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<�NVHN�OLVDQV�oDOÕúPDODUÕP�ER\XQFD�\DNÕQ�LOJL�YH�GHVWH÷LQL�J|UG�÷�P��bilgi ve 

WHFU�EHOHULQGHQ�\DUDUODQGÕ÷ÕP�KHU�W�UO��VRUXQXPOD�\DNÕQGDQ�LOJLOHQHQ�'DQÕúPDQ�+RFDP�
<UG��'Ro��'U��0XUDW�.,=,/¶D�HQ�LoWHQ�WHúHNN�UOHULPL�YH�VD\JÕODUÕPÕ�VXQDUÕP� 

 

dDOÕúPDODUÕP� V�UHVLQFH� ELOJL� YH� GHVWH÷LQL� HVLUJHPH\HQ� %L\RNLP\D� $QDELOLP�
'DOÕ�%DúNDQÕ�6D\ÕQ�+RFDP�3URI��'U��dHWLQ�$<7(.ø1¶H�WHúHNN�U�HGHULP� 

 

<�NVHN� OLVDQV� oDOÕúPDODUÕP� V�UHVLQFH� \DUGÕPODUÕQÕ� HVLUJHPH\HQ� 3URI�� 'U�� $��
6HOoXN�(57(.ø1¶H��<UG��'Ro��'U��(EUX� ø1&(�<,/0$=¶D��<UG��'Ro��'U��6HODKDWWLQ�
7(.(ù¶H�� <UG�� 'Ro�� 'U�� *|NVHO� .,=,/¶D� YH� W�P� oDOÕúPD� DUNDGDúODUÕPD� WHúHNN�U�
ederim. 

%L\RRUJDQLN� .LP\D� $UDúWÕUPD� /DERUDWXYDU¶ÕQÕQ� NXUXOPDVÕQD� \DUGÕPFÕ� RODQ�
'LFOH�hQLYHUVLWHVL� $UDúWÕUPD�3URMH�.RRUGLQDW|UO�÷�¶QH� ���-FF-10 nolu proje) ve Fen 

(GHEL\DW�)DN�OWHVL�'HNDQOÕ÷ÕQD�WHúHNN�U�HGHULP�� 
 

+D\DWÕPÕQ�KHU�G|QHPLQGH�ROGX÷X�JLEL�EX�G|QHPGH�GH�EHQL�GHVWHNOH\HQ�DLOHPH�
WHúHNN�U�HGHULP� 
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AMAÇ 

 

(QGL\HQ�\DSÕVÕQD�VDKLS�G\QHPLFLQ��FDOLFKHPLFLQ��HVSHUDPicin ve neocarzinostatin gibi 

GR÷DO� DQWLW�P|U� DQWLEL\RWLNOHUL� GLUDGLNDO� ROXúWXUDUDN� '1$� NHVLPLQH� VHEHS� ROXUODU��
<DSÕVDO� RODUDN� oRN� NDUPDúÕN� RODQ� EX� GR÷DO� �U�QOHUL� VHQWH]OHPHN� ]RU� ROGX÷XQGDQ��
EXQODUÕQ�NLP\DVÕQD�EHQ]HU�GDYUDQÕúODUGD�EXOXQDQ�GDKD�EDVLW�PROHN�lleri sentezlemeye 

\|QHOLN�oDOÕúPDODUD�\|QHOPHOHU�DUWPÕúWÕU� 
 %X� oDOÕúPDGDNL� WHPHO� DPDFÕPÕ]� HQGL\HQ� GR÷DO� �U�QOHUGH� ROGX÷X� JLEL� '1$�
NHVLPLQL� EDúODWDELOHFHN�� DULO� UDGLNDOL� ROXúWXUDELOHFHN� \HQL� YH� NDUPDúÕN� ROPD\DQ�
moleküller sentezlemektir. Bu amaçla benzendiazonyum iyonunun DNA kesimi için iyi 

ELU� PRGHO� ROGX÷X� GDKD� |QFHGHQ� EHOLUOHQPLúWLU�� %L]LPGH� EX� WH]GHNL� DPDFÕPÕ]� IDUNOÕ�
V�EVWLW�H� DULO� UDGLNDOOHULQ� '1$� NHVLPL� �]HULQH� HWNLOHULQL� DUDúWÕUPDNWÕU�� '1$� YH�
NRPSRQHQWOHULQH�NDUúÕ�DULO�UDGLNDOOHULQLQ�NRQWURO�Q��VD÷OD\DQ�IDNW|UOHU�YH�GL÷HU�\DSÕVDO�
|]HOOLNOHUL�DQODPDPÕ]��\HQL�VHQWHWLN�'1$�NHVLP�PROHN�OOHUL�EXOPDPÕ]D�VHEHS�RODFDNWÕU��
%X�GD�EL]LP�GDKD�HWNLOL�YH�D]�WRNVLN�\HQL�LODoODU�JHOLúWLUPHPL]H�\DUGÕPFÕ�RODFDNWÕU� 
 'L÷HU� ELU� DPDFÕPÕ]� GD� DULO� UDGLNDOOHUL� VRQXFX� ROXúDQ� '1$� KDVDUÕQÕ�
DQWLRNVLGDQW�YH�DQWLPLNUREL\DO�DNWLYLWHVL�ELOLQHQ�ED]Õ�Hypericum ve Achillea türü bitki 

HNVWUDNWODUÕQÕQ�NRUX\XFX�HWNLOHULQL�DUDúWÕUPDNWÕU� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



ÖZET 
 

%X� oDOÕúPDGD� IDUNOÕ� V�EVWLW�H� DULO� UDGLNDOOHULQLQ� UDGLNDO� UHDNWLYLWHVL� YH� '1$�
kesimL� �]HULQH� HWNLOHUL� DUDúWÕUÕOGÕ�� 6HQWH]OHQHQ� IDUNOÕ� V�EVWLW�H� GLD]RQ\XP� WX]ODUÕQÕQ�
LQRUJDQLN� ELU� HOHNWURQ� GRQ|U� �&X&O�� YDUOÕ÷ÕQGD� S%OXHVFULSW� 0���� SOD]PLG� '1$¶\Õ�
NHVWL÷L�J|]OHQGL��'1$�NHVLPLQLQ�V�EVWLW�H�JUXED�ED÷OÕ�RODUDN�NÕVPHQ�GH÷LúWL÷L�YH�ED]Õ�
diazonyum� WX]ODUÕQGD� '1$� NHVLPLQLQ� HOHNWURQ� GRQ|U� ROPDGDQ� GD� JHUoHNOHúWL÷L�
EHOLUOHQGL��.HVLP�PHNDQL]PDVÕQÕQ�DULO�UDGLNDOLQLQ�'1$¶QÕQ�GHRNVLULER]�úHNHULQGHQ�ELU�
KLGURMHQ�DWRPX�NRSDUDUDN�JHoHNOHúWL÷L�|QJ|U�OPHNWHGLU�� 

$\UÕFD� � DULO� UDGLNDOHUL� LOH� ROXúDQ� '1$� KDVDUÕ� �]Hrine antioksidant ve 

antimikrobiyal aktiviteleri bilinen Hypericum retusum Aucher, Hypericum scabrum L., 

Hypericum lysimachioides Boiss&Nöe var .lysimachioides, Achillea aleppica D.C. 

subsp. aleppica, Achillea aleppica D.C. subsp. zederbaueri (Hayek) Hub. -Mor. ve 

Achillea biebersteinii $IDQ�� ELWNL� HNVWDUDNODUÕQÕQ� NRUX\XFX� HWNLOHUL� DJDUR]� MHO�
HOHNWURIRUH]L� LOH�DUDúWÕUÕOGÕ��'HQHQHQ�ED]Õ�Hypericum ve Achillea türü bitkilerin etanol 

HNVWUDNODUÕQÕQ�� DULO� UDGLNDOOHUL� V|QG�UPH� NDSDVLWHVLQLQ� ROPDGÕ÷Õ� YH� GROD\ÕVÕ\Oa DNA 

NHVLPLQL�|QOHPHGL÷L��DNVLQH�NHVLPL�DUWWÕUGÕ÷Õ�EHOLUOHQGL��%XQGDQ�\ROD�oÕNDUDN�ELWNLOHULQ�
WHN� EDúÕQD� YH� ELU� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD� '1$� NHVLPL� LQFHOHQGL�� %LWNLOHULQ� HWDQRO�
HNVWUDNODUÕQÕQ�&X2+�YDUOÕ÷ÕQGD�'1$¶\Õ�NHVWL÷L�WHVSLW�HGLOPLúWLU��.HVLP�PHNDQL]PDVÕQÕQ�
ELWNLOHULQ� LoLQGH� EXODQDQ� IODYRQRLGOHULQ� EDNÕU� LOH� úHODWODúDUDN� JHUoHNOHúWL÷L�
G�ú�Q�OPHNWHGLU�  
 

Anahtar Kelimeler:� '1$� .HVLPL�� 6HUEHVW� 5DGLNDOOHU�� 5DGLNDO� 6|QG�U�F��� %DNÕU��
Hypericum, Achillea 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 

The ultimate aim of this thesis was to investigate the effect of different aryl 

substituted analogues of benzenediazonium tetrafluoroborate on radical reactivity and 

DNA cleavage ability. The results indicated that cleavage of a DNA duplex from 

pBluescript M13+ DNA was observed by the different substituted aryl diazonium salts, 

in the presence of inorganic one-electron donor. Moreover, DNA cleavage was partly 

affected by different substitute group and DNA strand-scission was also observed 

without one electron donor in the presence of some tested diazonium salts. Its 

mechanism involves the generation of the aryl radical that cleaving DNA by hydrogen 

atom abstraction from deoxyribose sugar. 

The protective effect of Hypericum retusum Aucher, Hypericum scabrum L., 

Hypericum lysimachioides Boiss&Nöe var .lysimachioides, Achillea aleppica D.C. 

subsp. aleppica, Achillea aleppica D.C. subsp. zederbaueri (Hayek) Hub. -Mor. ve 

Achillea biebersteinii Afan. plants extracts on DNA cleavage mediated by aryl radical 

was also investigated using pBluescript M13+ plasmid DNA, as judged by agarose gel 

electrophoresis. It was found that aryl radical induced DNA strand scission was not 

prevented by ethanol extracts of Hypericum and Achillea. On the contrary, DNA 

cleavage was increased in the presence of plant extracts. Therefore, we decided to 

investigate the DNA cleavage ability of plant extracts alone and also in the presence of 

copper (II) chloride. It was found that the naturally occuring plant extracts caused strand 

scission of DNA in the presence of copper ion. The mechanism of the DNA strand 

scission by plant extracts (in the presence of  Cu2+
 ion) indicated an involvement of 

oxygenation of aromatic nucleus, affording catecholic moieties that were proposed to 

coordinate Cu2+ and subsequently effect the reduction of dioxygen to reactive species, 

followed by the oxidation of catecholic moiety via the coordinated Cu2+ ion. 

 

Keywords: DNA Cleavage, Free Radical, Radical Scavenger, Copper, Hypericum, 

Achillea 

 

 
 
 



 
KISALTMALAR 
 

DNA  Deoksiribonükleik asit 

RNA  Ribonükleik asit 

A1  Achillea aleppica subsp. aleppica 

A2  Achillea aleppica subsp. zederbaueri 

A3  Achillea biebersteinii 

H1  Hypericum retusum 

H2  Hypericum scabrum 

H3  Hypericum lysimachioides 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



���*ø5øù 

 

������'1$¶QÕQ�<DSÕVÕ�YH�g]HOOLNOHri 

 

:DWVRQ� YH� &ULFN�� EDúND� DUDúWÕUPDFÕODU� WDUDIÕQGDQ� \DSÕODQ� GHQH\OHULQ� YH�
VHQWH]OHULQ� VRQXoODUÕQÕ� LQFHOH\HUHN� '1$� \DSÕVÕQÕ� D\GÕQODWPÕúODUGÕU�1 Todd ve 

DUNDGDúODUÕ2�GHRNVLULERQ�NOHRWLWOHULQ�ELUELUOHULQH�IRVIRGLHVWHU�ED÷ODUÕ\OD�ED÷ODQGÕNODUÕQÕ��
EX� ED÷ODUÕQ bir nükleotitteki 5’-IRVIDW� JUXSODUÕ\OD� GL÷HU� Q�NOHRWLGWHNL� �¶-hidroksi 

JUXSODUÕ� DUDVÕQGD�ROGX÷XQX�YH� GHRNVLULERQ�NOHRWLWOHULQ� LNL� S�ULQ�ED]Õ�YH� LNL�S�ULPLGLQ�
ED]Õ� LoHUGL÷LQL�EHOLUOHPLúOHUGLU��3�ULQ�ED]ODUÕ�$GHQLQ�YH�*XDQLQ��S�ULPLGLQ�ED]ODUÕ� LVH�
Sitozin YH�7LPLQGLU��&KDUJDII�YH�DUNDGDúODUÕ3�'1$�]LQFLULQGHNL�$�7�YH�*�&�RUDQODUÕQÕQ�
��ROGX÷XQX�J|VWHUPLúOHU��'1$¶QÕQ�WHN�]LQFLU�\DSÕVÕ�úHNLO����¶GH�J|U�OG�÷��JLELGLU�� 
 

ùHNLO������ DNA tek zinciri, Deoksipoliribonükleotid zinciri 
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'1$¶�QÕQ�LON�;-UD\�IRWR÷UDIÕQGDQ�'1$�ED]ODUÕQÕQ�ELUELUOHUL\OH�VÕNÕFD�LVWLIOHQGL÷L�
DQODúÕOPÕúWÕU�4 Gulland5 \DSWÕ÷Õ� oDOÕúPDODUÕ� VRQXQGD� ED]ODUÕQ� ELUELUOHUL\OH� KLGURMHQ�
ED÷ODUÕ\OD�ED÷ODQGÕ÷ÕQÕ�UDSRU�HWPLúWLU��:DWVRQ�YH�&ULFN�6 Wilkins7 WDUDIÕQGDQ�oHNLOHQ�;-

UD\� IRWR÷UDIÕ\OD� EHUDEHU�� EX� NRQX\OD� LOJLOL� \DSÕODQ� GL÷HU� oDOÕúPDODUÕQÕQ� VRQXoODUÕQÕ� GD�
GH÷HUOHQGLUHUHN�$GHQLQ�LOH�7LPLQ��6LWR]LQ�LOH�*XDQLQ�DUDVÕQGD�VSHVLILN�KLGURMHQ�ED÷ODUÕ�
ROGX÷XQX�LOHUL�V�UG�OHU��ùHNLO����� 
 

 

ùHNLO������A-T  ve C-*�DUDVÕQGDNL�:DWVRQ-&ULFN�+LGURMHQ�%D÷ODUÕ 
 

Watson, CULFN�oLIW�VDUPDO�PRGHOL�VD÷�HO�KHOLNV�\DSÕVÕ�J|VWHUPHNWH�YH�oLIW�]LQFLULQ�
ELU� G|Q�ú�QGH� \DSÕ\D� ��� ED]� oLIWL� JLUPHNWHGLU�� %D]� oLIWOHUL� oLIW� VDUPDO� HNVHQLQH� GLN�
RODFDN� úHNLOGH�\HUOHúPLúOHUGLU��%D]ODUÕQ�ELUELUOHUL\OH� LVWLIOHQPHVL�YH�\DSÕQÕQ�NDUDUOÕOÕ÷Õ�
London8�YH�KLGURIRELN�HWOLOHúPHOHUOH9�VD÷ODQÕU��øNL�]LQFLU�ED]ODU�DUDVÕQGD�PH\GDQD�JHOHQ�
KLGURMHQ�ED÷ODUÕ\OD�ELUELUOHULQH�ED÷ODQÕU�� 

'1$¶�GD�ED]ODU�KHOLNVLQ�HNVHQL�ER\XQFD��úHNHU�IRVIDW�RPXUJDVÕ\OD�VDUÕOPÕú�ELU�
úHNLOGH� \HUOHúPLúOHUGLU�� ùHNHU� IRVIDW� JUXSODUÕ�ELUEirlerine 3’, 5’-IRVIRGLHVWHU�ED÷ODUÕ\OD�
ED÷ODQGÕNODUÕ� LoLQ� '1$¶QÕQ� EX� NÕVPÕ� oRN� G�]J�QG�U�� )DUNOÕ� LNL� '1$� ]LQFLUOHULQGH�
]LQFLU�ER\XQFD�X]DQDQ�Q�NOHRWLGOHULQ�VÕUDVÕ�IDUNOÕGÕU��3�ULQ�YH�S�ULPLGLQ�ED]ODUÕ�\DNODúÕN�
düzlemsel moleküllerdir, heliks eksenine yaklDúÕN� RODUDN� GLNWLUOHU� YH� �VW�VWH�
LVWLIOHQPLúOHUGLU��+HOLNVLQ� LNL� ]LQFLUL� ED]ODU� DUDVÕQGDNL� KLGURMHQ� ED÷ODUÕ\OD� ELUELUOHULQH�
ED÷ODQÕUODU���ùHNLO������ 
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ùHNLO������'1$�LNLOL�]LQFLU�\DSÕVÕ 
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'1$¶GD� ED]ODU� KHOLNV� \DSÕQÕQ� Lo� NÕVPÕQGD� úHNHU� IRVIDW� LVH� KHOLNV� \DSÕQÕQ� GÕú�
NÕVPÕQGD� \HU� DOÕU�� %XQGDQ� GROD\Õ� ELU� ]LQFLUGHNL� ED]ODU� GL÷HU� ]LQFLUGHNLQH� J|UH�
ELUELUOHULQH�GDKD�\DNÕQ�ROXUODU��%X�\DNÕQOÕNWDQ�GROD\Õ�ELU�]LQFLUGHNL�E�\�N�S�ULQ�ED]ODUÕ�
DUDVÕQGD��$�YH\D�*��LOH�GL÷HU�]LQFLUGHNL�N�o�N�S�ULPLGLQ�ED]ODUÕ�DUDVÕQGD�VSHVLILN�ED]�
oLIWL�NDoÕQÕOPD]GÕU�� øNL�S�ULQ�ED]�oLIWL�oRN� ID]OD�� LNL�S�ULPLGLQ�ED]�oLIWL� LVH�oRN�D]�\HU�
NDSODU�YH�EX�GD�G�]J�Q�ELU�KHOLNV�\DSÕ\D�RODQDN�VD÷ODPD]��6RQXoWD�*XDQLQ�LOH�6LWR]LQ�
YH\D� $GHQLQ� LOH� 7LPLQ� DUDVÕQGDNL� KLGURMHQ� ED÷ODUÕ� GL÷HU kombinasyonlara göre daha 

J�oO��ROXU��*XDQLQ���6LWR]LQ�YH\D�$GHQLQ���7LPLQ�WDPDPOD\ÕFÕ�ED]�oLIWOHULQL�ROXúWXUXU��
E|\OHFH� KHOLNV� \DSÕGDNL� LNL� SROLQ�NOHRWLG� ]LQFLULQGHNL� ED]� GL]LOHUL� ELUELUOHULQLQ�
WDPDPOD\ÕFÕVÕ� ROXUODU�� gUQH÷LQ� ELU� ]LQFLUGHNL� ED]� GL]LVL� �¶-TGCATG-�¶� LVH� GL÷HU�
zincirdeki 3’-ACGTAC-5’ olur.10 

 %D]� oLIWOHULQL� úHNHU� KDONDODUÕ\OD� ELUOHúWLUHQ� JOLNR]LGLN� ED÷ODU� ELUELUOHULQLQ� WDP�
RODUDN�NDUúÕVÕQGD�ROPDGÕ÷Õ�LoLQ�KHOLNVWHNL�LNL�úHNHU�IRVIDW�RPXUJDVÕ�KHOLNV�HNVHQLQH�HúLW�
X]DNOÕNWD�ROPD]��6RQXo�RODUDN�E�\�N�YH�N�o�N�R\XNODU�ROXúXU���ùHNLO������ 

 

ùHNLO������'1$�\DSÕVÕ 
 

Hidrojen 
ED÷Õ 

ùHNHU�IRVIDW�
RPXUJDVÕ 

0.34 nm 



'1$� \DSÕVÕQGDNL� KLGURMHQ� ED÷ODUÕ� |QHPOL� ROGX÷X� LoLQ� ED]� WDXWRPHUOHúPHVL� GH�
DUDúWÕUÕOPÕúWÕU�� ùHNLO� ���¶GD� J|U�OG�÷�� JLEL� ELU� WDXWRPHULN� IRUPGD� KLGURMHQ� ED÷Õ�
yönünden donör olan bir JUXS�GL÷HU�IRUPGD�DNVHSW|U�RODELOLU�YH�SURWRQODU�KHWHURVLNOLN�
KDONDGD� IDUNOÕ� SR]LV\RQODUD� JHoHELOLUOHU�� %D]ODU� LoLQ� HQ� NDUDUOÕ� WDXWRPHULN� IRUP� RODQ�
DPLQR�JUXEXQD�VDKLS�ROGXNODUÕ���$��*��&��DPLQ�IRUPXGXU��LPLQ�IRUPX�NDUDUOÕ�GH÷LOGLU��
Guanin ve timindeki oksLMHQ� DWRPODWÕ� NHWR� IRUPGD�ROPD\Õ� HQRO� IRUPGD�ROPD\D� WHUFLK�
ederler.11 

'1$¶QÕQ�VDUPDO�\DSÕVÕ�LOH�LOJLOL��o�DQD�IDUNOÕ�NRQIRUPDV\RQHO�\DSÕ�VDSWDQPÕúWÕU��
A-DNA ve B-'1$�VD÷�VDUPDO��=-'1$�LVH�VRO�VDUPDO�\DSÕGDGÕU���ùHNLO��������+HU�ELU�
konformasyon iki tane antiparalel polinükleotid zincirinin Watson-Crick hidrojen 

ED÷ODUÕ\OD� ELUELUOHULQH� ED÷ODQPDVÕ� VRQXFX� ROXúXU�� IDNDW� KHOLNV� úHNLOOHUL� IDUNOÕGÕU� En 

EDVNÕQ� IRUP�%-'1$¶GD� LNLOL� VDUPDOÕQ��VW��VWH�JHOHQ�ED]�oLIWOHULQLQ�DUDVÕ 0.34 nm’dir. 

6DUPDOÕQ�WDP�ELU�G|Q�ú�QH�NDUúÕOÕN�JHOHQ�DGÕPÕ\VD�����QP¶GLU��%-'1$¶GD�KHU�G|Q�úWH�
���ED]�EXOXQXU��%X�IRUPGDNL�'1$¶GD�VDUPDOÕQ�GÕú�NÕVPÕQGD�G�]HQOL�RODUDN�VÕUDODQPÕú�
ELU� E�\�N� ELU� N�o�N� ROXN� YDUGÕU�� $-DNA, B-'1$¶\D� J|UH� ELUD]� GDKD� VÕNÕúÕN� ELU�
PROHN�OG�U��6DUPDOÕQ�DGÕPÕ�����QP¶GLU�Ye 11 baz içerir. Z-'1$¶GD�LVH�ELU�DGÕPGD����
ED]�oLIWL�EXOXQXU��6DGHFH�N�o�N�ROXN�YDUGÕU��ED]ODU�]LN]DN�oL]PLú�JLEL�J|U�Q�UOHU�10 

 

 

 

B-DNA   A-DNA  Z-DNA 

 

ùHNLO�������'1$¶QÕQ��o�IDUNOÕ�IRUPX 



 

ùHNLO��������'1$�ED]ODUÕQÕ�KLGURMHQ�ED÷Õ�\DSDQ�NÕVÕPODUÕ��'��Donör; A, Akseptör. 
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1. 2. DNA’ya Zarar Veren Maddeler Neden Önemlidir? 

 

DNA’ya zarar veren maddeler Biyokimya ve Moleküler Biyolojide önemli rol 

R\QDUODU�� $\QÕ� ]DPDQGD� JHQ� WHUDSLVLQGH� YH� EL\RWHNQRORMLQLQ� JHOLúLPLQGH� E�\�N� ELU�
öneme sahiptirler. Bu tür maddeler, kanser terapisinde de önemli bir rol 

R\QDPDNWDGÕUODU��%X�QHGHQOHUGHQ�GROD\Õ��'1$¶\D�ED÷ODQDELOHQ�YH\D�RQXQOD�UHDNVL\RQD�
JLUHELOHQ� N�o�N� PROHN�OOHULQ� L]RODV\RQX� YH� VHQWH]LQH� \|QHOLN� oDOÕúPDODUD� FLGGL� ELU�
\|QHOPH�ROPXúWXU�� 

Biyolojik aktivite gösterme SRWDQVL\HOLQH�VDKLS�GR÷DO��U�QOHULQ��GR÷DO�VHOHNVL\RQ�
VRQXFX� ROXúWX÷XQD� LQDQÕOÕU�12� 'R÷DO� �U�QOHULQ� QHGHQ� ROGX÷X� '1$� KDVDUÕ� JHQHOGH�
VLWRWRNVLN��YH�PXWDMHQLN�|]HOOLNOHU�J|VWHULU��%XQGDQ�GROD\Õ�KD\DWWD�NDOPD�VDYDúÕQGD�\D�
öldürücü ya da koruyucu silah olarak GDYUDQDELOLUOHU�� 'R÷DO� �U�QOHU� \DUDUOÕ� RUJDQLN�
ELOHúLNOHU�LoLQGH�JHQLú�ELU�\HU�NDSODUODU��'1$¶\D�]DUDU�YHUHQ�GR÷DO��U�QOHUH�LOJL�RQODUÕQ�
VLWRWRNVLN� YH� VLWRVWDWLN� HWNLOHULQGHQ� ND\QDNODQÕU�� %X� HWNLOHUGHQ� GROD\Õ� '1$¶\D� ]DUDU�
YHUHQ� ELUoRN� GR÷DO� �U�Q� oHúLWOL� NDQVHU� W�UOHULQLQ� WHGDYLVLQGH� NXOODQÕOÕU�� %D]ÕODUÕ� LVH�
WHUDS|WLN� LODoODU� LoLQ� |QF�� ROPXúODUGÕU�13-16 Sonuç olarak yüksek biyolojik aktiviteleri 

RODQ� GR÷DO� �U�QOHU� ED]HQ� EHNOHQPHGLN� \ROODUOD� EL\RORMLN� HWNL� J|VWHUHELOGLNOHUL� LoLQ��
NRPSOHNV�\DúDP�V�UHFLQL�DoÕNODPDN�LoLQ�\DUDUOÕ�RODELOLUOHU�� 
 

������.RYDOHQW�'1$�0RGLILNDV\RQXQXQ�*HQHO�0HNDQL]PDVÕ 
 

'1$¶QÕQ�NRYDOHQW�PRGLILNDV\RQ�PHNDQL]PDODUÕ�LNL�NDWHJRULGH�VÕQÕIODQGÕUÕOÕU��(i) 
(OHNWURILOOHULQ�'1$¶QÕQ�Q�NOHRILOLN�NÕVÕPODUOD�UHDNVL\RQX��\D�GD��LL��UDGLNDOOHULQ�'1$�
ile reaksiyonu. 

 (OHNWURILOOHU� '1$� \DSÕVÕQGDNL� IDUNOÕ� Q�NOHRILOLN� NÕVÕPODUOD� HWNLOHúHELOLU��
.LP\DVDO� \DSÕODUÕQD� ED÷OÕ� RODUDN� '1$¶QÕQ� EHOOL� Q�NOHRILOLN� NÕVÕPODUÕQD� VHOHNWLYLWH�
gösterirler. DNA’da guaninin N-7, N-3 ve exosiklik N2 amino grubu ile adeninin N-7 ve 

N-��NÕVÕPODUÕ�GR÷DO��U�QOHUOH�HQ�oRN�PRGLILNDV\RQD�X÷UD\DQ�NÕVÕPODUGÕU�17-20�ùHNLO������ 
 

 

 



 

ùHNLO�������Watson–&ULFN�ED]�oLIWL�YH�úHNHU�IRVIDW�RPXUJDVÕ 

 

ùHNLO������$ED]LN�E|OJH�ROXúXPX�YH�'1$�NHVLPL 
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 3�ULQ� NDOÕQWÕODUÕQÕQ� 1-7 ya da N-3 pozisyonundan elektrofilik modifikasyonu 

JOLNR]LGLN�ED÷ÕQ�]D\ÕIODPDVÕ\OD�VRQXoODQÕU��%XQXQ�VRQXQGD�DED]LN�E|OJH��1��ROXúXU�YH�
Q|WUDO� úDUWODUGD� EX� E|OJHOHU� KLGUROL]OHQHUHN� '1$� NHVLPL� JHUoHNOHúLU21-25�ùHNLO� ������
'1$� ED]ODUÕQGDNL� H[RVLNOLN� D]RW� YH� NDUERQLO� RNVLMHQOHUL� \D� GD� '1$� RPXUJDVÕQGDNL�
IRVIDW� � RNVLMHQOHUL� LOH� HOHNWURILN� � W�UOHUL� � UHDNVL\RQX� � JHQHOOLNOH� NDUDUOÕ� �U�QOHU�
ROXúWXUXU�26-28 

 %D]Õ� UDGLNDO� W�UOHUL� '1$� LOH� GH÷LúLN� SR]LV\RQODUGD� HWNLOHúLUOHU�� '1$¶QÕQ�
UDGLNDOOHU� WDUDIÕQGDQ� KDVDUD� X÷UDWÕOPDVÕQGD� HQ� |QHPOL� \RO� GHoksiribozdan hidrojen 

DWRPX� NRSDUÕOPDVÕGÕU�29-31 'HRNVLULER]� úHNHULQGHQ� KLGURMHQ� DWRPX� NRSDUÕOPDVÕ� úHNHU�
IRVIDW� RPXUJDVÕQÕQ� NÕUÕOPDVÕQD� VHEHS� ROXU�30-31�ùHNLO� ������ ùHNHU� IRVIDW� RPXUJDVÕQD�
HWNLPH\H�HN�RODUDN�ED]Õ� UDGLNDOOHU�GH�'1$�ED]ODUÕ\OD�HWNLOHúLUOHU�32-35 Bu reaksiyonlar 

úHNHU� IRVIDW� RPXUJDVÕQÕQ� NÕUÕOPDVÕQD� VHEHS� ROPD]ODU� IDNDW� '1$� \DSÕVÕQGDNL�
PRGLILNDV\RQODU�EL\RORMLN�RODUDN�|QHPOLGLUOHU��6SHVLILN�ELU�ED÷ODQPD�ROPDGÕ÷Õ� ]DPDQ�
'1$�NHVLPL�JHQHOGH�N�o�N�GL]LOHUOH�\D�GD�ED]�|]J�QO�÷�\OH�PH\GDQD�JHOLU�36 Bunun 

DNVLQH�DONLOOH\LFL�DMDQODUOD�'1$�NHVLPL�ELU�YH\D�GDKD�ID]OD�'1$�ED]Õ�LoLQ�VHOHNWLYLWH�
gösterir. 

 

 

 

ùHNLO�������'1$�úHNHULQGHQ�KLGURMHQ�DWRPX�NRSDUÕOPDVÕ��5��5¶ �'1$�RPXUJDVÕ� 
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������'1$�øOH�(WNLOHúHQ�øODoODU 

 

'1$� LOH� HWNLOHúHQ� LODoODUÕ� �o� DQD� EDúOÕN� DOWÕQGD� WRSOD\DELOLUL]�� '1$µGDNL� ED]�
oLIWOHUL� DUDVÕQD� JLUHUHN�.-KHOLNV�\DSÕ\Õ� ER]DQ� LQWHUNDODW|UOHU��'1$�ED]ODUÕ\OD�NRYDOHQW�
RODUDN�ED÷ODQDQ�DONLOOH\LFL�DMDQODU�YH�UDGLNDO�ROXúWXUDUDN�'1$�SROLQ�NOHRWLG�]LQFLULQGH�
NHVLPH�QHGHQ�RODQ�'1$�]LQFLULQL�NÕUDQODU�10 

 

���������'1$�øQWHUNDODW|UOHUL 
 

Düz, genellikle aromatik ya da heteroaromatik moleküller .-KHOLNV�\DSÕGDNL�ED]�
oLIWOHUL� DUDVÕQD� JLUHUHN� '1$¶� \D� ED÷ODQÕUODU� YH� ED]� oLIWOHUL\OH� N�PHOHQLUOHU��
øQWHUNDODV\RQGD�HWNLQ�RODQ�NXYYHWOHU�\�N�WUDQVIHU�NXYYHWOHULGLU��IDNDW�KLGURMHQ�ED÷ODUÕ�YH�
HOHNWURVWDWLN� NXYYHWOHU� GH� NDUDUOÕOÕNWD� URO� R\QDUODU�37� øON� RODUDN� ����� \ÕOÕQGD� /HUPDQ�
WDUDIÕQGDQ�DoÕNODQDQ�LQWHUNDODV\RQ��LODFÕQ�KHOLNVLQ�HNVHQLQH�ULMLW�ELU�úHNLOGH��GLN�RODUDN�
NRYDOHQW�ROPD\DQ�ED÷ODQPDVÕGÕU�38 Bu da baz çiftleriniQ�G�úH\�RODUDN�D\UÕOPDVÕQD�VHEHS�
ROXU�� GROD\ÕVÕ\OD� úHNHU� IRVIDW� RPXUJDVÕ� E�N�O�U� YH� KHOLNVLQ� \DSÕVÕ� ER]XOXU�� *|U�Q�úH�
J|UH� LQWHUNDODV\RQ�J�oOH� LOJLOLGLU��%D]�oLIOHUL� LOH� LQWHUNDODW|U�PROHN�O�� DUDVÕQGDNL� YDQ�
GHU�:DDOV� NXYYHWOHUL�� ELUELUOHUL\OH� N�PHOHQPLú� ED]� oLIWOHUL� DUDVÕQGDNL� YDQ� GHU�:DDOV�
kuvvetleri’nden daha güçlüdür.39 

 

ùHNLO������ Etidyum bromürün B-DNA’ya interkalasyonu. 
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øQWHUNDODV\RQ� :DWVRQ-&ULFN� KLGURMHQ� ED÷ODUÕQÕ� NÕUPD]�� KHOLNV� \DSÕ\Õ� GHIRUPH�
HGHU��'LUHN�'1$�KDVDUÕQD�VHEHS�ROPD]��KHOLNV�\DSÕGD�NRQIRUPDV\RQ�GH÷LúLNOL÷LQH�\RO�
açar.  

 '1$�LQWHUNDODW|UOHULQL��o�JUXED�D\ÕUDELOLUL]��Akridinler (2), aktinomisinler (3) ve 

anthrasiklinler (4).10  

 

(2) Amsacrine, R=R’=H      (3) Actinomycin D, R=R’= D-Val 

 

 

(4) Adriamycin, X=OH 

 

1. 4. 2. Alkilleyici Ajanlar 

 

'1$� DONLOOH\LFLOHUL� LOH� LQWHUNDODW|UOHUL� DUDVÕQGDNL� IDUN� ED÷ODQPD� úHNLOOHULGLU��
'1$�LQWHUNDODW|UOHUL�'1$�LOH�NRYDOHQW�ROPD\DQ�ED÷ODUOD�ED÷ODQÕUNHQ��DONLOOH\LFL�DMDQODU�
NRYDOHQW�ED÷ODUOD�ED÷ODQÕUODU��.DQVHU�NHPRWHUDSLVLQGH�NXOODQÕODQ�HQ�|QHPOL�DONLOOHyici 

DMDQODU� D]RW� KDUGDOODUÕ�� HWLOHQLPLQOHU�� PHWDQRV�OIRQLN� DVLW� HVWHUOHUL�� YH� SODWLQ�
komplekleridir.10 
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������������$]RW�+DUGDOODUÕ 
 

6�OI�U�KDUGDOÕ�,��YH�,,��'�Q\D�VDYDúODUÕQGD�NXOODQÕOPÕú�oRN�WRNVLN�VLQLU�JD]ÕGÕU��,��
'�Q\D� 6DYDúÕQGD� V�OI�U� KDUGDOÕ\OD� |Oen askerlerin otopsileri sonucu lökopeni �G�ú�N�
EH\D]� NDQ� K�FUHVL��� NHPLN� LOL÷L aplazi, OHQI� GRNXODUÕQGD� ER]XQPD�� YH� JDVWURLQWHVWLQDO�
VLVWHPGH� �OVHU� VDSWDQPÕúWÕU�� %X� OH]\RQODU� V�OI�U� KDUGDOODUÕQÕQ� KÕ]OÕ� E|O�QHQ� K�FUHOHUH�
HWNLOL� ROGX÷X� VRQXFXQD� J|W�UP�ú� YH� DQWLW�P|U� HWNLOHUL� RODELOHFH÷L� G�ú�Q�OP�ú�� �����
\ÕOÕQGD� V�OI�U� KDUGDOÕ� LQVDQODUGD� W�P|U� K�FUHVLQH� HQMHNWH� HGLOPLú�40� IDNDW� EX� LúOHPLQ�
VLVWHPDWLN�NXOODQÕP�LoLQ�oRN�WRNVLN�ROGX÷X�DUWD\D�oÕNPÕúWÕU��*LOOPDQ�YH�GL÷HU�NLP\DFÕODU�
daha az toksik olan azot hardallaUÕQÕQ�DQWLW�P|U�HWNLVLQL�LQFHOHPLúOHU�������\ÕOÕQGD�D]RW�
KDUGDOÕQÕQ� NOLQLN� GHQHPHOHUL� EDúODPÕúWÕU�� dDOÕúPD� ,,�� '�Q\D� VDYDúÕ� V�UHVLQFH� GHYDP�
HWPLúWLU�� $]RW� KDUGDOODUÕQÕQ� ����� \ÕOÕQGDQ� EHUL� NDQVHU� WHGDYLVLQGH� NXOODQÕOGÕ÷Õ�
bilinmektedir.41�%X�oDOÕúPD�PRGHUQ�NDQVHU�NHPRWHUDSLVLQLQ�EDúODQJÕFÕ�ROPXúWXU�� 

 

��6�OI�U�KDUGDOÕ  $]RW�KDUGDOÕ 
 

5RVV¶D� J|UH� EL\RORMLN� DONLOOH\LFL� DMDQODU� IL]\RORMLN� NRúXOODUGD� �S+� ����� ��0 C, 

VXOX�o|]HOWL��KLGURMHQ�DWRPX\OD�DONLO�JUXEXQXQ�\HULQL�GH÷LúWLUHELOHQ�PROHN�OOHUGLU��'1$�
için en iyi�UHDNWLI�RODQ�Q�NOHRILOLN�NÕVÕPODU�1-7 guanin > N-3 adenin > N-1 adenin > N-

��VLWR]LQ�VÕUDODPDVÕGÕU�42 

$]RW� KDUGDOODUÕ� ELIRQNVL\RQHO� DONLOOH\LFL� DMDQODUGÕU�� \DQL� LNL� WDQH� HOHNWURILOLN�
NÕVÕPODUÕ� YDUGÕU�� '1$� ED]ODUÕQÕ� ]LQFLU� LoL� YH\D� ]LQFLUOHU� DUDVÕ� ED÷OD\DEilirler. Azot 

KDUGDOODUÕQÕQ� DONLODV\RQX� úHNLO� ����¶GD� J|VWHULOPLúWLU��$]RW� KDUGDOODUÕ�NRPúX� LNL�'1$�
]LQFLUL� DUDVÕQD� JLUHUHN� LNL� JXDQLQ� ED]ÕQÕ� 1-7 pozisyonundan alkilleyerek iki zinciri 

ELUELULQH�ED÷OD\DELOLUOHU10�ùHNLO������� 
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ùHNLO������� Azot hardallaUÕ\OD�DONLODV\RQ 

 

 

 

 

 

ùHNLO�������$]RW�KDUGDOODUÕQÕQ�QHGHQ�ROGX÷X�oDSUD]�ED÷ODQPD 
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������������'L÷HU�$ONLOOH\LFL�$MDQODU 
 

 'L÷HU�DONLOOH\LFL�DMDQODU etileniminler (5), metanosülfonik asit esterleri (6), azot 

ND\QDNOÕODU��7) ve platin kompleksleridir (8).10 

(5) (6) 

 

 

 (7)         (8) 

 

���������'1$�=LQFLULQL�.ÕUDQODU 
 

'1$� LOH� HWNLOHúHQ� LODoODUÕQ� ED]ÕODUÕ� EDúWD� '1$� LQWHUNDODW|UOHUL� JLEL� ED]ODUÕQ�
DUDVÕQD� JLUHUOHU� GDKD� VRQUD� X\JXQ� NRúXOODUGD� UDGLNDOOHUL� ROXúWXUXUODU�� %X� UDGLNDOOHULQ�
'1$�LOH�HWNLOHúLPL�'1$�]LQFLULQLQ�NÕUÕOPDVÕQD�VHEHS�ROXU�� 
 

1. 4. 3. 1. Antrasiklin Antitümör Antibiyotikleri 

 

'1$� LQWHNDODW|UOHUL� RODQ� DQWUDVLNOLQOHU� D\QÕ� ]DPDQGD� RNVLMHQH� ED÷OÕ� '1$�
KDVDUÕQD�GD�QHGHQ�ROXUODU�43 
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Doxorubicin, X = OH 

1. 4. 3. 2. Bleomycin 

 

 %OHRP\FLQ������\ÕOÕQGD��Streptomyces verticillus’WDQ�L]ROH�HGLOPLú�ELU�DQWLW�P|U�
DQWLEL\RWL÷LGLU�44,45 

Bleomycin 

 

%OHRP\FLQGH� SLULPLGLQ�� �-DPLQRDODQLQ� YH� �-hidroksiimidazol Fe(II) ile DNA 

NHVLP� HWNLVL� RODQ� NDUDUOÕ� ELU� NRPSOHNV� ROXúWXUXU�� 105� � YH� KLGURGLQDPLN� oDOÕúPDODU�
\DSÕGDNL� ELWKLD]ROXQ� LQWHUNDODV\RQ� HWNLVL� ROGX÷XQX�� IDNDW� EX� LQWHUNDODV\RQXQ� NODVLN�
LQWHUNDODW|UOHU� �HWLG\XP� EURP�U� YE��� NDGDU� HWNLVL� ROPDGÕ÷ÕQÕ� J|VWHUPLúWLU�46,47� %D]Õ�
oDOÕúPDODU� ELWKLD]ROXQ� WDP� LQWHUNDOHWH� ROPDGÕ÷ÕQÕ� IDNDW� '1$� \DSÕVÕQGDNL� ROXNODUD�
ED÷ODQGÕ÷ÕQÕ� J|VWHUPLúWLU�48,49� <DSÕGDNL� V�OIRQ\XP� L\RQXQXQ� IRVIDW� JUXEX� LOH�
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HOHNWURVWDWLN� RODUDN� HWNLOHúPH� RODVÕOÕ÷Õ� YDUGÕU�50� *OLNR]��PDQQR]� LVH� EOHRPLFLQLQ� ED]Õ�
kanser hücrelerinde selektif olarak birikiminden sorumlu olabilirler, fakat DNA 

kesiminde rol almazlar.  

Bleomycin-Fe II Kompleksi 

 

DNA kesim ürünlerinin incelenmesiyle, kesimin genellikle DNA zincirinin 3' 

XFXQGDNL� S�ULQ� Q�NOHRWLGLQH� ED÷OÕ� RODQ� S�ULPLGLQ� Q�NOHRWLQLQ� �
� NDUERQ� DWRPXQGDQ�
KLGURMHQ�NRSDUÕOPDVÕ\OD�JHUoHNOHúWL÷L�DQODúÕOPÕúWÕU�51 

 

1. 4. 3. 3. Enediyen Antibiyotikleri  

 

����� \ÕOÕQGD� L]ROH� HGLOHQ� QHRFDU]LQRVWDWLQ52� GÕúÕQGDNL� HQHGL\HQ� DQWLEL\RWLNOHUL�
esperamicin,53 calicheamisin,54 ve dynemicin A55� ����¶OHULQ� VRQODUÕQD� GR÷UX� oHúLWOL�
PLNURRUJDQL]PDODUGDQ�L]ROH�HGLOPLúOHUGLU��<DSÕODUÕQGD�HQ�D]�ELU�oLIW�ED÷�YH�LNL��oO��ED÷�
EXOXQGXUGXNODUÕ� LoLQ� HQHGL\HQ� DQWLW�P|U� DQWLEL\RWLNOHUL� RODUDN� DQÕOÕUODU�� %X� W�U�
moleküller DNA zincirinde küçük olukta interkalasyon yaparlar daha sonra SR veya 

1$'3+�JUXSODUÕ\OD�DNWLYH�HGLOHUHN�'1$�]LQFLULQL�NHVHQ�UDGLNDOOHULQL�ROXúWXUXUOar.  

 

1. 4. 3. 3. 1. Neocarzinostatin  

 

�����\ÕOÕQGD Sterptomyces carzinostaticus’WDQ�L]ROH�HGLOPLúWLU�52 Bilinen en eski 

HQHGL\HQ�DQWLEL\RWL÷LGLU��=LQRVWDWLQ�RODUDN�GD�ELOLQLU�56�7L\RO�WDUDIÕQGDQ�DNWLYH�HGLOHUHN�
Bergman, yeniden düzenlenmesiyle diradikal ROXúWXUXU�� 2NVLMHQ� YDUOÕ÷ÕQGD� LNL� IDUNOÕ�
PHNDQL]PD�LOH�'1$�NHVLPL�JHUoHNOHúLU�57-58 
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Neocarzinostatin 

 

ùHNLO������ Neocarzinostatinin tiyol ile aktivasyonu 
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ùHNLO�������$NWLYH�HGLOPLú�QHRFDU]LQRVWDWLQ�YH�GL÷HU�HQHGL\HQ�DQWLEL\RWLNOHUL�WDUDIÕQGDQ�
DNA keVLP�PHNDQL]PDVÕ� 
 

1. 4. 3. 3. 2. Esperamicin ve Calicheamicin  

 

(VSHUDPLFLQ� YH� FDOLFKHDPLVLQ� DQWLW�P|U� DQWLEL\RWL÷LGLUOHU�� (VSHUDPLFLQ�
Actinomadura verrucosospora, calicheamicin ise Micromonospora echinospora ssp. 

calichensis toprak örneklerinden izole ediOPLúOHUGLU�54,60,61 Neocarzinostatin gibi 

GLUDGLNDO�ROXúWXUDUDN�'1$�NHVLPLQH�VHEHS�ROXUODU�59 
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1. 4. 3. 3. 3. Dynemicin A 

 

����� \ÕOÕQGD� Micromonospora chersina’dan izole edilen dynemicin hem 

enediyen hem de antracyclinH� DQWLEL\RWLNOHULQLQ� \DSÕVDO� RODUDN� NRPELQDV\RQXGXU�55 

<DSÕVÕQGDNL�DQWUDTXLQRQXQ�'1$�GXEOHNVL�DUDVÕQD�JLUHUHN�LQWHUNDODV\RQD�VHEHS�ROGX÷X�
WDKPLQ� HGLOPHNWHGLU�� 'DKD� VRQUD� QHRFDU]LQRVWDWLQ� JLEL� GLUDGLNDO� ROXúWXUDUDN� '1$�
úHNHULQGHQ�KLGURMHQ�DWRPX�NRSDUDUDN�'1A kesimine sebep olurlar.  

 

 

Dynemicin A 
 

1. 5. Karbon Merkezli Radikal Metabolitleri 
 

Karbon merkezli radikaller normal metabolizmada yüksek konsantrasyonlarda 

ROXúPD]ODU�61 Oksidatif stress62 ve karbonhidrat63 ya da amino asit64,65��PHWDEROL]PDVÕQÕ�
etkiOH\HQ� JHQHWLN� G�]HQVL]OLNOHU� JLEL� SDWRORMLN� GXUXPODUGD� ROXúXUODU�� 6RQXoWD� NDUERQ�
merkezli radikaller karbontetraklorür,66,67 hidrazin türevleri,68 nitroalkanlar,69,70 

etanol71,72, diazoquinonlar73,74 ve organik hidroperoksitler75,76�JLEL�oHúLWOL�NLP\DVDOODUÕQ�
PHWRELOL]PDVÕ� VRQXFX�ED]Õ�JHQRWRNVLN�|]HOOLNOHUH�ED÷OÕ�RODUDN�ROXúXUODU�� �7DEOR��������
3ROLVLNOLN� DURPDWLN� KLGURNDUERQODUÕQ� DURPDWLN� NDW\RQ� UDGLNDOOHULQH� G|Q�úPHVL� VHUEHVW�
radikal ara ürünlerine güzel bir örnek olarak verilebilinir. 

Karbon merkezli radLNDOOHU� PROHN�OHU� RNVLMHQ� LOH� oRN� KÕ]OÕ� HWNLOHúHUHN�� DONLO�
UDGLNDOLQGHQ�GDKD�UHDNWLI�ELRPROHN�OOHU�RODQ�SHURNVLW�UDGLNDOL�JLEL��U�QOHU�ROXúWXUXUODU�77 

.LP\DVDO� NDQVHURMHQOHUOH� LOJLOL� ELUoRN� oDOÕúPD� '1$¶\D� NRYDOHQW� ED÷ODQPDQÕQ��
kanserojenlerin alkildiazonyuP� L\RQODUÕ� \D� GD� HSRNVLWOHU� JLEL� HOHNWURILOLN� DUD� �U�QOHUL�
DNWLYH� HGHUHN� L\RQLN� PHNDQL]PD� LOH� ROGX÷X� \|Q�QGHGLU�78,79(ùHNLO� ����) Karbon 

PHUNH]OL�UDGLNDOOHULQ�'1$�LOH�HWNLOHúHQ�UHDNWLI�W�UOHU�ROGX÷X�ELOLQLU�80  
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ùHNLO��������Alkil radikali ile DNA hasarÕ�����-dimetil hidrazin ile DNA baz ürünlerinin 

ROXúXPX� 
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Xenobiotik Serbest Radikal Metabolit Genotoksik Özellik 

 
CCl4 

Hidrazinler 

 
Triklorometil 

Alkil, Aril 

 
ÜCCl3 

RÜ��ArÜ 

 
Hepatokanserojen81 

Mutajen,kanserojen 

Etanol .-hidroksietil H3C- 

ÜCHOH 

Teratojen 

2-Nitropropan .-hidroksiizopropil (H3C)2ÜCOH Mutajen 

Hepatokanserojen81 

 

Diazoquinonlar 

Peroksitler 

.-hidroksifenil 

alkil, peroksil, 

alkoksil 

ÜArOH 

RÜ��ROOÜ� 
ROÜ 

Mutajen74,75 

Kanserojen82,83 

Promoter75,76 

PAHa Aril katyonu Ar+-ÜCH Kanserojen84 

 

Tablo 1. 1. *HQHWRNVLN� ;HQRELRWLNOHUGHQ� ROXúDQ� NDUERQ� PHUNH]OL� VHUEHVW� UDGLNDO�
metabolitleri. 

aPolisiklik aromatik hidrokarbonlar 

 

Alkil radikalleri hidroksil radikalinden daha az reaktiftirler. Hem alkil radikali 

KHP� GH� KLGURNVLO� UDGLNDOL� '1$� úHNHULQGHQ� KLGUojen atomu kopararak ya da DNA 

ED]ODUÕ\OD�HWNLOHúHUHN�]LQFLU�NHVLPLQH�\D�GD�DONLODV\RQD�VHEHS�ROXUODU�85�ùHNLO������� 
 

 
 

ùHNLO�������.DUERQ�PHUNH]OL�UDGLNDO�PHWDEROLWOHUL�LOH�ROXúDQ�'1$�PRGLILNDV\RQ�úHPDVÕ 
 

 

DNA + R.

Pürin baz modifikasyonu

Fosfodiester bag kesimi
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/LWHUDW�U� WDUDPDVÕ� �o� \|QGH� JHUoHNOHúWLULOGL�� $ULO� UDGLNDOOHUL� YH� '1$� NHVLPL��
'1$�NHVLPLQLQ�|QOHQPHVL�YH�ELWNL�HNVWUDNWODUÕ�LOH�'1$�NHVLPL� 

gQFHNL�oDOÕúPDODUGD�DULO�UDGLNDOOHULQLQ�'1$�NHVLPLQH�\RO�DoWÕ÷Õ�YH�GLD]RQ\XP�
WX]ODUÕQÕQ� ELU� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD� '1$¶\Õ� NHVWL÷L� UDSRU� HGLOPLúWLU�86� $\QÕ�
]DPDQGD� ED]Õ� ELWNL� HNVWUDNODUÕQÕQ� YH\D� ELWNLOHUGHQ� L]ROH� HGLOHQ� ELOHúLNOHULQ� '1$�
NHVLPLQL� |QOHGL÷L�� \LQH� ED]Õ� ELWNL� HNVWUDNWODUÕQÕQ� YH\D� ELWNLOHUGHQ� L]ROH� HGLOHQ�
ELOHúLNOHULQ� &X+2� YDUOÕ÷ÕQGD� '1$� NHVLPLQH� \RO� DoWÕ÷Õ� GD� \DSÕODQ� OLWHUDW�U� oDOÕúPDVÕ�
VRQXFX� WHVSLW� HGLOPLúWLU�87� g]HOOLNOH� \HQLOHELOHQ� ELU� N�OW�U� PDQWDUÕ� RODQ� Agaricus 

bisporus¶XQ� SDUoDODQPD� �U�QOHULQLQ� IDUHOHUGH� NDQVHURMHQ� HWNL\H� VDKLS� ROPDVÕ� YH� EX�
SDUoDODQPD� �U�QOHULQGHQ� ELULQLQ� EHQ]HQGLD]RQ\XP� L\RQX� ROPDVÕ88 EL]L� GH÷LúLN�
diazonyum�WX]ODUÕ�VHQWH]OH\LS�EXQODUÕQ�'1$�NHVLP�HWNLVLQL�LQFHOHPH\H�\|QHOWPLúWLU� 

$\UÕFD� DQWLRNVLGDQW� |]HOOL÷L� ELOLQHQ� ELWNL� HNVWUDNODUÕQÕQ� ELU� NÕVPÕQÕQ� '1$�
kesimini önlemesi antioksidant ve antimikrobiyal özellikleri belirlenen89� ED]Õ�
Hypericum ve Achillea türü bitkilerin DNA kesimini önleme kapasitesine bakmaya 

\|QHOWPLúWLU�� 
 

Aril Radikali ve DNA Kesimi 

 

 *ULIILWKV� YH� $UN�� \DSPÕú� ROGXNODUÕ� oDOÕúPDGD�� ELU� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD��
EHQ]HQGLD]RQ\XP� WHWUDIORURERUDWÕQ� '1$¶\Õ� NHVWL÷LQL� J|VWHUPLúOHUGLU�� %X� oDOÕúPDGD�
bHQ]HQGLD]RQ\XP�VXGD�L\L�o|]�QPHVL�YH�SR]LWLI�\�NO��ROPDVÕQGDQ�GROD\Õ�'1$�NHVLPL�
LoLQ�J�]HO�ELU�PRGHO�RODELOHFH÷L�G�ú�Q�OP�ú��'LD]RQ\XP�WX]ODUÕ�SR]LWLI�\�NO��ROGXNODUÕ�
LoLQ� '1$� \DSÕVÕQGDNL� QHJDWLI� \�NO�� IRVIDW� JUXSODUÕ\OD� HWNLOHúLUOHU�� (OHNWURQ� GRQ|U�
YDUOÕ÷ÕQGD�D]RWXQ�D\UÕOPDVÕ\OD�DULO�UDGLNDOL�ROXúXU��$ULO�UDGLNDOL�GH�GHRNVLULER]�úHNHUGHQ�
KLGURMHQ�DWRPX�NRSDUDUDN�'1$�NHVLPLQL�JHUoHNOHúWLULU�86 

 

ùHNLO������$ULO�UDGLNDOL�ROXúXP�PHNDQL]PDVÕ� 
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 %DúND� ELU� oDOÕúPDGD� \HQLOHELOHQ� PDQWDUGD� EXOXQDQ� �-

(hidroksimetil)benzendiazonyum tuzunun (9�� ROXúWXUGX÷X� NDUERQ� PHUNH]OL� UDGLNDOLQ�
'1$� ED]ODUÕ� YH� GHRNVLULER]� úHNHUL\OH� PRGLILNDV\RQX� oDOÕúÕOPÕúWÕU�� �-

�KLGURNVLPHWLO�EHQ]HQGLD]RQ\XP� WX]XQXQ� '1$� \DSÕVÕQGD� EXOXQDQ� ED]ODU� LOH� 1-8 

SR]LV\RQXQGDQ� ED÷ODQDUDN� �-HMP-dGuo (10) ve 8-HMP-dAdo (11�� ROXúWXUGX÷XQX��
GHRNVLULER]�úHNHU�LOH�GH�PDORQGLDOGHKLW�ROXúWXUGX÷XQX�UDSRU�HGLOPLúWLU�88  

      (9)                                      (10)     (11) 

 

5HV]ND� YH� DUN��� GLD]RQ\XP� WX]ODUÕ� �12a-d)’yi kullanarak, diazonyum 

ELOHúLNOHULQLQ�HOHNWURQ�GRQ|U�YDUOÕ÷ÕQGD�DULO�UDGLNDOLQH�G|Q�úW�÷�Q��(35�VSHNWUXPODUÕQÕ�
LQFHOH\HUHN� EXOPXúODUGÕU�� %X� oDOÕúPD� VXOX� o|]HOWLGH� DULO� UDGLNDOL� HOGH� HWPHN� LoLQ�
DUHQGLD]RQ\XP�L\RQODUÕQ�LQGLUJHQPHVLQLQ�X\JXQ�PHWRG�ROGX÷XQX�J|VWHUPLúWLU��6RQXoWD��
EX� DUDúWÕUPD� ELRORMLN� LQdirgeyici maddelerin ArN2

+’nu parçalayarak aril radikaline 

G|Q�úW�UPH�\HWHQH÷LQH�VDKLS�ROGX÷XQX�GR÷UXODU�90  

 

(12)  a) X =MeO 

          b) X = Cl 

c) X = Br 

   d) X = NO2 

        e) X = N(Et)2 
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%DúND�ELU� oDOÕúPDGD�'HY�3��$U\D�YH�DUN��� IDUNOÕ� LNL�DULO�KDONDVÕQGa diazonyum 

grubu içeren 1,4-ELVGLD]RQ\XP� ELOHúLNOHULQLQ� ������ EDNÕU� NORU�U� YDUOÕ÷ÕQGD� ���-

GLUDGLNDOOHUL� ROXúWXUDUDN� HQHGL\HQ� DQWLEL\RWLNOHUL� JLEL� '1$¶\Õ� NHVWL÷LQL�
J|VWHUPLúOHUGLU�91 

(13) 

 

 Yine Dev P. Arya ve ark., 9-'LD]RIOXRUHQ������YH��-naftal fenil diazometan (15) 

ELOHúLNOHULQLQ� EDNÕU� DVHWDW� YDUOÕ÷ÕQGD�� RNVLMHQOL� RUWDPGD� S%5���� SOD]PLG� '1$¶\Õ�
NHVWL÷LQL�J|VWHUPLúOHUGLU��5HDNVL\RQODUÕ�NDUDQOÕNWD�\DSWÕNODUÕ�LoLQ�NHVLP�PHNDQL]PDVÕQÕQ�
\D� NDUERQ� PHUNH]OL� UDGLNDOLQ� '1$� GHRNVLULER]� úHNHULQGHQGHQ� KLGURMHQ� DWRPu 

NRSDUPDVÕ\OD�� \D� GD� EDNÕU� � DVHWDWÕQ�'1$� NHVLP� HWNLVL� RODQ�&X�,�-Oksijen kompleksi 

YH\D� KLGURNVLO� UDGLNDOL� JLEL� DNWLI� RNVLMHQ� W�UOHUL� ROXúWXUDUDN� JHUoHNOHúWL÷LQL� UDSRU�
HWPLúOHUGLU�92 

(14)                   (15) 

 

 %DúND�ELU�oDOÕúPDGD�JHQHO�\DSÕODUÕ�p-X-Ar+ RODQ�GLD]RQ\XP�WX]ODUÕQGDQ�S-X-Ar . 

ROXúDELOHFHN�NRúXOODUGD�FW'1$�\D�GD�K�UHOHUOH�HWNLOHúLPL�VRQXFX�JXDQLQ�'1$��U�QOHUL�
ROXúWX÷X�UDSRU�HGLOPLúWLU��p-X-ArÜ�ROXúXPX�(65�LOH�DoÕNODQPÕúWÕU�93  

 

ùHNLO������$UHQGLD]RQ\XP�L\RQODUÕ�YH�'1$¶GDQ�HOGH�HGLOHQ�&�-arilguanin ürünleri (X = 

CH3, CH2OCH3, CH2OH) 
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  :DUQHU� YH� DUN��� V�EVWLW�H� WULDULODPLGOHU� VHQWH]OH\HUHN� EXQODUÕQ� '1$� NHVLP�
HWNLVLQLQ�LQFHOHPLúOHU��.HVLP�HWNLVLQLQ�D�!�F�!�E�ROGX÷XQX�J|]OHPOHPLúOHU�94  

 

(16) a) Y = H 

           b) Y = NO 

              c) Y = OMe 

ùHNLO�������6�EVWLW�H�WULDULODPLGOHULQ�'1$¶\Õ�NHVLPL 
 

%DúND� ELU� oDOÕúPDGD� � %XUU� YH� DUN��� ELU� %HUHQLO� DQDOR÷X� RODQ� N-(3-

Hydroxypropyl)-Berenil (18�� ELOHúL÷L� YH� �-amidinobenzendiazonyum tuzunun (17) 

'1$� NHVLPLQL� LQFHOHPLúOHU� YH� EX� ELOHúLNOHULQ�'1$¶\Õ� NHVWL÷LQL� J|]OHPOHPLúOHU�� �18) 

ELOHúL÷LQLQ� SDUoDODQDUDN� �17�� ELOHúL÷LQL� ROXúWXUGX÷XQX� YH� E|\OHFH� NHVLPLQ� EDúODGÕ÷ÕQÕ�
UDSRU�HWPLúOHUGLU�95 

 

 

ùHNLO������ N-(3-Hydroxypropyl)-Berenil sentezi 

 

 

 

(17) 

(18) 
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.Õ]ÕO� YH� DUN��� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� �19a-c�� WX]ODUÕQÕ� Ventezleyip 

'1$�NHVLPLQL�LQFHOHPLúOHU��6RQXo�RODUDN�IDUNOÕ�GLD]RQ\XP�WX]ODUÕQÕQ�ELU�HOHNWURQ�GRQ|U�
YDUOÕ÷ÕQGD� '1$¶\Õ� NHVWL÷LQL� J|]OHPOHPLúOHU�� .HVLP� HWNLVL� LQFHOHQHQ� GLD]RQ\XP�
WX]ODUÕQÕQ� UDGLNDO� DNWLYLWHOHUL� YH� '1$� NHVLP� HWNLOHUL� DUDVÕQGD� DQODPOÕ� ELU� IDUNOÕOÕN�
J|]OHQPHGL÷LQL�UDSRU�HWPLúOHUGLU�96  

 

19 a) R = H 

         b) R = OH 

             c) R = CO2H 

 

DNA Kesiminin Önlenmesi 

 

$WWDJXLOH�YH�DUN���KDON�DUDVÕQGD�oHúLWOL�GHUL�KDVWDOÕNODUÕQÕQ�WHGDYLVLQGH��D\UÕFD�D÷UÕ�
kesici olarak ve antidiaretik ilaç olarak kulODQÕODQ� Cistus incanus L. ve Cistus 

monspeliensis� /�¶QLQ� ELWNL� HNVWUDNODUÕQÕQ� DQWLRNVLGDQW� YH� '1$� NHVLP� HWNLOHULQL�
DUDúWÕUPÕúODUGÕU�� %X� W�U� ELWNLOHU� IODYRQRLG� LoHULUOHU� YH� '1$� ]LQFLULQL� NÕUDELOHFH÷L�
G�ú�Q�OHQ�DQWLRNVLGDQW�PDGGHOHUGLU��%X�ELWNL�HNVWUDNWODUÕQÕQ�'1$�NHVLPLQL�|QOHGL÷L�YH�
GR]D�ED÷OÕ�RODUDN�UDGLNDO�V|QG�UPH�NDSDVLWHVL�ROGX÷XQX�J|]OHPOHPLúOHUGLU�97 

 

<LQH� EDúND� ELU� oDOÕúPDGD� ELRIODYRQRLGOHULQ� DQWLUDGLNDO�� DQWLRNVLGDQW� YH� '1$�
NHVLPLQL�|QOHPH�NDSDVLWHVL�LQFHOHQPLúWLU��'R÷DO�SROLIHQROLN�ELOHúLNOHU�RODn flavonoidler 

LQVDQODU� WDUDIÕQGDQ� W�NHWLOHQ� PH\YHOHUGH� YH� VHE]HOHUGH� EXOXQXUODU�� (Q� E�\�N� ND\QDN�
HOPD��VR÷DQ��GXW�JLEL�\L\HFHNOHU�YH�oD\�JLEL�LoHFHNOHUGLU��6RQXo�RODUDN�ELRIODYRQRLGOHULQ�
�UXWLQ��FDWHFKLQ�YH�QDULQJLQ��GR]D�ED÷OÕ�RODUDN�VHUEHVW�UDGLNDOOHUL�söndürdükleri ve DNA 

NHVLPLQL�|QOHGLNOHUL�UDSRU�HGLOPLúWLU�98 

 

<LQH�5XVVR�YH�DUN���+LQW�úLIDOÕ�ELWNLOHULQLQ�DQWLUDGLNDO�YH�'1$�NHVLPLQL�|QOHPH�
NDSDVLWHOHULQL� DUDúWÕUPÕúODUGÕU�� Celastrus paniculatus L., Picrorhiza kurroa L. ve 

Withania somnifera L., epilepsL�� X\NXVX]OXN�� UDúLWL]P�� JXW� YH� KDVÕPVÕ]OÕN� WHGDYLVLQGH�
NXOODQÕODQ� úLIDOÕ� ELWNLOHUGLU�� %X� oDOÕúPDGD� ELWNLOHULQ� PHWDQRO� HNVWUDNODUÕQÕQ�� +2O2’tin  

BF
4
N

2

R

-     +



UV-IRWROL]L�VRQXFX�ROXúDQ�'1$�KDVDUÕ��]HULQGHNL�HWNLVL�LQFHOHQPLúWLU��%�W�Q�HNVWUDNODU�
GR]D� ED÷OÕ� RODUDN� VHUEHVt radikal söndürme ve DNA kesimini önleme etkisi 

J|VWHUPLúOHUGLU��Picrorhiza kurroa�/�¶QLQ�PHWDQRO�HNVWUDNWÕQÕQ�GL÷HU�ELWNL�HNVWUDNWODUÕQD�
J|UH�GDKD�HWNLOL�ROGX÷X�J|]OHQPLúWLU�99 

 

%DúND� ELU� oDOÕúPDGD� NÕUPÕ]Õ� SRUWDNDO� HNVWUDNWÕQÕQ� '1$� NHVLPL� �]HULQH� HWNLVL�
LQFHOHQPLú��.ÕUPÕ]Õ�SRUWDNDOODU�IODYRQODU��KLGUR[\FLQQDPLF�DVLWOHU�YH�DVNRUELN�DVLW�JLEL�
DQWLRNVLGDQW� ELOHúLNOHULQ� \DQÕQGD�� \�NVHN� RUDQGD� DQWURF\DQLQOHU� GH� LoHULUOHU�� (NVWUDNW�
'1$� NHVLPL� �]HULQGH� NRUX\XFX� HWNL� YH� GR]D� ED÷OÕ� RODUDN� GD� UDGLNDO� V|QG�UPH�
kapasLWHVL�J|VWHUPLúWLU�100 

 

$FTXDYLYD�YH�DUN���5HVYHUDWURO¶�Q�'1$�NHVLPL��]HULQGHNL�HWNLVLQL�LQFHOHPLúOHU��
5HVYHUDWURO� úDUDSWD� EXOXQDQ� GR÷DO� SK\WRDOH[LQ� PDGGHVLGLU� YH� GDPDU� KDVWDOÕNODUÕQGD�
NRUX\XFX�HWNLVL�ROGX÷X�ELOLQLU��%X�oDOÕúPDGD�5HVYHUDWURO¶�Q�GR]D�ED÷OÕ�olarak serbest 

UDGLNDO� V|QG�UPH� NDSDVLWHVL� YH� '1$� NHVLPLQL� NRUX\XFX� HWNL� J|VWHUGL÷L� WHVSLW�
HGLOPLúWLU�101 

 

:DQJ�YH�DUNDGDúODUÕ�/RWXV�3OXPXOH�YH�%ORVVRP��Nelumbo nucifera Gertn.)’um 

DQWLRNVLGDQW�HWNLVL�LQFHOHQPLú��/RWXV�SOXPXOH�oHúLWOL�DONDORLGOHU�LoHULU�YH�KDON�DUDVÕQGD�
DQWLKLSHUWDQVLI� LODo� RODUDN� NXOODQÕOÕU�� /RWXV� EORVVRP� LVH� DONRORLGOHU�� RUJDQLN� DVLWOHU��
DPLQR� DVLWOHU� YH� �-carotenoidler içerir. Hidroksil radikali söndürme etkisi 

LQFHOHQGL÷LQGH� /RWXV� 3OXPXOH� YH� %ORVVRP¶XQ� GR]D� ED÷OÕ� RODUDN� KLGURNVLO� UDGLNDlini 

V|QG�UG�÷��UDSRU�HGLOPLúWLU�102  

 

Yine Acquaviva ve ark., cyanidin ve cyanidin 3-�-�-D-glikozid’in DNA 

NHVLPLQL� |QOHPH� NDSDVLWHVL� YH� DQWLRNVLGDQW� |]HOOL÷LQL� LQFHOHPLúOHUGLU�� dDOÕúPDGD�
cyanidin ve cyanidin 3-�-�-D-glikozid’in DNA kesimi üzerine koruyucX�HWNLVL�ROGX÷X�
YH�GR]D�ED÷OÕ�VHUEHVW�UDGLNDOOHUL�V|QG�UG�÷��J|]OHQPLúWLU�103  

 

 



 

(20) R = H, Cyanidin 

                 R = Glikoz, 3-�-�-D-glikozid 

 

Russo ve ark., Bacopa monniera�/�¶QÕQ�VHUEHVW�UDGLNDO�V|QG�UPH�NDSDVLWHVLQL�YH�
'1$�KDVDUÕQÕ�|QOHPH�HWNLVLQL�DUDúWÕUPÕúODUGÕU��Bacopa monniera�/��NOLQLN�RODUDN�KDIÕ]D�
ND\EÕQGD�� HSLOHSVLGH�� X\NXVX]OXN� SUREOHPLQGH� YH� D÷UÕ� NHVLFL� RODUDN� NXOODQÕOÕU��
dDOÕúPDGD�Bacopa monniera�/�¶QLQ�PHWDQRO�HNVWUDNWÕ�NXOODQÕOPÕúWÕU��'R]D�ED÷OÕ�RODUDN�
KLGURNVLO�UDGLNDOLQL�V|QG�UG�÷��YH�'1$�NHVLPLQL�|QOHGL÷L�UDSRU�HGLOPLúWLU�104 

 

Tian ve ark., aloin (21) ve aloe-emodin’in (22�� NRQVDQWUDV\RQD� ED÷OÕ� RODUDN�
SURRNVLGDQW� YH� DQWLRNVLGDQW� HWNLOHULQL� LQFHOHPLúOHUGLU�� <�NVHN� NRQVDQWUDV\RQODUGD�
DORLQ¶LQ� � KLGURNVLO� UDGLNDOLQH� ED÷OÕ�RODQ�'1$�NHVimini %5-���RUDQÕQGD�|QOHGL÷L�� WDP�
WHUVLQH� G�ú�N� NRQVDQWUDV\RQODUGD� LVH� NHVLPL� DUWWÕUGÕ÷Õ� J|]OHQPLúWLU�� $ORH-emodin’in 

G�ú�N� NRQVDQWUDV\RQODUGD� oRN� D]� DQWLRNVLGDQW� HWNL� J|VWHUGL÷L�� \�NVHN�
konsantrasyonlarda ise prooksidant etki göstererek DNA kesimini %29-��� RUDQÕQGD�
D]DOWWÕ÷Õ�WHVSLW�HGLOPLúWLU�105 

(21)     (22) 
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%DúND� ELU� oDOÕúPDGD� 5RRLERV� oD\ÕQÕQ� �Aspalathus linearis) antioksidant 

DNWLYLWHVL� YH�'1$� NHVLPLQL� |QOHPH� NDSDVLWHVL� DUDúWÕUÕOPÕúWÕU�� dDOÕúPDGD� HWDQRO� YH� VX�
HNVWUDNWODUÕ� NXOODQÕOPÕúWÕU�� +HP� HWDQRO� HNVWUDNWÕQÕQ� KHP� GH� VX� HNVWUDNWÕQÕQ� SR]LWLI�
NRQWURO�RODQ�7UROR[� LOH�KHPHQ�KHPHQ�D\QÕ�RUDQGD�KLGURNVLO� UDGLNDOLQGHQ�ND\QDNODQDQ�
'1$�NHVLPLQL�|QOHGL÷L�J|]OHQPLúWLU�106 

 

<HQ�YH�DUN���ORWXV�VHHG�HNVWUDNWÕQÕQ�DQWLRNVLGDQW�|]HOOLNOHULQL�YH�LQVDQ�OHQIRVLWOHUL�
üzerLQGHNL� '1$� NHVLP� HWNLVLQL� DUDúWÕUPÕúODUGÕU�� /RWXV� VHHG¶LQ� ND\QDWÕOPÕú� VX�
HNVWUDNWÕQÕQ� J�oO�� DQWLRNVLGDQW� HWNL� J|VWHUGL÷L� EXOXQPXúWXU�� 6X� HNVWUDNWÕQÕQ� OLSLW�
SHURNVLGDV\RQX� YH� '1$� KDVDUÕ� �]HULQGH� KHP� KLGURMHQ� SHURNVLWOL� RUWDPGD� KHP� GH�
hidrojen peroksitsiz orWDPGD�KLoELU�HWNLVL�ROPDGÕ÷Õ�J|]OHQPLúWLU�107 

 

 <DPDJXFKL� YH� DUN��� %UH]LO\D� oDPÕ� Araucaria angustifolia¶QÕQ� LoHUGL÷L�
ELRIODYRQRLGOHULQ� '1$� KDVDUÕ� �]HULQGHNL� NRUXPD� HWNLVLQLQ� LQFHOHPLúOHU�� Araucaria 

angustifolia’da bulunan 6 tane biflavonoidi HPLC/MS ile aQDOL]� HWPLúOHU��'R]D�ED÷OÕ�
olarak Araucaria angustifolia¶QÕQ�'1$�NHVLPLQL�|QOHGL÷LQL�EXOPXúODUGÕU�108 

 

R1  = R2 = R3 = R4 = OH amentoflavone 

Mono-O-methylamentoflavone 

Di-O-methylamentoflavone 

R1  = R2 = R3 = R4 = OMe ginkgetin 

Tri-O-methylamentoflavone 

R1 = R2 = R3 = R4 = OMe tetra-O-methylamentoflavone 

 

 

ùHNLO�������%UH]LO\D�oDPÕ�Araucaria angustifolia¶QÕQ�LoHUGL÷L�ELIODYRQRLGOHU� 
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$KPDG� YH� DUN��� ELWNL� ND\QDNOÕ� ELU� SROLIHQROLN� ELOHúLN� RODQ� UHVYHUDWURO�Q�
SURRNVLGDQW�DNWLYLWHVLQL�EDNÕU�L\RQX�YDUOÕ÷ÕQGD�LQFHOHPLúOHU��5HVYDUDWURO�Q�DQWLNDQVHU�YH�
NDUGL\RYDVN�OHU�|]HOOLNOHULQLQ�ROPDVÕ�ELU�oRN�DUDúWÕUPDFÕODUÕQ�EX�PROHN�OH�RODQ�LOJLVLQL�
DUWWÕUPÕúWÕU�� %X� oDOÕúPDGD� UHVYDUDWURO�Q� EDNÕU� L\RQX� YDUOÕ÷ÕQGD� SURRNVLGDQW� |]HOOL÷L�
ROGX÷X�J|VWHULOPLúWLU��5HVYHUDWURO�Q�EDNÕU�L\RQX�YDUOÕ÷ÕQGD�SOD]PLG�'1$¶GD�PXWDV\RQD�
VHEHS�ROGX÷X��WHN�EDúÕQD�LVH�ELUoRN�*XDQLQ�ED]ÕQÕ�VLOGL÷L�EHOLUOHQPLúWLU�87 

 

 

%LWNLOHU�øOH�'1$�.HVLPL 
 

%LU�GR÷DO��U�Q�RODQ�5HVYHUDWURO¶�Q�������-trihidroksi-trans-stilben, 23��EDNÕU��,,��
NORU�U� YH� RNVLMHQ� YDUOÕ÷ÕQGD� S%5���� SOD]PLG� '1$¶\Õ� NHVWL÷L� J|VWHULOPLúWLU�� 'L÷HU�
PHWDOOHU� YDUOÕ÷ÕQGD� 5HVYHUDWURO¶�Q� '1$� NHVLPLQL� EDúODWPDGÕ÷Õ için Cu+2‘nin DNA 

NHVLPLQGH�5HVYHUDWURO�VSHVLILN�PHWDO�L\RQX�ROGX÷X�UDSRU�HGLOPLúWLU�86 

     (23) 

   
Hadi ve ark., serotoninin (24) Cu+2 varlÕ÷ÕQGD�'1$�NHVLP�HWNLVLQL�LQFHOHPLúOHU��

Serotonin (5-hydroxytryptamine) beyinde ve omurilikte önemli bir nörotransmitterdir; 

X\NX�� ELOLQo�� KX\VX]OXN� YH� VDOGÕUÕ� NRQWURO�QGH� J|UHY� DOÕU�� %X� oDOÕúPDGD� 6HURWLQLQ¶LQ�
Cu+2� YDUOÕ÷ÕQGD� RNVLGDWLI� PHNDQL]PD� LOH� '1$� NHVLPLQH� VHEHS� ROGX÷X� EHOLUOHQPLúWLU��
6HURWRQLQ�&X�,,�¶\L�&X�,�¶�LQGLUJHU�YH�EDNÕU�L\RQX�YDUOÕ÷ÕQGD�KLGURNVLO�UDGLNDOL�ROXúXU�110 

 

 

(24) 
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8GGLQ�YH�DUN���ELIODYRQRLG�RODQ�DPHQWRIODYRQHQXQ�EDNÕU�L\RQX�YDUOÕ÷ÕQGD�'1$�
NHVLPLQH�VHEHS�ROGX÷XQX�UDSRU�HWPLúOHUGLU. Ametoflavone Cu(II)’yi Cu(I)’ indirger ve 

EDNÕU� L\RQX� YDUOÕ÷ÕQGD� KLGURNVLO� UDGLNDOL� ROXúXU�� $\UÕFD� VSHNWURVNRSLN� YHULOHU� &X�,,��
YDUOÕ÷ÕQGD� DPHWRIODYRQHQXQ� �25�� EDNÕU� L\RQXQD� ED÷ODQPD� NDSDVLWHVL� ROGX÷XQX�
J|VWHUPLúWLU�111 

 

(25) 

 

Ma ve ark. Alangium javanicum’dan izole ettikleri Javaniside’in (26) Cu2+  

YDUOÕ÷ÕQGD�'1$�NHVLPLQL�EDúODWWÕ÷ÕQÕ�WHVSLW�HWPLúOHUGLU�112 

 

 (26) 

 

Ma ve ark., Piper caninum¶XQ�KDP�HNVWUDNWÕQÕQ�S%5�����SOD]PLG�'1$¶\Õ�&X+2 

YDUOÕ÷ÕQGD� NHVWL÷L� EHOLUOUQPLúWLU�� 'DKD� VRQUD� HNVWUDNW� IUDQNVL\RQODQGÕUÕODUDN� LQ� YLWUR�
RODUDN�'1$�NHVLP�HWNLOHUL�LQFHOHQPLú�YH��o�WDQH�DNWLI�ELOHúLN�L]ROH�HGLOPLú��%XQODU��N-

cis-feruloyl tyramine (27), N-trans-feruloyl tyramine (28) ve 1-

cinnamoylpyrrolidine’dir (29). 27-29�ELOHúLNOHUL� �'1$�NHVLPL�JHUoHNOHúWLUHQ�PDGGHOHr 
LoHULVLQGH�\DSÕVDO�RODUDN�\HQL�ELU�VÕQÕIÕ�WHPVLO�HGHUOHU�113 
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(27)     (28) 

 

(29) 

 

 0D�YH�DUN���EDúND�ELU�oDOÕúPDODUÕQGD�\LQH�Piper caninum’un DNA kesim etkisi 

gösteren bir fraksiyonundan 4,5-dioxoaporphine alkoloid cepharadione A (30��ELOHúL÷LQL�
izROH�HWPLúOHUGLU�114 

 

(30) 

 

 Yine Ma ve ark., Malotus resinosus¶XQ�N|NOHULQGHQ�KD]ÕUODGÕNODUÕ�KDP�HNVWUDNWÕQ�
Cu+2�YDUOÕ÷ÕQGD�'1$�NHVLP�HWNLVL�ROGX÷XQX�EHOLUOHPLúOHU��'DKD�VRQUD�'1$�NHVLPLQLQ�
basit bir coumarin olan scopoletin (31a�� ELOHúL÷LQGHQ� ND\QDNODQGÕ÷ÕQÕ� UDSRU� HWPLúOHU��
S%5����SOD]PLG�'1$�NXOODQDUDN�NHVLP�HWNLVLQL�LQ�YLWUR�RODUDN�J|]OHPOHPLúOHU���31a) 

ELOHúL÷LQLQ� GDKD� DNWLI� RODFD÷ÕQÕ� G�ú�QG�NOHUL� �o� DQDOR÷XQXQ� GD� '1$� NHVLP� HWNLVLQL�
LQFHOHPLúOHU��'1$�NHVLP�HWNLOHULQLQ�31c>31a=31b>31d�ROGX÷XQX�UDSRU�HWPLúOHUGLU�115 
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(31)   a) R1 = CH3   R2 = H 

          b) R1 = H       R2 = CH3 

          c) R1 = H       R2 = H 

          d) R1 = CH3   R2 = CH3 
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3. MATERYAL VE METOT 
 
3. 1. Materyal 

 

%X� oDOÕúPDQÕQ� PDWHU\DOLQL� ROXúWXUDQ� ELWNL� |UQHNOeri Dicle Üniversitesi, Fen 

(GHEL\DW� )DN�OWHVL�� %L\RORML� %|O�P�¶QGHQ� 3URI�� 'U�� $�� 6HOoXN� (57(.ø1� WDUDIÕQGDQ�
WRSODQGÕ�YH�WHúKLV�HGLOGL��7HúKLV�HGLOHQ�ELWNL�|UQHNOHUL�'LFOH�hQLYHUVLWHVL��)HQ�(GHEL\DW�
)DN�OWHVL��+HUEDU\XPXQGD��'8)��VDNODQPDNWDGÕU� 

 

3. 1. 1. KXOODQÕODQ�%LWNL�7�UOHUL��7DQÕPODUÕ��<D\ÕOÕúODUÕ�YH�.XOODQÕP�$ODQODUÕ 
 

Hypericum retusum, 'L\DUEDNÕU�� d�QJ�ú�� dHUPLN-d�QJ�ú� ��� NP�� WDUOD�
NHQDUÕQGDQ������������WDULKLQGH�WRSODQGÕ��1R��'8)����� 

Hypericum scabrum,� 'L\DUEDNÕU�� (UJDQL�� (UJDQL� 0DGHQ� �� NP� \DPDoODUdan 

�����������WDULKLQGH�WRSODQGÕ��1R��'8)����� 

Hypericum lysimachioides,� 'L\DUEDNÕU�� (UJDQL�� (UJDQL-Çermik 11 km, 

\DPDoODUGDQ������������WDULKLQGH�WRSODQGÕ��1R��'8)������ 
Achillea aleppica subsp. aleppica,�'L\DUEDNÕU��'L\DUEDNÕU-Silvan 38 km, yol 

NHQDUÕQGDQ������������WDULKLQGH�WRSODQGÕ��1R��'8)����� 

Achillea aleppica subsp. zederbaueri,�0DUGLQ��0D]ÕGD÷Õ��<XNDUÕ�.RQDN�N|\���-

��NP�\DPDoODUGDQ������������WDULKLQGH�WRSODQGÕ��1R��'8)����� 

Achillea biebersteinii�� 'L\DUEDNÕU�� 'L\DUEDNÕU-6LYHUHN� ��� NP�� \RO� NHQDUÕndan 

�����������WDULKLQGH�WRSODQGÕ��1R��'8)����� 

Hypericum� W�UOHUL� oRN� \ÕOOÕN� RWVX� ELWNLOHUGLU�� hONHPL]GH� ��� W�U�� EXOXQDQ�
Hypericum¶XQ� ��� W�U�� *�QH\GR÷X� $QDGROX� %|OJHVLQGH� \D\ÕOÕú� J|VWHUPHNWHGLUOHU� 
.DQWDURQ�� NDQWDUXP�� NR\XQNÕUDQ� YH� ELQELUGHOLN� RWX� RODUDN� bilinirler. Geleneksel 

WHGDYLGH� \DSUDNOÕ�� oLoHNOL� YH� PH\YHOL� GDOODUÕ� LOH� N|NOHUL� NXOODQÕOÕU�� 0LGH�
UDKDWVÕ]OÕNODUÕQGD�� LQIODPDV\RQGD�YH�GHSUHV\RQ� WHGDYLVLQGH�NXOODQÕOÕUODU�116 Hypericum 

W�UOHUL�IODYRQRLGOHU�YH�WHPHO�\D÷�DVLWOHUL�LoHULUOHU� 
Achillea türleri oRN�\ÕOOÕN�W�\V��YH�RWVX�ELWNLOHUGLU��hONHPL]GH����W�U��EXOXQXU�YH�

EXQODUGDQ� �� W�U�� *�QH\GR÷X� $QDGROX� %|OJHVLQGH� \D\ÕOÕú� J|VWHUPHNWHGLUOHU��
&LYDQSHUoHPL��DNEDúOÕ��EDUVDP�RWX��ELQELU�\DSUDN�RWX��PDUVDP�RWX��NDQGLO�oLoH÷L�RODUDN�
bilinirler. Geleneksel tedaviGH� UDKLP� KDVWDOÕNODUÕQGD�� LGUDU� V|NW�U�F�� YH� LúWDK� DoÕFÕ 



RODUDN�NXOODQÕOÕUODU�116 Achillea türleri eucalyptol, camphor ve .-terpineoller içerirler.  

 

���������.XOODQÕODQ�.LP\DVDO�0DGGHOHU 

 

2,3-dimetil anilin, 2,6-dimetil anilin, 2,6-dietil anilin, 2-etil anilin, 3-etil anilin, 

4-etil anilin, 2-kloro, 4-nitro anilin, 4-kloro, 2-nitro anilin, 2-anilin etanol, 4-hidroksi 

metil anilin, izoamil nitrit Fluka’dan,  aseton Riedell’den, etanol Merck’ten, dietil eter, 

floro borik asit Aldrich’den, agaroz, etilendiamin tetraasetik asit (EDTA��� EDNÕU� �,��
NORU�U�� EDNÕU� �,,�� NORU�U�� VRG\XP� L\RG�U�� DVNRUELN� DVLW� 6LJPD¶GDQ� WLFDUL� RODUDN� WHPLQ�
edildi.  

 

���������.XOODQÕODQ�$OHWOHU 
 

Jel görüntüleme sistemi (Bio Rad Gel Doc XR), elektroforez (Bio Rad), güç 

ND\QD÷Õ� �:HDOWHF���105� �%UXNHU� ����0+]��� )7–IR (Mattson 1000 FTIR UNICAM 

Spectrometer), UV Spektrofotometre (Shimadzu, UV/Visible Recording 

spektrofotometre), santrifüj (Centruin 8000 Series), vorteks (Heidolph), sterilizatör 

�+HUDHXV���RWRNODY��oDONDOD\ÕFÕ��0HPPHUW���WHUD]L��S+�PHWUH��0HWWOHU�7ROHGo), vakumlu 

evaporatör (RE 100B, Bibby Strilin Ltd.), membran filtresi (Schleicher&Schuell), 

EOHQGHU��GHULQ�GRQGXUXFX��6DQ\R���PLNURGDOJD�IÕUÕQ�YH�EX]GRODEÕ��$UoHOLN��NXOODQÕOGÕ�� 
 

3. 2. Metot 

 

3. 2. 1. Agaroz Jel Elektroforezi 

 

 Moleküllerin sahip olduklaUÕ�QHW�HOHNWULN�\�NOHUL�EX�PROHN�OOHULQ�ELU�HOHNWULNVHO�
DODQ�LoLQGHNL�KDUHNHWOHULQL�HWNLOHU��(OHNWURIRUH]�WHNQL÷L�GH�EX�SUHQVLEH�GD\DQÕU��1�NOHLN�
DVLW�IUDJPHQWOHULQLQ�WDQÕPODQPDVÕ��VDIODúWÕUÕOPDVÕ��YH�D\UÕOPDVÕ�LoLQ�NXOODQÕODQ�HQ�\D\JÕQ�
yöntem agaroz jel eOHNWURIRUH]LGLU��%X�QHGHQOH�oHúLWOL�DPDoODU�LoLQ�L]ROH�HGLOHQ�'1$�YH�
51$¶ODUÕQ� WDQÕPODQDELOPHVL��KDQJL�IRUPGD�ROGX÷XQXQ�EHOLUOHQHELOPHVL��E�\�NO�÷�Q�Q�
VDSWDQDELOPHVL� YH� |]HOOLNOH� JHQHWLN� P�KHQGLVOL÷L� WHNQLNOHUL� LOH� '1$� \DSÕVÕQGD�
ROXúWXUXODQ� GH÷LúLNOLNOHUGHQ� VRQUD� HOGH� HGLOHQ� \HQL� IRUPODUÕQ� LQFHOHQPHVL� \|Q�QGHQ�



DJDUR]�MHO�HOHNWURIRUH]L�WHNQL÷L��PROHN�OHU�JHQHWLN�DODQÕQGD�|QHPOL�ELU�GHQH\VHO�VLVWHP�
ROXúWXUPDNWDGÕU� 

Agaroz jelde örnekler yatay pozisyonda, sabit güç ve yöndeki elektriksel alanda 

yürütülmektedir�� '1$� úHNHU� IRVIDW� RPXUJDVÕQGDQ� GROD\Õ� QHJDWLI� \�NO�G�U� YH� ELU�
HOHNWULNVHO� DODQD� NRQXOGX÷X� ]DPDQ� EX� QHJDWLI� \�N�QGHQ� GROD\Õ� DQRWWDQ� NDWRGD� GR÷UX�
hareket eder. 

 

������������$JDUR]�-HO¶LQ�+D]ÕUODQPDVÕ 
 

Agaroz (1 g) 100 mL Tris asetat  tamponuna (40 mM tris asetat, 1mM EDTA, 

S+� ����� LODYH� HGLOGL� YH� PLNURGDOJD� IÕUÕQGD� ND\QDWÕOGÕ�� ��o&� µ\H� VR÷XWXOGX�� ���� �O�
HWLG\XP�EURP�U�����PJ�P/��LODYH�HGLOGL�YH�NDUÕúWÕUÕOGÕ��d|]HOWL�NHQDUODUÕ�RWRNODY�EDQGÕ�
LOH� VDUÕOPÕú� YH� WDUDN� \HUOHúWLULOPLú� FDP� WDEDND\D� G|N�OG��� -HO� GRQPDVÕ� LoLQ� RGD�
VÕFDNOÕ÷ÕQGD���-45 dakika bekletildi. 

 

�������������$JDUR]�-HO�(OHNWURIRUH]L�<DSÕOPDVÕ 
 

-HO�NXOODQÕPD�KD]ÕU�KDOH�JHOGLNWHQ�VRQUD�RWRNODY�EDQGÕ�DoÕOGÕ�YH�WDUDN�oÕNDUÕOGÕ��
+D]ÕUODQDQ�'1$�NDUÕúÕPODUÕ�X\JXQ�ELU�SLSHW�LOH�NX\XFXNODUD�DNWDUÕOGÕ��-HO��00 mL Tris 

DVHWDW� WRPSRQX� ����P0� WULV� DVHWDW�� �P0�('7$��S+������ LoHUHQ�HOHNWURIRUH]� WDQNÕQD�
\HUOHúWLULOGL��7DQNÕQ� NDSD÷Õ� NDSDWÕOGÕ�YH� HOHNWULN� ED÷ODQWÕODUÕ� \DSÕOGÕ��(OHNWURIRUH]�����
9¶WD�����P$�DNÕP�X\JXODQDUDN����GDNLND�V�UH\OH�\�U�W�OG���(OHNWULN�DNÕPÕ�Nesildi, tel 

ED÷ODQWÕODUÕ�YH�NDSDN�oÕNDUÕOGÕ��'DKD�VRQUD�MHOLQ�IRWR÷UDIÕ�oHNLOGL�� 
 

���������3OD]PLG�6DIODúWÕUPD 

 

DNA kesiminin incelemenin bir yolu VXSHUFRLOHG� '1$¶QÕQ� � �V�SHU� NÕYUÕPOÕ�
oHPEHUVHO�'1$��NÕUÕN�\RN��)RUP�,����RSHQ�FLUFXODU��WHN�]LQFLU�NÕUÕ÷Õ� Loeren çembersel 

'1$��'1$�]LQFLUOHULQGHQ�ELULQGH�NÕUÕN�YDU��)RUP� ,,��YH\D� OLQHDU� �GR÷UXVDO�'1$�� LNL�
]LQFLUGH� GH� ELU� YH\D� ELUGHQ� ID]OD� NÕUÕN�� )RUP� ,,,�� IRUPD� G|Q�ú�P�Q�� LQFHOHPHNWLU��
$JDUR]� -HO� (OHNWURIRUH]LQGH� EX� IRUPODU� IDUNOÕ� KÕ]ODUOD� KDUHNHW� HGHUOHU�� )RUP I,  yük 

\R÷XQOX÷X� ID]OD� KDFPL� GH� G�ú�N�ROGX÷X� LoLQ� MHOGH� HQ� KÕ]OÕ� KDUHNHW� HGHU�� )RUP� ,,¶QLQ�



\R÷XQOX÷X�GDKD�D]�ROGX÷X�LoLQ�GDKD�\DYDú�KDUHNHW�HGHU��)RUP�,,,�LVH�)RUP�,�YH�)RUP�
,,¶QLQ�DUDVÕQGD�ELU�KÕ]D�VDKLSWLU���ùHNLO������ 

dDOÕúPDGD� NXOODQÕODQ� S%OXHVFULSW� 0���� SOD]PLG� '1$¶VÕ� ����� NE�� 7(16�
\|QWHPL�YH�4LDJHQH�SOD]PLG�NLWL�NXOODQÕODUDN�VDIODúWÕUÕOGÕ� 
 

Form I       Form II       Form III 

 

ùHNLO������ Plazmid DNA 

 

3. 2. 2. 1. TENS Yöntemi  

 

37 0C’ de Ampisilinli Louria Bertani (2.5g Tripton,1.25 g yeast extract, 2.5 g 

VRG\XP� NORU�U�� ������ J� DPSLVLOLQ�� ���� P/� VDI� VX�� VÕYÕ� EHVL\HULQGH� �UHWLOHQ� EDNWHUL�
N�OW�U�QGHQ� ��� WDQH� (SSHQGRUI� W�SH� �¶HU� � P/� DOÕQGÕ�� ������ USP¶GH� �� GDNLND�
VDQWULI�MOHQGL���VW�VÕYÕODU�X]DNODúWÕUÕOGÕ��+HU�ELU�W�SH������/�7(16�çözeltisi (100 mL‘de: 

���P/�����0�7ULV&O�S+����������0������/�('7$�S+����������J�1D&O������J�1D2+��
eklendi ve ters düz edildi. 150 �/� VRG\XP� DVHWDW� çözeltisi (3 M pH 5.2) eklendi ve 

NDUÕúWÕUÕOGÕ��2GD� VÕFDNOÕ÷ÕQGD���GDNLND� LQN�EDV\RQD�EÕUDNÕOGÕ����GDNLND������� USP¶�GH�
santrif�M�\DSÕOGÕ��6�SHUQDWDQW� WHPL]�ELU� W�SH�DNWDUÕOGÕ���]HULQH���P/�VR÷XN�PXWODN�HWLO�
alkol ilave edildi. -200&¶�GH����GDNLND�LQN�EDV\RQD�EÕUDNÕOGÕ��'DKD�VRQUD�������USP¶�GH��
��GDNLND�VDQWULI�M�\DSÕOGÕ��(WLO�DONRO�X]DNODúWÕUÕOGÕ��SHOOHW�����¶�OLN�HWLO�DONRO�LOH�\ÕNDQGÕ��
������USP¶GH����GDNLND�VDQWULI�M�\DSÕOGÕNWDQ�VRQUD�DONRO�X]DNODúWÕUÕOGÕ��(W�YGH����0C’ 

GH�DONROXQ�NDODQ�NÕVPÕ�X]DNODúWÕUÕOGÕ�YH�����/��7(�WDPSRQX�LODYH�HGLOGL��+HU�ELU�Wüpe 

NRQVDQWUDV\RQ�����J�P/�RODFDN�úHNLOGH�ULERQ�NOHD]�o|]HOWLVL�LODYH�HGLOGL�   

Form II 

 
 
 
Form III 
 

 

Form I 

 



3. 2. 2. 2. Mini Prep  

 

S%OXHVFULSW� 0���� SOD]PLG� '1$¶� VÕ� 4LDJHQH� SOD]PLG� NLWL� NXOODQÕODUDN�
VDIODúWÕUÕOGÕ�96�S%OXHVFULSW�0����SOD]PLG�'1$¶�QÕQ�VDIOÕ÷ÕQD��KHP�HOHNWURIRUH]�KHP�GH�
89� VSHNWURVNRSLVLQGH� �������� QP� DEVRUEDQVODUÕQÕQ� RUDQÕ� |Oo�OHUHN� EDNÕOGÕ�� '1A 

NRQVDQWUDV\RQX�����QP�DEVRUEDQV�|Oo�P��LOH�KHVDSODQGÕ������J�P/�Lçin A260=1.0) 

 

���������'LD]RQ\XP�7X]ODUÕQÕQ�6HQWH]OHQPHVL 
 

<HQLOHELOLQLU�ELU�N�OW�U�PDQWDUÕ�RODQ�Agaricus bisporus��KLGUD]LQ�\DSÕVÕQD�VDKLS�
DJDULWLQH� ��−Ν−[γ−L(+)-glutamil)]-4-hidroksimetilfenilhidrazin ve bunun parçalanma 

ürünlerini içermektedir. Agaricus bisporus’un parçalanma ürünlerinin farelerde 

NDQVHURMHQ�HWNL\H�VDKLS�ROPDVÕ�YH�EX�SDUoDODQPD��U�QOHULQGHQ�ELULQLQ�EHQ]HQGLD]RQ\XP�
L\RQX�ROPDVÕ�87 �D\UÕFD�\HQLOHPH\HQ�ELU�PDQWDU�RODQ�Agaricus xanthodermus�\DSÕVÕQGD�
p-KLGURNVL�EHQ]HQGLD]RQ\XP�L\RQX�EXOXQPDVÕ117�EL]L�IDUNOÕ�V�EVWLW�H�GLD]RQ\XP�WX]ODUÕ�
VHQWH]OH\LS�EXQODUÕQ�'1$�NHVLP�HWNLVLQL�LQFHOHPH\H�\|QHOWWL� 

*HQHOGH�GLD]RQ\XP�WX]ODUÕ�NORU�WX]ODUÕ�RODUDN�KD]ÕUODQÕUODU��IDNDW�WHWUDIORURERUDW 
WX]ODUÕ�� NORU� WX]ODUÕQD� RUDQOD� GDKD�NDUDUOÕ� ROGX÷X� LoLQ�EX�oDOÕúPDGD�GLD]RQ\XP� WX]ODUÕ�
tetrafloroborat tuzu olarak sentezlendi.  

 2,3-Dimetil benzendiazonyum tetrafloroborat (32), 2,6-Dimetil 

benzendiazonyum tetrafloroborat (33), 2,6-Dietil benzendiazonyum tetrafloroborat (34), 

2-Etil benzendiazonyum tetrafloroborat (35), 3-Etil benzendiazonyum tetrafloroborat 

(36), 4-Etil benzendiazonyum tetrafloroborat (37), 2-Kloro, 4-nitrobenzen  diazonyum 

tetrafloroborat (38), 4-Kloro, 2-nitrobenzen  diazonyum tetrafloroborat (39), 2-

Hidroksietil benzendiazonyum tetrafloro borat (40), 4-Hidroksimetil benzen diazonyum 

tetrafloroborat tuzu (41) bilinen yöntemlerle sentezlendi.89,96 

 



 

.XOODQÕODQ�NLP\DVDOODU�YH�NRúXOODU 
øVRDP\O�QLWULW��+%)4 (aq.), EtOH, 0o C, 30 dakika 

 

ùHNLO�������'LD]RQ\XP�WX]ODUÕQÕQ�VHQWH]L� 
 

2,3-Dimetil benzendiazonyum tetrafloroborat (32) 

 

2,3-Dimetil anilin (0.25 mL, 0.25 g, 2.06 mmol, 1.0 eq) etanol (1 mL) içinde 

çözüldü. Üzerine sulu floro borik asit (%48’lik çözelti; 0.46 mL, 0.54g, 6.19 mmol, 3.0 

HT��LODYH�HGLOGL�YH�NDUÕúÕP�-5 o&µ\H�VR÷XWXOGX��.DUÕúÕPD�LVRDPLO�QLWULW�������P/�������J��
�����PPRO������HT��GDPOD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO eter (30 

mL) ilavesiyle 2,3-GLPHWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG���
d|NW�U�OHQ�NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����
P/��LODYH�HGLOHUHN�EH\D]�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ�������J������PPRO���% 74). e.n. 

69-71 oC νmax (KBr)/cm-1 3043, 2932, 2264, 1609, 1562, 1094, 812; 1H NMR (400Mz, 

CD3COCD3)  δ 7.12 (1H, dd, J 8.2, 1.1 Hz, ArH), 7.05 (1H, ddd, J 8.0, ,8.0, 1.1 Hz, 

ArH), 6.9 (1H, dd, J 8.2, 1.1 Hz, ArH), 2.28 (3H, s, CH3), 2.16 (3H, s, CH3); 
13C NMR 

(100Mz, CD3COCD3) δ 9.7 (q), 18.6 (q), 112.2 (d), 122.9 (d), 125.2 (d), 139.1 (s), 

159.9 (s), 162.3 (s) 

N2  BF4

+       -

NH2
N2  BF4

R R

-+



2,6-Dimetil benzendiazonyum tetrafloroborat (33)  

 

2,6-Dimetil anilin (0.26 mL, 0.25 g, 2.06 mmol, 1.0 eq) etanol (1 mL) içinde 

çözüldü. Üzerine sulu floro borik asit (%48’lik çözelti; 0.46 mL, 0.54 g, 6.19 mmol, 3.0 

HT��LODYH�HGLOGL�YH�NDUÕúÕP�-5 o&�µ\H�VR÷XWXOGX��.DUÕúÕPD�LVRDPLO�QLWULW�������P/�������J��
�����PPRO������HT��GDPOD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����
mL) ilavesiyle 2,6-GLPHWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG���
d|NW�U�OHQ�NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����
P/��LODYH�HGLOHUHN�EH\D]�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ������J�������PPRO����������H�Q��
86-87 oC νmax (KBr)/cm-1 3063, 2932, 2257, 1610, 1584, 1080, 822; 1H NMR (400Mz, 

CD3COCD3)  δ 7.06 (1H, ddd, J = 8.0, 8.0, 1.2 Hz, ArH), 6.6 (2H, dd, J = 8.3, 1.5, 

ArH), 2.9 (6H, s, CH3); 
13C NMR (100Mz, CD3COCD3) δ 15.6 (q), 119.4 (d), 123.6 (d), 

128.2 (s), 129.5 (s).  

 
2,6-Dietil benzendiazonyum tetrafloroborat (34) 

 

2,6-Dietil anilin (0.26 mL, 0.25 g, 2.06 mmol, 1.0 eq) etanol (1 mL) içinde 

çözüldü. Üzerine sulu floro borik asit (%48’lik çözelti; 0.37 mL, 0.441g, 5.03 mmol, 3.0 

HT��LODYH�HGLOGL�YH�NDUÕúÕP�-5 o&�µ\H�VR÷XWXOGX��.DUÕúÕPD�LVRDPLO�QLWULW�������P/��������

N2  BF4

+       -

N2  BF4

+       -



J�������PPRO������HT��GDPOD�GDPOD�LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO�HWHU�����
mL) ilavesiyle 2,6-GLHWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG���
d|NW�U�OHQ�NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����
P/��LODYH�HGLOHUHN�EH\D]�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ�������J�������PPRO����������H�Q��
99-101 oC νmax (KBr)/cm-1 3063, 2932, 2251, 1630, 1576, 1086, 816; ; 1H NMR 

(400Mz, CD3COCD3) δ 7.06 (1H, ddd, J = 8.0, 8.0, 1.2 Hz, ArH), 6.9 (2H, dd, J = 8.3, 

1.5, ArH), 2.9 (4H, m, CH2), 2.6 (4H, m, CH3); 
13C NMR (100Mz, CD3COCD3) 

δ 13.5 (q), 15.6 (q), 119.4 (d), 123.6 (d), 128.2 (s) 128.9 (s).  

 

2-Etil benzendiazonyum tetrafloroborat (35) 

 

2-Etil anilin (0.26 mL, 0.25 g, 2.06 mmol, 1.0 eq) etanol (1 mL) içinde çözüldü. 

Üzerine sulu floro borik asit (%48’lik çözelti; 0.46 mL, 0.54 g, 6.19 mmol, 3.0 eq) ilave 

HGLOGL� YH� NDUÕúÕP� -5 o&� µ\H� VR÷XWXOGX��.DUÕúÕPD� LVRDPLO� QLWULW� ������P/�������J�������
mmol, 1.2 eT�� GDPOD� GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����P/��
ilavesiyle 2-HWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG��� d|NW�U�OHQ�
NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����P/��LODYH�
HGLOHUHN�DoÕN�PDYL�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ������J�������PPRO���������H�Q����-74 oC 

νmax (KBr)/cm-1 2978, 2937, 2264, 1641, 1562, 1094, 776; 1H NMR (400Mz, 

CD3COCD3) δ 9.5 (1H, dd, J 8.3, 1.5 Hz, ArH), 9.3 (1H, ddd, J 8.1, 8.1, 1.6 Hz, ArH), 

9.2 (1H, dd, J 8.2, 1.1 Hz, ArH), 9.0 (1H, ddd, J 8.0, 8.0, 1.2 Hz, ArH), 3.4 (2H, m, 

N2  BF4

+       -



CH2CH3) 1.6 (3H, t, J 4.8 CH2CH3); 
13C NMR (100Mz, CD3COCD3) δ 13.7 (q), 22.9 

(t), 114.7 (d), 119.5 (d), 126.6 (d), 129.1 (d), 130.2 (s), 209.0 (s). 

 

3-Etilbenzen diazonyum tetrafloroborat (36) 

 

3-Etil anilin (0.26 mL, 0.25 g, 2.06 mmol, 1.0 eq) etanol (1 mL) içinde çözüldü. 

Üzerine sulu floro borik asit (%48’lik çözelti; 0.46 mL, 0.54 g, 6.19 mmol, 3.0 eq) ilave 

HGLOGL� YH� NDUÕúÕP� -5 o&� µ\H� VR÷XWXOGX��.DUÕúÕPD� LVRDPLO� QLWULW� ������P/������ g, 2.47 

PPRO�� ����HT��GDPOD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����P/��
ilavesiyle 3-HWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG��� d|NW�U�OHQ�
NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����P/) ilave 

HGLOHUHN�SHPEH�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ�������J�������PPRO����������H�Q����-70 oC 

νmax (KBr)/cm-1 2970, 2932, 2270, 1642, 1470, 1080, 803; 1H NMR (400Mz, 

CD3COCD3) δ 8.8 (1H, dd, J 8.3, 1.5 Hz, ArH), 8.7 (1H, ddd, J 8.1, 8.1, 1.6 Hz, ArH), 

7.2 (1H, dd, J 8.2, 1.1 Hz, ArH), 6.9 (1H, ddd, J 8.0, 8.0, 1.2 Hz, ArH), 2.9 (1H, s, J 

7.5, ArH) 2.6 (2H, m, CH2CH3) 1.2 (3H, t, J 4.8 CH2CH3); 
13C NMR (100Mz, 

CD3COCD3) δ 14.0 (q) 15.1 (t), 112.4 (d), 114.6 (d), 186.9 (d), 129.2 (d), 145.7 (s), 

157.3 (s). 

 
 
 
 
 

N2  BF4

+       -



4-Etil benzendiazonyum tetrafloroborat (37) 

 

4-Etil anilin (0.26 mL, 0.25 g, 2.06 mmol, 1.0 eq) etanol (1 mL) içinde çözüldü. 

Üzerine sulu floro borik asit (%48’lik çözelti; 0.46 mL, 0.54 g, 6.19 mmol, 3.0 eq) ilave 

HGLOGL� YH� NDUÕúÕP� -5 o&� µ\H� VR÷XWXOGX��.DUÕúÕPD� LVRDPLO�QLWULW� ������P/�������J�������
PPRO�� ����HT��GDPOD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����P/��
ilavesiyle 4-HWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG��� d|NW�U�OHQ�
NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����P/��LODYH�
HGLOHUHN�VDUÕ�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ�������J�������PPRO����������H�Q����-88 oC νmax 

(KBr)/cm-1 2978, 2932, 2264, 1641, 1584, 1086, 849; 1H NMR (400Mz, CD3COCD3) 

δ 7.8 (2H, dd, J 8.3, 1.5 Hz, ArH), 7.5 (2H, dd, J 8.1, 1.5 Hz, ArH), 3.0 (2H, m, 

CH2CH3) 1.3 (3H, t, J 4.8, CH2CH3 ); 
13C NMR (100Mz, CD3COCD3) δ 13.9 (q),105.0 

(t), 111.7 (s) 131. (d), 133.0 (d), 160.7 (s). 

 

2-Kloro, 4-nitrobenzen diazonyum tetrafloroborat (38) 

 

2-Kloro, 4-nitro anilin (0.25 g, 1.45 mmol, 1.0 eq) etanol (1 mL) içinde çözüldü. 

Üzerine sulu floro borik asit (%48’lik çözelti; 0.32 mL, 0.382 g, 4.35 mmol, 3.0 eq) 

LODYH�HGLOGL�YH�NDUÕúÕP�-5 o&�µ\H�VR÷XWXOGX��.DUÕúÕPD�LVRDPLO�QLWULW�������P/��������J� 

N2  BF4

Cl

NO2

+       -

N2  BF4

+       -



1.74 mmol, 1.2 eq) damlD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����
mL) ilavesiyle 2-kloro, 4-QLWUR�EHQ]HQGLD]RQ\XP�WHWUDIORURERUDW�NDWÕ�RODUDN�o|NW�U�OG���
d|NW�U�OHQ�NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����
mL) ilave edilerek EH\D]�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ�������J�������PPRO����������H�Q��
162-163 oC νmax (KBr)/cm-1 3063, 2991, 2276, 1641, 1562, 1080, 843; 1H NMR 

(400Mz, CD3COCD3)  δ 9.27 (1H, dd, J 8.3, 1.5 Hz, ArH), 9.01 (1H, dd, J 8.3, 1.5 Hz, 

ArH), 8.82 (1H, s, ArH); 13C NMR (100Mz, CD3COCD3) δ 121.78 (s), 124.88 (s), 

127.33 (d), 136.88 (d), 138.52 (d), 154.48 (s). 

 

4-Kloro, 2-nitro benzendiazonyum tetrafloroborat (39) 

 

4-Kloro, 2-nitro anilin (0.25 g, 1.45 mmol, 1.0 eq) etanol (1 mL) içinde çözüldü. 

Üzerine sulu floro borik asit (%48’lik çözelti; 0.32 mL, 0.382 g, 4.35 mmol, 3.0 eq) 

LODYH�HGLOGL�YH�NDUÕúÕP�-5 o&�µ\H�VR÷XWXOGX��.DUÕúÕPD�LVRDPLO�QLWUDW�������P/��������J��
�����PPRO������HT��GDPOD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����
mL) ilavesiyle 4-kloro, 2-QLWUR�EHQ]HQGLD]RQ\XP�WHWUDIORURERUDW�NDWÕ�RODUDN�o|NW�U�OG���
d|NW�U�OHQ�NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU�����
P/��LODYH�HGLOHUHN�EH\D]�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ�������J�������PPRO����������H�Q��
125-127 oC νmax (KBr)/cm-1 3063, 2967, 2284, 1649, 1562, 1344, 1173, 849; 1H NMR 

(400Mz, CD3COCD3)  δ 9.2 (1H, dd, J 8.3, 1.5 Hz, ArH), 8.7 (1H, dd, J 8.3, 1.5 Hz, 

ArH), 7.4 (1H, s, ArH); 13C NMR (100Mz, CD3COCD3) δ 118.6 (s), 124.9 (s), 129.01 

(d), 136.88 (d), 137.96 (d), 149.64 (s). 
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2-Hidroksietil benzendiazonyum tetrafloro borat (40) 

 

4-Anilin etanol (0.25 g, 1.82 mmol, 1.0 eq) etanol (1 mL) içinde çözüldü. 

Üzerine sulu floro borik asit (%48’lik çözelti; 0.41 mL, 0.480 g, 5.47 mmol, 3.0 eq) 

ilave edilGL�YH�NDUÕúÕP�-5 o&�µ\H�VR÷XWXOGX��.DUÕúÕPD�LVRDPLO�QLWULW�������P/��������J��
�����PPRO������HT��GDPOD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����
mL) ilavesiyle 2-KLGURNVLHWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG���
ÇöktüU�OHQ�NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU����
P/��LODYH�HGLOHUHN�\HúLO�NULVWDOOHU�KDOLQGH�VDIODúWÕUÕOGÕ��������J�������PPRO�����������H�Q��
118-120 oC νmax (KBr)/cm-1 2924, 2507, 2264, 1603, 1497, 1067, 756; 1H NMR 

(400Mz, CD3COCD3) δ 7.9 (1H, dd, J 8.3, 1.5 Hz, ArH), 7.7 (1H, ddd, J 8.1, 8.1, 1.6 

Hz, ArH), 7.6 (1H, dd, J 8.2, 1.1 Hz, ArH), 7.5 (1H, ddd, J 8.0, 8.0, 1.2 Hz, ArH),  3.9 

(2H, t, J 4.8 CH2CH2OH) 3.48 (2H, m, J 4.8 CH2CH2OH), 1.13 (1H, t, CH2OH ); 13C 

NMR (100Mz, CD3COCD3) δ 54.86 (t), 55.9 (t), 57.1 (s), 60.9 (d), 123.25 (d), 130.5 

(d), 134.95 (d), 141.02 (s). 
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4-Hidroksimetil benzen diazonyum tetrafloroborat (41) 

 

 

4-Amino benzil alkol (0.25 g, 2.03 mmol, 1.0 eq) etanol (1 mL) içinde çözüldü. 

Üzerine sulu floro borik asit (%48’lik çözelti; 0.45 mL, 0.535 g, 6.1 mmol, 3.0 eq) ilave 

HGLOGL�YH�NDUÕúÕP�-5 o&�µ\H�VR÷XWXOGX��.DUÕúÕPD�LVRDPLO�QLWULW�������P/��������J�������
PPRO�� ����HT��GDPOD�GDPOD� LODYH�HGLOGL�YH����GDNLND�NDUÕúWÕUÕOGÕ��'LHWLO� HWHU� ����P/��
ilavesiyle 4-KLGURNVLPHWLO� EHQ]HQGLD]RQ\XP� WHWUDIORURERUDW� NDWÕ� RODUDN� o|NW�U�OG���
d|NW�U�OHQ�NDWÕ�V�]�OHUHN�D]�PLNWDUGD�VR÷XN�DVHWRQGD��a��P/��o|]�O�S��VR÷XN�HWHU����
P/�� LODYH� HGLOHUHN� KDUGDO� UHQNOL� NULVWDOOHU� KDOLQGH� VDIODúWÕUÕOGÕ� ������ J�� ���� PPRO� ��
%0.89). e.n.119-121oC νmax (KBr)/cm-1 2932, 2594, 2270, 1589, 1516, 1067, 830; 1H 

NMR (400Mz, CD3COCD3) δ 8.7 (1H, dd, J 8.3, 1.5 Hz, ArH), 7.9 (1H, dd, J 8.1, 8.1, 

1.6 Hz, ArH), 7.6 (1H, dd, J 8.2, 1.1 Hz, ArH), 7.5 (1H, dd, J 8.0, 8.0, 1.2 Hz, ArH, 4.9 

(2H, d, J 7.5 CH2OH), 1.13 (1H, t, CH2OH ); 13C NMR (100Mz, CD3COCD3) 

δ 62.7 (t), 112.3 (s), 128.5 (d), 132.9 (d), 158.67 (s). 

 

���������%LWNL��(NVWUDNWODUÕQÕQ�+D]ÕUODQPDVÕ� 
 

Toplanan bitkiler havadar ve gölge bir yerde 15-20 gün süreyle kurumaya 

EÕUDNÕOGÕ�� dDOÕúPDGD� ELWNLOHULQ� oLoHNOL� YH� \DSUDNOÕ� GDOODUÕ� NXOODQÕOGÕ�� 7�P� ELWNL�
W�UOHULQGHQ� ��� J� DOÕQÕS� EOHQGHU� \DUGÕPÕ\OD� WR]� KDOLQH� JHWLULOGL�� 7R]� KDOLQH� JHOHQ�ELWNL 
|UQHNOHUL�RGD�VÕFDNOÕ÷ÕQGD�����P/�����¶�OLN�HWDQROGH���J�Q�V�UH\OH�NDUÕúWÕUÕOGÕ�� 

N2  BF4

OH

+       -



 

d|]�QPH\HQ�NÕVÕPODU�ILOWUH�HGLOLS�DWÕOGÕ��6�]�QW�OHULQ�o|]�F�V��YDNXP�DOWÕQGD�XoXUXOGX� 
H. retusum’dan 5 g (%25)  mor renkli, H. scabrum’ dan 5 g (%25) hardal renkli, 

H. lysimachioides’ ten 5 g (%25) bordo renkli, A. aleppica subsp. aleppica’ dan 3 g 

(%15) hardal renkli, A. aleppica subsp. zederbaueri’ den 2 g (%10) hardal renkli ve A. 

biebersteinii’ GHQ���J�������KDUGDO�UHQNOL�HWDQRO�HNVWUDNWODUÕ�HOGH�HGLOGL� 
Hypericum ve Achillea�W�U��ELWNL�HNVWUDNWODUÕQÕQ����-����QP�DUDOÕ÷ÕQGD�\DSÕODQ�

GDOJD� ER\X� WDUDQPDVÕQGD� Hypericum türü bLWNL� HNVWUDNWODUÕ� ��� PJ�P/�� ���� QP¶GH��
Achillea� W�U�� ELWNL� HNVWUDNWODUÕ� ��� PJ�P/�� LVH� ���� QP¶GH� PDNVLPXP� DEVRUEDQV�
J|VWHUPLúWLU�� 

 

���������6WRN�'LD]RQ\XP�7X]X��d|]HOWLOHULQLQ�+D]ÕUODQPDVÕ 
 

2,3-Dimetil benzendiazonyum tetrafloroborat (32), 2,6-Dimetil 

benzendiazonyum tetrafloroborat (33), 2,6-Dietil benzendiazonyum tetrafloroborat (34), 

2-Etil benzendiazonyum tetrafloroborat (35), 3-Etil benzendiazonyum tetrafloroborat 

(36), 4-Etil benzendiazonyum tetrafloroborat (37), 2-Kloro, 4-nitrobenzen  diazonyum 

tetrafloroborat (38), 4-Kloro, 2-nitrobenzen  diazonyum tetrafloroborat (39), 2-

Hidroksietil benzendiazonyum tetrafloroborat (40), 4-Hidroksimetil benzen diazonyum 

tetrafloroborat (41�� WX]ODUÕQÕQ� o|]HOWLOHUL� VX� LoHULVLQGH� ����P0� RODFDN� úHNLOGH� ���P/�
KD]ÕUODQGÕ� 
 

�������6WRN�(OHNWURQ�'RQ|U�d|]HOWLOHULQLQ��+D]ÕUODQPDVÕ 
 

%DNÕU��,��NORU�U��EDNÕU��,,��NORU�U��DVNRUELN�DVLW�YH�VRG\XP�L\RG�U�o|]HOWLOHUL�VX�
LoHULVLQGH�����P0�RODFDN�úHNLOGH�����P/�KD]ÕUODQGÕ� 
 

���������6WRN�%LWNL�(NVWUDNWÕ�d|]HOWLOHULQLQ�+D]ÕUODQPDVÕ 
 

Hypericum retusum, Hypericum Scabrum, Hypericum lysimachioides, Achillea 

aleppica subsp. aleppica, Achillea aleppica subsp. zederbaueri, Achillea biebersteinii 



bitkilerinin stok çö]HOWLOHUL� ���¶OLN� HWDQRO� LoLQGH� ��� PJ�P/� RODFDN� úHNLOGH� ��� P/�
KD]ÕUODQGÕ�� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. BULGULAR 
 

������'LD]RQ\XP�7X]ODUÕQÕQ�'1$�.HVLP�(WNLVLQLQ�øQFHOHQPHVL  
 

6HQWH]OHQHQ� GLD]RQ\XP� WX]ODUÕQÕQ� S%OXHVFULSW� 0���� SOD]PLG� '1$¶\Õ� NHVLP�
etkileri Agaroz Jel Elektroforezi ile incelendi.  

 

Elektron Donör Seçimi 

 

6DQGPH\HU� UHDNVL\RQXQD� J|UH� ELU� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD� GLD]RQ\XP�
WX]ODUÕQGDQ�D]RW�D\UÕODUDN�DULO�UDGLNDOL�ROXúXU�118 

 

ùHNLO����� Sandmeyer Reaksiyonu. 

 

Bu deney benzendiazonyum tuzundan karbon merkezli radikal elde etmek için 

JHUHNOL�RODQ�HOHNWURQ�GRQ|U�VHoLPL�LoLQ�\DSÕOGÕ��øQRUJDQLN�HOHNWURQ�GRQ|U�RODUDN�EDNÕU��,��
NORU�U� YH� VRG\XP� L\RG�U�� RUJDQLN� HOHNWURQ� GRQ|U� RODUDN� LVH� DVNRUELN� DVLW� NXOODQÕOGÕ��
Diazonyum tuzu olarak 2,3-dimetil benzendiazonyum tetrafloroborat (3��WX]X�NXOODQÕOGÕ��
Tüm kuyucuklara 200 ng pBluescript M13+ plazmid DNA yüklendi.  
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Askorbik asit 

 

 
   1       2        3        4        5        6        7        8    

 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U��DVNRUELN�
DVLW�YH�VRG\XP�L\RG�U�YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32) ile kesim reaksiyonunun Agaroz 

-HO� (OHNWURIRUH]L�� 5HDNVL\RQODU� VX� LoHULVLQGH�� RGD� VÕFDNOÕ÷ÕQGD� YH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��1. kuyucuk, DNA (47.30 nM); 2. kuyucuk��'1$��������Q0����EDNÕU�
(I) klorür (1.03 mM); 3. kuyucuk, DNA (31.53 nM) + askorbik asit (1.03 mM); 4 

kuyucuk, DNA (31.53 nM) + sodyum iyodür (1.03 mM); 5. kuyucuk, DNA (31.53 

nM) + PhN2
+ (32) (0.5 mM); 6. kuyucuk��'1$��������Q0����EDNÕU� �,��NORU�U������5 

mM) + PhN2
+ (32) (0.375 mM); 7. kuyucuk, DNA (23.65 nM) + askorbik asit (0.775 

mM) + PhN2
+ (32) (0.375 mM); 8. kuyucuk, DNA (23.65 nM) + sodyum iyodür (0.775 

mM)+ PhN2
+ (32) (0.375 mM). 

 

(32) 
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Kuyucuk 1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 100 100 62.26 100 92.75 66.73 - 100 

Form II (%) - - 37.74 - 7.25 33.27 100 - 

Form III (%) - - - - - - - - 

 
Tablo 4. 1. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U��

DVNRUELN�DVLW�YH�VRG\XP�L\RG�U�YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32) ile supercoiled formdan 

�)RUP�,���RSHQ�FLUFXODU�IRUPD��)RUP�,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH�����QJ�S%OXHVFULSW�0����SOD]PLG�'1$������
kb) konuldu. 

Birinci kuyucuk sadece pBluescript M13+ plazmid DNA içeren kontroldür. 

øNLQFL� NX\XFXN� LQRUJDQLN� ELU� HOHNWURQ� GRQ|U� RODQ� EDNÕU� �,�� NORU�U� YDUOÕ÷ÕQGD� '1$�
NHVLPLQL�LQFHOHPHN��]HUH�\�NOHQGL��S%OXHVFULSW�0����SOD]PLG�'1$�YH�EDNÕU��,��NORU�U�
içerir. 

Üçüncü kuyucuk da organik elektron donör olan askorbik asitin DNA kesim etkisini 

incelemek için yüklendi. pBluescript M13+ plazmid DNA ve askorbik asit içerir. 

Dördüncü kuyucuk ise birinci kuyucuk gibi dizayn edildi. Burada inorganik elektron 

GRQ|U� RODUDN� VRG\XP� L\RG�U� NXOODQÕOGÕ�� S%OXHVFULSW�0���� SOD]PLG�'1$� YH� VRG\XP�
iyodür içerir. 

%HúLQFL�NX\XFXN�GLD]RQ\XP�WX]X��32�¶XQ�WHN�EDúÕQD�'1$�NHVLP�HWNLVLQLQ�LQFHOHQPHVL�
LoLQ�WDVDUODQGÕ��S%OXHVFULSW�0����SOD]PLG�'1$�YH�GLD]RQ\XP�WX]X��32) içerir. 

$OWÕQFÕ�NX\XFXN�EDNÕU��,��NORU�U�YH�GLD]RQ\XP�WX]X�YDUOÕ÷ÕQGD�'1$�NHVLPLQL�LQFHOHPHN�
için di]D\Q�HGLOGL��S%OXHVFULSW�0����SOD]PLG�'1$��EDNÕU��,��NORU�U�YH�GLD]RQ\XP�WX]X�
(32) içerir. 

<HGLQFL� NX\XFXN� LVH� DVNRUELN� DVLW� YH� GLD]RQ\XP� WX]X� YDUOÕ÷ÕQGD� '1$� NHVLPLQLQ�
LQFHOHQPHVL� LoLQ� WDVDUODQGÕ�� S%OXHVFULSW� 0���� SOD]PLG� '1$�� DVNRUELN� DVLW� YH�
diazonyum tuzu (32) içerir. 

6HNL]LQFL� YH� VRQ� NX\XFXN� LVH� VRG\XP� L\RG�U� YH� GLD]RQ\XP� WX]X� YDUOÕ÷ÕQGD� '1$�
kesimini incelemek içindi. pBluescript M13+ plazmid DNA, sodyum iyodür ve 

diazonyum tuzu (32) içerir. 



øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� Jliserollü 

yürütme tamponu 95(% 0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde 

%1 SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta TAE (40 mM Tris asetat, 

1m0�('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR�����¶GH�YHULOPLúWLU� 

)RWR÷UDI� ������YH� WDEOR�����¶GHQ�GH�DQODúÕOGÕ÷Õ�JLEL�GLD]RQ\XP�WX]X�YH�HOHNWURQ�
GRQ|U�D\UÕ�D\UÕ�NXOODQÕOGÕ÷ÕQGD�'1$��]HULQGH�HWNLVL�\RN�GHQHELOHFHN�NDGDU�D]GÕU��)DNDW�
EHUDEHU�NXOODQÕOGÕNODUÕQGD�)RUP�,¶LQ��)RUP�,,¶\H�G|Q�úW�÷��J|]OHQGL��'HQH\GHQ�HQ�L\L�
elektron donörün DVNRUELN� DVLW� ROGX÷X� EXOXQGX� ���� NX\XFXN��� )DNDW� DVNRUELN� DVLW� WHN�
EDúÕQD�GD�'1$�NHVLPLQL�JHUoHNOHúWLUGL÷L�LoLQ�����NX\XFXN��VRQUD�NL�GHQH\OHUGH�HOHNWURQ�
GRQ|U�RODUDN�EDNÕU��,��NORU�U�NXOODQÕOPDVÕQD�NDUDU�YHULOGL�� 

 

S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�'LD]RQ\XP�WX]ODUÕ���-��� LOH�EDNÕU��,��
NORU�U�YDUOÕ÷ÕQGD�NHVLPL 

    1        2        3        4        5        6        7        8 

 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP�WX]ODUÕ��32), (33) ve (34) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL��1. kuyucuk, 

DNA (47.30 nM); 2. kuyucuk�� '1$� ������� Q0��� EDNÕU� �,�� NORU�U� ������ P0��� 3. 

kuyucuk, DNA (31.53  nM) + PhN2
+ (32) (0.5 mM); 4. kuyucuk, DNA (23.65 nM) + 

EDNÕU��,��NORU�U��������P0����3K12
+ (32) (0.375 mM); 5. kuyucuk, DNA (31.53 nM) + 

PhN2
+ (33) (0.5 mM); 6. kuyucuk��'1$��������Q0����EDNÕU��,��NORU�U��������P0����

PhN2
+ (33) (0.375 mM); 7. kuyucuk, DNA (31.53  nM) + PhN2

+ (34) (0.5 mM); 8. 

kuyucuk��'1$��������Q0����EDNÕU��,��NORU�U��������P0����3K12
+ (34) (0.375 mM).  

 

Form II 

 

Form I 

 



 

(32)       (33)    (34) 

 
Kuyucuk 1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 98.42 96.89 95.81 56.54 94.42 53.64 93.25 61.42 

Form II (%) 1.58 3.11 4.19 43.55 5.58 46.36 6.75 38.58 

Form III (%) - - - - - - - - 

 
Tablo 4. 2. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�

YDUOÕ÷ÕQGD�GLD]RQ\XP� WX]X� �32), (33) ve (34) ile supercoiled formdan (Form I), open 

FLUFXODU�IRUPD��)RUP�,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH�����QJ�S%OXHVFULSW�0����SOD]PLG�'1$������
kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM), 1 �O������P0��EDNÕU��,��NORU�U�
LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (32) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (32) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (32) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(32�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �l (3.1 mM) diazonyum tuzu (33) ile son konsantrasyon 

DNA için 31.53 nM diazonyum tuzu (33��LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��6. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�
ve 1 �l (1.5 mM) diazonyum tuzu (33) ile son konsantrasyon DNA için 23.65 nM��EDNÕU�
(I) klorür için 0.775 mM ve diazonyum tuzu (33��LoLQ�������P0�RODFDN�úHNLOGH�LQN�EH�

N2  BF4 N2  BF4
N2  BF4

+       - +       - +       -



edildi. 7. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (34) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (34) 

için 0.5 m0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��8. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (34) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(34) için 0.37��P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL�� 

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (% 0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta 1 x TAE (40 mM Tris asetat, 

�P0�('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\ One 

SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR�����¶GH�YHULOGL��� 
 

S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�'LD]RQ\XP�WX]ODUÕ���-��� LOH�EDNÕU��,��
NORU�U�YDUOÕ÷ÕQGD�NHVLPL 

1        2        3        4        5        6        7        8 

 

FotR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP�WX]ODUÕ��35), (36) ve (37) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL��1. kuyucuk, 

DNA (47.30 nM); 2. kuyucuk�� '1$� ������� Q0��� EDNÕU� �,�� NORU�U� ������ P0��� 3. 

kuyucuk, DNA (31.53 nM) + PhN2
+ (35) (0.5 mM); 4. kuyucuk, DNA (23.65 nM) + 

EDNÕU��,��NORU�U��������P0����3K12
+ (35) (0.375 mM); 5. kuyucuk, DNA (31.53  nM) + 

PhN2
+ (36) (0.5 mM); 6. kuyucuk��'1$��������Q0����EDNÕU��,��NORU�U��������P0����

PhN2
+ (36) (0.375 mM); 7. kuyucuk, DNA (31.53  nM) + PhN2

+ (37) (0.5 mM); 8. 

kuyucuk��'1$��������Q0����EDNÕU��,��NORU�U��������P0����3K12
+ (37) (0.375 mM).  

   

Form II 

Form III 
Form I 



       (35)         (36)          (37) 

 

Kuyucuk 1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 100 100 81.34 19.97 13.35 - 13.43 - 

Form II (%) - - 18.66 80.03 86.05 100 86.57 96.46 

Form III (%) - - - - - - - 3.54 

 
Tablo 4. 3. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�

YDUOÕ÷Õnda diazonyum tuzu (35), (36) ve (37) ile supercoiled formdan (Form I), open 

FLUFXODU�IRUPD��)RUP�,,��YH\D�OLQHDU�IRUPD��IRUP�,,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH�����QJ�S%OXHVFULSW�0����SOD]PLG�'1$������
kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM), 1 �O� �����P0�� EDNÕU� �,�� NORU�U� LOH� VRQ�
NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�LQN�EH�
edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (35) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (35) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (35) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�diazonyum tuzu 

(35�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �l (3.1 mM) diazonyum tuzu (36) ile son konsantrasyon 

DNA için 31.53 nM diazonyum tuzu (36��LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��6. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�
ve 1 �l (1.5 mM) diazonyum tuzu (36��LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU�
(I) klorür için 0.775 mM ve diazonyum tuzu (36��LoLQ�������P0�RODFDN�úHNLOGH�LQN�EH�

N2  BF4N
2
  BF

4
N

2
  BF

4

+       - +       - +       -



edildi. 7. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (37) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (37) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��8. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �l (3.1 mM) bakÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (37) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(37��LoLQ�������P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL�� 

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVerollü 

yürütme tamponu (%0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta 1 x TAE (40 mM Tris asetat, 

1mM ('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR�����¶WH�YHULOPLúWLU�� 

 

pBluescript M����SOD]PLG�'1$¶QÕQ�'LD]RQ\XP�WX]ODUÕ���-��� LOH�EDNÕU��,��
NORU�U�YDUOÕ÷ÕQGD�NHVLPL 

1        2        3        4        5        6         

 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP� WX]ODUÕ� �38) ve (39) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL��1. kuyucuk, 

DNA (47.30 nM); 2. kuyucuk�� '1$� ������� Q0��� EDNÕU� �,�� NORU�U� ������ P0��� 3. 

kuyucuk, DNA (31.53 nM) + PhN2
+ (38) (0.5 mM); 4. kuyucuk, DNA (23.65 nM) + 

EDNÕU��,��NORU�U��������P0����3K12
+ (38) (0.375 mM); 5. kuyucuk, DNA (31.53 nM) + 

PhN2
+ (39) (0.5 mM); 6. kuyucuk��'1$��������Q0����EDNÕU��,,��NORU�U��������P0����

PhN2
+ (39) (0.375 mM). 

 

 

 

Form II 

Form III 
Form I 
 



        

        (38)       (39) 

 

Kuyucuk  1 (Kontrol) 2 3 4 5 6 

Form I  (%) 100 100 20.31 - 86.00 - 

Form II (%) - - 79.69 100 14.00 76.01 

Form III (%) - - - - - 23.99 

 

Tablo 4. 4. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�
YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��38) ve (39) ile supercoiled formdan (Form I), open circular 

IRUPD��)RUP�,,��YH\D�OLQHDU�IRUPD��)RUP�,,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQda 

LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH�����QJ�S%OXHVFULSW�0����SOD]PLG�'1$������
kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM), 1 �O������P0��EDNÕU��,��NORU�U�
ile son NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (38) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (38) 

için 0.5 mM olacaN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (38) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(38) için 0.375 mM olDFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �l (3.1 mM) diazonyum tuzu (39) ile son konsantrasyon 

DNA için 31.53 nM diazonyum tuzu (39��LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��6. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�

N2  BF4

NO2

Cl

+       -
N2  BF4

+       -

NO2

Cl



ve 1 �l (1.5 mM) diazonyum tuzu (39��LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU�
(I) klorür için 0.775 mM ve diazonyum tuzu (39��LoLQ�������P0�RODFDN�úHNLOGH�LQN�EH�
edildi.  

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (%0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta 1 x TAE (40 mM Tris asetat, 

1mM EDTA, pH 8.2) tamponu içerisinde 80 dakika yürütüldü. Jel Bio Rad Gel Doc XR 

J|U�QW�OHPH� VLVWHPL� LOH� oHNLOGL� YH��� NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH� SURJUDPÕ\OD�
�������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR�����¶WH�YHULOPLúWLU.  

 

S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�'LD]RQ\XP�WX]ODUÕ���-��� LOH�EDNÕU��,��
NORU�U�YDUOÕ÷ÕQGD�NHVLPL 

1        2        3        4        5        6 

 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzlarÕ� �40) ve (41) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL��1. kuyucuk: 

DNA (47.30 nM); 2. kuyucuk:� '1$� ������� Q0��� EDNÕU� �,�� NORU�U� ������ P0��� 3. 

kuyucuk: DNA (31.53 nM) + PhN2
+ (40) (0.5 mM); 4. kuyucuk: DNA (23.65 nM) + 

EDNÕU��,��NORU�U��������P0����3K12
+ (40) (0.375 mM); 5. kuyucuk: DNA (31.53 nM) + 

PhN2
+ (41) (0.5 mM); 6. kuyucuk:�'1$��������Q0����EDNÕU��,��NORU�U��������P0����

PhN2
+ (41) (0.375 mM).  

 

(40) (41) 

Form II 

Form I 

N
2
  BF

4

OH

N
2
  BF

4

OH

+       - +       -



Kuyucuk 1 (Kontrol) 2 3 4 5 6 

Form I  (%) 100 100 100 42.66 30.12 - 

Form II (%) - - - 57.34 69.88 100 

Form III (%) - - - - - - 

 
Tablo 4. 5. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�

YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��40) ve (41) ile supercoiled formdan (Form I), open circular 

IRUPD��)RUP�,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH�����QJ�S%OXHscript M13+ plazmid DNA (3.2 

kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM), 1 �O������P0��EDNÕU��,��NORU�U�
LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (40) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (40) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (40) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(40�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �l (3.1 mM) diazonyum tuzu (41) ile son konsantrasyon 

DNA için 31.53 nM diazonyum tuzu (41��LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��6. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�
ve 1 �l (1.5 mM) diazonyum tuzu (41��LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU�
(I) klorür için 0.775 mM ve diazonyum tuzu (41��LoLQ�������P0�RODFDN�úHNLOGH�LQN�EH�
edildi.  

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (%0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1’lik agaroz jele yüklendi. Elektroforez 120 V’ta TAE (40 mM Tris asetat, 

1mM EDTA, pH 8.2) tamponu içerisinde ���GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�



*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR����¶WH�YHULOPLúWLU�� 

 

Diazonyum tuzu (41) yenilebilir bir kültür mantDUÕ� RODQ�Agaricus bisporus’un 

metabolit ürünlerinden biridir. Agaricus bisporus,�KLGUD]LQ�\DSÕVÕQD�VDKLS�DJDULWLQH���-

N-4->�-L(+)-glutamil)]-4-hidroksimetilfenilhidrazin ve bunun parçalanma ürünlerini 

içermektedir. Agaratinin parçalanma ürünlerinin farelerde kanserojen etkiye sahip 

ROGX÷X� EHOLUOHQPLúWLU�88 Bunlar 4-(hidroksimetil)fenilhidrazin, 4-metilfenilhidrazin 

hidroklorürün N-asetil türevleri ve 4-(hidroksimetil)benzendiazonyum iyonunun 

tetrafloroborat formudur. Agaritine’nin temel kanserojenik metabolitinin, yani; 4-

(hidroksimetil)benzendiazonyum iyonunun (41�� ROGXNoD� UHDNWLI� ROGX÷X� ELOLQPHNWHGLU��
<DSWÕ÷ÕPÕ]� oDOÕúPDGD� GLD]RQ\XP� WX]X� �41�µXQ� ELU� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD� SOD]PLG�
'1$¶\Õ������RUDQÕQGD�NHVWL÷L�J|]OHQGL� 

1        2        3        4 

 

FRWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (41) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. Reaksiyonlar su 

LoHULVLQGH�� RGD� VÕFDNOÕ÷ÕQGD� YH� NDUDQOÕNWD� JHUoHNOHúWLULOGL�� 1. kuyucuk: DNA (47.30 

nM); 2. kuyucuk:�'1$��������Q0���EDNÕU� �,��NORU�U� ������P0���3. kuyucuk: DNA 

(31.53  nM) + PhN2
+ (41) (0.5 mM); 4. kuyucuk:�'1$��������Q0����EDNÕU��,��NORU�U�

(0.775 mM) + PhN2
+ (41) (0.375 mM). 

 

(41) 

 

Form II 
 
Form I 

 

N
2
  BF

4

OH

+       -



Kuyucuk 1 (Kontrol) 2 3 4 

Form I (%) 100 100 30.12 - 

Form II (%) - - 69.88 100 

Form III (%) - - - - 

 
 
Tablo 4. 6. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,,�� NORU�U�

YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��41) ile supercoiled formdan (Form I), open circular forma 

�)RUP�,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH�����QJ�S%OXHVFULSW�0����SOD]PLG�'1$������
kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM), 1 �O������P0��EDNÕU��,��NORU�U�
LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (41) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (41) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (41) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(41��LoLQ�������P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL� 

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (%0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1’lik agaroz jele yüklendi. Elektroforez 120 V’ta TAE (40 mM Tris asetat, 

1mM EDTA, pH 8.2) tamponu içerisinde 80 dakika�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR����¶GD�YHULOPLúWLU�� 
 

 



4.1.6. Karbon Merkezli Radikallerin Söndürülmesi 

 
 SisWHLQ�� HWDQRO� YH� �-PHUNDSWR� HWDQRO� JLEL� ED]Õ� PDGGHOHULQ� NDUERQ� PHUNH]OL�
UDGLNDOOHUL� V|QG�UG�÷�� ELOLQPHNWHGLU�88� 'LD]RQ\XP� WX]ODUÕQÕQ� GD� DULO� UDGLNDOOHUL�
ROXúWXUDUDN� '1$¶\Õ� NHVWL÷L� ELOLQLU�� dDOÕúPDGD� '1$� NHVLPL� LQFHOHQHQ� GLD]RQ\XP�
WX]ODUÕQÕQ� '1$� NHVLP�PHNDQL]PDVÕ� DULO� UDGLNDOL� �]HULQGHQ� JHUoHNOHúL\RU� LVH�� VLVWHLQ��
HWDQRO���-PHUNDSWR�HWDQRO�YDUOÕ÷ÕQGD�NHVLPLQ�|QOHQPHVL�JHUHNLU��%X�DPDoOD�ELU�HOHNWURQ�
GRQ|U� YDUOÕ÷ÕQGD� GLD]RQ\XP� WX]X� �32�¶LQ�� DULO� UDGLNDOLQL� V|QG�UPH� NDSDVLWHVL� ROGX÷X�
ELOLQHQ� VLVWHLQ�� HWDQRO�� �-PHUNDSWR� HWDQRO� JLEL� PDGGHOHU� YDUOÕ÷ÕQGD� '1$� NHVLPL�
incelendi.  

 

 Sistein       Etanol     ß-merkapto etanol 

 

1        2        3        4        5        6        7        8        9        10 

 

 

)RWR÷UDI�������pBluescript M13+ pOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32) ile kesim reaksiyonunun DULO�UDGLNDOL�V|QG�UPH�NDSDVLWHVL�ROGX÷X�
bilinen sistein, etanol ve ß-PHUNDSWR� HWDQRO� YDUOÕ÷ÕQGD Agaroz Jel Elektroforezi. 

5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL��1. kuyucuk, 

DNA (47.30 nM); 2. kuyucuk�� '1$� ������� Q0��� EDNÕU� �,�� NORU�U� ������ P0��� 3. 

kuyucuk, DNA (31.53 nM) + PhN2
+ (32) (0.5 mM); 4. kuyucuk, DNA (23.65 nM) + 

EDNÕU��,��NORU�U��������P0����3K12
+ (32) (0.375 mM); 5. kuyucuk, DNA (31.53 nM) + 

etanol (2.5 mg/mL); 6. kuyucuk�� '1$� ������� Q0�� �� HWDQRO� ��� PJ�P/�� �� EDNÕU� �,��
klorür (0.62 mM) + PhN2

+ (32) (0.3 mM), 7. kuyucuk, DNA (31.53 nM) + sistein (2.5 

mg/mL); 8. kuyucuk��'1$� �������Q0���� VLVWHLQ� ���PJ�P/����EDNÕU� �,) klorür (0.62 

mM) + PhN2
+ (32) (0.3 mM); 9. kuyucuk, DNA (31.53) + ß-merkapto etanol (2.5 

Form II 

Form I 

OHNH
2

H

COOH

SH

SH
OH



mg/mL); 10. kuyucuk��'1$������������-PHUNDSWR�HWDQRO����PJ�P/����EDNÕU��,��NORU�U�
(0.62 mM) + PhN2

+ (32) (0.3 mM). 

 

(32) 

 

Kuyucuk  1 (Kontrol) 2 3 4 5 6 7 8 9 10 

Form I  (%) 100 100 100 61.82 100 78.88 100 88.33 100 79.85 

Form II (%) - - - 38.18 - 21.12  11.67 - 20.15 

Form III (%) - - - - - - - - - - 

 
Tablo 4. 7. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�

YDUOÕ÷ÕQGD� GLD]RQ\XP� WX]X� �32) ile aril UDGLNDOL� V|QG�UPH� NDSDVLWHVL� ROGX÷X� ELOLQHQ�
sistein, etanol ve ß-PHUNDSWR� HWDQRO� YDUOÕ÷ÕQGD� supercoiled formdan (Form I), open 

FLUFXODU�IRUPD��)RUP�,,��G|Q�ú�P�Q�Q�|QOHQPHVL 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH�VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH�����QJ�S%OXHVFULSW�0����SOD]PLG�'1$������
kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM), 1 �O������P0��EDNÕU��,��NORU�U�
LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (32) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (32) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (32) ile son 

konsantrasyon DNA için 23.65 nM, bDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(32�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �l (10 mg/mL) etanol ile son konsantrasyon DNA için 

������Q0���HWDQRO�LoLQ�����PJ�P/�RODFDN�úHNLOGH�LQN�Ee edildi. 6. kuyucuk: pBluescript 

N
2
  BF

4

+       -



M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) etanol, 1 �l (1.5 mM) diazonyum 

tuzu (32) ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��
etanol için 2 mg/mL, diazonyum tuzu (32��LoLQ�����P0�YH�EDNÕU (I) klorür için 0.62 mM 

RODFDN�úHNLOGH�LQN�EH�HGLOGL��7. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 

1 �l (10 mg/mL) sistein ile son konsantrasyon DNA için 31.53 nM, sistein için 2.5 

PJ�P/� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 8. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �l (10 mg/mL) sistein,1 �l (1.5 mM) diazonyum tuzu (32) ve 1 �l (3.1 

P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��VLVWHLQ�LoLQ���PJ�P/��
diazonyum tuzu (32�� LoLQ� ���� P0� YH� EDNÕU� �,�� NORU�U� LoLQ� ����� P0� RODFDN� úHNLOGH�
inkübe edildi. 9. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l 

���PJ�P/���-merkapto etanol ile son konsantrasyon DNA için 31.53 nM , �-merkapto 

etanol� LoLQ�����PJ�P/�RODFDN� úHNLOGH� LQN�EH�HGLOGL��10. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �O� ���� PJ�P/�� �-merkapto etanol, 1 �l (1.5 mM) 

diazonyum tuzu (32) ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�
������Q0���-merkapto etanol için 2 mg/mL, diazonyum tuzu (32��LoLQ�����P0�YH�EDNÕU�
�,��NORU�U�LoLQ������P0�RODFDN�úHNLOGe inkübe edildi  

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (% 0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta 1 x TAE (40 mM Tris asetat, 

�P0�('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR����¶GH�YHULOPLúWLU�� 

)RWR÷UDI� ���� YH� WDEOR� ���¶GHQ� GH� DQODúÕOGÕ÷Õ� JLEL� NDUERQ� PHUNH]OL� UDGLNDOOHUL�
V|QG�UPH� NDSDVLWHVL� ROGX÷X� ELOLQHQ� VLVWHLQ�� HWDQRO� YH� �-PHUNDSWR� HWDQRO� YDUOÕ÷ÕQGD�
diazonyum tuzu (32)’un DNA NHVLPL� HWDQRO� YH� �-PHUNDSWR� HWDQRO� YDUOÕ÷ÕQGD� a�����
VLVWHLQ� YDUOÕ÷ÕQGD� LVH� a���� RUDQÕQGD� D]DOPÕúWÕU�� %X� VRQXoWDQ� GROD\Õ� GDKD� VRQUD�
\DSÕODFDN� GHQH\OHUGH� NDUERQ� PHUNH]OL� UDGLNDOOHUL� V|QG�UPHN� DPDFÕ� LOH� VLVWHLQ�
NXOODQÕOPDVÕQD�NDUDU�YHULOGL� 

 

 

 



 

 

1       2        3        4        5        6        7        8       

 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP� WX]ODUÕ� �37) ve (41) ile kesim reaksiyonunun aril radikali söndürme 

NDSDVLWHVL� ROGX÷X�ELOLQHQ� VLVWHLQ�YDUOÕ÷ÕQGD Agaroz Jel Elektroforezi. Reaksiyonlar su 

LoHULVLQGH�� RGD� VÕFDNOÕ÷ÕQGD� YH� NDUDQOÕNWD� JHUoHNOHúWLULOGL�� 1. kuyucuk, DNA (47.30 

nM); 2. kuyucuk��'1$� �������Q0���EDNÕU� �,�� NORU�U� ������P0���3. kuyucuk, DNA 

(31.53 nM) + PhN2
+ (37) (0.5 mM); 4. kuyucuk��'1$��������Q0����EDNÕU� �,��NORU�U�

(0.775 mM) + PhN2
+ (37) (0.375 mM); 5. kuyucuk, DNA (18.92 nM) + sistein (2 

PJ�P/����EDNÕU��,��NORU�U�������P0����3K12
+ (37) (0.3 mM), 6. kuyucuk, DNA (31.53 

nM) + PhN2
+ (41) (0.5 mM); 7. kuyucuk, DNA (23.65 nM) ��EDNÕU� �,��NORU�U��������

mM) + PhN2
+ (41) (0.375 mM); 8. kuyucuk, DNA (18.92 nM) + sistein (2 mg/mL) + 

EDNÕU��,��NORU�U�������P0����3K12
+ (41) (0.3 mM) 

 

(37) (41) 

 
Kuyucuk  1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 100 100 13.35 - - 11.82 - 59.19 

Form II (%) - - 86.05 100 100 83.18 100 40.81 

Form III% () - - - - - - - - 

 
Tablo 4. 8. pBluescript 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�

YDUOÕ÷ÕQGD�GLD]RQ\XP� WX]ODUÕ� �37) ve (41) ile DULO� UDGLNDOL� V|QG�UPH�NDSDVLWHVL�ROGX÷X�

Form II 
 
Form I 

N2  BF4

+       -
N2  BF4

OH

+       -



ELOLQHQ�VLVWHLQ�YDUOÕ÷ÕQGD�supercoiled formdan (Form I), open circular forma (Form II) 

G|Q�ú�P�Q�Q�|QOHQPHVL� 
$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSRQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�

JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGi. Bütün tüplere 200 ng pBluescript M13+ plazmid DNA (3.2 

kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM), 1 �O������P0��EDNÕU��,��NORU�U�
ile son konsantrasyon DNA için 31.53 Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (37) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (37) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (37) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(37�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �l (10 mg/mL) sistein, 1 �l (1.5 mM) diazonyum tuzu (37) 

ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��VLVWHLQ�LoLQ�
2 mg/mL, diazonyum tuzu (37�� LoLQ�����P0�YH�EDNÕU� �,��NORUür için 0.62 mM olacak 

úHNLOGH� LQN�EH�HGLOGL��6. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l 

(3.1 mM) diazonyum tuzu (41) ile son konsantrasyon DNA için 31.53 nM diazonyum 

tuzu (41�� LoLQ� ����P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 7. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum 

tuzu (41��LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�
diazonyum tuzu (41�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 8. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) sistein, 1 �l (1.5 mM) 

diazonyum tuzu (41) ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�
19.92 nM, etanol için 2 mg/mL, diazonyum tuzu (41��LoLQ�����P0�YH�EDNÕU��,��NORU�U�
için 0.62 mM olaFDN�úHNLOGH�LQN�EH�HGLOGL�� 

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (% 0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1’lik agaroz jele yüklendi. Elektroforez 120 V’ta TAE (40 mM Tris asetat, 



�P0�('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
programÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR����¶GH�YHULOPLúWLU�� 
 

������%D]Õ�Hypericum ve Achillea�7�U��%LWNLOHULQ�$ULO�5DGLNDOOHUL�6RQXFX�2OXúDQ�
'1$�.HVLPLQL�gQOHPH��.DSDVLWHOHULQLQ�øQFHOHQPHVL 
 

%LWNLOHULQ� HWDQRO� HNVWUDNWODUÕQÕQ� DULO� UDGLNDOOHU� VRQXFX� ROXúDQ� '1$� NHVLPLQL�
|QOHPH�NDSDVLWHOHULQH�EDNÕOGÕ��%X�oDOÕúPDGD�DULO�UDGLNDOL�ND\QD÷Õ�RODUDN�GLD]RQ\XP�WX]X�
(32���NDUERQ�PHUNH]OL�UDGLNDO�V|QG�U�F��RODUDN�GD�VLVWHLQ�NXOODQÕOGÕ��%LWNLOHULQ�'1$¶\Õ�
NRUXPD�NDSDVLWHVL�VLVWHLQOH�NÕ\DVODQGÕ�� 
 

Hypericum T�U�� %LWNLOHULQ� S%OXHVFULSW� 0���� SOD]PLG� '1$¶\Õ� .RUXPD�
Kapasitesi 

 

dDOÕúPDGD� GDKD� |QFH� DQWLPLNUREL\DO� DNWLYLWHVL� oDOÕúÕOPÕú� RODQ�  Hypericum 

türlerinden H. scabrum (H1), H. retusum (H2) ve H. lysimachioides �+���NXOODQÕOGÕ� 
 

1       2        3        4        5        6        7        8 

 

 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32) ile kesim reaksiyonunun +��� +��� +�� YDUOÕ÷ÕQGD Agaroz Jel 

Elektroforezi. Reaksiyonlar su LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL��
1. kuyucuk, DNA (47.30 nM); 2. kuyucuk��'1$��������Q0���EDNÕU� �,��NORU�U�������
mM); 3. kuyucuk, DNA (31.53  nM) + PhN2

+ (32) (0.5 mM); 4. kuyucuk, DNA (23.65 

Q0����EDNÕU��,��NORU�U��������P0����3hN2
+ (32) (0.375 mM); 5. kuyucuk, DNA (18.92 

Q0�� �� VLVWHLQ� ��� PJ�P/�� �� EDNÕU� �,�� NORU�U� ������ P0�� �� 3K12
+ (32) (0.3 mM); 6. 

Form II 
Form III 
Form I 



kuyucuk��'1$��������Q0����+�����PJ�P/����EDNÕU� �,��NORU�U�������PPRO����3K12
+ 

(32) (0.3 mM); 7. kuyucuk, DNA (18.92 nM) + H2 (2 mg/m/����EDNÕU��,��NORU�U�������
mmol) + PhN2

+ (32) (0.3 mM); 8. kuyucuk��'1$��������Q0����+�����PJ�P/����EDNÕU�
(I) klorür (0.62 mM) + PhN2

+ (32) (0.3 mM). 

 

(32) 

 

Kuyucuk 1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 100 100 100 42.49 84.81 - - - 

Form II (%) - - - 57.51 15.19 2.43 - - 

Form III (%) - - - - - 2.86 - - 

 
 

Tablo 4. 9.� S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�
YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32) ile +���+��YH�+��YDUOÕ÷ÕQGD�supercoiled formdan (Form 

,���RSHQ�FLUFXODU�IRUPD��)RUP�,,��G|Q�ú�P�nün önlenmesi. 

 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSRQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD� JHUoHNOHúWLULOGL��
7�P� W�SOHU� DO�PLQ\XP� IRO\R� LOH� VDUÕOGÕ� YH� UHDNVL\RQ� RGD� VÕFDNOÕ÷ÕQGD� LNL� VDDWWH�
JHUoHNOHúWLULOGL�� %�W�Q� W�SOHUH� ���� QJ� S%OXHVFULSW� 0���� SOD]PLG� '1$� ����� NE� 
konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM), 1 �O� �����P0�� EDNÕU� �,�� NORU�U� LOH� VRQ�
NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�LQN�EH�
edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (32) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (32) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �l (3.1 mM)�EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (32) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(32�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

N
2
  BF

4

+       -



plazmid DNA (47.30 nM) 1 �l (10 mg/mL) sistein, 1 �l (1.5 mM) diazonyum tuzu (32) 

ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��VLVWHLQ�LoLQ�
2 mg/mL, diazonyum tuzu (32�� LoLQ�����P0�YH�EDNÕU� �,��NORU�U� LoLQ������P0�RODFDN�
úHNLOGH� LQN�EH�HGLOGL� 6. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l 

(10 mg/mL) H1, 1 �l (1.5 mM) diazonyum tuzu (32) ve 1 �O������P0��EDNÕU��,��NORU�U�
ile son konsantrasyon DNA için 19.92 nM, H1 için 2 mg/mL, diazonyum tuzu (32) için 

����P0� YH� EDNÕU� �,�� NORU�U� LoLQ� �����P0�RODFDN� úekilde inkübe edildi. 7. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) H2, 1 �l (1.5 mM) 

diazonyum tuzu (32) ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�
19.92 nM, H2 için 2 mg/mL, diazonyum tuzu (32) için 0.3 mM ve bDNÕU��,��NORU�U�LoLQ�
�����P0�RODFDN�úHNLOGH� LQN�EH�HGLOGL� 8. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �l (10 mg/mL) H3, 1 �l (1.5 mM) diazonyum tuzu (32) ve 1 �l (3.1 mM) 

EDNÕU� �,�� NORU�U� LOH� VRQ� NRQVDQWUDV\RQ� '1$� LoLQ� ������ Q0�� +�� LoLQ� �� PJ�P/� 
diazonyum tuzu (32�� LoLQ� ���� P0� YH� EDNÕU� �,�� NORU�U� LoLQ� ����� P0� RODFDN� úHNLOGH�
inkübe edildi. 

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (% 0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta 1 x TAE (40 mM Tris asetat, 

�P0�('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
Gel Doc XR görünW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR����¶GD�YHULOPLúWLU�� 

)RWR÷UDI� � ��� �� YH� WDEOR� ��� �¶GDQ� GD� DQODúÕOGÕ÷Õ� JLEL�Hypericum türü bitkilerin 

'1$�NHVLPLQL�|QOHPHGL÷L��DNVLQH�DUWWÕUGÕ÷Õ�J|]OHQGL�� 
 

Achillea 7�U�� %LWNLOHULQ� S%OXHVFULSW� 0���� SOD]PLG� '1$¶\Õ� .RUXPD�
Kapasitesi 

 

dDOÕúPDGD� GDKD� |QFH� DQWLPLNUREL\DO� DNWLYLWHVL� oDOÕúÕOPÕú� RODQ�  Achillea  

türlerinden A. aleppica subsp. aleppia (A1), A. aleppica subsp. zederbaueri (A2), A. 

biebersteinii (A3) NXOODQÕOGÕ� 
 



1       2        3        4        5        6        7        8 

 

 

)RWR÷UDI� ��� ���� S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�
YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32) ile kesim reaksiyonunun +���+���+��YDUOÕ÷Õnda Agaroz 

-HO� (OHNWURIRUH]L�� 5HDNVL\RQODU� VX� LoHULVLQGH�� RGD� VÕFDNOÕ÷ÕQGD� YH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��1. kuyucuk, DNA (47.30 nM); 2. kuyucuk��'1$��������Q0���EDNÕU�
(I) klorür (1.03 mM); 3. kuyucuk, DNA (31.53  nM) + PhN2

+ (32) (0.5 mM); 4. 

kuyucuk, DN$��������Q0����EDNÕU��,��NORU�U��������P0����3K12
+ (32) (0.375 mM); 5. 

kuyucuk��'1$��������Q0����VLVWHLQ����PJ�P/����EDNÕU��,��NORU�U�������P0����3K12
+ 

(32) (0.3 mM); 6. kuyucuk��'1$��������Q0����$�����PJ�P/����EDNÕU��,��NORU�U�������
mmol) + PhN2

+ (32) (0.3 mM); 7. kuyucuk��'1$��������Q0����$�����PJ�P/����EDNÕU�
(I) klorür (0.62 mmol) + PhN2

+ (32) (0.3 mM); 8. kuyucuk, DNA (18.92 nM) + A3 (2 

PJ�P/����EDNÕU��,��NORU�U�������P0����3K12
+ (32) (0.3 mM). 

 

 (32) 

 

Kuyucuk 1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 100 100 100 42.49 84.81 - - - 

Form II (%) - - - 57.51 15.19 71.80 100 100 

Form III (%) - - - - - 28.20 - - 

 
Tablo 4. 10.� S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�

YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32) ile $���$��YH�$��YDUOÕ÷ÕQGD�supercoiled formdan (Form 

,���RSHQ�FLUFXODU�IRUPD��)RUP�,,��G|Q�ú�P�Q�Q�|QOHQPHVL� 
 

N
2
  BF

4

+       -

Form I 
Form III 

Form II 



$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q tüplere 200 ng pBluescript M13+ plazmid DNA (3.2 

kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM), 1 �O� �����P0�� EDNÕU� �,�� NORU�U� LOH� VRQ�
NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�LQN�EH�
edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (3.1 mM) 

diazonyum tuzu (32) ile son konsantrasyon DNA için 31.53 nM diazonyum tuzu (32) 

LoLQ�����P0�RODFDN�úHNLOGH�LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �O������P0��EDNÕU��,��NORU�U�YH����l (1.5 mM) diazonyum tuzu (32) ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,��NORU�U�LoLQ�������P0�YH�GLD]RQ\XP�WX]X�
(32�� LoLQ� ������ P0� RODFDN� úHNLOGH� LQN�EH� HGLOGL�� 5. kuyucuk: pBluescript M13+ 

plazmid DNA (47.30 nM) 1 �l (10 mg/mL) sistein, 1 �l (1.5 mM) diazonyum tuzu (32) 

ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��VLVWHLQ�LoLQ�
2 mg/mL, diazonyum tuzu (32�� LoLQ�����P0�YH�EDNÕU� �,��NORU�U� LoLQ�0.62 mM olacak 

úHNLOGH� LQN�EH�HGLOGL� 6. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l 

(10 mg/mL) A1, 1 �l (1.5 mM) diazonyum tuzu (32) ve 1 �O������P0��EDNÕU��,��NORU�U�
ile son konsantrasyon DNA için 19.92 nM, A1 için 2 mg/mL, diazonyum tuzu (32) için 

����P0� YH� EDNÕU� �,�� NORU�U� LoLQ� �����P0�RODFDN� úHNLOGH� LQN�EH� HGLOGL� 7. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) A2, 1 �l (1.5 mM) 

diazonyum tuzu (32) ve 1 �O������P0��EDNÕU��,��NORU�U�LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�
19.92 nM, A2 için 2 mg/mL, diazonyum tuzu (32��LoLQ�����P0�YH�EDNÕU��,��NORU�U�LoLQ�
�����P0�RODFDN�úHNLOGH� LQN�EH�HGLOGL� 8. kuyucuk: pBluescript M13+ plazmid DNA 

(47.30 nM) 1 �l (10 mg/mL) A3, 1 �l (1.5 mM) diazonyum tuzu (32) ve 1 �l (3.1 mM) 

EDNÕU� �,�� NORU�U� LOH� son konsantrasyon DNA için 19.92 nM, A3 için 2 mg/mL, 

diazonyum tuzu (32�� LoLQ� ���� P0� YH� EDNÕU� �,�� NORU�U� LoLQ� ����� P0� RODFDN� úHNLOGH�
inkübe edildi. 

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (% 0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta 1 x TAE (40 mM Tris asetat, 



1mM EDTA, pH 8.2) tamponu içerisinde 80 dakikD�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR�����¶GD�YHULOPLúWLU�� 

Achillea W�U��ELWNLOHULQ�'1$�NHVLPLQL�|QOHPHGL÷L�DNVLQH�DUWWÕUGÕ÷Õ�J|]OHQGL�� 
 

������%D]Õ�Hypericum ve Achillea Türü Bitkiler ile DNA Kesimi 

 

'1$�NHVLPLQL�|QOHPHVL�G�ú�Q�OHQ�Hypericum ve Achillea türü bitkilerin DNA 

NHVLPLQL�|QOHPH\LS�DUWWÕUGÕ÷Õ�J|]OHQLQFH��EX�ELWNLOHULQ�EDNÕU��,,��NORU�U�YDUOÕ÷ÕQGD�'1$�
kesim etkisi incelenmeye karar verildi.  

 

S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�%D]Õ�Hypericum�W�U��ELWNLOHU�LOH�EDNÕU�
�,,��NORU�U�YDUOÕ÷ÕQGD�NHVLPL 

 

1       2        3        4        5        6        7        8 

 

)RWR÷UDI��������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,,��NORU�U�
YDUOÕ÷ÕQGD� +��� +�� YH� +�� LOH� NHVLP� UHDNVL\RQXQXQ� $JDUR]� -HO� (OHNWURIRUH]L��
5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL��1. kuyucuk, 

DNA (47.30 nM); 2. kuyucuk�� '1$� ������� Q0��� EDNÕU� �,,�� NORU�U� �1.03 mM); 3. 

kuyucuk, DNA (31.53  nM) + H1 (3.33 mg/mL); 4. kuyucuk, DNA (23.65 nM) + 

EDNÕU��,,��NORU�U��������P0����+�������PJ�P/���5. kuyucuk, DNA (31.53  nM) + H2 

(3.33 mg/mL); 6. kuyucuk��'1$��������Q0����EDNÕU��,,��NORU�U��������P0����+�������
mg/mL); 7. kuyucuk, DNA (31.53  nM) + H3 (3.33 mg/mL); 8. kuyucuk, DNA (23.65 

Q0����EDNÕU��,,��NORU�U��������P0����+�������PJ�P/�� 
  

Form II 
Form I 



Kuyucuk 1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 100 100 10.53 - - - - - 

Form II (%) - - - 12.40 - - - - 

Form III (%) - - - - - - - - 

 
 

Tablo 4. 11. S%OXHVFULSW�0���� SOD]PLG�'1$¶QÕQ�� ����� NE��� EDNÕU� �,,�� NORU�U�
YDUOÕ÷ÕQGD�+���+��YH�+��LOH�VXSHUFRLOHG�IRUPGDQ��)RUP�,���RSHQ�FLUFXODU�IRUPD��)RUP�
,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL�UHDNVL\RQODU����P/�(SSRQGRUI�W�S�LoHULVLQGH�NDUDQOÕNWD�JHUoHNOHúWLrildi. Tüm 

W�SOHU� DO�PLQ\XP� IRO\R� LOH� VDUÕOGÕ� YH� UHDNVL\RQ� RGD� VÕFDNOÕ÷ÕQGD� LNL� VDDWWH�
JHUoHNOHúWLULOGL�� %�W�Q� W�SOHUH� ���� QJ� S%OXHVFULSW� 0���� SOD]PLG� '1$� ����� NE��
konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM), 1 �O� �����P0��EDNÕU� �,,��NORU�U� LOH� VRQ�
NRQVDQWUDV\RQ� '1$� LoLQ� ������ Q0�� EDNÕU� �,,�� NORU�U� LoLQ� ����� P0� RODFDN� úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 

mg/mL) H1 ile son konsantrasyon DNA için 31.53 nM, H1 için 3.33 mg/mL  olacak 

úHNLOGH� LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l 

�����P0�� EDNÕU� �,,�� NORU�U� YH� ���l (10 mg/mL) H1 ile son konsantrasyon DNA için 

������Q0��EDNÕU��,,��NORU�U�LoLQ�������P0�YH�+��LoLQ�����PJ�P/�RODFDN�úHNLOGH�LQN�EH�
edildi. 5. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) H2 

LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��+��LoLQ������PJ�P/�RODFDN�úHNLOGH�LQN�EH�
edildi. 6. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU�
(II) klorür ve 1 �O�����PJ�P/��+��LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,,��
NORU�U�LoLQ�������P0�YH�+��LoLQ�����PJ�P/�RODFDN�úHNLOGH�LQN�EH�HGLOGL� 7. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) H3 ile son konsantrasyon 

'1$� LoLQ�������Q0��+�� LoLQ������PJ�P/�RODFDN� úHNLOGH� LQN�EH�HGLOGL��8. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU��,,��NORU�U�YH����l (10 

PJ�P/��+��LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,,��NORU�U�LoLn 0.775 mM 

YH�+��LoLQ�����PJ�P/�RODFDN�úHNLOGH�LQN�EH�HGLOGL� 



øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� ��� JOLVHUROOü 

yürütme tamponu (%0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 

SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta 1 x TAE (40 mM Tris asetat, 

�P0�('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
Gel Doc XR görüntüleme sistemi ile çekildi ve % kesLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR�����¶GH�YHULOPLúWLU�� 

 

S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�%D]Õ�Achillea � W�U��ELWNLOHU� LOH�EDNÕU�
�,,��NORU�U�YDUOÕ÷ÕQGD�NHVLPL 

 

1       2        3        4        5        6        7        8 

 

)RWR÷UDI��������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,,��NORU�U�
YDUOÕ÷ÕQGD� $��� $�� YH� $�� LOH� NHVLP� UHDNVL\RQXQXQ� $JDUR]� -HO� (OHNWURIRUH]L��
5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOdi. 1. kuyucuk, 

DNA (47.30 nM); 2. kuyucuk�� '1$� ������� Q0��� EDNÕU� �,,�� NORU�U� ������ P0��� 3. 

kuyucuk, DNA (31.53  nM) + A1 (3.33 mg/mL); 4. kuyucuk, DNA (23.65 nM) + 

EDNÕU��,,��NORU�U��������P0����$�������PJ�P/���5. kuyucuk, DNA (31.53  nM) + A2 

(3.33 mg/mL); 6. kuyucuk��'1$��������Q0����EDNÕU��,,��NORU�U��������P0����$�������
mg/mL); 7. kuyucuk, DNA (31.53  nM) + A3 (3.33 mg/mL); 8. kuyucuk, DNA (23.65 

Q0����EDNÕU��,,��NORU�U��������P0����$�������PJ�P/��� 
 

 

 

 

 

 

 

Form II 
Form III 
Form I 
 



Kuyucuk 1 (Kontrol) 2 3 4 5 6 7 8 

Form I  (%) 100 100 83.99 - 100 - 100 - 

Form II (%) - - 16.01 64.39  87.04 - 100 

Form III (%) - - - 35.61 - 12.91 - - 

 

Tablo 4. 12. S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�
YDUOÕ÷ÕQGD�$���$��YH�$��LOH�VXSHUFRLOHG�IRUPGDQ��)RUP�,���RSHQ�FLUFXODU forma (Form 

,,��YH\D�OLQHDU�IRUPD��)RUP�,,,��G|Q�ú�P�� 
 

$úD÷ÕGDNL� UHDNVL\RQODU� ���� P/� (SSHQGRUI� W�S� LoHULVLQGH� NDUDQOÕNWD�
JHUoHNOHúWLULOGL��7�P�W�SOHU�DO�PLQ\XP�IRO\R� LOH� VDUÕOGÕ�YH�UHDNVL\RQ�RGD�VÕFDNOÕ÷ÕQGD�
LNL�VDDWWH�JHUoHNOHúWLULOGL��%�W�Q� W�SOHUH���� ng pBluescript M13+ plazmid DNA (3.2 

kb) konuldu. 

1. kuyucuk: pBluescript M13+ plazmid '1$� ������� Q0�� WHN� EDúÕQD�� 2. 

kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM), 1 �O������P0��EDNÕU��,,��NORU�U�
LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,,��NORU�U�LoLQ������P0�RODFDN�úHNLOGH�
inkübe edildi. 3. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 

mg/mL) A1 ile son konsantrasyon DNA için 31.53 nM, A1 için 3.33 mg/mL  olacak 

úHNLOGH� LQN�EH�HGLOGL��4. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l 

�����P0��EDNÕU��,,�NORU�U�YH����l (10 mg/mL) A1 ile son konsantrasyon DNA için 23.65 

Q0��EDNÕU��,,��NORU�U�LoLQ�������P0�YH�$��LoLQ�����PJ�P/�RODFDN�úHNLOGH�LQN�EH�HGLOGL� 
5. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) A2 ile son 

NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��$��LoLQ������PJ�P/��RODFDN�úHNLOGH�LQN�EH�HGLOGL��
6. kuyucuk: pBluescript M13+ plazmid DNA (47.30 nM) 1 �O� ����� P0�� EDNÕU� �,,��
klorür ve 1 �O� ����PJ�P/��$�� LOH� VRQ�NRQVDQWUDV\RQ�'1$� LoLQ� ������Q0��EDNÕU� �,,��
klorür için�������P0�YH�$��LoLQ�����PJ�P/�RODFDN�úHNLOGH�LQN�EH�HGLOGL� 7. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM) 1 �l (10 mg/mL) A3 ile son konsantrasyon 

'1$� LoLQ�������Q0��$�� LoLQ������PJ�P/�RODFDN� úHNLOGH� LQN�EH�HGLOGL��8. kuyucuk: 

pBluescript M13+ plazmid DNA (47.30 nM) 1 �O������P0��EDNÕU��,,��NORU�U�YH����l (10 

PJ�P/��$��LOH�VRQ�NRQVDQWUDV\RQ�'1$�LoLQ�������Q0��EDNÕU��,,��NORU�U�LoLQ�������P0�
YH�$��LoLQ�����PJ�P/�RODFDN�úHNLOGH�LQN�EH�HGLOGL� 

øNL� VDDWOLN� LQN�EDV\RQ� V�UHVLQGHQ� VRQUD� QXPXQHOHUH� �� �O� �� �� gliserollü 

yürütme tamponu (%0.1 brom fenol mavisi, 150 mM EDTA, 2 mM Tris içerisinde %1 



SDS, 1 mM asetat, pH 8) ilave edildi ve sulu etidyum bromür çözeltisi (10 mg/mL) 

içeren %1‘lik agaroz jele yüklendi. Elektroforez 120 V’ta TAE (40 mM Tris asetat, 

1mM�('7$��S+������WDPSRQX�LoHULVLQGH����GDNLND�\�U�W�OG���-HOLQ�IRWR÷UDIÕ�%LR�5DG�
*HO�'RF�;5�J|U�QW�OHPH�VLVWHPL� LOH�oHNLOGL�YH���NHVLP�KHVDSODPDODUÕ�4XDQWLW\�2QH�
SURJUDPÕ\OD��������YHUVL\RQX��KHVDSODQGÕ��.HVLP��¶OHUL�WDEOR�����¶GH�YHULOPLúWLU�� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



���7$57,ù0$�9(�6218d 

 

'LD]RQ\XP� WX]ODUÕQÕQ� '1$� LOH� RODQ� UHDNVL\RQODUÕ� GDKD� |QFH� oDOÕúÕOPÕú� ROXS�
EXQODUÕQ�'1$¶\Õ�NHVWL÷L�ELOLQPHNWHGLU�89,96 %X�NHVLP�PHNDQL]PDVÕ�GHRNVLULER]�úHNHUGHQ�
KLGURMHQ� DWRPX� NRSDUÕOPDVÕ\OD� JHUoHNOHúLU�� $ULO� UDGLNDOOHUL için DNA deoksiriboz 

úHNHULQLQ� �¶�� �¶� YH� �¶� +LGURMHQ� � DWRPXQX� �ùHNLO� ��� ��� NRSDUPDN� GL÷HU� KLGURMHQ�
DWRPODUÕQD� RUDQOD� GDKD� NROD\GÕU�119ùHNLO� ��� �¶GH�DULO� UDGLNDOOHULQLQ��¶�+LGURMHQ�DWRPX�
NRSDUÕOPDVÕ�J|VWHULOPLúWLU�� 

 
 

ùHNLO�������'HRNVLULER]�úHNHULQGHQ��¶���¶�YH��¶�KLGURMHQ�DWRPODUÕ� 
 
 

 
ùHNLO��������¶�+LGURMHQ�DWRPX�NRSDUÕOPDVÕ� 
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'LD]RQ\XP�WX]ODUÕQGDQ�DULO�UDGLNDOL�ROXúWXUPDN�LoLQ�JHUHNOL�RODQ�HOHNWURQ�GRQ|U�
LoLQ�$U\D�YH�DUNDGDúODUÕQÕQ91 \DSPÕú�ROGXNODUÕ�JLEL�IDUNOÕ�HOHNWURQ�GRQ|UOHU�GHQHQGL��%X�
amaçla inorJDQLN� HOHNWURQ� GRQ|U� RODUDN� EDNÕU� �,�� NORU�U� YH� VRG\XP� L\RG�U�� RUJDQLN�
HOHNWURQ�GRQ|U�RODUDN�GD�DVNRUELN�DVLW�NXOODQÕOGÕ. En iyi elektron donörün askorbik asit 

ROGX÷X�EHOLUOHQGL��<RVKLNDZD�YH�DUN��121�GDKD�|QFH�\DSWÕNODUÕ�oDOÕúPDGD�DVNRUELN�DVLGLQ�
DNA dublHNV�\DSÕVÕQGD�NRQIRUPDV\RQDO�GH÷LúLNOL÷H�VHEHS�ROGX÷XQX�EHOLUWWL÷L�JLEL��EL]�
GH�DVNRUELN�DVLGLQ�WHN�EDúÕQD�'1$�NHVPH�NDSDVLWHVL�ROGX÷XQX�WHVSLW�HWWLN��)RWR÷UDI����
�YH� WDEOR� ��� ���� $VNRUELN� DVLW� WHN� EDúÕQD� '1$¶QÕQ� �� ��¶OLN� � NÕVPÕQÕ� VXSHUFRLOHG�
formdan open FLUFXODU�IRUPD�G|Q�úW�U�UNHQ��GLD]RQ\XP�WX]X\OD�ELUOLNWH�NXOODQÕOGÕ÷ÕQGD�
EX� RUDQ� ����¶H� oÕNPÕúWÕU�� %DNÕU� NORU�U� WHN� EDúÕQD� '1$� NHVLPLQH� VHEHS� ROPD]NHQ�
GLD]RQ\XP�WX]X\OD�ELUOLNWH�NXOODQÕOGÕ÷ÕQGD�����RUDQÕQGD�'1$¶QÕQ�NHVLOPHVLQH�QHGHQ�
ROGX÷X�J|]OHQPLúWLU��6RG\XP�L\RG�U�LVH�QH�WHN�EDúÕQD�QH�GH�GLD]RQ\XP�WX]X\OD�EHUDEHU�
NXOODQÕOGÕ÷ÕQGD�'1$�NHVLPLQH�VHEHS�ROPDPÕúWÕU��6RQUDNL�GHQH\OHUGH�ELU�HOHNWURQ�GRQ|U�
RODUDN� '1$¶\Õ� WHN� EDúÕQD� NHVPH\HQ� EDNÕU� �,�� NORU�U� NXOODQDUDN� '1$� NHVLPLQL�
incelemeye karar verildi.  

 

Metil YH�HWLO�JUXSODUÕQÕQ�UDGLNDO�UHDNWLYLWHVL�YH�'1$�NHVLP�HWNLVL�DUDúWÕUÕOÕUNHQ��
PHWLO� YH� HWLO� JUXSODUÕQÕQ�'1$�NHVLPLQH� HWNLVLQGH� DQODPOÕ�ELU� IDUNOÕOÕN� J|U�OPHGL��%LU�
HOHNWURQ�GRQ|U�YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32)’in %44 , (33)’ün %46 ve (34)’ün %39 

RUDQÕQGD� SOD]PLG�'1$¶\Õ� VXSHUFRLOHG� IRUPGDQ� RSHQ� FLUFXODU� IRUPD� G|Q�úW�÷�� WHVSLW�
HGLOPLúWLU��(OGH� HGLOHQ� YHULOHUGHQ�GLD]RQ\XP� WX]ODUÕQÕQ� WHN� EDúÕQD�'1$¶\Õ� D]�GD�ROVD�
NHVWL÷L� EHOLUOHQPLúWLU�� %X� NHVLPLQ� GLD]RQ\XP� WX]XQGDQ� IHQLO� NDW\RQX� ROXúDUDN�
JHUoHNOHúWL÷L�G�ú�Q�OPHNtedir.107,108�'LD]RQ\XP�WX]ODUÕ�RUJDQLN�o|]�F�OHUGH�ÕúÕ÷D�NDUúÕ�
NDUDUOÕ�ROPDODUÕQD�UD÷PHQ��VXOX�o|]HOWLOHULQGH�ER]XQDUDN�'1$�NHVLPLQL�EDúODWDQ�IHQLO�
NDW\RQX� ROXúWXUDELOLUOHU�� '1$¶QÕQ� GR÷DO� oHYUHVLQH� RUJDQLN� o|]�F�OHUGHQ� GDKD� X\JXQ�
ROGX÷X�LoLQ�UHDNVL\RQODU�VX�LoHULVLQGH�JHUoHNOHúWLULOGL�YH�KHU�QH�NDGDU�ÕúÕNWDQ�NRUXPD\D�
oDOÕúVDN� GD� ELU�PLNWDU� IHQLO� NDW\RQX� ROXúXS� D]� GD� ROVD�'1$� NHVLPLQH� QHGHQ� RODELOLU�
�)RWR÷UDI������YH�WDEOR����� 

(WLO� JUXSODUÕQÕQ� RUWR�� PHWD� YH� SDUD� SR]LV\RQODUÕQGD� '1$� NHVLP� HWNLVL�
LQFHOHQGL÷LQGH��o�Q�Q�GH�WHN�EDúÕQD�'1$�NHVLPLQH�VHEHS�ROGXNODUÕ�J|]OHQPLúWLU��0HWD�
YH�SDUD�SR]LV\RQODUÕQGD�NHVLP�HOHNWURQ�GRQ|U�ROPDGDQ������RUDQÕQGD�JHUoHNOHúLUNHQ��
RUWR� SR]LV\RQXQGD� NHVLPLQ� ���� FLYDUÕQGD� ROGX÷X� WHVSLW� HGLOPLúWLU�� (OHNWURQ� GRQ|U�



YDUOÕ÷ÕQGD� RUWR� SR]isyonda supercoiled formun % 80’i open circular forma 

G|Q�úP�úNHQ�PHWD�SR]LV\RQXQGD������RSHQFLUFXODU�IRUP��SDUD�SR]LV\RQXQGD�LVH������
RSHQ�FLUFXODU�YH����RUDQÕQGD�OLQHDU�IRUPD�G|Q�úP�úW�U��)RWR÷UDI������YH�WDEOR������ 
 

.ORU�YH�QLWUR�JUXSODUÕQÕQ�'1$�NHVLP�HWNLVL�LQFHOHQGL÷LQGH�LVH�KHP��38) hem de 

(39�¶QÕQ� ELU� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD� '1$¶\Õ� ����� RUDQÕQGD� NHVWL÷L� EHOLUOHQPLúWLU��
(39�� ELOHúL÷L� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD� '1$¶QÕQ� ���¶O�N� NÕVPÕQÕ� OLQHDU� IRUPD�
G|Q�úW�UP�úW�U��'LD]RQ\XP�WX]X� �38�� WHN�EDúÕQD�����RUDQÕQGD��GLD]RQ\XP�WX]X� �39) 

LVH��� ��� RUDQÕQGD�'1$¶\Õ� VXSHUFRLOHG� IRUPGDQ� RSHQ� FLUFXODU� IRUPD� G|Q�úW�UP�úW�U�
�)RWR÷UDI������YH�7DEOR������ 
 

 'LD]RQ\XP� WX]ODUÕ� �40) ve (41�¶LQ� '1$� NHVLP� HWNLVL� LQFHOHQGL÷LQGH� �40) 

ELOHúL÷LQLQ�'1$¶\Õ� WHN� EDúÕQD�NHVPHGL÷L� �41��ELOHúL÷LQLQ� LVH�'1$¶\Õ� WHN�EDúÕQD�����
RUDQÕQGD�NHVWL÷L�J|]OHQGL��(OHNWURQ�GRQ|U�YDUOÕ÷ÕQGD�EX�RUDQ��40) için %57, (41) için ise 

����� RODUDN� WHVSLW� HGLOGL� �)RWR÷UDI� ��� �� YH� WDEOR� ��� ���� 'LD]RQ\XP� WX]X� �41)’in 

\HQLOHELOLU� N�OW�U� PDQWDUÕ� RODQ� Agaricus bisporus’XQ� SDUoDODQPD� �U�Q�� ROPDVÕ� EX�
sonucun önemini vurgular. 

Agaritin   4-(hidroksimetil)fenilhidrazin 4-(hidroksimetil)benzendiazonyum 

iyonu  

         (41) 

ùHNLO�����. Agaritinin biyoaktivasyon yolu. 

 

'LD]RQ\XP� WX]ODUÕQÕQ� DULO� UDGLNDOL� ROXúWXUDUDN� '1$¶\Õ� NHVWL÷LQL� EHOLUWPLúWLN�
�ùHNLO� ��� ���� gQFHNL� oDOÕúPDODUGD� VLVWHLQ�� HWDQRO� YH� �-PHUNDSWR� HWDQRO� JLEL� ED]Õ�
PDGGHOHULQ�NDUERQ�PHUNH]OL�UDGLNDOOHUL�V|QG�UG�÷��UDSRU�HGLOPLúWLU88��ùHNLO���������'1$�
NHVLPL�LQFHOHQHQ�GLD]RQ\XP�WX]ODUÕ�NDUERQ�PHUNH]OL�UDGLNDO�ROXúWurarak DNA kesimine 

�-glutamil transpeptidaz (GGT) Sitokrom P450 (P 450) 

NH N
H

O

NH
2

COOH

OH

NH NH
2

OH

N

N

OH

+



VHEHS� ROX\RUVD� VLVWHLQ�� HWDQRO� YH� �-merkapto etanol gibi karbon merkezli radikalleri 

V|QG�UHQ�PDGGHOHUOH�EHUDEHU�NXOODQÕOGÕ÷Õ�]DPDQ�'1$�NHVLPLQLQ�|QOHQPHVL�JHUHNLU� 
 

 

ùHNLO������ Karbon merkezli radikallerin söndürülmesi. 

 

Bu amaçla siVWHLQ�� HWDQRO� YH� �-PHUNDSWR� HWDQRO� YDUOÕ÷ÕQGD� GLD]RQ\XP� WX]X�
(32)’in DNA kesiminin incelenmesine karar verildi. Diazonyum tuzu (32) sadece bir 

HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD� '1$� NHVLPLQH� VHEHS� ROGX÷X� LoLQ� NXODQÕOGÕ�� (WDQRO� YH� �-

PHUNDSWR� HWDQRO� YDUOÕ÷ÕQGD� GLD]RQyum tuzu (32)’nin DNA kesim etkisinin %18 

RUDQÕQGD��VLVWHLQ�YDUOÕ÷ÕQGD�LVH�EX�GH÷HULQ�����RUDQÕQGD�D]DOGÕ÷Õ�EHOLUOHQGL��%X�VRQXo�
NHVLPLQ� NDUERQ� PHUNH]OL� UDGLNDO� �]HULQGHQ� JHUoHNOHúWL÷L� G�ú�QFHVLQL� GR÷UXODGÕ÷Õ�
G�ú�QFHVLQGH\L]��)RWR÷UDI������YH�WDEOR������ 

YLQH�D\QÕ� DPDoOD�GLD]RQ\XP� WX]ODUÕ� �37) ve (41��NXOODQÕODUDN� VLVWHLQLQ�NDUERQ�
PHUNH]OL� UDGLNDOOHUL� V|QG�UPH� YH� GROD\ÕVÕ\OD� GD� '1$� NHVLPLQL� |QOHPH� NDSDVLWHVL�
LQFHOHQGL��'LD]RQ\XP�WX]ODUÕ��37) ve (41��WHN�EDúODUÕQD�'1$�NHVLP�HWNLVL�HQ�ID]OD�RODQ�
diazonyum tuzODUÕ�ROGX÷X�LoLQ�WHUFLK�HGLOGL��6LVWHLQ�YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��37)’nin 
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'1$� NHVLP� HWNLVLQGH� ELU� GH÷LúLNOLN� ROPDGÕ÷Õ�� GLD]RQ\XP� WX]X� �41)’in ise kesiminin 

VLVWHLQ�YDUOÕ÷ÕQGD�����RUDQÕQGD�D]DOGÕ÷Õ�J|]OHQGL��)RWR÷UDI������YH�WDEOR������� 
gQFHNL�oDOÕúPDODUGD�DQWLRNVLGDQW�YH�DQWLPLNUREL\DO�|]HOOLNOHUL�ROGX÷X�EHOLUOHQHQ�

ED]Õ�ELWNL�HNVWUDNWODUÕQÕQ�GD�'1$¶\Õ�NRUXPD�NDSDVLWHOHULQLQ�ROGX÷X�UDSRU�HGLOPLúWLU�97-98 

%X�DPDoOD�DQWLRNVLGDQW�YH�DQWLPLNUREL\DO�DNWLYLWHVL�ELOLQHQ�ED]Õ�Hypericum ve Achillea 

türü bitkilerin HWDQRO�HNVWUDNWODUÕQÕQ�'1$�NHVLPLQL�|QOHPH�NDSDVLWHVLQLQ�DUDúWÕUÕOPDVÕQD�
NDUDU�YHULOGL��%LWNLOHULQ�NHVLPL�|QOHPH�NDSDVLWHVL�VLVWHLQOH�NÕ\DVODQGÕ�� 

Hypericum W�U��ELWNLOHULQ�NHVLP�|QOHPH�NDSDVLWHVL� LQFHOHQGL÷LQGH�+�¶LQ�'1$�
NHVLPLQL� D]DOWPDGÕ÷Õ� DNVLQH� DUWWÕUGÕ÷Õ�� +�� YH� +�� W�UOHULQLQ� LVH� '1$¶QÕQ� MHOGH�
WXWXQPDVÕQD� VHEHS� ROGX÷X� J|]OHQGL��Hypericum� W�U�� ELWNLOHULQ�� HWDQRO� HNVWUDNWODUÕQÕQ�
LoLQGH� EXOXQDQ� SR]LWLI� \�NO�� PROHN�OOHU�� '1$¶QÕQ� E�\�N� YH� N�o�N� ROXNODUÕ� LOH�
LQWHUNDODV\RQ� YH\D� HOHNWURVWDWLN� HWNLOHúLP� \DSDUDN� '1$¶QÕQ� MHOGH� \�U�PHVLQL�
HQJHOOHPLú�RODELOLUOHU��)RWR÷UDI������YH�WDEOR������� 

Achillea W�U�� ELWNLOHULQ� NHVLP� |QOHPH� NDSDVLWHVL� LQFHOHQGL÷LQGH� LVH� '1$�
NHVLPLQL� DUWWÕUGÕ÷Õ� J|]OHQGL��'LD]RQ\XP� WX]X� �32�� EDNÕU� �,�� NORU�U� YDUOÕ÷ÕQGD�'1$¶\Õ�
���� RUDQÕQGD� VXSHUFRLOHG� IRUPGDQ� RSHQ� FLUFXODU� IRUPD� G|Q�úW�U�UNHQ�� RUWDPD� $��
HNOHQGL÷LQGH�VXSHUFRLOHG�IRUPXQ�����RUDQÕQGD�RSHQ�FLUFXODU�IRUPD������RUDQÕQGD�LVH�
OLQHDU� IRUPD� G|Q� �úW�÷�� J|]OHQGL�� 2UWDPD� $�� YH� $�� D\UÕ� D\UÕ� HNOHQGL÷L� ]DPDQ�
supercoiled formun tümünün open circulDU�IRUPD�G|Q�úW�÷��J|]OHQGL��)RWR÷UDI�������YH�
tablo 4. 10). 

Cu2+� L\RQODUÕ� YDUOÕ÷ÕQGD� ELWNL� HNVWUDNWODUÕ� WDUDIÕQGDQ� '1$� VDUPDOÕQÕQ� NHVLP�
PHNDQL]PDVÕQGD� DURPDWLN� oHNLUGHNOHULQ� � RNVLMHQOHQPHVL� URO� R\QDPDNWDGÕU�� %XQXQ�
VRQXFXQGD�NDWHNRO�ROXúXU�YH�EX�ROXúDQ�NDWekol Cu2+ LOH�NRRUGLQDV\RQ�\DSDU��2OXúDQ�EX�
NRRUGLQDV\RQ�ELOHúL÷L�GLRNVLMHQL�GDKD�UHDNWLI�W�UOHUH�LQGLUJHGLNWHQ�VRQUD�NDWHNRO�Q�&X2+ 

iyonu ile �NRRUGLQDV\RQX�VRQXFX�RNVLGDV\RQD�X÷UDU��gQFHNL�oDOÕúPDODUGD�DQWLRNVLGDQW�
YH� DQWLPLNUREL\DO� DNWLYLWHOHUL� ROGX÷X� EHOLUOHQHQ� ED]Õ� ELWNL� HNVWUDNODUÕQ� LoHULVLQGH�
bulunan flavonoidlerin Cu2+ LOH� NRPSOHNV� ROXúWXUDUDN�'1$¶\Õ� NHVWL÷L�EHOLUWLOPLúWLU�110 

'1$� NHVLPLQL� |QOHPHVL� G�ú�Q�OHQ� Hypericum ve Achillea türü bitkilerin kesimi 

|QOHPH\LS�DUWWÕUGÕ÷Õ�GD�J|]OHQLQFH�EX�ELWNLOHULQ�EDNÕU��,,��NORU�U�YDUOÕ÷ÕQGD�'1$�NHVLP�
etkisi incelenmeye karar verildi. 

Hypericum� W�U�� ELWNLOHULQ� NHVLP� HWNLVL� DUDúWÕUÕOÕUNHQ� \LQH� '1$¶QÕQ� MHOGH�
WXWXQGX÷X� J|]OHQGL�� Hypericum� W�U�� ELWNLOHULQ�� HWDQRO� HNVWUDNWODUÕQÕQ� LoLQGH� EXOXQDQ�



pozitif yüklü molekülleU�� '1$¶QÕQ� GDKD� |QFH� DoÕNODGÕ÷ÕPÕ]� QHGHQOH� MHOGH� WXWXQGX÷X�
G�ú�Q�\RUX]���)RWR÷UDI������YH�WDEOR�������� 

Achillea� W�U�� ELWNLOHULQ� NHVLP� HWNLVL� DUDúWÕUÕOÕUNHQ� $�� ELWNLVLQLQ� HWDQRO�
HNVWUDNWÕQÕQ� WHN� EDúÕQD� '1$¶QÕQ����¶OÕN� NÕVPÕQÕ� VXSHUFRLOHG� IRUPGDQ� RSHQ� FLUFXlar 

IRUPD�G|Q�úW�UG�÷��J|]OHQGL��&X2+�YDUOÕ÷ÕQGD�LVH�VXSHUFRLOHG�'1$¶QÕQ�����RUDQÕQGD�
RSHQ� FLUFXODU�� �� ��� RUDQÕQGD� OLQHDU� IRUPD� G|Q�úW�÷�� J|]OHQGL�� $�� ELWNLVLQLQ� HWDQRO�
HNVWUDNWÕQÕQ� WHN� EDúÕQD�'1$¶\Õ� NHVPHGL÷L�� &X2+� YDUOÕ÷ÕQGD� LVH� VXSHUFRLOHG�'1$¶QÕQ�
%87 oUDQÕQGD� RSHQ� FLUFXODU�� �� ��� RUDQÕQGD� OLQHDU� IRUPD� G|Q�úW�÷�� J|]OHQGL�� $��
ELWNLVLQLQ� HWDQRO� HNVWUDNWÕQÕQ� WHN� EDúÕQD� '1$¶\Õ� NHVPHGL÷L�� &X2+� YDUOÕ÷ÕQGD� LVH�
VXSHUFRLOHG�'1$¶\Õ������RUDQÕQGD�RSHQ�FLUFXODU��IRUPD�G|Q�úW�÷��J|]OHQGL��)RWR÷UDI�
4. 12 ve tablo 4. 12). 

 

6RQXoODU� IDUNOÕ� V�EVWLW�H� GLD]RQ\XP� WX]ODUÕQÕQ� '1$¶\Õ� NHVWL÷LQL� J|VWHUPLúWLU��
'LD]RQ\XP�WX]ODUÕQÕQ�UDGLNDO�UHDNWLYLWHVLQLQ�V�EVWLW�H�JUXED�ED÷OÕ�RODUDN�GH÷LúHELOHFH÷L�
WHVSLW� HGLOPLúWLU��%D]Õ� GLD]RQ\XP� WX]ODUÕ�'1$¶\Õ� DQFDN� ELU� HOHNWURQ� GRQ|U� YDUOÕ÷ÕQGD�
NHVHUNHQ�ELU�NÕVPÕQÕQ� HOHNWURQ�GRQ|U� ROPDGDQ�GD�'1$�NHVLPLQH�VHEHS�ROGX÷X� WHVSLW�
HGLOPLúWLU�� '1$� NHVLP� HWNLVL� LQFHOHQHQ� GLD]RQ\XP� WX]ODUÕQÕQ� KHUKDQJL� ELU� VSHVLILWHVL�
ROPDGÕ÷Õ�LoLQ�'1$¶\Õ�UDVWJHOH�NHVHUOHU��%XQGDQ�VRQUDNL�oDOÕúPDODUGD�'1$¶\Õ�VSHVLILN�
olarak� NHVHELOHFH÷L� G�ú�Q�OHQ� GLD]RQ\XP� WX]ODUÕ� VHQWH]OHQHUHN� '1$� NHVLPL�
LQFHOHQHFHNWLU��$\UÕFD�&X2+ YDUOÕ÷ÕQGD�'1$�NHVLPLQH�VHEHS�RODQ�ELWNL�HNVWUDNWUDODUÕQÕQ�
LoHUGL÷L�HWNHQ�PDGGHOHU�VDIODúWÕUÕODUDN�\DSÕ�D\GÕQODWÕOPDVÕQD�JLGLOHFHNWLU�� 
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Tablo 1. 1. *HQHWRNVLN� ;HQRELRWLNOHUGHQ� ROXúDQ� NDUERQ� PHUNH]OL� VHUEHVW� UDGLNDO�
metabolitleri. 

Tablo 4. 1. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U��DVNRUELN�DVLW�
YH� VRG\XP� L\RG�U� YDUOÕ÷ÕQGD� GLD]RQ\XP� WX]X� �32) ile supercoiled formdan (Form I), 

RSHQ�FLUFXODU�IRUPD��)RUP�,,��G|Q�ú�P�� 
Tablo 4. 2. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�� �����NE���EDNÕU� �,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32), (33) ve (34) ile supercoiled formdan (Form I), open circular forma 

�)RUP�,,��G|Q�ú�mü. 

Tablo 4. 3. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�� �����NE���EDNÕU� �,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (35), (36) ve (37) ile supercoiled formdan (Form I), open circular forma 

�)RUP�,,��YH\D�OLQHDU�IRUPD��IRUP�,,,��G|Q�ú�P�� 
Tablo 4. 4. pBluescript M13+ plD]PLG�'1$¶QÕQ�� �����NE���EDNÕU� �,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (38) ve (39) ile supercoiled formdan (Form I), open circular forma 

�)RUP�,,��YH\D�OLQHDU�IRUPD��)RUP�,,,��G|Q�ú�P�� 
Tablo 4. 5. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�� �����NE���EDNÕU� �,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (40) ve (41) ile supercoiled formdan (Form I), open circular forma 

�)RUP�,,��G|Q�ú�P�� 
Tablo 4. 6. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (41) ile supercoiled formdan (Form I), open circular forma (Form II) 

G|Q�ú�P�� 
Tablo 4. 7. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�� �����NE���EDNÕU� �,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32) ile DULO�UDGLNDOL�V|QG�UPH�NDSDVLWHVL�ROGX÷X�ELOLQHQ�VLVWHLQ��HWDQRO�
YH� �-PHUNDSWR� HWDQRO� YDUOÕ÷ÕQGD� supercoiled formdan (Form I), open circular forma 

�)RUP�,,��G|Q�ú�P�Q�Q�|QOHQPHVL 
Tablo 4. 8. pBluescript 0����SOD]PLG�'1$¶QÕQ�� �����NE���EDNÕU� �,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP� WX]ODUÕ� �37) ve (41) ile DULO� UDGLNDOL� V|QG�UPH� NDSDVLWHVL� ROGX÷X� ELOLQHQ�
VLVWHLQ� YDUOÕ÷ÕQGD� supercoiled formdan (Form I), open circular forma (Form II) 

G|Q�ú�P�Q�Q�|QOHQPHVL� 



Tablo 4. 9.�S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�� �����NE���EDNÕU� �,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32) ile +���+��YH�+��YDUOÕ÷ÕQGD�supercoiled formdan (Form I), open 

circulaU�IRUPD��)RUP�,,��G|Q�ú�P�Q�Q�|QOHQPHVL� 
Tablo 4. 10.�S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32) ile $���$��YH�$��YDUOÕ÷ÕQGD�supercoiled formdan (Form I), open 

FLUFXODU�IRUPD��)RUP�,,��G|Q�ú�P�Q�Q�|QOHQPHVL� 
Tablo 4. 11. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,,��NORU�U�YDUOÕ÷ÕQGD�
H1, H2 ve H3 ile supercoiled formdan (Form I), open circular forma (Form II) 

G|Q�ú�P�� 
Tablo 4. 12. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQda 

A1, A2 ve A3 ile supercoiled formdan (Form I), open circular forma (Form II) veya 

OLQHDU�IRUPD��)RUP�,,,��G|Q�ú�P�� 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



���ù(.ø//(5ø1�/ø67(6ø 
 

ùHNLO������ DNA tek zinciri, Deoksipoliribonükleotid zinciri. 

ùHNLO������A-T  ve C-*�DUDVÕQGDNi Watson-&ULFN�+LGURMHQ�%D÷ODUÕ� 
ùHNLO������'1$�LNLOL�]LQFLU�\DSÕVÕ� 
ùHNLO������'1$�\DSÕVÕ� 
ùHNLO�������'1$¶QÕQ��o�IDUNOÕ�IRUPX� 
ùHNLO��������'1$�ED]ODUÕQÕ�KLGURMHQ�ED÷Õ�\DSDQ�NÕVÕPODUÕ��'��'RQ|U��$��$NVHSW|U� 
ùHNLO�������Watson –�&ULFN�ED]�oLIWL�YH�úHNHU�IRVIDW�RPXUJDVÕ� 
ùHNLO������$ED]LN�E|OJH�ROXúXPX�YH�'1$�NHVLPL� 
ùHNLO�������'1$�úHNHULQGHQ�KLGURMHQ�DWRPX�NRSDUÕOPDVÕ��5��5¶ �'1$�RPXUJDVÕ�� 
ùHNLO������ Etidyum bromürün B-DNA’ya interkalasyonu. 

ùHNLO��������$]RW�KDUGDOODUÕ\OD�DONLODV\RQ� 
ùHNLO������ Azot KDUGDOODUÕQÕQ�QHGHQ�ROGX÷X�oDSUD]�ED÷ODQPD� 
ùHNLO������ Neocarzinostatinin tiyol ile aktivasyonu. 

ùHNLO�������$NWLYH�HGLOPLú�QHRFDU]LQRVWDWLQ�YH�GL÷HU�HQHGL\HQ�DQWLEL\RWLNOHUL�WDUDIÕQGDQ�
'1$�NHVLP�PHNDQL]PDVÕ� 
ùHNLO��������$ONLO�UDGLNDOL�LOH�'1$�KDVDUÕ����2-dimetil hidrazin ile DNA baz ürünlerinin 

ROXúXPX� 
ùHNLO�������.DUERQ�PHUNH]OL�UDGLNDO�PHWDEROLWOHUL�LOH�ROXúDQ�'1$�PRGLILNDV\RQ�úHPDVÕ� 
ùHNLO������$ULO�UDGLNDOL�ROXúXP�PHNDQL]PDVÕ� 
ùHNLO������$UHQGLD]RQ\XP�L\RQODUÕ�YH�'1$¶GDQ�HOGH�HGLOHQ�&�-arilguanin ürünleri (X = 

CH3, CH2OCH3, CH2OH) 

ùHNLO�������6�EVWLW�H�WULDULODPLGOHULQ�'1$¶\Õ�NHVLPL 
ùHNLO������ N-(3-Hydroxypropyl)-Berenil sentezi 

ùHNLO�������%UH]LO\D�oDPÕ�Araucaria angustifolia¶QÕQ�LoHUGL÷L�ELIODYRQRLGOHU� 
ùHNLO������ Plazmid DNA. 

ùHNLO����� Sandmeyer Reaksiyonu. 

ùHNLO�������'HRNVLULER]�úHNHULQGHQ��¶���¶�YH��¶�KLGURMHQ�DWRPODUÕ� 
ùHNLO��������¶�+LGURMHQ�DWRPX�NRSDUÕOPDVÕ� 
ùHNLO�����. Agaritinin biyoaktivasyon yolu. 

ùHNLO������ Karbon merkezli radikallerin söndürülmesi. 
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)RWR÷UDf 4. 1. S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U��DVNRUELN�
DVLW�YH�VRG\XP�L\RG�U�YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32) ile kesim reaksiyonunun Agaroz 

Jel Elektroforezi. 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP�WX]ODUÕ��32), (33) ve (34) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

5HDNVL\RQODU�VX�LoHULVLQGH��RGD�VÕFDNOÕ÷ÕQGD�YH�NDUDQOÕNWD�JHUoHNOHúWLULOGL� 
)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP�WX]ODUÕ��35), (36) ve (37) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP�WX]ODUÕ��38) ve (39) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP�WX]ODUÕ��40) ve (41) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (41) ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32) ile kesim reaksiyonunun DULO�UDGLNDOL�V|QG�UPH�NDSDVLWHVL�ROGX÷X�
bilinen sLVWHLQ��HWDQRO�YH��-PHUNDSWR�HWDQRO�YDUOÕ÷ÕQGD Agaroz Jel Elektroforezi. 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
GLD]RQ\XP� WX]ODUÕ� �37) ve (41) ile kesim reaksiyonunun aril radikali söndürme 

NDSDVLWHVL�ROGX÷X�ELOLQHQ�VLVWHLQ�YDUOÕ÷ÕQGD Agaroz Jel Elektroforezi. 

)RWR÷UDI�������S%OXHVFULSW�0����SOD]PLG�'1$¶QÕQ�������NE���EDNÕU��,��NORU�U�YDUOÕ÷ÕQGD�
diazonyum tuzu (32) ile kesim reaksiyonunun +��� +��� +�� YDUOÕ÷ÕQGD Agaroz Jel 

Elektroforezi. 

)RWR÷UDI� ��� ���� pBluescrLSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�
YDUOÕ÷ÕQGD�GLD]RQ\XP�WX]X��32) ile kesim reaksiyonunun +���+���+��YDUOÕ÷ÕQGD Agaroz 

Jel Elektroforezi. 

)RWR÷UDI� ��� ���� S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,�� NORU�U�
YDUOÕ÷ÕQGD�+���+��YH�+� ile kesim reaksiyonunun Agaroz Jel Elektroforezi. 

)RWR÷UDI� ��� ���� S%OXHVFULSW� 0���� SOD]PLG� '1$¶QÕQ�� ����� NE��� EDNÕU� �,,�� NORU�U�
YDUOÕ÷ÕQGD�$���$��YH�$��LOH�NHVLP�UHDNVL\RQXQXQ�$JDUR]�-HO�(OHNWURIRUH]L� 
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