQPLú�� RNVLMHQ� DNWDUÕP�
NDUDNWHULVWLNOHUL� EHOLUOHQPLú� YH� EX� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGD� K�FUH-içi metabolik 

\ROL]OHUL� YH� DNÕODUÕQ� GD÷ÕOÕPÕ� � LQFHOHQPLúWLU� ��� DUDúWÕUPD�SURJUDPÕQGD��EXOXnan en iyi 

RNVLMHQ� DNWDUÕP� NRúXOXQGD� KLEULW� JHQ� LoHUHQ� �-pre(subC)::hGH::pMK4) ve içermeyen 

�S0.��� SODVPLG� WDúÕ\DQ�Bacillus subtilis ile  üretim deneyi tasarlanarak hibrit genin 

HWNLVL�LQFHOHQPLú�YH�K�FUH-LoL�PHWDEROLN�\ROL]OHUL�YH�DNÕODUÕQ�GD÷ÕOÕPÕ��EXOXQPXúWXU� 5. 

DUDúWÕUPD� SURJUDPÕQGD� LVH� EXOXQDQ� HQ� L\L� RNVLMHQ� DNWDUÕP� NRúXOXQGD� �UHWLP� RUWDPÕQD�
te=0 ve te ���VW¶WH�D\UÕ-D\UÕ�YH�NDUÕúÕP�RODUDN�HNOHQHQ�DVSDUWLN�DVLW��JOXWDPLN�DVLW��VHULQ��
YDOLQ�YH�O|]LQLQ�K�FUH�GHULúLPL�YH�K*+��UHWLPL��]HULQGHNL�HWNLVL�DUDúWÕUÕOPÕúWÕU�� 
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����K*+�hUHWLPL�LoLQ�5HNRPELQDQW�0LNURRUJDQL]PD�*HOLúWLULOPHVL 
 

Hücre-GÕúÕ� K*+� �UHWLOHELOPHVL� LoLQ� X\JXQ� ELU� PHWDEROLN� P�KHQGLVOLN� WDVDUÕPÕ� LOH�
JHOLúWLULOHFHN� UHNRPELQDQW� SODVPLGL� WDúÕ\DFDN� UHNRPELQDQW� PLNURRUJDQL]PDQÕQ�
JHOLúWLULOPHVL� JHUekmektedir. Bu nedenle üretilmesi amaçlanan ürünü kodlayan hGH 

JHQL� LOH� K�FUH� LoLQGH� VHQWH]OHQHFHN� K*+�PROHN�O�Q�� K�FUH� GÕúÕQD� WDúÕ\DFDN� VLVWHPLQ��
X\JXQ� ELU� WDVDUÕPOD� VHoLOHFHN� SODVPLGH� HQWHJUH� HGLOPHVL� JHUHNPHNWHGLU��+�FUH� LoLQGH�
�UHWLOHQ� K*+¶QXQ� K�FUH� GÕúÕQD� DNWDUÕODELOPHVL� LoLQ��Bacillus hücre-GÕúÕ� HQ]LPOHULQGHQ�
serin alkali proteaz (SAP) geninin (subC�� K�FUH� GÕúÕQD� WDúÕQÕPÕ� LoLQ� VLQ\DO� SHSWLWL�
VDOJÕOD\DQ�VLQ\DO�GL]LQL�(pre-) hGH�JHQ�GL]LQLQLQ��|Q�QH�HQWHJUH��HGLOHUHN��HOGH��HGLOPLú�
olan hibrit-gen  önce E. coli�SODVPLGL�S8&��¶D�NORQODQPÕúWÕU��øNLQFL�DúDPDGD�GD�S0.���
Bacillus-E. coli shuttle plasmidine sub-NORQODPDVÕ� JHUoHNOHúWLULOPLúWLU�� *HOLúWLULOHQ��
rekombinant  pMK4 plasmidi konak Bacillus türlerine transfer edilerek rekombinant 

Bacillus W�UOHUL�JHOLúWLULOPLúWLU�� 
 

4.1.1 3ULPHU�WDVDUÕPÕ�YH�3&5�LOH�JHQ�GHULúLPLQLQ�DUWÕUÕOPDVÕ 
 

SOE yöntemine (Ho et al. 1989, Horton et al. 1993) göre  –pre (subC) (Jacobs 1995) ve 

hGH dizinlerinin (Goeddel et al.�������*RHGGHO�DQG�+H\QHNHU��������ùHNLO�����D-4.1.b) 

ELUOHúWLULOPHVL�YH�VRQUD�GD�oR÷DOWÕODELOPHVL�LoLQ��KHU�GL]LQ�LoLQ�ELU�LOHUL�ELU�GH�JHUL�ROPDN�
�]HUH� G|UW� SULPHU� WDVDUODQPÕúWÕU� �dL]HOJH� ������ 7DVDUODQDQ� SULPHU� GL]LQOHULQLQ�
WHUPRGLQDPLN� |]HOOLNOHUL� dL]HOJH� ���¶GH� YHULOPLúWLU�� 7DVDUODQDQ� SULPHUOHULQ�
ELUOHúWLULOPHVL� VRQXFXQGD� � ROXúDFDN� KLEULW-JHQLQ� SODVPLGH� NORQODQPDVÕQGD� J|UHY�
yapacak olan -pre (subC)  ileri primerine XbaI (5'_TCTAGA_3') ve hGH geri  

primerlerine de Bam+,���
B**$7&&B�
��UHVWULNVL\RQ�HQ]LP�NRQXPODUÕ�HNOHQPLúWLU��%X�
UHVWULNVL\RQ� HQ]LP� NRQXPODUÕQÕQ� VHoLPLQGH� � NORQODPD� oDOÕúPDODUÕQGD� NXOODQÕODFDN�
pUC19 ve pMK4 plasmidlerinin klonlama bölgelerinde bulunup, -pre (subC) ve hGH 

GL]LQOHULQGH�EXOXQPDPDVÕQD�GLNNDW�HGLOPLúWLU� 
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5’_ gat cga caa gac cgc aac ctc ctt cga caa aaa atg atc tct taa aat aaa tga ata gta ttt tca taa aat gaa tca gat 
gga gca atc tcc tgt cat tcg cgg ccc tcg gga cct ctt tcc ctgccag gct gaa gcg gtc tat tca tac ttt cga act gaa cat 
ttt tct aaa aca gtt att aat aac caa aaa att tta aat tgg tcc tcc aaa aaa ata ggc cta cca tat aat tca ttt ttt ttc tat aat 
aaa tta aca gaa taa ttg gaa tag att ata tta tcc ttc tat tta aat tat tct gaa taa aga gga gga gag tga gta atg atg agg 
aaa aag agt ttt tgg ctt ggg atg ctg acg gcc ttc atg ctc gtg ttc acg atg gca ttc agc gat tcc gct tct gct gct caa 
ccg gcg aaa aat gtt gaa aag gat tat att gtc gga ttt aag tca gga gtg aaa acc gca tct gtc aaa aag gac atc atc aaa 
gag agc ggc gga aaa gtg gac aag cag ttt aga atc atc aac gcg gca aaa gcg aag cta gac aaa gaa gcg ctt aag gaa 
gtc aaa aat gat ccg gat gtc gct tat gtg gaa gag gat cat gtg gcc cat gcc ttg gcg caa acc gtt cct tac ggc att cct 
ctc att aaa gcg gac aaa gtg cag gct caa ggc ttt aag gga gcg aat gta aaa gta gcc gtc ctg gat aca gga atc caa 
gct tct cat ccg gac ttg aac gta gtc ggc gga gca agc ttt gtg gct ggc gaa gct tat aac acc gac ggc aac gga cac 
ggc aca cat gtt gcc ggt aca gta gct gcg ctt gac aat aca acg ggt gta tta ggc gtt gcg cca agc gta tcc ttg tac gcg 
gtt aaa gta ctg aat tca agc gga agc gga act tac agc ggc att gta agc gga atc gag tgg gcg acg aca aac ggc atg 
gat gtt atc aac atg ag tct tgg agg acc atc agg ctc aac agc gat gaa aca ggc ggt tga caa tgc ata tgc aag agg ggt 
tgt cgt tgt ggc ggc tgc tgg gaa cag cgg atc ttc agg aaa cac gaa tac aat cgg cta tcc tgc gaa ata cga ctc tgt cat 
cgc agt tgg cgc ggt aga ctc taa cag caa cag agc ttc att ttc cag cgt cgg agc aga gct tga agt cat ggc tcc tgg cgc 
agg cgt gta cag cac tta ccc aac cag cac tta tgc aac att gaa cgg aac gtc aat ggc ttc tcc tca tgt agc ggg agc agc 
agc ttt gat ctt gtc aaa aca tcc gaa cct ttc agc ttc aca agt ccg caa ccg tct ctc cag tac ggc gac tta ttt ggg aag 
ctc ctt cta cta tgg aaa agg tct gat caa tgt cga agc tgc cgc tca ata aca tat tct aac aaa tgg cat ata gaa aaa gct 
agt gtt ttt agc act agc ttt ttc ttc att cag ttg aag act gtt caa tat ttt gaa tcc gtt cca tta tgg tcg gat ggc c  _3’ 
 

ùHNLO������D�–pre(subC) geninin nükleik asit dizinimi (Jacobs 1995) 
 
 
 
5’ _ttc cca act ata cca cta tct cgt cta ttc gat aac gct atg ctt cgt gct cat cgt ctt cat cag ctg gcc ttt gac acc tac 
cag gag ttt gaa gaa gcc tat atc cca aag gaa cag aag tat tca ttc ctg cag aac ccc cag acc tcc ctc tgt ttc tca gag 
tct att ccg aca ccc tcc aac agg gag gaa aca caa cag aaa tcc aac cta gag ctg ctc cgc atc tcc ctg ctg ctc atc cag 
tcg tgg ctg gag ccc gtg cag ttc ctc agg agt gtc ttc gcc aac agc cta gtg tac ggc gcc tct gac agc aac gtc tat gac 
ctc cta aag gac cta gag gaa ggc atc caa acg ctg atg ggg agg ctg gaa gat ggc agc ccc cgg act ggg cag atc ttc 
aag cag acc tac agc aag ttc gac aca aac  tca cac aac gat gac gca cta ctc aag aac tac ggg ctg ctc tac tgc ttc 
agg aag gac atg gac aag gtc gag aca ttc ctg cgc atc gtg cag tgc cgc tct gtg gag ggc agc tgt ggc ttc tag ctg 
ccc ggg tgg cat ccc tgt gac ccc tcc cca gtg cct ctc ctg gcc_ 3’  
  

ùHNLO� ����E� hGH geninin nükleik asit dizini  (Goeddel et al. 1979, Goeddel and 
Heyneker 1982) 

 
 
 
Çizelge 4.1 7DVDUODQPÕú�RODQ�SULPHU�GL]LQOHUL 
 
Primer 

Nükleotit dizini 

-pre (subC)  dizini ileri primeri 5’ _GCT CTA GAG CGC AAT CTC CTG TCA TTC G _3’ 

-pre (subC)  dizini geri primeri 5’ _GGT ATA GTT GGG AAA GCA GAA GCG GAA TCG _3’ 

hGH  peptit dizini ileri primeri 5’_GCT TCT GCT TTC CCA ACT ATA CCA CTA TCT C _3’ 

hGH peptit dizini geri primeri 5’ _GCG GAT CCG CAC TGG GGA GGG GTC AC _3’ 
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Çizelge 4.2 Tasarlanan primer dizinlerinin termodinamik özellikleri 
 

Primer Td

*
 

 
o
C 

Td 

 
o
C 

Dimer Self 

complementerity 

∆∆G 

 kcal/mol 

∆∆H 

kcal/mol 

∆∆S 

 eu 

-pre (subC) ileri 58.2 78.3 18 18 -48.5 -213.8 -547.6 
-pre (subC) geri 58.8 80.0 24 10 -54.3 -242.9 -625.4 

hGH ileri 57.9 74.4 10 3 -49.4 -232.9 -607.9 
hGH geri 62.6 87.5 16 16 -53.9 -217.5 -542.7 

 

 

4.1.1.1 PCR ile gen deULúLPL�DUWÕUÕOPDVÕ�LoLQ�NDOÕS�VHoLPL 
 

3&5�WHSNLPHVLQH�GD\DQDQ�62(�\|QWHPLQGH�WDVDUODQDQ�SULPHUOHU�\DUGÕPÕ\OD�|QFH�D\UÕ- 
D\UÕ�oR÷DOWÕODFDN�RODQ��-pre (subC)  GL]LQL�YH�K*+�PDWXUH�SHSWLW�GL]LQL�LoLQ�NDOÕS�'1$�
olarak, SAP üretme potansiyeli olan Bacillus kromR]RPDO� '1$¶VÕ� YH� hGH genini 

NRGOD\DQ�F'1$¶\Õ�WDúÕ\DQ�SODVPLG�'1$�NXOODQÕOPÕúWÕU��6$3�JHQL�LoLQ�ND\QDN�RODUDN�B. 

licheniformis� �'60� ������ NURPR]RPDO� '1$¶VÕ� L]ROH� HGLOPLú� YH� GHULúLPL� � ��������
µJ�PO�RODUDN�EXOXQPXúWXU��hGH geni için kaynak olarak  ise E. coli XL1-Blue (ATCC 

������� F'1$¶VÕQÕ� WDúÕ\DQ� S+*+���� SODVPLGL� L]ROH� HGLOPLú� YH� DGVRUEVL\RQ� WHPHOOL�
D\ÕUPD� LúOHPLQH� GD\DQDQ�4,$*(1�0LGL� .LWL� LOH� � VDIODúWÕUÕOPÕúWÕU�� 6DIODúWÕUPD� LúOHPL�
VRQXFXQGD�VDI��S+*+����SODVPLGL�HOGH�HGLOPLúWLU� 
 

4�������3&5�LOH�JHQ�GHULúLPLQLQ�DUWÕUÕOPDVÕ� 
 

.DOÕS� '1$� RODUDN� � L]ROH� HGLOPLú� RODQ� K*+� F'1$¶VÕQÕ� LoHUHQ� S+*+���� SODVPLGL�
(Goeddel et al. 1979) ve B. licheniformis NURPR]RPDO�'1$¶VÕ ile tasarlanan primerler 

LNL� D\UÕ� � 3&5� UHDNVL\RQX\OD� EHOLUOHQHQ� 3&5� ELOHúLP� YH� LúOHWLP� NRúXOODUÕQGD�
oR÷DOWÕOPÕúWÕU��6RQUD�EX�LNL�3&5��U�Q���o�QF��ELU�3&5¶GD�ELUOHúWLULOHUHN�KLEULW�JHQ�HOGH�
HGLOPLúWLU��'1$¶QÕQ� X]DPD� �HORQJDWLRQ�� V�UHVL -pre (subC) GL]LQL� ���ES� LoHUGL÷LQGHQ�
23s, hGH� GL]LQL� ���ES� ROGX÷XQGDQ� ��V� RODUDN� EHOLUOHQPLúWLU� Genin nükleotitlerden 

SROLPHUL]DV\RQ� WHSNLPHOHUL\OH� GR÷UX� VHQWH]OHQHELOPHVL� LoLQ� SULPHUOHULQ� '1$¶\D�
\DSÕúPD� VÕFDNOÕ÷Õ� �DQQHDOLQJ� WHPSHUDWXUH��� 7G� HULPH� VÕFDNOÕ÷ÕQGDQ� � ��&� GDKD� G�ú�N�
YH\D� ���&� GDKD� \�NVHN� RODQ� ELU� VÕFDNOÕN� DUDOÕ÷ÕQGD� RODELOHFH÷LQGHQ� >�7G-

5��7LGHDO��7G����@�� \DSÕúPD� VÕFDNOÕ÷Õ� ���&� RODUDN� EHOLUOHQPLúWLU�� '1$¶QÕQ� X]DPD�
VÕFDNOÕ÷Õ� �HORQJDWLRQ� WHPSHUDWXUH�� � pfu� '1$� SROLPHUD]� HQ]LPLQLQ� RSWLPXP� VÕFDNOÕ÷Õ�
RODQ����&�RODUDN�VHoLOPLúWLU�� 
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4.1.1.2.1 – pre(subC) GL]LQLQLQ�3&5�WHNLPHVL\OH�oR÷DOWÕOPDVÕ 
 

B. licheniformis� NURPR]RPDO� '1$¶VÕ� WDVDUODQPÕú� RODQ� � -pre (subC)  geri ve XbaI 

restriksiyon konumu içeren –pre (subC)� LOHUL� SULPHUOHULQL� NXOODQÕODUDN� -pre (subC)  

GL]LQL� oR÷DOWÕOPÕúWÕU�� %X� GR÷UXOWXGD� 3&5� WHSNLPHVL� IDUNOÕ� '1$� \DSÕúPD� VÕFDNOÕ÷Õ��
uzama süresi  YH� HQ]LP� GHULúLPL� NXOODQÕODUDN� JHUoHNOHúWLULOPLúWLU�� 3DUDPHWUHOHU� YH��
VRQXoODU�dL]HOJH����¶GH�YHULOPLúWLU� 

 

3ROLPHUD]�]LQFLU�WHSNLPHVL��3&5��LoLQ�WHSNLPH�ELOHúLPL� 
10X PCR Tamponu (MgSO4’lü)      5�O 
G173OHU����P0���������������������������������O 
øOHUL�3ULPHU��)3�������0��������������������O� 
*HUL�3ULPHU��53������0��������������������O� 
7HPSODWH�'1$����������������������������������O� 
dH22��������������������������������������������������O 
SIX�'1$�3ROLPHUD]�����8��/�����������O� 
 

PCR sisteminde mikroreakt|UOHULQ�LúOHWLP�SURJUDPÕ� 
T1=                94°C,   2dk   }     1 döngü  

T1(denatürasyon ) = 94°C,  1dk 

T2(\DSÕúPD )  =    50°C,   1dk  
T3(sentez) =       72°C,   23s subC  pre- dizini için                        

T3=               72°C,   5dk            

T4=                4°C,    5dk            
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 

�����J�PO�B.licheniformis�NURPR]RPDO�'1$¶VÕ�LoLQ�� 

1 döngü 

30 döngü 
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Çizelge 4.3  PCR tepkimeleriyle -pre (subC) JHQLQL�oR÷DOWPDGD�LQFHOHQHQ�SDUDPHWUHOHU�
ve elde edilen  sonuçlar 

 

 Enzim 
Enzim 

PLNWDUÕ��µµl 

T(anneling), 
o
C  Zaman, s Sonuç 

pfu DNA polimeraz 1.0 54 22 Yok 

pfu DNA polimeraz 1.0 54 44 Yok 

pfu DNA polimeraz 1.0 57 44 Yok 

Taq DNA polimeraz 0.5 54 44 Bant 

pfu DNA polimeraz 1.0 52 44 Yok 

pfu DNA polimeraz 1.0  50 44 Bant 

pfu DNA polimeraz 3.0  57 23 Yok 

pfu DNA polimeraz 3.0  50 46 Yok 

pfu DNA polimeraz 3.0  54 23 Yok 

pfu DNA polimeraz 3.0  64 23 Yok 

pfu DNA polimeraz 3.0  57 23 Yok 

pfu DNA polimeraz 3.0  67 23 Yok 

pfu DNA polimeraz 1.0  50 46 Yok 

pfu DNA polimeraz 3.0  50 46 Bant 
 

 

4.1.1.2.2 hGH JHQLQLQ�3&5�WHSNLPHVL\OH�oR÷DOWÕOPDVÕ 
 

6DI� � S+*+���� SODVPLGL�� WDVDUODQPÕú� RODQ� K*+� LOHUL� YH�BamHI restriksiyon konumu 

LoHUHQ� K*+� JHUL� SULPHUOHUL� NXOODQÕODUDN� � 3&5� WHSNLPHVL\OH� hGH� JHQL� oR÷DOWÕOPD�
NRúXOODUÕ�DUDúWÕUÕOPÕúWÕU��%XQX�JHUoHNOHúWLUPHN�LoLQ�IDUNOÕ�\DSÕúPD�VÕFDNOÕNODUÕ�YH�X]DPD�
V�UHOHUL� LQFHOHQPLúWLU� �dL]HOJH� ������ )DNDW� EDúDUÕOÕ� ROXQDPDPDVÕ� �]HULQH� D\QÕ�
UHVWULNVL\RQ� HQ]LP� NRQXPXQX� LoHUHQ� WDVDUODQPÕú� JHUL� SULPHU� ,,� NXOODQÕOPÕúWÕU� �ùHNLO�
������K*+�JHUL�SULPHU�,,�NXOODQÕODUDN�K*+�GL]LQL�VHQWH]OHQPLú�YH�oR÷DOWÕOPÕúWÕU��+HU�LNL�
SULPHU� LQFHOHQGL÷LQGH�� K*+� JHUL� SULPHU� ,,� PDWXUH� GL]LQLQH� GDKD� \DNÕQ� ROGX÷XQGDQ�
pHGH107 plasmidindeki hGH� JHQLQH�NROD\OÕNOD�ED÷ODQÕS�VHQWH]LQLQ�JHUoHNOHúWL÷L�� LON�
primerin ise hGH mature dizinine uzak konumu nedeniyle pHGH107 plasmidindeki 

NRQXPX�EXODPDGÕ÷ÕQD� NDUDU�YHULOPLúWLU��%LOJLVD\DU� SURJUDPÕ�1$5�NXOODQÕODUDN�X\JXQ�
WHUPRGLQDPLN� |]HOOLNOHUH� VDKLS� YH� K*+� PDWXUH� GL]LQLQH� \DNÕQ� DOWHUQDWLI� K*+� JHUL�
SULPHUL�,,,�GH�WDVDUODQPÕú�YH�GL]LQL�ùHNLO����¶WH�YHULOPLúWLU�� 
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a. hGH geri primer II : 

 
      
b.  hGH geri primer III : 
 

 

ùHNLO�����7DVDUODQDQ�DOWHUQDWLI�K*+�JHUL�SULPHUOHU�,,�YH�,,, 
 

3ROLPHUD]�]LQFLU�WHSNLPHVL��3&5��LoLQ�WHSNLPH�ELOHúLPL� 
10X PCR Tamponu (MgSO4 'lü)      5�O 
G173OHU����P0���������������������������������O 
øOHUL�3ULPHU��)3�������0��������������������O� 
*HUL�3ULPHU��53������0��������������������O� 
7HPSODWH�'1$�����������������������������������O� 
dH22�������������������������������������������������O 
pfu�'1$�SROLPHUD]�����8��/�����������O� 
 

 

PCR sisteminde mikroreaktöUOHULQ�LúOHWLP�SURJUDPÕ� 
T1=                94°C,  2dk   }     1 döngü  
T1(denatürasyon )= 94°C,  1dk 

T��\DSÕúPD )  =    57°C,  1dk  
T3(sentez) =       72°C,   39s hGH mature peptit dizini için 

T3=               72°C,   5dk            

T4=                4°C,    5dk            

 

$\UÕ� 3&5� WHSNLPHVL\OH� oR÷DOWÕODQ� -pre (subC) ve hGH gen dizinlerine ait agaroz jel 

J|U�QW�OHUL�ùHNLO����¶GH�J|VWHULOPLúWLU� 
 

 

 

 

 

 

 

 

 

����J�PO�S+*+����SODVPLGL�Lçin ) 

1 döngü 

30 döngü 

5’...GCG GAT CCG CCC CGG GCA GCT AGA AGC....3’ 
      CGC CTA GGC GGG GCC CGT CGA TCT TCG 

 

5’....GCG GAT CCG CTA GAA GCC ACA GCT GC ....3’ 

       CGC  CTA GGC GAT CTT CGG TGT CGA CG  
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                               a                                                              b 

 

 

 

dL]HOJH�����3&5�WHSNLPHOHUL\OH�K*+�JHQLQL�oR÷DOWPDGD�LQFHOHQHQ�SDUDPHWUHOHU�YH�HOGH�
edilen  sonuçlar 

 

  Enzim 

Enzim 

PLNWDUÕ��µµl 

T (anneling ), 
o
C Zaman,s Sonuç 

pfu DNA polimeraz 1.0 54 39 Yok 

pfu DNA polimeraz 1.0 50 76 Yok 

pfu DNA polimeraz 1.0 45 76 Yok 

pfu DNA polimeraz 2.0 54 39 Yok 

pfu DNA polimeraz 3.0 54 39 Yok 

Taq DNA polimeraz 0.5 54 39 )DUNOÕ�EDQW 
pfu DNA polimeraz 1.0 59 39 Yok 

Taq DNA polimeraz 0.5 54 39 )DUNOÕ�%Dnt 

pfu DNA polimeraz 1.0 50 78 Yok 

Taq DNA polimeraz 0.5 59 39 Yok 

Taq DNA polimeraz 0.5 54 39 Yok 

pfu DNA polimeraz 1.0 50 39 Yok 

pfu DNA polimeraz 1.0 57 39 Yok 

pfu DNA polimeraz 2.0 62 39 Yok 

Taq DNA polimeraz 0.5 62 39 Yok 

pfu DNA polimeraz 2.0 65 39 Yok 

Taq DNA polimeraz 0.5 65 39 Yok 

Taq DNA polimeraz 0.5 67 39 Yok 

Taq DNA polimeraz 0.5 57 39 Bant 

pfu DNA polimeraz 3.0 57 39 Bant 

 

ùHNLO� ���� D�� 3&5� LOH� -pre (subC) dizininin sentez sonucu: 1.Marker (DNA Ladder, Low 
Range); 2.  hibrit gen,  3-4. -pre (subC)   dizini    b: PCR ile hGH mature peptit dizininin 
sentez sonucu: 1. Marker (DNA Ladder, Low Range); 2-3. hGH mature peptit dizini; 4. 
Kontrol               

    1        2         3         4     1        2        3       4 
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4.1.1.2.3  -pre(subC) GL]LQL�LOH�K*+�PDWXUH�SHSWLW�GL]LQLQLQ�ELUOHúWLULOPHVL��+LEULW-
gen sentezi 

 

$\UÕ�3&5�UHDNVL\RQODUÕ\OD�VHQWH]OHQHQ� -pre(subC) dizininin hGH gen dizininin önüne 

PCR temelli SOE (Ho vd. 1989, Horton vd. 1989, Horton vd. 1993) yöntemiyle entegre 

edilebilmesi ioLQ���3&5��U�QOHUL��o�QF��ELU�3&5�WHSNLPHVLQGH�NDOÕS�'1$�PROHN�OOHUL�
RODUDN� ELU� DUD\D� JHWLULOPLúWLU�� 7DVDUODQDQ� SULPHUOHU� VD\HVLQGH� D\UÕ-D\UÕ� oR÷DOWÕOPDODUÕ�
VÕUDVÕQGD�ELUOHúHFHNOHUL�XoODUÕQD�ELUELUOHULQLQ�WDPDPOD\ÕFÕVÕ�RODQ�X]DQWÕODU�HNOHQHQ�EX�LNL�
PCR ürüQ���EX�X]DQWÕODUGDQ�HúOHúHUHN�ELUOHúPLú�YH�EXQODUÕQ�ELUELUOHUL�LoLQ�SULPHU�RODUDN�
J|UHY� \DSPDVÕ\OD� '1$� SROLPHUD]� HQ]LPLQLQ� NDWDOL]OHGL÷L� WHSNLPH\OH� KLEULW-gen “-

pre(subC) GL]LQL���K*+¶QXQ�PDWXUH�SHSWLW�GL]LQL´�HOGH�HGLOPLúWLU��ùHNLO�������2UWDPGD�
hibrit-gen için uygun ileri- ve geri-� SULPHULQ� EXOXQPDVÕ\OD� KLEULW� JHQLQ� oR÷DOWÕOPDVÕ�
VD÷ODQPÕúWÕU�� 6HQWH]OHQHQ� KLEULW-JHQ� E�\�NO�÷�Q�Q� ���ES� ���ES�� ���ES�� ROPDVÕ�
nedeniyle uzama süresi 62s’dir. SOE tepkimeleri sonunda elde edilen hibrit-gen “-

pre(subC)::hGH” jel J|U�QW�V��ùHNLO����¶GH�J|VWHULOPLúWLU� 
 

 

 

 
 

n restriksiyon enzim konumu (XbaI (5’TCTAGA3’))  +   -pre(subC) ileri primeri  
                                                  

     5’ _GCT CTA GAG CGC AAT CTC CTG TCA TTC G _3’ 

 
o h*+¶D�WDPDPOD\ÕFÕ�X]DQWÕ�����-pre(subC) geri primeri 
 
            5’ _GGT ATA GTT GGG AAA GCA GAA GCG GAA TCG _3’ 

 
p - pre(subC)’a�WDPDPOD\ÕFÕ�X]DQWÕ���K*+�LOHUL�SULPHUL� 
 
            5’_GCT TCT GCT TTC CCA ACT ATA CCA CTA TCT C _3’ 

 
q restriksiyon enzim konumu (BamHI (5’GGATCC3’))  +  hGH geri primeri 
 
            5’ _GCG GAT CCG CAC TGG GGA GGG GTC AC _3’ 

 

 
ùHNLO������62(�\|QWHPL\OH�KLEULW�JHQ�ROXúXPXQXQ�úHPDWLN�J|VWHULPL 

hGH  q –pre(subC)  n o p 
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3ROLPHUD]�]LQFLU�WHSNLPHVL��3&5��LoLQ�WHSNLPH�ELOHúLPL� 
10X PCR Tamponu (MgSO4’lü)   �����O 
G173OHU����P0���������������������������������O 
øOHUL�3ULPHU��)3�������0��������������������O� 
*HUL�3ULPHU��53������0��������������������O� 
Template DNA                              ����O  
dH22������������������������������������������������O 
pfu �'1$�SROLPHUD]���8��/�������������O� 
 
 

3&5�VLVWHPLQGH�PLNURUHDNW|UOHULQ�LúOHWLP�SURJUDPÕ� 
T1=                94°C,  2dk   }     1 döngü  

T1(denatürasyon )= 94°C,  1dk 

T2(\DSÕúPD )  =    55°C,  1dk  

T3(sentez) =       72°C,  75s hibrit gen için 
T3=               72°C,   5dk            

T4=                4°C,    5dk            

 

 

 

         

 

 

 

 

 

 

 

 

 ���J�PO�B.licheniformis�NURPR]RPDO�'1$¶VÕ�LoLQ�YH�
 ��J�PO�S+*+��7 plasmidi için 

1 döngü 

30 döngü 

ùHNLO�����62(� UHDNVL\RQX� LOH�KLEULWJHQ�HOGH�HGLOPHVL� VRQXoODUÕ����0DUNHU� �'1$�/DGGHU��
Low Range); 2. Hibrit gen (-pre (subC) dizini+hGH mature peptit dizini); 3. 
Marker (DNA Ladder, Low Range)            

 

       1           2           3   
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4.1.2  Hibrit-JHQLQ�S8&���NORQODQPDVÕ��E. coli ¶\H�WUDQVIRUPDV\RQX�YH�GHULúLPLQLQ�
DUWÕUÕOPDVÕ 

 

0ROHN�OHU�JHQHWL÷LQ�ELUoRN�|QHPOL�SUREOHPL�E. coli�YH\D�RQXQ�IDMODUÕQÕQ�NXOODQÕOPDVÕ\OD�
\DSÕODQ�oDOÕúPDODUOD�GR÷UXGDQ�o|]�OG�÷�QGHQ��JHQHWLN�\DSÕVÕ�YH� IRQNVL\RQODUÕ� oRN� L\L�
incelenen E. coli klonlama-plasmidleri için konak-hücre olarak öncelikle seçilmektedir. 

E. coli’ye plasmid DNA transferinin kolay� ROPDVÕ� YH� EXQXQ� GD� |WHVLQGH�E. coli’den 

SODVPLG�'1$�L]RODV\RQXQXQ�NROD\OÕ÷Õ�QHGHQL\OH��EX�DUDúWÕUPDQÕQ����DOW-SURJUDPÕQGD�|Q�
NORQODPD� LúOHPOHULQLQ� E. coli� SODVPLGOHULQH� \DSÕOPDVÕQD� YH� E. coli’ye  

WUDQVIRUPDV\RQXQD� �NDUDU� � YHULOPLúWLU��%LU�E. coli  plasmidi  olan  pUC19,  klonlama  

için  ortak  özellikleri  olan   poliklonlama  bölgelerinde  bulunan restriksiyon enzim 

NHVLP�NRQXPODUÕQÕQ�oRN�VD\ÕGD�ROPDVÕ�QHGHQL\OH�VHoLOPLúWLU�  
               

SOE yöntemine göre -pre (subC) dizininin  hGH mature dizininin önüne entegre 

HGLOPHVL\OH� HOGH� HGLOPLú� RODQ�KLEULW-gen agaroz jelden  Fermentas DNA ekstraksiyon 

.LW¶L�LOH�VDIODúWÕUÕOGÕNWDQ�VRQUD�WDVDUODQDQ�SULPHUOHULQ�XoODUÕQGD�EXOXQDQ�XbaI ve BamHI  

UHVWULNVL\RQ� HQ]LPOHUL\OH� HúDQOÕ� � YH� D\QÕ� UHVWULNVL\RQ� HQ]LPOHUL\OH� S8&19 E. coli  

SODVPLGL�GH�DUGÕúÕN�RODUDN�NHVLOPLúWLU� 
 

 

Tepkime 1. pUC19  plasmidinin Xba,�HQ]LPL\OH�\DSÕúNDQ�XoOX�NHVLPL�LoLQ�WHSNLPH�
NRúXOODUÕ�� 
pUC19 plasmidi  (100ng) 10 µl 

Tampon Y+
 2 µl 

XbaI  (10U/µl) 2 µl 

dH2O 6 µl 

T=37°C,  t= 2 st VT= 20 µl 
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Tepkime 2. pUC19 plasmidinin BamHI�HQ]LPL\OH�\DSÕúNDQ-uç kesimi için tepkime 

NRúXOODUÕ�� 
pUC19 plasmidi  (100ng)  10 µl 

Tampon A    2 µl 

BamHI  (10U/µl) 2.5 µl 

dH2O 5.5 µl 

T=37°C,  t= 2 st VT= 20 µl 

 

Tepkime 3. Hibrit-genin XbaI ve BamHI enzimleriyle� HúDQOÕ� \DSÕúNDQ-uç kesimi 

LoLQ�WHSNLPH�NRúXOODUÕ� 
Hibrit gen  10 µl 

Tampon Y+    2 µl 

BamHI  (10U/µl) 

XbaI (10U/µl) 

2.5 µl 

   2 µl 

dH2O 3.5 µl 

T=37°C,  t= 2 st VT= 20 µl 

 

7�P� NHVLPOHUGH� WHSNLPH� WDPDPODQGÕNWDQ� VRQUD� WHSNLPH� NDUÕúÕPÕ� 7 ��oC'de 20dk. 

tutularak,  restriksiyon enzimleri denatüre edilerek katalitik olarak etkisiz hale 

JHWLULOPLúWLU� 
 

7DVDUODQDQ� SULPHUOHULQ� XoODUÕQD� HNOHQPLú� RODQ� XbaI ve BamHI restriksiyon enzim 

NRQXPODUÕQGDQ�HúDQOÕ�RODUDN�NHVLOPLú�RODQ�KLEULW�JHQLQ� �D\QÕ�UHVWULNVL\RQ�HQ]LPOeriyle 

DUGÕúÕN�RODUDN�NHVLOHQ�S8&����E. coli�SODVPLGLQH�LNL�IDUNOÕ�JHQ�YHNW|U�RUDQÕQGD��YH�7��
'1$� OLJD]� HQ]LPL� NDWDOL]|UO�÷�QGH� DúD÷ÕGDNL� NRúXOODUGD� OLJDV\RQ� WHSNLPHVL�
JHUoHNOHúWLULOPLúWLU�� U-S8&��� SODVPLGL� JHOLúWLULOPHVL� úHPDWLN� RODUDN� ùHNLO� ���¶GH�
verilmLúWLU� 
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Tepkime 4. Hibrit-JHQLQ�S8&���¶D�NORQODQPDVÕ�LoLQ�OLJDV\RQ�WHSNLPH�NRúXOODUÕ� 
                           G/V=3              G/V=5 
Hibrit gen                          ∼∼72 ng             ∼∼120 ng 

pUC19 plasmidi                         ∼24 ng               ∼24 ng 

Ligasyon tamponu (10X)                  2 µl                   2 µl 

ATP (10mM)                              1 µl                  1 µl 

T4 DNA ligaz (5U/µl)              0.8 µl                0.8 µl 

dH2O                   VR=20 µl RODFDN�úHNLOGH�EHOLUOHQPLúWLU� 
T=22 °C, t=16 st 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO�����U-S8&���SODVPLGL�WDVDUÕP�úHPDVÕ 

 

 
XbaI 

BamHI 

BamHI 

 

XbaI 

 
B. licheniformis 

kromozomal DNA’VÕ 

BamHI 

XbaI 

 

-pre(subC)::hGH 

-pre(subC) 
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.ORQODPDQÕQ�JHUoHNOHúLS-JHUoHNOHúPHGL÷LQL�EHOLUOHPHN�LoLQ�OLJDV\RQ�NDUÕúÕPÕ��SODVPLG�
WDúÕPD\DQ�E. coli XLI-blue’ya CaCl2�\|QWHPL\OH�DNWDUÕOGÕNWDQ�VRQUD��K�Freler 100mg/ml  

DPSLVLOLQ� YH� ,37*� LOH� ;JDO� LoHUHQ� NDWÕ� RUWDPD� \D\ÕOPÕú� YH� ��oC’de mavi/beyaz 

NRORQLOHU�ROXúDQD�NDGDU����-��VW���LQN�EH�HGLOPLúWLU� 
 

.DWÕ�RUWDPGD�ROXúDQ�DOWÕ��DGHW�NRORQLQLQ�U-S8&���WDúÕ\ÕS�WDúÕPDGÕ÷ÕQÕ�NRQWURO�HWPHN�LoLQ�
paralel olarak plasPLG� '1$� L]RODV\RQX� \DSÕOPÕúWÕU�� ø]RODV\RQ� �U�QOHULQLQ� MHO�
HOHNWURIRUH]� J|U�QW�OHULQH� EDNÕOGÕ÷ÕQGD� �ùHNLO� ����� W�P� NRORQLOHUGH� S8&��¶GDQ� GDKD�
E�\�N� '1$�PROHN�OOHUL� WDúÕGÕ÷Õ� J|U�OP�ú� YH� EX�PXKWHPHO� U-S8&��¶ODUÕQ� KLEULW-gen 

WDúÕ\ÕS-WDúÕPDGÕ÷Õ� EX� SODVPLGOHULQ� hibrit genin iki ucunda bulunan XbaI ve BamHI 

UHVWULNVL\RQ�HQ]LPOHUL\OH�NHVLOPHVL\OH�NRQWURO�HGLOPLúWLU��ùHNLO����¶GHQ�J|U�OG�÷��JLEL�
tüm kolonilerin kesilme tepkimesi sonucunda sadece bir tanesinde hibrit-gen 

E�\�NO�÷�QH� \DNÕQ� E�\�NO�NWH� '1$� E�\�NO�÷�� J|]OHQPLúWLU�� 6RQXo� RODUDN��
NORQODPDQÕQ�EDúDUÕOÕ\OD�JHUoHNOHúWL÷LQH�NDUDU�YHULOPLúWLU�� 
 

                          

                     a                                                                     b 

 

 

              

 

4.1.3  Hibrit-genin pMK4 E. coli–Bacillus�VKXWWOH�YHNW|U�QH�NORQODQPDVÕ 
 

Hibrit-genin E. coli–Bacillus shuttle plasmidlerine klonlanabilmesi için E. coli’de 

GHULúLPL� DUWWÕUÕOPÕú� � RODQ� � U-pUC19 E. coli plasmidi öncelikle BamHI restriksiyon 

ùHNLO� ���� D- Muhtemel r-pUC19 izolasyon görüntüleri; 1-��� ø]ROH� PXKWHPHO� U-
pUC19, 7. Kesik pUC19, b- Muhtemel r-pUC19 un  kontrolu: 1. Marker 
(λDNA/HindIII), 2-3. muhtemel r-pUC19+BamHI+XbaI, 4-5. saf 
pUC19, 6-7. Hibrit gen, 8. Marker (DNA ladder Low Range)  

  1       2     3     4     5      6     7     8     1      2      3     4       5      6       7        
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enzimiyle Tepkime 5.’de YHULOHQ� NRúXOODUGD� EHú� SDUDOHO� LúOHPOH� NHVLOPLú� YH� NHVPH�
LúOHPLQGHQ� VRQUD� ��oC’de 15dk bekletilerek BamHI� HQ]LPL� LQDNWLI� KDOH� JHWLULOPLúWLU��
BamHI enzimi ile kesilen r-S8&��� �1D$F�(W2+� LOH� o|NW�U�OHUHN� D\UÕOPÕú� YH� X\JXQ�
miktarda su ile çözüldükten sonra SalI restriksiyon enzimiyle  Tepkime 6.’da verilen 

NRúXOODUGD�NHVLOPLúWLU��.HVPH�LúOHPLQGHQ�VRQUD����oC’de 15dk bekletilerek SalI enzimi 

LQDNWLI� KDOH� JHWLULOPLú� YH� NDUÕúÕPÕQ� WDPDPÕ� MHOGH� NRúWXUXOPXúWXU� �ùHNLO� ������
.RúWXUPDGDQ� VRQUD� )HUPHQWDV� '1$� (NVWUDNVL\Rn Kit’i ile agaroz jelden hibrit-gen 

HNVWUDNWH� HGLOPLúWLU� �ùHNLO� ������ %X� LúOHPOHU� NORQODPD� EDVDPD÷ÕQGD� � NXOODQPDN� LoLQ�
\HWHUOL�GHULúLPH�VDKLS�KLEULW-JHQ�HOGH�HGLOLQFH\H�NDGDU�WHNUDUODQPÕúWÕU�� 
 
 

                                     
    
                                                                                                  
 
 

 
 
 

Tepkime 5. r-pUC19 ’un BamHI LOH�\DSÕúNDQ-Xo�NHVLPL�LoLQ�WHSNLPH�NRúXOODUÕ� 
 

r-pUC19 plasmidi  (100ng) 10 µl 

Tampon A    2 µl 

BamHI enzimi (10U/µl) 2.5 µl 

dH2O 5.5 µl 

T=37°C,  t= 2 st VT= 20 µl 

 

1       2                     3 

ùHNLO� ���� U-pUC19 kesme 
tepkimesi sonucu;  1. Marker (λ 
DNA Hind III ), 2. Marker 
(DNA Ladder, Low Range), 3. 
Kesik r-pUC19 

   1           2           3 

ùHNLO� ���� -HOGHQ� HNVWUDNWH�
HGLOPLú� KLEULW� JHQ�� � ��� 0DUNHU�
(100 bp DNA Ladder ), 2. 
Hibritgen, 3. Ekstrakte hibrit gen 
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Tepkime 6. BamHI� HQ]LPL\OH� NHVLOPLú� U-pUC19 plasmidinin SalI enzimiyle 

\DSÕúNDQ-Xo�NHVLPL�LoLQ�WHSNLPH�NRúXOODUÕ� 
 

r-pUC19 plasmidi (BamHI LOH�NHVLOPLú�����QJ�  10 µl 

Tampon A    2 µl 

SalI  (10U/µl)    2 µl 

dH2O    6 µl 

T=37°C,  t= 2 st VT= 20 µl 

 
.ORQODPDGD� NXOODQÕODFDN� RODQ� S0.�� E. coli-Bacillus shuttle plasmidi öncelikle E. 

coli¶GHQ� L]ROH� HGLOPLúWLU�� ø]ROH� HGLOHQ� S0.�� )HQRO�.ORURIRUP�ø]RDPLODONRO� �).,��
\|QWHPLQH� J|UH� VDIODúWÕUÕODUDN� NORQODPD� LoLQ� \HWHUOL� GHULúLPH� VDKLS� S0.�� HOGH�
HGLOPLúWLU��6DIODúWÕUÕOPÕú�RODQ�S0.��|QFH�BamHI restriksiyon enzimi ile Tepkime 5.’de 

YHULOHQ�NRúXOODUGD�EHú�SDUDOHO�LúOHPOH�NHVLOPLú�YH�NHVPH�LúOHPLQGHQ�VRQUD 65oC’de 15dk 

bekletilerek BamHI� HQ]LPL� LQDNWLI�KDOH�JHWLULOPLúWLU��BamHI enzimi ile kesilen pMK4  

1D$F�(W2+�LOH�o|NW�U�OHUHN�D\UÕOPÕú�YH�X\JXQ�PLNWDUGD�VX�LOH�o|]�OG�NWHQ�VRQUD�SalI 

restriksiyon enzimiyle  7HSNLPH���¶GD�YHULOHQ�NRúXOODUGD�NHVLOPLúWLU��.HVPH�LúOHPLQGHQ�
sonra  65oC’de 15dk bekletilerek SalI� HQ]LPL� LQDNWLI� KDOH� JHWLULOPLú� YH� ).,� LOH�
VDIODúWÕUÕOGÕNWDQ� VRQUD� NORQODPD� WHSNLPHOHULQGH� NXOODQÕOPÕúWÕU� �ùHNLO� ������ Kesik r-

pUC19’den ekstrakte edilen hibrit-genin klonlama tepkimesi için uygun moleküler 

\DSÕ\D�JHWLULOHQ�S0.��SODVPLGLQH�7HSNLPH���¶GH�EHOLUWLOHQ�NRúXOODUGD�VXE-NORQODQPDVÕ�
LoLQ�GHQH\VHO�oDOÕúPDODU�SDUDOHO�RODUDN�\�U�W�OP�úW�U� 
 

Tepkime 7. Hibrit-JHQLQ�S0.��¶H�NORQODQPDVÕ�LoLQ�OLJDV\RQ�WHSNLPH�NRúXOODUÕ� 
                          G/V=5                      G/V=7              
Hibrit gen                                 ∼120 ng                     ∼140 ng 

PMK4 plasmidi                       ∼24 ng                        ∼20 ng 

Ligasyon tamponu (10X)                 2 µl                           2 µl 

ATP (10mM)                          1,5 µl                        1,5 µl 

T4 DNA ligaz (5U/µl)             0.8 µl             0.8 µl 

dH2O                   VR=20 µl RODFDN�úHNLOGH�EHOLUOHQPLúWLU� 
T=22 °C,  t=16 st 
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ùHNLO������U-S0.��SODVPLGLQLQ�WDVDUÕP�úHPDVÕ�� 
 

Tasarlanan, hibrit-JHQ� WDúÕ\DQ� U-S0.�� úHPDWLN� RODUDN� ùHNLO� ����¶GD� YHULOPLúWLU��
Klonlanma sonucu elde edilen, hibrit-JHQ� WDúÕ\DQ� U-pMK4 içermesi gereken ligasyon 

WHSNLPH� NDUÕúÕPÕ� SODVPLG� WDúÕPD\DQ� E. coli XL1-Blue’ye CaCl2 yöntemine göre 

DNWDUÕOPÕúWÕU�� S0.�¶H� NORQODPD� � � S8&��¶GH� � ROGX÷X� JLEL� lacZ geni içindeki 

SROLNORQODPD� E|OJHVLQH� JHUoHNOHúWLULOLU�� %|\OHFH�� S0.�¶H� NORQODPDQÕQ� JHUoHNOHúip/ 

JHUoHNOHúPHGL÷L� �PDYL�EH\D]�NRORQL�ROXúXPX� LOH�NRQWURO� HGLOPLúWLU��2OXúDQ�EHú�EH\D]�
NRORQLQLQ�SDUDOHO� L]RODV\RQX�\DSÕOPÕú�YH�EXQODUÕQ� MHO-HOHNWURIRUH]�J|U�QW�OHULQH��ùHNLO�
4.12) göre  hepsinin hibrit-JHQ� WDúÕGÕNODUÕ� G�ú�Q�OP�úW�U��%Hú� DGHW� L]ROH�PXKWHPel r-

S0.��SODVPLGLQLQ�NDOÕS�'1$�RODUDN�NXOODQÕOPDVÕ\OD�JHUoHNOHúWLULOHQ�3&5�WHSNLPHOHUL��
sonucundaki jel-elektroforez görüntülerinde tüm PCR ürünlerinde  hibrit-JHQ� EDQWÕ�

BamHI 

 

XbaI 

 

SalI 

 

 

 

SalI 
BamHI 

-pre(subC)::hGH 
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J|]OHQPLúWLU� �ùHNLO� ������� %XQGDQ� VRQUD� 3&5� �U�QOHULQGHQ� KLEULW-JHQ� EDQWÕ� RODQ�
muhtemel r-S0.�¶OHU� 7HSNLPH� �� YH� �� ¶GD� YHULOPLú� RODQ� NRúXOODUGD�BamHI ve SalI 

UHVWULNVL\RQ�HQ]LPOHUL� LOH�DUGÕúÕN�RODUDN�NHVLOPLúWLU��.HVPH�LúOHPL\OH�NRQWUROGHQ�VRQUD�
jel-elektroforez görüntüsünde  sadece bir koloninin (G/V=5) hibrit-JHQ� WDúÕGÕ÷Õ�
J|U�OP�úW�U��ùHNil 4.13). 

 

                                             

 

 

 

  

                                          

                             a                                                                      b 
 

 

 

 

ùHNLO� ����� ø]ROH� PXKWHPHO� U-pMK4 
plasmidleri 1. Marker (λ DNA 
HindIII), 2-��� ø]ROH� PXKWHPHO� U-
pMK4+SalI+BamHI, 7. Kesik pMK4  

  
 

    1        2       3      4      5       6      7  1         2           3 

ùHNLO�������%DP+,�YH�6DO,�
HQ]LPOHUL\OH�NHVLOPLú�S0.�; 
1.Marker (λ DNA Hind III), 
2. Kesik pMK4, 3. Kontrol   

ùHNLO������D- Muhtemel r-S0.��SODVPLGOHULQ�3&5�WHSNLPH�VRQXoODUÕ��1-5. PCR ürünleri , 6. 
Hibrit gen, b-�.HVLOPLú�PXKWHPHO�U-pMK4 plasmidleri 1. Marker (λ DNA Hind III), 
2. Kesik pMK4, 3-4. Muhtemel r-pMK4+ SalI+BamHI, 5. Hibrit gen,6. Marker 
(DNA ladder Low Range)  

  

    1        2       3        4       5       6         1     2     3      4     5      6       
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2322 

2027 

 

23130 

9416 

6557 

4361 
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�������*HOLúWLULOHQ��U-pMK4’ün Bacillus subtilis’e transformasyonu  
 

 

Hibrit-JHQ�WDúÕ\DQ�Bacillus-E. coli shuttle plasmidi  r-pMK4 E. coli¶GH�oR÷DOWÕOÕS�L]ROH�
HGLOGLNWHQ� VRQUD� VHoLOHQ� IDUNOÕ� Bacillus türü konak hücrelere elektroporasyon ile 

C=25µF, R=200Ω YH� 9�/ ��� N9�FP� NRúXOODUÕQGD� YH� GR÷DO� WUDQVIURPDV\RQ�
\|QWHPOHUL\OH�SDUDOHO�RODUDN�DNWDUÕOPÕúWÕU��(OGH�HGLOHQ�NRORQLOHULQ�UHNRPELQDQW�SODVPLGL�
WDúÕ\ÕS� WDúÕPDGÕNODUÕQÕ� NRQWURO� HWPHN� DPDFÕ\OD� SODVPLG� L]RODV\RQX� \DSÕOPÕú� YH�
L]RODV\RQ� �U�QOHUL� NDOÕS� RODUDN� NXOODQÕODUDN� 3&5¶GD� KLEULW� JHQ� VHQWH]OHQPLúWLU�� U-
S0.�¶�Q�WUDQVIHU�HGLOGL÷L�G|UW�Bacillus�VXEWLOLV¶WHQ�\DSÕODQ�SODVPLG�L]RODV\RQXQD��ùHNLO�
������ YH� EX� SODVPLGOHULQ� NRQWURO�� LoLQ� \DSÕODQ� 3&5¶D� DLW� MHO� J|U�QW�OHULQGHQ� � �ùHNLO�
4.16) r-S0.�� WUDQVIHULQLQ� EDúDUÕOÕ� ROGX÷X� EHOLUOHQPLúWLU�� 6RQXoWD� KLEULW-JHQL� WDúÕ\DQ�
rekombinant B.subtilis BGSC-1A197 ve B.subtilis BGSC-�$���� � JHOLúWLULOPLúWLU��
.ORQODPDQÕQ� GR÷UXOX÷XQX� NRQWURO� LoLQ� KLEULW-gen -pre(subC)::hGH nükleotit dizini 

'1$� GL]LQ� DQDOL]� FLKD]Õ� LOH� 0LFURV\QWK� *PE+�� øVYLoUH� ODERUDWXDUODUÕQGD�
DQDOL]OHQPLúWLU��$QDOL]�VRQXFXQGD�-pre(subC)::hGH hibrit geninin nükleotit dizini elde 

HGLOPLú�YH�JHQ�GL]LQLQLQ��GR÷UXOX÷X�NDQÕWODQPÕúWÕU� 
 

 

                                              

 

 

 

 

 

1     2    3     4     5 

 
ùHNLO������ø]ROH�PXKWHPHO���U-pMK4’ler 1. λ 
DNA Hind III Marker, 2-���ø]ROH�PXKWHPHO� 
r-pMK4’ler 

 1       2      3       4       5 

 
ùHkil 4.15 Kesik muhtemel   r-pMK4’ler 1. λ 
DNA Hind III Marker, 2-3. Kesik r-MK4’ler, 
4. Saf Hibrit gen 5. DNA Ladder Low Range 
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4.2   -pre (subC)::hGH::S0.��7DúÕ\DQ�0LNURRUJDQL]PDODUÕQ�K*+�hUHWLP�
3HUIRUPDQVÕ��([SUHVVLRQ� 

 

0HWDEROLN� P�KHQGLVOLN� DUDúWÕUPD� SURJUDPÕ� GR÷UXOWXVXQGD� ��� DUDúWÕUPD� SURJUDPÕQGD��
JHOLúWLULOPLú�RODQ�UHNRPELQDQW��Bacillus subtilis PLNURRUJDQL]PDODUÕ�NXOODQÕODUDN�LNLQFL�
DúDPDGD� mikrobiyolojik hava filtreli laboratuvar-ölçekli kesikli biyoreaktörlerde 

VR=110 ml, T=37oC, N=200 dk-1� LúOHWPH� NRúXOODUÕQGD� RUWDPD� HNOHQHQ� SURWHD]�
LQKLELW|U�Q�Q�YH�NDUERQ�ND\QD÷Õ�RODUDN�NXOODQÕODQ�JOXNR]�GHULúLPLQLQ��K�FUH�oR÷DOPDVÕ�
ve hGH üretimi üzerindHNL�HWNLVL��DUDúWÕUÕOPÕúWÕU� 

 

 �������K*+��UHWLPL�LoLQ�RUWDP�WDVDUÕPÕ 
 

Rekombinant B.subtilis BGSC-1A751 ve B.subtilis BGSC-�$���� µQLQ� WDúÕGÕ÷Õ�
rekombinasnt plasmid -pre(subC)::hGH::pMK4, Bacillus licheniformis hücre-GÕúÕ�
enzimi serin alkali proteaz (SAP) geninin (subC��VDOJÕODPDGD�J|UHY�\DSDQ��VLQ\DO�GL]LQL�
-pre(subC)’yi WDúÕPDNWDGÕU��+�FUH� LoLQGH�VLQ\DO-peptid (subC) +hGH olarak üretilecek 

biyomolekülün sinyal-SHSWLW� LOH� K�FUH� GÕúÕQD� ���� DPLQR� DVLWWHQ� ROXúDQ� K*+� ¶QX�
DNWDUÕPÕQÕ�JHUoHNOHúWLUPHVL�WDVDUODQPÕúWÕU��6RQXo�RODUDN�U-B.subtilis ’in dizinin önündeki 

sinyal-peptit -pre(subC��WDQÕ\DUDN��UHWLPH�EDúODGÕ÷Õ��JHULGHNL�GL]LQLQ�subC yerine hGH 

    1     2     3    4 

ùHNLO������+LEULW-genin PCR görüntüsü 1. DNA 
Ladder Low Range  Marker, 2. Saf Hibrit gen,  
3-4. Hibrit gen ( r-pMK4) 
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ROPDVÕQÕQ� VHQWH]� YH� WDúÕQÕP�PHNDQL]PDVÕQÕ� HWNLOHPHPHVL� JHUHNWL÷L�G�ú�Q�OG�÷�QGHQ��
ilk üretim deneylerinde temel ortam�RODUDN�D\QÕ�VLQ\DO�SHSWLWOH�6$3��UHWLPL�LoLQ�dDOÕN�et 

al. ������¶QLQ� WDVDUODGÕNODUÕ� �UHWLP� RUWDPÕ� K�FUH-GÕúÕ� K*+� �UHWLPLQGH� NXOODQÕOPÕúWÕU�
(Çizelge 3.5).  

 

���������hUHWLP�RUWDPÕQGD�WX]�o|]HOWLVLQLQ�HWNLVL 
 

$UDúWÕUPD� SURJUDPÕ� GR÷UXOWXVXQGD� dL]HOJH� ���¶WHNL� RUWDP� ELOHúLPLQGH� 9R=110 cm3 

oDOÕúPD�KDFÕPOÕ�PLNUREL\RORMLN� KDYD� ILOWUHOL� EL\RUHDNW|UOHUGH�� 7 � ��� oC, N= 200 dk-1 

LúOHWPH� NRúXOODUÕQGD� LNL� IDUNOÕ� UHNRPELQDQW� PLNURRUJDQL]PD� LOH� K*+� �UHWLP� GHQH\L�
JHUoHNOHúWLULOPLúWLU�����VDDW�NDOPD�V�UHVLQFH�PLNURRUJDQL]PD�GHULúLPL��NDUERQ�ND\QD÷Õ�
GHULúLPL�� 6$3� DNWLYLWHVL� YH� K*+�GHULúLPL� L]OHQPLú� YH� VÕUDVÕ\OD�ùHNLO� ����� YH� �����¶WH�
VXQXOPXúWXU�� 
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U�%�VXEWLOLV�%*6&��$���
U�%�VXEWLOLV�%*6&��$�����7�
U�%�VXEWLOLV�%*6&��$���

 

ùHNLO�������r-B.subtilis BGSC-1A751 ve r-B.subtilis BGSC-1A197 için mikroorganizma 
GHULúLPLQLQ�YH� � JOXNR]�GHULúLPLQLQ� W� LOH�GH÷LúLPL��&GO= 8 kg/m3; VR= 110 
cm3; T= 37 oC; N= 200 dk-1; pHo= 7.25 
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ùHNLO���������r-B.subtilis BGSC-1A751 ve r-B.subtilis BGSC- 1A197 için SAP aktivitesi 
YH�K*+�GHULúLPLQLQ��W�LOH�GH÷LúLPL� CGO= 8 kg/m3; VR= 110 cm3; T= 37 oC; 
N= 200 dk-1; pHo= 7.25 

 

Biyoproses süresince her iki rekombinant mikroorganizma ile Çizelge 3.5’teki ortam 

ELOHúLPLQGH� K*+� GHULúLPLQLQ� NDOPD� V�UHVL\OH� GH÷LúLPL� L]OHQPLú� DQFDN� K*+� �UHWLPL�
J|]OHQPHPLúWLU��r-B.subtilis BGSC-1A751 ve r-B.subtilis BGSC-1A197 için  t=15 st’te 

PDNVLPXP�K�FUH�GHULúLPOHUL�VÕUDVÕ\OD�&[ �����NJ�P3 ve 1.28 kg/m3, maksimum SAP 

aktiviteleri A=67 ve 65 U/cm3� RODUDN� EXOXQPXúWXU�� %L\RSURVHV� VRQXQGD r-B.subtilis 

BGSC-1A751 ve r-B.subtilis BGSC-�$����� VÕUDVÕ\OD�� JOXNR]XQ� �� ��� YH� �� ��¶QÕ�
W�NHWPLúWLU�� øON��UHWLP�GHQH\OHULQGH�6$3� ¶ÕQ� VLQ\DO�SHSWLW�YH�EDúODWÕFÕVÕQÕQ� �SURPRWHU��
NXOODQÕOPDVÕ� QHGHQL\OH� � UHIHUDQV� RUWDP� RODUDN� 6$3� �UHWLP� RUWDPÕ� �dDOÕN� et al. 2004) 

NXOODQÕOPÕúWÕU��6RQXo�RODUDN�EX�UHIHUDQV�RUWDPGD�ELyoproses süresince üretilen  proteaz 

HQ]LPOHULQLQ��UHWLOHQ�SURWHLQL�SDUoDODGÕ÷Õ�G�ú�Q�OHUHN�RUWDPD�SURWHD]�LQKLELW|U�Q�Q��3-

�������YH�SURWHD]��UHWLPLQL�LQKLEH�HWWL÷L�ELOLQHQ�WX]�o|]HOWLVLQLQ��3ROORFN�������D\UÕ-D\UÕ�
HNOHQHUHN�HWNLOHULQLQ�DUDúWÕUÕOPDVÕQD�NDUDU�YHULOPLúWLU�� 
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hUHWLP�RUWDPODUÕQD� We=6 st’te  0.744, 7.44 ve 74.4 µ0�GHULúLPOHULQGH�HNOHQHQ�SURWHD]�
inhibitör kokteylinin, ve 25.2 mM tuz çözeltisinin hGH üretimi üzerindeki etkileri 

LQFHOHQPLúWLU� � �ùHNLO� ����-4.24). Proteaz inhibitörü eklemenin gerekti÷L� EXOXQPXúWXU��
hUHWLP�RUWDPÕQD�HNOHQHQ�SURWHD]�LQKLELW|U�GHULúLPL�HWNLVL\OH�r-B.subtilis BGSC-1A751  

K�FUH� GHULúLPLQLQ�� JOXNR]� GHULúLPLQLQ� YH� K*+� GHULúLPLQLQ� NDOPD� V�UHVL\OH� GH÷LúLPL�
ùHNLO� ������ ����� YH� ����¶GH� YHULOPLúWLU�� 0DNVLPXP� K*+� GHULúLPL� ����� µM proteaz 

LQKLELW|U� NRNWH\OL� HNOHQPHVL\OH� JHUoHNOHúWLULOPLú� RODQ� �UHWLP� RUWDPÕQGD� W ��� VW¶WH�
ChGH=0.027 kg/m3��RODUDN�EXOXQPXúWXU��ùHNLO���������ùHNLO�����¶GDQ�GD�J|U�OG�÷��JLEL�
SURWHD]� LQKLELW|U� NRNWH\OLQLQ� HNOHQGL÷L� W �� VW¶H� NDGDU� K�FUH� GHULúLPLQGHNL� DUWÕú�
\�NVHNWLU�� �UHWLP� RUWDPÕQD� SURWHD]� LQKLELW|U� NRNWH\OLQLQ� LODYHVL� � K�FUH� oR÷DOPDVÕQÕ�
HWNLOHPLúWLU��7X]�o|]HOWLVL�LOH��UHWLOHQ�SURWHD]ODUÕQ�LQKLELV\RQX��LQKLELW|U�NRNWH\OLQH�J|UH�
GDKD�D]�HWNLOLGLU��ùHNLO������� 
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ùHNLO� ��19 r-B.subtilis BGSC-�$���� GHULúLPLQLQ� W� LOH� GH÷LúLPLQH� HNOHQHQ� LQKLELW|U�
GHULúLPLQLQ� HWNLVL�� 9R= 110 cm3; T= 37 oC; N= 200 dk-1; CGo= 8 kg/m3; 
pHo= 7.25.  Proteaz inhibitörsüz, (�); tuz çözeltili, (�);  proteaz inhibitörlü 
(µM): (♦) 0.744; (�) 3.72; (�) 7.44; (S) 14.28; (U) 74.4  
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%L\RSURVHV� V�UHVLQFH� SURWHD]� LQKLELW|U�Q�Q� �K*+�GHULúLPLQH�HWNLVL� LQFHOHQGL÷LQGH���-

7.44 µ0� SURWHD]� GHULúLPLQLQ� SURWHD]� LQKLELV\RQX� LoLQ� D]�� ����� - 74.4 µM proteaz 

GHULúLPLQLQ�LVH��ID]OD�JHOPHVL�QHGHQL\OH��U�Q�LQKLELV\RQXQD�QHGHQ�ROGX÷X�EHOLUOHQPLúWLU�
�ùHNLO��������ùHNLO�����¶GHNL�JOXNR]�GHULúPLQLQ�NDOPD�V�UHVL�LOH�GH÷LúLPL�LQFHOHQGL÷LQGH�
JOXNR]�GHULúLPLQLQ�HNOHQHQ�SURWHD]�GHULúLPLQH�ED÷OÕ�RODUDN�HQ�D]�������¶VL��WX]�o|]HWLVL�
HNOHQHQ� NRúXOGD�� HQ� ID]OD� GD� ��� ����¶VL� �� SURWHD]� LQKLELW|UV�]� NRúXOGD�� W�NHWLOPLúWLU��
7.44 µ0�GHULúLPLQGH�SURWHD]�LQKLELW|U�HNOHQPHVL�K�FUH�oR÷DOPDVÕQÕ�GROD\ÕVÕ\OD�JOXNR]�
W�NHWLPLQL� LQKLEH� HGHUNHQ� K*+� GHULúLPLQL� DUWWÕUPÕúWÕU�� r-B.subtilis BGSC-1A751 ile 

K*+� �UHWLPL� DoÕVÕQGDQ� RSWLPXP� SURWHD]� LQKLELW|U� GHULúLPL 7.44 µM olarak 

EHOLUOHQPLúWLU� 
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ùHNLO� ����� r-B.subtilis BGSC-�$���� LOH� JOXNR]� GHULúLPLQLQ� W� LOH� GH÷LúLPLQH� HNOHQHQ�
LQKLELW|U�GHULúLPLQLQ�HWNLVL��9R= 110 cm3; T= 37 oC; N= 200 dk-1; CGo= 8 
kg/m3; pHo= 7.25.  Proteaz inhibitörsüz, (�); tuz çözeltili, (�);  proteaz 
inhibitörlü(µM): (♦) 0.744; (�) 3.72; (�) 7.44; (S) 14.28; (U)74.4  
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ùHNLO� ����� r-B.subtilis BGSC-�$���� LOH� K*+� GHULúLPLQLQ� W� LOH� GH÷LúLPLQH� HNOHQHQ�
LQKLELW|U�GHULúLPLQLQ�HWNLVL��9R= 110 cm3; T= 37 oC; N= 200 dk-1; CGo= 8 
kg/m3; pHo= 7.25. Proteaz inhibitörsüz, (�); tuz çözeltili, (�);  proteaz 
inhibitörlü(µM): (♦) 0.744; (�) 3.72; (�) 7.44; (S) 14.28; (U)74.4  

 

r-B.subtilis BGSC-�$����NXOODQÕODUDN��UHWLP�RUWDPÕQD�HNOHQHQ�SURWHD]�GHULúLPLQH�J|UH�
K�FUH�� JOXNR]� GHULúLPLQLQ� YH� K*+� GHULúLPOHULQLQ� NDOPD� V�UHVL\OH� GH÷LúLPL� VÕUDVÕ\OD�
ùHNLO������������YH�����¶GH�YHULOPLúWLU��%L\RSURVHV�V�UHVLQFH�K*+�GHULúLPLQLQ�GH÷LúLPL�
LQFHOHQPLú��PDNVLPXP�K*+�GHULúLPL������µM proteaz inhibitör kokteyli eklenmesiyle 

JHUoHNOHúWLULOPLú� RODQ� �UHWLP� GHQH\LQGH� W ��� VW¶WH� &hGH=0.0275 kg/m3  olarak 

EXOXQPXúWXU� �ùHNLO� �������� ùHNLO� ����¶GHQ� GH� J|U�OG�÷�� JLEL� SURWHD]� LQKLELW|U�
NRNWH\OLQLQ�HNOHQGL÷L�]DPDQD��W ��VW��NDGDU�K�FUH�GHULúLPLQGHNL�DUWÕú�W �-���VW�DUDOÕ÷ÕQD�
g|UH�GDKD�ID]ODGÕU��%L\RSURVHV�V�UHVLQFH�SURWHD]�LQKLELW|U�Q�Q��K*+�GHULúLPLQH�HWNLVL�
LQFHOHQGL÷LQGH���-7.44 µ0�SURWHD]�GHULúLPLQLQ�SURWHD]�LQKLELV\RQX�LoLQ�D]�������- 74.4 

µ0�SURWHD]�GHULúLPLQLQ� LVH� ID]OD�JHOPHVL�QHGHQL\OH��U�Q� LQKLELV\RQXQD�QHGHQ�ROGX÷X�
bHOLUOHQPLúWLU� �ùHNLO� ������� r-B.subtilis BGSC-1A197 ile hGH üretimi için optimum 

SURWHD]�LQKLELW|U�GHULúLPL������µ0�RODUDN�EHOLUOHQPLúWLU��%L\RSURVHV�VRQXQGD�JOXNR]XQ�
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HQ�ID]OD�����¶���HQ�D]�GD�����¶L� � W�NHWLOPLúWLU��+HU�LNL�r-Bacillus�LoLQ�JOXNR]�GHULúLP�
pURILOOHUL� EHQ]HUGLU�� +�FUH� GHULúLPL� DUWDUNHQ� JOXNR]� GHULúLPOHUL� D]DOPÕúWÕU�� 3URWHD]�
inhibitörü r-B.subtilis BGSC-�$���¶GH�ROGX÷X�JLEL��r-B.subtilis BGSC-1A197’de hücre 

oR÷DOPDVÕQÕ��YH�GROD\ÕVÕ\OD�JOXNR]�W�NHWLPLQL�HWNLOHPLúWLU��+HU�LNL�PLNURRUJDQL]PD�LoLQ�
GH�HQ�X\JXQ�SURWHD]�GHULúLP�GH÷HUL������µ0�RODUDN�EHOLUOHQPLúWLU� 
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ùHNLO� ����� r-B.subtilis BGSC-�$���� GHULúLPLQLQ� W� LOH� GH÷LúLPLQH� HNOHQHQ� LQKLELW|U�
GHULúLPLQLQ� HWNLVL�� 9R= 110 cm3; T= 37 oC; N= 200 dk-1; CGo= 8 kg/m3; 
pHo= 7.25. Proteaz inhibitörsüz, (�); proteaz inhibitörlü (µM): (♦) 0.744; 
(�) 3.72; (�) 7.44; (U) 74.4  
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 ùHNLO� ���� r-B.subtilis BGSC-�$���� LOH� JOXNR]� GHULúLPLQLQ� W� LOH� GH÷LúLPLQH� HNOHQHQ�
LQKLELW|U�GHULúLPLQLQ�HWNLVL: VR= 110 cm3; T= 37 oC; N= 200 dk-1; CGo= 8 
kg/m3; pHo= 7.25. Proteaz inhibitörsüz, (�); proteaz inhibitörlü (µM): (♦) 
0.744; (�) 3.72; (�) 7.44; (U) 74.4  
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ùHNLO� ����� r-B.subtilis BGSC-�$���� LOH� K*+� GHULúLPLQLQ� W� LOH� GH÷LúLPLQH� HNOHQHQ�
LQKLELW|U�GHULúLPLQLQ�HWNLVL��9R= 110 cm3; T= 37 oC; N= 200 dk-1; CGo= 8 
kg/m3; pHo= 7.25. Proteaz inhibitörsüz, (�); proteaz inhibitörlü (µM): (♦) 
0.744; (�) 3.72; (�) 7.44; (U) 74.4  

 

 

���������%DúODQJÕo�JOXNR]�GHULúLPLQLQ�HWNLVL 
 

MikroRUJDQL]PDODU�JHUHNVLQLPOHUL�RODQ�HQHUML\L��RUWDPGD�EXOXQDQ�ELOHúLNOHULQ�NLP\DVDO�
ED÷ODUÕQGD�GHSRODQPÕú�HQHUML\L�NXOODQDUDN�VD÷ODU��.DUERQ�ND\QD÷Õ�RODUDN�VHoLOHQ�ELOHúLN�
–|UQH÷LQ�� JOXNR]- metabolizmaya özgün bir yolizinden girerek katabolik tepkimelerle 

küçük moleküllü ara-ürünlere veya yan-�U�QOHUH� G|Q�úW�U�OHUHN� HúDQOÕ� RODUDN� HQHUML�
�$73�� 1$'+�� 1$'3+�� �UHWLOLU�� .XOODQÕODQ� NDUERQ� ND\QD÷ÕQÕQ� |]HOOLNOHULQH� YH�
EL\RUHDNW|U�LúOHWPH�NRúXOODUÕQD�–RNVLMHQ�DNWDUÕPÕ��S+�YH�VÕFDNOÕN-�ED÷OÕ�RODUDN�K�FUH�LoL�
merkezi döngü ve metabolik yolizindeki katabolizma tepkimeleri, enerji üretim 
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WHSNLPHOHUL�YH�KÕ]ODUÕ�EHOLUOHQLU��.DUERQ�ND\QD÷ÕQÕQ��VXEVWUDWÕQ��LQGLUJHQPH�GHUHFHVLQLQ�
(γS��PLNURRUJDQL]PD�oR÷DOPDVÕ��]HULQH�HWNLVL�E�\�NW�U��γø i-ELOHúL÷LQLQ�RNVLGDV\RQX�LoLQ�
UHGRNV� \DUÕ� WHSNLPHVLQGH� YHUGL÷L� HOHNWURQ� VD\ÕVÕGÕU�� γS!�� ROPDVÕ� GXUXPXQGD� NDUERQ-

NÕVÕWODPDOÕ� DQFDN� \HWHUOL� HQHUML� YDUOÕ÷ÕQGD� oR÷DOPD� JHUoHNOHúLUNHQ�� γS<4 ise enerji 

NÕVÕWODPDOÕ� DQFDN� \HWHUOL� NDUERQ� ND\QD÷Õ� YDUOÕ÷ÕQGD� JHUoHNOHúLU�� γS=4-4.5 ‘in üzerinde 

ROGX÷XQGD� VXEVWUDWWDQ� $73� �UHWLP� YHULPL�� K�FUH� ROXúXPX� LoLQ� $73� JHUHNVLQLPLQL�
DúDELOLU��VRQXoWD�\�NVHN�K�FUHLoL�PHWDEROLN�WHSNLPH�KÕ]ODUÕQD�XODúPDN�LoLQ�HQHUML�ID]ODVÕ�
–HQHUML�JHUHNWLUHQ�K�FUH�GÕúÕ��U�QOHU�GDKLO-�HQHUML�W�NHWHQ�WHSNLPHOHUFH�NXOODQÕOÕU��dDOÕN�
1998). 

 

HücUH\H�DNWLI� WUDQVIHUOH�WDúÕQDQ�YH�NDUERQ�NDWDEROL]PDVÕQD�JOLNROL]�\ROL]LQLQ�EDúÕQGDQ�
JLUHQ� JOXNR]� PLNURRUJDQL]PDODUÕQ� G�ú�N� RNVLMHQ� GHULúLPOHULQGH� ELOH� NROD\OÕNOD�
tüketilebilen ve γ� ��� GH÷HULQLQ� EL\RSURVHVOHUGH� NXOODQÕODQ� GL÷HU� NDUERQ� YH� HQHUML�
ND\QDNODUÕQD� NÕ\DVOD� GDKD� \�NVHN� ROPDVÕ� QHGHQL\OH� EL\RWHNQRORMLN� SURVHVOHUGH�
WDQÕPODQPÕú�RUWDPGD�|QFHOLNOH�G�ú�Q�OHQ�NDUERQ�YH�HQHUML�ND\QD÷ÕGÕU��dDOÕN������� 
 

$UDúWÕUPD� SURJUDPÕ� NDSVDPÕQGD� K*+� �UHWLPLQH� EDúODQJÕo� JOXNR]� GHULúLPLQLQ� HWNLVL�
Çizelge 3.5’teki ortam bileúLPLQGH�9R=110 cm3� oDOÕúPD�KDFÕPOÕ�PLNUREL\RORMLN�KDYD�
filtreli biyoreaktörlerde, T= 37 oC, N= 200 dk-1� LúOHWPH� NRúXOODUÕQGD� W ��� VW� V�UH\OH�
JHUoHNOHúWLULOHQ�GHQH\�SURJUDPÕ� LOH� LQFHOHQPLúWLU��%DúODQJÕo�JOXNR]�GHULúLPOHUL�&Go=6, 

8, 10, ve 15 kg/m3 olarak beOLUOHQPLúWLU��+�FUH�GHULúLPLQLQ�NDOPD�V�UHVL�YH�EDúODQJÕo�
JOXNR]� GHULúLPL� LOH� GH÷LúLPL� ùHNLO� ������ K*+� GHULúLPLQLQ� NDOPD� V�UHVL� YH� EDúODQJÕo�
JOXNR]� GHULúLPL� LOH� GH÷LúLPL� ùHNLO� ������ YH� JOXNR]� GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH�
GH÷LúLPL�LVH�ùHNLO������¶GH�YHULOPLúWLU� 
 

r-B.subtilis BGSC-�$����LoLQ��NDOPD�V�UHVL\OH�K�FUH�GHULúLPLQLQ�GH÷LúLPL�LQFHOHQPLú��
YH�PDNVLPXP�K�FUH�GHULúLPL�&Go= 15 kg/m3�EDúODQJÕo�JOXNR]�GHULúLPLQGH��W ����VW¶WH�
CX= 2.7 kg/m3� RODUDN� HOGH� HGLOPLúWLU� �ùHNLO� ������� � ùHNLO� ����¶WHQ� J|U�OG�÷�� Jibi 

SURVHVLQ�LON����VDDWLQGH�PLNURRUJDQL]PD�GHULúLPL�KHU�G|UW�JOXNR]�GHULúLPL�LOH�\DNODúÕN�
D\QÕ� VHYL\HOHUGH� ROXUNHQ� W ��� VW¶WHQ� VRQUD� &Go= 6, 8, 10 kg/m3� EDúODQJÕo� JOXNR]�
GHULúLPOHULQGH� PLNURRUJDQL]PD� GHULúLPOHULQLQ� \DNODúÕN� RODUDN� VDELW� NDOPÕú� GL÷HU�
ortamGD� LVH� ���� VDDWH� NDGDU� oR÷DOPD� V�UP�ú� GDKD� VRQUD� LVH� GXUDNODPD� ID]ÕQD�
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JHoLOPLúWLU��r-B.subtilis BGSC-��$����LOH�K*+��UHWLPLQGH�JOXNR]�GHULúLPOHULQLQ�NDOPD�
V�UHVL��YH��EDúODQJÕo�JOXNR]�GHULúLPL�LOH�GH÷LúLPL�LQFHOHQGL÷LQGH��ùHNLO��������W ����VW¶H�
NDGDU� � EDúODQJÕoWDNL� JOXNR]XQ����¶QLQ� YH� EL\RSURVHV� VRQXQGD� �W ��� VW�� LVH����¶QLQ�
W�NHWLOGL÷L�EXOXQPXúWXU���K*+�GHULúLPL��VWHO��oR÷DOPD�ID]ÕQGDQ��W ����VW¶WHQ��VRQUD�W ���
VW¶WH� NDGDU� DUWPÕúWÕU�� �%L\RSURVHV� V�UHVLQFH�PDNVLPXP�K�FUH� GHULúLPL�&Go=  8 kg/m3 

EDúODQJÕo�JOXNR]�GHULúLPLQGH�W ����VW¶WH�&hGH= 0.026 kg/m3��RODUDN�EXOXQPXúWXU�� 
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ùHNLO� �����0LNURRUJDQL]PD� GHULúLPLQLQ� W� LOH� GH÷LúLPLQH� EDúODQJÕo� JOXNR]� GHULúLPLQLQ�
etkisi: VR= 110 cm3; T= 37 oC; N= 200 dk-1; pHo= 7.25  

                  r-B.subtilis BGSC-1A751 için CGo(kg/m3): (♦)6,0;(�)8,0;(S)10,0;(�)15,0 
                  r-B.subtilis BGSC-1A197 için CGo(kg/m3): (�)6,0; (�)8,0; (U)10,0;          

(5)15,0 
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ùHNLO� �����*OXNR]� GHULúLPLQLQ� W� LOH� GH÷LúLPL��9R= 110 cm3; T= 37 oC; N= 200 dk-1;  
pHo= 7.25  

                  r-B.subtilis BGSC-1A751 için CGo(kg/m3): (♦)6,0;(�)8,0;(S)10,0;(�)15,0 
                  r-B.subtilis BGSC-1A197 için CGo(kg/m3):(�)6,0;(�)8,0;(U)10,0; (5)15,0 
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ùHNLO�������K*+�GHULúLPLQLQ�W�LOH�GH÷LúLPLQH�EDúODQJÕo�JOXNR]�GHULúLPLQLQ��HWNLVL�� 
                  VR= 110 cm3; T= 37 oC; N= 200 dk-1; pHo= 7.25  
                  r-B.subtilis BGSC-1A751 için CGo(kg/m3): (♦)6,0;(�)8,0;(S)10,0;(�)15,0 
                  r-B.subtilis BGSC-1A197 için CGo(kg/m3):(�)6,0;(�)8,0;( U)10,0;(5)15,0 
 
 
r-B.subtilis BGSC-�$���� LoLQ� � EL\RSURVHV� V�UHVLQFH� K�FUH� GHULúLPLQLQ� GH÷LúLPL�
LQFHOHQPLú��YH�PDNVLPXP�K�FUH�GHULúLPL�&Go= 15 kg/m3�EDúODQJÕo�JOXNR]�GHULúLPLQGH, 

t=36.5 st’te CX=2.8 kg/m3�RODUDN�HOGH�HGLOPLúWLU��ùHNLO���������ùHNLO�����¶WHQ�J|U�OG�÷��
JLEL� SURVHVLQ� LON� ��� VDDWLQGH� PLNURRUJDQL]PD� GHULúLPL� KHU� G|UW� JOXNR]� GHULúLPL� LoLQ�
\DNODúÕN� D\QÕ� VHYL\HOHUGH� ROXUNHQ� W ��� VW¶WH� &Go= 6, 8, 10 kg/m3� EDúODQJÕo� JOXNR] 
GHULúLPOHULQGH� PLNURRUJDQL]PD� �VWHO� oR÷DOPD� ID]ÕQÕ� WDPDPODPÕú�� &Go= 15 kg/m3 

GHULúLPOL�RUWDPGD�LVH������VDDWH�NDGDU��VWHO�oR÷DOPD�V�UP�ú�GDKD�VRQUD�LVH�GXUDNODPD�
ID]ÕQD�JHoLOPLúWLU��r-B.subtilis BGSC-�$�����LOH�K*+��UHWLPLQGH�JOXNR]�GHULúLPOHULQLQ�
kalma s�UHVL��YH��EDúODQJÕo�JOXNR]�GHULúLPL�LOH�GH÷LúLPL�LQFHOHQGL÷LQGH��ùHNLO��������W �
���VW¶WH�NDGDU��EDúODQJÕoWDNL�JOXNR]XQ����¶QLQ�YH�EL\RSURVHV�VRQXQGD��W ���VW¶WH��LVH�
���¶QLQ� W�NHWLOGL÷L� EXOXQPXúWXU�� r-B.subtilis BGSC-�$���� LOH� K*+� GHULúLPLQGHNL�
GH÷LúLP�r-B.subtilis BGSC-�$���¶QLQ�K*+�GHULúLPLQH�EHQ]HU�úHNLOGH�W ����VW¶WHQ�VRQUD�
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W ��� VW¶WH� NDGDU� DUWPÕú�� W ��-��� VW� DUDVÕQGD� LVH� D]DOPÕúWÕU��0DNVLPXP�K�FUH�GHULúLPL�
CGo=  8 kg/m3� EDúODQJÕo� JOXNR]� GHULúLPLQGH� W � ��� VW¶WH�&hGH= 0,0298 kg/m3  olarak 

EXOXQPXúWXU��ùHNLO���������+HU�LNL�UHNRPELQDQW�PLNURRUJDQL]PD�LoLQ�GH�&Go=  15 kg/m3 

EDúODQJÕo�JOXNR]�GHULúLPL�NRúXOXQGD��VWHO�oR÷DOPD�ID]ÕQGD�W�NHWLOHQ�JOXNR]�GHULúLPL�YH�
EXQD� ED÷OÕ� RODUDN� K�FUH� oR÷DOPDVÕ� GD� GDKD� ID]ODGÕU�� r-B.subtilis BGSC-1A197 için 

glukozun % 40’ü,  r-B.subtilis BGSC-�$����LoLQ�LVH�������¶VL���VWHO�oR÷DOPD�ID]ÕQGD�
W�NHWLOPLúWLU��� 
 

hUHWLP� RUWDPÕQGD� EXOXQDQ� GL÷HU� SURWHLQ� EDQWODUÕ� 6'6-PAGE analizi sonucunda 

J|U�OP�úW�U��3ROLDNULODPLG�MHOH�\�NOHQHQ�|UQHNOHU�GLNH\�MHO�HOHNWURIRUH]GH�NRúWXUXODUDN�
protein� EDQWODUÕ� HOGH� HGLOPLúWLU� �ùHNLO� �����D��� � hUHWLOHQ� K*+¶QLQ� LQVDQGD� �UHWLOHQ� LOH�
D\QÕ� \DSÕ� � ROXS-ROPDGÕ÷ÕQÕ� EHOLUOHPHN� LoLQ� :HVWHUQ� %ORW� DQDOL]L� \DSÕOPÕúWÕU�� $QDOL]�
VRQXQGD�EORW¶WD�K*+�EDQWÕ�J|]OHQPLúWLU��ùHNLO������E���'ROD\ÕVÕ\OD�r-B.subtilis BGSC-

1A751 ve r-B.subtilis BGSC-�$����LOH�DNWLI�\DSÕGD�K*+��UHWLOPLúWLU� 
 

 

 

                                                     

                    a                                                                         b 
 

ùHNLO���������D- Laboratuvar ölçek üretim deneyi sonucunda SDS-PAGE analizi  
                        1. Marker, 2. Üretilen hGH ( r-B.subtilis BGSC-1A751 ile),  
                        3. Üretilen hGH (r-B.subtilis BGSC-1A197 ile), 
                   b-  Laboratuvar ölçekte üretilen hGH’nin Western Blot analiz sonucu 
                       1. saf hGH,  2. Üretilen hGH ( r-B.subtilis BGSC-1A751 ile),  
                       3. Üretilen hGH (r-B.subtilis BGSC-1A197  ile),  4.Marker 
 
 

r-B.subtilis BGSC-1A751 ve r-B.subtilis BGSC-1A197, hGH üretimL� DoÕVÕQGDQ�
NÕ\DVODQGÕ÷ÕQGD�KHU�LNLVL�LOH�GH�&Go=  8 kg/m3�EDúODQJÕo�JOXNR]�GHULúLPLQGH�PDNVLPXP�
K*+��UHWLOPLúWLU��)DNDW�r-B.subtilis BGSC-1A751 ile r-B.subtilis BGSC-1A197’ye göre 

  1      2      3 

  1      2     3          4 

kDa 

170 

130 

100 

70 

55 

40 

 

35 

15 

 

10 
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��������GDKD�ID]OD�K*+��UHWLOPLúWLU��%|\OHFH��DONDOL�SURWHD]�YH�Q|WUDO�SURUteaz genleri 

VLOLQPLú� RODQ� � r-B.subtilis BGSC-�$���� LOH� DUDúWÕUPD� SURJUDPÕQÕQ� V�UPHVLQH� NDUDU�
YHULOPLúWLU�� 

 

�����5HNRPELQDQW�K*+�hUHWLPLQH�2NVLMHQ�$NWDUÕP��(WNLOHUL 
 

�������2NVLMHQ�DNWDUÕPÕQÕQ�HWNLOHUL 
  

r-B.subtilis BGSC-1A751 ile hGH üretiminde oksijen DNWDUÕP� HWNLOHULQLQ�
LQFHOHQHELOPHVL�DPDFÕ\OD�9 ����GP3 pilot-ölçek biyoreaktörlerde VR= 0.5 dm3 tepkime 

KDFPÕ�ROXúWXUDUDN��4o/VR� ���������YYP�KDYD�JLULú�KÕ]ODUÕQGD�YH�1 ���������YH�����GN-1 

NDUÕúWÕUPD�KÕ]ODUÕ�NXOODQÕODUDN�ROXúWXUXODQ�G|UW�IDUNOÕ�RNVLMHQ�DNWDUÕP�NRúXOXQGD��WRSODP�
W ��� VW� NDOPD� V�UHOL� \DUÕ-kesikli hGH üretim deneyleri -laboratuvar ölçekte bulunan 

RSWLPXP�NRúXOODU�NXOODQÕODUDN-� WDVDUODQPÕúWÕU�� 3LORW�|OoHN�EL\RUHDNW|UOHUGH� EL\RSURVHV�
V�UHVLQFH�NDUÕúWÕUPD�KÕ]Õ��o|]�QP�ú�RNVLMHQ�GHULúLPL�YH�EDúODQJÕo�GH÷HUL�S+o=7.25 olan 

S+¶ÕQ�GH÷LúLPL�V�UHNOL-|Oo�POH�L]OHQPLú��VLVWHPGHQ�DOÕQDQ�|UQHNOHUGH��JLUGL��K�FUH���U�Q�
GHULúLPOHUL� |Oo�OP�ú��'LQDPLN�<|QWHP� LOH� GH� EL\RSURVHV� V�UHVLQFH� VÕYÕ� ID]� KDFÕPVDO�
N�WOH�DNWDUÕP�NDWVD\ÕVÕ�.La ve mikroorganizma oksijen tükHWLP�KÕ]Õ�-ro�EHOLUOHQPLúWLU� 
r-B.subtilis BGSC-�$���¶LQ� �UHWLP� SHUIRUPDQVÕQÕ� VÕQDPDN� LoLQ� KHU� RNVLMHQ� DNWDUÕP�
NRúXOX� LoLQ� \DSÕODQ� GHQH\H� SDUDOHO� RODUDN�� �� NJ� P-3 glukoz içeren ortamla 110 cm3 

oDOÕúPD� KDFÕPOÕ� ODERUDWXYDU� |OoHN� EL\RUHDNW|UOHUGH� UHIHUDQV� K*+ üretimleri 

JHUoHNOHúWLULOPLúWLU� 
 

dL]HOJH�����2NVLMHQ�DNWDUÕP�NRúXOODUÕ�YH�NÕVDOWPDODUÕ 
 

Qo/VR, vvm N, dk-1 .ÕVDOWPD 
0.5 
0.5 
0.5 
0.7 

500 
700 
800 
800 

 

LOT 
MOT1 
MOT2 
HOT 

 
 

 

%L\RSURVHV�V�UHVLQFH�S+¶ÕQ�RNVLMHQ�DNWDUÕP�NRúXOX�YH�NDOPD�V�UHVL�LOH�GH÷LúLPL��ùHkil 

������LQFHOHQGL÷LQGH���RUWDP�S+¶ÕQÕQ�SURWHD]�LQKLELW|U��HNOHQGL÷L�]DPDQD��W �VW��NDGDU�
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KÕ]OÕ� �W �-�� VW�� � VRQUD� � GDKD� \DYDú� �W �-��� VW�� D]DOGÕ÷Õ� YH� � ELU� PLQLPXP� GH÷HUH��
027�¶GH� S+ ������ 027�¶GH� S+ � ����� +27¶WD� S+ ������ � XODúWÕNWDQ� VRQUD� DUWWÕ÷Õ�
görülmektedir. hGH üretim periyodunda (t=21-���VW��GD�K*+�GHULúLPLQLQ�DUWÕúÕ\OD�S+�
DUWPÕúWÕU�� 2NVLMHQ� DNWDUÕPÕQÕQ� DUWÕúÕ\OD� S+¶ÕQ� W �-�� VW� DUDVÕQGD� GDKD� KÕ]OÕ� D]DOGÕ÷Õ� YH��
PLQLPXP� GH÷HUH� XODúWÕNWDQ� VRQUD� GDKD� KÕ]OÕ� DUWWÕ÷Õ�� PLQLPXP� S+� GH÷HULQH� XODúÕOGÕ�
kalma süresLQL�RNVLMHQ�DNWDUÕPÕQÕQ�DUWPDVÕ\OD�LOHUL\H�ND\GÕ�J|U�OP�úW�U��3URVHV�VRQXQGD�
RUWDPÕQ�S+�GH÷HUL�/27��027���027��YH�+27��NRúXOODUÕQGD�VÕUDVÕ\OD������������������
YH������RODUDN�NDOPÕúWÕU�� 
 

d|]�QP�ú�RNVLMHQ�GHULúLPLQLQ� �RNVLMHQ�DNWDUÕP�NRúXOODUÕ�YH�NDOPD�V�UHVL� LOH�GH÷LúLPL�
�ùHNLO� ������ LQFHOHQGL÷LQGH�� KHU� �o� NRúXO� LoLQGH� EHQ]HU� SURILOOHU� J|]OHQPLúWLU��027��
NRúXOX� LoLQ� � o|]�QP�ú�RNVLMHQ� GHULúLPL� W �-�� VW� DUDVÕQGD� VÕIÕUD� LQPLú�DQFDN� W �� VW¶WH��
SURWHD]�LQKLELW|U�Q�Q�HNOHQPHVL\OH�DUWPÕú�YH�W ��-18 st’e kadar sabiW�NDOPÕú��W ��-21 

VW¶OHUL� DUDVÕQGD� VÕIÕUD� \DNODúWÕNWDQ� VRQUD� SURVHV� VRQXQD� NDGDU� EX� VHYL\HGH� NDOPÕúWÕU���
027��YH�+27�NRúXOXQGD�GD�o|]�QP�ú�RNVLMHQ�GHULúLP�SURILOOHUL�027�¶\H�EHQ]HUGLU��
$QFDN�+27¶QLQ�S+¶GD�ROGX÷X�JLEL�RNVLMHQ�DNWDUÕP�NRúXOXQXQ�DUWPDVÕ\OD�GD MOT1 ve 

027�¶QLQ�PLQLPXP�GH÷HUOHUH�XODúWÕ÷Õ�W �-��VW���VÕUDVÕ\OD�&O=0.022 ve 0.002 mmol/l) 

ve t= 18-��� VW� �VÕUDVÕ\OD� &O ������ YH� ������PPRO�O�� ]DPDQ� DUDOÕNODUÕQGD� o|]�QP�ú�
RNVLMHQ� GHULúLP� SURILOL� JHUL\H� oHNLOPLúWLU�� /27� NRúXOX� LoLQ� LVH� o|]�QP�ú� RNVLMHQ�
deULúLPL� W �� VW¶WH� NDGDU� KÕ]OD� D]DOGÕNWDQ� VRQUD� SURVHV� VRQXQD� NDGDU� EX� GH÷HUGH� VDELW�
NDOPÕúWÕU��+HU��o�NDUÕúWÕUPD�KÕ]ÕQGD�GD�RNVLMHQ�VHYL\HOHULQLQ�oRN�G�ú�N�ROPDVÕ��K�FUH�
oR÷DOPDVÕ�YH�K*+��UHWLPL�LoLQ�RNVLMHQ�LKWL\DFÕQÕQ�\�NVHN�ROGX÷XQX�J|VWHUPLúWLU�� 
 

MikroRUJDQL]PD�GHULúLPLQLQ�RNVLMHQ�DNWDUÕP�NRúXOX�YH�NDOPD�V�UHVL�LOH�GH÷LúLPL��ùHNLO�
������LQFHOHQGL÷LQGH��PLNURRUJDQL]PD��GHULúLPOHULQLQ�W ��VW¶H�NDGDU�KÕ]OD�DUWWÕ÷Õ�DQFDN�
W ��VW¶WH�SURWHD]�LQKLELW|U�Q�Q�HNOHQPHVL\OH��W ���VW¶H�NDGDU�VDELW�NDOGÕNWDQ�VRQUD��W 24 

VW¶H� NDGDU� \LQH� KÕ]OD� DUWWÕ÷Õ� J|U�OP�úW�U�� d|]�QP�ú� RNVLMHQ� YH� K�FUH� GHULúLP�
SURILOOHULQGHQ�HNOHQHQ�SURWHD]�LQKLELW|U�Q�Q�K�FUH�oR÷DOPDVÕ��]HULQGH�JHoLoL�LQKLELV\RQ�
HWNLVLQH� QHGHQ� ROGX÷X� J|U�OP�úW�U�� %L\RSURVHVLQ� W ��� VW¶LQGHQ� VRQUD� VXEVWUDW�
tüketiminin� GXUPDVÕ\OD� K�FUH� GXUJXQOXN� ID]ÕQD� XODúPDNWD�� RNVLMHQ� DNWDUÕP� NRúXOXQD�
J|UH� VXEVWUDW� W�NHWLP� KÕ]Õ� YH� K�FUH� oR÷DOPD� KÕ]Õ� IDUNOÕOÕNODU� J|VWHUPHNWHGLU��
0LNURRUJDQL]PD� oR÷DOPD� KÕ]Õ� YH� XODúÕODQ� HQ� \�NVHN� PLNURRUJDQL]PD� GHULúLPL�
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NDUÕúWÕUPD� KÕ]ÕQÕQ� DUWPDVÕ\OD� DUWPÕú� �ùHNLO� ������� W ��� VW¶WHQ� VRQUD� K�FUH� GXUJXQOXN�
ID]ÕQD� XODúPÕú� YH� HQ� \�NVHN� PLNURRUJDQL]PD� GHULúLPL� �&X=2.1 kg m-3) MOT2 

NRúXOXQGD��HQ�G�ú�N�PLNURRUJDQL]PD�GHULúLPL��&X=1.3 kg m-3��LVH�/27�NRúXOXQGD�HOGH�
HGLOPLúWLU��027�¶GHNL�K�FUH�oR÷DOPDVÕ�+27¶D�J|UH�GDKD�ID]ODGÕU� 
 

*OXNR]�GHULúLPLQLQ� � RNVLMHQ�DNWDUÕP�NRúXOX�YH�NDOPD� V�UHVL� LOH� GH÷LúLPL� �ùHNLO� �������
LQFHOHQGL÷LQGH��NDUÕúWÕUPD�KÕ]ÕQÕQ�DUWPDVÕ\OD�JOXNR]�W�NHWLP�KÕ]ODUÕ�GD�DUWPÕú��K�FUHQLQ�
GXUJXQOXN�ID]ÕQD�XODúWÕ÷Õ�W ���VW¶H�NDGDU�JOXNR]�KÕ]OD�W�NHWLOPLú�VRQUD�JOXNR]�W�NHWLP�
KÕ]Õ� D]DOPÕúWÕU�� ùHNLO� ����� YH� ����� LQFHOHQGL÷LQGH� K�FUHQLQ� oR÷DOPDVÕ� LoLQ� JOXNR]�
W�NHWWL÷L� J|U�OP�úW�U�� (Q� ID]OD� K*+� �UHWLPLQLQ� ROGX÷X� K�FUHQLQ� GXUJXQOXN� ID]ÕQGD�
JOXNR]� W�NHWLP� KÕ]Õ� oRN� G�ú�NW�U�� 3URVHV� VRQXQGD� EDúODQJÕoWDNL� JOXNR]Xn en fazla 

���¶QLQ��027���W�NHWLOPLúWLU� 
 

�K*+�GHULúLPLQLQ�NDOPD�V�UHVL�YH�RNVLMHQ�DNWDUÕP�NRúXOX� LOH�GH÷LúLPL� LQFHOHQGL÷LQGH��
G�ú�N�RNVLMHQ�DNWDUÕP�NRúXOODUÕQGD�K*+��UHWLPLQLQ�GH�G�ú�N�ROGX÷X�YH�RNVLMHQ�DNWDUÕP�
KÕ]ÕQÕQ�DUWPDVÕ\OD�K*+��UHWLP�KÕ]ÕQÕQ�DUWWÕ÷Õ�YH�K*+��UHWLPLQLQ�GDKD�HUNHQ�EDúODGÕ÷Õ�
J|U�OPHNWHGLU� �ùHNLO� ������� 0DNVLPXP� K*+� �UHWLPLQH� XODúÕOGÕ÷Õ� DQGD� RNVLMHQ�
GHULúLPLQLQ� GH÷LúPHGL÷L�� S+¶ÕQ� oRN� G�ú�N� ELU� KÕ]OD� DUWPD\D� GHYDP� HWWL÷L��
PLNURRUJDQL]PDQÕQ� GXUJXQOXN� ID]ÕQGD� ROGX÷X� YH� EHOLUJLQ� ELU� VXEVWUDW tüketiminin 

ROPDGÕ÷Õ�J|U�OPHNWHGLU�� K*+��UHWLPL� ODERUDWXYDU�|OoH÷H�NÕ\DVOD�GDKD�HUNHQ� �W ���VW��
EDúODPÕúWÕU� �ùHNLO� ������� 6DELW� KDYD� JLULú� KÕ]ÕQGD� NDUÕúWÕUPD� KÕ]ÕQÕQ� DUWPDVÕ\OD� K*+�
�UHWLPL�GH�DUWPÕúWÕU�*HQHO�RODUDN�W�P�NRúXOODUGD�K*+�GHULúLPL�W ���VW¶WHQ�sonra proses 

VRQXQD�NDGDU�DUWPÕú�YH�HQ�\�NVHN�K*+�GHULúLPL��&hGH=0.07 kg m-3��027��NRúXOXQGD��
HQ�G�ú�N�K*+�GHULúLPL��&hGH=0.036 kg m-3�� LVH�/27�NRúXOXQGD�HOGH�HGLOPLúWLU��7�P�
NRúXOODUGD�K�FUH�oR÷DOPDVÕ��VWHO�RODUDN�GHYDP�HGHUNHQ�K*+��UHWLPLQH�EDúODQPÕúWÕU� 
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ùHNLO������U-B.subtilis BGSC-1A751 � LOH�K*+��UHWLPLQGH�S+¶ÕQ�RNVLMHQ�DNWDUÕPÕ�YH��W�

LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3 
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ùHNLO������r-B.subtilis BGSC-1A751  ile hGH üretiminde ç|]�QP�ú�RNVLMHQ�GHULúLPLQLQ���
RNVLMHQ�DNWDUÕPÕ�YH�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 
cm3 
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 ùHNLO� ����� � U-B.subtilis %*6&� �$���� LOH� K*+� �UHWLPLQGH� K�FUH� GHULúLPLQLQ� RNVLMHQ�
DNWDUÕPÕ�YH�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3 
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 ùHNLO� ����� U-B.subtilis %*6&� �$���� LOH� K*+� �UHWLPLQGH� JOXNR]� GHULúLPLQLQ� RNVLMHQ�
DNWDUÕPÕ��YH�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3 
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 ùHNLO� ����� � U-B.subtilis %*6&� �$���� LOH� K*+� �UHWLPLQGH� K*+� GHULúLPLQLQ� RNVLMHQ�
DNWDUÕPÕ�YH�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3 

 

/27�� 027��� 027�� YH� +27� NRúXOODUÕQGD� �UHWLOHQ� K*+¶QLQ� DNWLI� ROXS� ROPDGÕ÷ÕQÕ�
EHOLUOHPHN� DPDFÕ\OD�:HVWHUQ� %ORWW� DQDOL]L� \DSÕOPÕúWÕU��$QDOL]� VRQXFXQGD� HOGH� HGLOHQ�
EORW¶ÕQ� J|U�QW�V�� ùHNLO� ����� YH� ����¶GD� YHULOPLúWLU�� %ORW� �]HULQGH� K*+� EDQWÕ�
J|U�OP�úW�U��:HVWHUQ�%ORWW� LOH�NDSLOHU� HOHNWURIRUH]�DQDOL]leri sonucunda ölçülen hGH 

GHULúLP� GH÷HUOHUL� ELUELULQH� \DNÕQGÕU�� (Q� \�NVHN� K*+� �UHWLPLQLQ� �&hGH= 0.07 kg m-3) 

ROGX÷X�027��NRúXOX�LoLQ�SURVHV�V�UHVLQFH�K*+��GHULúLPLQLQ�NDOPD�V�UHVL\OH�GH÷LúLPL�
Dot-%ORW� �QRNWDVDO�:HVWHUQ� %ORWW¶OD� D\QÕ� SUHQVLEH� GD\DQDQ�� DQDOL]L� LOH� ùHNLO� ����¶GH�
J|VWHULOPLúWLU�� 
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    1        2       3       4         5  

 

              

ùHNLO�������4O/VR ����YYP�KDYD�JLULú�KÕ]ÕQGD�NDUÕúWÕUPD�KÕ]ÕQÕQ�K*+��UHWLPLQH�HWNLVLQL�
gösteren Western Blott analiz. 1. LOT,  2.saf hGH, 3. MOT2, 4. MOT1,  
5.Marker 

           
 

             

ùHNLO������ �1 �����GN-1 NDUÕúWÕUPD�KÕ]ÕQGD�KDYD�JLULú�KÕ]ÕQÕQ�K*+��UHWLPLQH�HWNLVLQLQ�
LQFHOHQGL÷L�GHQH\GHNL�:HVWHUQ�%ORWW�VRQXFX�����VDI�K*+������027������+27�  
4.Marker 

 

 ùHNLO�������027��NRúXOXQGD�K*+�GHULúLPLQLQ�NDOPD�V�UHVL\OH�GH÷LúLmini gösteren Dot-
Blott analizi. 1,7,11,12. Saf hGH; 2. t=12 st; 3. t=15 st; 4. t=18 st; 5. t=21 st; 
6. t=24 st; 8. t=27 st; 9. t=30 st; 10. t=32 st  

 

2NVLMHQ�DNWDUÕP�KÕ]ÕQD�ED÷OÕ�RODUDN�EL\RUHDNW|UGH�NDOPD�V�UHVL\OH�K�FUH�GÕúÕQD�DNWDUÕODQ�
amino asitler ilH� RUJDQLN� DVLWOHU� YH� GHULúLPOHUL� \DQ-�U�Q� GD÷ÕOÕPÕQÕQ� YH� K�FUHLoL�
WHSNLPHOHULQ�YH�\ROL]OHULQLQ��D\UÕQWÕOÕ�LQFHOHQPHVL�LoLQ�DUDúWÕUÕOPÕúWÕU��4o/VR =0.5 vvm, 

N=500 dk-1� �/27�� LúOHWLP� NRúXOXQGD� DPLQR� DVLW� YH� RUJDQLN� DVLWOHULQ� GHULúLPOHULQLQ�

  1      2       3              4 

         1       2       3          4         5            6 
 
         7      8        9         10         11       12 
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kalma süresiyle de÷LúLPOHUL� ùHNLO� ����� YH� ùHNLO� ����¶GH� YHULOPLúWLU�� %L\RSURVHV�
süresince ortamda gözlenen amino asitler serin, lözin, isolözin ve fenilalanindir. 

2UWDPGDNL� DPLQR� DVLWOHULQ� GHULúLPOHULQLQ� NDOPD� V�UHVL\OH� VDOÕQÕP� J|VWHUGLNOHUL�
EHOLUOHQPLúWLU��ùHNLO��������<DQ-�U�Q�RODUDN�EL\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ�
DPLQR�DVLWOHU�VÕUDVÕ\OD�VHULQ��������NJ�P-3), lözin (0.184 kg m-3), fenilalanin (0.162 kg 

m-3) ve isolözindir (0.088 kg m-3���*OXWDPLQ� GHULúLPL� VÕIÕUD� \DNÕQGÕU��$ODQLQ�� DUMLQLQ���
glutamik asit, aspartik, glisin, histidin, triptofan, metionin, lizin, valin, treonin ve 

DVSDUDMLQ�LVH�SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU��%L\RSURVHV�V�UHVLQFH�
RUWDPGD� EHOLUJLQ� ELU� úHNLOGH� J|]OHQHQ� RUJDQLN� DVLWOHU� LVH� JOXNRQLN�� V�NVLQLN�� VLWULN��
laktik, okzalik vH�DVHWLN�DVLWWLU�� �ùHNLO�����
GH��/27�NRúXOXQGD�NDOPD�V�UHVL\OH�DVHWLN��
formik, fumarik, glukonik, α-ketoglutarik, laktik, maleik, malik, okzalik, okzaloasetik, 

VLWULN��SLU�YLN�YH�V�NVLQLN�DVLW�GHULúLPOHULQLQ�GH÷LúLPOHUL�J|VWHULOPLúWLU��/DNWLN�YH�VLWULN�
asLW� GHULúLPOHUL� NDOPD� V�UHVL\OH� |QFH� DUWPÕú� VRQUD� GD� D]DOPÕúWÕU�� 2UWDPGDNL� GL÷HU�
RUJDQLN�DVLWOHULQ�GHULúLPOHULQLQ�LVH�NDOPD�V�UHVL\OH�VDOÕQÕP�J|VWHUGLNOHUL�EHOLUOHQPLúWLU��
%X� RNVLMHQ� DNWDUÕP� NRúXOXQGD� �UHWLP� RUWDPÕQGD� HQ� \�NVHN� GHULúLPOL� RUJDQLN� DVLW�
süksinik asit (0.394 kg/m3�� ROPXú�� EXQX�JOXNRQLN�DVLW� ������NJ�P3), sitrik asit (0.131 

kg/m3), laktik asit (0.128 kg/m3), okzalik asit  (0.091 kg/m3) ve asetik asit (0.077 kg/m3) 

WDNLS�HWPLúWLU��3LU�YLN��IXPDULN���α-NHWRJOXWDULN�YH�PDOLN�DVLW�GHULúLPOHUL�RUWDPGD 0-0.05 

kg/m3� GHULúLP�DUDOÕ÷ÕQGD�EXOXQPXúWXU��0DOHLN�� RN]DORDVHWLN�YH� IRUPLN�DVLW� LVH�SURVHV�
V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU�� 
 

 Qo/VR =0.5 vvm, N=700 dk-1��027���LúOHWLP�NRúXOXQGD�DPLQR�DVLW�YH�RUJDQLN�DVLWOHULQ�
GHULúLPOHULQLQ� NDOPD� V�UHVL\OH� GH÷LúLPOHUL� ùHNLO� ����� YH� ùHNLO� ����¶GH� YHULOPLúWLU��
Biyoproses süresince ortamda gözlenen amino asitler serin, lözin, glysin, isolözin ve 

IHQLODODQLQGLU��hUHWLP�RUWDPÕQGD� J|]OHQHQ� DPLQR�DVLWOHULQ� GHULúLPOHULQLQ�NDOPD� V�UHVL�
LOH� GH÷LúLPL� LQFHOHQGL÷LQGH�� EX� NRúXOGD� GD� /27¶WDNL� JLEL� DPLQR� DVLWOHULQ� VDOÕQÕP�
J|VWHUGLNOHUL� EXOXQPXúWXU� �ùHNLO� ������� <DQ-ürün olarak biyoreaktörde en yüksek 

GHULúLPGH� EXOXQDQ� DPLQR� DVLWOHU� VÕUDVÕ\OD� O|]LQ� ������� NJ�P-3), serin (0.143 kg m-3),  

fenilalanin (0.140 kg m-3) ve isolözindir (0.105 kg m-3��� *OXWDPLQ� GHULúLPL� VÕIÕUD�
\DNÕQGÕU��$ODQLQ��DUMLQLQ��DVSDUWLN�DVLW��JOXWDPLN�DVLW��KLVWLGLQ��WULSWRIDQ��PHWLRQLQ��OL]LQ���
YDOLQ�� WUHRQLQ� YH� DVSDUDMLQ� LVH� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD� EXOXQPDPDNWDGÕU��
Biyoproses süresince ortamda belirJLQ�ELU�úHNLOGH�J|]OHQHQ�RUJDQLN�DVLWOHU�LVH�JOXNRQLN��
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V�NVLQLN�� IRUPLN� YH� RN]DOLN� DVLWWLU�� 2UWDPGDNL� RUJDQLN� DVLWOHULQ� GHULúLPOHULQLQ� NDOPD�
V�UHVL\OH� VDOÕQÕP� J|VWHUGLNOHUL� EHOLUOHQPLúWLU� �ùHNLO� ������� <DQ-ürün olarak 

EL\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ�RUJDQLN�DVLWOHU�VÕUDVÕ\OD�V�NVLQLN�DVLW�������
kg m-3), glukonik asit (0.47 kg m-3), okzalik asit (0.186 kg m-3) ve formik asittir (0.126 

kg m-3��� hUHWLP� RUWDPÕQGDNL� GL÷HU� RUJDQLN� DVLWOHUGHQ� ODNWLN�� VLWULN�� IXPDULN�� α-

ketoglutarik asit  0.1-0.001 kg/m3 GHULúLP� DUDOÕ÷ÕQGD�� SLU�YLN� YH�PDOLN� DVLW� LVH� VÕIÕUD�
\DNÕQ�GHULúLPGH�EXOXQPXúWXU��$VHWLN��PDOHLN�YH�RN]DORDVHWLN�DVLW� LVH�SURVHV�V�UHVLQFH�
�UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU� 
 

Qo/VR =0.5 vvm, N=800 dk-1��027���LúOHWLP�NRúXOXQGD�DPLQR�DVLW�YH�RUJDQLN�DVLWOHULn 

GHULúLPOHULQLQ�NDOPD�V�UHVL\OH�GH÷LúLPOHUL�ùHNLO������YH�ùHNLO�����¶GH�YHULOPLúWLU��/27�
NRúXOXQGDNL� JLEL� EL\RSURVHV� V�UHVLQFH� RUWDPGD� J|]OHQHQ� DPLQR� DVLWOHU� VHULQ�� O|]LQ��
LVRO|]LQ� YH� IHQLODODQLQGLU�� hUHWLP� RUWDPÕQGD� J|]OHQHQ� DPLQR� DVLWOHULQ� GHULúLPOHULQLn 

NDOPD� V�UHVL� LOH� VDOÕQÕP�J|VWHUGLNOHUL�EXOXQPXúWXU��<DQ-ürün olarak biyoreaktörde en 

\�NVHN�GHULúLPGH�EXOXQDQ�DPLQR�DVLWOHU�VÕUDVÕ\OD�O|]LQ��������NJ�P-3), fenilalanin (0.172 

kg m-3), serin (0.120 kg m-3), isolözindir (0.096 kg m-3��� *OXWDPLQ� GHULúLPL� VÕIÕUD�
\DNÕQGÕU��$ODQLQ��DUMLQLQ���JOXWDPLN�DVLW��KLVWLGLQ��WULSWRIDQ��PHWLRQLQ��OL]LQ��DVSDUWLN�DVLW��
YDOLQ�� JOLVLQ�� WUHRQLQ� YH� DVSDUDMLQ� LVH� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD�
EXOXQPDPDNWDGÕU��%L\RSURVHV�V�UHVLQFH�RUWDPGD�EHOLUJLQ�ELU�úHNLOGH�J|]OHQHQ�RUJDQik 

asitler ise glukonik, süksinik, laktik ve sitrik asittir. Ortamdaki organik asitlerin 

GHULúLPOHULQLQ�NDOPD�V�UHVL\OH�VDOÕQÕP�J|VWHUGLNOHUL�EHOLUOHQPLúWLU��ùHNLO��������6�NVLQLN�
DVLW�/27�YH�027��NRúXOODUÕQGD�ROGX÷X�JLEL�EXUDGD�GD���UHWLP�RUWDPÕQD�GL÷HU�Rrganik 

DVLWOHUGHQ�GDKD�ID]OD�VDOJÕODQPD�|]HOOL÷L�J|VWHUPLú�YH�HQ�\�NVHN�GHULúLPLQH�W ���VW¶GH�
(0.5 kg m-3��XODúPÕúWÕU�� �<DQ-�U�Q�RODUDN�EL\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ�
GL÷HU� RUJDQLN� DVLWOHU� VÕUDVÕ\OD� JOXNRQLN� DVLW� ������� NJ�P-3), sitrik asit (0.190 kg m-3), 

laktik asit (0.111 kg m-3) ve formik asittir (0.100 kg m-3���hUHWLP� RUWDPÕQGDNL� GL÷HU�
organik asitlerden malik, pirüvik, fumarik, okzalik ve α-ketoglutarik asit  0.1-0.001 

kg/m3�GHULúLP�DUDOÕ÷ÕQGD��DVHWLN�DVLW�LVH�VÕIÕUD�\DNÕQ�GHULúLPGH�EXOXQPXúWXU��0DOHLN�YH�
RN]DORDVHWLN�DVLW�LVH�SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU� 
 

2NVLMHQ�DNWDUÕP�KÕ]ÕQD�ED÷OÕ�RODUDN�EL\RUHDNW|UGH�NDOPD�V�UHVL\OH�K�FUH�GÕúÕQD�DNWDUÕODQ�
DPLQR� DVLWOHU� LOH� RUJDQLN� DVLWOHU� YH� GHULúLPOHUL� \DQ-�U�Q� GD÷ÕOÕPÕQÕQ� YH� K�FUeiçi 
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WHSNLPHOHULQ�YH�\ROL]OHULQLQ��D\UÕQWÕOÕ�LQFHOHQPHVL�LoLQ�DUDúWÕUÕOPÕúWÕU��4o/VR =0.7 vvm, 

N=800 dk-1� �+27�� LúOHWLP� NRúXOXQGD� DPLQR� DVLW� YH� RUJDQLN� DVLWOHULQ� GHULúLPOHULQLQ�
NDOPD� V�UHVL\OH� GH÷LúLPOHUL� ùHNLO� ����� YH� ùHNLO� ����¶GH� YHULOPLúWLU�� /|]LQ� 027� 

NRúXOXQGD�ROGX÷X�JLEL��UHWLP�RUWDPÕQD�GL÷HU�DPLQR�DVLWOHUGHQ�GDKD�ID]OD�VDOJÕODQPÕú�YH�
HQ� \�NVHN� GHULúLPLQH� W ��� VW¶GH� ������� NJ� P-3�� XODúPÕúWÕU�� %L\RSURVHV� V�UHVLQFH�
RUWDPGD� J|]OHQHQ� GL÷HU� DPLQR� DVLWOHU� VHULQ�� LVRO|]LQ�� JOLVLQ� YH� IHQLODODQLQGLU��hUHWLP�
oUWDPÕQGD�J|]OHQHQ�DPLQR�DVLWOHULQ�GHULúLPOHULQLQ�NDOPD�V�UHVL�LOH�VDOÕQÕP�J|VWHUGLNOHUL�
EXOXQPXúWXU��<DQ-�U�Q�RODUDN�EL\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ��GL÷HU�DPLQR�
DVLWOHU�VÕUDVÕ\OD�IHQLODODQLQ��������NJ�P-3), serin (0.169 kg m-3),  isolözindir (0.096 kg m-

3) ve glisindir (0.075 kg m-3��� $VSDUWLN� DVLW� LVH� VÕIÕUD� \DNÕQ� GHULúLPGH� EXOXQPXúWXU��
Alanin, arjinin,  glutamik asit, histidin, triptofan, metionin, lizin, glutamin, valin, 

WUHRQLQ� YH� DVSDUDMLQ� LVH� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD� EXOXQPDPDNWDGÕr. 
%L\RSURVHV�V�UHVLQFH�RUWDPGD�EHOLUJLQ�ELU�úHNLOGH�J|]OHQHQ�RUJDQLN�DVLWOHU�LVH�JOXNRQLN��
V�NVLQLN��RN]DOLN��IRUPLN�YH�DVHWLN�DVLWWLU��+27�NRúXOXQGD�GD�027�¶WHNL�JLEL�RUWDPGDNL�
RUJDQLN� DVLWOHULQ� GHULúLPOHULQLQ� NDOPD� V�UHVL\OH� VDOÕQÕP� J|VWHUGLNOHUL� EHOLUOHQPLúWLU�
�ùHNLO� ������� <DQ-�U�Q� RODUDN� EL\RUHDNW|UGH� HQ� \�NVHN� GHULúLPGH� EXOXQDQ� RUJDQLN�
DVLWOHU� VÕUDVÕ\OD� V�NVLQLN�DVLW� �������NJ�P-3),  glukonik asit (0.243 kg m-3), asetik asit 

(0.197 kg m-3), formik asit (0.167 kg m-3) ve sitrik asittir (0.09 kg m-3).  Üretim 

RUWDPÕQGDNL�GL÷HU�RUJDQLN�DVLWOHUGHQ�PDOLN��SLU�YLN��IXPDULN��RN]DOLN��IXPDULN��ODNWLN�YH�
α-ketoglutarik asit  0.1-0.001 kg m-3 GHULúLP� DUDOÕ÷ÕQGD� EXOXQPXúWXU�� 0DOHLN� YH�
RN]DORDVHWLN�DVLW�LVH�SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU� 
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ùHNLO������4o/VR = 0.5 vvm, N= 500 dk-1 (LOT) OA-�NRúXOXQGD�RUWDPD�DNWDUÕODQ�DPLQR�
DVLW� GHULúLPOHULQLQ� W� GH÷LúLPL�� &Go=8 kg m-3, pHo=7.25, T=37°C, VR=550 
cm3  
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ùHNLO� �����4o/VR = 0.5 vvm, N= 700 dk-1 (MOT1) OA-� NRúXOXQGD� RUWDPD� DNWDUÕODQ�
DPLQR� DVLW� GHULúLPOHULQLQ� W� GH÷LúLPL�� &Go=8 kg m-3, pHo=7.25, T=37°C, 
VR=550 cm3  

 

 

 

 

 



204 

         

����

����

����

����

����

����

����

����

����

����

����

� � � �� �� �� �� �� ��
W�VW

& $
$�
�NJ

�P
�

6HU
*O\
9DO
/HX
,OH
SKH
*OX
*OQ

 

ùHNLO� ����� 4o/VR = 0.5vvm, N= 800 dk-1 (MOT2) OA-� NRúXOXQGD� RUWDPD� DNWDUÕODQ�
amino DVLW� GHULúLPOHULQLQ� W� GH÷LúLPL�� &Go=8 kg m-3, pHo=7.25, T=37°C, 
VR=550 cm3  
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ùHNLO������4o/VR = 0.7 vvm, N= 800 dk-1 (HOT) OA-�NRúXOXQGD�RUWDPD�DNWDUÕODQ�DPLQR�
DVLW�GHULúLPOHULQLQ�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, VR=550 
cm3  
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$VHWLN�$VLW
6LWULN�$VLW
)RUPLN�$VLW
)XPDULN�$VLW
*OXNRQLN�$VLW
$�NHWRJOXWDULN�$VLW
/DNWLN�$VLW
0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW
2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

 

 
ùHNLO� ����� 4o/VR = 0.5 vvm, N= 500 dk-1 (LOT) OA-� NRúXOXQGD� RUWDPD� DNWDUÕODQ�

RUJDQLN�DVLW�GHULúLPOHULQLQ�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, 
VR=550 cm3  

 

 



207 

         

����

����

����

����

����

����

����

����

����

����

����

� � � �� �� �� �� �� ��
W�VW

& 2
$�N

J�P
�

$VHWLN�$VLW
6LWULN�$VLW
)RUPLN�$VLW
)XPDULN�$VLW
*OXNRQLN�$VLW
$�NHWRJOXWDULN�$VLW
/DNWLN�$VLW
0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW
2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

 

  
ùHNLO� �����4o/VR = 0.5 vvm, N= 700 dk-1 (MOT1) OA-� NRúXOXQGD� RUWDPD� DNWDUÕODQ�

RUJDQLN�DVLW�GHULúLPOHULQLQ�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, 
VR=550 cm3  
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ùHNLO� ���3 Qo/VR = 0.5vvm, N= 800 dk-1 (MOT2) OA-� NRúXOXQGD� RUWDPD� DNWDUÕODQ�
RUJDQLN�DVLW�GHULúLPOHULQLQ�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, 
VR=550 cm3  
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ùHNLO� ����� 4o/VR = 0.7 vvm, N= 800 dk-1 (HOT) OA-� NRúXOXQGD� RUWDPD� DNWDUÕODQ�
RUJDQLN�DVLW�GHULúLPOHULQLQ�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, 
VR=550 cm3  

 

 

2NVLMHQ� DNWDUÕPÕQÕQ� DUWWÕUÕOPDVÕ\OD� �RUWDPGD�J|]OHQHQ�DPLQR� DVLWOHUGHQ� VHULQ� GHULúLPL�
D]DOÕUNHQ�� O|]LQ�� IHQLODODQLQ� YH� LVRO|]LQ� GHULúLPOHUL� DUWPÕúWÕU�� 2UWDPD� VDOJÕODQ� WRSODP�
DPLQR�DVLW�GHULúLPOHUL�DoÕVÕQGDQ�NDUúÕODúWÕUÕOGÕ÷ÕQGD� �dL]HOJH�����D��SURVHVLQ�JHQHOLQGH�
/27� NRúXOXQGD� RUWDPD� GDKD� \�NVHN� PLNWDUGD�� 027�� NRúXOXQGD� LVH� GDKD� G�ú�N�
miktarda amino asitin  yan-�U�Q� RODUDN� DNWDUÕOGÕ÷Õ� J|U�OP�úW�U�� %X� VRQXo�� ���� YYP��
KDYD�JLULú�KÕ]ÕQGD�NDUÕúWÕUPD�KÕ]ÕQGDNL�DUWÕúÕQ��UHWLP�RUWDPÕQD�\DQ-ürün olarak amino 

DVLW� DNWDUÕPÕQÕ� G�ú�UG�÷�Q�� GROD\ÕVÕ\OD� �U�Q� VHoLPOLOL÷LQGH� DUWÕú� EHNOHQHELOHFH÷LQL��
J|VWHUPHNWHGLU��027��YH�+27�NRúXOX� RUWDPD� VDOJÕODQ� WRSODP�DPLQR�DVLW�GHULúLPOHUL�
DoÕVÕQGDQ� NDUúÕODúWÕUÕOGÕ÷ÕQGD� �dL]HOJH� ����D�� +27� NRúXOXQGD� 027�� NRúXOXQD� J|UH��
GDKD� \�NVHN� ROGX÷X� J|U�OP�úW�U�� ���� GN-1� VDELW� NDUÕúWÕUPD� KÕ]ÕQGD� KDYD� JLULú� KÕ]ÕQÕQ�
DUWPDVÕ\OD� � RUWDPGD� J|]OHQHQ� DPLQR� DVLWOHUGHQ� IHQLODODQLQ�� VHULQ� YH� JOLVLQ�GHULúLPOHUL�
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DUWPÕúWÕU�� +27� NRúXOXQGD� RNVLMHQ� DNWDUÕPÕQÕQ� GDKD� GD� DUWPDVÕ\OD� RUWDPD� VDOJÕODQDQ�
WRSODP�DPLQR�DVLW�GHULúLPOHUL�W ���VWµGD�HQ�G�ú�N�ROPXúWXU�� 
 

Çizelge 4.6.a  7RSODP�DPLQR�DVLW�GHULúLPOHULQLQ�W��LOH�GH÷LúLPL�&Go=8 kg m-3, pHo=7.25,   
T=37°C, VR=550cm3  

 

CAA; kg/m3 

t; st 
LOT MOT1     MOT2 HOT 

0 0.026 0.074 0.053 0.013 

3 0.265 0.383 0.140 0.457 

6 0.107 0.119 0.127 0.367 

9 0.311 0.296 0.316 0.292 

12 0.280 0.180 0.340 0.512 

15 0.360 0.428 0.364 0.424 

18 0.530 0.321 0.238 0.566 

21 0.524 0.491 0.460 0.493 

24 0.553 0.465 0.364 0.292 

27 0.414 0.373 0.324 0.266 
 

6DELW� KDYD� JLULú� KÕ]ÕQGD� NDUÕúWÕUPD� KÕ]ÕQÕQ� DUWPDVÕ\OD� � RUWDPGD� J|]OHQHQ� RUJDQLN�
DVLWOHUGHQ� V�NVLQLN�� VLWULN� YH� IRUPLN� DVLW� GHULúLPOHUL� DUWDUNHQ�� α-ketoglutarik, malik, 

IXPDULN��ODNWLN��JOXNRQLN�DVLW�GHULúLPOHUL�GH�D]DOPÕúWÕU��+27�NRúXOXQGD�027�¶\H�J|UH�
orWDPD� VDOJÕODQDQ� WRSODP� RUJDQLN� DVLW� GHULúLPOHUL� NDUúÕODúWÕUÕOGÕ÷ÕQGD� V�NVLQLN�� VLWULN��
ODNWLN�� JOXNRQLN� DVLW� GHULúLPOHUL� D]DOÕUNHQ� IRUPLN�YH�RN]DOLN� DVLW� GHULúLPOHUL� DUWPÕúWÕU��
027�� YH� 027�¶GH� RUWDPD� DNWDUÕODQ� WRSODP� RUJDQLN� DVLW� GHULúLPOHUL� LQFHOHQGL÷LQGH 
�dL]HOJH� ����E��� SURVHVLQ� IDUNOÕ� HYUHOHULQGH� IDUNOÕ� GXUXPODUÕQ� J|]OHQGL÷L� IDNDW� K�FUH�
oR÷DOPDODUÕ� GLNNDWH� DOÕQGÕ÷ÕQGD� JHQHOGH� 027�� NRúXOXQGD� RUWDPD� 027�� NRúXOXQD�
NÕ\DVOD�GDKD�G�ú�N�PLNWDUODUGD�RUJDQLN�DVLW�DNWDUÕOGÕ÷Õ��HQ�\�NVHN�WRSODP�RUJDQLN�DVLW�
GHULúLPLQH� LVH� 027�� � NRúXOXQGD� ������� NJ�P3�� W � ��� VW¶GH� XODúÕOGÕ÷Õ� J|U�OP�úW�U��
2UWDPD� VDOJÕODQDQ� WRSODP� RUJDQLN� DVLW� GHULúLPOHUL� LQFHOHQGL÷LQGH�� 027���027�� YH�
+27�NRúXOODUÕ��LoLQ�SURVHVLQ�JHQHOLQGH�027��NRúXOXQGD�RUWDPD�GDKD�G�ú�N�PLNWDUGD�
miktarda organik asiWLQ� � DNWDUÕOGÕ÷Õ�� VRQXoWD� LVH� EX� NRúXOGD� K*+� �UHWLPLQLQ� DUWWÕ÷Õ�
J|U�OP�úW�U��dL]HOJH�����E���%L\RSURVHV�V�UHVLQFH�RUWDPD�DNWDUÕODQ�PDNVLPXP�WRSODP�
DPLQR�DVLW�GHULúLPL�+27¶WD�&AA= 0.56 kg m-3��PLQLPXP�WRSODP�DPLQR�DVLW�GHULúLPL�LVH�
MOT2’de CAA= 0.46 kg m-3’GLU��2UWDPD� DNWDUÕODQ� DPLQR� DVLW� GHULúLPLQLQ� D]� YH� �U�Q�
GHULúLPLQLQ� ID]OD� ROPDVÕ� EXQODUÕQ� K*+¶QLQ� �UHWLPLQGH� NXOODQÕOGÕ÷ÕQÕ� J|VWHUPHNWHGLU��
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%L\RSURVHV�V�UHVLQFH�RUWDPD�DNWDUÕODQ� WRSODP�RUJDQLN�DVLW�GHULúLPL� LQFHOHQGL÷LQGH��HQ�
\�NVHN�GHULúLP�027�¶GH��&OA= 1.14 kg m-3���HQ�G�ú�N�GHULúLP�LVH�+27¶WD��&OA= 0.56 

kg m-3��HOGH�HGLOPLúWLU��dL]HOJH������ 
 

Çizelge 4.6.b  )DUNOÕ�RNVLMHQ�DNWDUÕP�NRúXOODUÕQGD� WRSODP�RUJDQLN�DVLW�GHULúLPOHULQLQ� W�
LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, VR=550cm3  

 

COA; kg/m3   

t; st 
LOT MOT1    MOT2 HOT 

0 0.137 0.114 0.073 0.325 

3 0.271 0.476 0.337 0.482 

6 0.645 0.764 0.779 0.571 

9 0.637 0.786 0.723 0.349 

12 0.621 1.002 0.932 0.459 

15 0.549 0.958 1.039 0.521 

18 0.439 0.943 0.777 0.358 

21 0.609 0.889 0.822 0.541 

24 0.864 0.815 0.685 0.704 

27 0.772  1.137 0.835 0.766 
 

 

r-B.subtilis BGSC-�$���� LOH� JHUoHNOHúWLULOHQ� SLORW� |OoHN� GHQH\OHULQ� VRQXFXQGD� K*+�
�UHWLPL�DoÕVÕQGDQ�HQ�X\JXQ�RNVLMHQ�DNWDUÕP�NRúXOX��027���\DQL�4o/VR = 0.5 vvm, N= 

800 dk-1�RODUDN�EHOLUOHQPLúWLU� 
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dL]HOJH�����6DOJÕODQDQ�DPLQR- ve organik- asitler ile makVLPXP�WRSODP�GHULúLPOHUL 
 

.RúXO 
 

CAA, max  

(kg m-3) 

 

6DOJÕODQDQ�DPLQR�DVLWOHU COA, max  
(kg m-3) 

 

6DOJÕODQDQ�RUJDQLN�DVLWOHU 

LOT  0.55 Leu, Ile, Phe, Ser, Asn, Gln 0.86  Glukonik, laktik, sitrik, süksinik 

MOT1 0.49 Leu, Ile, Phe, Ser, Asn, Gln, Gly 1.14  Formik, glukonik, okzalik, süksinik 

MOT2 0.46 Leu, Ile, Phe, Ser, Asn, Gln 1.04 Formik, glukonik, laktik, okzalik, sitrik, süksinik 

HOT 0.56 Leu, Ile, Phe, Ser, Asn, Gln, Gly 0.56 Asetik, formik, glukonik, okzalik, süksinik 
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4.3.2  hGH��UHWLPLQGH�RNVLMHQ�DNWDUÕP�NDUDNWHULVWLNOHUL 
 

r-B.subtilis BGSC-�$���� � LOH� K*+��UHWLPLQGH� RNVLMHQ� DNWDUÕP�NRúXOODUÕQÕQ� YHULP� YH�
VHoLPOLOL÷H� HWNLVLQLQ� LQFHOHQPHVL� YH� HQ� X\JXQ� RNVLMHQ� DNWDUÕP� NRúXOXQXQ� EXOXQPDVÕ�
DPDFÕ\OD� SLORW� |OoHNWH� GLQDPLN� \|QWHP� NXOODQÕODUDN� RNVLMHQ� DNWDUÕP� GHQH\OHUL�
JHUoHNOHúWLULOPLúWLU��'|UW�RNVLMHQ�DNWDUÕP�NRúXOXQGDNL��K�FUH�YH�K*+�GHULúLP�SURILOOHUL�
GLNNDWH� DOÕQGÕ÷ÕQGD� � EL\RSURVHV� EHú� SHUL\RGD� D\UÕOPÕúWÕU�� 3HUL\RW� ,� ���W���� K�FUHQLQ�
ELULQFL� oR÷DOPD� ID]Õ�� 3HUL\RW� ,,� ���W����� oR÷DOPDQÕQ� GXUGXUXOGX÷X� ID]�� 3HUL\RW� ,,,�
����W����� 3HUL\RW� ,,� VRQUDVÕ� JHFLNPH� YH� K*+� �UHWLPLQLQ� EDúODGÕ÷Õ� ID]�� 3HUL\RW� ,9�
����W�����K�FUHQLQ�LNLQFL�oR÷DOPD�YH�K*+�VHQWH]LQLQ�DUWWÕ÷Õ�ID]��3HUL\RW�9�����W������
oR÷DOPDQÕQ� VRQODQGÕ÷Õ�YH�K*+�VHQWH]LQLQ�HQ�\�NVHN�ROGX÷X�ID]�RODUDN�EHOLUOHQPLúWLU��
Proses süresince belirlenen karakteristik kalma sürelerinde (t=0.5, 7, 15, 21 ve 27 st) 

VÕYÕ� ID]� N�WOH� DNWDUÕP� NDWVD\ÕVÕ� .LD� YH� PLNURRUJDQL]PDQÕQ� RNVLMHQ� W�NHWLP� KÕ]Õ� UO 

EXOXQPXúWXU��%HOLUOHQHQ�NDUDNWHULVWLN��NDOPD�V�UHOHULQLQ�KHU�ELUL�\HU�DOGÕNODUÕ�SHUL\RWODU�
LOH�dL]HOJH����¶GH�YHULOPLúWLU��$úÕODPDGDQ�|QFH��W���VW¶WH��EXOXQDQ�IL]LNVHO�N�WOH�DNWDUÕP�
NDWVD\ÕVÕ� .Lao� \DUGÕPÕ\OD� DUWPD� IDNW|U�� � (� � .La/KLao�� GH÷HUOHUL� GH� EHOLUOHQHUHN�
VRQXoODU� dL]HOJH� ���¶GH� YHULOPLúWLU�� /27� RNVLMHQ� DNWDUÕP� NRúXOXQGD� SURVHV� V�UHVLQFH�
o|]�QP�ú�RNVLMHQ�GHULúLPL�oRN�G�ú�N�ROGX÷X�LoLQ�.LD�GH÷HUOHUL�VDGHFH�SURVHVLQ�EDúÕQGD�
�W ��YH�����VW¶WH��EHOLUOHQHELOPLúWLU� 
 

���������2NVLMHQ�DNWDUÕP�NDWVD\ÕVÕ 
 

3LORW� |OoHN� EL\RUHDNW|U� VLVLWHPLQGH� DUDúWÕUPD� SURJUDPÕQÕQ� LNLQFL� DúDPDVÕQGD� K*+�
�UHWLPL� LoLQ� RSWLPL]H� HGLOPLú� RODQ� RUWDPGD� HQ� X\JXQ� RNVLMHQ� DNWDUÕP� VWUDWHMLVLQLQ�
EHOLUOHQPHVL� DPDFÕ\OD� IDUNOÕ� NDUÕúWÕUPD�YH� KDYD� JLULú� KÕ]ODUÕQGD�EL\RSURVHV� RUWDPÕQGD�
GLQDPLN�\|QWHP�LOH�GHQH\VHO�RODUDN�EHOLUOHQHQ�VÕYÕ�ID]�KDFÕPVDO�N�WOH�DNWDUÕP�NDWVD\ÕVÕ�
KLD¶QÕQ�NDUÕúWÕUPD�KÕ]Õ��KDYD�JLULú�KÕ]Õ�YH�NDOPD�V�UHVL\OH�GH÷LúLPL�LQFHOHQPLúWLU� 
 

dL]HOJH����¶WHQ�J|U�OG�÷��JLEL��4o/VR �����YYP�KDYD�JLULú�KÕ]ÕQGD�1 ����������YH�����
dk-1� NDUÕúWÕUPD� KÕ]Õ� NRúXOODUÕQGD� VÕYÕ� ID]� N�WOH� DNWDUÕP� NDWVD\ÕVÕ�.La kalma süresiyle 

GH÷LúLPL� VDOÕQÕP� J|VWHUPLúWLU�� 027�� YH� 027�� NRúXOODUÕQGD� SURWHD]� LQKELW|U�Q�Q�
HNOHQGL÷L� W � �� VW¶H� NDGDU� EL\RUHDNW|UH� J|QGHULOHQ� RNVLMHQ�PLNURRUJDQL]PD� WDUDIÕQGDQ�
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KÕ]OD� NXOODQÕOPDNWDGÕU�� /27� NRúXOXQGD� LVH� EL\RUHDNW|UGHNL� o|]�QP�ú� RNVLMHQ�
GHULúLPLQLQ�W ��VW�¶WH�oRN�G�ú�N�GH÷HUOHUH��&O ������PPRO�O���XODúPÕú�YH�SURVHV�VRQXQD�
NDGDU� EX� GXUXPD� GHYDP� HWPLúWLU�� 6RQXoWD�� /27� NRúXOX� LoLQ� W � �-��� VW� DUDVÕQGD�.La 

EHOLUOHQHPHPLúWLU�� hUHWLP� RUWDPÕQD� HNOHQHQ� SURWHD]� LQKLELW|U�� PLNURRUJDQL]PD\Õ� YH�
hücrelHULQ�RNVLMHQ�W�NHWLPLQL�HWNLOHPLúWLU��0LNURRUJDQL]PDQLQ�RUWDPD�X\XP�VD÷ODPD\D�
oDOÕúWÕ÷Õ� W � �-��� VW� DUDVÕQGD� o|]�QP�ú� RNVLMHQ� GHULúLPL� ����-������ PPRO�O� DUDVÕQGD�
GH÷LúWL÷LQGHQ�� 027��� 027�� YH� +27� � NRúXOODUÕQGD� .LD� |Oo�OP�úW�U�� � K*+� �UHWLP�
prosesinde Qo/VR= 0���YYP�KDYD�JLULú�KÕ]ÕQGD�3HUL\RW�,,��,,,�YH�,9¶WH�NDUÕúWÕUPD�KÕ]ÕQÕQ�
N= 700 dk-1’den 800 dk-1¶H�DUWPDVÕ�LOH��VÕYÕ�ID]�RNVLMHQ�DNWDUÕP�NDWVD\ÕVÕ�.LD��VÕUDVÕ\OD��
�� ����� ����� YH� ���� DUWPÕú�� � 3HUL\RW�9¶WH� LVH�������D]DOPÕúWÕU��1 �����GN-1� NDUÕúWÕPD�
KÕ]ÕQGD�3HUL\RW�,,�YH�,9¶WH�KDYD�JLULú�KÕ]ÕQÕQ�4R�9R �����YYP¶GHQ�����YYP¶H�oÕNPDVÕ\OD�
KLD��VÕUDVÕ\OD����������YH������D]DOPÕú���3HUL\RW�,,,¶WH�VDELW�NDOPÕú�YH�3HUL\RW�9¶WH�LVH�
�� ���� DUWPÕúWÕU�� %XQD� J|UH� 027��� 027�� YH� +27� NRúXOODUÕ� DUDVÕQGDQ� EL\RSURVHV�
süresince en yüksek KLD� GH÷HULQH� 027�� ¶GH� � 3HUL\RW� ,,� ¶GH� �.La= 0.018 s-1) 

XODúÕOPÕúWÕU��$UWPD�IDNW|U�� �(��JHQHOOLNOH�NDOPD� V�UHVL� LOH�DUWPÕú�YH� LON�G|UW�SHUL\RWWD�
GH÷HUL����-����DUDVÕQGD�GH÷LúPLúWLU��027��YH�+27�NRúXOODUÕQGD�3HUL\RW�9�¶WH�LVH�GH÷HUL�
birden küçüktür;  (���ROPDVÕ�RUWDPÕQ�UHRORMLN�|]HOOLNOHULQLQ�GH÷LúWL÷LQL�YH�EHOLUWLOHQ�LNL�
NRúXOGD�RNVLMHQ�DNWDUÕPÕQÕQ�DUWÕúÕ\OD�VRQ�SHUL\RWWD�.La< KLao��ROGX÷XQX�J|VWHUPHNWHGLU�� 
 

dDOÕN� et al.� ������� WDUDIÕQGDQ�� PDNVLPXP� WHSNLPH� KÕ]ÕQÕQ� PDNVLPXP� N�WOH� DNWDUÕP�
KÕ]ÕQD� RUDQÕ� RODUDN� WDQÕPODQDQ� 'DPN|KOHU� VD\ÕVÕ� �'D�� YH� � RNVLMHQ� W�NHWLP� KÕ]ÕQÕQ�
PDNVLPXP� RNVLMHQ� DNWDUÕP� KÕ]ÕQD� RUDQÕ� RODQ� HWNLQOLN� VD\ÕVÕQÕQ� �η)  kalma süresi ile 

GH÷LúLPL� dL]HOJH� ���¶GH� YHULOPLúWLU�� 3HUL\RW� ,¶GH� EL\RSURVHV� EL\RNLP\DVDO� UHDNVL\RQ�
NÕVÕWODPDOÕGÕU� �'D����� � 3HUL\RW� ,,¶GH� LVH� N�WOH� DNWDUÕP� NÕVÕWODPDVÕ� EDúODPDNWDGÕU�
�'D!!����(Q�\�NVHN�'D�GH÷HUL�027��YH�+27�NRúXOODUÕQGD�3HUL\RW�,,¶GH�EXOXQPXúWXU��
027�� NRúXOXQGDNL� 3HUL\RW� ,,,¶�Q� 'D� GH÷HUL� GDKD� G�ú�NW�U��027���027�� YH�+27�
NRúXOODUÕQGD� 3HUL\RW� ,9¶WH� KHP� RNVLMHQ� KHPGH� EL\RNLP\DVDO� UHDNVL\RQ� NÕVÕWODPDVÕ�
HWNLOLGLU�� (WNLQOLN� NDWVD\ÕVÕ� EL\RSURVHV� V�UHVLQFH� D]DOPDNWDGÕU� YH� GH÷HUL� ���¶GHQ�
G�ú�NW�U�� %X� GD� r-B.subtilis hücrelerinin NXOODQDELOHFHNOHUL� RNVLMHQGHQ� GDKD� D]ÕQÕ�
tükettiklerini göstermektedir. 
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4.3.2.2 Oksijen�W�NHWLP�KÕ]Õ 
 

K*+� �UHWLPL� LoLQ� SLORW� |OoHN� EL\RUHDNW|U� VLVWHPLQGH� G|UW� IDUNOÕ� RNVLMHQ� DNWDUÕP�
NRúXOXQGD� -VÕYÕ� KDFPÕ� EDúÕQD-� RNVLMHQ� W�NHWLP� KÕ]ÕQÕQ� �–rO�� GH÷LúLPL� DUDúWÕUÕOPÕúWÕU���
hGH üretiminde Qo/VR �����YYP�KDYD�JLULú�KÕ]ÕQGD��RNVLMHQ�W�N�WLP�KÕ]ÕQÕQ�N= 500, 

700 ve 800 dk-1� ROPDN� �]HUH� �o� IDUNOÕ� NDUÕúWÕUPD� KÕ]ÕQGD� � NDOPD� V�UHVL� LOH� GH÷LúLPL�
dL]HOJH����¶GH�YHULOPLúWLU���/27�NRúXOXQGD�RUWDPD�J|QGHULOHQ�RNVLMHQLQ�\HWHUVL]�ROPDVÕ�
nedeniyle t=2-��� DUDOÕ÷ÕQGD�RNVLMHQ� W�NHWLP�KÕ]Õ�GLQDPLN�\|QWHPOH�EHOLUOHQHPHPLúWLU��
%HNOHQGL÷L�JLEL�RNVLMHQ�W�NHWLP�KÕ]Õ�|QFH�DUWPDNWD�VRQUD�D]DOPDNWDGÕU��2NVLMHQ�W�NHWLP�
KÕ]ÕQGDNL�DUWÕú�W ��VW¶WH�SURWHD]�LQKLELW|U��HNOHQPHVLQGHQ�HWNLOHQPLúWLU�� 
 

N=800 dk-1�VDELW�NDUÕúWÕUPD�KÕ]ÕQGD�RNVLMHQ�W�NHWLP�KÕ]ÕQÕQ�IDUNOÕ�KDYD�JLULú�KÕ]ODUÕnda 

EL\RSURVHV�V�UHVLQFH�GH÷LúLPL�LQFHOHQGL÷LQGH��EHNOHQGL÷L�JLEL�|QFH�DUWWÕ÷Õ�VRQUD�D]DOGÕ÷Õ�
J|U�OP�úW�U�� 7�P� NRúXOODUGD� RNVLMHQ� W�NHWLP� KÕ]Õ� LON� VDDWOHUGH� DUWWÕNWDQ� VRQUD� NDOPD�
V�UHVL\OH�D]DOPÕú�YH�RNVLMHQ�DNWDUÕP�NRúXOODUÕQD�ED÷OÕ�RODUDN�HQ�\�NVHN�GH÷HUine (–rO= 

1.6 mol m-3 s-1���027��NRúXOXQGD�3HUL\RW�,,¶GH��XODúPÕúWÕU� 
 

K*+� �UHWLP� SURVHVLQGH� IDUNOÕ� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGD� JHUoHNOHúWLULOHQ� GHQH\�
YHULOHUL� NXOODQÕODUDN� VÕUDVÕ\OD� 'HQNOHP� ������� ������� ������� �(���� YH� �(���� LOH� W�NHWLOHQ�
VXEVWUDW� EDúÕQa üretilen hücre ve hGH verimi (YX/S, YP/S��� W�NHWLOHQ� RNVLMHQ� EDúÕQD�
üretilen hGH verimi (YP/O�� YH� �UHWLOHQ� K�FUH� EDúÕQD� �UHWLOHQ� K*+� YHULPL� �<P/X) 

KHVDSODQPÕú��VRQXoODU�dL]HOJH����¶GD�YHULOPLúWLU���9HULP�NDWVD\ÕODUÕ�KHU�ELU�SHUL\RWWD�\HU�
DODQ� � EHú� QRNWDGD� �W ��� ��� ���� ���� ��� YH� ��� VW¶WH�� KHVDSODQPÕúWÕU�� 9HULP� NDWVD\ÕODUÕ�
SURVHV� V�UHVLQFH� VDOÕQÕP� J|VWHUPLúWLU� YH� HQ� \�NVHN� GH÷HUOHULQH� <X/S= 1.004 kg kg-1 

(Periyot IV’te) ve YP/S=0.647 kg kg-1��3HUL\RW�9¶WH��027��NRúXOXQGD�XODúÕOPÕúWÕU��7�P�
proses için toplam YX/S�YHULP�NDWVD\ÕVÕ�RNVLMHQ�DNWDUÕPÕQ�DUWÕúÕ\OD�DUWPÕúWÕU�YH�XODúÕODQ�
PLQLPXP�YH�PDNVLPXP�GH÷HUOHU�� VÕUDVÕ\OD��/27¶WD������YH�+27�¶WD�����¶GLU�� �*HQHO�
RODUDN�� W�NHWLOHQ�RNVLMHQ�EDúÕQD� �K�FUH�YHULP�NDWVD\ÕVÕ�<X/O�NDOPD�V�UHVL\OH�DUWPÕúWÕU��
Biyoproses süreVLQFH� K�FUH� GHULúLPL� YH� VSHVLILN� oR÷DOPD�KÕ]ÕQÕQ� GH÷LúLPL� GH�dL]HOJH�
����¶WH�YHULOPLúWLU��0DNVLPXP�VSHVLILN�oR÷DOPD�KÕ]ÕQÕQ�HQ�\�NVHN��GH÷HULQH�µmax= 0.94 

st-1�027�¶GH�W �����VW¶WH��HQ�G�ú�N�GH÷HULQH�LVH�µmax= 0.87 st-1 MOT2’de t= 0.5 st’te 

XODúÕOPÕúWÕU�
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Çizelge 4.8   2NVLMHQ�DNWDUÕP�NDUDNWHULVWLNOHULQLQ�EL\RSURVHV�V�UHVLQFH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, VR=0.550 dm3  
 

.RúXO Periyot KLa E=KLa/KLa0 ro*10
3
 OTR*10

3
 OTRmax*10

3
 OD*10

3
 Da ηη 

  (s
-1

)  (mol m
-3 

s
-1

) (mol m
-3 

s
-1

) (mol m
-3 

s
-1

) (mol m
-3 

s
-1

) OD/OTRmax ro/OD 

t<0 KLao= 0.01 1.00 - - - - - - 
 I 0.023 2.30 1.3 1.27 6.28 1.31 0.21 0.997 
 II - - - - - - - - 
 III - - - - - - - - 
 IV - - - - - - - - 

0.5 vvm,  500 rpm 

Low-Oxygen-Transfer 

(LOT) 

 V - - - - - - - - 
t<0 KLao=0.011 1.00 - - - - - - 
 I 0.016 1.45 0.6 0.31 4.37 1.00 0.23 0.602 
 II 0.017 1.55 1.4 2.91 4.64 205.60 44.30 0.007 
 III 0.013 1.18 1.0 2.37 3.55 28.55 8.04 0.035 
 IV 0.014 1.27 0.3 0.17 3,82 10.47 2.74 0.029 

0.5 vvm,  700 rpm 

Medium-Oxygen-

Transfer 

(MOT1) 

 V 0.011 1.00 0.3 0.42 3.00 - - - 
t<0 KLao=0.013 1.00 - - - - - - 
 I 0.017 1.31 0.6 0.55 4.64 1.11 0.24 0.541 
 II 0.018 1.38 1.6 2.79 4.91 19.98 4.07 0.080 
 III 0.014 1.08 1.0 2.35 3.82 63.54 16.62 0.016 
 IV 0.015 1.15 0.6 4.01 4.10 8.11 1.98 0.074 

0.5 vvm, 800 rpm 

Medium-Oxygen-

Transfer 

(MOT2) 

 V 0.01 0.77 0.4 0.71 2.73 - - - 
t<0 KLao=0.014 1.00 - - - - - - 
 I 0.017 1.21 0.5 0.46 4.64 0.77 0.17 0.649 
 II 0.015 1.07 0.9 2.30 4.10 186.29 45.49 0.005 
 III 0.014 1.00 1.0 2.13 3.82 8.46 2.21 0.118 
 IV 0.016 1.14 0.3 3.30 4.37 15.81 3.62 0.019 

0.7 vvm, 800 rpm 

High-Oxygen-Transfer 

(HOT) 

 V 0.011 0.79 0.2 0.04 3.00 - - - 
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dL]HOJH�����9HULP�NDWVD\ÕODUÕQÕQ�EL\RSURVHV�V�UHVLQFH�GH÷LúLPL 
  

.RúXO Periyot Yx/s Yx/o Yp/s Yp/x 

   kg kg
-1

 kg kg
-1

 kg kg
-1

 kg kg
-1

 

 I 0.20 - 0.00 0.00 
 II 0.13 - 0.00 0.000 
 III 0.13 - 0.00 0.01 
 IV 0.07 - 0.01 0.16 
 V 0.00 - 0.14 0.00 

LOT 

Toplam 0.18 - 0.01 0,03 
 I 0.26 - 0.00 0.00 
 II 0.03 0.04 0.00 0.04 
 III 0.18 0.36 0.00 0.01 
 IV 0.32 2.11 0.02 0.06 
 V 0.00 0.00 0.31 - 

MOT1 

Toplam 0.23 - 0.01 0.03 
 I 0.12 - 0.00 0.00 
 II 0.16 0.27 0.00 0.01 
 III 0.05 0.14 0.01 0.17 
 IV 1.00 1.61 0.04 0.04 
 V 0.00 0.00 0.65 - 

MOT2 

Toplam 0.26 - 0.01 0.03 
 I 0.27 - 0.00 0.00 
 II 0.03 0.05 0.00 0.06 
 III 0.56 0.91 0.01 0.02 
 IV 0.18 1.45 0.01 0.07 
 V 0.00 0.00 0.03 - 

HOT 

Toplam 0.28 - 0.01 0.03 
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dL]HOJH������+�FUH�GHULúLPL�YH�VSHVLILN�oR÷DOPD�KÕ]ÕQÕQ�EL\RSURVHV�V�UHVLQFH�GH÷LúLPL 
 

.RúXO t,st Cx µµ, st
-1

 µµmax,st
-1

 

0.5 0.29 0.92 0.92 
3 0.91 0.13  
9 0.94 0.03  

15 1.15 0.03  
21 1.27 0.01  

LOT 

27 1.22 0.00  
0.5 0.28 0.94 0.94 
3 0.91 0.17  
9 1.10 0.01  

15 1.25 0.03  
21 1.63 0.05  

MOT1 

27 1.72 0.01  
0.5 0.29 0.87 0.87 
3 0.86 0.16  
9 1.03 0.05  

15 1.17 0.01  
21 1.73 0.06  

MOT2 

27 1.97 0.00  
0.5 0.29 0.92 0.92 
3 1.09 0.16  
9 1.13 0.01  

15 1.38 0.08  
21 2.15 0.02  

HOT 

27 2.14 0.00  
 

 

�������0HWDEROLN�DNÕ�DQDOL]L��+�FUHLoL�WHSNLPH�KÕ]ODUÕ 
 

+�FUHLoL� WHSNLPH� KÕ]ODUÕQÕQ� EL\RUHDNW|UGH� oR÷DOPD�� �U�Q� YH� \DQ-�U�Q� ROXúXPX�
V�UHFLQGHNL� GD÷ÕOÕPÕ� K*+� �UHWLP� SURVHVLQLQ� JHOLúWLULOPHVL� LoLQ� WHSNLPH� \ROL]LQGHNL�
|QHPOL� |]HOOLNOHULQ� YH� PXKWHPHO� GDUER÷D]ODUÕQ� EHOLUOHQPHVL� DPDFÕ\OD� LQFHOHQPLúWLU��
2NVLMHQ�DNWDUÕPÕQÕQ�HWNLOHULQL�D\UÕQWÕOÕ�RODUDN� LQFHOHQHELOPHVL� �DPDFÕ\OD�/27��027���
027��YH�+27�NRúXOODUÕ�LoLQ�PHWDEROLN�DNÕ�DQDOL]L��0$$��\DSÕOPÕúWÕU��+�FUH�YH�K*+�
GHULúLP�SURILOOHUL�GLNNDWH�DOÕQGÕ÷ÕQGD�SURVHV�EHú�SHUL\RGD�D\UÕOPÕúWÕU���3HUL\RW�,����W����
K�FUHQLQ�ELULQFL�oR÷DOPD�ID]Õ��3HUL\RW�,,����W�����oR÷DOPDQÕQ�GXUGXUXOGX÷X��3HUL\RW�,,,�
����W����� 3HUL\RW� ,,� VRQUDVÕ� JHoLNPH� YH� K*+� �UHWLPLQLQ� EDúODGÕ÷Õ� ID]�� 3HUL\RW� ,9�
����W�����K�FUHQLQ�LNLQFL�oR÷DOPD�YH�K*+�VHQWH]LQLQ�DUWWÕ÷Õ�ID]��3HUL\RW�9�����W������
oR÷DOPDQÕQ�VRQD�HUGL÷L�YH�K*+�VHQWH]LQLQ�HQ�\�NVHN�ROGX÷X�ID]�RODUDN�EHOLUOHQPLúWLU��
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%X� �EHú�SHUL\RW� LoLQ� VÕUDVÕ\OD� W ��������������YH����VW�0$$��LoLQ�VHoLOPLúWLU� �dL]HOJH�
4.11-14).  

 

Periyot I’de (t=3 st’te) tüm kRúXOODUGDNL� K�FUHLoL� WHSNLPHOHULQ� �PHWDEROLN�� DNÕ��
GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH�� W�P� NRúXOODUGD� � DPLQR� DVLWOHULQ� YH� K�FUH� ELOHúHQOHULQLQ�
JLUGLOHUL� RODQ�*�3�� )�3��7�3�3*��YH�3(3��UHWLPLQLQ� JHUoHNOHúWL÷L� � JOLNROL]� \ROL]LQLQ�
DNWLI� ROGX÷X� J|U�OP�úW�U�� *OLNROL]� \ROL]LQGH�*�3� YH� )�3� � LNL� D\UÕ� WHSNLPH� JUXEX\OD�
�UHWLOHELOHQ� 5�3� YH� SHQWR]� IRVIDW� \ROL]L� �3)<�� LoLQ� GDOODQPD� QRNWDVÕ� RODUDN� J|UHY�
\DSPDNWDGÕU�� 1�NOHLN� DVLWOHULQ� YH� K�FUH� ELOHúHQOHULQLQ� JLUGLVL� RODQ�5�3�� \D� GR÷UXGDQ�
F6P'tan üretilebilmekte ya da G6P'tan Gluc�3� ROXúXPXQX� WDNLEHQ� �UHWLOHELOPHNWHGLU��
5�3��+27�NRúXOXQGD�VDGHFH�*�3¶WDQ��027��YH�027��NRúXOODUÕQGD�VDGHFH�)�3¶WDQ���
/27� NRúXOXQGD� � LVH� KHP� *�3� KHP� GH� )�3¶WDQ� �UHWLOPLúWLU�� 7�P� � NRúXOODUGD� 3)<�
DNWLIWLU��*OLNROL]�\ROL]LQGHQ�D\UÕODQ�3\U¶WDQ�/DF¶ÕQ�ROXú��WHSNLPHVL�5���W�P�NRúXOODUGD�
DNWLIWLU� YH� NDUÕúWÕUPD� KÕ]Õ� D]DOGÕNoD� DUWPÕúWÕU�� 3HUL\RW� ,¶GH� $F&R$¶GDQ� $F¶QÕQ� ROXú�
WHSNLPHVL�5���LVH�LQDNWLIWLU��7&$�G|QJ�V��027��YH�/27�NRúXOODUÕQGD�WDPDPODQPÕúWÕU��
+27�YH�027��NRXOODUÕQGD�LVH�0DO�VHQWH]LQH�NDGDU�JHUoHNOHúPLú��sonra da anaplerotik 

UHDNVL\RQODUGDQ� �5����5��� YH�5����2$� VHQWH]OHQPLúWLU��$QDSOHURWLN� UHDNVL\RQODUGDQ�
3HUL\RW�,¶GH��2$¶GDQ�3\U¶ÕQ�VHQWH]OHQGL÷L�WHSNLPH�5���W�P�NRúXOODUGD�SDVLI��0DO¶GDQ�
3\U¶ÕQ� VHQWH]OHQGL÷L� WHSNLPH� 5��� LVH�027�� YH�+27� NRúXOODUÕQGD� DNWLIWLr. Gliksolat 

ú|QW�� /27�� 027�� YH� 027�� NRúXOODUÕ� GÕúÕQGD� JHUoHNOHúPHPLúWLU�� 3LORW� |OoHN�
EL\RUHDNW|U� GHQH\OHULQGH� DPLQR� DVLW� GHULúLPOHULQGH� JHQHOOLNOH� VDOÕQÕP� J|U�OP�úW�U��
7HSNLPH� VLVWHPLQGH� � DPLQR� DVLWOHU� K�FUH� YH� K*+� VHQWH]LQGH� NXOODQÕOPDNWDGÕU�� %X�
nedenle DPLQR�DVLW�DNÕODUÕ�DPLQR�DVLW��UHWLP�YH�W�NHWLP�KÕ]ODUÕQD��K*+��YH�K�FUH�VHQWH]�
KÕ]ÕQD�ED÷OÕGÕU���3HUL\RW�,¶GH�JOXWDPLN�DVLW�YH�DVSDUWLN�DVLW�DPLQR�DVLW�JUXEXQGDNL�DPLQR�
DVLWOHULQ�ROXúXPX��W�P�NRúXOODUGD�YDUGÕU�YH�ROXúXP�DNÕODUÕ�VÕUDVÕ\OD�027���/27��+27�
ve�027��úHNOLQGH�D]DOPÕúWÕU��$ODQLQ�JUXEX�DPLQR�DVLWOHUGHQ�DODQLQ�ROXúXPX�/27�YH�
+27�NRúXOODUÕQGD�\RNWXU��6HULQ�JUXEX�DPLQR�DVLWOHULQGHQ�JOLVLQ�ROXúXPX�5���027��YH�
+27� NRúXOODUÕQGD� LQDNWLIWLU�� 2NVLMHQ� DNWDUÕPÕ� DUWWÕNoD� VHULQ� JUXEX� DPLQR� DVLWOHULQ�
ROXúXP� DNÕODUÕ� D]DOPÕúWÕU�� 7RSODP�$73� �UHWLP� DNÕODUÕ��/27��027���027�� YH�+27�
NRúXOODUÕQGD�VÕUDVÕ\OD������������������������YH��������PRO�J-1 KH st-1�ROPXúWXU�� 
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3HUL\RW� ,,¶GH� �W �� VW¶WH�� W�P� NRúXOODUGDNL� PHWDEROLN� DNÕ� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
glikoliz yolizinin akWLI� ROGX÷X� J|U�OP�úW�U�� 3HQWR]� IRVIDW� \ROL]L� �3)<�� LoLQ� GDOODQPD�
QRNWDVÕ�RODQ�5�3��/27��027��YH�+27�NRúXOODUÕQGD�VDGHFH�)�3¶WDQ��027��NRúXOXQGD�
LVH� KHP� *�3� KHP� GH� )�3¶WDQ� �UHWLOPLúWLU�� 7�P� � NRúXOODUGD� 3)<� DNWLIWLU�� *OLNROL]�
\ROL]LQGHQ� D\UÕODQ� 3\U¶WDQ� /DF¶ÕQ� ROXúXP� WHSNLPHVL� 5��� � W�P� NRúXOODUGD� YDUGÕU��
$F&R$¶GDQ� $F¶QÕQ� ROXúXPX� 5��� LVH� VDGHFH� +27� NRúXOXQGD� YDUGÕU�� 7&$� G|QJ�V��
027���027�� YH�+27�NRúXOODUÕQGD� WDPDPODQPÕúWÕU��/27¶GH� LVH�7&$�G|QJ�V��0DO�
VHQWH]LQH�NDGDU�JHUoHNOHúLS�VRQUDNL�DGÕPODUGD�LVH�DQDSOHURWLN tepkimeler R36, R37, R38 

JHUoHNOHúPLúWLU�� *OLNVRODW� ú|QW�� VDGHFH� 027�¶GH� JHUoHNOHúPLúWLU�� 3HUL\RW� ,,¶GH�
DQDSOHURWLN� UHDNVL\RQODUGDQ� 2$¶GDQ� 3\U¶ÕQ� VHQWH]OHQGL÷L� WHSNLPH� 5��� VDGHFH�
027�¶GH�� 0DO¶GDQ� 3\U¶ÕQ� VHQWH]OHQGL÷L� WHSNLPH� 5��� LVH� VDGHFH� /27� NRúXOXQGD�
gHUoHNOHúPLúWLU��*OXWDPLN� DVLW� YH� DVSDUWLN� DVLW� DPLQR� DVLW� JUXEXQGDNL� DPLQR� DVLWOHULQ�
ROXúXPX� � W�P� NRúXOODUGD� YDUGÕU� YH� ROXúXP� DNÕODUÕ� 027��� /27�� 027�� YH� +27�
VÕUDVÕ\OD� D]DOPÕúWÕU�� $ODQLQ� JUXEX� DPLQR� DVLWOHUGHQ� DODQLQ� ROXúXPX� 027�¶WD�� VHULQ�
grubu amino asitlHUGHQ�JOLVLQ�ROXúXPX� LVH�/27�YH�027�¶WD� LQDNWLIWLU��'L÷HU�VHULQ�YH�
DODQLQ� JUXEX� DPLQR� DVLWOHULQ� ROXúXPX� W�P� NRúXOODUGD� YDUGÕU� YH� NDUÕúWÕUPD� KÕ]ÕQÕQ�
D]DOPDVÕ\OD��DNÕODUÕ�GD�D]DOPDNWDGÕU��7RSODP�$73��UHWLP�DNÕODUÕ��/27��027���027��
YH�+27�NRúXOODUÕQGD�VÕUDVÕ\la 26.173, 25.469, 26.173 ve 9.39 mol g-1 KH st-1�ROPXúWXU�� 
 

3HUL\RW� ,,,¶WH� �W ��� VW¶WH�� W�P� NRúXOODUGDNL� PHWDEROLN� DNÕ� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
JOLNROL]�\ROL]LQLQ�DNWLI�ROGX÷X�J|U�OP�úW�U��3HQWR]� IRVIDW�\ROL]L� LoLQ�GDOODQPD�QRNWDVÕ�
RODQ� 5�3��027�� NRúXOXQGD� VDGHFH�*�3¶WDQ�� /27��027�� YH�+27� NRúXOODUÕQGD� LVH�
VDGHFH�)�3¶WDQ��UHWLOPLúWLU��7�P� �NRúXOODUGD�3)<�DNWLIWLU��*OLNROL]�\ROL]LQGHQ�D\UÕODQ�
3\U¶WDQ� /DF¶ÕQ� ROXúXP� WHSNLPHVL� 5��� � W�P� NRúXOODUGD� YDUGÕU�� $F&R$¶GDQ� $F¶QÕQ�
ROXúXPX� 5��� LVH� \RNWXU�� 3HUL\RW� ,,,¶WH� DQDSOHURWLN� � UHDNVL\RQODUGDQ� 2$¶GDQ� 3\U¶ÕQ�
VHQWH]OHQGL÷L� WHSNLPH� 5��� LQDNWLIWLU�� 0DO¶GDQ� 3\U¶ÕQ� VHQWH]OHQGL÷L� WHSNLPH� 5��� LVH�
3HUL\RW� ,,,� ¶WHNL� KLoELU� NRúXOGD� JHUoHNOHúPHPLúWLU�� *OLNVRODW� ú|QW�� VDGHFH� /27� YH�
027�¶GH� JHUoHNOHúPLúWLU�� 7&$� G|QJ�V�� /27��027���027�� YH� +27� NRúXOODUÕQGD�
WDPDPODQPÕúWÕU��3HUL\RW�,,,�¶WH�027��¶GH�VDGHFH�DODQLQ��5�����027�¶GH�VDGHFH�JOLVLQ�
�5����ROXúXPX�\RNWXU��7�P�NRúXOODUGD�DVSDUWLN�DVLW�YH�JOXWDPLN�DVLW�ROXúXPX��5���YH�
5���� JHUoHNOHúPHNWHGLU�� 7RSODP� $73� �UHWLP� DNÕODUÕ�� /27�� 027�, MOT2 ve HOT 

NRúXOODUÕQGD�VÕUDVÕ\OD����������������������YH��������PRO�J-1 KH st-1�ROPXúWXU� 
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3HUL\RW� ,9¶WH� �W ��� VW¶WH�� W�P� NRúXOODUGDNL�PHWDEROLN� DNÕ� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
JOLNROL]� \ROL]LQLQ� W�P� NRúXOODUGD� DNWLIWLU�� *OLNROL]� \ROL]LQGHQ� D\UÕODQ� 3\U¶WDQ� /DF¶ÕQ�
ROXúXPX� � �5���� W�P�NRúXOODUGD��$F&R$¶WDQ�$F¶QÕQ� ROXúXPX�5��� LVH� VDGHFH�/27¶WD�
DNWLIWLU��3HQWR]�IRVIDW�\ROL]L�LoLQ�GDOODQPD�QRNWDVÕ�RODQ�5�3��/27�NRúXOODUÕQGD�VDGHFH�
*�3¶WDQ�� +27� NRúXOXQGD� VDGHFH� )�3¶WDQ�� 027�� NRúXOXQGD� LVH� KHP� *�3� KHP� GH�
F6P’den� � �UHWLOPLúWLU�� 027�� NRúXOXQGD� 3)<� � SDVLIWLU�� 3HUL\RW� ,9� ¶WH� DQDSOHURWLN��
UHDNVL\RQODUGDQ�2$¶GDQ�3\U¶ÕQ�VHQWH]� WHSNLPHVL�5���027��YH�+27�NRúXOODUGD�DNWLI�
LNHQ�0DO¶GDQ�3\U¶ÕQ�VHQWH]OHQGL÷L�WHSNLPH�5���LVH�W�P�NRúXOODU�LoLQ�SDVLIWLU��027��YH�
LOT’de TCA döngüV�� WDPDPODQPDNWDGÕU�� +27� NRúXOXQGD� α-ketoglutarik asit 

ROXúXPXQD� �5���� NDGDU� G|QJ�� oDOÕúPDNWDGÕU�� DQFDN�� EX� EDVDPDNWDQ� VRQUD� JOLNVRODW�
ú|QW�� LOH�6XF� ROXúXS�� DQDSOHURWLN� UHDNVL\RQODUOD� GD�2$�ROXúPDNWDGÕU��*OLNVRODW� ú|QW��
VDGHFH�+27�NRúXOXQGD�SDVLIWLU��7�P�NRúXOODUGD�DVSDUWLN�DVLW�YH�JOXWDPLN�DVLW�ROXúXPX�
DNWLIWLU��/27�YH�+27�NRúXOODUÕQGD�JOLVLQ��5����ROXúXPX�J|]OHQPHPLúWLU��7RSODP�$73�
�UHWLP� DNÕODUÕ�� /27�� 027��� 027�� YH� +27� NRúXOODUÕQGD� VÕUDVÕ\OD� �������� ��������
13.264 ve 11.979 mol g-1 KH st-1�ROPXúWXU� 
 

PerL\RW�9¶WH��W ���VW¶WH��NRúXOODUGDNL�PHWDEROLN�DNÕ�GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH��JOLNROL]�
\ROL]LQLQ�DNWLI�ROGX÷X�J|U�OP�úW�U��*OLNROL]�\ROL]LQGHQ�D\UÕODQ�3\U¶WDQ�/DF¶ÕQ�ROXúXPX��
�5����W�P�NRúXOODUGD��DNWLIWLU��$F&R$¶GDQ�$F¶QÕQ�ROXúXPX��5����LVH�+27�¶GD�DNWLIWir. 
3HQWR]�IRVIDW�\ROL]L�LoLQ�GDOODQPD�QRNWDVÕ�RODQ�5�3��027��NRúXOXQGD�VDGHFH�*�3¶WDQ��
/27��027��YH�+27�NRúXOODUÕQGD�LVH�VDGHFH�)�3¶WDQ��UHWLOPLúWLU��7�P��NRúXOODUGD�3)<�
DNWLIWLU��3HUL\RW�9¶WH�DQDSOHURWLN��UHDNVL\RQODUGDQ�5���LOH�2$¶GDQ�3\U�¶ÕQ�VHQWH]L�W�m 

NRúXOODUGD� SDVLI� LNHQ�� 0DO� ¶GDQ� 3\U¶ÕQ� VHQWH]OHQGL÷L� WHSNLPH� 5��� VDGHFH�027�¶GH�
DNWLIWLU�� 7&$� G|QJ�V�� /27� YH� +27� ¶WD� WDPDPODQPÕúWÕU�� '|QJ�� 027�¶GH� � 6XF�
ROXúXPXQD� NDGDU�� 027�¶GH� 0DO� ROXúXPXQD� NDGDU� JHUoHNOHúPLúWLU�� 027�¶GH� 0DO�
ROXúXPXQGDQ�VRQUD�DQDSOHURWLN� WHSNLPHOHUOH�2$�ROXúPXúWXU��7�P�NRúXOODUGD�DVSDUWLN�
DVLW� �5���� YH� � JOXWDPLN� DVLW� �5���� ROXúXPX�J|U�OP�úW�U��027��NRúXOXQGD� DODQLQ� YH�
JOLVLQ��027��NRúXOXQGD�JOLVLQ��DODQLQ��WLUR]LQ�YH�IHQLODODQLQ��+27�NRúXOXQGD�LVH��JOLVLQ�
ROXúXPX� J|]OHQPHPLúWLU�� 7RSODP�$73� �UHWLP� DNÕODUÕ�� /27��027���027�� YH�+27�
NRúXOODUÕQGD�VÕUDVÕ\OD������������������������YH��������PRO�J-1 KH st-1�ROPXúWXU� 
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dL]HOJH������/27�¶�WD�PHWDEROLN�DNÕODU 
 

LOT 

R# Periyot I Periyot II Periyot III Periyot IV Periyot V 

1 6.608 2.166 0.634 3.452 0.517 

3 0.000 0.000 0.000 0.000 0.000 

4 6.371 2.161 0.63 2.964 0.517 

5 5.226 1.740 0.513 2.963 0.513 

6 0.000 0.000 0.000 0.000 0.000 

7 10.419 3.065 0.909 5.562 1.024 

8 0.000 0.000 0.000 0.000 0.000 

9 8.852 3.002 0.864 5.485 0.525 

10 0.000 0.000 0.000 0.000 0.000 

11 5.364 1.987 1.230 0.574 2.658 

13 3.900 0.653 0.137 0.271 1.487 

14 0.195 0.000 0.000 0.486 0.000 

15 0.195 0.000 0.000 0.486 0.000 

16 0.000 0.000 0.000 0.000 0.000 

17 1.121 0.418 0.115 0.000 0.004 

18 0.000 0.000 0.000 0.365 0.000 

19 0.000 0.000 0.000 0.000 0.000 

20 0.000 0.000 0.000 0.365 0.000 

21 0.000 0.000 0.000 0.000 0.000 

22 0.000 0.000 0.000 0.000 0.000 

23 1.121 0.418 0.115 0.365 0.004 

24 0.000 0.000 0.000 0.364 0.000 

25 0.006 0.001 0.001 0.000 0.000 

26 0.265 0.085 0.029 0.130 0.000 

27 0.265 0.085 0.029 0.130 0.000 

28 0.526 0.096 0.058 0.117 0.001 

29 0.000 0.000 0.000 0.000 0.000 

30 0.000 0.000 0.000 0.044 0.000 

31 3.073 0.015 0.438 0.000 0.000 

32 0.000 0.000 0.000 0.000 0.000 

33 0.000 0.000 0.000 0.000 0.000 

34 0.000 0.000 0.000 0.000 0.000 

35 0.000 0.000 0.000 0.000 0.000 

36 0.000 2.697 0.000 2.617 0.597 

37 0.000 0.000 0.000 0.000 0.000 

38 4.461 1.108 0.000 0.000 0.000 

39 3.754 0.595 0.367 4.150 1.228 

40 3.416 0.700 0.367 4.150 1.228 

41 3.177 0.700 0.195 4.159 1.228 

42 2.757 1.009 0.259 3.009 1.241 

43 2.674 2.469 0.205 1.009 0.419 

44 0.000 0.000 0.000 0.000 0.000 

45 2.636 2.298 0.693 2.765 1.101 

46 2.883 2.706 0.855 2.886 1.949 

47 3.115 0.000 1.021 0.225 1.385 

48 0.239 0.000 0.172 0.000 0.000 
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ÇizelJH������/27�¶�WD�PHWDEROLN�DNÕODU��GHYDP� 
49 0.239 0.000 0.172 0.000 0.000 

50 1.568 0.063 0.045 0.077 0.499 

51 0.195 0.000 0.021 0.000 0.313 

52 0.058 0.007 0.007 0.009 0.005 

53 0.000 0.012 0.015 0.013 0.005 

54 0.232 1.494 0.044 3.225 0.697 

55 0.101 1.472 0.011 3.020 0.005 

56 0.131 0.022 0.033 0.205 0.691 

57 1.310 0.417 0.114 0.121 0.004 

58 0.023 0.392 0.094 0.111 0.002 

59 3.821 0.513 0.654 0.225 0.157 

60 0.056 0.007 0.007 0.011 0.006 

61 3.430 0.078 0.518 0.07 0.117 

62 2.858 0.01 0.454 0.012 0.006 

63 2.858 0.01 0.454 0.012 0.006 

64 2.858 0.01 0.454 0.012 0.006 

65 2.858 0.01 0.454 0.012 0.006 

66 0.572 0.068 0.064 0.058 0.11 

67 0.536 0.064 0.06 0.054 0.108 

68 0.068 0.008 0.008 0.01 0.006 

69 0.035 0.004 0.004 0.004 0.002 

70 1.116 0.417 0.114 0.729 0.004 

71 0.000 0.408 0.055 0.719 0.000 

72 0.000 0.004 0.058 0.009 0.003 

73 1.116 0.006 0.001 0.001 0.001 

74 1.116 0.006 0.001 0.001 0.001 

75 7.968 1.134 1.327 1.396 0.009 

76 0.621 0.489 0.154 0.21 0.000 

77 0.051 0.006 0.006 0.009 0.006 

78 0.086 0.01 0.01 0.014 0.023 

79 0.071 0.009 0.009 0.013 0.023 

80 0.071 0.009 0.009 0.013 0.023 

81 0.968 0.000 0.000 0.000 0.000 

82 0.000 0.000 0.000 0.000 0.016 

83 0.000 0.000 0.000 0.000 0.000 

84 0.000 0.000 0.000 0.000 0.000 

85 0.000 0.000 0.000 0.000 0.000 

86 0.000 0.000 0.000 0.000 0.000 

87 0.000 0.000 0.000 0.000 0.042 

88 0.000 0.389 0.092 0.107 0.000 

89 0.000 0.000 0.000 0.000 0.000 

90 0.000 0.000 0.000 0.000 0.541 

91 0.116 0.000 0.000 0.000 0.824 

92 0.000 0.000 0.000 0.000 0.000 

93 0.000 0.000 0.000 0.000 0.252 

94 0.407 0.048 0.045 0.032 0.095 

95 0.103 0.004 0.000 0.000 0.000 

96 0.083 0.000 0.054 0.000 0.822 

97 0.000 1.460 0.000 3.009 0.000 

98 0.066 0.008 0.007 0.003 0.000 



224 

dL]HOJH������/27�¶�WD�PHWDEROLN�DNÕODU��GHYDP� 
99 0.089 0.399 0.101 0.114 0.002 

100 0.055 0.006 0.006 0.003 0.000 

101 0.055 0.006 0.006 0.003 0.000 

102 0.084 0.399 0.101 0.114 0.002 

103 0.000 0.000 0.000 0.000 0.000 

104 0.005 0.001 0.001 0.000 0.000 

105 0.005 0.001 0.001 0.000 0.000 

106 0.034 0.393 0.095 0.111 0.002 

107 1.620 0.843 0.242 0.272 0.043 

108 0.106 0.012 0.011 0.005 0.001 

109 0.106 0.012 0.011 0.005 0.001 

110 0.101 0.012 0.011 0.005 0.000 

111 0.047 0.005 0.005 0.002 0.000 

112 0.005 0.001 0.001 0.000 0.000 

113 0.000 0.000 0.001 0.000 0.000 

114 0.005 0.001 0.001 0.000 0.000 

115 0.005 0.001 0.001 0.000 0.000 

116 0.005 0.001 0.001 0.000 0.000 

117 0.000 0.000 0.000 0.000 0.266 

118 0.035 0.004 0.004 0.004 0.002 

119 0.155 0.018 0.017 0.01 0.003 

120 0.155 0.407 0.108 0.117 0.003 

121 0.000 0.023 0.000 0.015 0.000 

122 15.445 0.000 2.505 2.043 0.000 

123 0.000 0.000 0.000 0.000 0.000 

124 5.409 9.973 0.71 3.725 5.219 

125 5.414 3.758 1.137 2.774 1.642 

126 5.442 7.334 1.243 10.331 4.361 

127 0.000 0.000 0.000 0.000 0.000 

128 9.647 1.599 1.475 1.581 0.000 

130 0.094 0.011 0.011 0.013 0.007 

131 1.653 0.847 0.245 0.273 0.043 

132 0.537 0.063 0.058 0.03 0.006 

133 0.000 0.000 0.000 0.000 0.000 

134 0.032 0.004 0.003 0.002 0.000 

135 0.006 0.001 0.001 0.000 0.000 

136 0.006 0.001 0.001 0.000 0.000 

137 0.065 0.008 0.007 0.003 0.000 

138 0.177 0.021 0.02 0.018 0.024 

139 0.018 0.002 0.002 0.001 0.000 

140 0.007 0.001 0.001 0.000 0.000 

141 0.006 0.001 0.001 0.000 0.000 

142 0.006 0.001 0.001 0.000 0.000 

143 0.006 0.001 0.001 0.000 0.000 

144 0.042 0.005 0.005 0.002 0.000 

145 0.000 0.000 0.000 0.000 0.000 

146 0.004 0.000 0.000 0.000 0.000 

147 0.250 0.029 0.027 0.012 0.001 

148 0.0001 0.0000 0.0001 0.0009 0.0007 

149 0.000 22.941 0.000 37.111 12.009 
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dL]HOJH������027�¶GH�PHWDEROLN�DNÕODU 
MOT1 

R# Periyot I Periyot II Periyot III Periyot IV Periyot V 

1 9.078 7.134 1.840 3.607 0.414 

3 0.000 0.000 0.000 0.000 0.000 

4 9.021 7.077 0.000 3.550 0.414 

5 7.969 6.216 0.908 3.200 0.349 

6 0.000 0.000 0.000 0.000 0.000 

7 14.162 11.081 2.281 6.025 0.651 

8 0.000 0.000 0.000 0.000 0.000 

9 14.070 10.894 1.996 5.529 0.636 

10 0.000 0.000 0.000 0.000 0.000 

11 6.98 3.258 3.654 1.138 2.569 

13 4.304 1.267 1.018 3.865 0.405 

14 0.000 0.000 1.783 0.000 0.000 

15 0.000 0.000 1.783 0.000 0.000 

16 0.000 0.000 0.939 0.000 0.000 

17 1.021 0.83 0.000 0.32 0.065 

18 0.737 0.524 0.508 0.036 0.023 

19 0.000 0.000 0.000 0.000 0.000 

20 0.737 0.524 0.508 0.036 0.023 

21 0.000 0.000 0.000 0.000 0.000 

22 0.000 0.000 0.431 0.000 0.000 

23 1.758 1.355 0.000 0.355 0.088 

24 0.73 0.517 0.5 0.028 0.023 

25 0.000 0.000 0.000 0.000 0.000 

26 0.078 0.134 0.04 0.107 0.097 

27 0.078 0.134 0.04 0.107 0.097 

28 0.13 0.01 0.04 0.013 0.03 

29 0.000 0.000 0.000 0.000 0.000 

30 0.000 0.000 0.000 0.000 0.000 

31 0.391 1.370 0.39 0.394 0.114 

32 0.000 0.000 0.000 0.000 0.000 

33 0.000 0.000 0.000 0.000 0.000 

34 0.000 0.000 0.000 0.000 0.000 

35 0.000 0.000 0.000 0.000 0.000 

36 2.740 0.000 0.000 0.000 0.700 

37 0.000 0.302 0.000 0.198 0.000 

38 6.360 0.000 0.024 0.000 0.476 

39 4.530 0.462 2.101 1.990 0.357 

40 4.416 0.463 2.103 1.990 0.357 

41 4.416 0.285 2.103 0.384 0.357 

42 3.936 0.987 1.750 0.025 0.026 

43 3.936 2.798 0.302 0.000 0.326 

44 0.000 0.000 0.000 0.000 0.000 

45 2.496 2.717 1.716 1.676 0.344 

46 2.713 2.942 3.389 1.932 0.343 

47 0.000 3.121 3.390 3.574 0.000 

48 0.000 0.178 0.000 1.606 0.000 

49 0.000 0.178 0.000 0.000 0.357 

50 0.092 0.187 0.077 0.497 0.015 
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dL]HOJH������027�¶GH�PHWDEROLN�DNÕODU��GHYDP� 
51 0.000 0.000 0.000 0.26 0.000 

52 0.077 0.077 0.077 0.078 0.001 

53 0.179 0.156 0.126 0.179 0.000 

54 0.284 3.074 0.276 0.305 0.026 

55 0.134 2.932 0.133 0.134 0.001 

56 0.151 0.142 0.143 0.171 0.025 

57 0.276 0.298 0.328 0.276 0.042 

58 0.03 0.03 0.03 0.03 0.000 

59 1.831 2.356 1.313 1.386 0.12 

60 0.074 0.073 0.073 0.075 0.867 

61 1.314 1.843 0.8 0.869 0.115 

62 0.107 1.087 0.107 0.108 0.111 

63 0.107 1.087 0.107 0.108 0.111 

64 0.107 1.087 0.107 0.108 0.111 

65 0.107 1.087 0.107 0.108 0.111 

66 1.207 0.756 0.693 0.761 0.005 

67 1.160 0.71 0.646 0.714 0.004 

68 0.090 0.090 0.090 0.091 0.001 

69 0.047 0.047 0.047 0.047 0.004 

70 2.488 1.871 0.069 0.383 0.111 

71 2.427 1.789 0.000 0.297 0.069 

72 0.044 0.043 0.000 0.069 0.001 

73 0.017 0.039 0.069 0.017 0.042 

74 0.017 0.039 0.069 0.017 0.042 

75 5.634 0.000 1.244 3.413 0.000 

76 0.783 7.042 0.699 0.705 1.119 

77 0.067 0.067 0.067 0.068 0.001 

78 0.114 0.113 0.113 0.115 0.001 

79 0.094 0.093 0.093 0.095 0.001 

80 0.094 0.093 0.093 0.095 0.001 

81 0.000 0.000 0.000 0.000 0.04 

82 0.000 0.000 0.000 0.000 0.000 

83 0.000 0.000 0.000 0.000 0.866 

84 0.000 0.000 0.000 0.000 0.000 

85 0.000 0.000 0.000 0.000 0.000 

86 0.000 0.411 0.000 0.000 0.279 

87 0.225 0.000 0.000 0.000 0.000 

88 0.000 0.000 0.000 0.000 0.000 

89 0.000 0.000 0.000 0.000 0.000 

90 0.000 0.000 0.000 0.000 0.000 

91 0.000 0.000 0.491 0.000 0.000 

92 0.000 0.000 0.000 0.000 0.000 

93 0.000 0.000 0.000 0.000 0.000 

94 0.99 0.54 0.476 0.542 0.002 

95 0.000 0.023 0.053 0.000 0.041 

96 0.000 0.000 0.448 0.025 0.000 

97 0.000 2.798 0.000 0.000 0.000 

98 0.088 0.088 0.088 0.088 0.0001 

99 0.118 0.118 0.118 0.118 0.0005 

100 0.073 0.073 0.073 0.073 0.0001 
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Çizelge 4.12 MOT1¶GH�PHWDEROLN�DNÕODU��GHYDP� 
 

101 0.073 0.073 0.073 0.073 0.0001 

102 0.111 0.111 0.111 0.111 0.0005 

103 0.000 0.000 0.000 0.000 0.0000 

104 0.007 0.007 0.007 0.007 0.0000 

105 0.007 0.007 0.007 0.007 0.0000 

106 0.045 0.044 0.044 0.045 0.0004 

107 0.685 0.706 0.736 0.688 0.9120 

108 0.141 0.141 0.141 0.141 0.0002 

109 0.141 0.141 0.141 0.141 0.0002 

110 0.134 0.134 0.134 0.134 0.0002 

111 0.062 0.062 0.062 0.062 0.0001 

112 0.007 0.007 0.007 0.007 0.0000 

113 0.000 0.000 0.000 0.000 0.0000 

114 0.007 0.007 0.007 0.007 0.0000 

115 0.007 0.007 0.007 0.007 0.0840 

116 0.007 0.007 0.007 0.007 0.0000 

117 0.000 0.000 0.000 0.000 0.0000 

118 0.047 0.047 0.047 0.047 0.0004 

119 0.206 0.205 0.205 0.206 0.0004 

120 0.206 0.205 0.205 0.206 0.0006 

121 0.484 0.259 0.259 0.000 0.0006 

122 6.025 16.925 1.207 7.608 0.000 

123 0.000 0.000 0.000 0.000 0.000 

124 18.281 8.088 8.673 7.448 6.267 

125 2.496 6.495 1.716 1.676 0.454 

126 12.062 9.426 8.625 5.072 0.782 

127 0.000 0.000 0.000 0.000 0.000 

128 5.876 6.748 1.679 4.059 0.293 

130 0.124 0.123 0.123 0.125 0.001 

131 0.729 0.75 0.781 0.732 0.912 

132 0.714 0.714 0.714 0.715 0.002 

133 0.000 0.000 0.000 0.000 0.000 

134 0.043 0.043 0.043 0.043 0.0001 

135 0.008 0.008 0.008 0.008 0.0000 

136 0.008 0.008 0.008 0.008 0.0000 

137 0.086 0.086 0.086 0.086 0.0001 

138 0.235 0.234 0.234 0.236 0.0020 

139 0.024 0.024 0.024 0.024 0.0000 

140 0.009 0.009 0.009 0.009 0.0000 

141 0.008 0.008 0.008 0.008 0.0000 

142 0.008 0.008 0.008 0.008 0.0000 

143 0.008 0.008 0.008 0.008 0.0000 

144 0.057 0.057 0.057 0.057 0.0001 

145 0.000 0.000 0.000 0.000 0.0000 

146 0.005 0.005 0.005 0.005 0.0000 

147 0.333 0.333 0.333 0.333 0.0004 

148 0.48270 0.00001 0.00001 0.00014 0.00011 

149 25.592 0.000 0.574 0.000 0.000 
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Çizelge 4.13 MOT2’de (P1) metaboOLN�DNÕODU� 
MOT2 (P1) 

R# Periyot I Periyot II Periyot III Periyot IV Periyot V 

1 11.145 1.935 1.400 2.347 6.870 

3 0.000 0.000 0.000 0.000 0.000 

4 11.091 1.904 1.394 1.642 6.837 

5 8.962 1.854 1.127 1.557 6.836 

6 0.000 0.000 0.000 0.000 0.000 

7 15.808 3.687 2.218 3.084 13.643 

8 0.000 0.000 0.000 0.000 0.000 

9 15.344 2.025 1.930 2.505 13.643 

10 0.000 0.000 0.000 0.000 0.000 

11 6.75 0.87 2.152 1.56 6.654 

13 3.59 0.297 1.345 0.523 3.648 

14 0.000 0.023 0.000 0.694 0.033 

15 0.000 0.023 0.000 0.694 0.033 

16 0.000 0.000 0.000 0.000 0.000 

17 2.099 0.045 0.263 0.079 0.000 

18 0.000 0.000 0.001 0.000 0.03 

19 0.000 0.000 0.000 0.000 0.000 

20 0.000 0.000 0.001 0.000 0.03 

21 0.000 0.000 0.000 0.000 0.000 

22 0.000 0.000 0.000 0.000 0.000 

23 2.099 0.045 0.264 0.079 0.03 

24 0.000 0.000 0.000 0.000 0.03 

25 0.007 0.001 0.000 0.002 0.000 

26 0.216 0.263 0.000 0.000 0.67 

27 0.216 0.263 0.51 0.291 0.67 

28 0.003 0.023 0.03 0.127 0.278 

29 0.000 0.000 0.000 0.000 0.000 

30 0.000 0.000 0.000 0.000 0.000 

31 7.978 0.058 1.204 0.079 0.007 

32 0.000 0.000 0.000 0.000 0.000 

33 0.000 0.000 0.000 0.000 0.000 

34 0.000 0.000 0.000 0.000 0.000 

35 0.000 0.000 0.000 0.000 0.000 

36 0.000 3.146 0.000 0.000 0.000 

37 0.000 0.000 0.000 0.000 0.000 

38 2.030 0.000 0.534 0.444 10.987 

39 6.263 0.09 0.98 0.021 6.930 

40 6.263 0.054 0.983 0.21 6.062 

41 3.235 0.054 0.57 0.21 6.057 

42 4.729 3.254 0.529 0.531 0.023 

43 2.750 2.387 1.51 1.327 0.023 

44 0.000 0.000 0.000 0.000 0.000 

45 8.345 2.974 1.177 0.704 0.000 

46 12.366 3.244 1.223 0.706 0.000 

47 15.388 0.09 1.636 0.704 0.000 

48 3.028 0.000 0.413 0.000 0.005 

49 3.028 0.000 0.413 0.000 0.005 

50 0.464 1.662 0.288 0.579 0.001 
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dL]HOJH������027�¶GH��3���PHWDEROLN�DNÕODU��GHYDP� 
51 0.247 1.602 0.03 0.428 0.000 

52 0.073 0.011 0.009 0.016 0.001 

53 0.17 0.000 0.000 0.000 0.002 

54 0.267 2.503 0.054 0.875 0.022 

55 0.127 2.407 0.016 0.822 0.002 

56 0.139 0.096 0.039 0.052 0.020 

57 2.091 0.067 0.261 0.772 0.003 

58 1.857 0.004 0.004 0.672 0.001 

59 11.155 0.38 1.190 1.127 4.057 

60 0.07 0.011 0.009 0.015 0.002 

61 9.017 0.127 1.259 0.172 3.203 

62 8.294 0.016 1.170 0.022 0.002 

63 8.294 0.016 1.170 0.022 0.002 

64 8.294 0.016 1.170 0.022 0.002 

65 8.294 0.016 1.170 0.022 0.002 

66 0.723 0.111 0.088 0.15 3.201 

67 0.678 0.105 0.083 0.141 3.201 

68 0.086 0.013 0.011 0.018 0.025 

69 0.045 0.007 0.006 0.009 0.001 

70 2.091 0.044 0.264 0.077 0.059 

71 0.054 0.009 0.008 0.012 0.058 

72 2.021 0.007 0.024 0.009 0.001 

73 0.016 0.029 0.232 0.056 0.000 

74 0.016 0.029 0.232 0.056 0.000 

75 18.001 1.827 2.578 1.982 6.034 

76 2.491 0.102 0.081 0.855 6.033 

77 0.064 0.01 0.008 0.014 0.001 

78 0.108 0.017 0.014 0.023 0.002 

79 0.089 0.014 0.012 0.019 0.002 

80 0.089 0.014 0.012 0.019 0.002 

81 0.000 0.000 0.21 0.017 0.000 

82 0.000 0.000 0.000 0.000 0.000 

83 0.000 0.000 0.000 0.000 0.000 

84 0.000 0.235 0.000 0.000 0.000 

85 0.000 0.000 0.000 0.000 0.000 

86 0.000 0.000 0.000 0.000 0.000 

87 0.000 0.000 0.000 0.000 0.584 

88 0.83 0.000 0.000 0.666 0.000 

89 0.000 0.000 0.000 0.000 0.023 

90 0.000 0.069 0.000 0.000 0.000 

91 0.000 0.000 0.000 0.000 0.000 

92 0.000 0.000 0.000 0.000 0.000 

93 0.000 0.000 0.000 0.000 0.579 

94 0.516 0.079 0.062 0.106 0.174 

95 0.000 0.026 0.23 0.052 0.000 

96 0.979 0.000 0.019 0.000 0.000 

97 0.000 2.387 0.000 0.796 0.000 

98 0.084 0.013 0.010 0.017 0.001 

99 1.941 0.017 0.013 0.689 0.001 

100 0.070 0.011 0.008 0.014 0.001 
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dL]HOJH������027�¶GH��3���PHWDEROLN�DNÕODU��GHYDP� 
 

101 0.07 0.011 0.008 0.014 0.001 

102 1.934 0.016 0.013 0.687 0.001 

103 0.000 0.000 0.000 0.000 0.000 

104 0.006 0.001 0.001 0.001 0.000 

105 0.006 0.001 0.001 0.001 0.000 

106 1.871 0.007 0.005 0.674 0.001 

107 4.309 0.127 0.310 1.520 0.010 

108 0.135 0.021 0.016 0.027 0.001 

109 0.135 0.021 0.016 0.027 0.001 

110 0.128 0.020 0.015 0.026 0.001 

111 0.059 0.009 0.007 0.012 0.001 

112 0.006 0.001 0.001 0.001 0.000 

113 0.000 0.000 0.000 0.000 0.000 

114 0.006 0.001 0.001 0.001 0.000 

115 0.006 0.001 0.001 0.001 0.000 

116 0.006 0.001 0.001 0.001 0.000 

117 0.000 1.564 0.000 0.378 0.000 

118 0.045 0.007 0.006 0.009 0.001 

119 0.196 0.03 0.023 0.04 0.002 

120 2.024 0.03 0.023 0.706 0.002 

121 0.000 0.000 0.000 0.000 1.587 

122 40.206 1.724 5.322 2.365 10.594 

123 0.000 0.000 0.000 0.000 0.000 

124 10.967 9.581 3.692 5.968 11.251 

125 16.537 5.430 2.334 0.796 0.046 

126 18.274 6.535 2.016 2.097 0.464 

127 0.000 0.000 0.000 0.000 0.000 

128 23.436 3.276 2.882 3.255 13.020 

130 0.118 0.018 0.015 0.025 0.002 

131 4.352 0.133 0.315 1.528 0.011 

132 0.682 0.104 0.081 0.139 0.008 

133 0.000 0.000 0.000 0.000 0.000 

134 0.041 0.006 0.005 0.008 0.000 

135 0.007 0.001 0.001 0.002 0.000 

136 0.007 0.001 0.001 0.002 0.000 

137 0.082 0.013 0.010 0.017 0.001 

138 0.224 0.035 0.027 0.047 0.003 

139 0.023 0.003 0.003 0.005 0.000 

140 0.009 0.001 0.001 0.002 0.000 

141 0.007 0.001 0.001 0.002 0.000 

142 0.007 0.001 0.001 0.002 0.000 

143 0.007 0.001 0.001 0.002 0.000 

144 0.054 0.008 0.006 0.011 0.001 

145 0.000 0.000 0.000 0.000 0.000 

146 0.005 0.001 0.001 0.001 0.000 

147 0.318 0.049 0.037 0.064 0.003 

148 0.0000 0.3028 0.0001 1.1200 0.0001 

149 0.000 25.704 0.000 7.441 23.337 
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dL]HOJH������+27¶WD�PHWDEROLN�DNÕODU 
HOT 

R# Periyot I Periyot II Periyot III Periyot IV Periyot V 

1 5.570 0.769 0.892 1.505 2.213 

3 0.000 0.000 0.000 0.000 0.000 

4 4.271 0.768 0.887 1.492 2.207 

5 4.246 0.683 0.863 1.275 1.973 

6 0.000 0.000 0.000 0.000 0.000 

7 8.410 1.282 1.713 2.268 3.512 

8 0.000 0.000 0.000 0.000 0.000 

9 7.747 1.272 0.898 2.196 3.484 

10 0.000 0.000 0.000 0.000 0.000 

11 2.123 0.335 0.228 2.456 2.896 

13 0.568 0.231 0.198 1.408 1.981 

14 1.253 0.000 0.000 0.000 0.000 

15 1.253 0.000 0.000 0.000 0.000 

16 0.000 0.000 0.000 0.000 0.000 

17 0.000 0.084 0.020 0.210 0.231 

18 0.544 0.000 0.000 0.068 0.202 

19 0.000 0.000 0.009 0.000 0.000 

20 0.544 0.000 0.000 0.068 0.202 

21 0.000 0.000 0.009 0.000 0.000 

22 0.000 0.000 0.000 0.000 0.000 

23 0.544 0.084 0.011 0.278 0.433 

24 0.537 0.000 0.000 0.066 0.202 

25 0.000 0.000 0.01 0.000 0.000 

26 0.170 0.009 0.067 0.05 0.013 

27 0.170 0.009 0.067 0.05 0.013 

28 0.036 0.013 0.123 0.097 0.080 

29 0.000 0.000 0.000 0.000 0.000 

30 0.000 0.201 0.000 0.000 0.474 

31 1.957 0.000 0.007 0.090 0.000 

32 0.000 0.000 0.000 0.000 0.000 

33 0.000 0.000 0.000 0.000 0.000 

34 0.000 0.000 0.000 0.000 0.000 

35 0.000 0.000 0.000 0.000 0.000 

36 1.570 0.347 0.000 0.000 0.000 

37 0.000 0.000 0.000 0.212 0.000 

38 4.964 0.000 0.864 0.000 0.000 

39 2.181 0.528 1.766 0.651 1.379 

40 2.427 0.528 1.766 0.651 1.379 

41 2.427 0.528 1.766 0.018 1.043 

42 2.145 0.600 1.725 0.000 0.947 

43 2.145 0.600 1.140 0.000 0.947 

44 0.000 0.000 0.000 0.000 0.000 

45 1.408 0.898 1.689 0.481 1.270 

46 1.579 0.978 2.296 0.617 1.293 

47 0.000 0.634 2.294 1.251 1.627 

48 0.000 0.000 0.000 0.633 0.337 

49 0.000 0.000 0.000 0.633 0.337 

50 0.663 0.010 0.815 0.072 0.028 
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dL]HOJH������+27¶WD�PHWDEROLN�DNÕODU��GHYDP� 
51 0.000 0.005 1.413 0.000 0.000 

52 0.063 0.002 0.008 0.017 0.008 

53 0.000 0.004 0.019 0.039 0.018 

54 0.229 0.707 0.045 0.081 0.041 

55 0.109 0.003 0.014 0.030 0.014 

56 0.120 0.704 0.031 0.051 0.028 

57 0.702 0.083 0.028 0.141 0.028 

58 0.025 0.079 0.003 0.088 0.003 

59 2.783 0.106 1.391 0.388 0.248 

60 0.060 0.002 0.008 0.017 0.008 

61 2.361 0.017 1.337 0.192 0.194 

62 1.742 0.002 0.012 0.024 0.011 

63 1.742 0.002 0.012 0.024 0.011 

64 1.742 0.002 0.012 0.024 0.011 

65 1.742 0.002 0.012 0.024 0.011 

66 0.619 0.015 1.325 0.168 0.183 

67 0.581 0.014 1.320 0.158 0.178 

68 0.074 0.002 0.010 0.020 0.009 

69 0.038 0.001 0.005 0.010 0.005 

70 1.081 0.084 0.002 0.344 0.635 

71 0.555 0.083 0.000 0.330 0.628 

72 0.036 0.001 0.000 0.010 0.005 

73 0.491 0.000 0.002 0.004 0.002 

74 0.491 0.000 0.002 0.004 0.002 

75 6.152 0.226 0.000 1.096 1.098 

76 0.568 0.092 1.835 0.255 0.128 

77 0.055 0.001 0.007 0.015 0.007 

78 0.093 0.002 0.012 0.026 0.012 

79 0.077 0.002 0.010 0.021 0.010 

80 0.077 0.002 0.010 0.021 0.010 

81 0.331 0.000 0.000 0.000 0.000 

82 0.000 0.000 0.000 0.000 0.000 

83 0.000 0.000 0.000 0.000 0.000 

84 0.000 0.000 0.000 0.000 0.000 

85 0.000 0.000 0.000 0.000 0.000 

86 0.000 0.000 0.762 0.000 0.000 

87 0.000 0.000 0.623 0.000 0.053 

88 0.000 0.078 0.000 0.081 0.000 

89 0.000 0.000 0.000 0.000 0.000 

90 0.000 0.699 0.000 0.000 0.000 

91 0.000 0.000 0.59 0.000 0.000 

92 0.000 0.000 0.000 0.000 0.000 

93 0.000 0.000 0.000 0.000 0.000 

94 0.442 0.011 0.301 0.119 0.16 

95 0.477 0.000 0.000 0.000 0.000 

96 0.000 0.000 0.585 0.000 0.000 

97 0.000 0.000 0.000 0.000 0.000 

98 0.072 0.002 0.009 0.019 0.009 

99 0.096 0.08 0.012 0.107 0.012 

100 0.06 0.001 0.007 0.016 0.007 
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Çizelge 4.14 HOT’ta metabolik akÕODU��GHYDP� 
101 0.060 0.001 0.007 0.016 0.007 

102 0.091 0.08 0.012 0.105 0.011 

103 0.000 0.000 0.000 0.000 0.000 

104 0.005 0.000 0.001 0.001 0.001 

105 0.005 0.000 0.001 0.001 0.001 

106 0.036 0.079 0.005 0.091 0.005 

107 1.036 0.170 0.072 0.314 0.07 

108 0.115 0.003 0.014 0.031 0.014 

109 0.115 0.003 0.014 0.031 0.014 

110 0.11 0.003 0.014 0.029 0.013 

111 0.051 0.001 0.006 0.014 0.006 

112 0.005 0.000 0.001 0.001 0.001 
113 0.000 0.000 0.000 0.000 0.000 

114 0.005 0.000 0.001 0.001 0.001 
115 0.005 0.000 0.001 0.001 0.001 

116 0.005 0.000 0.001 0.001 0.001 

117 0.000 0.000 0.764 0.000 0.000 

118 0.038 0.001 0.005 0.010 0.005 

119 0.168 0.004 0.021 0.045 0.021 

120 0.168 0.082 0.021 0.126 0.021 

121 0.212 0.000 0.000 0.057 0.079 

122 7.913 0.219 3.529 2.361 1.338 

123 0.000 0.000 0.000 0.000 0.000 

124 6.202 3.896 3.738 4.999 7.136 

125 3.063 1.597 1.689 1.981 1.270 

126 0.000 2.215 2.457 2.117 4.703 

127 0.000 0.000 0.000 0.000 0.000 

128 6.937 0.316 2.592 1.281 1.140 

130 0.101 0.003 0.013 0.028 0.013 

131 1.073 0.171 0.077 0.323 0.075 

132 0.584 0.014 0.073 0.156 0.072 

133 0.000 0.000 0.000 0.000 0.000 

134 0.035 0.001 0.004 0.009 0.004 

135 0.006 0.002 0.001 0.002 0.001 

136 0.006 0.000 0.001 0.002 0.001 

137 0.071 0.002 0.009 0.019 0.009 

138 0.192 0.005 0.025 0.052 0.024 

139 0.019 0.000 0.002 0.005 0.002 

140 0.008 0.000 0.001 0.002 0.001 

141 0.006 0.000 0.001 0.002 0.001 

142 0.006 0.000 0.001 0.002 0.001 

143 0.006 0.000 0.001 0.002 0.001 

144 0.046 0.001 0.006 0.012 0.006 

145 0.000 0.000 0.000 0.000 0.000 

146 0.004 0.000 0.001 0.001 0.001 

147 0.272 0.007 0.034 0.073 0.033 

148 0.237 0.121 0.752 0.919 0.611 

149 0.000 9.484 4.867 2.216 15.620 
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4.4  Hibrit-JHQ�øoHUHQ�YH�øoHUPH\HQ�S0.��7DúÕ\DQ�B.subtilis ile hGH Üretim ve 

%L\RSURVHV�.DUDNWHULVWLNOHULQLQ�.Õ\DVODQPDVÕ 
 

4.4.1  Ürün ve yan-�U�Q�GD÷ÕOÕPÕQD�HWNLOHUL 
 

K*+��UHWLPL�LoLQ�EHOLUOHQPLú�RODQ�HQ�X\JXQ�RNVLMHQ�DNWDUÕP�NRúXOX�027���\DQL�4o/VR 

=0.5vvm ve N=800 dk-1¶GLU���027���RNVLMHQ�DNWDUÕP�NRúXOXQGD�KLEULW-genin B.subtilis 

�]HULQGHNL�HWNLOHULQL�NÕ\DVODPDN�DPDFÕ\OD���KLEULW-gen içeren r-S0.��WDúÕ\DQ�B.subtilis 

YH�S0.��WDúÕ\DQ�B.subtilis ile,  VR=0.5 dm3, CGo=8 kg m-3, pHo=7.25, T=37°C tepkime 

NRúXOODUÕQGD�� SLORW-|OoHN� EL\RUHDNW|UOHUGH� LNL� SDUDOHO� GHQH\� JHUoHNOHúWLULOPLúWLU��
%L\RSURVHV� V�UHVLQFH� NDUÕúWÕUPD� KÕ]Õ�� o|]�QP�ú� RNVLMHQ� GHULúLPL� YH� EDúODQJÕo� GH÷HUL�
pHo �����RODQ�S+¶ÕQ�GH÷LúLPL�V�UHNOL-|Oo�POH�L]OHQPLú��VLVWHPGHQ�NDOPD�V�UHVLQH�NDUúÕ�
belirleQHQ� DUDOÕNODUOD� DOÕQDQ� |UQHNOHUGH� � JLUGL�� K�FUH�� �U�Q� GHULúLPOHUL� |Oo�OP�ú��
Dinamik Yöntem ile proses süresince KLD� EHOLUOHQPLúWLU�� 7DVDUODQDQ� GHQH\� NRúXOODUÕ�
dL]HOJH�����¶GHNL�NÕVDOWPDODUOD�J|VWHULOPLúWLU� 

 

dL]HOJH��������øNL�IDUNOÕ�SODVPLG�WDúÕ\DQ�B.subtilis�LOH�027��NRúXOXQGD�JHUoHNOHúWLULOHQ�
pilot-ölçek biyoreaktör deneyleri  

 
Plasmid Hibrit-gen Biyoreaktör 

Deneyi: 
Proses 

r- pMK4 
pMK4 

 
-pre(subC)::hGH 

- 
P1  
P2 

    

 
%L\RSURVHV�V�UHVLQFH�S+¶ÕQ�NDOPD�V�UHVL�LOH�GH÷LúLPL��ùHNLO�������LQFHOHQGL÷LQGH���KHU�
LNL�SURVHVWH�RUWDP�S+¶QÕQ��SURWHD]�LQKLELW|U�Q�Q�HNOHQGL÷L�]DPDQD��W ��VW��NDGDU�KÕ]OÕ�
(t=0-�� VW�� VRQUD� � � GDKD� \DYDú� �W �-��� VW�� D]DOGÕ÷Õ� YH� � ELU�PLQLPXP�GH÷HUH� XODúWÕNWDQ�
VRQUD�DUWWÕ÷Õ�J|U�OPHNWHGLU��3URVHV�V�UHVLQFH��3��SURVHVLQGH�W ���VW¶WH�S+ ����PLQLPum 

GH÷HULQH� XODúÕUNHQ� 3�� LúOHWLPLQGH� GDKD� HUNHQ� W ��� VW¶WH� S+ ����¶WH� XODúÕOPÕúWÕU�� W ��
VW¶WH��UHWLP�RUWDPODUÕQD�HNOHQHQ�SURWHD]� LQKLELW|U�Q�Q�KHU� LNL�SURVHV��]HULQGHNL�HWNLVL�
ùHNLO�����¶GD�GD�J|U�OG�÷��JLEL�EHQ]HUGLU���K*+��UHWLP�SHUL\RGXQGD��W ��-32 st) da pH 
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DUWÕúÕ�J|]OHQPLúWLU���3URVHV�VRQXQGD�RUWDPÕQ�S+�GH÷HUL�3��YH�3��SURVHVOHULQGH��VÕUDVÕ\OD���
�����YH������RODUDN�NDOPÕúWÕU� 
 

d|]�QP�ú�RNVLMHQ�GHULúLPLQLQ� � �NDOPD�V�UHVL� LOH�GH÷LúLPL� �ùHNLO������� LQFHOHQGL÷LQGH�
W ���VW¶H�NDGDU�EHQ]HU�SURILOOHU�J|]OHQPLúWLU���ùHNLO�����¶GHNL�SURILOOHU�LQFHOHOHQGL÷LQGH��
KHU�LNL�SURVHVWH�GH�o|]�QP�ú�RNVLMHQ�GHULúLPL�W �-��VW�]DPDQ�DUDOÕ÷ÕQGD�KÕ]OD�D]DOGÕ÷Õ��
t=4 st’te 25.2 mM proteaz inhibitörünün eklenmesiyle aniden Co=0.089 mmol/l ’ye 

NDGDU�DUWÕú�J|]OHQPLúWLU��%X�GXUXP�SURWHD]�LQKLELW|U�Q�Q�K�FUH�oR÷DOPDVÕQÕ�YH�VRQXoWD�
RUWDPGDNL� o|]�QP�ú� RNVLMHQ� GHULúLPLQL� HWNLOHGL÷LQLQ� J|VWHUPLúWLU�� 3�� SURVHVLQGH�
o|]�QP�ú�RNVLMHQ�GHULúLPL�W ���VW¶H�NDGDU�&R �����-������PPRO�O�DUDOÕ÷ÕQGD��NDOGÕNWDQ�
VRQUD�DUWPÕú�YH�SURVHV�VRQXQD�GHN�EX�GH÷HUGH�NDOPÕúWÕU��+LEULW�JHQ�LoHUHQ�3��SURVHVLQGH�
LVH� o|]�QP�ú� RNVLMHQ� GHULúLPL� W ��� VW¶H� NDGDU� &R ����-������ PPRO�O� DUDOÕ÷ÕQGD�
NDOGÕNWDQ�VÕIÕUD�oRN�\DNODúPÕú�YH��VWHO�oR÷DOPD�ID]ÕQÕQ�ELWPHVL\OH�DUWDUDN�SURVHV�VRQXQD�
GHN�EX�GH÷HUGH�NDOPÕúWÕU��+HU�LNL�SURVHV�NDUúÕODúWÕUÕOGÕ÷ÕQGD�K*+��UHWLP�ID]ÕQGD�3�¶WHNL�
o|]�QP�ú�RNVLMHQ�GHULúLPLQLQ�GDKD�G�ú�N�ROPDVÕ�K�FUH�oR÷DOPDVÕ�YH�K*+��UHWLPL�LoLQ�
RNVLMHQ�LKWL\DFÕQÕQ�\�NVHN�ROGX÷XQX�J|VWHUPLúWLU�� 
 

0LNURRUJDQL]PD�GHULúLPLQLQ�NDOPD�V�UHVL� LOH�GH÷LúLPL��ùHNLO�������LQFHOHQGL÷LQGH��3��
YH�3���SURVHVOHULQGH�PDNVLPXP�K�FUH�GHULúLPOHUL�VÕUDVÕ\OD�W ���VW�¶WH�&X= 2.0 kg m-3 ve 

t=12 st’te CX= 1.2 kg m-3� RODUDN� HOGH� HGLOPLúWLU�� ùHNLO�����¶GHQ�GH� J|U�OG�÷��JLEL� U-
S0.��WDúÕ\DQ�PLNURRUJDQL]PD�XODúÕODQ�HQ�\�NVHN�K�FUH�GHULúLPL�GDKD�ID]ODGÕU��3�¶GH�
LNLQFL�K�FUH�oR÷DOPD�ID]Õ�\RNWXU��%X�GXUXP�KLEULW�JHQLQ�K�FUH�oR÷DOPDVÕQÕ�DUWWÕUGÕ÷ÕQÕ�
YH�GROD\ÕVÕ\OD�LNLQFL�oR÷DOPD�ID]ÕQÕ�ROXúWX÷XQX�J|VWHUPHNWHGLU� 
 

*OXNR]� GHULúLPLQLQ� � NDOPD� V�UHVL� LOH� GH÷LúLPL� �ùHNLO� ������ � LQFHOHQGL÷LQGH�� K�FUHQLQ�
durgunluk� ID]ÕQD� XODúDQD� NDGDU� JOXNR]� KÕ]OD� W�NHWLOPLú� VRQUD� JOXNR]� W�NHWLP� KÕ]Õ�
\DYDúODPÕúWÕU��3��YH�3��SURVHVOHUL�VRQXQGD��VÕUDVÕ\OD��EDúODQJÕoWDNL�JOXNR]XQ����¶L�YH�
���¶L� W�NHWLOPLúWLU�� ùHNLO� ����¶GHQ� GH� J|U�OG�÷�� JLEL� JOXNR]�� K�FUH� YH� K*+� GHULúLP�
grafikleri parDOHOOLN� J|VWHUPLúWLU�� hVWHO� oR÷DOPD� ID]ÕQGD� JOXNR]� W�NHWLPL� DUWPÕú��
GXUDNODPD� ID]ÕQGD� LVH� D]DOPÕúWÕU��+LEULW� JHQ� LoHUHQ� S0.�� LOH� �UHWLPGH� LNLOL� oR÷DOPD�
J|U�OPHNWH� YH� JOXNR]� W�NHWLPL� GH� EXQD� SDUDOHO� RODUDN� DUWPÕúWÕU��'R÷DO� RODUDN� VDGHFH�
LQVDQGD��UHWLOGL÷LQGHQ�EHNOHQGL÷L�JLEL�3�¶GH�K*+��UHWLPL�\RNWXU�� 
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ùHNLO������3��YH�3��SURVHVOHULQGH�o|]�QP�ú�RNVLMHQ�GHULúLPLQLQ�YH�S+¶ÕQ�W�LOH�GH÷LúLPL��
CGo=8 kg m-3, pHo=7.25, T=37°C, VR=550 cm3  
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ùHNLO������3��YH�3��SURVHVOHULQGH�JOXNR]��K�FUH�YH�K*+�GHULúLPOHULQLQ��W�LOH�GH÷LúLPL��
CGo=8 kg m-3, pHo=7.25, T=37°C, VR=550 cm3  

������������������*OXNR]�GHULúLPL����) pMK4; (�) r-pMK4 
������������������+�FUH�GHULúLPL����- -�- -) pMK4; (- -�- -) r-pMK4 
������������������K*+�GHULúLPL���-) pMK4; (�) r-pMK4 
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ùHNLO�������3�¶GH�RUWDPD�DNWDUÕODQ�DPLQR�DVLW�GHULúLPOHULQLQ�W�LOH�GH÷LúLPL�� 
                  CGo=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3  
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ùHNLO�������3�¶GH�RUWDPD�DNWDUÕODQ�DPLQR�DVLW�GHULúLPOHULQLQ��W�LOH�GH÷LúLPL�� 
                  CGo=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3  
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$��N
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$VHWLN�$VLW
6LWULN�$VLW
)RUPLN�$VLW
)XPDULN�$VLW
*OXNRQLN�$VLW
$�NHWRJOXWDULN�$VLW
/DNWLN�$VLW
0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW
2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

 

ùHNLO������3�¶GH�RUWDPD�DNWDUÕODQ�RUJDQLN�DVLW�GHULúLPOHULQ�W��LOH�GH÷LúLPL��&Go=8 kg m-3, 
pHo=7,25, T=37°C, VR=550 cm3  
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ùHNLO�������3�¶GH�RUWDPD�DNWDUÕODQ�RUJDQLN�DVLW�GHULúLPLQLQ��W��LOH���GH÷LúLPL�� 
                  CGo=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3  
 

Hibrit-JHQ� LoHUHQ� YH� LoHUPH\HQ� S0.�� WDúÕ\DQ� B.subtilis ile tasarlanan P1 ve P2 

GHQH\OHUL�� K�FUH� GÕúÕQD� DNWDUÕODQ� DPLQR� DVLWOHU� LOH� RUJDQLN� DVLWOHULQ� YH� GHULúLPOHULQLQ��
DUDúWÕUÕOPÕúWÕU�� K�FUHLoL� WHSNLPHOHULQ� YH� \ROL]OHULQLQ� EL\RSURVHV� V�UHQFH� GH÷LúLPinin 

incelenmesi için  

 

3��YH�3��SURVHVOHULQGH�DPLQR� DVLW� YH�RUJDQLN� DVLWOHULQ� GHULúLPOHULQLQ� NDOPD� V�UHVL\OH�
GH÷LúLPOHUL� ùHNLO� ����� YH� ùHNLO� ����¶GH� YHULOPLúWLU�� %L\RSURVHV� V�UHVLQFH� RUWDPGD�
gözlenen amino asitler serin, lözin, isolözin ve fenilalanindir.� hUHWLP� RUWDPÕQGD�
J|]OHQHQ� DPLQR� DVLWOHULQ� GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH� VDOÕQÕP� J|VWHUGLNOHUL�
EXOXQPXúWXU��<DQ-�U�Q�RODUDN�EL\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ�DPLQR�DVLWOHU�
VÕUDVÕ\OD� O|]LQ� ������� NJ� P-3), fenilalanin (0.172 kg m-3), serin (0.120 kg m-3),  

isolözindir (0.096 kg m-3���*OXWDPLQ�GHULúLPL�VÕIÕUD�\DNÕQGÕU��$ODQLQ��DUMLQLQ���JOXWDPLN�
asit, histidin, triptofan, metionin, lizin, aspartik asit, valin, glisin, treonin ve asparajin 
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LVH�SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU��%L\RSURses süresince ortamda 

gözlenen organik asitler ise glukonik, süksinik, laktik ve sitrik asittir. Organik asitlerin 

GHULúLPOHULQLQ�NDOPD�V�UHVL\OH�VDOÕQÕP�J|VWHUGLNOHUL�EHOLUOHQPLúWLU��ùHNLO��������6�NVLQLN�
DVLW��UHWLP�RUWDPÕQD�GL÷HU�RUJDQLN�DVLWOHUGHQ�GDKD�ID]OD�VDOJÕODQPD�|]HOOL÷L�J|VWHUPLú�YH�
HQ�\�NVHN�GHULúLPLQH�W ���VW¶GH�������NJ�P3��XODúPÕúWÕU���<DQ-ürün olarak biyoreaktörde 

HQ�\�NVHN�GHULúLPGH�EXOXQDQ�GL÷HU�RUJDQLN�DVLWOHU�VÕUDVÕ\OD�JOXNRQLN�DVLW��������NJ�P-3), 

sitrik asit (0.190 kg m-3), laktik asit (0.111 kg m-3) ve formik asittir (0.100 kg m-3). 

hUHWLP� RUWDPÕQGDNL� GL÷HU� RUJDQLN� DVLWOHUGHQ� PDOLN�� SLU�YLN�� IXPDULN�� RN]DOLN� YH� α-

ketoglutarik asit  0.1-0.001 kg/m3� GHULúLP� DUDOÕ÷ÕQGD�� DVHWLN� DVLW� LVH� VÕIÕUD� \DNÕQ�
GHULúLPGH� EXOXQPXúWXU�� 0DOHLN� YH� RN]DORasetik asit ise proses süresince üretim 

RUWDPÕQGD�EXOXQPDPDNWDGÕU� 
  

Hibrit-JHQ�LoHUPH\HQ�S0.��WDúÕ\DQ�B.subtilis ile P2 prosesinde amino asit ve organik 

DVLWOHULQ� GHULúLPOHULQLQ� NDOPD� V�UHVL\OH� GH÷LúLPOHUL� ùHNLO� ����� YH� ùHNLO� ����¶GH�
YHULOPLúWLU�� %L\RSURVHV� V�UHVLQFH� RUWDPGD� EHOLUJLQ� ELU� úHNLOGH� J|]OHQHQ� DPLQR� DVLWOHU�
VHULQ��O|]LQ��LVRO|]LQ��JOLVLQ�YH�IHQLODODQLQGLU��3��NRúXOXQGD�ROGX÷X�JLEL�3��NRúXOXQGD�GD�
�UHWLP� RUWDPÕQGD� J|]OHQHQ� DPLQR� DVLWOHULQ� GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH� VDOÕQÕP�
gösterdikleri buluQPXúWXU� �ùHNLO� ������� <DQ-ürün olarak biyoreaktörde en yüksek 

GHULúLPGH�EXOXQDQ�DPLQR�DVLWOHU�VÕUDVÕ\OD�IHQLODODQLQ��������NJ�P-3), lözin (0.214 kg m-

3), serin (0.132 kg m-3),  isolözindir (0.107 kg m-3���3��NRúXOXQGD�RUWDPGD�HQ�\�NVHN�
GHULúLPGH�EXOXQDQ�DPLQR�DVLW�IHQLODODQLQ�LNHQ�3�¶WH�O|]LQGLU��3�¶GH�VHULQ�GHULúLPL�SURVHV�
V�UHVLQFH� VDOÕQÕP� J|VWHUPLú�� 3�¶GH� LVH� VDGHFH� 3HUL\RW� ,,�� ,9� YH� 9¶WH� YH� GDKD� G�ú�N�
GHULúLPOHUGH� VDOJÕODQPDNWDGÕU�� *OLVLQ� GHULúLPL� 3�¶GH� SURVHV� V�UHVLQFH� G�ú�N�
GHULúLPOHUGH� � VDOJÕODQPÕú�� K*+��UHWLPLQLQ� ROGX÷X�3��NRúXOXQGD� LVH� VDOJÕODQPDPÕúWÕU��
%X� 3�¶GHNL� DPLQR� DVLWOHULQ� 3�¶GH� D]� \DGD� KLo� VDOJÕODQPDPDVÕ� K*+� �UHWLPLQGH�
NXOODQÕOGÕ÷ÕQÕ� J|VWHUPHNWHGLU�� 3�¶GH� K*+� �UHWLPL� DUWWÕNoD� V�NVLQLN� DVLW� GHULúLPLQLQGH�
NDOPD� V�UHVL\OH� D]DOGÕ÷Õ� J|U�OP�úW�U�� P2’de  ise süksinik asit  t=24 st’ten sonra 

VDOJÕODQPÕú� ROGX÷X� J|U�OP�úW�U�� hUHWLP� RUWDPÕQD� DNWDUÕODQ� DPLQR� DVLW� GHULúLPOHUL�
DoÕVÕQGDQ��3�¶GH��O|]LQ��LVRO|]LQ��JOLVLQ���IHQLODODQLQ�GHULúLPOHULQLQ�3�¶H�J|UH�GDKD�ID]OD�
ROGX÷X�J|U�OP�úW�U��+�FUH�GHULúLPOHUL�GH�GLNNDWH�DOÕQGÕ÷ÕQGD�3��SURVHVLQGH�DPLQR�DVLW�
GHULúLPOHULQGHNL�D]DOPD��U�Q��UHWLPLQLQ�JHUoHNOHúWL÷LQL�J|VWHUPHNWHGLU��$ODQLQ��DUMLQLQ��
histidin, triptofan, metiyonin, lizin, glutamin, valin, treonin ve asparajin ise proses 
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V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU��%L\RSURVHV�V�UHVLQFH�RUWDPGD�EHOLUJLQ�ELU�
úHNLOGH� J|]OHQHQ� RUJDQLN� DVLWOHU� LVH� PDOLN�� JOXNRQLN�� V�NVLQLN� DVLWWLU�� 3�� LOH�
NDUúÕODúWÕUÕOGÕ÷ÕQGD�3�¶GH�KLEULW-JHQ�YDUOÕ÷Õ�QHGHQL\OH�K�FU��oR÷DOPDVÕ�GDKD�ID]ODGÕU�YH�
VDOJÕODQDQ� RUJDQLN� DVLW� GHULúLPOHUL� GH� GDKD� ID]ODGÕU�� 2UWDPGDNL� RUJDQLN� DVLWOHULQ�
GHULúLPOHULQLQ� NDOPD� V�UHVL\OH� VDOÕQÕP� J|VWHUGLNOHUL� EHOLUOHQPLúWLU� �ùHNLO� ������� <DQ-

�U�Q�RODUDN�EL\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ�RUJDQLN�DVLWOHU�VÕUDVÕ\OD�PDOLN�
asit (0.4 kg m-3), süksinik asit (0.318 kg m-3) ve  glukonik asittir (0.233 kg m-3). Üretim 

RUWDPÕQGDNL�GL÷HU�RUJDQLN�DVLWOHUGHQ�SLU�YLN��IXPDULN��RN]DOLN��IXPDULN��PDOHLN��ODNWLN�
ve α-ketoglutarik asit  0.1-0.001 kg/m3�GHULúLP�DUDOÕ÷ÕQGD�EXOXQPXúWXU��6LWULN��DVHWLN�YH�
okzaloasetik asit ise SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU�� 
 

dL]HOJH� ����¶GD� WRSODP� DPLQR� DVLW� GHULúLPOHUL� LQFHOHQGL÷LQGH� JHQHO� RODUDN� 3��
SURVHVLQGH�RUWDPD�3�¶\H�NÕ\DVOD�GDKD�G�ú�N�PLNWDUGD�DNWDUÕOGÕ÷Õ�J|U�OP�úW�U��2UWDPD�
DNWDUÕODQ� WRSODP� RUJDQLN� DVLW� GHULúLPOHUL� LQFHOHQGL÷LQGH� LVH� �dL]HOJH� ������� � SURVHVLQ�
IDUNOÕ� HYUHOHULQGH� IDUNOÕ� GXUXPODUÕQ� J|]OHQGL÷L�� IDNDW� K�FUH� oR÷DOPDODUÕ� GLNNDWH�
DOÕQGÕ÷ÕQGD�JHQHOGH�SURVHV�3��¶GH�RUWDPD�GDKD�ID]OD�PLNWDUODUGD�RUJDQLN�DVLW�DNWDUÕOGÕ÷Õ��
HQ� \�NVHN� WRSODP� RUJDQLN� DVLW� GHULúLPLQH de t= 15 st’te (1.039 kg/m3�� XODúÕOGÕ÷Õ�
J|U�OP�úW�U� 
 

Çizelge 4.16 P1 ve P2 proseslerinde WRSODP�DPLQR�DVLW�GHULúLPLQLQ�W�LOH�GH÷LúLPL��&Go=8 kg m-3, 
pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, QO/VR= 0.5vvm 

 

CAA; kg/m3 

P1 P2             

t; st r-pMK4 pMK4 

0 0.053 0.068 

3 0.140 0.596 

6 0.127 0.318 

9 0.316 0.409 

12 0.340 0.473 

15 0.364 0.262 

18 0.238 0.412 

21 0.460 0.376 

24 0.364 0.613 

27 0.324 0.456 

30 0.281 0.443 

32 0.207 0.273 
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Çizelge 4.17 P1 ve P2 proseslerinde toplam organik asLW� GHULúLPLQLQ� W� LOH� GH÷LúLPL��
CGo=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1,  

                        QO/VR= 0.5vvm 

 

COA; kg/m3 

P1 P2 

t; st r-pMK4 pMK4 

0 0.073 0.026 

3 0.337 0.277 

6 0.779 0.439 

9 0.723 0.522 

12 0.932 0.599 

15 1.039 0.520 

18 0.777 0.598 

21 0.822 0.385 

24 0.685 0.268 

27 0.835 0.553 

30 0.655 0.597 

32 0.988 0.519 
 

 

�������2NVLMHQ�DNWDUÕP�NDUDNWHULVWLNOHUL 
 

dL]HOJH� ����� LQFHOHQGL÷LQGH� � 3�¶GH� GH� 3�¶GHNL� JLEL� JHQHO� RODUDN� .LD¶QÕQ� NDOPD�
V�UHVL\OH� DUWWÕ÷Õ� J|U�OP�úW�U�� 3�¶GH� 3HUL\RW� ,,� YH� ,,,¶WH� RUWDPGDNL� o|]�QP�ú� RNVLMHQ�
GHULúLPLQLQ�oRN�G�ú�N�ROPDVÕ�VHEHEL\OH��.LD�EHOLUOHQHPHPLúWLU��W ��VW¶WH�RUWDPD�HNOHQHQ�
SURWHD]� LQKLELW|U�� 3�¶GH� ROGX÷X� JLEL� 3�¶GH� GH� PLNURRUJDQL]PD\Õ� GROD\ÕVÕ\OD� RNVLMHQ�
W�NHWLPLQL� HWNLOHPLúWLU��%L\RSURVHV süresince en yüksek KLD�GH÷HULQH�3�¶GHNL�3HUL\RW�
I’de (t=0.5 st’te KLa= 0.028 s-1��|Oo�OHELOPLúWLU��$UWPD�IDNW|U�Q�Q� � �(��GH÷HUL�KHU� LNL�
NRúXO� LoLQ� LON� G|UW� SHUL\RWWD� ����-����� DUDVÕQGD� GH÷LúPLú�� 3HUL\RW� 9� LVH� ����� RODUDN�
EXOXQPXúWXU�� (��� ROPDVÕ� �UHWLP� RUWDPÕQÕQ� UHRORMLN� |]HOOLNOHULQLQ� GH÷LúWL÷LQL�
J|VWHUPHNWHGLU�� 'ROD\ÕVÕ\OD� .LD� GH÷HUL� GH� GH÷LúPLúWLU�� %L\RSURVHV� 3HUL\RW� ,¶GH�
EL\RNLP\DVDO� UHDNVL\RQ� NÕVÕWODPDOÕ� �'D������ 3HUL\RW� ,,�,,,�� ,9� YH� 9¶WH� LVH� K�FUH�
GXUDNODPD�ID]ÕQGD�ROGX÷XQGD�'D�KHVDSODQDPDPÕúWÕU��3�¶GH�RNVLMHQ�W�NHWLP�KÕ]Õ��NDOPD�
V�UHVL\OH��DUWPÕúWÕU��øNL�NRúXO�NDUúÕODúWÕUÕOGÕ÷ÕQGD�3HUL\RW�,¶GH�RNVLMHQ�W�NHWLP�KÕ]Õ�3�¶GH�
(-rO= 1.3 mol m-3 s-1��GDKD�E�\�NW�U��%X�SHUL\RWWD�3�¶GHNL�K�FUH�oR÷DOPDVÕ�ROGX÷XQGDQ�
�ùHNLO������� �RNVLMHQ� W�NHWLPL� GH� ID]OD� ROPXúWXU� �ùHNLO�������� 3�¶GH�HWNLQOLN�NDWVD\ÕVÕ�
EL\RSURVHV�V�UHVLQFH��VDGHFH�3HUL\RW�,¶GH�KHVDSODQDELOPLúWLU�YH�GH÷HUL����¶GLU��%X�GD�3��
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NRúXOXQGD hücrelerinin kullanabilecekleri maksimum oksijeni  neredeyse tükttiklerini 

göstermektedir.
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Çizelge 4.18   P1 ve P2 plasmidleri içeren B.subtilis�LOH�RNVLMHQ�DNWDUÕP�NDUDNWHULVWLNOHULQLQ�EL\RSURVHV�V�UHVLQFH�GH÷LúLPL�� 
                      CGo=8 kg m-3, pHo=7.25, T=37°C, VR=0.550 dm3 
 

.RúXO Periyot KLa E=KLa/KLa0 ro*10
3
 OTR*10

3
 OTRmax*10

3
 OD*10

3
 Da ηη 

    (s
-1

)   (mol m
-3 

s
-1

) (mol m
-3 

s
-1

) (mol m
-3 

s
-1

) (mol m
-3 

s
-1

) OD/OTRmax ro/OD 

t<0 KLao=0.013 1.00 - - - - - - 

 I 0.017 1.31 0.6 0.55 4.64 1.1 0.24 0.54 

 II 0.018 1.38 1.6 2.79 4.91 19.9 4.07 0.08 

 III 0.014 1.08 1.0 2.35 3.82 63.5 16.62 0.02 

 IV 0.015 1.15 0.6 4.01 4.10 8.1 1.98 0.07 

-pre(subC)::hGH::pMK4 

(P1) 

 

 V 0.010 0.77 0.4 0.71 2.73 - - - 

t<0 KLao=0.013 1.00 - - - - - - 

I 0.028 2.15 1.3 1.17 5.58 1.3 0.23 1.00 

II - - - - - - - - 

III - - - - - - - - 

IV 0.013 1.00 0.4 2.33 2.40 - - - 

pMK4 

(P2) 

 

V 0.010 0.77 0.3 0.99 2.00 - - - 
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�������0HWDEROLN�\ROL]L�DQDOL]L�LOH�K�FUHLoL�DNÕODUÕQ�EXOXQPDVÕ 
 

0HWDEROLN� KÕ]ODUÕQ� EL\RUHDNW|UOHUGH� oR÷DOPD�� �U�Q� YH� \DQ-�U�Q� ROXúXPX� V�UHFLQGHNL�
GD÷ÕOÕPÕ� K*+� �UHWLP� SURVHVLQLQ� JHOLúWLULOPHVL� LoLQ� WHSNLPH� yolizindeki önemli 

|]HOOLNOHULQ� YH� PXKWHPHO� GDUER÷D]ODUÕQ� EHOLUOHQPHVL� DPDFÕ\OD� LQFHOHQPLúWLU�� +LEULW- 
JHQLQLQ�PHWDEROLN�\ROL]OHULQH�HWNLVL�D\UÕQWÕOÕ�RODUDN�LQFHOHQHELOPHVL��DPDFÕ\OD�3��YH�3��
SURVHVOHUL�LoLQ�PHWDEROLN�DNÕ�DQDOL]L��0$$��DQDOL]L��\DSÕOPÕúWÕU��+�FUH�YH�K*+�GHULúLP�
SURILOOHUL� GLNNDWH� DOÕQGÕ÷ÕQGD� SURVHV� EHú� SHUL\RGD� D\UÕOPÕúWÕU�� 3�� YH� 3�� SURVHVOHULQGH�
W �������������YH����VW�LoLQ�PHWDEROLN�DNÕODUÕQ�GD÷ÕOÕPÕ�dL]HOJH�������%|O�P��������YH�
dL]HOJH�����¶GD��YHULOPLúWLU�� 
  

Periyot I’de (t=3 st’te) t�P�NRúXOODUGDNL�PHWDEROLN�DNÕ��GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH��W�P�
NRúXOODUGD��DPLQR�DVLWOHULQ�YH�K�FUH�ELOHúHQOHULQLQ�JLUGLOHUL�RODQ�*�3��)�3��7�3��3*��YH�
3(3� �UHWLPLQLQ� JHUoHNOHúWL÷L� JOLNROL]� \ROL]LQLQ� DNWLI� ROGX÷X� J|U�OP�úW�U�� *OLNROL]�
yolizinde G6P ve F6P �LNL�D\UÕ�WHSNLPH�JUXEX\OD��UHWLOHELOHQ�5�3�YH�SHQWR]�IRVIDW�\ROL]L�
�3)<�� LoLQ� GDOODQPD� QRNWDVÕ� RODUDN� J|UHY� \DSPDNWDGÕU�� 1�NOHLN� DVLWOHULQ� YH� K�FUH�
ELOHúHQOHULQLQ� JLUGLVL� RODQ� 5�3�� 3�� YH� 3�� SURVHVOHULQGH� VDGHFH� )�3¶GDQ� �UHWLOPLúWLU��
7�P��NRúXOODUGD�3)<�DNWLIWLU��*OLNROL]�\ROL]LQGHQ�D\UÕODQ�3\U¶WDQ�/DF¶ÕQ�ROXú��WHSNLPHVL�
�5���� W�P� NRúXOODUGD� DNWLIWLU�� 3�� NRúXOXQGDNL� 5��� DNÕVÕ� 3�¶\H� J|UH� GDKD� ID]ODGÕU��
3HUL\RW� ,¶GH� $F&R$G¶DQ� $F¶QÕQ� ROXúXPXQ� �5���� LVH� \RNWXU�� 7&$� G|QJ�V�� 3��
SURVHVLQGH� WDPDPODQPÕúWÕU�� 3�� ¶GH� LVH� 0DO� VHQWH]LQH� NDGDU� JHUoHNOHúPLú�� VRQUD� GD�
DQDSOHURWLN� UHDNVL\RQODUGDQ� 2$� �5���� 5��� YH� 5���� VHQWH]OHQPLúWLU�� $QDSOHURWLN�
UHDNVL\RQODUGDQ�3HUL\RW�,¶GH�2$¶GDQ�3\U¶ÕQ�VHQWH]OHQGL÷L�WHSNLPH�5���W�P�NRúXOODUGD�
SDVLI�� 0DO¶GDQ� 3\U¶ÕQ� VHQWH]OHQGL÷L� WHSNLPH� 5��� LVH� 3�� ¶GH� DNWLIWLU�� *OLNVRODW� ú|QW���
3�¶GH� LQDNWLIWLU��3HUL\RW� ,¶GH�JOXWDPLN�DVLW� �5����YH�DVSDUWLN�DVLW� � �5����JUXSODUÕQGDNL�
DPLQR�DVLWOHULQ�ROXúXPX��KHU�LNL�SURVHVWH�GH�YDUGÕU�YH�3�¶GHNL�DNÕODU�3�¶GHQ�E�\�NW�U��
Serin grubu amino asitlerinden de glisin oOXúXPX�3��NRúXOXQGD�LQDNWLIWLU��7RSODP�$73�
�UHWLP�DNÕODUÕ�3��YH�3��NRúXOODUÕQGD�VÕUDVÕ\OD�������YH��������PRO�J-1 KH st-1�ROPXúWXU�� 
 

3HUL\RW� ,,¶GH� �W �� VW¶WH�� W�P� NRúXOODUGDNL� PHWDEROLN� DNÕ� GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
JOLNROL]�\ROL]LQLQ�DNWLI�ROGX÷X�J|U�OP�úW�U��3HQWR]� IRVIDW�\ROL]L� LoLQ�GDOODQPD�QRNWDVÕ�
RODQ�5�3��3��NRúXOXQGD�VDGHFH�*�3¶WDQ��3��NRúXOXQGD� LVH�KHP�*�3�KHP�GH�)�3¶WDQ�
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�UHWLOPLúWLU�� 7�P� � NRúXOODUGD� 3)<� DNWLIWLU�� *OLNROL]� \ROL]LQGHQ� D\UÕODQ� 3\U¶WDQ� /DF¶ÕQ�
ROXúXP�WHSNLPHVL��5������W�P�NRúXOODUGD�YDUGÕU��$F&R$¶GDQ�$F¶QÕQ��ROXúXPX��5����LVH�
LQDNWLIWLU�� 7&$�G|QJ�V�� 3��SURVHVLQGH� WDPDPODQPÕúWÕU��3�¶GH� LVH�7&$�G|QJ�V��0DO�
VHQWH]LQH� �5���� NDGDU� JHUoHNOHúLS� VRQUDNL� DGÕPODUGD� LVH� DQDSOHURWLN� WHSNLPHOHU�
JHUoHNOHúPLúWLU�� *OLNVRODW� ú|QW�� VDGHFH� 3�¶GH� JHUoHNOHúPLúWLU�� 0DO¶GDQ� 3\U¶ÕQ�
VHQWH]OHQGL÷L� WHSNLPH� �5���� VDGHFH� 3�¶GD� JHUoHNOHúPLúWLU�� *OXWDPLN� DVLW� �5���� YH�
DVSDUWLN� DVLW� �5���� DPLQR� DVLW� JUXEXQGDNL� DPLQR� DVLWOHULQ� ROXúXPX� � W�P� NRúXOODUGD�
YDUGÕU� YH� 3�¶GHNL� DNÕODU� 3�¶GHQ� E�\�NW�U�� $ODQLQ� JUXEX� DPLQR� DVLWOHrden alanin 

ROXúXPX�3��YH�3��NRúXOODUÕQGD��VHULQ�JUXEX�DPLQR�DVLWOHUGHQ�JOLVLQ�ROXúXPX�LVH�3�¶GH�
\RNWXU�� 'L÷HU� VHULQ� YH� DODQLQ� JUXEX� DPLQR� DVLWOHULQ� ROXúXPX� W�P� NRúXOODUGD� YDUGÕU��
7RSODP�$73��UHWLP�DNÕODUÕ��3��YH�3��NRúXOODUÕQGD�VÕUDVÕ\OD���������YH������� mol g-1 

KH st-1�ROPXúWXU�� 
 

3HUL\RW�,,,¶WH��W ���VW¶WH��NRúXOODUGDNL�PHWDEROLN�DNÕ�GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH��JOLNROL]�
\ROL]LQLQ�DNWLI�ROGX÷X�J|U�OP�úW�U��3HQWR]�IRVIDW�\ROL]L�LoLQ�GDOODQPD�QRNWDVÕ�RODQ�5�3��
P1 ve P2 proseslerinde sadece F6P’tan üretilmiúWLU�� 7�P� � NRúXOODUGD� 3)<� DNWLIWLU��
*OLNROL]� \ROL]LQGHQ� D\UÕODQ� 3\U¶WDQ� /DF¶ÕQ� ROXúXPX� �5���� � W�P� NRúXOODUGD� YDUGÕU��
$F&R$¶GDQ� $F� ROXúXPX� KHU� LNL� NRúXOGD� GD� LQDNWLIWLU�� 3HUL\RW� ,,,¶WH� DQDSOHURWLN��
UHDNVL\RQODUGDQ� 2$¶GDQ� 3\U¶ÕQ� VHQWH]� WHSNLPHVL� 5��� VDGHFH� 3�¶GH� JHUoHNOHúPLúWLU��
0DO¶GDQ� 3\U¶ÕQ� VHQWH]OHQGL÷L� WHSNLPH� 5��� LVH� 3HUL\RW� ,,,¶WHNL� KLoELU� NRúXOGD�
JHUoHNOHúPHPLúWLU�� *OLNVRODW� ú|QW�� KHP� � 3�� KHP� GH� 3�¶GH� JHUoHNOHúPLúWLU�� 7&$�
G|QJ�V��VDGHFH�3�¶GH� WDPDPODQPÕúWÕU��3�� ¶GH� LVH�7&$�G|QJ�V��6XF�VHQWH]LQH��5����
NDGDU� JHUoHNOHúPHNWH� YH� EX� UHDNVL\RQGDQ� VRQUD� DQDSOHURWLN� UHDNVL\RQODUOD� 2$�
ROXúPDNWDGÕU�� 3HUL\RW� ,,,¶WH�3�¶GH� VDGHFH� DODQLQ� �5����� 3�¶GH� LVH�KHP�DODQLQ� KDP�GH�
JOLVLQ��5����ROXúXPX�\RNWXU��7�P�NRúXOODUGD�DVSDUWLN�DVLW��5����YH�JOXWDPLN�DVLW��5����
ROXúXPX� JHUoHNOHúPHNWHGLU�� 7RSODP� $73� �UHWLP� DNÕODUÕ�� 3�� YH� 3�� SURVHVOHULQGH�
VÕUDVÕ\OD�������YH��������PRO�J-1 KH st-1�ROPXúWXU� 
 

3HUL\RW�,9¶WH��W ���VW¶WH��NRúXOODUGDNL�PHWDEROLN�DNÕ�GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH��JOLNROL]�
\ROL]LQLQ� W�P� NRúXOODUGD� DNWLIWLU�� *OLNROL]� \ROL]LQGHQ� D\UÕODQ� 3\U¶WDQ� /DF¶ÕQ� ROXúXPX��
5��� W�P� NRúXOODUGD� � DNWLIWLU�� $F&R$¶GDQ�$F¶QÕQ� ROXúXPX� � �5���� LVH� W�P�NRúXOODUGD��
SDVLIWLU��3HQWR]�IRVIDW�\ROL]L�LoLQ�GDOODQPD�QRNWDVÕ�RODQ�5�3��3�¶GH�VDGHFH�)�3¶WDQ��3��
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prosesinde ise hem G6P hem de F6P’den  üretLOPLúWLU�� 3HUL\RW� ,9¶WH� DQDSOHURWLN��
UHDNVL\RQODUGDQ�2$¶GDQ�3\U¶ÕQ�VHQWH]OHQGL÷L�WHSNLPHVL��5����3��NRúXOXQGD�DNWLI�LNHQ�
0DO¶GDQ�3\U¶ÕQ�VHQWH]OHQGL÷L�WHSNLPH��5����LVH�W�P�NRúXOODU�LoLQ�SDVLIWLU��3��YH�3�¶GH�
7&$�G|QJ�V��WDPDPODQPDNWDGÕU��JOLNVRODW�ú|QW���DVSDUWLN�DVLW�YH�JOXWDPLN�DVLW�ROXúXP�
WHSNLPHOHUL� DNWLIWLU�� 3�¶GH� JOLVLQ� YH� DODQLQ� ROXúXPX� �5��� YH� 5���� J|]OHQPHPLúWLU��
7RSODP�$73��UHWLP�DNÕODUÕ��3��YH�3��SURVHVOHULQGH��VÕUDVÕ\OD����������YH��������PRO�J-1 

KH st-1�ROPXúWXU� 
 

3HUL\RW�9¶WH��W ���VW¶WH��NRúXOODUGDNL�PHWDEROLN�DNÕ�GD÷ÕOÕPODUÕ�LQFHOHQGL÷LQGH��JOLNROL]�
\ROL]LQLQ�DNWLI�ROGX÷X�J|U�OP�úW�U��*OLNROL]�\ROL]LQGHQ�D\UÕODQ�3\U¶WDQ�/DF¶ÕQ�ROXúXPX�
�5����W�P�NRúXOODUGD��DNWLIWLU��$F&R$¶GDQ�$F¶QÕQ�ROXúXPX��5����LVH�LQDNWLIWLU��3HQWR]�
fosfat yolizi için dallDQPD�QRNWDVÕ� RODQ�5�3��3��YH�3��SURVHVOHULQGH� VDGHFH�*�3¶WDQ�
�UHWLOPLúWLU�� 7�P� � NRúXOODUGD� 3)<� DNWLIWLU�� 3HUL\RW� 9¶WH� DQDSOHURWLN� � UHDNVL\RQODUGDQ�
2$¶GDQ� 3\U¶ÕQ� VHQWH]� WHSNLPHVL� 5��� W�P� NRúXOODUGD� SDVLI� LNHQ� 0DO¶GDQ� 3\U¶ÕQ�
VHQWH]OHQGL÷L�WHSNLPH�5���LVH�VDGece P2’de aktiftir. TCA döngüsü her iki proseste de 

WDPDPODQPDPÕúWÕU�� '|QJ�� 3�¶GH� � 6XF� ROXúXPXQD� �5���� NDGDU�� 3�¶GH� LVH� L]RVLWUDW�
ROXúXPXQD��5����NDGDU�G|QJ��JHUoHNOHúPLú�YH�EX�EDVDPDNWDQ�VRQUD�JOLNVRODW�ú|QW��LOH�
0DO�ROXúXS��5���YH�5����DQDSOHURWLN�WHSNLPHOHUOH�GH�2$�ROXúXPX�JHUoHNOHúPLúWLU��+HU�
LNL� SURVHVWH� GH� � DVSDUWLN� DVLW� ROXúXPX�� � 3�� GÕúÕQGD� GD� JOXWDPLN� DVLW� ROXúXPX�
J|U�OP�úW�U��7RSODP�$73��UHWLP�DNÕODUÕ��3��YH�3��SURVHVOHULQGH��VÕUDVÕ\OD���������YH�
5.438 mol g-1 KH st-1�ROPXúWXU� 
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Çizelge������3��SURVHVLQGH�PHWDEROLN�DNÕODU 
P2 

R# Periyot I Periyot II Periyot III Periyot IV Periyot V 

1 5.693 1.420 1.487 1.522 0.248 

3 0.000 0.000 0.000 0.000 0.000 

4 5.645 0.757 1.487 1.521 0.239 

5 4.944 0.989 1.315 1.335 3.416 

6 0.000 0.000 0.000 0.000 3.178 

7 8.890 2.118 2.336 2.428 0.475 

8 0.000 0.000 0.000 0.000 0.000 

9 8.519 1.894 2.320 2.369 0.376 

10 0.000 0.000 0.000 0.000 0.000 

11 2.689 1.698 1.987 2.079 0.127 

13 2.554 0.856 1.458 1.115 0.109 

14 0.000 0.656 0.000 0.000 0.007 

15 0.000 0.656 0.000 0.000 0.007 

16 0.000 0.237 0.000 0.000 0.000 

17 0.674 0.000 0.172 0.186 0.000 

18 0.369 0.237 0.122 0.119 0.0003 

19 0.000 0.000 0.000 0.000 0.0000 

20 0.369 0.237 0.122 0.119 0.0003 

21 0.000 0.000 0.000 0.000 0.000 

22 0.000 0.000 0.000 0.000 0.000 

23 1.043 0.000 0.294 0.305 0.0003 

24 0.363 0.235 0.122 0.119 0.0001 

25 0.000 0.000 0.000 0.000 0.000 

26 0.369 0.008 0.05 0.022 0.01 

27 0.369 0.008 0.05 0.022 0.01 

28 0.105 0.023 0.02 0.001 0.022 

29 0.000 0.000 0.000 0.000 0.000 

30 0.000 0.000 0.000 0.000 0.000 

31 1.438 0.769 0.001 0.006 0.01 

32 0.000 0.000 0.000 0.000 0.000 

33 0.000 0.000 0.000 0.000 0.000 

34 0.000 0.000 0.000 0.000 0.000 

35 0.000 0.000 0.000 0.000 0.000 

36 2.317 0.601 0.000 0.000 2.218 

37 0.000 0.000 1.942 0.234 0.000 

38 4.651 1.446 0.000 0.000 1.414 

39 2.366 0.54 1.281 0.991 0.842 

40 2.366 0.54 1.281 0.991 0.842 

41 2.366 0.274 0.000 0.991 0.000 

42 1.947 0.173 0.034 0.993 0.000 

43 1.947 0.173 0.000 0.993 0.000 

44 0.000 0.000 0.000 0.000 0.000 

45 1.947 0.438 1.848 0.993 0.576 

46 3.219 0.471 2.464 0.996 1.353 

47 0.000 0.000 3.808 1.246 0.000 

48 0.000 0.266 1.281 0.000 0.842 

49 0.000 0.266 1.281 0.000 0.842 

50 0.371 0.224 0.016 0.058 0.099 
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dL]HOJH������3��SURVHVLQGH�PHWDEROLN�DNÕODU��GHYDP� 
51 0.000 0.000 0.000 0.000 0.344 

52 0.066 0.011 0.0002 0.001 0.002 

53 0.091 0.000 0.000 0.000 0.005 

54 0.234 0.038 1.456 0.94 0.596 

55 0.114 0.019 0.0004 0.002 0.003 

56 0.12 0.02 1.455 0.938 0.592 

57 0.298 0.181 0.049 0.067 0.007 

58 0.026 0.004 0.048 0.0005 0.0008 

59 2.285 0.907 0.585 0.021 0.573 

60 0.063 0.010 5.100 0.001 0.017 

61 0.74 0.835 0.535 0.013 0.457 

62 0.091 0.729 0.0003 0.002 0.003 

63 0.091 0.729 0.0003 0.002 0.003 

64 0.091 0.729 0.0003 0.002 0.003 

65 0.091 0.729 0.0003 0.002 0.003 

66 0.648 0.106 0.535 0.011 0.454 

67 0.608 0.099 0.535 0.011 0.453 

68 0.077 0.013 0.533 0.001 0.002 

69 0.04 0.007 0.0001 0.0007 0.001 

70 1.406 0.235 0.416 0.423 0.0004 

71 1.293 0.084 0.000 0.36 0.0000 

72 0.037 0.006 0.416 0.0007 0.0000 

73 0.076 0.145 0.0005 0.063 0.0004 

74 0.076 0.145 0.0005 0.063 0.0004 

75 5.014 2.002 0.468 0.387 0.000 

76 1.813 0.147 5.165 0.003 0.000 

77 0.057 0.009 0.0002 0.001 0.002 

78 1.201 0.016 0.0003 0.002 0.003 

79 1.184 0.013 0.0003 0.001 0.002 

80 1.184 0.013 0.0003 0.001 0.002 

81 0.000 0.118 0.000 0.06 0.000 

82 0.104 0.000 0.000 0.000 0.000 

83 0.000 0.000 0.099 0.000 0.015 

84 0.000 0.000 0.000 0.000 0.103 

85 0.000 0.000 0.000 0.000 0.000 

86 0.000 0.000 0.000 0.000 0.000 

87 0.000 0.000 0.000 0.000 0.217 

88 0.000 0.000 0.048 0.000 0.000 

89 0.000 0.000 0.533 0.000 0.000 

90 0.000 0.000 0.455 0.936 0.589 

91 0.000 0.000 0.151 0.000 0.669 

92 0.000 0.000 0.000 0.000 0.000 

93 0.000 0.000 0.000 0.000 0.000 

94 0.463 0.076 0.001 0.008 0.449 

95 0.062 0.143 0.000 0.063 0.000 

96 0.000 0.000 0.567 0.000 0.668 

97 0.000 0.000 0.000 0.000 0.000 

98 0.075 0.012 0.000 0.001 0.002 

99 0.101 0.016 0.048 0.002 0.003 

100 0.063 0.010 0.000 0.001 0.002 
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Çizelge 4.19 P2 prosesiQGH�PHWDEROLN�DNÕODU��GHYDP� 
101 0.063 0.010 0.000 0.001 0.002 

102 0.095 0.016 0.048 0.002 0.003 

103 0.000 0.000 0.000 0.000 0.000 

104 0.006 0.001 0.000 0.000 0.000 

105 0.006 0.001 0.000 0.000 0.000 

106 0.038 0.006 0.048 0.000 0.001 

107 1.751 0.239 5.198 0.073 0.032 

108 0.121 0.020 0.000 0.002 0.004 

109 0.121 0.020 0.000 0.002 0.004 

110 0.115 0.019 0.000 0.002 0.003 

111 0.053 0.009 0.000 0.001 0.002 

112 0.006 0.001 0.000 0.000 0.000 

113 0.000 0.000 0.000 0.000 0.000 

114 0.006 0.001 0.000 0.000 0.000 

115 0.006 0.001 0.000 0.000 0.000 

116 0.006 0.001 0.000 0.000 0.000 

117 0.000 0.000 0.000 0.001 0.120 

118 0.04 0.007 0.000 0.001 0.001 

119 0.176 0.029 0.001 0.003 0.005 

120 0.176 0.029 0.049 0.003 0.005 

121 0.222 0.036 0.001 0.004 0.000 

122 5.349 2.202 4.102 0.88 0.000 

123 0.000 0.000 0.000 0.000 0.000 

124 9.385 1.180 6.603 5.737 2.137 

125 1.947 1.153 4.369 1.929 1.164 

126 6.213 1.263 5.475 3.586 1.976 

127 0.000 0.000 0.000 0.000 0.000 

128 5.514 2.247 0.000 0.447 0.000 

130 0.106 0.017 0.000 0.002 0.003 

131 1.789 0.245 5.198 0.074 0.033 

132 0.612 0.100 0.002 0.011 0.018 

133 0.000 0.000 0.000 0.000 0.000 

134 0.037 0.006 0.000 0.000 0.001 

135 0.007 0.001 0.000 0.000 0.000 

136 0.007 0.001 0.000 0.000 0.000 

137 0.074 0.012 0.000 0.001 0.002 

138 1.305 0.033 0.001 0.004 0.006 

139 0.020 0.003 0.000 0.000 0.001 

140 0.008 0.001 0.000 0.000 0.000 

141 0.007 0.001 0.000 0.000 0.000 

142 0.007 0.001 0.000 0.000 0.000 

143 0.007 0.001 0.000 0.000 0.000 

144 0.048 0.008 0.000 0.001 0.001 

145 0.000 0.000 0.000 0.000 0.000 

146 0.004 0.001 0.000 0.001 0.000 

147 0.285 0.047 0.001 0.005 0.008 

148 0.000 0.000 0.000 0.000 0.000 

149 0.000 0.000 0.000 13.709 0.000 
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4.5  Amino Asit Eklemesinin hGH Üretimine Etkisi  

 

$UDúWÕUPD� SURJUDPÕQÕQ� EHúLQFL� DOW-SURJUDPÕQGD�� HQ� L\L� RNVLMHQ� DNWDUÕP� NRúXOX�027��
’de, mikrobiyolojik hava filtreli kesikli pilot-ölçekli biyoreaktörlerde CGo=8 kg/m3, 

pHo=7,25, T=37°C, VR=0.550dm3¶GH� K*+¶QLQ� \DSÕVÕQGD� |QHPOL� ELU� \HUH� VDKLS� RODQ��
aspartik DVLW�� JOXWDPLN� DVLW�� VHULQ�� YDOLQ� YH� O|]LQLQ� NÕVÕWOD\ÕFÕ� ELUHU� DPLQR� DVLW� ROXS�
ROPDGÕ÷ÕQÕ� EHOLUOHPHN� DPDFÕ\OD� �UHWLP�RUWDPÕQD� We=0 ve te ���VW� D\UÕ-D\UÕ� YH� NDUÕúÕP�
RODUDN�HNOHQHUHN��K*+��UHWLPLQH�HWNLOHUL�DUDúWÕUÕOPÕúWÕU��%X�DPDo�GR÷UXOWXVXQGD�RUWDPD�
eklenHFHN� RODQ� DPLQR� DVLW� GHULúLPOHUL� EHOLUOHQLUNHQ� DUDúWÕUPD� JUXEXPX]XQ� �%D\UDP�
������VHULQ�DONDOL�SURWHD]�LOH�JHUoHNOHúWLUGLNOHUL�DUDúWÕUPD�VRQXoODUÕ�GLNNDWH�DOÕQPÕú�YH�
HNOHQHFHN�DPLQR�DVLWLQ�RUWDPGDNL�GHULúLPL�&AA �����P0�RODUDN�EHOLUOHQPLúWLU��$PLQR�
asit içHUPH\HQ�RUWDP�UHIHUDQV�RUWDPGÕU� 

 

4.5.1  te=0 st’te amino asit eklenmesinin hGH üretimine etkisi 

 

<DSÕVÕQGDNL�|QHPOL�DPLQR�DVLWOHUGHQ�ELU�NÕVPÕQÕ�ROXúWXUDQ�DVSDUWLN�DVLW��JOXWDPLN�DVLW��
VHULQ�� O|]LQ���YDOLQLQ�K*+��UHWLPLQH� HWNLVL� DUDúWÕUPDN� DPDFÕ\OD�� � We=0 st’te CAA= 2.5 

P0� GHULúLPOHULQGH� � EX� DPLQR� DVLWOHU� D\UÕ-D\UÕ� HNOHQHUHN� &Go=8 kg/m3, pHo=7,25, 

T=37°C, VR=0.550 dm3, QO/VR=0.5 vvm, N=800 dk-1� LúOHWLP� NRúXOODUÕQGD� GHQH\OHU�
JHUoHNOHúWLULOPLúWLU� 
 

ùHNLO�����¶GH��S+¶ÕQ��HNOHQHQ�DPLQR�DVLWH�YH�NDOPD�V�UHVLQH�J|UH�GH÷LúLPL�YHULOPLúWLU��
%L\RUHDNW|UH�W ���VW�LQN�EH�HGLOPLú�|Q-VÕYÕ�RUWDPÕ�YH�DPLQR�DVLW�HNOHPHVL\OH��W ��VW��S+�
GH÷HULQGH� SURWHD]� LQKLELW|U�Q� HNOHQGL÷L� DQD� NDGDU� �W �� VW�� KÕ]OÕ� YH� W �-��� VW� DUDVÕQGD��
\DYDú� ELU� G�ú�ú�J|U�OP�úW�U��+�FUH�oR÷DOPDVÕQGDNL� DQL� DUWÕúD�ED÷OÕ�RODUDN� W ��-22 st 

DUDVÕQGD�LVH�S+�GH÷HULQGH�\LQH�KÕ]OÕ�ELU�G�ú�úWHQ�VRQUD�SURVHV�VRQXQD�NDGDU�GDKD�\DYDú�
ELU� DUWÕú� YH� G�ú�ú� J|U�OP�úW�U�� (NOHQHQ� DPLQR� DVLWH� J|UH� EHQ]HU� S+� SURILOOHUL� HOGH�
HGLOPLúWLU��%L\RSURVHV�V�UHVLQFH�PLQLPXP�S+�GH÷HULQH�aspartik asitli, lözin+valinli ve 

UHIHUDQV�RUWDPODUGD�LoLQ�W ���VW¶WH��VÕUDVÕ\OD�S+ �����������YH��������JOXWDPLN�DVLWOLGH�W �
���VW¶WH��S+ ������YH�VHULQOL�GH�LVH�W ������VW¶WH��S+ ������XODúÕOPÕúWÕU�� 

 

d|]�QP�ú� RNVLMHQ� GHULúLPLQLQ� HNOHQHQ� DPLQR� DVLWH� YH� NDOPD� V�UHVLQH� J|UH� GH÷LúLPL�
ùHNLO�����¶WH� YHULOPLúWLU��ùHNLO� ����� LQFHOHQGL÷LQGH�� DPLQR�DVLW� HNOHQHQOHU� LOH� UHIHUDQV�
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RUWDP�SURILOOHULQLQ�EHQ]HUOLN�J|VWHUGL÷L�J|U�OP�úW�U��%�W�Q�NRúXOODUGD��UHIHUDQVWDNL�JLEL�
SURWHD]�LQKLELW|U�Q�Q�HNOHQGL÷L�DQD�NDGDU�o|]�QP�ú�RNVLMHQ�GHULúLPLQGH�DQL�ELU�G�ú�ú��
EHOOL�ELU�GH÷HUH��*OX��&R �����PPRO�O��6HU��&R �����PPRO�O��$VS��&R  �����PPRO�O��
/HX�9DO��&R �����PPRO�O��DUWÕú�YH�EX�GH÷HUOHULQ�\DNÕQÕQGD�VDELW�NDOGÕNWDQ�VRQUD�\LQH�
G�ú�ú�YH�DUWÕú�J|U�OP�úW�U� 

 

0LNURRUJDQL]PD� GHULúLPLQLQ� NDOPD� V�UHVL� LOH� GH÷LúLPL� �ùHNLO� ������ LQFHOHQGL÷LQGH��
K�FUH�GHULúLPLQL�W ���VW¶H�NDGDU�DUWÕ÷Õ�W ���VW¶WH�GXUJXQOXN�ID]ÕQD�JHoWL÷L�J|U�OP�úW�U��
%�W�Q�NRúXOODU�LoLQ�K�FUH�GHULúLP�SURILOOHUL�EHQ]HUGLU��ùHNLO�����¶WDQ�GD�J|U�OG�÷��JLEL�
CAA=2.5 mM’lik seriQ�YH�O|]LQ�YDOLQ�GHULúLPOHUL�K�FUH�oR÷DOPDVÕQÕ�LQKLEH�HWPLúWLU���������� 
 

*OXNR]� GHULúLPLQLQ� � NDOPD� V�UHVL� LOH� GH÷LúLPL� �ùHNLO� ������ � LQFHOHQGL÷LQGH�� K�FUHQLQ�
GXUJXQOXN� ID]ÕQD� XODúDQD� NDGDU� JOXNR]� KÕ]OD� W�NHWLOPLú� VRQUD� JOXNR]� W�NHWLP� KÕ]Õ�
\DYDúODPÕúWÕU�� 3URVHV� VRQXQGD� EDúODQJÕoWDNL� JOXNR]XQ� \DNODúÕN� RODUDN� ���-��¶Õ�
W�NHWLOPLúWLU� 

 

K*+� GHULúLPLQLQ� � HNOHQHQ� DPLQR� DVLW� YH� NDOPD� V�UHVL� LOH� GH÷LúLPL� ùHNLO� �����D¶GD�
YHULOPLúWLU��hUHWLP�RUWDPÕQD�We=0 st’te eklenen CAA ����P0�GHULúLPLQGHNL�DVSDUWLN�DVLW��
glutamik DVLW�� O|]LQ�YDOLQ�NDUÕúÕPÕ�YH�VHULQ�K*+�GHULúLPLQL�DUWWÕUPDPÕúWÕU��$PLQR�DVLW�
HNOHQHQ�RUWDPODU�ELUELUL� LOH�NÕ\DVODQGÕ÷ÕQGD�HQ�\�NVHN�K*+�GHULúLPLQH�&Ser =2.5 mM 

VHULQ� HNOHQHQ� LOH� XODúÕOPÕúWÕU�� ùHNLO� �����E¶GH� K*+� �UHWLP� KÕ]ÕQÕQ� NDOPD� V�UHVL� LOH�
GH÷LúLPL�LQFHOHQGL÷LQGH��K*+��UHWLP�SURILOOHUL�LOH�SDUDOHO�ROGX÷X�J|U�OP�úW�U��W ����VW¶H�
NDGDU�UHIHUDQV�YH�VHULQ�HNOHQHQ�RUWDPODUGDNL�DUWÕú�ELUELULQH�SDUDOHO��W ��-���VW�DUDVÕQGD�
VHULQ�HNOHQHQGH�DUWÕú�D]� LNHQ�UHIHUDQVÕQNL�GDKD�ID]ODGÕU�� W ��-���VW�DUDVÕQGD�UHIHUDQVWa 

K*+��UHWLP�KÕ]Õ�PDNVLPXP�GH÷HULQGH\NHQ�VHULQ�LoHUHQGH�DUWÕú�GHYDP�HWPHNWHGLU��W ��-

���VW�DUDVÕQGD�UHIHUDQVWD�D]DOPD�EDúODUNHQ�VHULQ�HNOHQHQGH�LVH��DUWÕú�GHYDP�HWPHNWHGLU��
6RQXo�RODUDN�3HUL\RW�9¶WH� �VHULQ�HNOHQHQ�RUWDPGDNL�K*+��UHWLP�KÕ]Õ�UHIHUDQVWDQ�GDKD 
ID]ODGÕU��Tp GH÷LúLPLQL�J|VWHUHQ�ùHNLO������F�LQFHOHQGL÷LQGH��Tp�GH÷HUL�UHIHUDQV�RUWDPGD�
ELU�PDNVLPXP�ROXúWXUDUDN�Tp=0.0023 kg kg-1 st-1��W ���VW��GH÷HULQH�NDGDU�DUWPÕú��VRQUD�
t=29 st ’ta qp=0.002 kg kg-1 st-1�GH÷HULQH�G�úP�úW�U��6HULQ�HNOHQHQ�RUWDPGD�LVH referansa 

göre qp�W ���VW¶H�NDGDU��GDKD�\DYDú�DUWÕú��W ��-���VW�DUDVÕQGD�\DYDú�D]DOPD�YH�W ��-27 st 

DUDVÕQGD� KÕ]OÕ� ELU� DUWÕú� J|]OHQPLúWLU��/HX�9DO� HNOHQHQ�RUWDP�SURVHV� V�UHVLQFH� VDOÕQÕP�
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�ùHNLO� �����E��� DVSDUWLN� DVLW� HNOHQHQ� RUWDP� W ��� VW¶H� � NDGDU� � DUWÕú� Ye sonra azalma, 

JOXWDPLN�DVLW�HNOHQHQGH�LVH�DUWÕú�J|]OHQPLúWLU��WH ��VW¶WH�RUWDPD�HNOHQHQ�VHULQ��HNOHQHQ�
GL÷HU�DPLQR�DVLWOHUH�J|UH�GDKD�D]��U�Q�LQKLELV\RQXQD�QHGHQ�ROPXúWXU� 
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ùHNLO� ����� WH �¶GD� DPLQR� DVLW� HNOHQPHVL� LOH� S+¶ÕQ� W� LOH� GH÷LúLPL�� &Go=8 kg m-3, 
pHo=7,25, T=37°C, VR=550 cm3, QO/VR=0.5vvm, N=800 dk-1 
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ùHNLO� ����� WH �¶GD� DPLQR� DVLW� HNOHQPHVL� LOH� o|]�QP�ú� RNVLMHQ� GHULúLPLQLQ� W� LOH�
GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, QO/VR=0.5vvm, 
N=800 dk-1 
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ùHNLO�������WH �¶GD�DPLQR�DVLW�HNOHQPHVL�LOH�K�FUH�GHULúLPLQLQ�W�LOH�GH÷LúLPL��&Go=8 kg 
m-3, pHo=7,25, T=37°C, VR=550 cm3, QO/VR=0.5vvm, N=800 dk-1 
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�ùHNLO��������WH �¶GD�DPLQR�DVLW�HNOHQPHVL�LOH�JOXNR]�GHULúLPLQLQ�W�LOH�GH÷LúLPL��&Go=8 
kg m-3, pHo=7,25, T=37°C, VR=550cm3, QO/VR=0.5vvm, N=800 dk-1 
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ùHNLO������D����WH �¶GD�DPLQR�DVLW�HNOHQPHVL�LOH�K*+�GHULúLPLQLQ�W��LOH�GH÷LúLPL��&Go=8 
kg m-3, pHo=7,25, T=37°C, VR=550 cm3, QO/VR=0.5vvm, N=800 dk-1 
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ùHNLO� �����E� K*+� �UHWLP� KÕ]ÕQÕQ� W� LOH� GH÷LúLPL�� &Go=8 kg m-3, pHo=7,25, T=37°C, 
VR=550 cm3, QO/VR=0.5vvm, N=800 dk-1 
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ùHNLO� �����F� � Tp¶QLQ� W� GH÷LúLPL�� &Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, 
QO/VR=0.5vvm, N=800 dk-1 

 
 

Amino asit içermeyen (CAA ��P0��UHIHUDQV�RUWDP�LoLQ�K�FUH�GÕúÕ�DPLQR�DVLW�YH�RUJDQLN�
DVLW� GHULúLPOHULQLQ� NDOPD� V�UHVL� W� LOH� GH÷LúLPL� VÕUDVÕ\OD� ùHNLO� ����� YH� ùHNLO� ����¶GD�
YHULOPLúWLU� 
 

CAsp ����P0�GHULúLPLQGH�DVSDUWLN�DVLW�HNOHQHQ��UHWLP�RUWDPÕ�LoLQ�K�FUH�GÕúÕQD�DNWDUÕODQ�
DPLQR�DVLW�YH�RUJDQLN�DVLWOHULQ�NDOPD�V�UHVL�LOH�GH÷LúLPL��VÕUDVÕ\OD�ùHNLO������YH�ùHNLO�
����¶GD� YHULOPLúWLU�� $VSDUWLN� DVLW� GHULúLPLQLQ� NDOPD� V�UHVL\OH� D]DOGÕ÷Õ� J|U�OP�úW�U��
hUHWLP� RUWDPÕQGD� J|]OHQHQ� GL÷HU� DPLQR� DVLW� GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH� VDOÕQÕP�
J|VWHUGLNOHUL�EXOXQPXúWXU��3URVHV�V�UHVLQFH�UHIHUDQV�RUWDPGD�JOLVLQ��UHWLPL�\RN�LNHQ��EX�
NRúXOGD��W ���VW¶WH��&Gly= 0.033 kg m-3 olDUDN�EXOXQPXúWXU��2UWDPD�DNWDUÕODQ�IHQLODODQLQ�
GHULúLPL��W ���VW¶WH�&Phe= 0.221 kg m-3���UHIHUDQV�RUWDPD�J|UH�DUWPÕúWÕU��<DQ-ürün olarak 



262 

EL\RUHDNW|UGH� HQ� \�NVHN� GHULúLPGH� EXOXQDQ� GL÷HU� DPLQR� DVLWOHU� VÕUDVÕ\OD� DVSDUWLN� DVLW�
(0.332 kg m-3), serin (0.116 kg m-3), lözin (0.113 kg m-3) ve  isolözindir (0.056 kg m-3). 

5HIHUDQVWD� ROGX÷X� JLEL� EXUDGD� GD� DODQLQ�� DUMLQLQ�� � KLVWLGLQ�� WULSWRIDQ��PHWLRQLQ�� OL]LQ��
JOXWDPLQ�� YDOLQ�� WUHRQLQ� YH� DVSDUDMLQ� LVH� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD�
EXOXQPDPDNWDGÕU�� ùHNLO� ����¶WDQ� GD� J|U�OG�÷�� JLEL� RUWDPD� DNWDUÕODQ� RUJDQLN� DVLWOHULQ�
GHULúLP� SURILOOHUL� VDOÕQÕP� J|VWHUPHNWHGLU��Biyoproses süresince biyoreaktörde ölçülen 

organik asitler ise glukonik, süksinik, formik, asetik ve sitrik asittir. Glukonik asit 

(0,392 kg/m3��GHULúLPL�UHIHUDQV�RUWDPGDNLQH�J|UH�������NDW�DUWPÕúWÕU��%iyoreaktörde en 

\�NVHN�GHULúLPGH�EXOXQDQ�GL÷HU�RUJDQLN�DVLWOHU�VÕUDVÕ\OD� �süksinik asit (0.235 kg m-3), 

formik asit (0.128 kg m-3), sitrik asit (0.109 kg m-3) ve asetik asittir (0.108 kg m-3). 

Maleik ve okzaloasetik� DVLW� LVH� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD� EXOXQPDPÕúWÕU��
2UWDPGDNL�GL÷HU�DPLQR�DVLWOHULQ�GHULúLPL�LVH�����NJ�P-3¶WHQ�GDKD�G�ú�NW�U� 
 

CGlu ����P0�GHULúLPGH�JOXWDPLN�DVLW�HNOHQHQ��UHWLP�RUWDPÕ�LoLQ�K�FUH�GÕúÕQD�DNWDUÕODQ�
amino asit ve organik asitlerin kalPD�V�UHVL�LOH�GH÷LúLPL��VÕUDVÕ\OD�ùHNLO������YH�ùHNLO�
����¶GD�YHULOPLúWLU��*OXWDPLN�DVLW�GHULúLPL�SURVHVLQ�LON�VDDWOHULQ�VÕIÕUD�XODúPÕúWÕU��hUHWLP�
RUWDPÕQGD� J|]OHQHQ� GL÷HU� DPLQR� DVLWOHULQ� GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH� VDOÕQÕP�
J|VWHUGLNOHUL�EXOXQPXúWXU��2UWDPD�DNWDUÕODQ�IHQLODODQLQ�GHULúLPL��W ���VW¶WH�&Phe= 0.220 

kg m-3 ) referans ortama (0.132 kg m-3�� J|UH� DUWPÕúWÕU�� %L\RUHDNW|UGH� HQ� \�NVHN�
GHULúLPGH� EXOXQDQ� GL÷HU� DPLQR� DVLWOHU� VÕUDVÕ\OD� � DVSDUWLN� DVLW� ������� NJ� P-3),  lözin 

(0.102 kg m-3), isolözin (0.051 kg m-3) ve  serindir (0.056 kg m-3). Referans ortamda 

ROGX÷X�JLEL�DODQLQ��DUMLQLQ��KLVWLGLQ�� WULSWRIDQ��PHWLRQLQ��OL]LQ��JOXWDPLQ��YDOLQ��WUHRQLQ��
DVSDUDMLQ� YH� JOLVLQ� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD� EXOXQPDPÕúWÕU�� ùHNLO� ����¶GH�
RUJDQLN� DVLW� GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH� GH÷LúLPL� YHULOPLúWLU�� 2UWDPD� DNWDUÕODQ�
RUJDQLN� DVLWOHULQ� GHULúLP� SURILOOHUL� VDOÕQÕP� J|VWHUPHNWHGLU�� %L\RSURVHV� V�UHVLQFH�
RUWDPGD� EHOLUJLQ� ELU� úHNLOGH� J|]OHQHQ� RUJDQLN� DVLWOHU� LVH� JOXNRQLN�� V�NVLQLN�� ODNWLN��
asetik, formik, okzalik ve α- ketoglutarik asittir. Referans ortama (0.36 kg/m3) göre bu 

NRúXOODUGDNL� JOXNRQLN� DVLW� ������ NJ�P3�� GHULúLPLQGH� �� ��� NDW� G�ú�ú� J|U�OP�úW�U��
0DOHLN�� VLWULN� YH� RN]DORDVHWLN� DVLW� LVH� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD�
EXOXQPDPDNWDGÕU�� %L\RUHDNW|UGH� HQ� \�NVHN� GHULúLPGH� EXOXQDQ� GL÷HU� RUJDQLN� DVLWOHU�
VÕUDVÕ\OD� V�NVLQLN� DVLW� ������ NJ� P-3), α-ketoglutarik asit(0.246 kg m-3), okzalik asit 

(0.169 kg m-3), asetik asit (0.157 kg m-3), laktik asit (0.149 kg m-3) ve formik asittir 
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(0.104 kg m-3��� 2UWDPGDNL� GL÷HU� DPLQR� DVLWOHULQ� GHULúLPL� LVH� ���� NJ� P-3’ten daha 

G�ú�NW�U� 
 

CSer ����P0�GHULúLPLQGH�VHULQ�HNOHQHQ��UHWLP�RUWDPÕ�LoLQ�K�FUH�GÕúÕQD�DNWDUÕODQ�DPLQR�
DVLW�YH�RUJDQLN�DVLWOHULQ�NDOPD�V�UHVL�LOH�GH÷LúLPL��VÕUDVÕ\OD�ùHNLO������YH�ùHNLO�����¶GD�
YHULOPLúWLU�� 6HULQ� GHULúLPL� LON� VDDWOHUGHQ� LWLEDUHQ� KÕ]OD� D]DOPÕú� YH� W ��� VW¶WHQ� LWLEDUHQ�
SURVHV� VRQXQD� NDGDU� VÕIÕU� ROPXúWXU��hUHWLP� RUWDPÕQGD� J|]OHQHQ� GL÷HU� DPLQR� DVLWOHULQ�
GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH� VDOÕQÕP� J|VWHUGLNOHUL� EXOXQPXúWXU�� %L\RUHDNW|UGH� HQ�
\�NVHN�GHULúLPGH�EXOXQDQ�DPLQR�DVLWOHU�VÕUDVÕ\OD�VHULQ��������NJ�P-3), lözin (0.217 kg 

m-3), fenilalanin (0.203 kg m-3), aspartik asittir (0.154 kg m-3) ve  isolözindir (0.109 kg 

m-3��� %X� VRQXoODUOD� UHIHUDQV� RUWDP� VRQXoODUÕ� NÕ\DVODQGÕ÷ÕQGD� O|]LQ�� IHQLODODQLQ� YH�
LVRO|]LQ�GHULúLPOHULQGH�DUWÕú�J|U�OP�úW�U��5HIHUDQV�RUWDPGD�ROGX÷X�JLEL�DODQLQ��DUMLQLQ���
glutamik asit, histidin, triptofan, metionin, lizin, glutamin, valin, treonin, asparajin ve 

JOLVLQ� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD� EXOXQPDPÕúWÕU�� 2UJDQLN� DVLW� GHULúLPOHULQLQ�
kalma süUHVL� LOH� GH÷LúLPL�ùHNLO� ����¶GH�YHULOPLúWLU��2UWDPD�DNWDUÕODQ� RUJDQLN�DVLWOHULQ�
GHULúLP� SURILOOHUL� VDOÕQÕP� J|VWHUPHNWHGLU�� %L\RSURVHV� V�UHVLQFH� RUWDPGD� J|]OHQHQ�
organik asitler glukonik, süksinik, sitrik ve formik asittir. Maleik ve okzaloasetik asit 

proseV� V�UHVLQFH� �UHWLP� RUWDPÕQGD� EXOXQPDPDNWDGÕU�� %L\RUHDNW|UGH� HQ� \�NVHN�
GHULúLPGH�EXOXQDQ�RUJDQLN�DVLWOHU�VÕUDVÕ\OD� �JOXNRQLN�DVLW��������NJ�P-3), süksinik asit 

(0.176 kg m-3), sitrik asit(0.137 kg m-3) ve formik asittir (0.125 kg m-3).  Ortamdaki 

GL÷HU�DPLQR�DVLWOHULQ�GHULúLPL�GH÷HUL�LVH�����-0.001 kg m-3DUDOÕ÷ÕQGDGÕU� 
 

CLeu+Val ���� P0� GHULúLPLQGH� O|]LQ�YDOLQ� DPLQR� DVLW� NDUÕúÕPÕQÕQ� HNOHQGL÷L� �UHWLP�
RUWDPÕ� LoLQ� K�FUH-GÕúÕQD� DNWDUÕODQ� DPLQR� DVLW� YH� RUJDQLN� DVLWOHULQ� NDOPD� V�UHVL� LOH�
GH÷LúLPL� � VÕUDVÕ\OD� ùHNLO� ����� YH� ùHNLO� ����¶GD� YHULOPLúWLU�� 9DOLQ� RUWDPD� HNOHQGLNWHQ�
VRQUD�NÕVD� V�UHGH� W�NHWLOPLúWLU��/|]LQ�GHULúLP�SURILOL� LVH�RUWDPD�DNWDUÕODQ�GL÷HU�DPLQR�
DVLW� SURILOOHUL� JLEL� VDOÕQÕP� J|VWHUPLúWLU�� %L\RUHDNW|UGH� HQ� \�NVHN� GHULúLPGH� EXOXQDQ�
DPLQR�DVLWOHU�VÕUDVÕ\OD� fenilalanin (0.255 kg m-3), lözin (0.219 kg m-3), aspartik asittir 

(0.156 kg m-3), serin (0.113 kg m-3) ve  isolözindir (0.110 kg m-3). te=0 st’te CLeu+Val=2.5 

P0�GHULúLPLQGH� O|]LQ�YDOLQ� DPLQR� DVLW� NDUÕúÕPÕQÕQ� HNOHQGL÷L� NRúXOGD� UHIHUDQVD� J|UH�
fenilalanin �UHWLPL��� ����� ID]ODGÕU��5HIHUDQVWD� ROGX÷X� JLEL� EXUDGD� GD� DODQLQ�� DUMLQLQ���
glutamik asit, histidin, triptofan, metionin, lizin, glutamin, valin, treonin ve asparajin 

SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU��ùHNLO�����¶WDQ�GD�J|U�OG�÷��JLEL�
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ortamD�DNWDUÕODQ�RUJDQLN�DVLWOHULQ�GHULúLP�SURILOOHUL�VDOÕQÕP�J|VWHUPHNWHGLU��Biyoproses 

süresince ortamda gözlenen organik asitler ise laktik ve glukonik asittir. Biyoreaktörde 

HQ�\�NVHN�GHULúLPGH�EXOXQDQ�RUJDQLN�DVLW�JOXNRQLN�DVLW��������NJ�P-3) ve laktik asittir 

(0.138 kg m-3���0DOLN��PDOHLN�YH�RN]DORDVHWLN�DVLW�LVH�SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�
EXOXQPDPDNWDGÕU��2UWDPD�DNWDUÕODQ�GL÷HU�DPLQR�DVLWOHULQ�GHULúLP�GH÷HUL� LVH����-0.001 

kg m-3�GHULúLP�DUDOÕ÷ÕQGD�EXOXQPDNWDGÕU� 
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ùHNLO�4.56 te ��VW¶WH�DVSDUWLN�DVLW�HNOHQGL÷L÷LQGH DNWDUÕODQ DPLQR�DVLWOHULQ�GHULúLPOHULQLQ�
W��LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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ùHNLO����� te ��VW¶WH�JOXWDPLN�DVLW�HNOHQGL÷LQGH�DNWDUÕODQ DPLQR�DVLWOHULQ�GHULúLPOHULQLQ�W��
LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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ùHNLO� ����� We �� VW¶WH� VHULQ� HNOHQGL÷LQGH� DNWDUÕODQ DPLQR� DVLWOHULQ� GHULúLPOHULQLQ� W� LOe 
GH÷LúLPL�� &Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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 ùHNLO����� te ��VW¶WH�O|]LQ�YDOLQ�HNOHQGL÷LQGH�DNWDUÕODQ�DPLQR�DVLWOHULQ��GHULúLPOHULQLQ�W��
LOH� GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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$VHWLN�$VLW
6LWULN�$VLW
)RUPLN�$VLW
)XPDULN�$VLW
*OXNRQLN�$VLW
$�NHWRJOXWDULN�$VLW
/DNWLN�$VLW
0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW
2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

 

ùHNLO����� te ��VW¶WH�DVSDUWLN�DVLW�HNOHQGL÷LQGH�DNWDUÕODQ RUJDQLN�DVLWOHULQ�GHULúLPOHULQLQ�W��
LOH� GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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$VHWLN�$VLW
6LWULN�$VLW
)RUPLN�$VLW
)XPDULN�$VLW
*OXNRQLN�$VLW
$�NHWRJOXWDULN�$VLW
/DNWLN�$VLW
0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW
2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

 

ùHNLO����� te ��VW¶WH�JOXWDPLN�DVLW�HNOHQGL÷LQGH DNWDUÕODQ RUJDQLN�DVLWOHULQ�GHULúLPOHULQLQ�
W��LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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)RUPLN�$VLW
)XPDULN�$VLW
*OXNRQLN�$VLW
$�NHWRJOXWDULN�$VLW
/DNWLN�$VLW
0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW
2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

  
 

ùHNLO���62 te ��VW¶WH� VHULQ�HNOHQGL÷LQGH�DNWDUÕODQ RUJDQLN�DVLWOHULQ�GHULúLPOHULQLQ� W� � LOH�
GH÷LúLPL�� &Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

 

ùHNLO����� te ��VW¶WH�O|]LQ�YDOLQLQ�HNOHQGL÷LQGH DNWDUÕODQ RUJDQLN�DVLWOHULQ�GHULúLPOHULQLQ��
W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 

 

 

��������0HWDEROLN�DNÕ�DQDOL]L 
 

te=0 st’te CSer ���� P0� GHULúLPLQGH� VHULQ� HNOHQPLú� RUWDP� UHIHUDQV� RUWDP� LOH�
NÕ\DVODQGÕ÷ÕQGD���K*+�GHULúLPLQGH�������¶OLN�D]DOPD�J|U�OP�úW�U��ùHNLO������D����K*+�
�UHWLP� KÕ]ÕQÕQ� NDOPD� V�UHVL\OH� GH÷LúLPLQL� J|VWHUHQ� ùHNLO� �����E� LQFHOHQGL÷LQGH�� VHULQ�
HNOHQHQ� RUWDPGD� K*+� �UHWLP� KÕ]Õ� 3HUL\RW� ,-,9� DUDVÕQGD� GDKD� D]� ROPDVÕQD� UD÷PHQ�
3HUL\RW�9¶WH�LVH�GDKD�ID]ODGÕU��ùHNLO������F¶GHQ�GH�J|U�OG�÷��JLEL�3HUL\RW�9¶WH�Tp

 GH÷HUL�
VHULQ�HNOHQHQ�RUWDPGD�GDKD�\�NVHNWLU��%X�QHGHQOH�K�FUHLoL�WHSNLPH�DNÕODUÕQÕQ�D\UÕQWÕOÕ�
RODUDN�LQFHOHQHELOPHVL�LoLQ�EX�NRúXOGD�PHWDEROLN�DNÕ�DQDOL]L�JHUoHNOHúWLULOPLúWLU��'L÷HU�
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DPLQR� DVLWOHULQ� HNOHQGL÷L� RUWDPODUGD� � K*+� �UHWLP� KÕ]ÕQGD� DUWÕú� J|]OHQPHGL÷LQGHQ�EX�
NRúXOODU�LoLQ�PHWDEROLN�DNÕ�DQDOL]LQH�JHUHN�GX\XOPDPÕúWÕU�� 
 

6HULQ� HNOHQHQ� YH� UHIHUDQV� �3��� NRúXOODUGDNL�PHWDEROLN� DNÕ�GD÷ÕOÕPODUÕ� LQFHOHQGL÷LQGH��
JOLNROL]�\ROL]LQLQ�KHU�LNL�NRúXOGD�GD�DNWLI�ROGX÷X�J|U�OP�úW�U��3HQWR]�IRVIDW�\ROL]L�LoLQ�
GDOODQPD�QRNWDVÕ� RODQ�5�3��6HU� HNOHQHQGH�3HUL\RW� ,,,�� ,9¶WH�YH�3�¶GH� ,�� ,,,¶WH� VDGHFH�
F6P’tan, Ser eklenende Periyot I’de ve P1’de Peryot V’te sadece G6P’den, Ser 

eklenende Periyot II, V’te ve P1’de II, IV’te ise her LNLVLQGHQ� GH� �UHWLOPLúWLU�� 7�P��
NRúXOODUGD� 3)<� DNWLIWLU�� *OLNROL]� \ROL]LQGHQ� D\UÕODQ� 3\U¶WDQ� /DF¶ÕQ� ROXúXPX� �5�����
3�¶GH�W�P�SHUL\RWODUGD��6HU�HNOHQHQGH�LVH�3HUL\RW�,��,,�YH�,,,¶WH�YDUGÕU��$F&R$¶GDQ�$F�
ROXúXPX� �5���� VHGHFH� 6HU� HNOHQHQGH� 3HUL\RW� ,,,� YH� 9¶WH aktiftir. Anaplerotik  

UHDNVL\RQODUGDQ�2$¶GDQ�3\U¶ÕQ�VHQWH]OHQGL÷L� WHSNLPHVL� �5����VHGHFH�6HU�HNOHQHQGHNL�
3HUL\RW�,��,,,�YH�,9¶WH�JHUoHNOHúPLúWLU��0DO¶GDQ�3\U¶ÕQ�VHQWH]OHQGL÷L�WHSNLPH��5����LVH�
KLoELU�NRúXOGD�JHUoHNOHúPHPLúWLU��*OLNVRODW�ú|QW��3�¶GH�3HUL\RW�,,�YH�,9�GÕúÕQGD�DNWLIWLU��
7&$�G|QJ�V��VDGHFH�3�¶GHNL�3HUL\RW�9¶WH�6XF�ROXú�WHSNLPHVLQH�NDGDU�JHUoHNOHúPHNWH�
GL÷HU�NRúXOODUGD��LVH�DNWLIWLU��$URPDWLN�DPLQR�DVLW�\ROL]LQH�GDOODQPD�QRNWDVÕ�RODQ�5���
WHSNLPHVL� YH� VHULQ� ROXúXP� WHSNLPHVL� 6HU� HNOHQHQ� NRúXOXQ� W�P� SHUL\RWODUÕQGD�� DODQLQ�
ROXú�WHSNLPHVL��5����LVH�VDGHFH�3HUL\RW�,�YH�,,,¶WH�DNWLIWLU��7�P�NRúXOODUGD�DVSDUWLN�DVLW�
�5����YH�JOXWDPLN�DVLW��5����ROXúXPX�JHUoHNOHúPHNWHGLU��6HU�HNOHQHQ�NRúXO�LoLQ�WRSODP�
$73��UHWLP�DNÕODUÕ��3HUL\RW�,��,,��,,,��,9�YH�9¶GH�VÕUDVÕ\OD����������������������������YH�
1.40 mol g-1 KH st-1�ROPXúWXU� 
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Çizelge 4.20 te ���VW¶WH�VHULQ�HNOHQHQ�SURVHVWH�PHWDEROLN�DNÕODU 
te ���VW
WH�����P0�6HU�HNOHQPLú� 

R# Periyot I Periyot II Periyot III Periyot IV Periyot V 

1 3.3080 1.3400 1.3570 0.8960 0.1460 

3 0.0000 0.0000 0.0000 0.0000 0.0000 

4 2.6840 1.3080 1.3530 0.8900 0.1370 

5 2.6620 1.0630 0.8480 0.8100 0.1130 

6 0.0000 0.0000 0.0000 0.0000 0.0000 

7 4.9300 2.1220 1.4290 1.5730 0.2090 

8 0.0000 0.0000 0.0000 0.0000 0.0000 

9 4.8340 1.8270 1.4200 0.9910 0.1950 

10 0.0000 0.0000 0.0000 0.0000 0.0000 

11 4.0770 1.5850 1.3390 0.9440 0.1700 

13 2.5840 1.4550 1.3390 0.7210 0.1280 

14 0.5840 0.0270 0.0000 0.0000 0.0080 

15 0.5840 0.0270 0.0000 0.0000 0.0080 

16 0.0000 0.0000 0.0000 0.0000 0.0000 

17 0.0000 0.2420 0.5020 0.0770 0.0250 

18 0.3810 0.0008 0.0000 0.0000 0.0000 

19 0.0000 0.0000 0.2350 0.0150 0.0000 

20 0.3810 0.0008 0.0000 0.0000 0.0000 

21 0.0000 0.0000 0.2350 0.0150 0.0000 

22 0.0000 0.0000 0.0000 0.0000 0.0000 

23 0.3810 0.2420 0.2670 0.0630 0.0250 

24 0.3760 0.0000 0.0000 0.0000 0.0000 

25 0.0000 0.0000 0.2360 0.0160 0.0000 

26 0.0460 0.0080 0.0290 0.1110 0.1360 

27 0.0460 0.0080 0.0290 0.1110 0.1360 

28 0.0090 0.0380 0.0030 0.0000 0.0000 

29 0.0000 0.0000 0.0000 0.0070 0.0260 

30 0.0000 0.0000 0.0180 0.0000 0.1710 

31 0.1220 0.7570 0.0000 0.4120 0.0000 

36 0.2640 0.0365 0.0303 0.0386 0.2750 

37 0.0770 0.0000 1.2420 0.0970 0.0000 

38 0.0000 0.2850 0.0000 0.0000 0.0000 

39 1.0440 0.7860 2.6420 0.5610 0.2160 

40 1.0440 0.7860 2.6420 0.5610 0.2160 

41 0.9730 0.3500 1.4710 0.3360 0.0540 

42 0.6000 0.2580 0.7160 0.1900 0.0210 

43 0.6000 0.2580 0.7160 0.1900 0.0210 

44 0.0000 0.0000 0.0000 0.0000 0.0000 

45 1.2390 0.6830 1.7420 0.5800 0.1560 

46 1.9690 0.7330 2.4730 0.6540 0.1790 

47 2.0340 1.1430 3.6430 0.8840 0.0830 

48 0.0710 0.4360 1.1710 0.2250 0.1620 

49 0.0710 0.4360 1.1710 0.2250 0.1620 

50 0.0970 0.2960 0.0080 0.5820 0.0140 

51 0.1810 0.0250 0.0210 0.5290 0.0020 

52 0.0540 0.0070 0.0060 0.0080 0.0010 

53 0.1250 0.0000 0.0150 0.0000 0.0000 

54 1.3590 0.3160 0.0320 0.2300 0.0750 
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Çizelge 4.20 te ���VW¶WH�VHULQ�HNOHQPHVL�NRúXOXQGDNL�PHWDEROLN�GD÷ÕOÕPODUÕ�GHYDP� 
 

55 1.2610 0.3010 0.0110 0.2040 0.0010 

56 0.0980 0.0140 0.0210 0.0260 0.0740 

57 0.1980 0.2670 0.7360 0.0920 0.0330 

58 0.0260 0.0030 0.7170 0.0490 0.0230 

59 1.8860 0.9430 1.1590 0.5460 0.0830 

60 0.0510 0.0070 0.0060 0.0080 0.0010 

61 1.0400 0.9530 0.0710 0.5070 0.0090 

62 0.5110 0.8790 0.0090 0.4290 0.0010 

63 0.5110 0.8790 0.0090 0.4290 0.0010 

64 0.5110 0.8790 0.0090 0.4290 0.0010 

65 0.5110 0.8790 0.0090 0.4290 0.0010 

66 0.5290 0.0730 0.0620 0.0770 0.0070 

67 0.4960 0.0690 0.0580 0.0720 0.0070 

68 0.0630 0.0090 0.0080 0.0090 0.0010 

69 0.0330 0.0050 0.0040 0.0050 0.0005 

70 0.7570 0.2420 0.0310 0.0470 0.0250 

71 0.1470 0.0000 0.0260 0.0220 0.0160 

72 0.5990 0.0000 0.0040 0.0050 0.0000 

73 0.0120 0.2420 0.0010 0.0200 0.0090 

74 0.0120 0.2420 0.0010 0.0200 0.0090 

75 0.3730 0.0920 0.7550 0.1460 0.0330 

76 0.2470 0.0750 0.7390 0.1270 0.0300 

77 0.0470 0.0060 0.0060 0.0070 0.0010 

78 0.0790 0.0110 0.0100 0.0120 0.0020 

79 0.0650 0.0090 0.0080 0.0100 0.0020 

80 0.0650 0.0090 0.0080 0.0100 0.0020 

81 0.0000 0.2240 0.0000 0.0000 0.0070 

82 0.0000 0.0000 0.0000 0.0000 0.0000 

83 0.0000 0.0000 0.0000 0.0000 0.0000 

84 0.0000 0.0000 0.0000 0.0000 0.0000 

85 0.0000 0.0000 0.0000 0.0000 0.0000 

86 0.0000 0.0000 0.0000 0.0000 0.0000 

87 0.0000 0.0000 0.0000 0.0000 0.0000 

88 0.0050 0.0000 0.7140 0.0460 0.0230 

89 0.0000 0.0000 0.0000 0.0000 0.0000 

90 0.0000 0.0000 0.0000 0.0000 0.0460 

91 0.0000 0.0340 0.0000 0.0000 0.0010 

92 0.0000 0.0000 0.0000 0.0000 0.0000 

93 0.0000 0.0000 0.0000 0.0000 0.0000 

94 0.3780 0.0520 0.0440 0.0540 0.0040 

95 0.0000 0.2410 0.0000 0.0180 0.0090 

96 0.5680 0.0300 0.0000 0.0000 0.0000 

97 1.1680 0.2890 0.0000 0.1900 0.0000 

98 0.0610 0.0080 0.0070 0.0090 0.0003 

99 0.0870 0.0110 0.7240 0.0580 0.0240 

100 0.0510 0.0070 0.0060 0.0070 0.0003 

101 0.0510 0.0070 0.0060 0.0070 0.0003 

102 0.0830 0.0110 0.7230 0.0570 0.0240 

103 0.0000 0.0000 0.0000 0.0000 0.0000 

104 0.0050 0.0006 0.0005 0.0006 0.0000 
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Çizelge 4.20 te= 0 st’te�VHULQ�HNOHQPHVL�NRúXOXQGDNL�PHWDEROLN�DNÕ��GD÷ÕOÕPODUÕ�
(devam) 

 

105 0.0050 0.0006 0.0005 0.0006 0.0000 

106 0.0360 0.0040 0.7180 0.0510 0.0230 

107 0.4880 0.3070 1.4850 0.1800 0.0610 

108 0.0990 0.0140 0.0110 0.0140 0.0005 

109 0.0990 0.0140 0.0110 0.0140 0.0005 

110 0.0940 0.0130 0.0110 0.0130 0.0005 

111 0.0440 0.0060 0.0050 0.0060 0.0002 

112 0.0050 0.0006 0.0005 0.0006 0.0000 

113 0.0000 0.0000 0.0000 0.0000 0.0000 

114 0.0050 0.0006 0.0005 0.0006 0.0000 

115 0.0050 0.0006 0.0005 0.0006 0.0000 

116 0.0050 0.0006 0.0005 0.0007 0.0000 

117 0.0000 0.0000 0.0000 0.5030 0.0000 

118 0.0330 0.0050 0.0040 0.0050 0.0005 

119 0.1440 0.0200 0.0170 0.0210 0.0010 

120 0.1490 0.0200 0.7310 0.0670 0.0240 

121 0.0000 0.0000 0.0000 0.0000 0.0000 

122 7.6750 4.7980 1.6490 3.2220 0.0000 

123 0.0000 0.0000 0.0000 0.0000 0.0000 

124 4.5930 0.5530 8.0980 0.5150 0.5870 

125 2.8430 1.8410 1.7420 1.1890 0.2030 

126 4.8720 1.5240 4.4340 0.4500 0.4860 

127 0.0000 0.0000 0.0000 0.0000 0.0000 

128 3.3550 2.2650 2.0040 2.3390 0.1840 

130 0.0860 0.0120 0.0100 0.0130 0.0020 

131 0.5190 0.3110 1.4880 0.1840 0.0610 

132 0.4990 0.0690 0.0570 0.0710 0.0030 

133 0.0000 0.0000 0.0000 0.0000 0.0000 

134 0.0300 0.0040 0.0030 0.0040 0.0002 

135 0.0050 0.0008 0.0006 0.0008 0.0000 

136 0.0050 0.0008 0.0006 0.0008 0.0000 

137 0.0600 0.0080 0.0070 0.0090 0.0003 

138 0.1640 0.0230 0.0190 0.0240 0.0020 

139 0.0170 0.0020 0.0020 0.0020 0.0001 

140 0.0060 0.0009 0.0007 0.0009 0.0000 

141 0.0050 0.0008 0.0006 0.0008 0.0000 

142 0.0050 0.0008 0.0006 0.0008 0.0000 

143 0.0050 0.0008 0.0006 0.0008 0.0000 

144 0.0400 0.0050 0.0050 0.0060 0.0002 

145 0.0000 0.0000 0.0000 0.0000 0.0000 

146 0.0040 0.0005 0.0004 0.0005 0.0000 

147 0.2330 0.0320 0.0270 0.0330 0.0010 

148 0.0000 2.4650E-6      4.5420E-5      5.4870E-5      1.1960E-4      

149 0.0000 0.0000 13.3830 0.0000 1.3350 
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4.5.2 te=24 st’te amino asit eklenmesinin hGH üretimine etkisi 

 

%L\RSURVHVLQ� EDúODQJÕFÕQGD� �UHWLP� RUWDPÕQD� HNOHQHQ� DPLQR� DVLWOHULQ� K*+� �retimini 

LQKLEH� HWPHVL� VRQXFXQGD� �VWHO� oR÷DOPD� ID]ÕQÕQ� VRQD� HUGL÷L� -K*+� �UHWLP� ID]ÕQÕQ�
RUWDVÕQGD- te=24 st’te CAA ���P0� GHULúLPLQGH� DPLQR� DVLW� NDUÕúÕPÕ�
(Glu+Asp+Leu+Val+Lys) ve lözin+valin eklenmesinin etkisi CGo=8 kg/m3, pHo=7,25, 

T=37 °C, VR=550 cm3, MOT2 (QO/VR=0.5 vvm, N=800 dk-1�� LúOHWLP� NRúXOODUÕQGD�
DUDúWÕUÕOPÕúWÕU�� 
 

ùHNLO� ����¶WH� S+¶ÕQ� HNOHQHQ� DPLQR� DVLW� YH� NDOPD� V�UHVLQH� J|UH� GH÷LúLPL� YHULOPLúWLU��
%HQ]HU� S+� SURILOOHUL� HOGH� HGLOPLúWLU�� � ùHNLO� ����¶WHQ� GH� J|U�OG�÷�� JLEL� LQKLELW|U�Q�
HNOHQGL÷L� W �� VW¶H� NDGDU� S+� GH÷HULQGH� KÕ]OÕ�� W �-��� VW� DUDVÕQGD� LVH� \DYDú� ELU� G�ú�ú�
J|U�OP�úW�U�� �3URVHV�VRQXQGD�RUWDP�S+¶Õ�DPLQR�DVLW��NDUÕúÕPÕ��O|]LQ�YDOLQ��HNOHQPHVL�
YH�UHIHUDQVD�J|UH��VÕUDVÕ\OD�������������YH�����RODUDN�|Oo�OP�úW�U��/|]LQ�YDOLQLQ�RUWDPD�
HNOHQPH�]DPDQÕQD�J|UH�SURVHV�VRQXQGDNL�S+�GH÷HUL�We=0 st için 6.54 iken te=24 st için 

�����RODUDN�EHOLUOHQPLúWLU�� 
 

d|]�QP�ú�RNVLMHQ�GHULúLPLQLQ�HNOHQHQ�DPLQR�DVLW�YH�NDOPD�V�UHVLQH�J|UH�GH÷LúLPL�ùHNLO�
����¶WH�YHULOPLúWLU��ùHNLO������ LQFHOHQGL÷LQGH��DPLQR�DVLW�HNOHQHQOHU� ile referans ortam 

SURILOOHULQLQ�EHQ]HUOLN�J|VWHUGL÷L�J|U�OP�úW�U��7�P�NRúXOODUGD��UHIHUDQVWDNL�JLEL�SURWHD]�
LQKLELW|U�Q�Q�HNOHQGL÷L�]DPDQD�NDGDU�o|]�QP�ú�RNVLMHQ�GHULúLPLQGH�DQL�ELU�G�ú�ú��EHOOL�
ELU�GH÷HUH�DUWÕú�YH�EX�GH÷HUGH�VDELW�NDOGÕNWDQ�VRQUD�\LQH�G�ú�ú�YH�DUWÕú�J|U�OP�úW�U� 
 

0LNURRUJDQL]PD� GHULúLPLQLQ� NDOPD� V�UHVL� LOH� GH÷LúLPL� �ùHNLO� ������ LQFHOHQGL÷LQGH��
K�FUH�GHULúLPLQL�W ���VW¶H�NDGDU�DUWÕ÷Õ�W ���VW¶WH�GXUJXQOXN�ID]ÕQD�JHoWL÷L�J|U�OP�úW�U��
%�W�Q� NRúXOODU� LoLQ� K�FUH� GHULúLP� SURILOOHUL� UHIHUDQV� LOH� benzerdir. En yüksek hücre 

GHULúLPLQH� DPLQR� DVLW� NDUÕúÕPÕQÕQ� HNOHQGL÷L� NRúXOGD� &x= 2.14 kg/m3� XODúÕOPÕúWÕU���
/|]LQ�YDOLQ� HNOHQPH� ]DPDQÕQD� J|UH� NDUúÕODúWÕUÕOGÕ÷ÕQGD� SURVHV� V�UHVLQFH� XODúÕODQ�
PDNVLPXP� K�FUH� GHULúLPL� ELUELULQH� \DNÕQGÕU�� %X� GD� O|]LQ�YDOLQ� HNOHQPH� ]DPDQÕQÕQ�
K�FUH�GHULúLPLQL�HWNLOHPHGL÷LQL�J|VWHUPHNWHGLU� 
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*OXNR]� GHULúLPLQLQ� � NDOPD� V�UHVL� LOH� GH÷LúLPL� LQFHOHQGL÷LQGH� �ùHNLO� ������� K�FUH�
GXUJXQOXN� ID]ÕQD� XODúÕQFD\D� NDGDU� JOXNR]� KÕ]OD� W�NHWLOPLú� VRQUD� JOXNR]� W�NHWLP� KÕ]Õ�
\DYDúODPÕúWÕU�� 3URVHV� VRQXQGD� EDúODQJÕoWDNL� JOXNR]XQ� \DNODúÕN� RODUDN� ���¶X�
W�NHWLOPLúWLU� 

 

K*+� GHULúLPLQLQ� � HNOHQHQ� DPLQR� DVLW� YH� NDOPD� V�UHVL� LOH� GH÷LúLPL� ùHNLO� ����¶WH�
YHULOPLúWLU��hUHWLP�RUWDPÕQD�We=24 st’te eklenen CAA ����P0�GHULúLPLQGHNL�DPLQR�DVLW�
NDUÕúÕPÕ�YH�O|]LQ�YDOLQLQ�K*+��UHWLPLQGH�LQKLELV\RQD�QHGHQ�ROGX÷X�J|U�OP�úW�U��K*+�
GHULúLPL�HNOHQHQ�DPLQR�DVLW�NDUÕúÕPÕ�YH�O|]LQ�YDOLQH�J|UH�VÕUDVÕ\OD��������YH������NDW�
D]DOPÕúWÕU��+DOEXNL�We ��VW¶WH�HNOHQHQ�O|]LQ�YDOLQGH�LVH��������NDW�D]DOPD�J|U�OP�úW�U��
Bu da te=0 st’te eklenen lö]LQ�YDOLQLQ�LQKLELV\RQXQXQ�GDKD�ID]OD�ROGX÷XQX�J|VWHUPLúWLU� 

       

����

����

����

����

����

����

����

����

����

����

� � � �� �� �� �� �� �� ��
W�VW

S+

D�D��NDUÕúÕPÕ
/HX�9DO
UHI

 

ùHNLO����� te ���VW¶WH� DPLQR�DVLW� HNOHQPHVL� LOH�S+¶ÕQ� � W� � LOH�GH÷LúLPL�� �&Go=8 kg m-3, 
pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, QO/VR= 0.5vvm 
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� � � �� �� �� �� �� �� ��
W�VW

&R
��P

PR
O�O

D�D�NDUÕúÕPÕ
/HX�9DO
5HI

 

ùHNLO� ����� We ��� VW¶WH� DPLQR� DVLW� HNOHQPHVL� LOH� o|]�QP�ú� RNVLMHQ� GHULúLPLQLQ� � W� � LOH�
GH÷LúLPL�� &Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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  ùHNLO������We=���VW¶WH�DPLQR�DVLW�HNOHQPHVL�LOH�K�FUH�GHULúLPLQLQ��W��LOH�GH÷LúLPL�� 
                 CGo=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, QO/VR= 0.5vvm 
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 ùHNLO������We ���VW¶WH�DPLQR�DVLW�HNOHQPHVL�LOH�JOXNR]�GHULúLPLQLQ��W��LOH�GH÷LúLPL�� 
                 CGo=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, QO/VR= 0.5vvm 
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� � � �� �� �� �� �� �� ��
W�VW

& K*
+��N

J�P
�

D��D��NDUÕúÕPÕ
/HX�9DO
UHI

 ùHNLO������We ���VW¶WH�DPLQR�DVLW�HNOHQPHVL�LOH�K*+�GHULúLPLQLQ��W��LOH�GH÷LúLPL�� 
                 CGo=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, QO/VR= 0.5vvm 

 
 

CAA ���� P0� GHULúLPLQGH� DPLQR� DVLW� NDUÕúÕPÕQÕQ� �*OX�$VS�6HU�/HX�9DO�� HNOHQGL÷L�
te ��� VW¶H� NDGDU� RUWDPD� VDOJÕODQDQ� DPLQR� DVLW� GHULúLPOHUL� UHIHUDQV� LOH� EHQ]HUGLU��
Salglanan amino ve organik asit deriúLPOHUL� LQFHOHQLUNHQ� We ��� VW¶WHQ� VRQUDVÕ� GLNNDWH�
DOÕQPÕúWÕU�� ùHNLO� ����¶WH� RUWDPD� DNWDUÕODQ� DPLQR� DVLW� GHULúLPOHULQLQ� NDOPD� V�UHVL� LOH�
GH÷LúLPL� YHULOPLúWLU�� %XQD� J|UH� DPLQR� DVLW� HNOHQPHVLQGHQ� VRQUD� RUWDPD� VHULQ�� YDOLQ��
lözin, aspartik asit, glutamik asit,� LVRO|]LQ� YH� IHQLODODQLQ� DNWDUÕOPÕúWÕU�� � 'HULúLPL� HQ�
yüksek olan valindir (0.28 kg m-3). Yan-�U�Q�RODUDN�EL\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�
EXOXQDQ�GL÷HU�DPLQR�DVLWOHU�VÕUDVÕ\OD� � IHQLODODQLQ��������NJ�P-3), lözin (0.106 kg m-3), 

aspartik asit (0.104 kg m-3), isolözin (0.053 kg m-3), serin (0.043 kg m-3) ve glutamik 

asittir (0.024 kg m-3��� 5HIHUDQVWD� ROGX÷X� JLEL� EXUDGD� GD� DODQLQ�� DUMLQLQ�� � KLVWLGLQ��
triptofan, metionin, lizin, glutamin, treonin ve asparajin ise proses süresince üretim 

RUWDPÕQGD�EXOXQPDPDNWDGÕU��hUHWLP�RUWDPÕQD�DNWDUÕODQ�RUJDQLN�DVLW�GHULúLOHULQLQ�NDOPD�



282 

V�UHVL� LOH�GH÷LúLPL�ùHNLO�����¶GH�YHULOPLúWLU��ùHNLO�����¶GHQ�GH�J|U�OG�÷��JLEL�RUWDPD�
DNWDUÕODQ� RUJDQLN� DVLWOHULQ� GHULúLP� SURILOOHUL� VDOÕQÕP� J|VWHUPHNWHGLU�� � Biyoproses 

süresince ortamda belirgLQ� ELU� úHNLOGH� J|]OHQHQ� RUJDQLN� DVLWOHU� LVH� DVHWLN�� V�NVLQLN��
IRUPLN�� VLWULN�YH�JOXNRQLN�DVLWWLU��%L\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ�RUJDQLN�
DVLWOHU� VÕUDVÕ\OD� V�NVLQLN� DVLW� ������� NJ�P-3), glukonik asit (0.30 kg m-3), asetik asit 

(0.251 kg m-3), sitrik asit (0.158 kg m-3), formik asittir (0.15 kg m-3���2UWDPD�DNWDUÕODQ�
GL÷HU� DPLQR� DVLWOHULQ� GHULúLP� GH÷HUL� LVH� ���-0.001 kg m-3� GHULúLP� DUDOÕ÷ÕQGD�
EXOXQPDNWDGÕU�� 0DOLN� YH� RN]DORDVHWLN� DVLW� LVH� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD�
EXOXQPDPDNWDGÕU�� %X� NRúXO� LOH� UHIHUDQV� RUWDP� NDUúÕODúWÕUÕOGÕ÷ÕQGD� V�NVLQLN�� DVHWLN��
IRUPLN�DVLW�GHULúLPOHULQGH�DUWPD��S�ULYLN�YH�ODNWLN�DVLW�GHULúLPOHULQGH�LVH�D]DOPD�ROGX÷X�
J|U�OP�úW�U. 
 
CLeu+Val ���� P0� GHULúLPLQGH� O|]LQ�YDOLQ� DPLQR� DVLW� NDUÕúÕPÕQÕQ� HNOHQGL÷L� �UHWLP�
RUWDPÕ� LoLQ� K�FUH� GÕúÕQD� DNWDUÕODQ� DPLQR� DVLW� YH� RUJDQLN� DVLWOHULQ� NDOPD� V�UHVL� LOH�
GH÷LúLPL� � VÕUDVÕ\OD� ùHNLO� ����� YH� ùHNLO� ����¶GH� YHULOPLúWLU�� %X� NRúXOOD� GL÷HU� NRúXOODU�
NDUúÕODúWÕUÕOÕUNHQ� We ���VW¶WHQ� VRQUDNL� DPLQR�DVLW� YH�RUJDQLN�DVLW�GHULúLPOHUL�|QHPOLGLU��
Lözin deriúLP� SURILOL� RUWDPD� DNWDUÕODQ� GL÷HU� DPLQR� DVLW� SURILOOHUL� JLEL� VDOÕQÕP�
J|VWHUPLúWLU� �ùHNLO��������9DOLQ� LVH�RUWDPD�HNOHQGLNWHQ�VRQUD�NÕVD�V�UHGH�W�NHWLOPLúWLU��
%L\RUHDNW|UGH�HQ�\�NVHN�GHULúLPGH�EXOXQDQ�GL÷HU�DPLQR�DVLWOHU�VÕUDVÕ\OD�� O|]LQ��������
kg m-3), aspartik asit (0.09 kg m-3), fenilalanin (0.126 kg m-3), serin (0.041 kg m-3) ve  

isolözindir (0.041 kg m-3). te=24 st’te CLeu+Val ����P0�GHULúLPLQGH�O|]LQ�YDOLQ�DPLQR�
DVLW� NDUÕúÕPÕQÕQ� HNOHQGL÷L� NRúXOGD� UHIHUDQVD� YH� We=0 st’te eklenene göre fenilalanin 

üretiPL�VÕUDVÕ\OD�������YH������NDW�GDKD�D]GÕU��5HIHUDQVWD�ROGX÷X�JLEL�EXUDGD�GD�DODQLQ��
arjinin,  glutamik asit, histidin, triptofan, metionin, lizin, glutamin, treonin ve asparajin 

SURVHV�V�UHVLQFH��UHWLP�RUWDPÕQGD�EXOXQPDPDNWDGÕU��ùHNLO�����¶WHQ�GD�J|U�OG�÷� gibi 

RUWDPD�DNWDUÕODQ�RUJDQLN�DVLWOHULQ�GHULúLP�SURILOOHUL�VDOÕQÕP�J|VWHUPHNWHGLU� Biyoproses 

V�UHVLQFH�RUWDPGD�EHOLUJLQ�ELU�úHNLOGH�J|]OHQHQ�RUJDQLN�DVLWOHU�LVH�JOXNRQLN�DVLW��������
kg m-3), süksinik (0.207 kg m-3), asetik (0.161 kg m-3) ve formik asittir (0.1 kg m-3). 

6LWULN�� PDOHLN�� S�ULYLN� YH� RN]DORDVHWLN� DVLW� SURVHV� V�UHVLQFH� �UHWLP� RUWDPÕQGD�
EXOXQPDPDNWDGÕU��2UWDPD�DNWDUÕODQ�GL÷HU�DPLQR�DVLWOHULQ�GHULúLP�GH÷HUL� LVH����-0.001 

kg m-3�GHULúLP�DUDOÕ÷ÕQGD�EXOXQPDNWDGÕU��%X�NRúXO� We ���VW�NRúXOX� LOH�NÕ\DVODQGÕ÷ÕQGD�
JOXNRQLN�DVLW�GHULúLPLQLQ������NDW�D]DOGÕ÷Õ�J|U�OP�úW�U� 
 



283 

����

����

����

����

����

����

����

����

����

����

����

� � � �� �� �� �� �� �� ��
W�VW

& $
$��N

J�P
�

6HU*O\
9DO/HX
,OHSKH
*OX$VS*OQ

 ùHNLO������We ���VW¶WH�DPLQR�DVLW�NDUÕúÕPÕQÕQ�HNOHQPHVL�LOH�RUWDPD�DNWDUÕODQ�DPLQR�DVLW�
GHULúLPOHULQLQ� W� � LOH� GH÷LúLPL�� &Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 
cm3, N=800 dk-1, QO/VR= 0.5vvm 
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ùHNLO� ���� te=24 st’te lözin+valin eklenmesi ile RUWDPD� DNWDUÕODQ amino asit 
GHULúLPOHULQLQ� W� � LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 
cm3, N=800 dk-1, QO/VR= 0.5vvm 
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*OXNRQLN�$VLW
$�NHWRJOXWDULN�$VLW
/DNWLN�$VLW
0DOHLN�$VLW
0DOLN�$VLW
2N]DOLN�$VLW
2N]DORDVHWLN�$VLW
3�ULY LN�$VLW
6�NVLQLN�$VLW

 
 

ùHNLO� ����  te ��� VW¶WH� DPLQR� DVLW� NDUÕúÕPÕQÕQ� HNOHQPHVL� LOH� DNWDUÕODQ organik asit 
GHULúLPOHULQLQ� W� � LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 
cm3, N=800 dk-1, QO/VR= 0.5vvm 
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ùHNLO����� te=24 st’te lözin+valin eklemesi ile DNWDUÕODQ RUJDQLN�DVLW�GHULúLPOHULQLQ�W��LOH�
GH÷LúLPL�� &Go=8 kg m-3, pHo=7,25, T=37°C, VR=550 cm3, N=800 dk-1, 
QO/VR= 0.5vvm 
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���7$57,ù0$�9(�6218d/$5 

 

³*HQHWLN�P�KHQGLVOL÷L�WHNQLNOHUL�LOH�UHNRmbinant insan büyüme hormonu üretimi 

LoLQ�EL\RSURVHV�JHOLúWLULOPHVL´�NRQXOX�\�NVHN�OLVDQV� �DUDúWÕUPD�SURJUDPÕ�NDSVDPÕQGD�
LON�DúDPDGD�VDGHFH� LQVDQGD�GR÷DOD�|]GHú��o|]�QHELOLU�YH�EL\RORMLN�RODUDN�DNWLI�\DSÕGD�
üretilen insan büyüme hormonunun (hGH) mikroorganizmalarca hücre-GÕúÕ��
üretilebilmesi için Bacillus hücre-GÕúÕ�HQ]LPL�VHULQ�DONDOL�SURWHD]��6$3���JHQLQLQ��subC) 

pre- sinyal dizini hGH gen dizininin önüne SOE yöntemiyle entegre edilerek 

ROXúWXUXODQ�KLEULW�JHQ�JHQHWLN�P�KHQGLVOL÷L� WHNQLNOHUL� LOH� VHoLOHQ�SODVPLGH� LNL�DúDPDOÕ�
SURVHV�LOH�NORQODQPÕú�YH�JHQL�WDúÕ\DQ�SODVPLGLQ�Bacillus subtilis�W�UOHULQH�DNWDUÕOPDVÕ\OD�
UHNRPELQDQW� PLNURRUJDQL]PDODU� JHOLúWLULOPLúWLU�� øNLQFL� DúDPDGD� EX� UHNRPELQDQW�
mikroorganizmalar  ile mikrobiyolojik hava filtreli, kesikli, VR=110 cm3� � oDOÕúPD�
KDFÕPOÕ�ODERUDWXDU�|OoHNOL��EL\RUHDNW|UOHUGH��7 ���oC, N=200 dk-1 ve pHo �����LúOHWPH�
NRúXOODUÕQGD� �UHWLP� RUWDPÕQD� HNOHQHQ� SURWHD]� LQKLELW|U�Q�Q� YH� NDUERQ� ND\QD÷Õ�
JOXNR]XQ�GHULúLPL�EHOLUOHQPLúWLU���$UDúWÕUPDQÕQ��o�QF��DúDPDVÕQGD�ODERUDWXYDU�|lçekte 

EXOXQDQ�HQ�X\JXQ�NRúXOODUGD�IDUNOÕ�KDYD�JLULú�YH�NDUÕúWÕUPD�KÕ]ODUÕQGD�ROXúWXUXODQ�G|UW�
IDUNOÕ� RNVLMHQ� DNWDUÕP� NRúXOXQGD� SLORW� |OoHN� EL\RUHDNW|UGH� RNVLMHQ� DNWDUÕP� HWNLOHUL��
DUDúWÕUÕOPÕúWÕU�� 2NVLMHQ� DNWDUÕP� NRúXOODUÕQGDNL� GHQH\� YHULOHUL� NXOODQÕODUDN� hücre-içi 

WHSNLPH�DNÕODUÕQÕQ�EXOXQPDVÕ���UHWLPGH�PXKWHPHO�PHWDEROLN�GDUER÷D]ODUÕQ�EHOLUOHQPHVL�
DPDFÕ\OD� PHWDEROLN� DNÕ� DQDOL]OHUL� \DSÕOPÕúWÕU�� '|UG�QF�� DúDPDGD�� � EHOLUOHQHQ� HQ� L\L�
RNVLMHQ� DNWDUÕP� NRúXOXQGD� KLEULW-gen içeren (-pre(subC)::hGH::pMK4) ve içermeyen 

�S0.��� SODVPLG� WDúÕ\DQ� Bacillus subtilis BGSC-�$���� LOH� � LNL� NRúXOGD� GHQH\�
JHUoHNOHúWLULOHUHN� -pre(subC)::hGH  hibrit-JHQLQ� EL\RSURVHV� HWNLVL� NÕ\DVODQPÕú� YH�
PXKWHPHO� PHWDEROLN� GDUER÷D]ODUÕQ� EHOLUOHQPHVL� DPDFÕ\OD� PHWDEROLN� DNÕ� DQDOL]OHUL�
\DSÕOPÕúWÕU��%HúLQFL��YH�VRQ�DúDPDGD��EHOLUOHQHQ�HQ�L\L�RNVLMHQ�DNWDUÕP�NRúXOXQGD��UHWLP�
RUWDPÕQD� IDUNOÕ� ]DPDQODUGD� �We � �� YH� ��� VW¶WH� ��& � ����P0�GHULúLPGH� HNOHQHQ� VHULQ��
DVSDUWLN�DVLW��O|]LQ��YDOLQ�YH�JOXWDPLN�DVLWLQ��UHWLPH�HWNLVL�DUDúWÕUÕOPÕúWÕU�� 
 

5.1  Rekombinant MLNURRUJDQL]PD�*HOLúWLULOPHVL 
 

<�NVHN�OLVDQV�DUDúWÕUPD�SURJUDPÕQÕQ�LON�SURJUDPÕQGD��LVWHQLOHQ��U�Q�K*+��UHWLPL��LoLQ�
PHWDEROLN�P�KHQGLVOLN�WDVDUÕPÕ�\DSÕOPÕúWÕU��%X�DPDo�GR÷UXOWXVXQGD�|QFHOLNOH�K*+¶QLQ�
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hücre-GÕúÕQD�DNWDUÕODELOPHVL�LoLQ��Bacillus hücre-GÕúÕ�Hnzimi serin alkali proteaz (SAP)  

geninin (subC�� VDOJÕODPDGD� J|UHY� \DSDQ� VLQ\DO� GL]LQLQLQ� �pre-) hGH gen dizininin 

önüne SOE yöntemi (Horton et al.������ LOH� HQWHJUH� HGLOHUHN� KLEULW� JHQ� ROXúXPX�
WDVDUODQPÕúWÕU��+LEULW�JHQ�ROXúWXUXODELOPHVL�LoLQ�|QFHOLNOH�ELU�ELOJLVD\DU�SURJUDPÕ�LOH�KHU�
ELU� JHQ� LoLQ� ELUHU� LOHUL� YH� JHUL� ROPDN� �]HUH� WRSODP� �� DGHW� SULPHU� WDVDUÕPÕ�
JHUoHNOHúWLULOPLúWLU��6$3��UHWPH�SRWDQVL\HOL�RODQ�B. licheniformis�'60�����
WHQ��dDOÕN�
et al. 2003b) izole edilen kromozomal DNA ve E. coli XL1-Blue ATCC 31538 'dan 

L]ROH� HGLOHQ� K*+� F'1$¶VÕQÕ� WDúÕ\DQ� S+*+���� �*RHGGHO� et al.� ������ SODVPLGL� NDOÕS�
RODUDN� NXOODQÕODUDN� –pre(subC) ve hGH mature-SHSWLW� GL]LQOHUL� LNL� D\UÕ� 3&5�
WHSNLPHVL\OH�oR÷DOWÕOPÕúWÕU��7DVDUODQDQ�SULPHUOHU�LOH�KHU�LNL�JHQLQ�ELUOHúWLULOHFHN�XoODUÕQD�
ELUELUOHULQLQ� WDPDPOD\ÕFÕ� GL]LQOHU� HNOHQPLúWLU�� ho�QF�� ELU� 3&5� WHSNLPHVL\OH� GH� –

pre(subC)� GL]LQL� K*+� PDWXUH� GL]LQLQLQ� |Q�QH� 62(� � \DNODúÕPÕ\OD� HQWHJUH� HGLOHUHN�
hibrit-JHQ�HOGH�HGLOPLúWLU��E. coli’ye plasmid DNA transferinin ve E. coli’den plasmid 

DNA i]RODV\RQXQXQ� NROD\OÕ÷Õ� QHGHQL\OH� |Q� NORQODPD� LúOHPOHULQLQ�E. coli plasmidine 

\DSÕOPDVÕQD�YH�E. coli¶\H�WUDQVIRUPDV\RQXQD�NDUDU�YHULOPLúWLU��.ORQODQDFDN�KHGHI�JHQLQ�
PROHN�O�E�\�NO�÷��QH�NDGDU�N�o�N�LVH�NORQODPD�WHSNLPHVLQLQ�JHUoHNOHúPH�RODVÕOÕ÷ÕQÕ�
DUWÕUPDN�LoLQ�EX� WHSNLPHQLQ�JLUGLOHUL�RODQ�JHQ�YH�YHNW|U�Q�PLNWDUODUÕ�JHQ�YHNW|U�RUDQÕ�
DUWÕUÕODUDN� GH÷LúWLULOPHOLGLU��%X� GR÷UXOWXGD� IDUNOÕ� JHQ�YHNW|U� RUDQODUÕQÕQ� �*�9 ��YH� ���
NORQODPD� WHSNLPHVLQH� YHULPL� DUDúWÕUÕOPÕúWÕU. PCR ile sentezlenen –pre(subC)::hGH 

hibrit geQL� S8&��� SODVPLGLQH� \DSÕúNDQ-Xo� NHVLP� \DSÕODUDN� JHQ�YHNW|U �¶WH�7��'1$�
OLJD]�HQ]LPL�NDWDOL]|UO�÷�QGH�7 ���&�¶GH�W ���VW�V�UHQ�OLJDV\RQ�WHSNLPH�LOH�EDúDUÕOÕ�ELU�
úHNLOGH� NORQODQPÕú� YH� &D&,2 yöntemiyle  E. coli¶\H� WUDQVIRUPH� HGLOPLúWLU� E. coli 

transformasyonu sonra –pre(subC)::hGH::pUC19 plasmidinin ilk kontolü  PCR 

WHSNLPHVL�� LNLQFL� NRQWURO�� LVH� WDVDUODQDQ� SULPHUOHUGH� � NRQXPODUÕ� EXOXQDQ� �BamHI ve 

XbaI restriksiyon enzimleriyle kesme tepkimeleri sonunda, –pre(subC)::hGH hibrit gen 

EDQGÕQÕQ� J|]OHQPHVL� úHNOLQGH� JHUoHNOHúWLULOPLúWLU�� 6RQ� DúDPDGD�� KLEULW-gen –

pre(subC)::hGH::pUC19� SODVPLGLQGHQ� NHVLOLS� D\UÕODUDN� L]ROH� HGLOGLNWHQ� VRQUD�
NRS\DODPD�VD\ÕVÕ�\�NVHN�RODQ�S0.��Bacillus-E. coli shuttle vektörüne sub-klonlama 

\DSÕOPÕú� YH� E. coli¶\H� WUDQVIHU� HGLOPLú�� KLEULW� JHQLQ� GR÷UX� NORQODQGÕ÷Õ� VDSWDQGÕNWDQ�
sonra elektroporasyon yöntemiyle B.subtilis BGSC-1A197 (spo-) ve B.subtilis BGSC-

1A751 (npr-, abr-��PLNURRUJDQL]PDODUÕQD� DNWDUÕODUDN� LNL� UHNRPELQDW�Bacillus subtilis 
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HOGH�HGLOPLúWLU��<�NVHN�OLVDQV�DUDúWÕUPDVÕQÕQ�EXQGDQ�VRQUDNL�DúDPDODUÕQGD�JHOLúWLULOPLú�
olan bu iki r-B. subtilis NXOODQÕOPÕúWÕU� 
 

6�UHOL�\D\ÕQ� OLWHUDW�U�QGH�K*+��UHWLPL� LoLQ�UHNRPELQDQW�E. coli (Goeddel et al. 1979, 

Ikehara et al. 1984, Gray et al.1985, Becker and Hsuing 1986, Chang et al. 1987, Kato 

et al. 1987, Hsuing et al. 1989, Yamakawa et al. 1998b, Shin et al. 1998b, Tabandeh et 

al. 2004) ve Bacillus türleri (Nakayama et al. 1988 ve Kajino et al. ������JHOLúWLULOPHVL�
LOH� LOJLOL� oDOÕúPDODU� EXOXQPDNWDGÕU�� E. coli� LOH� JHUoHNOHúWLULOHQ� oDOÕúPDODUGD� � K*+�
periplazmik, sitoplazmik ve hücre-GÕúÕ� RODUDN� �UHWLOPLúWLU��*UD\� et al. (1985), Becker 

and Hsuing (1986), Chang et al. (1987), Yamakawa et al.� �����E�� DUDúWÕUPDODUÕQGD�
VÕUDVÕ\OD� K*+�� 2PS$�� STII, hGH sinyal peptitlerini  ve trp, Lpp-lac, phoA, tac 

SURPRWHU�EDúODWÕFÕ�¶ODUÕQÕ� NXOODQDUDN�K*+¶\L�SHULSOD]PLN�RODUDN��UHWPLúOHUGLU��.DWR�et 

al.��������JHUoHNOHúWLUGLNOHUL�oDOÕúPDGD�LVH�Bacillus penisilinaz sinyal peptidini ve  Ex-

K, Ex�ROPDN��]HUH�LNL�IDUNOÕ�EDúODWÕFÕ��SURPRWHU��NXOODQDUDN�E. coli¶GH�K*+¶QLQ�VÕUDVÕ\OD��
hem hücre-GÕúÕ� KHP� GH� � SHULSOD]PLN� �UHWLPLQL� JHUoHNOHúWLUPLúOHUGLU�� *RHGGHO� et al. 

1979,  Ikehara et al. (1984), Shin et al. (1998b) ve  Tabandeh et al. (2004)  hGH’yi 

SHULSODVPLN�RODUDN��UHWPLúOHUGLU� 
 

Nakayama et al. (1988) Bacillus subtilis¶Õ� � NXOODQDUDN� JHOLúWLULOPLú� RODQ� IDUNOÕ� LNL�
SODVPLGLQ� �S13$���� YH� SK*+����� � K*+� �UHWLPLQH� HWNLOHULQL� DUDúWÕUPÕúODU� YH�
maksimum 0.04 kg/m3�K*+�GHULúLPLQL�HOGH�HWPLúOHUGLU��.DMLQR�et al. (1997) pNPA84 

SURPRWHU�YH�VLQ\DO�SHSWLGLQL�NXOODQDUDN�JHOLúWLULOHQ�SODVPLG�LOH�Bacillus brevis 31-OK’te 

hücre-GÕúÕ� RODUDN 0.148 kg/m3� K*+� �UHWPLúOHUGLU�� .DMLQR� et al. (1997) hücre-GÕúÕ�
SURWHD]ÕQ� �U�Q�� SDUoDODPDVÕQÕ� HQJHOOHPHN� LoLQ� K�FUH-GÕúÕ� SURWHD]� � �UHWLPL� oRN� G�ú�N�
olan Bacillus brevis 31-OK’yi (Bacillus brevis�+3'��¶LQ�PXWDQWÕGÕU��NXOODQPÕúODUGÕU��
$UDúWÕUPDODUÕQÕ�NDUERQ�ND\QD÷Õ�RODUDN�JOXNR]XQ�NXOODQÕOGÕ÷Õ�SROLSHSWRQ�YH�PD\D�|]�W��
LoHUHQ� NRPSOHNV� RUWDPGD� JHUoHNOHúWLUPLúOHUGLU�� hUHWLP� RUWDPÕQGDNL� SROLSHSWRQ�
GHULúLPLQL�RSWLPL]H�HGHUHN�K*+��UHWLPLQL������NJ�P3¶H�DUWWÕUPÕúODUGÕU��%X�\�NVHk lisans 

oDOÕúPDVÕ� LVH� NDUERQ� ND\QD÷Õ� RODUDN� JOXNR]XQ� NXOODQÕOGÕ÷Õ� WDQÕPODQPÕú� RUWDPGD�
JHUoHNOHúWLULOPLúWLU��� 
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6�UHOL� \D\ÕQ� OLWHUDW�U�QGH� EX� DUDúWÕUPDGD� WDVDUODQDQ� YH� ROXúWXUXODQ�–pre(subC)::hGH 

KLEULW�JHQL��LOH�K*+��UHWLP�oDOÕúPDVÕ�EXOXQPDPDNWDGÕU��Bacillus subtilis¶LQ�NXOODQÕOGÕ÷Õ�
Nakayama et al.� ����� \ÕOÕQGDNL� oDOÕúPDVÕ� � LOH� EX� \�NVHN� OLVDQV� DUDúWÕUPDVÕ�
NDUúÕODúWÕUÕOGÕ÷ÕQGD�� IDUNOÕ� SURPRWHU� YH� VLQ\DO� SHSWLGOHU� NXOODQÕODUDN� JHOLúWLULOHQ� IDUNOÕ�
UHNRPELQDQW�SODVPLGOHUOH� VÕUDVÕ\OD� ������ YH� �����NJ�P3� GHULúLPLQGH�K*+��UHWLOPLúWLU��
%X� \�NVHN� OLVDQV� oDOÕúPDVÕQGD� WDQÕPODQPÕú� RUWDPGD� JHOLúWLULOHQ� RNVLMHQ� DNWDUÕP�
NRúXOODUÕQGD�K*+�GHULúLPL������NJ�P3�ROPXúWXU�� 
 

5.2  r-Bacillus subtilis ile hGH Üretiminde  Ortam Optimizasyonu 

 

$UDúWÕUPD� SURJUDPÕQÕQ� LON� DúDPDVÕQGD� JHOLúWLULOPLú� RODQ� r-Bacillus subtilis BGSC-

1A197 ve r-Bacillus subtilis BGSC-�$���¶QLQ��UHWLP�SHUIRUPDQVODUÕ�NDUúÕODúWÕUÕOPÕúWÕU��
hGH’nin hücre-GÕúÕQD� VDOJÕODQPDVÕ� LoLQ� –pre(subC)� VLQ\DO� GL]LQL� NXOODQÕOGÕ÷ÕQGD� LON�
üretim deneyinde referans ortam olarak  SA3� LoLQ� EHOLUOHQPLú� WDQÕPODQPÕú� �UHWLP�
RUWDPÕ� �dDOÕN� et al.� ����� �� NXOODQÕOPÕúWÕU�� %X� RUWDP� NXOODQÕODUDN� EL\RSURVHV� VRQXQGD�
K*+� �UHWLPL� J|]OHQHPHPLúWLU�� .XOODQÕODQ� RUWDPÕQ� 6$3� �UHWLPLQH� QHGHQ� ROGX÷X� YH�
�UHWLOHQ� SURWHD]ODUÕQ� GD� �U�Q�� SDUoDODGÕ÷ÕQD� NDUDU� YHULOPLúWLU�� %X� QHGHQOH� SURWHD]�
�UHWLPLQLQ�EDúODGÕ÷Õ�DQGD��UHWLP�RUWDPÕQD�SURWHD]�LQKLELW|U�NRNWH\OLQLQ��6LJPD��3-2714) 

HNOHQPHVLQH�NDUDU�YHULOPLúWLU���3URWH]ODUÕ�LQKLEH�HWWL÷L�EHOLUOHQHQ�WX]�o|]HOWLVL���3ROORFN�
1965) ile protez inhibitör kokteyli hGH üretimi DoÕVÕQGD�NDUúÕODúWÕUÕOPÕú� �YH� � LQKLELW|U�
NRNWH\OL� LOH� \DNODúÕN��� ����� � DUWÕú� EHOLUOHQPLúWLU��(NOHQHQ� LQKLELW|U� GHULúLPLQLQ� HWNLVL�
DUDúWÕUÕOPÕú� YH� ����� µM eklenerek r-Bacillus subtilis BGSC-1A197 ve r-Bacillus 

subtilis BGSC-�$����LoLQ�VÕUDVÕ\OD�������YH����27 kg/m3�GHULúLPLQGH�K*+��UHWLOPLúWLU���
0-7.44 µ0�DUDOÕ÷ÕQGDNL�LQKLELW|U�GHULúLPLQLQ�SURWH]��UHWLPLQL�LQKLEH�HWPHN�LoLQ�\HWHUOL�
ROPDGÕ÷Õ������-74.4 µ0�DUDOÕ÷ÕQGDNLQLQ�LVH�ID]OD�ROPDVÕ�QHGHQL\OH��U�Q�LQKLELV\RQXQD�
QHGHQ�ROGX÷X�EHOLUOHQPLúWLU� 
 

%DúODQJÕo�JOXNR]�GHULúLPOHULQLQ�&Go=6, 8, 10, ve 15 kg/m3��UHWLPH�HWNLVL�DUDúWÕUÕOPÕú�YH��
her iki r- Bacillus subtilis�LoLQGH�PDNVLPXP�K*+�GHULúLPLQH���NJ�P3�EDúODQJÕo�JOXNR]�
GHULúLPLQGH�XODúÕOPÕúWÕU��dDOÕN� et al.� ������� oDOÕúPDVÕQGD� GD�–pre(subC) sinyal peptit 

NXOODQÕlarak 8 kg/m3�EDúODQJÕo�JOXNR]�GHULúLPLQGH�PDNVLPXP�6$3��UHWLOPLúWLU��� 
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Ortam optimizasyonu sonunda  r-Bacillus subtilis BGSC-1A197 ve r-Bacillus subtilis 

BGSC-�$����LOH�VÕUDVÕ\OD��������NJ�P3 ve 0.030 kg/m3�GHULúLPOHULQGH�K*+��UHWLOPLúWLU��
Bu nedenle hGH üretim potansiyeli %13.3  daha fazla olan r-Bacillus subtilis BGSC-

�$����LOH�DUDúWÕUPD�SURJUDPÕQD�GHYDP�HGLOPHVLQH�NDUDU�YHULOPLúWLU� 
 

Literatürde Bacillus türleri NXOODQDUDN� K*+� �UHWLPL� LOH� LOJLOL� \DSÕODQ� � LNL� oDOÕúPDGD�
(Nakayama et al. 1988, Kajino et al.� ������ NDUERQ� ND\QD÷Õ� RODUDN� JOXNR]� LoHUHQ�
NRPSOHNV�RUWDP�NXOODQÕOPÕúWÕU��hUHWLOHQ�K*+¶QLQ�SURWHD]ODU� WDUDIÕQGDQ�SDUoDODQPDVÕQÕ�
HQJHOOHPHN� LoLQ� SURWHD]� DNWLYLWHVL� G�ú�U�OP�ú�B. brevis 31-OK (Kajino et al. 1997) 

NXOODQÕOPÕúWÕU�����J�O�SROLSHSWRQ�3�����J�O maya özütü, 30g/l glukoz, 0.1 g/l CaCl2.2H2O, 

0.1 g/l MgSO4.7H2O, 0.01 g/l FeSO4.7H2O, 0.01 g/l MnSO4.4H2O ve 0.01 g/l 

ZnSO4.7H22� LoHUHQ� NRPSOHNV� �UHWLP� RUWDPÕQGD� ������ NJ�P3 hGH, bu ortamdaki 

SROLSHSWRQ� 3�¶L� ��¶WHQ� ��¶\H� G�ú�U�OHUHN� K*+� GHULúLPL� ����� NJ�m3¶\H� DUWPÕúWÕU��
Nakayama et al. (1988) ise B.subtilis MT500 ile 10 g/l soytripton, 5 g/l maya özütü ve 

10 g/l NaCl içeren LB ortamda 0.04 kg/m3�GHULúLPLQGH�K*+�HOGH�HWPLúOHUGLU� 
 

Literatürde r-Bacillus� LOH�K*+��UHWLPLQGH�HQ�X\JXQ�NDUERQ�ND\QD÷ÕQÕQ�YH�GHULúLPLQLQ�
EHOLUOHQPHVL�LOH�LOJLOL�oDOÕúPD�EXOXQPDPDNWDGÕU���6�UHOL�\D\ÕQ�OLWHUDW�U�QGH�r-Bacillus ile 

K*+� �UHWLPLQGH� WDQÕPODQPÕú� RUWDP� RSWLPL]DV\RQX� LOH� LOJLOL� oDOÕúPD� GD�
EXOXQPDPDNWDGÕU�� 
 

�����2NVLMHQ�$NWDUÕP�.DUDNWHULVWLNOHUL 
 

$UDúWÕUPD� SURJUDPÕQÕQ� �o�QF�� DúDPDVÕQGD� ODERUDWXYDU� |OoHNWH� EXOXQDQ� HQ� X\JXQ�
NRúXOODUGD���9R=550 cm3��KDFÕPOÕ��PHNDQLN�NDUÕúWÕUPDOÕ��S+��VÕFDNOÕN��o|]�QP�ú�RNVLMHQ�
YH� NDUÕúWÕUPD�KÕ]Õ� NRQWUROO�� SLORW�|OoHNOL� NHVLNOL�EL\RUHDNW|UOHUGH� � IDUNOÕ� KDYD� JLULú� YH�
NDUÕúWÕUPD�KÕ]ODUÕQGD�RNVLMHQ�DNWDUÕP�HWNLOHUL�LQFHOHQPLú��RNVLMHQ�DNWDUÕPÕ�YH�EL\RSURVHV�
NDUDNWHULVWLNOHUL� EHOLUOHQPLúWLU�� 2NVLMHQ� DNWDUÕPÕQÕQ� HWNLVLQLQ� LQFHOHQGL÷L� GHQH\OHUGH�
dinamik-\|QWHP� LOH�SURVHV� V�UHVLQFH� VÕYÕ� ID]�KDFÕPVDO�N�WOH�DNWDUÕP�NDWVD\ÕVÕ�.La ve 

mikroorganizma oksijen t�NHWLP� KÕ]Õ� –rO¶GD� EHOLUOHQPLúWLU�� 2UWDPD� PLNURRUJDQL]PD�
DúÕODQPDGDQ�|QFH� �W��� VW¶WH��EXOXQDQ� IL]LNVHO�N�WOH� DNWDUÕP�NDWVD\ÕVÕ�.Lao� \DUGÕPÕ\OD�
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artma faktörü  E (=KLa/KLao), Da, η�GH÷HUOHUL�GH�EHOLUOHQHUHN�VRQXoODU�dL]HOJH����¶GH�
VXQXOPXúWXU�  
 

pH ve çözünm�ú�RNVLMHQ�GHULúLPLQLQ�NDOPD�V�UHVL� LOH�GH÷LúLPL�JHQHO�RODUDN�SDUDOHOOLN�
J|VWHUPHNWH�RNVLMHQ�DNWDUÕP�NRúXOXQD�GD�ED÷OÕ�RODUDN�S+�|QFH�EHOOL�ELU�NDOPD�V�UHVLQH�
NDGDU�IDUNOÕ�KÕ]ODUGD�D]DOPDNWD�YH�VRQUD�GD�DUWPDNWDGÕU��o|]�QP�ú�RNVLMHQ�GHULúLPL�GH�
önce azalmaNWD��ELU�V�UH�VDELW�NDOGÕNWDQ�VRQUD�DUWPDNWDGÕU���K*+��UHWLP�SURVHVL�VRQXQGD�
S+� GH÷HUL� G�úP�úW�U�� +HU� K�FUHQLQ� EHOOL� ELU� K�FUH-LoL� S+� GH÷HUL� YDUGÕU� YH� K�FUHOHU�
\DúDPODUÕQÕQ�W�P�HYUHOHULQGH�K�FUH-LoL�S+�GH÷HULQL�VDELW�WXWPD\D�oDOÕúÕUODU��%X�QHGHQOH�
biyoprosHV� RUWDP� ELOHúLPLQH� YH� EXQD� SDUDOHO� RODUDN� K�FUH-içi tepkimelere ve 

PLNURRUJDQL]PDODUÕQ� EXOXQGXNODUÕ� HYUH\H� ED÷OÕ� RODUDN�� PLNURRUJDQL]PDODU� \D� RUWDPD�
H+�L\RQX�VDOJÕODUODU���UHWLP�RUWDP�S+�
Õ�G�úHU�YH\D�RUWDPGDQ�++ iyonu transfer ederler 

YH� RUWDP� S+� 
Õ� \�NVHOLU�� .DUERQ� ND\QD÷Õ� RODUDN� JOXNR]� NXOODQÕODQ� �UHWLP� RUWDPÕQGD�
RUWDP�S+
Õ�NDOPD�V�UHVL\OH�D]DOPÕú��ELU�EDúND�GH\LúOH�K�FUH-LoL�WHSNLPHOHULQ�ROXúXPX\OD�
hücreden ortama H+�L\RQX�WDúÕQPÕúWÕU� 
 

7�P� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGD� W �� VW¶WHQ� VRQUD� o|]�QP�ú� RNVLMHQ� GHULúLPLQGHNL�
DUWÕúÕQ�RUWDPD�HNOHQHQ�SURWHD]� LQKLELW|U�QGHQ�ND\QDNODQGÕ÷Õ�J|U�OP�úW�U��4O/VR= 0.5 

YYP�KDYD�JLULú�KÕ]ÕQGD��K�FUH�GHULúLPL�NDUÕúWÕUPD�KÕ]ÕQÕQ�1 �����GN-1’den 700 ve 800 

dk-1¶H�DUWPDVÕ\OD�DUWPÕúWÕU��6DELW�NDUÕúWÕUPD�KÕ]ÕQGD��1 �����GN-1) ise KDYD�JLULú�KÕ]ÕQÕQ�
QO/VR � ���� YYP¶GHQ� ���� YYP¶H� DUWPDVÕ\OD� K�FUH� GHULúLPLQGH� EHOLUJLQ� ELU� DUWÕú�
J|]OHQPHPLúWLU�� hUHWLP� RUWDPÕQD� VDOJÕODQDFDN� SURWHD]ODUÕQ� �U�Q�� SDUoDODPDVÕQÕ�
|QOHPHN� LoLQ� W �� VW¶WH� HNOHQHQ� SURWHD]� LQKLELW|U�Q�Q� K�FUH� oR÷DOPDVÕQÕ� HWNLOHGL÷L�
J|U�OP�úW�U�� W �� VW¶H� NDGDU� KÕ]OD� DUWDQ� K�FUH� GHULúLPL� SURWHD]� LQKLELW|U�Q�Q�
HNOHQPHVL\OH� GXUJXQOXN� ID]ÕQD� JHoPLúWLU�� %L\RSURVHVLQ� W ��� VW¶LQGHQ� VRQUD� VXEVWUDW�
W�NHWLPLQLQ�D]DOPDVÕ\OD�K�FUH�GXUJXQOXN�ID]ÕQD�XODúPÕú��RNVLMHQ�DNWDUÕP�NRúXOXQD�J|UH�
substrat t�NHWLP�KÕ]Õ�YH�K�FUH�oR÷DOPD�KÕ]Õ�IDUNOÕOÕNODU�J|VWHUPLúWLU��%L\RSURVHV�VRQXQGD�
RNVLMHQ�DNWDUÕP�NRúXOODUÕQD�J|UH�EDúODQJÕo�JOXNR]�GHULúLPLQLQ�HQ�ID]OD����¶L�HQ�D]�GD���
����¶VL�W�NHWLOPLúWLU��'�ú�N�RNVLMHQ�DNWDUÕP�NRúXOXQGD�K*+��UHWLPLQLQ�GH�G�ú�N�ROGX÷X�
göU�OP�úW�U��/27�NRúXOXQGDNL�LOH�NDUúÕODúWÕUÕOGÕ÷ÕQGD�K*+�GHULúLPL�027�¶GH�����YH�
027�¶GH��������DUWPÕúWÕU��1 �����GN-1�VDELW�NDUÕúWÕUPD�KÕ]ÕQGD�LVH��KDYD�JLULú�KÕ]Õ�����
YYP¶GHQ� ���� YYP¶H� � DUWWÕ÷ÕQGD� � K*+� GHULúLPL� �� ����� D]DOPÕúWÕU�� 6RQXo� RODUDN� HQ�



293 

yüksek hG+�GHULúPLQH��&hGH= 0.07 kg/m3) QO/VR �����YYP�KDYD�JLULú�KÕ]ÕQGD�YH�1 �
800 dk-1�NDUÕúWÕUPD�KÕ]ÕQGD�027��¶GH�XODúÕOPÕúWÕU��+�FUH�oR÷DOPDVÕ�LOH�JOXNR]�W�NHWLPL�
SDUDOHOOLN� J|VWHUPLúWLU�� 7�P� NRúXOODUGD� K*+� �UHWLPL� K�FUHQLQ� �VWHO� oR÷DOPD� ID]ÕQGD�
EDúODPÕú�YH�GXUJXQOXN�ID]ÕQGD�PDNVLPXPD�XODúPÕúWÕU�� 
 

6�UHOL�\D\ÕQ�OLWHUDW�U�QGH�K*+¶QLQ�U-E. coli�LOH�\DUÕ-kesikli biyoreaktörlerde üretimi ile 

LOJLOL�oDOÕúPDODU�EXOXQPDNWDGÕU��-HQVHQ�DQG�&DUOVHQ�������6KLQ�et al. 1998a, Shin et al.  

1998b, Byund et al. 2000, Caston et al.  2002, Tabandeh et al.���������%X�DUDúWÕUPDODUGD�
T=30-37 OC, pH=6.75-7.2, N≥500 dk-1 ve QO/VR= 1-���� YYP� LúOHWLP� NRúXOODUÕQGD�
NDUERQ�ND\QD÷Õ�RODUDN�JOXNR]�JOLVHURO�NXOODQÕODUDN��VLWRSOD]PLN�RODUDN�K*+��UHWLOPLúWLU��
r-E. coli ile hücre-GÕúÕ� K*+� �UHWLPLQGH� RNVLMHQ� DNWDUÕP� NRúXOODUÕQÕQ� LQFHOHQGL÷L� ELU�
oDOÕúPD�EXOXQPDPDNWDGÕU� 
 

6�UHOL�\D\ÕQ� OLWHUDW�U�QGH� U-B.subtilis ile pilot ölçekte hücre-GÕúÕ�K*+��UHWLPL\OH� LOJLOL�
ELU� oDOÕúPD�EXOXQPDNWDGÕU� �1DND\DPD�et al.� � ������� )DNDW� EX� oDOÕúPD� WHN� ELU� LúOHWLP�
NRúXOXQGD� JHUoHNOHúWLULOPLúWLU�� 1DND\DPD� et al.� � �������� WHPHO� DOGÕNODUÕ� S13$����
SODVPLGLQLQ��VLQ\DO�SHSWLGLQL�GH��NXOODQDUDN�JHOLúWLUGLNOHUL� �SK*+����SODVPLGL�� LOH�WHN�
ELU�LúOHWLP�NRúXOXQGD�NDUERQ�ND\QD÷Õ�RODUDN�JOXNR]XQ�NXOODQÕOGÕ÷Õ�WDQÕPODQPÕú�RUWDPGD�
kesikli (VR=1 dm3

 �� YH� \DUÕ-kesikli biyoreaktörlerde (VR =4 dm3) hücre-GÕúÕ� K*+�
�UHWLPLQL�DUDúWÕUPÕúODUGÕU�� �%X�oDOÕúPDGD� LúOHWLP�NRúXOODUÕ�EHOLUWLOPHPLúWLU��%L\RSURVHV�
sonunda VR= 1 dm3�KDFÕPOÕ�NHVLNOL�EL\RUHDNW|UOHUGH�������NJ�P3, VR= 1 dm3�KDFÕPOÕ�
\DUÕ-kesikli biyoreaktörlerde  ise 0.04 kg/m3 K*+� GHULúLPLQH� XODúÕOPÕúWÕU�� %X� \�NVHN�
OLVDQV�DUDúWÕUPDVÕQGD�LVH�9R= 0.55  dm3�KDFÕPOÕ�NHVLNOL�EL\RUHDNW|UGH�&hGH= 0.07 kg/m3 

K*+�GHULúLPL�HOGH�HGLOPLúWLU��/LWHUDW�UGH�GDKD�oRN�UHNRPELQDQW�SODVPLG�JHOLúWLULOPHVL�
ile ilgili oDOÕúPDODU�EXOXQPDNWDGÕU�IDNDW�RNVLMHQ�DNWDUÕPÕQÕQ�K*+��UHWLPLQH�HWNLOHUL�LOH�
LOJLOL�ELU�oDOÕúPD�EXOXQPDPDNWDGÕU�� 
 

dDOÕN�et al.���������D\QÕ�subC�VLQ\DO�SHSWLGLQL�NXOODQDUDN��6$3��UHWLPLQL�DPDoODGÕNODUÕ�
oDOÕúPD� LOH� EX� oDOÕúPD� NÕ\DVODQGÕ÷ÕQGD� KHU� LNL� EL\RPolekülünde hücrenin durgunluk 

ID]ÕQGD� VHQWH]LQLQ� DUWWÕ÷Õ� J|U�OP�úW�U�� 9R= 2.2 dm3� KDFÕPOÕ� NHVLNOL� EL\RUHDNW|UOHUGH�
QO/VR � ���� YYP� � KDYD� JLULú� KÕ]Õ� YH� 1 � ���� GN-1� NDUÕúWÕUPD� KÕ]Õ� RNVLMHQ� DNWDUÕP�
NRúXOODUÕQGD� PDNVLPXP� 6$3� �UHWLOPLúWLU�� gOoHN� E�\�WPH� \|QWHPLQin sabit güç  
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NULWHUOHULQGHQ��5RVH�������\DUDUODQÕODUDN��9R= 0.55 dm3 KDFÕPOÕ��NHVLNOL�EL\RUHDNW|UGH�
N= 800 dk-1 NDUÕúWÕUPD� KÕ]ÕQGDNL� PDNVLPXP� K*+� GHULúPLQH� � 9R= 2.2 dm3 KDFÕPOÕ��
kesikli biyoreaktörde N= 577 dk-1� NDUÕúWÕUPD� KÕ]Õ\OD� XODúÕODFD÷Õ� KHVDSODQPÕúWÕU�� � %X�
GH÷HU� D\QÕ� VLQ\DO� SHSWLW� YH� �UHWLP� RUWDP� NXOODQDUDN� �SURWHD]� LQKLELW|U�� KDULo�� 6$3�
�UHWPLú� RODQ�dDOÕN� et al.� ������¶ÕQ� DUDúWÕUPDODUÕQGD� EHOLUOHGLNOHUL� RSWLPXP�NDUÕúWÕUPD�
KÕ]ÕQGDQ� GDKD� G�ú�NW�U�� 1 ���� GN-1� NDUÕúWÕUPD� KÕ]ÕQGD� 9R= 2.2 dm3� KDFÕPOÕ�
biyoUHDNW|UGH��UHWLOHQ�6$3¶ÕQ�GHULúLPL�&SAP =0.25-0.5 kg/m3� DUDVÕQGDGÕU��%X� �\�NVHN�
OLVDQV� DUDúWÕUPDVÕQGD� SLORW-ölçek biyoreaktör sistemiyle maksimum Nmax= 800 dk-1 

NDUÕúWÕUPD�KÕ]Õ�VD÷ODQDELOPLúWLU��.DUÕúWÕUPD�KÕ]ÕQÕQ�DUWPDVÕ\OD�K*+��UHWLPL�DUWWÕ÷ÕQGDQ�
D\QÕ�KDYD�JLULú�KÕ]ÕQGD�6$3��UHWLPLQLQ�PDNVLPXP�ROGX÷X�1 ����GN-1�NDUÕúWÕUPD�KÕ]Õ�
VD÷ODQÕUVD�K*+��UHWLPLQGH�DUWÕú�EHNOHQPHNWHGLU��6$3��UHWLP�SURILOOHUL� LQFHOHQGL÷LQGH�
�dDOÕN� et al.� ������ K*+¶GH� ROGX÷X� JLEL� �VWHO� oR÷DOPD� ID]ÕQGD� �UHWLPH� EDúODQGÕ÷Õ� YH�
maksimum üretLPH� GXUDNODPD� ID]ÕQGD� XODúÕOGÕ÷Õ� J|U�OP�úW�U�� K*+� YH� 6$3� �UHWLP�
profilleri benzerdir.  

 

2NVLMHQ� DNWDUÕP� NRúXOXQD� ED÷OÕ� RODUDN� EL\RUHDNW|UGH� NDOPD� V�UHVL\OH� K�FUH-GÕúÕQD�
DNWDUÕODQ� DPLQR� DVLWOHU� LOH� RUJDQLN� DVLWOHU� YH� PDNVLPXP� GHULúLPOHUL� dL]HOJH� ���¶GH�
veriOPLúWLU��'|UW� RNVLMHQ� DNWDUÕP� NRúXOXQGD� GD� DURPDWLN� JUXEX� DPLQR� DVLWOHUGHQ� RODQ�
fenilalanin, serin grubu amino asitlerden serin, alanin grubu amino asitlerden lözin ve 

DVSDUWLN� DVLW� JUXEX� DPLQR� DVLWOHUGHQ� DVSDUWLN� DVLW� YH� L]RO|]LQLQ� RUWDPD� DNWDUÕOGÕ÷Õ�
beliUOHQPLúWLU�� %L\RSURVHV� V�UHVLQFH� RUWDPD� DNWDUÕODQ� PDNVLPXP� WRSODP� DPLQR� DVLW�
GHULúLPL�+27¶WD�&AA= 0.56 kg m-3��PLQLPXP�WRSODP�DPLQR�DVLW�GHULúLPL�LVH�027�¶GH�
CAA= 0.46 kg m-3¶GLU��2UWDPD�DNWDUÕODQ�DPLQR�DVLW�GHULúLPLQLQ�D]�YH��U�Q�GHULúLPLQLQ�
ID]OD� ROPDVÕ� EXQODUÕQ� K*+¶QLQ� �UHWLPLQGH� NXOODQÕOGÕ÷ÕQÕ� J|VWHUPHNWHGLU�� %L\RSURVHV�
V�UHVLQFH� RUWDPD� DNWDUÕODQ� WRSODP� RUJDQLN� DVLW� GHULúLPL� LQFHOHQGL÷LQGH�� HQ� \�NVHN�
GHULúLP�027�¶GH��&OA= 1.14 kg m-3���HQ�G�ú�N�GHULúLP�LVH�+27¶WD��&OA= 0.56 kg m-3) 

HOGH�HGLOPLúWLU��027�¶GH�DNWDUÕODQ�PDNVLPXP�WRSODP�RUJDQLN�DVLW�GHULúLPL�027�¶GHQ�
D]GÕU��2UWDPD� VDOJÕODQDQ�RUJDQLN�DVLWOHUGHQ�ELUL�GH�7&$�G|QJ�V��RUJDQLN�DVLWOHULQGHQ�
V�NVLQLN�DVLWWLU��7�P�RNVLMHQ�DNWDUÕP�NRúXOODUÕQGD�RUWDPD�DNWDUÕOPDVÕ�7&$�G|QJ�Q�Q�L\L�
oDOÕúPDPDVÕQGDQ��GROD\ÕGÕU���027��YH�027��NRúXOODUÕ�RUWDPD�DNWDUÕODQ�V�NVLQLN�DVLW�
GHULúLPL� DoÕVÕQGDQ� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� 027�¶GH� 027�¶GHQ� GDKD� ID]OD� GHULúLPGH�
VDOJÕODQPDVÕ� 7&$� G|QJ�V�Q�Q� GDKD� D]� HWNLQOLNWH� oDOÕúWÕ÷ÕQÕ� YH� � K*+¶QLQ� \DSÕVÕQGD�
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bulunan ve hücre sentezi için kullanÕODQ� DPLQR� DVLWOHULQ� �UHWLPLQLQ� HWNLOHQGL÷LQLQ�
J|VWHUPHNWHGLU�� hUHWLP� RUWDPÕQD� \�NVHN� GHULúLPGH� VDOJÕODQDQ� GL÷HU� ELU� RUJDQLN� DVLW�
JOXNRQLN� DVLWWLU�� 2UWD� RNVLMHQ� DNWDUÕP� NRúXOXQGD� JOXNRQLN� DVLW� GHULúLPL� NDUÕúWÕUPD�
KÕ]ÕQÕQ�DUWPDVÕ\OD�D]DOPÕú�YH�4o/VR = 0.5 vvm, N= 700 dk-1�RNVLMHQ�DNWDUÕP�NRúXOXQGD�
0.47 kg/m3  GHULúLPGH� HQ� \�NVHN� GH÷HULQH� XODúPÕúWÕU� �ùHNLO� ������� 6�UHOL� \D\ÕQ�
literatüründe hGH üretiminde yan-�U�Q�RODUDN�DPLQR�YH�RUJDQLN�DVLWOHULQ�LQFHOHQGL÷L�ELU�
oDOÕúPD�EXOXQPDPDNWDGÕU� 
 

2NVLMHQ�DNWDUÕP�NDUDNteristikleri 

 

K*+� �UHWLPL� LoLQ� IDUNOÕ� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGD� VÕYÕ� ID]� KDFÕPVDO� N�WOH� DNWDUÕP�
NDWVD\ÕVÕ� .LD� YH� RNVLMHQ� W�NHWLP� KÕ]Õ� –rO dinamik yöntem ile deneysel olarak 

EHOLUOHQPLúWLU�� '|UW� RNVLMHQ� DNWDUÕP� NRúXOXQGDNL� � K�FUH� YH� K*+� GHULúLP� SURILOOHUi 
GLNNDWH�DOÕQGÕ÷ÕQGD��EL\RSURVHV�EHú�SHUL\RGD�D\UÕOPÕúWÕU��øQFHOHQHQ�NRúXOODUGDQ�4R�9R= 

���� YYP� KDYD� JLULú� KÕ]ÕQGD� 1 � ���� GN-1� NDUÕúWÕUPD� KÕ]ÕQGD� W!���� VW� NDOPD� V�UHVLQGH�
EL\RSURVHV� RUWDPÕQD� J|QGHULOHQ� RNVLMHQLQ� PLNURRUJDQL]PD� WDUDIÕQGDQ� WDPDPÕQD�
\DNÕQÕQÕQ� W�NHWLOPHVL� QHGHQL\OH� VÕYÕ� ID]� KDFÕPVDO� N�WOH� DNWDUÕP� NDWVD\ÕVÕ� YH� RNVLMHQ�
W�NHWLP� KÕ]Õ� 3HUL\RW� ,,�� ,,,�� ,9� YH� 9¶WH� EHOLUOHQHPHPLúWLU�� 2UWDPD� W �� VW¶WH� HNOHQHQ�
SURWHD]�LQKLELW|U��RNVLMHQ�W�NHWLPLQL�GROD\ÕVÕ\OD�RUWDPGDNL�o|]�QP�ú�RNVLMHQ�GHULúLPLQL�
etkilePLúWLU�� *HQHO� RODUDN� .LD� NDOPD� V�UHVL\OH� DUWPÕúWÕU� YH� 027��� 027�� YH� +27�
NRúXOODUÕQGD�HQ�\�NVHN�GH÷HULQH�.La= 0.018 s-1¶H��W ����VW¶WH�027�¶GH�XODúÕOPÕúWÕU��+HU�
SHUL\RWWDNL� KÕ]� NÕVÕWOD\ÕFÕ� EDVDPD÷Õ� EHOLUOH\HELOPHN� LoLQ� 2'� YH� 275max� GH÷HUOHUL�
KHVDSODQPÕúWÕU� �dL]HOJH� ������ 6DELW� KDYD� JLULú� KÕ]ÕQGD� EHNOHQGL÷L� JLEL� RNVLMHQ� W�NHWLP�
KÕ]Õ�|QFH�DUWPDNWD�VRQUD�D]DOPDNWDGÕU��2NVLMHQ�W�NHWLP�KÕ]ÕQGDNL�DUWÕú�W ��VW¶WH�SURWHD]�
LQKLELW|U�� HNOHQPHVLQGHQ� HWNLOHQPLúWLU�� 7�P� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGD� RNVLMHQ�
W�NHWLP� KÕ]Õ� LON� VDDWOHUGH� DUWWÕNWDQ� VRQUD� NDOPD� V�UHVL\OH� D]DOPÕú� YH� RNVLMHQ� DNWDUÕP�
NRúXOODUÕQD� ED÷OÕ� RODUDN� HQ� \�NVHN�GH÷HULQH� �–ro= 1.6 mol m-3 s-1� ��027��NRúXOXQGD�
3HUL\RW�,,¶GH��W ����VW¶WH���XODúPÕúWÕU� 
 

.LP\DVDO�WHSNLPHOL�N�WOH�DNWDUÕP�KÕ]ÕQÕQ�PDNVLPXP�IL]LNVHO�N�WOH�DNWDUÕP�KÕ]ÕQD�RUDQÕ�
RODUDN� WDQÕPODQDQ� DUWPD� IDNW|U�� (� � .La/KLao��� LQFHOHQHQ� IDUNOÕ� RNVLMHQ� DNWDUÕP�
NRúXOODUÕQGD�oR÷XQOXNOD�\DYDú�WHSNLPHOHU�LoLQ�EHNOHQGL÷L�JLEL�ELU�PHUWHEHVLQGH��NDOPD�
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V�UHVL�LOH�GH÷LúLPL�LVH�N�WOH�DNWDUÕP�NDWVD\ÕVÕQÕQ�GH÷LúLPLQH�Saralel ve oksijen tüketim 

KÕ]ÕQÕQ� DUWPDVÕ\OD� GD� DUWDFDN� úHNLOGH� ROPDNWDGÕU��$UWPD� IDNW|U�� �(�� GH÷HUL�027��YH�
+27¶XQ� 3HUL\RW� 9¶L� GÕúÕQGD� � ���-���� DUDVÕQGD� GH÷LúPLúWLU�� %X� GXUXP�� EL\RUHDNW|UGH�
JHUoHNOHúHQ� RNVLMHQ� W�NHWLP� KÕ]ÕQÕQ� IL]LNVHO� N�WOH� DNWDUÕP� KÕ]ÕQGa artmaya neden 

ROGX÷XQX� J|VWHUPHNWHGLU�� %R\XWODUÕ� ILOP� WDEDNDVÕ�PHUWHEHVLQGH� RODQ�PLNURRUJDQL]PD�
SDUWLN�OOHUL�GH�NLP\DVDO�WHSNLPHOL�N�WOH�DNWDUÕP�KÕ]ÕQÕQ�IL]LNVHO�N�WOH�DNWDUÕP�KÕ]ÕQGDQ�
E�\�N� ROPDVÕQD� QHGHQ� RODELOPHNWHGLU� �%HHQDFNHUV� �������027�� YH�+27¶GD Periyot 

9¶WH�� (��� EXOXQPDVÕQÕQ� QHGHQL� �UHWLP� � RUWDPÕQÕQ� EL\RSURVHV� V�UHFLQGH� UHRORMLN�
|]HOOLNOHULQLQ�GH÷LúLPLQGHQ�YH�.LD�¶QÕQ�EX�QHGHQOH�G�úPHVLQGHQGLU�� 
 

0DNVLPXP� WHSNLPH� KÕ]ÕQÕQ� PDNVLPXP� N�WOH� DNWDUÕP� KÕ]ÕQD� RUDQÕ� RODQ� 'DPN|KOHU�
VD\ÕVÕ� �'D�� YH� � RNVLMHQ� W�NHWLP� KÕ]ÕQÕQ�PDNVLPXP� RNVLMHQ� DNWDUÕP� KÕ]ÕQD� RUDQÕ� RODQ�
HWNLQOLN�VD\ÕVÕQÕQ��η���NDOPD�V�UHVL�LOH�GH÷LúLPL�dL]HOJH�����¶GH�YHULOPLúWLU���%L\RSURVHV�
3HUL\RW� ,¶GH� EL\RNLP\DVDO� UHDNVL\RQ� NÕVÕWODPDOÕ� �'D����� � 3HUL\RW� ,,¶GH� N�WOH� DNWDUÕP�
NÕVÕWODPDVÕ�EDúODPDNWDGÕU��'D!!����(Q�\�NVHN�'D�GH÷HUL�027��YH�+27�NRúXOODUÕQGD�
3HUL\RW�,,¶GH�EXOXQPXúWXU��027��NRúXOXQGDNL�3HUL\RW�,,,¶�Q�'D�GH÷HUL�GDKD�G�ú�NW�U��
027���027��YH�+27�NRúXOODUÕQGD�3HUL\RW�,9¶GH�KHP�RNVLMHQ�KHP�GH�EL\RNLP\DVDO�
UHDNVL\RQ� NÕVÕWODPDVÕ� HWNLOLGLU�� /27� NRúXOXQGD� SURVHVLQ� GL÷HU� NDOPD� V�UHOHULQGH�
'DPN|KOHU� VD\ÕVÕ� YH� HWNLQOLN� IDNW|U�Q�Q� KHVDSODQDPDPDVÕQÕQ� QHGHQL� RUWDPGDNL�
o|]�QP�ú� RNVLMHQ� GH÷HULQLQ� oRN� G�ú�N� ROPDVÕQGDQ� GROD\Õ� RNVLMHQ� W�NHWLP� KÕ]ÕQÕQ�
|Oo�OHPHPHVLGLU�� (WNLQOLN� VD\ÕVÕ� EL\RSURVHV� V�UHVLQFH� D]DOPDNWDGÕU� YH� GH÷HUL� ���¶GHQ�
G�ú�NW�U�� %X� GD� r-B.subtilis hücrelerinin NXOODQDELOHFHNOHUL� RNVLMHQGHQ� GDKD� D]ÕQÕQ�
tükettiklerini göstermektedir. 

 

K*+� �UHWLP� SURVHVLQGH� IDUNOÕ� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGD� JHUoHNOHúWLULOHQ� GHQH\�
YHULOHUL� NXOODQÕODUDN� VÕUDVÕ\OD Denklem (2.4), (2.5), (2.6), (E.5) ve (E.6) ile tüketilen 

VXEVWUDW� EDúÕQD� �UHWLOHQ� K�FUH� YH� K*+� YHULPL� �<X/S, YP/S��� W�NHWLOHQ� RNVLMHQ� EDúÕQD�
üretilen hGH verimi (YP/O�� YH� �UHWLOHQ� K�FUH� EDúÕQD� �UHWLOHQ� K*+� YHULPL� �<P/X) 

KHVDSODQPÕú��VRQXoODU�dL]HOJH����¶GD�YHULOPLúWLU���9HULP�NDWVD\ÕODUÕ�KHU�ELU�SHUL\RWWD�\HU�
DODQ� � EHú� QRNWDGD� �W ��� ��� ���� ���� ��� YH� ��� VW¶WH�� KHVDSODQPÕúWÕU�� 9HULP� NDWVD\ÕODUÕ�
SURVHV� V�UHVLQFH� VDOÕQÕP� J|VWHUPLúWLU� YH� HQ� \�NVHN� GH÷HUOHULQH� <X/S= 1.004 kg kg-1 

(Periyot IV’te) ve YP/S=0.647 kg kg-1��3HUL\RW�9¶WH��027��NRúXOXQGD�XODúÕOPÕúWÕU��7�P�
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proses için toplam YX/S� YHULP� NDWVD\ÕVÕ� RNVLMHQ� DNWDUÕPÕQ� DUWPDVÕ\OD� DUWPÕúWÕU� YH�
XODúÕODQ�PLQLPXP�YH�PDNVLPXP�GH÷HUOHU��VÕUDVÕ\OD�/27¶WD������ �YH�+27¶WD�����¶GÕU���
*HQHO� RODUDN� W�NHWLOHQ� RNVLMHQ� EDúÕQD� � K�FUH� YHULPL� � NDOPD� V�UHVL\OH� DUWPÕúWÕU��
%L\RSURVHV� V�UHVLQFH� K�FUH� GHULúLPL� YH� VSHVLILN� oR÷DOPD� KÕ]ÕQÕQ� GH÷LúLPL� GH�dL]HOJH�
����¶GD�YHULOPLúWLU��0DNVLPXP�VSHVLILN�oR÷DOPD�KÕ]ÕQÕQ�HQ�\�NVHN��GH÷HULQH�µmax= 0.94 

st-1�027�¶GH�W �����VW¶WH��HQ�G�ú�N�GH÷HULne ise µmax= 0.87 st-1 MOT2’de t= 0.5 st’te 

XODúÕOPÕúWÕU�� 
 

$UDúWÕUPD� JUXEXPX]GD� Bacillus� W�U�� PLNURRUJDQL]PDODUOD� \DSÕODQ� GL÷HU� DUDúWÕUPDODU�
�dDOÕN� et al.� ������ LoLQ� EXOXQDQ� YHULP� NDWVD\ÕODUÕ� LOH� K*+� SURVHVL� VRQXoODUÕ�PHUWHEH�
olarak uyumludur. 

  

Üretilen K*+¶QLQ� DNWLI� \DSÕGD� ROXS� ROPDGÕ÷ÕQÕ� WHVSLW� HWPHN� LoLQ� OLWHUDW�UGHNL� K*+�
DUDúWÕUPDODUÕQGD� GD� NXOODQÕOPÕú� RODQ� J�YHQLOLU� ELU� \|QWHP� RODQ� :HVWHUQ� %ORW� LOH�
JHUoHNOHúWLULOPLúWLU�� 3ROLNORQDO� 5DEELW� $QWL-Human Growth Hormone primer ve 

Horseradish Peroxidase Label Goat-Anti Rabbit IgG (H+L) sekonder antibodi’leri 

NXOODQÕODUDN� JHUoHNOHúWLULOHQ� :HVWHUQ� %ORW� DQDOL]L� VRQXFXQGD� K*+� EDQGÕ�
J|]OHPOHQPLúWLU�� %X� VRQXo� GR÷DOD� |]GHú� \DSÕGD� K*+� K�FUH-GÕúÕ� �UHWLPLQLQ�
JHUoHNOHúWL÷LQL�J|VWHUPLúWLU�� 
 

0HWDEROLN�DNÕ�DQDOL]L 
 

Bu yükVHN�OLVDQV�oDOÕúPDVÕ�K*+��UHWLPL\OH�LOJLOL�\DSÕOPÕú�RODQ�LON�PHWDEROLN�DNÕ�DQDOL]L�
oDOÕúPDVÕGÕU�� dDOÕN� ������� WDUDIÕQGDQ� VHULQ� DONDOL� SURWHD]� �UHWLPL� LoLQ� JHOLúWLULOHQ�
Bacillus licheniformis�LoLQ������PHWDEROLW�YH�����WHSNLPHGHQ�ROXúDQ��PDWHPDWLN�PRGHO��
Bacillus subtilis� LoLQ� PRGLIL\H� HGLOHUHN� NXOODQÕOPÕúWÕU�� /27��027���027�� YH� +27�
NRúXOODUÕ� LoLQ� PHWDEROLN� � \ROL]L� DQDOL]L� \DSÕOPÕú� YH� NDOPD� V�UHVL\OH� PHWDEROLN� \ROL]L�
WHSNLPHOHULQLQ�KÕ]ODUÕQÕQ�GH÷LúLPL�YH�GD÷ÕOÕPODUÕ�EHOLUOHQPLúWLU���+�FUH�YH�K*+�GHULúLP�
profLOOHUL�GLNNDWH�DOÕQDUDN�SURVHV�EHú�SHUL\RWWD�D\UÕOPÕúWÕU��+HU�ELU�SHUL\RWWD�\HU�DODQ�W ���
��� ���� ���� ��� VW� NDOPD� V�UHOHULQGH� DQDOL]� JHUoHNOHúWLULOPLúWLU�� *OXNR]� NDUERQ�
NDWDEROL]PDVÕQD�JOLNROL]�\ROL]LQGHQ�JLUPHNWHGLU��*OLNROL]�\ROL]L�DPLQR�DVLWOHULQ�YH�K�FUe 

ELOHúHQOHULQLQ� JLUGLOHUL� RODQ� *�3�� )�3�� 7�3�� 3*�� YH� 3(3� �UHWLPL� LoLQ� |QHPOLGLU��
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*OLNROL]�\ROL]L�W�P�NRúXOODUGD�JHUoHNOHúPLúWLU��7&$�G|QJ�V�Q�Q�KÕ]Õ�K�FUHOHULQ�HQHUML��
GROD\ÕVÕ\OD� $73� JHUHNVLQLPLQH� ED÷OÕGÕU�� $73� �UHWLPLQGH� RNVLMHQ� \�U�W�F�� NXYYHW�
olarak g|UHY� \DSPDNWDGÕU��+�FUHOHU� HQHUML\H� JHUHNVLQLP�GX\GXNODUÕQGD�7&$�G|QJ�V��
tamamlanmakta; Icit, α.*
H�RNVLGDWLI�RODUDN�GHNDUERNVLOH�ROPDNWDGÕU��+�FUHOHU�HQHUML\H�
JHUHNVLQLP�GX\PX\RUODU�LVH�JOLNVRODW�ú|QW��DNWLI�RODUDN�oDOÕúPDNWD���,FLW���6XF�YH�*O[
D��
G|Q�úPektedir. LOT’ta Periyot IV’te, MOT’ta Periyot III’te, MOT2’de Periyot II ve 

IV’te, HOT’ta Periyot II ve III’te sadece TCA döngüsü; MOT2’de Periyot V’te sadece 

JOLNVRODW� ú|QW�QGH�� /27¶WD� 3HUL\RW� ,� YH� ,,,¶WH�� 027�¶GH� 3HUL\RW� ,,¶GH�� 027�¶GH�
Periyot I ve III’te ve HOT’ta Periyot IV ve V’te ise hem TCA döngüsü hem de  

JOLNVRODW� ú|QW��DNWLIWLU��.DUERQ�ND\QD÷Õ�RODUDN�JOXNR]�NXOODQÕOPDVÕ\OD�NDOPD�V�UHVL\OH�
$73��UHWLP�KÕ]Õ�|QFH�DUWPÕú�VRQUD�D]DOPÕú�YH�HQ�VRQ�RODUDN�WHNUDU�DUWPÕúWÕU��$73��UHWLP�
KÕ]Õ� RNVLMHQ� DNWDUÕP� NRúXOODUÕQGDNL� � K�FUH� YH� K*+� GHULúLP� SURILOOHUL� LOH� RUDQWÕOÕGÕU���
+�FUH�ROXúXP�KÕ]ODUÕQÕQ�NDOPD�V�UHVL�LOH�GH÷LúLPL�K�FUH�GHULúLP�SURILOOHUL�LOH�EHQ]HUOLN�
J|VWHUPLúWLU� 
 

7�P�NRúXOODUGD�DVSDUWLN�DVLW��JOXWDPLN�DVLW��YH�KLVWLGLQ�JUXEX�DPLQR�DVLW�DQD�\ROL]OHULne 

JLGHQ� � DNÕODU� JHQHOGH� \�NVHNWLU�� DQFDN� DODQLQ� � YH� VHULQ� JUXEX� DPLQR� DVLWOHULQH� JLGHQ�
DNÕODU� JHQHOGH� G�ú�NW�U�� K*+� \DSÕVÕQÕQ� �� ���¶VLQL� DODQLQ� YH� � �� ���¶VLQL� JOLVLQ�
ROXúWXUPDVÕ�QHGHQL\OH�EX�DPLQR�DVLWOHULQ�ROXúXP�WHSNLPHOHUL��UHWLP�DoÕVÕQGDQ�PXKWHPHO�
bir� GDUER÷D]�ROXúWXUPDNWDGÕU��*HQHO� RODUDN� W�P�SHUL\RWODUGD� DURPDWLN� DPLQR�DVLWOHULQ�
ROXúXP� DNÕODUÕ� G�ú�NW�U�� K*+� \DSÕVÕQÕQ� �� �����¶QL� 7\U�7US�3KH� ROXúWXUPDNWDGÕU��
'ROD\ÕVÕ\OD� DURPDWLN� DPLQR� DVLW� ROXúXP� WHSNLPHOHUL� �UHWLP� DoÕVÕQGDQ� PXKWHPHO� ELU�
GDUER÷D]� ROXúWXUPDNWDGÕU�� 7RSODP� DURPDWLN� DPLQR� DVLW� \ROL]LQGHNL� (�3�3(3¶WHQ�
'$+3� ROXú� �5���� DNÕVÕQÕQ� DUWWÕUÕODELOPHVL� LoLQ� EX� WHSNLPH\L� NDWDOL]OH\HQ� � � '$+3��
sentetaz enzimini kodlayan aro$�JHQL�LOH�VHULQ�JUXEX�DPLQR�DVLWOHUGHQ�*O\�ROXú��5����
tepkimesini katalizleyen en]LPL� NRGOD\DQ� JHQLQLQ� ELUOHúWLULOPHVL� VRQXFXQGD�
ROXúWXUXODFDN� LNLOL� JHQ� JHOLúWLULOHQ� U-S0.�� SODVPLGLQH� NORQODQDUDN� EX� GDUER÷D]�
DúÕODELOLU�� 
 

0HWDEROLN�\ROL]L�DQDOL]L�VRQXFXQGD�K*+�YHULP�YH�VHoLPOLOL÷LQLQ�DUWÕUÕODELOPHVL�LoLQ�KÕ]�
NÕVÕWOD\ÕFÕ�EDVDPDNODUÕQ��$OD��*O\��7\U�YH�7US��UHWLPL��GR÷UXOX÷X�LVSDWODQGÕNWDQ�VRQUD�
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X\JXQ�ELU�PROHN�OHU�WDVDUÕPÕQ�JHUoHNOHúPHVL�JHUHNPHNWHGLU��.RPSOHNV�RUWDP�WDVDUÕPÕ�
LOH�K*+�YHULP�YH�VHoLPOLOL÷LQH�HWNLOHULQLQ�LQFHOHQPHVL�JHUHNPHNWHGLU� 
 

r-B.subtilis ile hGH üretiminde oksijen akWDUÕP� HWNLOHULQLQ� LQFHOHQGL÷L�� \DQ-ürün 

GD÷ÕOÕPODUÕQÕQ�� YHULP� NDWVD\ÕODUÕQÕQ� � YH� PHWDEROLN� \ROL]L� DNÕODUÕQÕQ� EHOLUOHQGL÷L� ELU�
oDOÕúPD� EXOXQPDPDNWDGÕU�� %X� DUDúWÕUPD� WHUDSDWLN� SURWHLQ� �UHWLPL� LOH� LOJLOL� PHWDEROLN�
\ROL]L�P�KHQGLVOL÷LQLQ�NXOODQÕOGÕ÷Õ�LON�oDOÕúPDGÕU��(QG�VWUL\HO�ELU�HQ]LP�RODQ�VHULQ�DONDOL�
SURWHD]��UHWLPLQGH�LON�GHID�PHWDEROLN�DNÕ�DQDOL]L�NXOODQÕOPÕúWÕU��dDOÕN��et al. 1999). 

 

5.4    Hibrit-gen –pre(subC)::hGH��øoHUHQ�YH�øoHUPH\HQ�S0.��7DúÕ\DQ�B. subtilis 

ile hGH Üretim ve Biyoproses KarakteristiNOHULQLQ�.Õ\DVODQPDVÕ 
 

K*+��UHWLPL� LoLQ�SLORW�|OoHN�GHQH\OHULQ�VRQXFXQGD�EHOLUOHQPLú�RODQ�HQ�X\JXQ�RNVLMHQ�
DNWDUÕP� NRúXOXQGD� �4o/VR =0.5vvm ve N=800 dk-1) hibrit-genin hücre üzerindeki 

HWNLOHULQL� DUDúWÕUPDN� DPDFÕ\OD� -pre(subC)::hGH::pMK4 ve pMK4 plasmidli 

mikroorganizmalarla VR=0.55 dm3, CGo=8 kg m-3,  pHo=7.25,  T=37°C tepkime 

NRúXOODUÕQGD�GHQH\�JHUoHNOHúWLULOPLúWLU� 
 

%L\RSURVHV�V�UHVLQFH�S+¶ÕQ�NDOPD�V�UHVL�LOH�GH÷LúLPL��ùHNLO�������LQFHOHQGL÷LQGH���KHU�
LNL�SURVHV�LoLQGH�RUWDP�S+¶QÕQ��SURWHD]�LQKLELW|U�Q�Q�HNOHQGL÷L�]DPDQD��W ��VW��NDGDU�
KÕ]OÕ��W �-��VW��VRQUD�GDKD�\DYDú��W �-���VW��D]DOGÕ÷Õ�YH��ELU�PLQLPXP�GH÷HUH�XODúWÕNWDQ�
VRQUD� DUWWÕ÷Õ� J|U�OPHNWHGLU�� � S+�GH÷HULQGHNL� D]DOPD�DPLQR� DVLWOHULQ� VDOJÕODQGÕ÷Õ��VWHO�
oR÷DOPD� ID]ÕQÕQ� VRQXQD� NDGDU� GHYDP� HWPLúWLU�� +�FUHOHU� GXUJXQOXN� ID]ÕQD� JHoLQFH�
RUWDPGDNL�DPLQR�DVLWOHULQ�K*+��UHWLPLQGH�NXOODQÕOPDVÕ�DUWPÕú�ROGX÷XQGDQ��\DQL�K*+�
�UHWLPL� DUWWÕ÷ÕQGDQ�RUWDP�S+¶Õ� DUWPD\D�EDúODPÕúWÕU��3�¶GHNL�K�FUH�GHULúLPLQLQ�3�¶GHQ�
ID]OD� ROPDVÕ� QHGHQL\OH� S+� GH÷HULQGH� GDKD� ID]OD� D]DOPD� J|U�OP�úW�U�� 3URVHV� VRQXQGD�
RUWDPÕQ�S+�GH÷HUL�3��YH�3�� �NRúXOODUÕQGD�VÕUDVÕ\OD� ������YH������RODUDN�NDOPÕúWÕU��S+�
GH÷HULQGHNL�D]DOPD�K�FUHGHQ�RUWDPD�++�L\RQXQXQ�WDúÕQGÕ÷ÕQÕ�J|VWHUPHNWHGLU� 
 

d|]�QP�ú� RNVLMHQ� GHULúLPLQLQ� ]DPDQOD� GH÷LúLPL� LQFHOHQGL÷LQGH�� 3�� SURVesinde t=18 

VW¶H� NDGDU� EHOOL� ELU� GH÷HUGH� NDOGÕNWDQ� VRQUD� DUWWÕ÷Õ� YH� SURVHV� VRQXQD� GHN� EX� GH÷HUGH�
NDOGÕ÷Õ��KLEULW�JHQ�LoHUHQ�3���SURVHVLQGH�LVH�o|]�QP�ú�RNVLMHQ�GHULúLPL�W ���VW¶H�NDGDU�
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Co= 0.12-������ PPRO�O� DUDOÕ÷ÕQGD� � NDOGÕNWDQ� VRQUD� VÕIÕUD� oRN� \DNODúWÕ÷Õ ve üstel 

oR÷DOPD�ID]ÕQÕQ�ELWPHVL\OH�DUWDUDN�SURVHV�VRQXQD�GHN�EX�GH÷HUGH�NDOGÕ÷Õ�J|U�OP�úW�U��
3�� YH� 3�¶QLQ� K�FUH� oR÷DOPDODUÕ� NDUúÕODúWÕUÕOGÕ÷ÕQGD�� 3�¶GH� LNLOL� oR÷DOPD� ID]ODUÕQGD�
o|]�QP�ú�RNVLMHQ�GHULúLPLQLQ�GDKD�G�ú�N�ROPDVÕ�K�FUH�oR÷DOPDVÕ�YH�K*+��UHWLPL için 

RNVLMHQ�LKWL\DFÕQÕQ�\�NVHN�ROGX÷XQX�J|VWHUPLúWLU�� 
 

ùHNLO������ LQFHOHQGL÷LQGH�3�¶GH�K�FUHQLQ��VWHO�oR÷DOPD�ID]ÕQÕ�GDKD�HUNHQ��W ���VW¶WH���
WDPDPODGÕ÷Õ� YH� K�FUH� GHULúLPLQLQ� �&X= 1.2 kg m-3��GDKD�G�ú�N� �ROGX÷X�J|U�OP�úW�U���
Bu sonuç hibrit genin hücre oR÷DOPDVÕQÕ� DUWWÕUGÕ÷Õ� IDNDW� SURVHV� V�UHVLQL� X]DWWÕ÷ÕQÕ�
J|VWHUPLúWLU�� %L\RSURVHV� VRQXQGD� 3�� SURVHVLQGH� JOXNR]XQ��� ��¶L� W�NHWLOPLúWLU��hVWHO�
oR÷DOPD� ID]ÕQGD� JOXNR]� W�NHWLPL� DUWPÕú�� GXUDNODPD� ID]ÕQGD� LVH� D]DOPÕúWÕU��+LEULW� JHQ�
içeren pMK4 ile üretimde ikili oR÷DOPD�J|U�OPHNWH�YH�JOXNR]�W�NHWLPL�GH�EXQD�SDUDOHO�
RODUDN�DUWPÕúWÕU�� 
 

%L\RSURVHV� V�UHVLQFH� RUWDPD� VDOJÕODQDQ� DPLQR� DVLWOHU� VHULQ�� O|]LQ�� LVRO|]LQ�� JOLVLQ� YH�
IHQLODODQLQGLU�� 3�� SURVHVLQGH� RUWDPGD� HQ� \�NVHN� GHULúLPGH� EXOXQDQ� DPLQR� DVLW�
fenilalanin iken P�¶WH� O|]LQGLU��*HQHO� RODUDN� 3�¶GHNL� DPLQR� DVLWOHULQ�GHULúLPOHUL� GDKD�
G�ú�NW�U�� +�FUH� GHULúLPOHUL� GH� GLNNDWH� DOÕQGÕ÷ÕQGD� 3�� SURVHVLQGH� DPLQR� DVLW�
GHULúLPOHULQGHNL� D]DOPD� �U�Q� �UHWLPLQLQ� JHUoHNOHúWL÷LQL� J|VWHUPHNWHGLU�� 3�¶GH� �UHWLP�
RUWDPÕQD� RUJDQLN� DVLWOHUGHQ� JOXNRQLN� YH� V�NVLQLN� DVLW� VDOJÕODQPÕúWÕU�� 3�� SURVHVLQGH�
VDOJÕODQDQ� V�NVLQLN� DVLW� GHULúLPLQLQ�3�¶GHQ� ID]OD�ROPDVÕ�QHGHQL\OH� �7&$�G|QJ�V�Q�Q�
HWNLQOL÷L� GDKD� GD� D]GÕU�� +LEULW� JHQ� RUWDPD� DNWDUÕODQ� WRSODP� RUJDQLN� DVLW� GHULúLPOHUL�
LQFHOHQGL÷LQGH��dL]HOJH���������SURVHVLQ�IDUNOÕ�HYUHOHULQGH�IDUNOÕ�GXUXPODUÕQ�J|]OHQGL÷L�
IDNDW� K�FUH� oR÷DOPDODUÕ� GLNNDWH� DOÕQGÕ÷ÕQGD� JHQHOGH� KLEULW� JHQLQ� EXOXQGX÷X� 3��
SURVHVLQGH� RUWDPD� GDKD� ID]OD� PLNWDUODUGD� RUJDQLN� DVLW� DNWDUÕOGÕ÷Õ�� HQ� \�NVHN� WRSODP�
RUJDQLN�DVLW�GHULúLPL�W ����VW¶WH�� COA=1.04 kg/m3¶H�RODUDN�EXOXQPXúWXU�� 
 

dL]HOJH������LQFHOHQGL÷LQGH��VÕYÕ�WDUDIÕ�N�WOH�DNWDUÕP�NDWVD\ÕVÕ�.LD¶QÕQ�KHU�LNL�SURVHVWH�
GD�3HUL\RW�,¶GH�DUWWÕ÷Õ�J|U�OP�úW�U��0DNVLPXP�.La= 0.028 s-1�GH÷HULQH��3�¶GHNL�3HUL\RW�
,¶GH�XODúÕOPÕúWÕU��'D�VD\ÕVÕ�VDGHFH�3HUL\RW�,¶GH�KHVDSODQDELOPLúWLU�YH�EX�SHUL\RWWD�SURVHV�
EL\RUHDNVL\RQ� NÕVÕWODPDOÕGÕU� �'D������ 3URVHVLQ� GL÷HU� NDOPD� V�UHOHULQGH� 'D� VD\ÕVÕ� YH�
HWNLQOLN� IDNW|U�Q�Q� KHVDSODQDPDPDVÕQÕQ� QHGHQL� K�FUHQLQ� NÕVD� V�UHGH� �VWHO� oR÷DOPD�
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ID]ÕQÕ�WDPDPOD\ÕS�GXUJXQOXN�ID]ÕQD�JHoPHVLQGHQ�GROD\Õ�W�NHWLOHQ�RNVLMHQ�EDúÕQD�K�FUH�
YHULPLQLQ�EXOXQDPDPDVÕGÕU��3�¶GH�3HUL\RW�,¶GH�HWNLQOLN�GH÷HUL�����RODUDN�EXOXQPXúWXU���
d|]�QP�ú�RNVLMHQ�SURILOOHULQGH�GH�J|U�OG�÷��JLEL�KLEULW�JHQ�LoHUHQ�SODVPLGOH��UHWLPGH��
RUWDPGD� EXOXQDQ� o|]�QP�ú� RNVLMHQ� GHULúLPL� GDKD� ID]ODGÕU�� W �� VW¶WH� HNOHQHQ� SURWHD]�
inhibitörünün r-S0.���]HULQGHNL�HWNLVL�GDKD�ID]ODGÕU� 
 

0HWDEROLN�<ROL]L�0�KHQGLVOL÷L�$QDOL]L 
 

%X� \�NVHN� OLVDQV� oDOÕúPDVÕ� KLEULW� JHQ� –pre(subC)::hGH içeren içermeyen pMK4 ile 

K*+��UHWLPL�NRQXVXQGD�\DSÕOPÕú�RODQ�LON�0HWDEROLN�<ROL]L�0�KHQGLVOL÷L�oDOÕúPDVÕGÕU��
dDOÕN� ������� WDUDIÕQGDQ� VHULQ� DONDOL� SURWHD]� �UHWLPL� LoLQ� JHOLúWLULOHQ� Bacillus 

licheniformis�LoLQ������PHWDEROLW�YH�����WHSNLPHGHQ�ROXúDQ��PDWHPDWLN�PRGHO��Bacillus 

subtilis�LoLQ�PRGLIL\H�HGLOHUHN�NXOODQÕOPÕúWÕU� 
 

3���YH�3��NRúXOODUÕ�LoLQ�PHWDEROLN��\ROL]L�DQDOL]L�\DSÕOPÕú�YH�NDOPD�V�UHVL\OH�PHWDEROLN�
\ROL]L� WHSNLPHOHULQLQ� KÕ]ODUÕQÕQ� GH÷LúLPL� YH�GD÷ÕOÕPODUÕ� EHOLUOHQPLúWLU�� �*OLNROL]� \ROL]L�
DPLQR� DVLWOHULQ� YH� K�FUH� ELOHúHQOHULQLQ� JLUGLOHUL� RODQ� *�3�� )�3�� 7�3� PG3 ve PEP 

�UHWLPL�LoLQ�|QHPOLGLU��*OLNROL]�\ROL]L�LNL�NRúXOGD�GD�EHNOHQGL÷L�JLEL�DNWLIWLU��� 
 

+�FUHOHU� HQHUML\H� JHUHNVLQLP� GX\GXNODUÕQGD� 7&$� G|QJ�V�� WDPDPODQPDNWD�� ,FLW���
α.*
H� RNVLGDWLI� RODUDN� GHNDUERNVLOH� ROPDNWDGÕU�� +�FUHOHU� HQHUML\H� JHUHNVLQLP�
duymuyRUODU� LVH� JOLNVRODW� ú|QW�� DNWLI� RODUDN� oDOÕúPDNWD�� � ,FLW�� � 6XF� YH� *O[
D��
G|Q�úPHNWHGLU�� 3�¶GH� 3HUL\RW� ,,� YH� ,9¶WH�� 3�¶GH� 3HUL\RW� ,9¶WH� VDGHFH�7&$�G|QJ�V���
3�¶GH�3HUL\RW�9¶WH�YH�3�¶GH�3HUL\RW�,,��,,,�YH�,9¶WH�VDGHFH�JOLNVRODW�ú|QW���3�¶GH�3HUL\RW�
I ve III’tH�LVH�KHP�7&$�G|QJ�V��KHP�GH��JOLNVRODW�ú|QW��DNWLIWLU��.DUERQ�ND\QD÷Õ�RODUDN�
JOXNR]�NXOODQÕOPDVÕ\OD�NDOPD�V�UHVL\OH�$73��UHWLP�KÕ]Õ�|QFH�DUWPÕú�VRQUD�D]DOPÕú�YH�HQ�
VRQ� RODUDN� WHNUDU� DUWPÕúWÕU�� +�FUH� ROXúXP� KÕ]ODUÕQÕQ� NDOPD� V�UHVL� LOH� GH÷LúLPL� K�FUH�
GHULúLP� SURILOOHUL� LOH� EHQ]HUOLN� J|VWHUPLúWLU�� 2UJDQLN� DVLW� SURILOOHULQGHQ� GH� J|U�OG�÷��
JLEL�7&$�G|QJ�V�QGH�WHSNLPHOHU�3�¶GH�3HUL\RW�,�,,�YH�,,,¶WH�0DO�ROXúXPXQD���3HUL\RW�9�
LVH� 6XF� ROXúXPXQD� NDGDUGÕU�� 3�¶GH� LVH� LON� G|UW� SHUL\RWWD�7&$� WDPDPODQÕ\RU�� 3HUL\RW�
V’te LVH� 6XF� ROXúXP� WHSNLPHVLQH� NDGDU� WHSNLPHOHU� JHUoHNOHúL\RU�� 3�¶GH�7&$¶GD� 6XF�
ROXú�WHSNLPH�DNÕVÕ�)XP�ROXú�DNÕVÕQGDQ�GDKD�ID]ODGÕU� 
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P1’de P2’ye göre  aspartik asit, glutamik asit, serin  ve histidin grubu amino asit  

\ROL]OHULQH�JLGHQ��DNÕODU�JHQHOGH�GDKD�\�ksektir; ancak alanin  ve aromatik amino asit 

JUXEXQD� JLGHQ� DNÕODU� JHQHOGH� G�ú�NW�U��+LEULW� JHQ� K�FUH� GHULúLPLQL� YH� DVSDUWLN� DVLW� ��
JOXWDPLN�DVLW��VHULQ��KLVWLGLQ�WHSNLPH�DNÕODUÕQÕ�DUWÕUPÕúWÕU�� 
 

5.5 �hUHWLP�2UWDPÕQD�(NOHQHQ�$PLQR�$VLWOHULQ�K*+�hUHWLPLQH�(WNLOeri 

 

%HúLQFL� DúDPDGD� EHOLUOHQHQ� HQ� L\L� RNVLMHQ� DNWDUÕP� NRúXOXQGD� �UHWLP� RUWDPÕQD� IDUNOÕ�
zamanlarda (te ���YH����VW¶WH���& �����P0�GHULúLPGH�HNOHQHQ�VHULQ��DVSDUWLN�DVLW��O|]LQ��
YDOLQ�YH�JOXWDPLN�DVLWLQ��K*+��UHWLPLQH�HWNLVL�LQFHOHQPLúWLU�� 
 

te= 0 ve 24 st’WH��DPLQR�DVLW�HNOHQHQ�RUWDPODUOD��UHIHUDQV�RUWDPD�EHQ]HU�S+�YH�o|]�QP�ú�
RNVLMHQ�GHULúLP�SURILOOHUL�HOGH�HGLOPLúWLU��%L\RSURVHV�V�UHVLQFH�PLQLPXP�S+�GH÷HULQH�
DVSDUWLN� DVLWOL�� O|]LQ�YDOLQOL� YH� UHIHUDQV�RUWDPODUGD� LoLQ� W ���VW¶WH� �VÕUDVÕ\OD�S+ ������
6.54 ve �������JOXWDPLN�DVLWOLGH�W ����VW¶WH��S+ ������YH�VHULQ�LoHUHQ��UHWLP�RUWDPÕQGD�
LVH� W � ����� VW¶WH� �S+ ������ XODúÕOPÕúWÕU�� We � ��� VW¶WH� HNOHPHQLQ� JHUoHNOHúWLULOGL÷L�
SURVHVOHUGH�RUWDP�S+¶Õ�DPLQR�DVLW� �NDUÕúÕPÕ��O|]LQ�YDOLQ��HNOHQPHVL�YH�UHIHUDQVD�J|UH�
VÕUDVÕ\VD�������������YH�����RODUDN�|Oo�OP�úW�U�� 
 

te � �� YH� ��� VW¶WH� � HNOHQHQ� DPLQR� DVLWH� J|UH� HOGH� HGLOHQ� PDNVLPXP� K�FUH� GHULúLPL�
VÕUDVÕ\OD�&x= 2.3 kg/m3 (te= 0 st’te glutamik asit eklenmesinde) ve Cx= 2.1 kg/m3 (te= 0 

VW¶WH� DPLQR� DVLW� NDUÕúÕPÕ� HNOHQPHVLQGH�¶GLr. te= 0 st’te eklenen serin ve lözin+valin  

DPLQR�DVLWOHUL�K�FUH��oR÷DOPDVÕ��]HULQGH�LQKLELV\RQ�HWNLVL�\DSPÕúWÕU� 
 

%�W�Q� NRúXOODUGDNL� JOXNR]� GHULúLP� SURILOOHUL� LQFHOHQGL÷LQGH� EDúODQJÕo� JOXNR]�
GHULúLPLQLQ� � \DNODúÕN� RODUDN��� ��-� ��¶XQXQ� W�NHWLOGL÷L� J|U�OP�úW�U�� K*+�GHULúLPOHUL�
LQFHOHQGL÷LQGH��W�P�NRúXOODUÕQ�K*+��UHWLPLQL�LQKLEH�HWWL÷L�J|U�OP�úW�U��We= 0 st’te serin, 

DVSDUWLN� DVLW�� O|]LQ�YDOLQ��JOXWDPLN�DVLWLQ� HNOHQHQ�NRúXOODUGD�K*+��UHWLPLQGH� ��������
�������������YH��������NDW�D]DOPD�J|U�OP�úW�U��K*+�GHULúLPi te=24 st’te eklenen amino 

DVLW�NDUÕúÕPÕ�YH� O|]LQ�YDOLQH�J|UH�VÕUDVÕ\OD��������YH������NDW�D]DOPÕúWÕU��$QFDN�We=0 

VW¶WH�HNOHQHQ�O|]LQ�YDOLQGH�LVH��������NDW�D]DOPD�J|U�OP�úW�U��%X�GD�We=0 st’te eklenen 
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O|]LQ�YDOLQLQ� LQKLELV\RQ� HWNLVLQLQ� GDKD� ID]OD� ROGX÷XQX� J|VWHUPLúWLU�� 6RQXo� RODUDN� HQ�
fazla ürün inhibisyonuna te ���VW¶WH�HNOHQHQ�JOXWDPLN�DVLW�QHGHQ�ROPXúWXU��ùHNLO������E�
YH� �����F¶GHQ� GH� J|U�OG�÷�� JLEL� 3HUL\RW� 9¶WH� VHULQ� HNOHQHQ� RUWDPÕQ� Up ve qp’si 

UHIHUDQVWDQ�GDKD�\�NVHNWLU��'L÷HU�HNOHQHQ�DPLQR�DVLWOHUOH�NÕ\DVODQGÕ÷ÕQGD�GD�D\QÕ�VRQXo�
HOGH�HGLOPLúWLU�� 
 

te=0 ve 24 st’te amino asit eklenmesi sonucunda ortama fenilalanin, lözin, izolözin, 

JOLVLQ��VHULQ�YH�DPLQR�DVLWOHUL�VDOJÕODQPÕúWÕU��7�P�NRúXOODUGD�V�NVLQLN�DVLW�VDOJÕODQPDVÕ��
JHUoHNOHúPLúWLU�� 7&$� G|QJ�V�QGeki organik asitlerden biri olan süksinik asit 

GHULúLPLQGHNL�DUWÕú�G|QJ�Q�Q�HWNLQ�oDOÕúPDGÕ÷ÕQÕ�J|VWHUPHNWHGLU��2UWDPODUGDNL�GHULúLPL�
\�NVHN�RODQ�GL÷HU�ELU�RUJDQLN�DVLWWH�JOXNRQLN�DVLWWLU��7�P�NRúXOODUGD��RUWDPD�VDOJÕODQDQ�
RUJDQLN�DVLW�YH�DPLQR�DVLW�GHULúLP�SURILOOHUL�VDOÕQÕP�J|VWHUPLúWLU� 
 

0HWDEROLN�<ROL]L�0�KHQGLVOL÷L�$QDOL]L 
 

te=0 st’te CSer ���� P0� GHULúLPLQGH� VHULQ� HNOHQPLú� RUWDP� UHIHUDQV� RUWDP� LOH�
NÕ\DVODQGÕ÷ÕQGD���K*+�GHULúLPLQGH�������¶OLN�D]DOPD�J|U�OP�úW�U��ùHNLO������D����K*+�
�UHWLP� KÕ]ÕQÕQ� NDOPD� V�UHVL\OH� GH÷LúLPLQL� J|VWHUHQ� ùHNLO� �����E� LQFHOHQGL÷LQGH�� VHULQ�
HNOHQHQ� RUWDPGD� K*+� �UHWLP� KÕ]Õ� 3HUL\RW� ,-,9� DUDVÕQGD� GDKD� D]� ROPDVÕQD� UD÷PHQ�
3HUL\RW�9¶WH�LVH�GDKD�ID]ODGÕU��ùHNLO������F¶GHQ�GH�J|U�OG�÷��JLEL�3HUL\RW�9¶WH�Tp

 GH÷HUL�
serin eklenen ortamda daha yüksektir. Bu nedenle hücre-LoL�WHSNLPH�DNÕODUÕQÕQ�D\UÕQWÕOÕ�
RODUDN�LQFHOHQHELOPHVL�LoLQ�EX�NRúXOGD�PHWDEROLN�DNÕ�DQDOL]L�JHUoHNOHúWLULOPLúWLU��dDOÕN�
�������WDUDIÕQGDQ�VHULQ�DONDOL�SURWHD]��UHWLPL�LoLQ�JHOLúWLULOHQ�Bacillus licheniformis için  

105 metaEROLW� YH� ���� WHSNLPHGHQ� ROXúDQ� � PDWHPDWLN� PRGHO�� Bacillus subtilis için 

PRGLIL\H� HGLOHUHN� NXOODQÕOPÕúWÕU�� 'L÷HU� DPLQR� DVLWOHULQ� HNOHQGL÷L� RUWDPODUGD� � K*+�
�UHWLP�KÕ]ÕQGD�DUWÕú�J|]OHQPHPLúWLU��%X�QHGHQOH�EX�NRúXOODU�LoLQ�PHWDEROLN�DNÕ�DQDOL]L�
JHUoHNOHúWLULOPHPLúWLU� 
 

*OLNROL]�\ROL]L�DPLQR�DVLWOHULQ�YH�K�FUH�ELOHúHQOHULQLQ�JLUGLOHUL�RODQ�*�3��)�3��7�3��3*��
YH�3(3��UHWLPL�LoLQ�|QHPOLGLU��*OLNROL]�\ROL]L�LNL�NRúXOGD�GD�DNWLIWLU��3HQWR]�IRVIDW�\ROL]L�
LoLQ� GDOODQPD� QRNWDVÕ� RODQ� 5�3�� 6HU� HNOHQHQGH� 3HUL\RW� ,,,�� ,9¶We ve P1’de I, III’te 

sadece F6P’tan, Ser eklenende Periyot I’de ve P1’de Peryot V’te sadece G6P’den, Ser 



304 

HNOHQHQGH� 3HUL\RW� ,,�� 9¶WH� YH� 3�¶GH� ,,�� ,9¶WH� LVH� KHU� LNLVLQGHQ� GH� �UHWLOPLúWLU�� 7�P��
NRúXOODUGD� 3)<� DNWLIWLU�� 7&$� G|QJ�V�� VDGHFH� 3�¶GHNL� 3HUL\RW� 9¶WH� 6XF� ROXú�
WHSNLPHVLQH� NDGDU� JHUoHNOHúPHNWH� GL÷HU� NRúXOODUGD� � LVH� DNWLIWLU�� We=0 st’te serin 

HNOHQPHVL�VRQXFXQGD�3HUL\RW�9¶WH�7&$�G|QJ�V��DNWLI�ROPXúWXU��*OLNVRODW�ú|QW��3�¶GH�
3HUL\RW� ,,�YH� ,9�GÕúÕQGD�DNWLIWLU��.DUERQ�ND\QD÷Õ�RODUDN�JOXNR]�NXOODQÕOPDVÕ\OD�NDlma 

V�UHVL\OH�$73��UHWLP�KÕ]Õ�VDOÕQÕP�J|VWHUPLúWLU�� 
 

K*+� �UHWLP� KÕ]ÕQÕQ� DUWWÕ÷Õ� 3HUL\RW� 9¶WH� 6HU� HNOHQHQ� NRúXOGDNL� VHULQ� JUXEX� DPLQR�
DVLWOHULQ� YH� O|]LQ�� YDOLQ� ROXú� DNÕODUÕ� UHIHUDQVD� J|UH� DUWÕ÷Õ� J|U�OP�úW�U�� 6HULQ� HNOHQHQ�
NRúXOGD�LON�G|UW�SHUL\RWWD�JOXWDPLk asit, aspartik asit, serin- ve alanin- grubu, aromatik 

DPLQR� DVLW� JUXEXQD� JLGHQ� DNÕODUÕQ� GDKD� \�NVHN� ROGX÷X� J|U�OP�ú�� K*+� ROXúXP�
SURILOOHULQGHQ�GH�J|U�OG�÷��JLEL� UHIHUHQVWD�K*+�GHULúLPL�GDKD�\�NVHN�ROGX÷XQGDQ�EX�
beklenen bir durumdur. 

 

5.6  Sonuçlar 

 

Bu yüksHN� OLVDQV� DUDúWÕUPD� SURJUDPÕ� LOH� HOGH� HGLOHQ� VRQXoODU� WRSOX� RODUDN� DúD÷ÕGD�
YHULOPLúWLU� 
 

1. hGH’nin  hücre-GÕúÕ��UHWLOHELOPHVL� LoLQ� �Bacillus hücre-GÕúÕ�HQ]LPL�VHULQ�DONDOL�
proteaz (SAP)  geninin (subC) pre- sinyal dizini hGH gen dizininin önüne 

entegre edileUHN� ROXúWXUXODQ� KLEULW� JHQ� |QFH� S8&��� E. coli plasmidine 

NORQODQPÕú�� VRQUD� GD� S0.�� E. coli-Bacillus shuttle plasmide sub-klonlama 

\DSÕOPÕú� YH� UHNRPELQDQW� '1$� –pre(subC)::hGH::pMK4� IDUNOÕ� Bacillus 

W�UOHULQH�DNWDUÕODUDN�UHNRPELQDQW�Bacillus subtilis türleri HOGH�HGLOPLúWLU� 
 

2. hUHWLP� RUWDPÕQD� HNOHQHQ� SURWHD]� LQKLELW|U�� YH� EDúODQJÕo� JOXNR]XQ�
GHULúLPOHULQLQ�HWNLVL� LQFHOHQPLú��(Q�\�NVHN�&hGH= 0.03 kg/m3�K*+�GHULúLPLQH�
Bacillus subtilis BGSC-1A751 ile CGo= 8.0 kg/m3� JOXNR]� GHULúLPLQGH�RUWDPD�
7.44 µM proteaz inhibit|U�GHULúLPLQGH�XODúÕOPÕúWÕU� 
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3. /DERUDWXYDU� |OoHNWH� EXOXQDQ� HQ� X\JXQ� NRúXOODUGD�� � 9R=0.550 dm3� � KDFÕPOÕ��
PHNDQLN� NDUÕúWÕUPDOÕ�� S+�� VÕFDNOÕN�� o|]�QP�ú� RNVLMHQ� YH� NDUÕúWÕUPD� KÕ]Õ�
kontrollü pilot-|OoHN�NHVLNOL�EL\RUHDNW|UOHUGH� � IDUNOÕ�KDYD�JLULú� �4o/VR= 0.5 ve 

���� YYP�� YH� NDUÕúWÕUPD� KÕ]ODUÕQGD� �1 � ����� ���� YH� ���� GN-1�� RNVLMHQ� DNWDUÕP�
HWNLOHUL� \DQ� �U�Q� GD÷ÕOÕPODUÕ� LOH� ELUOLNWH� LQFHOHQPLú�� RNVLMHQ� DNWDUÕPÕ� YH�
EL\RSURVHV� NDUDNWHULVWLNOHUL� EHOLUOHQPLúWLU�� �(Q� \�NVHN�K*+�GHULúLPLQH� �&hGH= 

0.07 kg/m3)  Qo/VR= 0.5 vvm, N= 800 dk-1�NRúXOXQGD�XODúÕOPÕúWÕU������WHSNLPH�
YH� ���� PHWDEROLWWHQ� ROXúDQ� K�FUH-içi tepkime sistemi için matematik model 

ROXúWXUXOPXú� YH� UHDNVL\RQ� P�KHQGLVOL÷L� � SUHQVLSOHUL\OH� � WHSNLPH� DNÕODUÕ�
KHVDSODQDUDN�VRQXoODU�\RUXPODQPÕúWÕU��%XQD�J|UH�PHWDEROLN�\ROL]L�P�KHQGLVOL÷L�
DQDOL]L� LOH� K*+� �UHWLPLQGH� \HWHUVL]� NÕVÕWOD\ÕFÕ� EDVDPD÷ÕQ� DURPDWLN� DPLQR� DVLW�
�7\U�7US�3KH�� YH� $OD� �UHWLPLQLQ� KÕ]� NÕVÕWOD\ÕFÕ� EDVDPDN� ROXúWXUDELOHFH÷L�
EXOXQPXúWXU� 

 

4. %HOLUOHQHQ� HQ� L\L� RNVLMHQ� DNWDUÕP� NRúXOXQGD� KLEULW� JHQ� LoHUHQ� (-

pre(subC)::hGH::pMK4) ve içermeyen (pMK4) plasmidli Bacillus BGSC-

�$����LOH���UHWLP�GHQH\L�JHUoHNOHúWLULOHUHN�–pre(subC)::hGH hibrit genin etkisi 

LQFHOHQPLúWLU�� K*+¶QLQ� K�FUH� oR÷DOPDVÕQÕ� YH� EXQD� ED÷OÕ� RODUDN� JOXNR]�
W�NHWLPLQL�DUWÕUGÕ÷Õ�J|U�OP�úW�U������WHSNLPH�YH�����PHWDEROLWWHQ�ROXúDQ�K�FUH-
LoL� WHSNLPH� VLVWHPL� LoLQ� PDWHPDWLN� PRGHO� ROXúWXUXOPXú� YH� UHDNVL\RQ�
P�KHQGLVOL÷L� � SUHQVLSOHUL\OH� � WHSNLPH� DNÕODUÕ� KHVDSODQDUDN� VRQXoODU�
\RUXPODQPÕúWÕU� 

 

5. %HOLUOHQHQ�HQ� L\L�RNVLMHQ�DNWDUÕP�NRúXOXQGD��UHWLP�RUWDPÕQD�IDUNOÕ�]DPDQODUda 

(te � �� YH� ��� VW¶WH� ��& �����P0�GHULúLPGH� HNOHQHQ� VHULQ�� DVSDUWLN� DVLW�� O|]LQ��
YDOLQ�YH�JOXWDPLN�DVLWLQ��UHWLPH�HWNLVL�DUDúWÕUÕOPÕú�YH�K*+�GHULúLPLQL� VÕUDVÕ\OD�
te= 0 st’te % 6.1, 34.3, 42.4 ve 48.4, te � ��� VW¶WH� � HNOHQHQ� NDUÕúÕPODUÕ� YH�
lözin+valinin ise �������YH������D]DOWWÕ÷Õ�EXOXQPXúWXU� 
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5.7 �+HGHIOHQHQ�dDOÕúPD 

 

1. 5HNRPELQDQW�K*+��UHWLPLQH�RNVLMHQ�DNWDUÕPÕQÕQ�HWNLOHUL�LQFHOHQGLNWHQ�VRQUD�LNL�
EDVDPDNOÕ� RNVLMHQ� DNWDUÕP� VWUDWHMLVL� |QHULOPLúWLU�� 3HUL\RW� ,-,,,� DUDVÕQGD� G�ú�N�
glukoz tüketimiyle yüksek hücre ço÷DOPDVÕ�YH�G�ú�N�RUJDQLN�DVLW�ROXúXPXQXQ�
JHUoHNOHúWL÷L�+27�NRúXOX��3HUL\RW�,9�YH�9¶WH�LVH�K*+��UHWLPLQLQ�\�NVHN��<P/X 

ve YP/S¶QLQ�\�NVHN��RUWDPD�VDOJÕODQDQ�DPLQR�DVLW�GHULúLPL�G�ú�N��ROGX÷X�027��
NRúXOXQXQ�X\JXODQPDVÕ�|QHULOPLúWLU� 

 

2. Metabolik yolizi analizi�VRQXFXQGD�K*+�YHULP�YH�VHoLPOLOL÷LQLQ�DUWÕUÕODELOPHVL�
LoLQ� KÕ]� NÕVÕWOD\ÕFÕ� EDVDPDNODUÕQ� �$OD�� *O\�� 7\U� YH� 7US� �UHWLPL�� GR÷UXOX÷X�
LVSDWODQGÕNWDQ� VRQUD� X\JXQ� ELU� PROHN�OHU� WDVDUÕPÕQ� JHUoHNOHúWLULOPHVL�
önerilmektedir.  

 

3. .RPSOHNV�RUWDP�WDVDUÕPÕ�LOH�K*+�YHULP�YH�VHoLPOLOL÷LQH�HWNLOHULQLQ�LQFHOHQPHVL�
gerekmektedir. 
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EK 1  GenetLN�0�KHQGLVOL÷L�$UDúWÕUPD�3URJUDPÕQGD�.XOODQÕODQ�d|]HOWLOHULQ�
%LOHúLPL 

 
 
 
LB  

Soytripton 10 kg m-3 

Maya özütü 5 kg m-3 

NaCl 10 kg m-3 

  

  
LBA 

Soytripton 10 kg m-3 

Maya özütü 5 kg m-3 

NaCl 10 kg m-3 

Agar 15 kg m-3 

  

  
dg=(/7ø�, 
Glukoz 50 mM 
Tris-HCl (pH=8.0) 25 mM 
EDTA 10 mM 

  

  
dg=(/7ø�,, 
NaOH 0.2 N 
SDS 1% 

  

  
dg=(/7ø�,,, 
Potasyum asetat 5 M 
Asetik asit 11.5 (v/v) 

  

  
SET 

NaCI 75 mM 
EDTA 25 mM 

  

  
10X TBE 

Tris 108 kg m-3 

Borik asit 55 kg m-3 

EDTA 9.3 kg m-3 
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TSE 

Tris HCl, pH= 8.0 10 mM 
NaCl 300 mM 
EDTA 10 mM 

  

  
dg=(/7ø�$ 

Tris HCl, pH= 8.1 10 mM 
EDTA 10 mM 
NaCl 50 mM 
Sakkaroz 8% (w/v) 

  

  
dg=(/7ø�% 

SDS 1% (w/v) 
NaOH 0.2 M 

  

  
dg=(/7ø�& 

Potasyum asetat 5 M 
Asetik asit 60 ml 
dH2O 100 ml'ye 

WDPDPODQÕU 
 
 
10X TE  

 Tris-HCl 0.1 M 

EDTA  pH=7.5 0.01 M 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(.� �� � *HQHWLN� 0�KHQGLVOL÷L� $UDúWÕUPD� 3URJUDPÕQGD� .XOODQÕODQ� d|]HOWLOHULQ�
%LOHúLPL��GHYDP� 
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(.����0LNURRUJDQL]PD�'HULúLPL�øoLQ�.DOLEUDV\RQ�(÷ULVL�  
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��� ��� ��� ��� ��� ��� ���
&;��NJ�P�

$E
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UED
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ùHNLO����0LNURRUJDQL]PD�NDOLEUDV\RQ�H÷ULVL 
 
.DOLEUDV\RQ�GR÷UXVXQXQ�H÷LPL��P ����9 kg/m3 

 
 
Cx (kg/m3) = Abs-0.0223  x (SO) 
                         1.8538 
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(.���*OXNR]�'HULúLPL�øoLQ�.DOLEUDV\RQ�(÷ULVL 
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ùHNLO���*OXNR]�NDOLEUDV\RQ�H÷ULVL 
 
.DOLEUDV\RQ�GR÷UXVXQXQ�H÷LPL��P �������NJ�P3 
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EK 4  Glukoz Analiz Çözeltisi 

 
 
 
 

$QDOL]�d|]HOWLVLQLQ�+D]ÕUODQPDVÕ 
 

 

1. Glukoz oksidaz (900U), peroksidaz (500U) ve 4-aminoantipirin (10mM) içeren 

NDUÕúÕP��VRQ�KDFPÕ�����PO�RODFDN�úHNLOGH�IRVIDW�WDPSRQX������P0��pH=7.5) veya 

fenol (4mM) ilH�WDPDPODQÕU� 
�����+D]ÕUODQDQ�o|]HOWL���GN��.DUÕúWÕUÕOÕU� 
 

 

*OXNR]�6WDQGDUW�d|]HOWLVLQLQ�+D]ÕUODQPDVÕ 
 

1. 10 ml 10 kg/m3�GHULúLPLQGH�VWRN�JOXNR]�o|]HOWLVL�KD]ÕUODQÕU�� 
2. Bu çözeltiden 0.5, 1, 1.5, 2, 4, 6 ve 8 kg/m3�GHULúLPLQGH�VWDQGDUW�JOXNR]�o|]HOWLOHUL 
KD]ÕUODQÕU� 
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EK 5  &(��(Q]LP�$QDOL]L�gUQHN�(OHNWURIHURJUDPÕ 
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EK 6  K*+�'HULúLP�.DOLEUDV\RQX 
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&K*+��NJ�P�
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ùHNLO���K*+�GHULúLP�NDOLEUDV\RQX 
 

 

.DOLEUDV\RQ�GR÷UXVXQXQ�H÷LPL��P �[��-6 kg/m3 
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EK 7 SDS-PAGE ve WESTERN-%/277�\|QWHPOHULQGH�NXOODQÕODQ�o|]HOWLOHUL 
 
 

Örnek Yükleme Tamponu : 10 ml 

Tris-CI (0.5M, pH=6.8)      1.25 ml 

Gliserol                               1.875 ml 

SDS (%10)                         2.0  ml 

Merkaptoetanol                   0.5 ml 

Bromofenol blue                 0.625 ml 

 

 

Akrilamid (%30’luk) 

Akrilamid                           29.2 g 

Bis-akrilamid                       0.8 g 

Su                                      100ml 

 

 

Resolving jel  (%12’lik) 

Akrilamid  (%30)                    4.0  ml 

Tris-CI (1.5M, pH=8.8)          2.532 ml    

SDS (%10)                              0.1 ml 

APS (%10)                              0.1 ml 

TEMED                               0.004 ml 

Su                                       3.264 ml 

 

 

Stacking jel  (%5’lik) 

Akrilamid (%30)                    0.657 g 

Tris-CI (1.5M, pH=8.8)           0.5  g 

SDS   (%10)                         0.039 g 

APS  (%10)                          0.039 g 

TEMED                                0.004 g 

Su 

 

 

 

��;�.RúWXUPD�7DPSRQX����/� 
Trizma base (= 0.25 M)            30.3 g 

Glisin (= 1.92 M)                      144 g 

SDS (= 1%)                                10 g 

 



323 

 
 
 
 
 
 

10X Transfer Tamponu: 1L 

Trizma base (= 0.25 M)           30.3 g 

Glisin  (= 1.92 M)                    144 g 

 

 

1x Transfer Tamponu: 1 L  

Metanol                                   200 ml 

10x Transfer Tamponu             100 ml 

Su                                            700 ml 

 

 

Blocking Çözeltisi: 0.5L 

Bovin serum albümin                  % 3 

Tween 20                               % 0.05    

PBS                                           0.5 L 

 

 

PBS-Tween 20 (PBST) Çözeltisi   (%0.1’lik) 

Na2HPO4                                11.5 g 

NaH2PO4                               2.969 g 

NaCI                                        5.84 g 

Tween 20                                    1 ml 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EK 7 SDS-PAGE ve WESTERN-%/277�\|QWHPOHULQGH�NXOODQÕODQ�o|]HOWLOHUL 
          (devam) 
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EK 8 Serin Alkali Proteaz (SAP) Aktivitesi Kalibrasyonu 

   

���
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���

���
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���

��� ��� ��� ��� ��� ��� ���
&7LUR]LQ��8PRO�FP�

$E
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UED

QV

 

ùHNLO���6$3�NDOLEUDV\RQX 
 

 
SAP aktiYLWHVL�� HQ]LPLQ� ND]HLQ� LOH� HQ]LPDWLN� KLGUROL]L� VRQXQGD� DoÕ÷D� oÕNDQ�
KLGUROL]DWODUÕQ�DEVRUEDQVÕQÕQ�|Oo�OPHVL�LOH�EHOLUOHQPHNWHGLU��(Q]LPDWLN�KLGUROL]�VRQXQGD�
DoÕ÷D�oÕNDQ�KLGUROL]DWODU� DUDVÕQGD�����QP¶GH�DEVRUSVL\RQ�\DSDQ�DPLQR�DVLW� WLUR]LQGLU��
Bu nedenle farNOÕ� GHULúLPOHUGH� KD]ÕUODQDQ� WLUR]LQ� GHULúLPOHULQH� NDUúÕ� ���� QP� GDOJD�
ER\XQGD� DEVRUEDQV� |Oo�POHUL� RNXQPXúWXU�� (OGH� HGLOHQ� YHULOHUL� YH� DNWLYLWH� GHQNOHPL�
DúD÷ÕGD�YHULOPLúWLU�� 
 

$� �>�(÷LP[$EVRUEDQV�[6H\UHOWPH�IDNW|U�@[����-3nmol/1µmol) x[1U/(4nmol/dk)]x(1/20dk) 
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(.���'LQDPLN�<|QWHP�LOH�6ÕYÕ�)D]�.�WOH�$NWDUÕP�.DWVD\ÕVÕ�YH�0LNURRUJDQL]PD�����
2NVLMHQ�7�NHWLP�+Õ]ÕQÕQ�%HOLUOHQPHVL 

 

2UWDPD�YHULOHQ�KDYD�NHVLOGL÷LQGH�HOGH�HGLOHQ��W��&R��JUDIL÷LQGH�D]DODQ�GR÷UXVDO�LOLúNLGHQ�
-UR� GH÷HUL� EXOXQXU�� ��G&o/dt-ro); Co) grafL÷L� oL]LOLU�� 'R÷UXQXQ� H÷LPL� -1/KLD� GH÷HULQL�
YHULU�� $úD÷ÕGD� 4o/V=0.5 vvm ve N=700 dk-1, VR=0.55 dm3, T=37°C ve t=0.5 st 

NRúXOODUÕQGD�X\JXODQDQ�'LQDPLN�<|QWHP�VRQXoODUÕ�LOH�LOJLOL�KHVDSODPDODU�J|VWHULOPLúWLU� 

   

����

����

����

����

����

����

����

� ��� ��� ��� ���
W��V

& 2
��P

RO�P
�

 

ùHNLO��  Çözünmüú�RNVLMHQ�GHULúLPLQLQ�W�LOH�GH÷LúLPL��&Go=8 kg m-3, pHo=7.25, T=37°C, 
VR=550 cm3, QO/VR= 0.5vvm, N=700 dk-1, t=0.5 st 

����

����

����

����

����

����

� ������ ����� ������ ����� ������ �����
�G&2�GW��U2��PRO�P���V��

& 2
��P
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��

 

ùHNLO� �� 6ÕYÕ� ID]� KDFÕPVDO� N�WOH� DNWDUÕP� NDWVD\ÕVÕQÕQ� EHOLUOHQPHVL�� &Go=8 kg m-3,    
pHo=7.25, T=37°C, VR=550 cm3, QO/VR= 0.5vvm, N=700 dk-1, t=0.5 st 

 

 

(÷LP -ro 
-ro=6.0*10-4 mol m-3 s-1 

(÷LP -1/KLa 
        = -62,501 s 
KLa=0.016 s-1 
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(.����3ULPHUOHULQ�7DVDUÕPÕ 
 

1. –pre(SubC) øOHUL�3ULPHUL 
   gctctagagcgcaatctcctgtcattcg 
 ¦                                                                     Position & Length 
 ¦                                                                           of fragm. 
 ¦                                                                              1  28 
 ¦ 
 ¦                                                                      Td [°C]= 78.3 
 ¦                                                                      ∆G(kcal/mol)= -48.5 
 ¦                                                                      ∆H(kcal/mol)= -213.8 
 ¦                                                                      ∆S (eu)= -547.6 
 ¦--------------------------------------------------------------------                                                                       

GCTCTAGAGCGCAATCTCCTGTCATTCG 
CGAGATCTCGCGTTAGAGGACAGTAAGC 

¦--------------------------------------------------------------------      
Dimer formation: 
                                                              5' GCTCTAGAGCGCAATCTCCTGTCATTCG 3' 
                                                                   GGGGGGGGGG 
                3' GCTTACTGTCCTCTAACGCGAGATCTCG 5' 
 
Self-complementarity: 
                                                    5'  GCTCT I 
                                                         GGG����� 
     3' GCTTACTGTCCTCTAACGCGAGAK 
 

2. –pre(SubC) Geri Primeri 

 
ggtatagttgggaaagcagaagcggaatcg 
 ¦                                                                     Position & Length 
 ¦                                                                              of fragm. 
 ¦                                                                                 1  30 
 ¦ 
 ¦                                                                     Td [°C= 80.0 
 ¦                                                                     ∆G(kcal/mol)= -54.3 
 ¦                                                                     ∆H(kcal/mol)= -242.9 
 ¦                                                                     ∆S (eu)= -625.4 
 ¦--------------------------------------------------------------------     
   GGTATAGTTGGGAAAGCAGAAGCGGAATCG 
   CCATATCAACCCTTTCGTCTTCGCCTTAGC                                                                      
¦--------------------------------------------------------------------             
Dimer formation: 
                                                                        5' GGTATAGTTGGGAAAGCAGAAGC 3' 
                                                                                 GGGG 
           3' GCTAAGGCGAAGACGAAAGGGTTGATATGG 5' 
Self-complementarity: 
                                 5'  GGTATAGTTGGI 
                                           G��G������GG�����G 
          3' GCTAAGGCGAAGACGAAAGK 
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(.����3ULPHUOHULQ�7DVDUÕPÕ��GHYDP� 
 

���K*+�øOHUL�3ULPHUL 
 

gcttctgctttcccaactataccactatctc 
 ¦                                                                     Position & Length 
 ¦                                                                           of fragm. 
 ¦                                                                              1  31 
 ¦ 
 ¦                                                                      Td [°C]= 74.4 
 ¦                                                                       ∆G(kcal/mol)= -49.4 
 ¦                                                                       ∆H(kcal/mol)= -232.9 
 ¦                                                                       ∆S (eu)= -607.9 
 ¦--------------------------------------------------------------------     
GCTTCTGCTTTCCCAACTATACCACTATCTC 
CGAAGACGAAAGGGTTGATATGGTGATAGAG 
¦--------------------------------------------------------------------             
 Dimer formation: 
                       5' GCTTCTGCTTTCCCAACTATACCACTATCTC 3' 
                                                                       GGGG 
                                         3' CTCTATCACCATATCAACCCTTTCGTCTTCG 5' 
 
 Self-complementarity: 
 5'  GCTTCTGCTTTCCCAACTATACCI 
                                                     GGG�����G 
                                          3' CTCTATCAK 
 

4. hGH Geri Primeri I 

 

gcggatccgcactggggaggggtcac                                                                       
                                                                      Position & Length 
 ¦                                                                             of fragm. 
 ¦                                                                               1  26 
 ¦ 
 ¦                                                                      Td [°C]= 87.5 
 ¦                                                                      ∆G(kcal/mol)= -53.9 
 ¦                                                                      ∆H(kcal/mol)= -217.5 
 ¦                                                                      ∆S (eu)= -542.7 
 ¦--------------------------------------------------------------------     
GCGGATCCGCACTGGGGAGGGGTCAC 
CGCCTAGGCGTGACCCCTCCCCAGTG                                                                                  
¦--------------------------------------------------------------------             

Dimer formation: 
                                                            5' GCGGATCCGCACTGGGGAGGGGTCAC 3' 

                                                               GGGGGGGGGG 
                3' CACTGGGGAGGGGTCACGCCTAGGCG 5' 

 
 Self-complementarity: 

                                                5'  GCGGAI 
                                                     GGG�����G 
     3' CACTGGGGAGGGGTCACGCCTK 
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EK 10 Primerlerin TDVDUÕPÕ��GHYDP� 
 

5. hGH Geri Primeri II 

 

gcggatccgccccgggcagctagaagc                                                                       
                                                                      Position & Length 
 ¦                                                                             of fragm. 
 ¦                                                                               1  27 
 ¦ 
 ¦                                                                      Td [°C]= 89.5 
 ¦                                                                      ∆G(kcal/mol)= -60.4 
 ¦                                                                      ∆H(kcal/mol)= -245.7 
 ¦                                                                      ∆S (eu)= -615.3 
 ¦--------------------------------------------------------------------     
 GCGGATCCGCCCCGGGCAGCTAGAAGC 
 CGCCTAGGCGGGGCCCGTCGATCTTCG                                                                               
¦--------------------------------------------------------------------             

Dimer formation: 
                                                           5' GCGGATCCGCCCCGGGCAGCTAGAAGC 3' 

                                                               GGGGGGGGGG 
             3' CGAAGATCGACGGGCCCCGCCTAGGCG 5' 

Self-complementarity: 
                                                  5'  GCGGAI 
                                                       GGG������G 
     3' CGAAGATCGACGGGCCCCGCCTK 
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(.����$UDúWÕUPD�3URJUDPÕQGD��.XOODQÕOPÕú�2ODQ�0DUNHU¶ODU 

 

 

 

 

 

ùHNLO���'1$�/DGGHU�/RZ�5DQJH�0DUNHU¶ÕQGDNL�'1$�E�\�NO�NOHUL��ES� 
 

 

 

 

 

 

ùHNLO���λ�'1$�+LQG�,,,�0DUNHU¶ÕQGDNL�'1$�E�\�NO�NOHUL��ES� 
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(.����$UDúWÕUPD�3URJUDPÕQGD��.XOODQÕOPÕú�2ODQ�0DUNHU¶ODU��GHYDP� 
 

 

 
 

ùHNLO���3DJH5XOHU��3UHVWDLQHG�3URWHLQ�/DGGHU�0DUNHU¶ÕQGDNL�'1$�E�\�NO�NOHUL��ES� 
 
 

 

 
ùHNLO�������ES�'1$�/DGGHU�3OXV�0DUNHU¶ÕQGDNL�'1$�E�\�NO�NOHUL��ES� 
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(.����*$06�3DNHW�3URJUDPÕ�LOH�0<0�$QDOL]L�øoLQ�0DWHPDWLN�0RGHOLQ�
Çö]�P�QGH��.XOODQÕODQ�3URJUDP  

 
SET   I / 1 * 5000/;  
       
     VARIABLES 
        J (I) 
        DD 
        Z; 
         
     POSITIVE VARIABLE J, DD ; 
     J.UP(I) = 350; 
           
     EQUATIONS 
        SS 
        PEP 
        Pyr 
        G6P 
        F6P  
        ATP 
        CO2 
        R5P 
        NADPH 
        T3P 
        E4P 
        PG3 
        NADH 
        Lac 
        AcCoA 
        Ac 
        Cit 
        GLOX 
        Mal 
        ICit 
        AKG 
        Succ 
        SuccCoA 
        FADH2 
        Fum 
        OA 
        DHF 
        Gly 
        NH3 
        MTHF 
        MeTHF 
        MetTHF 
        THF 
        Gln 
        Glu 
        CaP 
        ADP 
        Pi 



332 

        (.����*$06�3DNHW�3URJUDPÕ�LOH�0<0�$QDOL]L�øoLQ�0DWHPDWLN�0RGHOLQ�d|]�P�QGH��
.XOODQÕODQ�3URJUDP (devam) 

 
 
       Chor 
        Phe 
        Tyr 
        PRPP 
        IGP 
        PPi 
        Ser 
        Trp 
        Asp 
        Asn 
        ASPSA 
        mDAP 
        Lys 
        HSer 
        Cys 
        Met 
        Thr 
        Ile 
        Pro 
        Orn 
        Citr 
        Arg 
        AMP 
        H2S 
        Ala 
        Kval 
        Val 
        Leu 
        His 
        PRAIC 
        IMP 
        GTP 
        GDP 
        GMP 
        UMP 
        UTP 
        CTP 
        UDP 
        CDP 
        dATP 
        dGTP 
        dCTP 
        dTTP 
        GL3P 
        C140 
        C141 
        PA 
        UDPNAG 
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        (.����*$06�3DNHW�3URJUDPÕ�LOH�0<0�$QDOL]L�øoLQ�0DWHPDWLN�0RGHOLQ�d|]�P�QGH��
.XOODQÕODQ�3URJUDP (devam) 

 
        UDPNAM 
        CMPKDO 
        CDPEtN 
        UDPGlc 
        ADPHep 
        G1P 
        S7P 
        XYL5P 
        RIB5P 
        Gluc6P 
        Ldihy 
        Ltet 
        Proteaz 
        Glc 
        F10THF 
        Amy 
        IFN 
        NP 
        OX 
        Form 
        Bla 
        hGH 
        DGloc 
        Gloc 
  
     OBJECTIVE; 
              
     OBJECTIVE .. Z =E= DD;    
      
     SS .. J('179')  =E= 0.01188; 
 
     Glc ..  J('1')- J('804')  =E= 3.322;  
       
     OA ..    + J('550')- J('49') - J('50')  + J('61') - J('75') =E= 0; 
 
     OX .. + J('802') - J('803') =E= 0.01521; 
   
     Form .. + J('800') - J('801') - J('802') + J('803') =E= 0; 
 
     PEP ..    J('13') - J('14') - J('1') - J('26') - 2*J('91') -J('137') - J('172')  =E= 0; 
      
     PYR ..    - J('800') + J('801') - J('550') + J('14')  + J('1')   - J('40') + J('41') + J('47')  + J('65') - 

J('69') - 2*J('70') - J('78') - J('86') + J('90') + J('95') - J('29') + J('49') + J('604') + 
J('608')=E= -0.0029; 

      
     G6P ..    J('1') - J('2') + J('3') - J('4') + J('10') - J('9') =E= 0; 
      
     ATP ..     + J('14') - J('181') - J('11') + J('22') - J('23') 
                    + J('42') - J('43') + J('56') - J('57')  - J('73') - J('74') - J('76')  
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                     - J('77') - J('85') - J('91') - J('98') - J('100') - J('101') - J('103')  
                    - 4*J('104') - J('106') - J('107') - J('108') + J('109')  
                    - J('112') - J('113') - J('115') - J('117') - J('118')  
                    - J('121') - J('124') - J('126') + J('127') - 2*J('128')  
                   - 6*J('133') - 6*J('134') - 7.2*J('135')- 2*J('145') 
                   + 2* J('155') + J('156') - 2*J('165') - J('173')  
                   - J('176') - 41.139*J('179') - 5.5*J('180') - 5.5*J('190')  - 5.5*J('191') -  J('607')- 

5.5*J('700') - 5.5*J('900') =E= 0; 
      
     CO2 ..  - J('802') + J('803')- J('550') + J('49') +J('8') +  J('47')  + J('53')  
                + J('55') + J('72') + J('83') + J('93') + J('94') + J('86') + J('95')  
                - J('104') + J('116')- J('145') - J('148') + J('184') - J('161')  
                + J('162') + J('173') + J('29') + J('602') + J('603') + J('611') +2*J('612') =E= 0; 
      
       NADPH .. + J('306') + J('4') - J('97')  + J('8') + J('47') + J('53') - J('70') -J('77') - J('80') - 

J('84')         - J('86') - J('91') - 2*J('100') - J('101') - J('132') - 12*J('133')- 11*J('134')  
                      - 14*J('135') - J('137') - J('147') - J('149')+ J('150') - 4*J('165') - J('112') - J('113') - 

J('124') - J('128') - J('300') + J('301') - J('303') + J('602') - J('605')  - J('610') =E= 0;  
      
     PG3 ..   - J('13') + J('22') - J('23') + J('26') - J('64') =E= 0; 
      
     NADH ..     + J('22') - J('23') - J('40') + J('41')  - J('155') 
     + J('55') + J('61') + J('64') + J('72') + 2*J('74')  
     + J('94') + J('106') + J('116') - J('148') + J('184') + J('29') + J('300') - J('301') + 2*J('603')  
     +  J('607') + J('609') +3*J('612') + J('613') =E=0;  
            
     Lac .. J('40') - J('41')  =E= -0.1174; 
      
           
     AcCoA ..  + J('800') - J('801')- J('50') - J('42') + J('43') - J('63') - J('68') - J('72') - J('101') -         

7*J('133') - 7*J('134') - 8.2*J('135') - J('169') + J('29') - J('90') - J('81') + J('603') 
+2* J('607') + J('609') + J('610')+ J('611') + J('613') =E= 0; 

      
     Ac .. J('42') - J('43') + J('68') + 2*J('90') + J('101') + J('81') =E= 0.0872; 
      
     Cit..  J('50') - J('51')  =E= 0; 
      
     GLOX .. J('62') - J('63') =E= 0; 
     
     Mal .. - J('47') + J('59') - J('61') + J('63')   =E= 0.0441; 
      
     ICit .. J('51') - J('53') - J('62') =E= 0; 
      
     AKG ..   + J('53')- J('97') - J('55') + J('64') - J('65') + J('69') + J('71') + J('72') + J('74') + J('75') 

+ J('81') + J('86')  + J('93') + J('94')  + J('101')  - J('602') - J('605') - J('603') -  J('607') 
-J('611') - J('612')=E= 0.0082; 

 
     Succ .. J('56') - J('57') - J('58') + J('62') + J('611') =E= 0.244; 
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     SuccCoA .. J('55') - J('56')  + J('57') - J('611') + J('612') + J('603') =E= 0; 
      
     FADH2 .. J('58') - J('156') + 2*J('603') +  J('607') + J('612') + J('613') =E= 0; 
      
     Fum .. J('58') - J('59') + J('103') + J('104') + J('114') + J('600') + J('611')  =E= 0.0066; 
               
     DHF .. - J('147') + J('128') =E= 0; 
      
     Gly ..     -8*J('900') - J('66') - J('67') - J('104') + J('148') - J('184') - 0.58*J('179') - 35*J('180') 

- 51*J('190')- 3*J('191')- 48*J('192') + J('609') - 16*J('700')  =E= 0; 
      
     NH3  ..     -  J('97')  - J('121') + J('86') + J('90') - J('98') - J('148') + J('184') + J('163')  
                     + J('600')  + J('601') + J('602') + J('604') + J('608') - J('95')  =E= 0; 
     MTHF .. - J('90') + J('149') =E= 0; 
      
     MeTHF .. - J('183') + J('150') + J('606') =E= 0; 
 
     F10THF ..  J('183') - J('104') - J('105') =E= 0;    
  
     MetTHF ..  J('66') - J('67') - J('128') - J('148') + J('184') - J('149') - J('150')  =E= 0; 
      
     THF .. - J('66') + J('67')  + J('90') + J('104') + J('105')+ J('147') + J('148') - J('184') - J('606') 

=E= 0; 
 
     Gln ..   -13*J('900') - J('74') - J('76') + J('98') - 2*J('104') - J('106') - J('145')  - J('169') -  

0.25*J('179') - 7*J('180') - 29*J('190') - 10*J('191') -24*J('192') - J('605') - 
8*J('700') =E= 0.0461;   

 
     Glu ..     J('306') + J('97') + J('106')  + J('145') + J('169')- 0.25*J('179') - 5*J('180') - J('64') + 

J('65') - J('69') - J('71') - J('72') - J('75') + J('76') - J('81')- J('86') - J('93') - J('94') - 
J('98') - J('100') - 2*J('101') + 2*J('104') - 23*J('190') - 15*J('191') -40*J('192') + 
2*J('602') + 2*J('605') + J('606') + J('603')+J('607') + J('611') + J('612') - 21*J('700') 
- 14*J('900') =E= 0; 

      
     CaP .. - J('102') - J('116') + J('145') =E= 0; 
      
     ADP ..   - J('14') + J('181') + J('11')  - J('22') + J('23') - J('42') + J('43')- J('56') + J('57') + 

J('77') + J('85')  + J('91') + J('98') + J('100')+ J('101') + 4*J('104') + J('107') + 
J('108') - J('109') + J('113') + 2*J('115')+ J('117') + J('118') + J('121') + J('124') + 
J('126') - J('127') + 2*J('128') + 6*J('133') + 6*J('134') + 7.2*J('135') + 2*J('145')  

                   -2*J('155') - J('156') + J('165') + J('173') + 41.139*J('179') + 5.5*J('180') + 
5.5*J('190') + 5.5*J('191')+  J('607')  + 5.5*J('700') + 5.5*J('900') =E= 0; 

      
     Pi ..    J('64') + J('181') - J('22') + J('23') - J('42') + J('43') - J('56') + J('57') +J('74') + J('77') + 

J('85') + 4*J('91') + J('98') + J('100') + J('101') + J('102') + 4*J('104') + J('114') + 
J('116') + J('121') + 6*J('133')+ 6*J('134') + 7.2*J('135') + J('145') - 2*J('155') - 
J('156') + J('167') - J('168')      + J('165') + 2*J('166') + J('137') + 2*J('172') + 
41.139*J('179') + 5.5*J('180') + 5.5*J('190') + 5.5*J('191') + J('12') +  J('607') + 
5.5*J('700') =E= 0; 
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     Chor .. J('91') - J('93') - J('94') - J('95') =E= 0; 
      
     Phe .. J('93') - 0.17*J('179') - 4*J('180') - J('303') - 20*J('190') - 8*J('191') - 20*J('192') - 

7*J('700') - 13*J('900') =E= 0.7055; 
      
     Tyr .. J('94') - 0.13*J('179') - 13*J('180') + J('303') - 28*J('190') - 4*J('191') -32*J('192') - 

J('611') - 6*J('700') - 8*J('900') =E= 0; 
      
     PRPP .. J('73') - J('74') - J('104')- J('95') - J('116') =E= 0; 
      
     IGP .. J('95') - J('96') =E= 0; 
      
     PPi ..  2*J('74') + J('76') + J('95') + J('103')+ J('104') + J('106')+ J('116') + J('128') + J('136') + 
                J('165') - J('166') + J('169') + J('172') + J('173') + J('176') =E= 0; 
      
     Ser ..   J('64') - J('66') + J('67') - J('68') - J('96')- J('173') - 0.377*J('179') - 32*J('180')- 

55*J('190') - 13*J('191') - 43*J('192') -  J('608') - 11*J('700')  - 18*J('900')  =E= 
0.0461; 

      
     Trp ..   J('96') - 0.05*J('179') - 1*J('180') - 14*J('190') - 2*J('191') - 4*J('192') - J('610')  - 

3*J('700') - J('900') =E= 0; 
      
     Asp ..  J('75') - J('76') - J('77') - J('103') - J('104') - J('114') - J('116') - 0.22*J('179') - 

9*J('180') - 44*J('190') - 11*J('191')- 30*J('192') - J('600') +  J('601') - 23*J('700')  - 
11*J('900') =E= -0.000363; 

      
     Asn ..    J('76') - 0.22*J('179') - 18*J('180') - 54*J('190') - 16*J('191') - 23*J('192')  - J('601')  

- 13*J('700')  - 9*J('900')  =E= 0; 
      
     ASPSA .. J('77') - J('78') - J('84') =E= 0; 
      
     mDAP .. J('81')- J('83') =E= 0; 
          
     HSer .. J('84') - J('85') - J('90') =E= 0; 
      
     Cys ..  J('68') -   J('90') - 0.09*J('179') - 1*J('190') - 5*J('191') - 1*J('192') - J('604')  - 

4*J('900')  =E= 0; 
      
     Met ..   J('90') - 0.14*J('179') - 5*J('180') - 10*J('190')- 7*J('191') - 8*J('192') - 4*J('700')  - 

3*J('900')   =E= 0; 
      
     Thr ..    J('85') - J('86') - 0.24*J('179') - 20*J('180') - 45*J('190') - 9*J('191') - 35*J('192') - 

J('609') - 23*J('700') - 10*J('900')  =E= 0; 
      
     Ile ..     J('86') - 0.27*J('179') - 10*J('180') - 35*J('190') - 7*J('191') -32*J('192') - J('603')  - 

14*J('700') - 8*J('900') =E= 0; 
      
     Pro ..    J('100') - 0.2*J('179') - 10*J('180') - J('306') - 23*J('190') - 6*J('191') - 17*J('192') - 

11*J('700') - 8*J('900') =E= 0; 
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     Orn .. J('101') - J('102') -  0.0593*J('179') =E= 0; 
      
     Citr .. J('102') - J('103')  =E= 0; 
      
     Arg .. J('103') - 0.28*J('179') - 4*J('180') - 24*J('190')  - 12*J('191') - 14*J('192') - J('602') - 

14*J('700') - 11*J('900') =E= 0; 
      
     AMP ..  J('73') + J('76') + J('103') + J('106') + J('114') - J('115') + J('165') =E= 0; 
      
     H2S .. - J('68')   - J('90') + J('165') + J('604') =E= 0; 
      
     Ala ..  - J('65') + J('69') - 0.5352*J('179') - 40*J('180') - 49*J('190') - 10*J('191') - 47*J('192') 

+ J('610') - 24*J('700') - 7*J('900') =E= 0; 
      
     Kval .. J('70') - J('71')- J('72') =E= 0; 
      
     Val ..    J('71') - 0.4*J('179') - 31*J('180') - 32*J('190')  - 6*J('191') - 32*J('192') - J('612')  - 

15*J('700') - 7*J('900') =E= 0; 
      
     Leu .. J('72') - 0.42*J('179') - 16*J('180') - 36*J('190')- 22*J('191')- 33*J('192') - J('607') - 

27*J('700')  - 226*J('900') =E= 0; 
      
     His .. J('74')  - 0.09*J('179') - 5*J('180')- 16*J('190') - 3*J('191')  - 18*J('192') - J('606') - 

1*J('700')- 3*J('900')  =E= 0; 
      
     PRAIC .. J('74') + J('104') - J('105') =E= 0; 
      
     IMP .. J('105') - J('106') - J('114') =E= 0; 
      
     GTP ..  - J('114') + J('108') - J('109')- 0.2*J('179')  =E= 0; 
      
     GDP ..  J('107') - J('108') + J('109') +J('114') - J('113') =E= 0; 
      
     GMP .. J('106') - J('107') =E= 0; 
      
     UMP .. J('116') - J('117') =E= 0; 
      
     UTP .. J('118') - J('136') - J('121') - J('169') - 0.13*J('179') =E= 0; 
      
     CTP .. J('121') - J('127') + J('126') - J('172') - J('173')- 0.12*J('179') =E= 0; 
      
     UDP .. J('117') - J('118') - J('128') =E= 0; 
                
     CDP .. J('127') - J('126') - J('124') =E= 0; 
      
     dATP .. J('112') - 0.02*J('179') =E= 0; 
      
     dGTP .. J('113') - 0.02*J('179')  =E= 0; 
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     dCTP .. J('124') - 0.02*J('179') =E= 0; 
           
     dTTP .. J('128') - 0.02*J('179') =E= 0; 
     
     Lys .. J('83') - 0.32*J('179') - 9*J('180') - 30*J('190') - 8*J('191') - 37*J('192') - J('613') - 

24*J('700') - 9*J('900') =E= 0; 
          
     GL3P .. J('132') - 0.129*J('179') =E= 0; 
             
     C140 .. J('133') - 0.0235*J('179') =E= 0; 
      
     C141 .. J('134') - 0.0235*J('179') =E= 0; 
             
     PA .. J('135') - 0.259*J('179') =E= 0; 
                
     UDPNAG .. J('169') - J('137') - 0.0433*J('179') =E= 0; 
     
     UDPNAM .. J('137') -  0.0276*J('179')=E=0; 
     
     CMPKDO .. J('172') - 0.0235*J('179') =E= 0; 
      
     CDPEtN ..  J('173') -  0.0235*J('179') =E= 0; 
     UDPGLC .. J('136') - 0.0157*J('179') =E=0; 
   
     ADPHep ..  J('176') - 0.0235*J('179') =E= 0; 
             
     G1P ..   J('2') - J('3') - J('136') - 0.154*J('179') =E= 0; 
      
     S7P .. - J('34')  + J('35') + J('38')  - J('39') - J('176') =E= 0; 
           
     XYL5P .. - J('30') + J('31')  + J('34')  - J('35') + J('36')  - J('37')  =E= 0; 
               
     F6P ..   J('9')  - J('10') - J('11') + J('12') - J('36')  + J('37') - J('38')  + J('39') - J('169') =E= 0; 
     
     T3P ..  + 2*J('11') - 2*J('12') - J('22') + J('23') - J('34')  + J('35') - J('36')  + J('37') + J('38')  -   

J('39') + J('96') - J('132') =E= 0; 
     
     RIB5P .. - J('32') + J('33') + J('34')  - J('35')  =E=0;      
      
     R5P ..  + J('8') + J('30') - J('31')+  J('32')  - J('33') - J('73') - J('172')  =E= 0; 
 
     E4P ..  + J('36')  - J('37')  - J('38')  + J('39') - J('91') =E= 0; 
            
     Gluc6P .. J('4') - J('8')    =E=0; 
                   
     Ldihy .. J('78') - J('80') =E=0; 
      
     Ltet .. J('80') - J('81') =E= 0; 
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     Proteaz ..  J('180') =E= 0; 
 
     Amy ..  J('190') =E= 0; 
   
     IFN .. J('191') =E= 0; 
 
     NP .. J('192')  =E= 0; 
 
     Bla .. J('700') =E= 0; 
      
     hGH .. J('900') -DD =E= 0.000883; 
           
     DGloc.. J('804') - J('805') =E=0; 
 
     Gloc.. J('805') =E=0.13; 
 
     MODEL CATABOLIC /ALL/ ;  
     
     OPTION LIMCOL = 5000;   
 
     SOLVE CATABOLIC USING NLP MINIMIZING Z; 
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