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OZET

Yiiksek pH kosullarinda gelisim gosteren, ekstremofil olarak tanimlanan alkalifilik
bakterilere ait enzimler, yliksek pH degerlerinde stabil olmalar1 nedeniyle bir ¢ok endiistri
dali tarafindan talep géormektedir. Bu enzimlerin basinda alkalen proteazlar gelmekte olup,
deterjan, medikal, gida, deri, farmasdtik, biyolojik atik giderimi ve tekstil endiistrisi gibi
pek cok alanda kullanilmaktadir. Pek ¢ok iilkede endiistriyel enzim iiretimi amaciyla yasal
iznin alinmasi ve enzimlerin ticari olarak kullanilabilmesi i¢in, endiistriyel 6éneme sahip
enzim iiretimi yapan mikroorganizma tiirlerinin tam olarak teshis edilmesi gerekmektedir.
Bu ¢alismada biyoteknolojik éneme sahip alkalen proteaz iireticisi basillerin belirlenmesi
icin Tiirkiye’nin farkli bolgelerinden yiiksek alkali kosullarda gelisebilen 56 adet Gram
pozitif, endospor olusturan cubuk seklinde bakteriler izole edilmistir. Herbir izolatin
alkalen proteaz iirettigi uygun kosulun belirlenmesi igin bir ¢ok farkli parametrede enzim
aktivitesi deneyleri gerceklestirilmistir. Incelenen parametrelerin her birinde 7 izolatin
standart suslardan daha yiiksek enzim aktivitesi gosterdigi belirlenmistir. Bu izolatlardan
E114 ve C265 kodlu izolatlarin en yiiksek alkalen proteaz iireten (103125 U/ml/g) izolatlar
oldugu belirlenmistir. Ayrica biitiin izolatlarin fenotipik karakterleri belirlenmis ve 16S
rRNA geni dizi analizleri gerceklestirilmistir. Yiiksek alkalen proteaz iireticisi izolatlar
olan E114 ve C265, sirasiyla %99.4 dizi benzerligi ile B. licheniformis ve %99.8 dizi
benzerligi ile B. mojavensis olarak tanimlanmistir. B. safensis olarak gruplandirilan
izolatlarin yliksek kapasitede alkalen proteaz {ireten izolatlar oldugu belirlenmistir.
Izolatlarin genotipik karakterizasyonlar: birden fazla molekiiler teknikle (ITS-PCR,
(GTG)s-PCR, BOX-PCR, ARDRA ve toplam hiicre proteinlerinin SDS-PGE analizi)
yaptlmistir. Bu farkli tekniklerle alkalifilik izolatlar arasindaki farkliliklar ortaya
koyulurken elde edilen sonuglarin 16S rRNA geninin filogenetik analizi ile uyumlulugu da
gosterilmistir. Sonug olarak biyoteknolojik dneme sahip alkalen proteaz iireticisi izolatlar
daha sonraki c¢alismalarda kullanilmak tiizere belirlenirken, her bir izolat polifazik bir

yaklagimla ¢oklu-genotipik analizler ile taksonomik pozisyonlarina gére gruplandirilmistir.
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ABSTRACT

Alkaliphilic bacteria, which are also called as extremophile, can grow at high pH
conditions. The enzymes of these alkaliphilic bacteria have a high demand for (hayatim bu
daha dogru gibi geldi ama emin olamadim) many industrial branches due to their stability
at high pH values. Of these enzymes, alkaline proteases take the lead and have been used
in many areas such as detergent, medicine, food, leather, pharmaceuticals, biological waste
elimination and textile industry. In many countries, obtaining legal permission is necessary
in order to produce industrial enzymes and the types of microorganisms that produce
enzymes with industrial importance should be fully identified to use enzymes
commercially. In this study, 56 gram positive, endospore forming, rod shaped bacteria,
capable of growing under highly alkaline conditions were isolated from different regions
of Turkey in order to isolate biotechnologically important alkaline protease producing
bacilli. Alkaline protease activity experiments were carried out at different parameters to
determine the suitable alkaline protease production condition of the each isolates. Seven of
the isolates showed higher enzyme activity than the standard strains at each parameter of
which E114 and C265 isolates were found to be the highest alkaline protease producers
(103125 U/ml/g). All these isolates were examined by means of their phenotypic
characters and 16S rRNA sequences. The highest alkaline protease producing isolates,
E114 and C265, were identified as B. licheniformis with 99.4% and B. mojavensis with
99.8% sequence similarities, respectively. The isolates identified as B.safensis determined
as high capacity alkaline protease producer. Genotypic characterizations of the isolates
were also determined by using a wide range of molecular techniques (ARDRA, ITS-PCR,
(GTG)s-PCR, BOX-PCR and SDS-PAGE of whole cell proteins). These different
techniques allowed us to differentiate the alkaliphilic isolates and the results were in
concurrence with phylogenetic analyses of the 16S rRNA gene. In conclusion,
biotechnologically valuable alkaline protease producing isolates were introduced in order
to use in further studies and each of the isolated strains grouped into their taxonomic

position by using polyphasic approach with multi-genotypic analyses.
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1. GIRIS

Hidrolitik enzimlerin genig bir grubunu olusturan proteazlar proteinlerdeki peptid
baglarinin kirilmasmi katalizler. Proteazlar tiim organizmalarda hiicrenin gelismesi ve
farklilasmas1 i¢in gerekli olan enzimlerdir. Hiicresel metabolizmada Onemli rol
oynamalariin yani sira endiistriyel alanda da biiyiik 6neme sahiptirler. Mikroorganizmalar,
biyokimyasal cesitlikleri ve genetik manipulasyonlara imkan vermeleri nedeniyle dnemli
proteaz kaynaklaridir (Rao et al. 1998). Bu ger¢evede endiistriyel enzim iiretimi Bacillus
cinsi mikroorganizmalar ile oldukga kisa zamanda ve diisiik maliyetli karbon ve azot
kaynaklar1 ile gergeklestirilebildiginden, Bacillus cinsine ait bakteriler enzim iireticisi
bakterilerin basinda gelmektedir. Alkalifilik Bacillus tiirleri, yiiksek pH kosullarinda
gelisim  gostermeleri  nedeniyle  ekstremofil olarak  adlandirilan  alkalifilik
mikroorganizmalar grubuna dahildir. Bu tiirler, yliksek pH ve/veya yliksek sicaklik
kosullarina direngli olan enzimleri iiretebilmeleri sebebiyle endiistriyel biyoteknolojide en
¢ok 1ilgi duyulan bakteri tiirlerindendir. Alkalifilik Bacillus cinsi bakteriler tarafindan
iretilen alkalen proteazlar, 1914 yilindan bu yana deterjan formiilasyonlarina ilave edilerek
deterjan endiistrisinde yaygin olarak kullanilmaktadir (Kalizs 1988). Alkalen proteaz
uygulamalari, deterjan endiistrisinin yani sira son yillarda medikal, gida, deri, farmasotik,
biyolojik atik giderimi ve tekstil endiistrisinde protein bazli boyalarin uzaklagtirilmasi gibi
alanlarda da ¢ok hizli bir sekilde artmistir. Ancak endiistriyel enzim ticaretinde biiyiik bir
yer kaplayan alkalen proteazlar1 ne yazik ki Tiirkiye’de biyoteknolojik olarak iireten ¢ok az
sayida kurulusun olmasi nedeniyle, lilkemiz bu enzimlerin ithalati i¢in her y1l milyarlarca

dolar ayirmaktadir.

Pek cok iilkede endiistriyel enzim iiretimi amaciyla yasal olarak izin alabilmek ve
enzimlerin ticari olarak kullanilabilmesi i¢in, endiistriyel oneme sahip enzim iiretimi yapan
mikroorganizma tiirlerinin tam olarak teshis edilmesi gerekmektedir (Arellano-Carbajal
and Olmos-Soto 2002). Bakteriyel taksonomi, bakterilerin tanimlanmasi, siiflandirilmasi
ve adlandirilmas1 basamaklarimi kapsayan bir bilim dalidir. Bakteriyel sistematik
konusunda uzman mikrobiyologlardan olusan “ad hoc committe” toplulugu (Wayne et al.
1987), bir bakteri tiiriiniin sistematik ¢alismalarla siniflandirilabilmesi ve bir tiiriin kesin
olarak tanimlanabilmesi i¢in fenotipik testler, 16S rRNA gen dizi analizi, DNA-DNA

hibridizasyon analizi, genomik DNA’nin G+C orani ve yag asiti analizlerinin mutlaka



gerceklestirilmesi gerektigini bildirmistir (Stackebrandt et al. 2002). Ancak 16S rRNA
geni evrim siirecinde ¢cok korunmus bir gen bdlgesi olmasi nedeniyle % 97’nin iizerinde
dizi benzerligi goriildiigii durumlarda bakterileri sadece cins diizeyinde siniflandirmaya
olanak saglamaktadir. Bu durumda “ad hoc committe” tiyeleri (Wayne et al. 1987) bir
bakteri tiiriiniin kesin olarak tanimlanmasi i¢in, 16S rRNA gen dizi analizi sonucunda
ortaya ¢ikan en yakin akraba tip tlirlerle DNA:DNA hibridizasyonunun yapilmasini sart
kosmaktadir. Ancak, DNA:DNA hibridizasyon testinin optimizasyonu ve uygulanmasi
oldukca gii¢ olup maliyet acisindan da pahali bir tekniktir. Bakteriyel taksonomide yasanan
bu sikintilar mikrobiyologlari, yeni teknolojilerin bilim diinyasina kazandirdig1 daha ileri
teknikleri uygulamaya ydnlendirmistir. Onerilen her yeni teknik ve su an rutin olarak
uygulanan tekniklerin kiyaslanmasinin yapildigit her bir c¢alismayla bakteriyel

taksonomideki sikintilarin giderilmesine katki saglanmis olacaktir.

Bu caligma ile Tiirkiye’nin farkli bolgelerinde yer alan su kaynaklarindan toplanan su,
toprak ve ¢camur orneklerinden alkalen proteaz aktivitesine sahip alkalifilik bakteriler izole
edilmistir. izolatlar alkalen proteaz iiretim kapasiteleri bakimindan standart Bacillus tiirleri
ile kiyaslanmis ve yiiksek enzim {ireticisi izolatlar belirlenmistir. Ayn1 zamanda her bir
izolatin alkalen proteaz {iretimi i¢in en uygun kosulun belirlenmesi i¢in, iki farkli pH’daki
iki farkli besiyerinde 48 ve 72 saat gelisimin ardindan iki farkli pH’da tampon kullanilarak
aktivite deneyleri gergeklestirilmistir. Calismanin ikinci basamaginda, alkalen proteaz
tiretim kapasiteleri ve iiretim kosullar1 belirlenen izolatlar 16S rRNA geni dizi analizi, ITS
PCR ve bazi niikleik asit parmak izi tekniklerini kapsayan molekiiler taksonomik
yontemlerle gruplandirilmustir. Izolatlarin ve standart suslarm birden fazla taksonomik
teknikle smiflandirilmasindan elde edilen veriler kiyaslanarak, uygulanan tekniklerin
alkalifilik Bacillus tiirlerinin tanimlanmasindaki etkinlikleri ortaya konmustur.
Tiirkiye’den izole edilen alkalifilik bakteriler ve alkalen proteaz iiretim kapasiteleri ile
ilgili sinirh sayida literatiir mevcuttur. Tez kapsaminda arastirilan ¢ok sayida Bacillus
izolatindan elde edilen taksonomik verilerle hem iilkemizdeki mevcut alkalifilik tiirlere ait
taksonomik caligsmalara katki saglanmis hem de iilkemize 6zgii alkalen proteaz lireticisi

bakteriler belirlenmistir.



2. KURAMSAL TEMELLER

2.1. Proteazlar

Proteazlar biitiin canlilarda bulunan ve proteinlerdeki peptid baglarinin koparilmasin
katalizleyen enzim grubudur. Bu enzimler tim organizmalarda hiicrenin gelismesi ve
farklilagsmasi i¢cin 6nemli role sahiptir. Mikrobiyal proteazlar diinya piyasasindaki enzim
satiglarinin yaklasik olarak %60’m1 kapsamaktadir. Mikroorganizma kaynakli proteazlar
biyoteknolojik metotlarla elde edilmesini saglayan 6zellikleri, biyokimyasal ¢esitlikleri ve
genetik manipiilasyonlara imkan vermeleri nedeniyle bitkisel ve hayvansal proteazlara
kars1 tercih edilmekte, bitkisel ve hayvansal proteazlarin elde edilmesindeki kisitlamalar

nedeniyle mikrobiyal proteazlara karsi ilgi tiim diinyada artmaktadir (Rao et al. 1998).

Proteazlar, substrat lizerinde etki gosterme mekanizmalarina gore endopeptidazlar ve
ekzopeptidazlar olmak tizere iki ana gruba ayrilmaktadir. Ekzopeptidazlar substratin amino
ya da karboksil ucu tarafindaki peptid bagini parcalarken endopeptidazlar substratin

terminal ucunun uzagindaki peptid baglarini1 parcalamaktadir.

Aktif bolgelerindeki fonksiyonel gruba gore proteazlar dort ara grupta siiflandirilirlar;
e serin proteazlar
e aspartik proteazlar
e sistein proteazlar

e metalloproteazlar

Serin proteazlar genellikle pH 7.0 ve pH 11.0 araliginda nétral ve alkali pH’larda aktiftirler.
Yiiksek alkali pH kosullarinda aktif olan serin alkalen proteazlar ve subtilisinler serin

proteazlarin iki biiylik 6nemli grubunu olusturmaktadir.



Aspartik asit proteazlar1 asidik proteazlar olarak tanimlanirlar ve katalitik aktivitelerini

aspartik asit kokleri lizerine etki ederek gosteren endopeptidazlardir.

Sistein proteazlar hem prokaryotlarda hem de Okaryotlarda bulunmaktadir. Yaklagik 20
familyas1 belirlenmistir. Biitiin sistein proteazlarin katalitik aktivitesi sistein ve histidin
amino asitlerini i¢eren katalitik diyadlar {izerinedir. Genellikle notral pH’da optimum
aktivite gosterirlerken lizozomal proteazlar gibi ¢cok az bir kismu asidik pH degerlerinde

aktiftirler.

Metalloproteazlar aktivite gostermek i¢in divalent metal iyonlarina ihtiya¢ duymalariyla
karakterize edilirler. Metalloproteazlar yiiksek organizmalarda kollogenaz, yilan
zehirindeki hemorhagic toksin ve bakterilerde termolizin gibi canlilar arasinda genis
yayilim gostermektedir. Yaklasik 30 familyas: belirlenmistir. Metallaoproteazlarin timii

EDTA gibi ¢elat ajanlar1 tarafindan inhibe olur.

Ozet olarak proteazlar protein substratlari {izerine etki mekanizmalarima gore endo ve
ekzoprotezlar olmak {izere iki genig sinif olustururlar. Endoproteazlar serin proteazlar,
aspartik proteazlar, sistein proteazlar ve metalloproteazlar olmak iizere kategorize edilirler.
Bunlar da amino asit sekanslarina ve evrimsel iligkilerine goére farkli familya ve klanlara
siniflandirilirlar. Optimum aktivite gosterdikleri pH degerlerine gore notral, asidik ve
alkalen proteazlar olmak iizere ayrilirlar. Proteazlar igerinde alkali kosullarda en iyi

aktivite gosteren enzim sinifi serin proteazlardir.

2.2. Bakteriyal Alkalen Proteazlar

Mikrobiyal proteazlar enzimoloji ¢aligmalar1 basladigindan beri kapsamli olarak arastirilan
hidrolitik enzimlerin en 6nemlisidir. Bu enzimlerin hiicresel metabolik asamalarda 6nemli
rol oynamalarinin yani sira endiistriyel alanda da onem kazanmalari, proteolitik enzim
caligmalarinda yeni bir ilgi konusu olmustur. Bakteriyal alkalen proteazlar, pH 10,0 gibi
alkalen kosullarda yiiksek aktivite gOstermeleri ve genis substrat spesifikligi
gostermeleriyle karakterize edilirler. Optimum sicakliklar1 60°C civarindadir. Bakteriyel

alkalen proteazlarin bu 6zellikleri onlar1 deterjan endiistrisi i¢in uygun kilmaktadir (Rao et



al. 1998). Giiniimiizde proteazlar endiistriyel pazardaki %60°lik paylari ile deterjan, gida,
ilag, deri, atik su artimi1 ve rontgen filmlerinden glimiisiin arindirilmas: gibi alanlarda
kullanilirken, alkalen proteazlar 6zellikle deterjan endiistrisinde alkali pH araliginda stabil
olmalar1 nedeniyle 6nemli yere sahiptir (Gupta et al. 2002) ve 1914 yilindan bu yana
deterjan formiilasyonlarina ilave edilmeleriyle deterjan endiistrisinde yaygin olarak
kullanilmaktadir (Kalisz 1988, Hodgson 1994). Organik c¢oziiciileri tolare edebilen
bakteriyel alkalen proteazlarin kullanilmasi; denatiirasyon, enzim inaktivasyonu ve organik
ortamdaki diisiik irlin miktar1 gibi ana problemlerin ¢6ziimlenmesine olanak
saglayabilmektedir. Deterjan endiistrisinin yan1 sira son yillarda medikal, gida ve yem, deri,
farmasoétik, biyolojik atik giderimi ve tekstil endiistrisinde protein bazli boyalarin
uzaklagtirilmasi gibi alanlarda alkalen proteaz uygulamalar1 ¢ok hizli bir sekilde artmigtir

(Kumar and Takagi 1999, Gupta et al. 2002, Joo et al. 2003, Sellami-Kamoun et al. 2008).

2.3. Amilazlar

1930 yilinda Ohlsson ise malttan elde ettigi pargalayic1 enzimleri, elde ettigi seker tipine
gore o ve P-amilazlar olmak {izere ikiye ayirmistir (Caligkan 2011). Bunun disinda
amilazlar endo ve ekzoamilazlar olarak da 2 gruba ayrilabilirler. Bertoldo ve Antranikan
(2002) endoamilazlarin nisasta molekiiliiniin i¢ kismindaki baglara etki ederek, degisik
zincir uzunlugunda diiz ve dallanmis oligosakkaritleri meydana getirdigini agiklamislardir
(Sekil 1.) (Caliskan 2011). Ekzoamilazlar ise, nisasta molekiiliinii indirgen olmayan
ucundan pargalarlar. Giiniimiizde ise amilazlar, nisastay1 parcalama mekanizmasina gore 6
gruba siniflandirilmislardir; a-Amilazlar, -Amilazlar, Amiloglukozidazlar, Pullulanazlar,
a-Glukozidazlar, CGTazlar (Siklodekstringlukanotransferaz) (Caliskan 2011).
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Sekil 2.1. Amilolitik enzimlerin nisastay1 hidroliz sekilleri ve olusturduklari tirtinler

2.4.Alkalen a-amilazlar

Bir glukozid hidrolaz ve ticari olarak kullanilan ilk enzim olan a-amilaz bir endoamilazdir.
a-Amilaz enzimlerinin sentezi nisasta ya da daha diisiikk molekiil agirlikli oligosakkaritler
varliginda uyarilir. Bir nisasta molekiilii amiloz ve amilopektin olmak {izere iki adet glukoz
polimeri igerir. Amiloz, glukoz birimleri arasinda a-1,4-glukozidik bag ile baglanmasindan
olusan ve dallanma géstermeyen diiz bir yapida iken, amilopektin ise glukoz birimleri
arasinda o-1,4 baglantisina ek olarak ao-1,6-glukozidik dallanma bag noktalarini da
igcermektedir. a-Amilazlar nisasta molekiillerindeki amiloz zincirlerinin a-1,4 baglarina
gelisi glizel etki ederler (Sarikaya 1995, Caliskan 2011). Nisastanin hidrolizi sonucunda
ortaya ¢ikan iiriinler a-optik konformasyonu gosterdiginden bu enzimlere o-milazlar adi

verilmistir (Mac Gregor 1988, Caliskan 2011).

Endiistriyel alanda kullanilan o-amilazlar bitkisel, hayvansal ve mikrobiyal kokenli
olmakla birlikte, agirlikli olarak mikroorganizmalardan elde edilmektedirler. a-Amilaz
enziminin endistriyel iretimine ilk kez Japonya’da 1939 yilinda Bacillus subtilis
kullanilarak baslanmistir. 1970’1lerde ise B. subtilis ve B. licheniformis a-amilaz enzimi
dretimi i¢cin genis ¢apta kullanilmaya baslanmistir (Sarikaya 1995). a-Amilazlar gida,
tekstil ve farmasotik endistrilerinde yaygin olarak kullanilmaktadir (Malhotra et al. 2000).
Alkalen o-amilazlar ise pH 9.0-11.0 araliginda yiiksek katalitik etkinlik ve stabilite
gostermektedir (Burhan et al. 2003). Bu o6zellikleriyle nisasta ve tekstil endiistrisinde



yiiksek pH kosullarinda nisastanin hidrolizinde, deterjan endiistrisinde de bulasik makine

ve kuru temizleme deterjanlarinin igerigine eklenmektedirler (Burhan et al. 2003).

2.5. Tiirkiye’de Endiistriyel Biyoteknoloji: Enzim Pazan

Diinya genelinde mevcut endiistriyel enzim pazari, 1.4 milyar USD dolayinda tutarla yilda
%10’un iizerinde pazar ag1 artist ve %4-5 dolayinda satig artisi ile en yaygimn tiikketim
alanlarindandir. Gida, deterjan ve nisasta endiistrileri, endiistriyel enzim {iretiminin
%75’ini kullanmaktadir ve proteaz, amilaz, lipaz, seliilaz, pektinaz gibi hidrolazlar, en
yaygin kullanilan enzim gruplarindandir. Endiistriyel gelismenin gdstergesi olarak da bu
enzimlerin %60’1 rekombinant iriinlerdir. Bu da endistriyel uygulamalarin 6nemini
vurgulanmaktadir. Bu alanda her gilin yeni potansiyel kaynaklar aranmakta ve giindeme

gelmektedir (Cowan 1996, Topal et al. 2000).

Tiirkiye biiyiik bir biyoteknoloji iiriinleri tiiketicisi olan fakat biyo-girisimciler tarafindan
bu pazarin yeterince degerlendirilmedigi bir iilkedir. Tiiketicisi oldugumuz bu pazarin en
Oonemli alanlarindan birisini “enzimler” olusturmaktadir. Tiirkiye’nin yerli enzim arzi
hemen hemen yok gibidir. Enzimler farkli kategorilerde farkli isimler, sektorler ve
kalemler altinda yerli pazara girdikleri ve tiiketildikleri i¢in pazar hacminin biitiiniiniin tek
bir rakam halinde tespiti de miimkiin degildir, fakat en bilinen kadariyla bile tiiketimimiz

milyar dolarlar seviyesindedir (Ozer 2002).

Devlet Planlama Teskilati” nin 2001 yilinda yayinladigi Sekizinci Bes Yillik Kalkinma
Planinda yer alan Kimya Sanayi Ozel Ihtisas Komisyonu Raporu ve Yeni malzemeler Alt
Komisyonu Raporu’na gore 1999 yilinda enzim ithalati i¢in harcanan giderin, “Enzimler,

Mustahzar Enzimler” olarak belirtilen kalemde 22.532.319 $ oldugu agiklanmustir.

2000 yilinda TUSIAD tarafindan Tiirk sanayinin, rekabet giiciinii artirmas1 ve uluslararasi
ekonomik sistemde belirgin ve kalici bir yer edinmesini saglamaya yonelik olarak
hazirlanan, sektorel rekabet stratejileri raporlarindan “Uluslar aras1 Rekabet Stratejileri:
Biyoteknoloji” baglikli raporda, gida sektoriinde enzim, baslangi¢ kiiltiirii gibi birgok

biyoteknoloji {irlinlinlin yaygin olarak kullanildigi ancak bu alanda endiistriyel Ar-Ge



olmadigi, ¢linkii sektdriin biyoteknoloji girdilerinin ithal edildigi bildirilmistir. Tekstil ve
deri sanayisinde girdi olarak kullanilan enzimlerden bazilariin (6rnek; amilaz enzimi ve
alkalen fosfataz) tiretimini yapan ulusal tek sirketin Orba oldugu agiklanmistir. Sanayinin
bliylik miktarda girdisi, biiylik 6lgekli {liretimleriyle ¢ok ucuz iirlin iiretebilen ¢okuluslu

sirketlerden ithal edildigi belirtilmektedir.

Ulkemizde endiistriyel enzimlerin kullanilmas: bir¢ok alanda elzemdir. Tekstil enzimleri
Tirkiye’deki enzim tiikketiminin 6nemli bir boliimiinii olusturmaktadir. Tiirkiye’de tekstil
enzimleri, 6zellikle tagslama ve hasil sokmek amaciyla tonlarca tiiketilmektedir. Tekstilde
enzim kullanim1 sadece taslama ve hasil sokmekle kisitli degildir; bunlar sadece en gok

tikketilme amaclarindan ikisidir.

Ulkemizde cok tiiketilen baska bir enzim kalemi ise deterjanlarda kullanilan temizlik
enzimleridir. Bunlarin da pazari olduk¢a genistir. Enzimler, tiikettigimiz bir¢ok leke
cikaricinin ve deterjanin vazgecilmez malzemesidir. Enzimler dericilikte de ¢ok
tiiketilmektedir. Ozellikle derilerden kil ve yaglarin ayrilmasinda kullaniliyor olup, enzim

kaynag1 yine ithalatla saglanmaktadir.

Enzim sektoriinde doviz kaybimiza neden olan en 6nemli alanlardan bir bagkasi da yem
katki maddelerinde kullanilan enzimlerdir. Bunlar kiiltiir hayvanlarinin yemlerinin daha
verimli sekilde ete, yumurtaya, siite v.b. doniismesini sagladigi i¢in tavuk yeminden biiyiik
bas hayvan yemine kadar bircok yemin icine eklenmektedir. Bu konuda da yeterli
iiretimimiz yoktur. Yukarida sadece belli basli endiistriyel enzimlerden bahsedilmistir,
kozmetik ve tipta kullanilan yiiksek saflikta ve daha ince lretim gerektiren enzimler de

yine ithal edilmektedir (Ozer 2002).



2.6. Alkalifilik Bacillus Tiirleri

Carl Woese tarafindan 16 ve 18S rRNA dizilerinin karsilastirilmasiyla olusturulmus
smiflandirmaya gore Bacillus cinsi mikroorganizmalar Bakteri (Eubakteri) domani
icerisine dahil edilmistir (Woese and Wolfe 1985, Woese 1999). Bacillus cinsi
mikroorganizmalar Gram (+), spor olusturabilen, ¢ubuk seklinde, aerob veya fakiiltatif
aerob, katalaz pozitif mikroorganizmalardir (Claus and Berkeley 1986). 16S rRNA genine
ait dizi analizleri ile ilgili yapilan ¢alismalarda, Bacillus cinsinin olduk¢a genis bir

filogenetik heterojeniteye sahip oldugu goriilmistiir (Nazina et al. 2001).

Ekstrem kosullara adapte olmus mikroorganizmalar ekstremofiller olarak tanimlanmakta
ve bunlarin spesifik Ozellikleri, farkli yontemlerle yeni kullanim alanlarinin ortaya

¢ikmasina neden olmaktadir (Robertson et al. 1996). Alkalifilik mikroorganizmalar

alkalifiller ve alkalotoleranlar olmak iizere iki ana gruba ayrilmaktadir. Alkalifil terimi
optimum olarak pH 9.0°da gelisim gosterirken pH 10.0’un {izerinde gelisim gosterebilen
ancak pH 7.0 ve altindaki pH degerlerinde gelisim gosteremeyen mikroorganizmalar i¢in
kullanilmaktadir. Diger yandan alkalotolerantlar ise pH 10.0 gibi yiiksek alkalin kosullarda
gelisim gosterebilirken optimum olarak noétrale yakin kosullarda gelisim gdsterebilen
mikroorganizmalardir. Ekstrem alkalifiller terimi de iki gruba ayrilmis, fakiiltatif ve
obligat alkalifilleri tanimlamak i¢in kullanilmigtir. Fakiiltatif alkalifiller optimal olarak pH
10.0°da gelisim gosterirken notral pH’da da i1yi gelisim gosterebilmektedir. Ancak obligat
alkalifiller nétral pH’da gelisim gostermemeleriyle bunlardan ayrilmaktadir (Krulwich and

Guffanti 1983, Horikoshi 1999, Kumar and Takagi 1999).

Alkalifiller ayrica, mikroorganizmalar icerisinde alkalifiller ve haloalkalifiller olmak iizere
iki grubu da igermektedirler. Alkalifilik mikroorganizmalar alkali kisitlamas1 olmadan her
tiirli cevre kosulunda dagilim gostermektedirler. Ozellikle tuzlu su ozelligindeki tuz
golleri gibi su kaynaklart alkalifillerin biiyiik bir kismini olusturan haloalkalifillerin
habitatlarini olusturmaktadir. Tuzlu ve bazik 6zlellikteki ac1 sulu su kaynaklarinin yan sira
diinya iizerinde ¢ok az bulunan sodali topraklar, sodal gdller ve ¢oller genis cesitlilikte bu

mikroorganizmalar1 barindirmaktadir (Kumar and Takagi 1999).



Alkalifilik mikroorganizmalar etkin olarak pH 9.0 ve 11.0 aralifinda gelismektedir ve Na*
iyonlarma ihtiya¢ duymaktadirlar. Kemoosmotik Teori’ye gore, hiicrelerdeki proton ittirici
gii¢ elektron tasima zinciri veya ATPaz tarafindan ATP metabolizmasi ile H* ¢ikartilmasi
sonucu meydana gelmektedir. Na* bagl tasima sistemlerinde H" ile Na* degisimi Na'/ H”
antiporter sistemleri ile gerceklesmektedir. Boylece Na” ittirici gii¢ ile substratlar Na*

esliginde hiicre i¢ine alinmaktadir (Horikoshi 1999).

Hiicre ici pH ile hiicre dis1 pH nin dengelenmesinde hiicre zar1 ve hiicre duvari etkin rol
oynamaktadir. Sekil 2’ de pH 10.5 degerindeki dis ortamnin pH’sii 8.0 degerindeki i¢
ortama dengelemek i¢in hiicre ylizeyindeki hiicre zar1 ve hiicre duvar ile iki farkli bariyer
uygulandigt ve membran proteinlerinin transferde rol oynadigimi gosterilmektedir

(Horikoshi 1999).

Hiicre dig1 (pH 10.5)

.......................................
.......................................
................................

Negatif yiiklii
amino Hiicre yiizeyi
+ + asit Nat

A As i N\ /

~
3
| |
A
Na* Na*+ A

Hiicre i¢i (pH 7.5-8.5)

Sekil 2.2. Sitoplazmik pH regiilasyonunun sematik ifadesi

Bacillus cinsi mikroorganizmalar dogada olduk¢a yaygin olup, genetik olarak genis bir
heterojenite gostermektedirler. Yapilan taksonomik arastirmalarda, 16S rRNA gen

dizilemesine dayali filogenetik analizlerden alinan verilere gore, alkalifilik ve spor

olusturan _basillerin Bacillus cinsinin 16S rRNA genetik grup 6 igerisinde

smiflandirildiklar goriilmiistir (Yumoto et al. 2003). Alkalifilik Bacillus cinsi bakteri
tiirleri Cizelge 2.1.”de belirtilmistir.
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Cizelge 2.1. Alkalifilik Bacillus tiirleri

Alkalifilik Bacillus tiirleri

. alcalophilus

. cohnii

. agaradhaerens
. clarkii

. clausii

. gibsonii

. halodurans

. halmapAlus

. horikoshii

. pseudoalcalophilus
. pseudofirmus

U 0 0 0 0 0 0 W W W W W

. mojavensis

liging ve ekstrem &zellik gdstermeleri nedeniyle alkalifillerin kullanim potansiyelleri
bir¢cok endiistri alaninda artmistir. Alkalifiller tarafindan {iretilen endiistriyel enzimlerin
basinda alkalen proteazlar gelmektedir. Ticari proteazlarin ¢ogu Bacillus cinsi bakteriler
tarafindan nétral ve alkalin olarak tiretilmektedir (Kumar and Takagi 1999). 1971 yilinda
Bacillus sp. strain 221 tarafindan iretilen alkalen proteaz, alkalen enzim igeren ilk

calismadir (Horikoshi 1971).

Genel olarak proteaz iireticisi mikroorganizmalarin pek cogu toksik ve patojen Ozellik
gostermelerine ragmen bunlarin i¢inde az sayida bulunan toksik ve patojen olmayan
mikroorganizmalar ticari kullanim igin uygun goriilen proteaz fireticileridir (generally
regarded as safe; GRAS) ve Bacillus cinsine ait bakteriler alkalen proteaz iireticisi
bakterilerin basinda gelir. Bu cinse ait en ¢ok tercih edilen alkalen proteaz iireticisi tiirler B.
licheniformis, B. subtilis, B. amyloliquifaciens ve B. mojavensis’ tir (Kumar and Takagi
1999).
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Alkalen proteazlarin disinda alkalifiller tarafindan iiretilen endiistriyel dneme sahip pek
cok alkalen enzim bulunmaktadir. Bunlar; nisastanin parcalanmasinda kullanilan alkalen
amilazlar, siklodekstrinlerin iiretilmesinde siklomaltodekstrin glukanotransferazlar, kagit
endiistrisinin yan1 sira Ozellikle kuru temizleme endiistrisinde kullanimi 6nem kazanan
alkalen seliilazlar, deterjan endiistrisinde kullanilan bir diger enzim olan alkalen lipazlar,
sarap ve meyve suyu Uretiminde kullanilan alkalen pektinazlar, biyolojik atik gideriminin
kontroliinde ve gida endiistrisinde kullanilan alkalen kitinazlar endiistriyel boyutta 6nem
tasiyan alkalen enzimlerdir ve bu enzimlerin tiretiminde yine alkalifilik Bacillus tiirleri

tercih edilmektedir (Horikoshi 1999).

2.7. Bakteriyel Taksonomi

Taksonomi siniflandirma bilimi olup teshis ve adlandirma olmak tizere iki alt disiplin igerir.
Bakteriyel taksonomi, klasik anlamda fenotipik analizlere dayandirilir. Bunun yanisira
prokaryotlarin filogenisi genotipik analizlerden ortaya ¢ikarilir. Mikrobiyal taksonomistler
su an prokaryotik tiirlerin sayis1 hakkinda kesin bir tahmin yapamamakla birlikte daha
tanimlanmamis binlerce veya milyonlarca tiiriin var oldugu diistiniilmektedir. Su an
mevcut teknikler ile dogadaki prokaryotik cesitliligin sadece yilizeysel bir kismi kiiltiire
edilebilmektedir. Bu sebeple prokaryotik cesitliligi ortaya cikarmak i¢in daha gelismis
kiiltiirel ve molekiiler araglar kullanilarak yapilan ve yapilacak olan her calismanin bu

konudaki biiyiik bilgi eksigine katkida bulunacagi kesindir (Madigan and Martinko 2007).

Carl Woese tarafindan 16S ve 18S rRNA dizilerinin karsilagtirilmasiyla olusturulmusg
simiflandirmaya gore hiicresel yasam domeyn adi verilen ¢ temel soy tizerinden evrimlesir.
Buna gore Prokaryotik gruplar Bakteriler ve Arkeler’dir; dkaryotik domeyn Okaryotlar
olarak adlandirilir. Bu terimler yasamin tic domeynini temsil eder ki domeyn biyolojik
taksonlarin en {ist seviyesidir (Woese and Wolfe 1985, Woese 1999). Yeni bir tiir
genellikle pek ¢ok susun karakterizasyonu yapilarak tanimlanir. Mikrobiyolojide tiir
kavrami 6nemlidir, ¢iinkii izole edilmis suslara resmi bir taksonomik kimlik verir. Tiir

gruplar1 daha sonra cinsler (genera, tekili genus) altinda toplanir.

Molekiiler kriterlere gore yeni bir cins olusturmak, tiir kavramini degerlendirmekten daha

zordur ama bir organizmanun [6S dizisinin diger organizmalardan % 5 farklilik
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gostermesi (diger bir deyisle % 95 'den az dizi benzerligi), onun yeni bir cins oldugunu

gosterir. Cins gruplar aileler (families), aileler ordolar (orders), ordolar siiflar (classes)

ve simiflar da en yiiksek taksnomik seviye olan domeynler igerisinde toplanirlar (Madigan
and Martinko 2007).

Genel olarak bakteriyal taksonomi iic ana baslikta gruplandirilabilmektedir; Klasik

Taksonomi, Kemotaksonomi ve Molekiiler Taksonomi.

2.7.1. Klasik taksonomi

Bakteriyel taksonomi, klasik anlamda fenotipik analizlere dayanir. Bunlar bir organizmanin
neye benzedigi, enerji metabolizmasi, enzimleri ve diger 6zelliklerini kapsar. Her ne kadar
prokaryotlarin filogenisi genotipik analizlerden ortaya c¢iksa da, fenotipik analizler
bakteriyel teshis ve siniflandirmada 6nemli bir rol oynamaya devam etmektedir. Klasik
bakteriyel taksonomide pek ¢ok fenotipik karakter degerlendirilir ve elde edilem veriler,
organizmalari tiirden domeyne kadar olan taksonomik basamaklarda gruplandirmak igin
kullanilir (Madigan and Martinko 2007). Bu amagla kullanilan taksonomik degere sahip

karakterler morfoloji, beslenme ve fizyoloji ile habitatdir.

Bir organizmayi tanimlamak i¢in arastirici, genelden 6zele kadar pek ¢ok fenotipik 6zelligi
degerlendirmelidir. Klasik taksonomide incelenen ozellikler Sekil 2.3.’de Ozetlenmistir.
Bireysel karaktere 6zgii ¢ok sayida verinin toplanmasiyla, muhtemel organizmalarin listesi
kesin bir teshis yapilana kadar smirlandirilmis olur (Tindall et al. 2010). Klasik
taksonomide incelenen oOzellikler Mikroskobik Morfoloji, Makroskobik Morfoloji,

Fizyolojik ve Biyokimyasal Ozellikler’ dir.
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Mikroskobik

Morfoloji

eHiicre biiyiikligi
(genislik ve
uzunluk)
*Genel sekil (kok,
basil,vs.)
eFilamentler
¢Gram reaksiyonu
eHareket
eFlagellanin tipi
eSpor icerigi
eSpor sekli ve
pozisyonu
«Siskin spor
eSpor fotomikrografi

Makroskobik
Morfoloji

eKullanilan gelisme
ortami

«Kiiltiir kosullar
(s1caklik, pH, tuz,
inkiibasyon siiresi)

¢Koloni ¢ap1

*Koloni sekli

eKoloninin dikey
yuksekligi

eKoloni kenarlarinin
sekli

+Koloni rengi

eKoloninin ytizey
dokusu

eKoloninin
yogunlugu ve
besiyerine adherens
ozelligi

2.7.1.1. Mikroskobik morfoloji

Fizyolojik
Ozellikler

Onerilen besiyeri
ortami

*Gelisme gosterdigi
optimum-minimum-
maksimum sicaklik
degerleri

*Gelisme gosterdigi
optimum-minimum-
maksimum pH
degerleri

+Oksijen ihtiyaci
(aerobik, anaerobik,
fakiiltatif
aerobik/anaerobik)

«Tuz toleransi

eKatalaz

¢Oksidaz

eBilinen diger
nutrient
gereksinimleri

Sekil 2.3. Klasik taksonomide incelenen 6zellikler

Biyokimyasal

Ozellikler

eKarbohidratlardan asit
ve gaz iiretimi (D-
glukoz, L-arabinoz, D-
mannitol gibi)

eKazein, jelatin ve
nisastanin hidrolizi

e Eskiilin ve iire hidrolizi

e Nitratin rediiksiyonu

¢ Arjinin dihidrolaz

o Sitrat kullanimi

eKarbon kaynagi olarak
propionat ve diger
organik asitlerin
kullanim1

eKarbon kaynagi olarak
amino asitlerin
kullanim1

eKarbon kaynagi olarak
karbohidratlarin
kullanim1

e Lesitinaz reaksiyonu

e Triptofandan indol
uretimi

Bir mikroorganizmanin teshisi sirasinda aydinlik alan mikroskobundan ¢ok daha ayrintili

ve yliksek rezoliisyon saglayan faz kontrast mikroskopta 1000X biiyiiltmede vejetatif

hiicreler, varsa spor yapilar1 ve hiicrelerin hareket 6zelligi incelenmelidir. Vejetatif

hiicrelerin incelenmesi i¢in 18-24 saatlik kiiltiirlerden alinan numuneler kullanilmalidir.

Hiicre duvar1 kompoziyonu analiz edilse bile Gram reaksiyonu ile énemli tanisal sonuglar

elde edilebilmektedir. Bu nedenle, Oncelikli olarak hiicrelerin Gram reaksiyonlari

gerceklestirilmelidir. Bunun disinda faz kontrast mikroskop ile de hiicre biiyiikliigi, hiicre

sekli, zincir olusturma yapilari ve hareket yetenekleri incelenmelidir (Logan et al. 2009).

14



2.7.1.2. Makroskobik morfoloji

Tir igerisinde ve tilirler arasinda genis cesitlilikte koloni morfolojisi ¢esitliligi mevcuttur.
Kolonisel tanimlamalar cap, genel yiizey sekli, tiimseklik gosterip gostermemesi, koloni
rengi, besiyeri ortamina koloninin tutunma o6zelligi incelenebilmektedir. Hiicrelerin
morfolojik yapilarini besiyeri icerigi ve inkiibasyon kosullart etkileyecegi i¢in uygulanan

kiiltiir kosullar1 da ayrica belirtilmelidir (Logan et al. 2009).

2.7.1.3. Fizyolojik ve biyokimyasal o6zellikler

Bergey’s Manual of Systematic Bacteriology kitabi, 1923’den bu yana mikrobiyologlar
tarafindan yaygin olarak kullanilmaktadir ve tiim bilinen prokaryotik tiirlere ait 6zet
bilgiler iceren ciltlik bir ansiklopedi seklindedir. Bir uzman tarafindan yazilmis her boliim
tablolar, sekiller ve teshis etmede kullanilabile cek diger sistematik bilgileri igerir.
Bergey’s Manual’in 1. Cildinin ikinci baskist 2001 yilinda, 2. Cildi ise 2005 yilinda
basilmuis, ii¢ yeni ilave cilt ise 2007 yilinda basilmistir. Bergey’s Manual’1n ikinci baskist,
ribozomal RNA dizilemesi ve genomik g¢alismalarin bol miktarda fenotipik bilgi ile
harmanlandig1 pek ¢ok kavrami icine alir. Bu kitapta yer alan testler laboratuvar ortaminda
hazilanan manuel besiyerleri kullanilarak gerceklestirilebilecegi gibi ticari olarak da temin

edilebilen kitlerle de gergeklestirilebilmektedir.

Bakterilerin fizyolojik ve biyokimyasal 6zelliklerinin incelenebildigi, ticari olarak satilan
bu kitler yaygin olarak kullamlmaktadir. Ozellikle Bacillus cinsi bakterilerin
tanimlanmasinda API 20E ve SOCHB sistemleri ile VITEK sistemleri 6nerilmektedir. Bu
ticari sistemlerin igerdigi besiyeri ortamlar1 laboratuvarda manuel olarak da
hazirlanabilmektedir. Ancak laboratuvarlar arasindaki farkliliklarin minimalize edilmesi
igin ticari kitlerin kullanilmas1 daha uygundur. Ozellikle yeni bir taksanin tanimlanmasinda
“geleneksel” olarak adlandirilan fizyolojik ve biyokimyasal karakterlerin incelenmesi

elzemdir (Logan et al. 2009).

Mikroorganizmalarin teshisinde kullanilan bazi1 biyokimyasal testler; Kazein, sitrat, nisasta,

tirozin, jelatin, tire kullanimi, metil kirmizist testi, Voges-Proskouer testi, H,S ve indol
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liretimi, nitratin nitrite indirgenmesi, nitrattan gaz olusumu, sekerlerden asit olusumu
(maltoz, D-fruktoz, laktoz, glukoz, glukozdan gaz olusumu, D-(+)-galaktoz, siikroz,
raffinoz vs), sicaklik ve pH istegi, NaCl’e tolerans, lizozime direng, antibiyotik
direnglilikleri, plazmid DNA igerikleri gibi, mikroorganizmanin gelisim kosullari, besin

ihtiyaglari, fizyolojik 6zelliklerini inceleyen testlerdir.

2.7.2. Kemotaksonomi

Kemotaksonomi hiicredeki bir veya da daha yapi tasinin molekiiler analizini kapsar.
Kemotaksonomik parmakizi teknikleri Sekil 2.4.’de verilmistir. Rutin olarak kullanilan
kemotaksonomik  yOntemlerin  basinda  lipid  profillerinin  ¢ikarimast  gelir.
Kemotaksonomik parmakizi teknikleri ile yag asiti metil ester (fatty acid methyl esters;
FAME) profilleri, toplam hiicre protein profillerinin PAGE analizi, polar lipid analizi,
kuinon igerigi, hiicre duvari diamino asit igerigi, piroliz kiitle spektrometrisi, Fourier-
transform infrared spektroskopi, Raman spektroskopi ve MALDI-TOF kiitle
spektrometresi kullanilmaktadir (Logan et al. 2009). Kemotaksonomik tekniklerden
FAME ve SDS-PAGE ile ilgili bilgi, boliim 2.7.2.1 ve 2.7.2.2°de verilmistir.

2\

i yag asiti metil

ester (fatty acid |
methyl esters; |
FAME) profilleri /
Kemotaksonomik \
parmakizi

teknikleri

/ toplam hiicre

{ heedmEm ) i \
licre T | rotein |
dlai“:::‘i? asit | pr(l))ﬁllerinin |
cerigi, / PAGEanalizi |

Sekil 2.4. Kemotaksonomik parmakizi teknikleri
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2.7.2.1. Yag asiti tiplerinin ve oranlarinin karakterizasyonu (FAME)

Bakteriyel smiflandirmadaki yaygin yontemlerden biri hiicrelerin  sitoplazmik

membranlarindaki ve dis membranlarindaki lipitlerde bulunan yag asiti_tiplerinin_ve

oranlarimin karakterizasyonudur. Bu teknik yag asiti metil ester (fatty acid methyl

esters; FAME) profilleri olarak adlandirilir. Prokaryotlardaki yag asiti igerikleri oldukga
cesitlilik gosterip, bu degisiklikler yag asitinin zincir uzunlugu, ¢ift bag, halka yapisi,
dallanmis zincirler veya hidroksil gruplar icerip igermemesi gibi farkliliklar1 kapsar. Bu
nedenle yag asiti profili genellikle belirli bir bakteri tiiriinii teshis edebilir (Madigan and
Martinko 2007).

FAME analizi tanimlama i¢in ticari datalarin oldugu tek kemotaksonomik tekniktir. Bu
teknigin dez avantaji uygulanan protokollerin gelisimve diger kosullarin tam anlamiyla
standardize edilmis olmasini gerektirmesidir. Bir organizmanin yag asiti profilli; sicaklik,
bliyime faz1 (iissel veya duraklama) ve gelistirilen besiyerine gore degisiklik
gostermektedir. Tutarli sonuglar almak igin, karsilastirmak istenilen bilinmeyen

organizmayi, veritabaninda yag asiti profilleri kayitli olan organizmalarla ayni kosullarda,

yani_belirli_bir besiyerinde ve sicaklikta gelistirmek sarttir. Ozellikle asidofil, alkalifil,

halofil ve termofil gibi ekstremofillerin gelismesi i¢in 6zel gelisme kosullarina ihtiyag
duyuldugu icin bu organizmalarin tanimlanmasinda ticari sistemlerin kullanilmasinda
sikintilar ortaya ¢ikmaktadir. Pek ¢ok mikroorganizma i¢in bu miimkiin olmadigindan,
FAME analizleri sadece belirli kosullarda gelistirilebilen organizmalar ile smirlidir
(Madigan and Martinko 2007).

Ancak, bir¢ok polar lipid tanimlanmis olmasina ragmen yapisal olarak heniiz karakterize
edilmemistir. Bu dezavantaj bu analizin dnemini azaltmamaktadir. iki boyutlu ince tabaka
teknigi ile biitlin lipitler gosterilebilmektedir. Polar lipitlerin taksonomik Onemi yeni
tanimlanan Ornithinibacillus ve Viridibacillus gibi cinslerde ortaya koyulmustur. Bu
nedenle son yillarda taksonomik siniflandirmada polar lipidlerin analizi de elzem analizler

arasina girmistir (Logan et al. 2009).
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2.7.2.2. Toplam hiicre protein profillerinin SDS-PAGE ile analizleri

Genom proteoma kiyasla degismezken, proteom oldukga yliksek bir dinamizme sahiptir.
Bu dinamizm, hiicrenin ¢evresel kosullardan, cesitli stres durumlarindan etkilenmesine
bagli olabilecegi gibi, hiicrenin saglikli olup olmamasi ile fizyolojik durumundan da
kaynaklanabilmektedir. Bununla birlikte, farkli ortam kosullar1 altinda genom igerigi ayni

olsa bile farkli organizmalarin farkli proteomlar1 olmasi muhtemeldir (Reddy et al. 2008).

Proteom ¢alismalar1 ile belirli kosullar altinda biitiin bir organizmanin, 6zel bir dokunun
veya herhangi bir hiicresel kismin proteinlerindeki degisiklikler belirlenebilmektedir.
Elektroforetik ayrim ve proteinlerin analizi bakterilerin ayrilmasinda ve tanimlanmasinda
kullanilan 6nemli bir metottur. Tek boyutlu poliakrilamid jel elektroforez metotlar: ile
cesitli tiirlerden elde edilen protein profilleri bu tiirlerin ayrilarak taksonomik iliskilerinin
ortaya ¢ikartilmasinda kullanilmaktadir (Jackson et al. 1984). Bacillus cinsi bakterilerin
siiflandirilmasinda toplam hiicre proteinlerinden de faydalanilmaktadir. Bu gup
bakterilerin teshisinde, sporulasyon 6ncesi ve sporulasyon sonrasi protein profilleri SDS-

PAGE ile molekiil agirliklarina gére tek boyutlu olarak belirlenmekte ve elde edilen

protein bantlar1 dikkate alinarak siniflandirma gergeklestirilmektedir (Vauterin et al. 1991,
Berber et al. 2003).

SDS-PAGE ile bakteriyel protein profil analizi 1980’lerden bu yana bakterilerin
siiflandirilmasi, tanimlanmasi, tiplendirilmesi ve karsilastirilmasinda uygulana bir teknik
olmasimin yam sira diger tiplendirme metotlar1 ile tanimlanamayan mikroorganizmalarin
tanimlanmasinda kullanilmaktadir (Kustos et al. 1998, Pfaller 1991). Bu teknik ile

bakterilerin protein profillerinin kiyaslanmasiyla ozellikle tiir ve alt tiir taksonlar icin

ayirim saglanabilmektedir. Ayrica, SDS-PAGE ile ayirim sonucunda bir veya birkag
yogun protein bandinin sayisi ve molekiiler agirliginda saptanabilecek degisim, bir tiire ait
suglarin farkli bir sinifa dahil edilmesine sebep olabilmektedir. (Vandamme et al. 1996).
SDS-PAGE ile elde edilen protein profillerine gore yapilan analiz sonuglar, DNA-DNA
hibridizasyonu gibi taksonomideki Onemli analizlerden alinan sonuglarla uygunluk

gostermektedir (Vauterin et al. 1990, Niemi et al. 1993, Berber et al. 2003).
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2.7.3. Molekiiler taksonomi

Islevsel olarak benzer (homolog) makromolekiillerin niikleotid ve amino asit dizisindeki
farkliliklar, evrimsel wuzakliklarinin bir sonucudur. Pek ¢ok gen ve proteinin molekiiler
kronometreler oldugu ileri siiriilmektedir. Ancak bunlar arasindan ribozomal RNA’lari
kodlayan genler, translasyonel sistemdeki temel bilesenler, ATPaz proteinleri, ATP
sentezleyen veya hidrolizini yapan enzim kompleksleri, genetik rekombinasyona yardimci
olan RecA enzimi ve belirli translasyonel proteinler mikroorganizmalar hakkinda en gok
kabul edilebilir filogenetik bilgiyi edinmemizi saglamiglardir. Bu molekiillerin hepsi, ilkel
hiicrelerde bile gereklidir ve bu sebeple onlarin gen dizilerindeki varyasyonlar, evrimsel

ge¢mislerini daha derinlemesine incelememize olanak saglar (Logan et al. 2009).

Molekiiler taksonomide kullanilan yontemler niikleik asitler iizerinden gergeklestirilen

rezoliisyonu yiiksek tekniklerdir (Sekil 2.5).

Niikleik Asit
Teknikleri

) i DNA .
LospRNAeeni ITS MLST/MLSA DU %G+C igerigi Parmakizi iimjsenom
dizi analizi hibridizasyonu teknikleri dizi analizi

Sekil 2.5. Molekiiler taksonomide uygulanan teknikler
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2.7.3.1. 16S rRNA geni dizi analizi

16S ribozomal RNA Prokaryotlarda ribozomlarin kii¢iik alt birimi olarak gérev yapan
bliyiik poliniikleotitler (~1500 baz) olup, dizilimi evrimsel bilgi edinilmesinde kullanilir.
16S rRNA gen dizisi modern bakteriyel taksonominin filogenetik temelini olusturmasi
nedeniyle bu gen dizisinin referans suslarin dizileriyle Kkarsilagtirilmast elzemdir.
Karsilastirmali ribozomal RNA dizilemesi giiniimiizde rutin olarak uygulanan bir
yontemdir. 16S rRNA’y1 kodlayan genin ¢ogaltilmasi, dizilemesi ve dizinin diger referans

dizilerle analizini kapsar.

Ribozomal RNA dizilerinin elde edilmesi ve filogenetik agaglarin olusturulmasi,
molekiiler biyoloji ve bilgisayar analizlerinin beraber yiiriitiilmesi sonucu su an oldukca
rutin hale gelmistir. Yeni bulunan diziler, RDP’deki veya GenBank (Amerika), DDBS
(Japonya) ve EMBL (Almanya) gibi diger genetik veri tabanlarindaki mevcut dizilerle
karsilastirilabilir. Daha sonra agag¢ olusturan bir algoritma kullanarak dizilerin tabiatinda
olan evrimsel bilgiyi en iyi sekilde ifade eden filogenetik bir agag ¢izilebilir (Madigan and
Martinko 2007).

Karsilagtirmali ribozomal RNA dizilemesinde kullanmak amaciyla dizi analizleri i¢in ¢ok
cesitli algoritmalar ve filogenetik aga¢ olusumlar1 gelistirilmistir. Hangi programin
kullanilacagina bakilmaksizin ilk yapilmasi gereken ham dizi verilerinin, daha &nce
siralanmig dizilerle bir dizi editorii yardimi ile siralanmasidir. rRNA’larin hepsi tamamen
ayni uzunlukta degildir. Bu sebeple siralama esnasinda bir dizinin digerinden daha kisa
oldugu bolgelerdeki gerekli bosluklar doldurulmalidir. Siralanmis diziler daha sonra bir
agac olusturma programina taginarak karsilastirmali analizleri yapilir (Sekil 6).
Organizmalarin evrimsel iligkisini cevaplandirmak i¢in sonu¢ olarak tek bir filogenetik
agac yeterli degildir. Olusturulan herhangi bir agac, bir grubun dogru olarak filogenisine

sadece yakin bir tahmin olarak diisiiniilebilir.

16S ribozomal RNA dizisinde, diger tiim organizmalardan %3’den fazla farkhhk

gosteren bir prokaryotun (diger bir deyisle veri tabanindaki diger tiim dizilere %97’den az
benzerlik gosteren) yeni bir_tiir oldugu diisiiniilebilir. Bu rastgele secilmis bir rakam
degildir. Bu Oneriyi destekleyen en 6nemli gozlem, 16S rRNA dizisinde %97’den az

20



benzerlik gosteren iki prokaryotun_genomik DNA’larinin genelde %70’den az hibridize

oldugudur. Minimal bir deger bulundugunda ise iki mikroorganizmanin ayni tiir olduklari

diisiiniiliir. 16S rRNA gen dizilerinin karsilastirilmasi filogenetik iliskiyi en_azindan cins

seviyesinde belirlerken bazi durumlarda tiir seviyesindeki simniflandirmalarda evrimsel

olarak oldukga iyi korunmus olmasi nedeniyle yeterli ayrimi saglayamamaktadir (Madigan

and Martinko 2007).

EMBL/GenBank/DDBJ gibi veri tabanlarindan bu giline dek ortaya ¢ikartilmis bakteriyel
16S rRNA gen dizilerine ulasilabilmektedir. Ancak yine de herkese acik olan bu veri
tabanlarindaki verilerin kalitesi kontrol edilmelidir. Bu nedenle SILVA, Living Tree

Project, EzTaxon gibi veri tabanlarindan diziler ayrica kontrol edilmelidir (Logan et al.

2009).

2.7.3.2. ITS (Internal Transcribed Spacer) Bolgeleri

16S-23S internal transcribed spacer (ITS) bolgeleri (Madigan and Martinko 2007, Sekil
2.6.), evrimsel olarak olduk¢a korunmus olan 16S rRNA gen dizilerine gore daha fazla
cesitlilik icerebilmektedir. Bu nedenle ITS-PCR parmak izi teknigi tiir i¢i iligkilerin ortaya
koyulmasinda uygulanan bir diger niikleik asit temelli tekniktir (Logan et al. 2009). Ayrica,
16S ve 23S rRNA genetik lokuslarinin arasinda bulunan ITS (intergenic transcribed
spacers) bolgesi, bakterileri tiir ve alt tiir seviyesinde ayirmaya yarayan, bakteri tiirline
gore Ozgiillik gosteren ve literatiirde sik kullanilan PCR temelli bir yontemidir. ITS
bolgesindeki polimorfizmin sebebi, say1 ve dizi acisindan farklilik gdsteren ve birden fazla
ribozomal operon igeren tRNA genlerinin varligidir (Daffonchio et al. 2003). Bu
polimorfizm, Flint et al. (2001), Daffonchio et al. (2003), Freitas et al. (2008), Manachini
et al. (2000) ve Cihan et al. (2011) gibi arastiricilarin yapmis oldugu 6nceki ¢alismalarda,
yakindan iligkili Bacillus tiirler arasindaki genotipik c¢esitliligin ortaya c¢ikarilmasinda

kullanilmistir.
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Sekil 2.6. Prokaryotlardaki 30S ribozomal RNA ve alt birimleri

2.7.3.3. Cok lokuslu dizi tiplendirmesi/analizi (MLST/MLSA)

Evrimsel olarak yiiksek derecede korunmus olan housekeeping genler ya da protein
kodlayan diger genler 16S rRNA gen dizisine gore daha yiiksek rezoliisyon
saglayabilmektedir. 16S rRNA gen dizisi analizlerindeki kisitlamalardan biri de,
analizlerin sadece tek bir gen iizerine odaklanmasidir. Cok lokuslu dizi tiplendirmesi ve
dizi analizi (MLST ve MLSA), bu sorunun listesinden gelir ve bir tiir igerisindeki suslarin
karakterizasyonunda kullanilan yararli bir tekniktir. Bu metotlarla birbiriyle yakin akraba
tiirlerin ayrilabilmesi igin primer ciftleriyle amplifiye edilebilecek kadar korunmus, biitiin
tiirlerde bulunan ve hizli evrimlesme gostermeyen genler iizerinden analiz yapilmaktadir.
Bu nedenle birbirinden wuzak akraba taksonlarin siniflandirilmasinda bu metot
uygulanamamaktadir. MLSA’da kullanilan genler tek kopya olmalidir ve rekombinasyonla
secici avantaj saglayan genler (viriilens genler ve antijen kodlayan genler gibi) ya da bagh
genler olmamalidir. Bakteriyel housekeeping genlerin dizilerine GenBank , TaxonGap ve

Multilocus Sequence Typing veri tabanlarindan ulasilabilmektedir (Logan et al. 2009).
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2.7.3.4. DNA baz kompozisyonu; % G+C icerigi

Bir organizmanin genomik DNA’sindaki GC oram, taksonomik sonuglar1 yorumlarken
kullanilan aydinlatict 6zelliklerden biridir. GC orani bir organizmanin, DNA’sindaki
guanin ve sitozin bazlarini iceren toplam niikleik asit yiizdesi olarak tanimlanir. Bu oran,
DNA’nin erime sicakliginin 6l¢iimii veya kromatografi yontemleri gibi ¢esitli yontemlerle
belirlenebilir. GC orani oldukea cesitlilik gosterip, prokaryotlar arasinda bilinen en diisiik
degeri %20 iken en yiiksek degeri yaklasik %80 kadardir. Bu oranlar dkaryotlarda biraz
daha dar bir araliktadir.

Cok cesitli organizmalara ait DNA baz igerikleri belirlenmis olup, bir organizmanin GC
oran1 bilgisi duruma bagli olarak énemli bir veri olabilir. Ornegin iki organizmaya ait GC
oranlar1 benzer olabilir, ancak hem taksonomik hem de filogenetik acidan birbirlerinden
oldukga farklilik gosterebilirler, ¢iinkii DNA’daki tek bir baz icerigi ile baz dizisinde
cesitlilik goriilmesi miimkiindiir. Bu durumda benzer GC oranlari1 taksonomik agidan bir
anlam ifade etmez. Bu durumun aksine, iki organizmanin GC oranlarmin yaklagik
olarak %>5’den fazla farkliik gostermesi, sadece bir ka¢ ortak DNA dizisi
paylasabilecekleri anlamina gelir ve bu nedenle birbirleriyle yakin iliskide olma ihtimalleri

de diiser (Madigan and Martinko 2007).

2.7.3.5. DNA:DNA hibridizasyonu

Genomik hibridizasyon, iki DNA arasindaki dizi benzerliginin derecesini 6lger ve rRNA
dizilemesinin ayirim saglayamadigi durumlarda ¢ok yakin iliskiye sahip organizmalarin
ayirt edilmesinde kullanilir. DNA:DNA hibridizasyonu, iki organizmanin genlerindeki
kiiglik farkliliklart ortaya ¢ikarmakta kullanilan hassas bir yontemdir ve bu sebeple yakin
akraba olan organizmalar1 ayirt etmede kullanilir. Taksonomik calismalarda kullanilan
genomik hibridizasyon aslinda SSU ribozomal RNA dizilemesi ve fenotipik analizlerinin,
iki farkli tiir oldugundan siiphelenilen organizmalar arasinda belirgin bir farklilik ortaya

koyamadig1 durumlarda kullanilir.

Iki organizmanin ayni taksonomik dereceye sahip oldugunu géstermek igin, iki DNA

arasindaki hibridizasyon miktarinin ne kadar olmasi gerektigi hakkinda kesin bir kural
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yoktur. Yine de iki organizmanin ayni tiir oldugunu soylemek icin %70 veya iizerindeki

hibridizasyon degerlerine sahip olunmasi Onerilir. Bunun aksine iki organizmayi aymi

cinse _dahil etmek icin, %25’den daha diisiik hibridizasyon degerleri gereklidir. Ornegin;

birbiriyle iliskili olmayan Clostridium (gram pozitif) ve Salmonella (gram negatif) gibi
farkli organizmalara ait DNA’larin hibridizasyonu ise sadece %10 veya daha az bir

hibridizasyon seviyesi gosterecektir (Madigan and Martinko 2007).

2.7.3.6. Tiim genom dizi analizleri

Ik kez 1995 yilinda Haemophilus influenzae’nin genomu sekanslanmistir. Birgok bakteri
genomunun sekanlanmasiyla elde edilen dizilerin kamuya agik veritabanlarindan ulasilir
hale gelmesiyle, bakteri tiirlerinin evrimsel iligkilerinde genom sekanslarinin
kullanilmasina olan ilgi giderek artmaktadir. Bakterilerin filogenetik iliskilerini 16S rRNA
ve housekeeping genler gibi tek bir gen iizerinden arastirilmasi yerine tim genomun
dizileri iizerinden arastirilmasi yeni nesil sekans teknolojileri ile daha cazip hale

gelmektedir.

Tiim genom analizlerinden elde edilen verilerle de korunmus genler incelenmekle birlikte,
ortolog genlerin ya da gen ailelerinin, spesifik protein katlanmalarimin, korunmus

insersiyon ve delesyonlarin varhigi va da yoklugu, aminoasit kompozisyonundaki

farkhihklar ve genomlardaki niikleotid kompozisyonu incelenerek kesin olarak
filogenetik ve taksonomik sonuglar elde edilmektedir. Tim genom sekans analizi,
bakteriyel taksonomide uygulanan en ileri teknikdir. Bu teknikten elde edilen verilerin

Onemi yeni ¢alismalarla her gegen giin ortaya koyulmaktadir (Logan et al. 2009).
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2.7.3.7. Niikleik asit parmakizi teknikleri

Genellikle bu teknikler tiir ve alt tiir seviyesinde bilgi saglamaktadir (Logan et al. 2009).
Bakteriyel taksonomide uygulanan niikleik asit parmak izi teknikleri; Amplified fragment-
length polimorfizim (AFLP) analizi, Pulsed field gel electrophoresis (PFGE) sonrasi
gerceklestirilen makrorestriksiyon analizi, Random amplified polymorphic DNA (RAPD)
analizi, Genomda dogal olarak ve c¢oklu kopyalar halinde bulunan korunmus tekrar
dizilerini ¢ogaltan repetitive element-primed PCR (GTGs-PCR), Tekrar eden ekstragenik
palindromik PCR (REP-PCR), Enterobakteriyel intergenik tekrar eden konsensus dizilerin
PCR’1 (ERIC-PCR), BoxA elementinin ¢ogaltildigi BOX-PCR, Ribotiplendirme ARDRA
Analizi (Amplified rDNA Restriction Analysis). Bu tekniklerden REP elementleri ve
Ribotiplendirme ile ilgili bilgi, béliim 2.7.3.7.1 ve 2.7.3.7.2°de verilmistir.

2.7.3.7.1. REP (Repetitive Extragenic Palindromic) elementleri

BOX ve (GTG)s gibi REP elementleri, prokaryotik genomlarda evrimsel olarak korunmus
tekrar dizileri olarak bilinir ve PCR temelli genomik parmak izi (REP-PCR) analizlerinde
oligontikleotid baglanma bdlgesi olarak kullanilabilirler. Rep-PCR analizinin yukarida s6z
edilen diger parmak izi analizlerinden en dnemli farki bakterinin tiim genomundaki tekrar
bolgelerinin taranmasina izin vererek suslarin tiir ve alt tiir seviyesinde ayrilmasina olanak
saglamasidir (Versalovic et al. 1994). Box ve (GTG)s elementlerinin Bacillus cinsi
bakterilerin taksonomik siniflandirilmasindaki etkinligi bir ¢cok arastirilmada gosterilmistir

(Heyrman et al. 2003, De Clerck et al. 2004a, Freitas et al. 2008, Logan et al. 2009).

2.7.3.7.2. Ribotiplendirme (ARDRA Analizi; Cogaltilmis rDNA restriksiyon analizi)

Cogaltilmis ribozomal DNA restriksiyon analizi (ARDRA) genellikle DNA
polimorfizmini temel alarak mikrobiyal cesitliligin arastirilmasinda kullanilmaktadir (Deng
et al. 2008). Bu teknik 16S rRNA geninin PCR ile g¢ogaltildiktan sonra restriksiyon
endoniikleaz enzimleriyle kesiminin ardindan elde edilen fragmentlerin agaroz ya da
akrilamid jellerde ayrilmasini temel almaktadir. Elde edilen bant profilleri ile arastirilan

topluluk genotipik olarak gruplandirilmaktadir (Tiedje et al. 1999). 16S rRNA genine ait
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dizi analizleri ile ilgili yapilan ¢alismalarda, Bacillus cinsinin olduk¢a genis bir filogenetik
heterojeniteye sahip oldugu goriilmiistiir (Nazina et al. 2001). Ozellikle ayn1 cinse ait
benzer bakteriler hakkinda olduk¢a fazla bilgiye sahip olmak, onlarin dogru olarak
siniflandirilmasinda biiyiik 6nem teskil etmektedir. Niikleik asit parmak izi tekniklerinden
biri olan ARDRA analizinin Bacillus cinsine ait bakterilerin genotipik olarak
gruplandirilmasinda etkinligi bir ¢ok arastirmada gosterilmistir (Logan et al. 2002,

et al. 2004, De Clerck et al. 2004b, Wu et al. 2006, Sass et al. 2008).
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3. MATERYAL ve YONTEM

Bakteri izolasyonu ve kiiltur
stogundaki izolatlarin
aktiflestiriimesi

pH 9.0 ve 10.0’luk Skim
Milk Agar’a ekim-kalitatif

aktivitesinin belirlenmesi

olarak alkalen proteaz

Klasik taksonomi
teknikleriyle siniflandirma

A 4

Molekuler taksonomi
teknikleriyle siniflandirma

Hucre disi enzim aktivitesinin, pH 9.0
ve 10.0’luk Glisin-NaOH tamponuyla
mikroplate okuyucuda él¢gimu-
Kantitatif olarak alkalen proteaz
aktivitesinin belirlenmesi ve izolatlarin
enzim uretim kapasitelerine gore
dizinlerinin olugturulmasi

VW

analizi |

16S rDNA dizi

ITS-PCR | REPACK |
Niikleik asit parmak Box-PCR |
izi teknikleri
ARDRA analizi

(ribotiplendirme)

Toplam hucre protein profilinin SDS-
PAGE ile belirlenmesi

Taksonomik verilerin
yorumlanmasi

Sekil 3.1. Tez kapsaminda gerceklestirilen deneylerin akis semasi

27



3.1. Materyal
3.1.1. Standart Bacillus Suslari

Alkalen proteaz aktivitesine sahip Bacillus licheniformis DSM 13, Bacillus coagulans
DSM 17, Bacillus subtilis ATCC 6633, Bacillus alcalophilus DSM 485", Bacillus subtilis
DSM 1971, Bacillus clausii DSM 8716, Bacillus cohnii DSM 6307, Bacillus horikoshii
DSM 8719", Bacillus gibsonii 87227, Bacillus agaradhaerens DSM 87217, Bacillus
halodurans DSM 497" ve Bacillus pseudalcaliphilus DSM 8725 olmak iizere toplam 12

standart sus calismaya dahil edilmistir.

3.1.2. Alkalifilik Bacillus izolatlar

Tez kapsaminda; Hazar Goli (Elaz1g), Sulu Ada (Antalya), Tuz Golii (Aksaray), Burdur
Golii (Burdur), Avlan Go6li (Antalya), Kiikiirtlii Su (Antalya), Burgug Sifali Su Kaynagi
(Antalya), Giivercinlik Magarasi (Konya), Kirikkale ve Kastamonu’dan alinan su ve toprak

numunelerinden Gram pozitif, endospor olusturan basil seklindeki bakteriler izole

edilmistir. Bunun yan1 sira, A.U. Fen Fakiiltesi Biyoloji Boliimii Temel Mikrobiyoloji
Laboratuvart kiiltiir stoklarinda bulunan ve degisik kaynaklardan izole edilmis alkalen

proteaz treticisi Gram pozitif, endospor olusturan basil izolatlari da arastirmaya dahil

edilmistir.

3.1.3. Besiyerleri

Tez kapsamindaki enzim aktivitesi deneylerinde kullanilan segici besiyerleri, igerikleri ve
hazirlanislart Cizelge 3.1.’de verilmistir. Ayrica bakterilerin izole edilmesinde, izolatlarin
baz1 fenotipik, morfolojik, biyokimyasal ve fizyolojik ozelliklerinin belirlenmesinde,
toplam hiicre proteinlerinin elde edilmesinde pH 9.0 ve/veya pH 10.0’luk Nutrient Agar
(Merck, 1.05450) ve Nutrient Broth (Merck, 1.05443) besiyerleri kullanilmustir.
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Cizelge 3.1. Enzim aktivitesi deneylerinde kullanilan segici besiyerleri ve igerikleri

Skim Milk Agar Besiyeri: Alkalen proteaz

iireticisi izolatlarin belirlenmesinde segici
besiyeri olarak kullanilmistir (Denizci et al.
2004). Skim milk soliisyon olarak ayrica
sterilize edilmis ve sterilizasyondan sonra
besiyerine eklenerek pH’s1 % 10 Na,COj3
(Sigma, S7795) ile 7.0, 9.0 ve 10.0° a
ayarlanmigtir

Besiveri icerigi;

Dekstroz (Oxoid, L71) % 0.1
Pepton (Lab M, MC18) % 0.2
Yeast extract (Lab M, MC1) % 0.5
K,HPO, (Sigma, P8281) % 0.1
MgSQO,4.7H,0 (Merck, 1.05886) % 0.02
Skim Milk (Scharlau, 06-019) % 5
Agar (Oxoid, L11) % 3

Kazeinli _Sivi_Besiveri: Alkalen proteaz

aktivite deneyi i¢in enzim {retim ortami
olarak kullanilmigtir
1997).
besiyerlerinin pH’s1 %10 Na,COg3 ile pH 7.5

(Gessesse ve Gashe

Sterilizasyon  sonrasinda  sivi
ve 9.5 olarak ayarlanmistir.

Besiveri icerigi;

Kazein (Sigma, C7078) % 0.5
Pepton (Lab M, MC18) % 0.5
Yeast extract (Lab M, MC1) % 0.2
NaCl (Merck, 1.06400) % 0.5
MgS0O,.7H,0 (Merck, 1.05886) % 0.02
CaCl,.2H,0 (Scharlau, CA0193) % 0.01
K,HPO, (Sigma, P8281) % 0.1

Nisastali _Sivi_Besiyeri: Alkalen proteaz

aktivite deneyi i¢in enzim {retim ortami
olarak kullanilmigtir (Denizci et al. 2004).
Sterilizasyon sonrasinda %10 Na,COj3 ile
sivt besiyerlerinin pH’s1 7.5 ve 9.5 olarak
ayarlanmistir.

Besiveri icerigi;

Nisasta (Scharlau, AL0715) %1
Yeast extract (Lab M, MC1) % 0.5
K,HPO, (Sigma, P8281) %0.1
MgSO4.7H20 (Merck, 1.05886) % 0.02

MI _Agar: Biyokimyasal testlerden amilaz
aktivitesinin belirlenmesi i¢in kullanilmistir
(Suzuki et al. 1976).

Besiyeri icerigi;

Coziiniir Nisasta (Scharlau, AL0715) % 1

Pepton (Lab M, MC18) % 0.5
Yeast extract (Lab M, MC1) % 0.3
Meat extract (Merck, 1.03979) % 0.3
K2,HPO, (Sigma, P8281) % 0.3
KH2PO, (Scharlau, PO0260) %0.1
Agar (Oxoid, L11) % 3
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3.1.4. Tampon ve Cozeltiler

3.1.4.1. Alkalen proteaz aktivite deneylerinde kullanilan tampon ve ¢ozeltiler

Alkalen proteaz aktivitesinin 6l¢iilmesinde kullanilan tampon ve ¢ozeltiler Cizelge 3.2.’de

verilmisgtir.

Cizelge 3.2. Alkalen proteaz aktivite deneylerinde kullanilan tampon ve ¢ozeltiler

50mM Glisin-NaOH Tamponu

0,375 g Glisin (AppliChem, A1067) 80-90 ml ddH,O’ da
¢Oziilmiistiir. IN NaOH ile pH 9.0 ve 10.0’a ayarlandiktan
sonra son hacim ddH,0 ile 100 ml’ye ayarlanmistir.

0.1 M TCA, 0.22 M Na-asetat ve 0.33 M Asetik asit’ten
olugmaktadir. 1.634 g TCA (Scharlau, AC3130), 2.994 g Na-

TCA Soliisyonu asetat (Panreac, 141632.1211) ve 1.89 ml Glasiyel asetik asit
(Merck, 1.0056) ddH,0 ile 100 ml’ye tamamlanmustir.
0.5 M Na,COs 53 g Na,CO;z; (Scharlau, S00115) 100 ml ddH,O’da

¢Oziilmiistiir.

3.1.4.2. a-amilaz aktivitesi deneylerinde kullanilan tampon ve c¢ozeltiler

a-amilaz aktivitesinin Olgiilmesinde kullanilan tampon ve ¢ozeltiler Cizelge 3.3.’te

verilmistir.

Cizelge 3.3. Alkalen proteaz aktivite deneylerinde kullanilan tampon ve ¢ozeltiler

50mM Glisin-NaOH Tamponu

0,375 g Glisin (AppliChem, A1067) 80-90 ml ddH,O’ da
¢Oziilmiistiir. 1IN NaOH ile pH 9.0 ve 10.0’a ayarlandiktan
sonra son hacim ddH,O ile 100 ml’ye ayarlanmistir.

DNS (Dinitro salisilik asit)

o-amilaz aktivitesini durdurmak amaci ile kullamilmigtir. 1 gr
DNS (Sigma, D0550) 50 ml de-iyonize su i¢inde ¢oziildiikten
sonra 30 gr K-Na-Tartarat (Merck, 1.08087) ve 20 ml 2N
NaOH (Merck, 1.06482) ilave edilerek, son hacim distile su ile
100 ml’ ye tamamlanir (Aiba 1983).
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3.1.4.3. Agaroz jel elektroforezi

Agaroz jel elektroforezinde kullanilan agaroz jellerin ve tamponun hazirlanis1 Cizelge

3.4.’te verilmistir.

Cizelge 3.4. Agaroz jel elektroforezinde kullanilan jeller ve tamponun hazirlanisi

Tris-Borik Asit-EDTA
(TBE) Tamponu (5X)

54 gr Trisma Base (Amresco, 0826), 27,5 gr
Borik asit (Amresco, 0588) ve 20 ml 0,5 M
EDTA (Sigma, E5134) 1000ml’ye ddH,O ile
tamamlanarak 5X konsantrasyonunda stok
olarak hazirlanmigtir. 100 ml 5X TBE 900 ml
ddH,O ile 1X konsantrasyonuna seyreltilerek
agaroz jel elektroforezinde kullanilmigtir.

Agaroz Jel (% 1, % 1,5, % 2)

1, 1,5 veya 2 g agaroz (Peglab, peqGOLD
Universal Agarose) tizerine, son hacim 100 ml
olacak sekilde TBE (1X) eklenir. Hazirlanan bu
karistmin  mikrodalga firnda  (¢ozlinmesi
saglanir. Cozelti hazirlandiktan sonra bir siire
sogumasi sonra 5 ul EtBr (Scharlau, ET0109)
eklenir. Iyice karistirilmasinin ardindan ¢ozelti,
donmasi igin jel tablasma dokiilerek 25-30 dk
bekiletilir.

3.1.4.4. Gitsher Tamponu (5X)

Niikleik asit parmak 1izi tekniklerinden (GTG)s ve BOX PCR reaksiyonlarinda

kulanilmistir. 10 ml Gitsher tamponu, asagida konsantrasyonlar:1 ve miktarlart verilen

soliisyon ve kimyasallarla hazirlamigtir.

1M (NH,),S04

1M Tris-HCI (pH 8.8)

1M MgCl, (Fluka, 63020)

5mM EDTA (pH 8.8)
-Mercaptoethanol (AppliChem, A1108)
ddH20

830 ul
3350 pl
335 ul
65 ul
104 pl
5316 pl
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3.1.4.5. SDS-PAGE’de kullanilan jeller, tamponlar ve ¢ozeltiler

SDS-PAGE’de kullanilan jellerin, tamponlarin icerikleri ve hazirlanislar1 Cizelge 3.5.°te

verilmistir.
Cizelge 3.5. Agaroz jel hazirlanis1 ve tampon ¢ozeltisi
Yigma Jeli (%4) Ayirma Jeli (%10)
Akrilamid/Bisakrilmid 0.328 ml Akrilamid/Bisakrilmid 3.34ml
dH,O 1.172 ml dH,O 4,12 ml
0.5 M Tris-HCI (pH 6.8) 0.5 ml 1.5 M Tris-HCI (pH 8.6) 2.5ml
% 10 APS (Merck, 1200) 12 ul % 10 APS (Merck, 1200) 50.2 ul
TEMED (Fluka, 87690) 2 ul TEMED (Fluka, 87690) 4.72 pl
Yiikleme Tamponu Stogu (pH 8.3) Ornek Tamponu (4X)
Trizma base (Sigma, T6066) 1.65¢g 0.5 M Tris-HCI (pH6.8) 5.12 ml
Glisin (Sigma, G8898) 8¢ Gliserol g ml
SDS (Sigma, L3771) l4g SDS (Sigma, L3771) 29
dH,O 1100 ml dH,O 3ml
B-Mercaptoethanol 4ml
(Riedel de Haen, 62736)
Bromofenol blue 2.10%g
(Sigma, B-0126)
Coomassie Brillant Blue boya ¢6zeltisi Bova giderme Cozeltisi
Coomassie Brillant Blue R250 159 Izopropil alkol 250 ml
(Sigma, B-0849) (Panreac, 141090.1212)
Izopropil alkol 250 ml Glasiyel asetik asit 100 ml
(Panreac, 141090.1212) (Merck, 1.00056)
Glasiyel asetik asit 100 ml dH,0 650 ml
(Merck, 1.00056)
dH,O 650 ml
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3.1.5. Cihaz ve techizatlar

Tez kapsaminda kullanilan tiim cihaz/techizatlar ve kullannom amaclar Cizelge 3.6.’da

verilmistir.

Cizelge 3.6. Tez kapsaminda kullanilan cihaz/techizatlar ve kullanim amaglari

Cihaz/Techizat Marka Kullamim amaci
. . DNA o6rnekleri, PCR iiriinleri, PCR reaktiflerinin
Derin dondurucu Indesit
muhafazasi
Buzdolab1 Indesit Cozeltilerin ve bakteri kiiltiirlerinin muhafazasi
Firm Dedeoglu Cam malzemelerin sterilizasyonu
Niive Besiyeri, ¢6zelti, tampon, pipet tiplerinin
Otoklav (OT 020) sterilizasyonu
Inkiibator e o
(Calkalamalr) SHEL LAB Bakteri kiiltiirlerinin gelistirilmesi
Vorteks Stuart Scientific (Vortex Sivi besiyeri, ¢ozelti, kimyasallarm karistirilmast
Mixer SA3)
Manyetik karistirict | Chiltern Siv1 besiyeri, ¢ozelti, kimyasallarin karigtirtlarak
¢Oziilmesi
Terazi Scaltec Kimyasal madde ve bakteri kiiltiirlerinin tartimi
PH metre Jenco Besiyeri pH’sinin ayarlanmasi
Mikroskop Olympus Bakteri hiicrelerinin morfolojileri ve hareket
BX51 yeteneklerinin incelenmesi
Su banyosu Clifton Enzim aktivitesi deneylerinin gercgeklestirilmesi
< .~.. | Hettich - .
Sogutmali santrifiij (Micro 22R) Biyokiitle eldesi

Mikropipet seti

Gilson Pipetman Classic

1000p1’ye kadar hacimdeki sivilarin aktarilmasi

Microplate BioTek Instruments Belirli dalga boylarinda enzim aktivitesi
spektrofotometre (1Quant) iriinlerinin tespiti
Unico Bakteri kiiltiirlerinin optik yogunlugunun
Spektrofotometre | ;\/n/1s 2802 PC) ayarlanmast
Spektrofotometre Nanodrop DNA 6rneklerinin safligimin ve
(ND-1000) konsantrasyonlarinin belirlenmesi
Thermal Dongii MJ Research . .
Cihaz Tetrad 2 PCR reaksiyonlarini gergeklestirmek

Jel dokiimantasyon
Sistemi

Vilber Lourmat (Quantum-
capt)

Agaroz jellerin goriintiilenmesi

Mikrodalga firin

Argelik

Agaroz jellerin homojenizasyonu

Yatay elektroforez
tanki

Thermo Scientific (Owl A2)

Agaroz jellerin elektroforezi

Dikey elektroforez
tanki

Biorad Mini-PROTEAN
Tetra Cell (165-8003EDU)

Poliakrilamid jellerin elektroforezi

Gii¢ kaynagi

Thermo Scientific
(EC300XL2)

Elektroforez islemlerinde elektrik enerjisi
saglamak

Kapiller
elektroforez sistemi

Beckman Coulter (CEQ
8000)

DNA dizi analizi reaksiyon iiriinlerinin
elektroforezi
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3.2. Yontem

3.2.1. Bakteri izolasyonu ve Alkalen Proteaz Ureticisi Izolatlarin Belirlenmesi

Bakterilerin izolasyonu amaci ile farkli illerden toplanan su, toprak ve ¢amur 6rnekleri, pH
10.0’ Iuk Nutrient Broth (Merck, 1.05443) besiyerine 0.25-0.40 g veya Iml olacak sekilde
eklenip 37°C’de 48 saat inkiibe edilmistir. Gelismenin goriildiigli 6rneklerden steril % 0.85
tuz sollisyonu ile seri seyreltmeler yapildiktan sonra, alkalen proteaz iireticisi izolatlarin
izole edilmesi i¢in segici besiyerine (pH 7.0, 9.0, 10.0) ekim yapilmistir. Alkalen proteaz
tireticisi izolatlarin belirlenmesi i¢in, Denizci ve arkadaglarinin (2004) uyguladigi Skim
Milk Agar secici besiyeri olarak kullanilmistir (Cizelge 3.1.). Proteolitik aktiviteye sahip
izolatlar, 37°C’de 72 saat inkiibasyonun ardindan koloni ¢evresinde skim milkin hidrolizi

sonucunda olusan proteolitik zonun varligina bagli olarak belirlenmistir.

3.2.2. Kalitatif olarak alkalen proteaz aktivitesinin belirlenmesi

Alkalen proteaz aktivitesinin kalitatif analizi, Skim Milk Agar besiyerinde yapilmistir.
Bakteri izolatlar1 pH 7.0, 9.0 ve 10.0” luk Skim Milk Agar’da olusturduklar1 proteolitik zon
caplarmin biiyiiklikleri (mm) bakimindan karsilagtirllmigtir. Skim Milk Agar besiyerine
inokiile edilen bakteri izolatlar1 ve standart suslar 37°C’de 72 saat inkiibe edildikten sonra

koloni ¢evresinde olusan proteolitik zon ¢ap1 (mm) 6l¢iilmiis ve fotograflar1 ¢ekilmistir.

3.2.3. Kantitatif olarak alkalen proteaz aktivitesinin ol¢iilmesi

Bacillus tiirlerinde hiicre dis1 proteaz sentezi, genellikle gelisimin duragan (sabit) fazinda
gerceklesmektedir. Bu evrede enzimin hiicresel fonksiyonu tam olarak aydinlatilmamis
olsa da, alkalen proteaz sentezi protein islenmesi ve sporulasyon siireciyle korelasyon

gostermektedir (Uehara et al. 1974, Chu et al. 1992).

34



Bu nedenlerle;

e Skim Milk Agar’da hidrolitik zon olusturarak alkalen proteaz {irettigi belirlenen
Bacillus izolatlar1, pH 7.5 (alkalotolerant ve fakiiltatif alkalifillerin gelisimi i¢in) ve
pH 9.5’luk (alkalifilik ve obligat alkalifillerin gelisimi i¢in) kazein ve nisasta i¢eren

iki farkli s1v1 besiyerinde 48 ve 72 saat gelistirilmistir.

e Belirtilen siirelerin sonunda, besiyeri st sivisinin enzim kaynagi olarak
kullanilmasiyla pH 9.0 ve 10.0’luk Glisin-NaOH tamponunda alkalen proteaz
enzim aktiviteleri (U/ml) mikroplate okuyucuda spektrofotometrik olarak en az ii¢
tekrarli olarak oOlgiilmiis ve enzim aktivitesi toplam hiicre pelet agirligma (g)
oranlanarak da hiicre basina diisen enzim aktivitesi hesaplanarak kantitatif verilere

ulasilmstir.

Izolatlarin ve standart suslarin alkalen proteaz iiretim kapasiteleri yukarida belirtilen
parametreler dogrultusunda karsilastirilmistir. ilgili deney diizenegi Sekil 3.2. ve 3.3.’de

Ozetlenmistir.

uisAsm I;am bnlycrl ortaminda
B alkalen p
in Slgtilecegi kosul
PH7S PH9.5
Po— oy
R
pu . - I ‘ 1
72533t 72 saat
48 saat Bakterl ‘
Inkiibasyon hicrolorinin | Inkibasyon hmhmh Inlﬂhnynn
el v
besiyeri Ust besiyeri un
savissnan hicre digs svisinin hicre dep
alen protear blhloﬁ proteaz
kaynafs olarak Imf' olarak
elde edilmest elde eddmes|
pH 9.0Tuk pH £ [ pH 90K 1 M 9.0k PH 9.0k
Glisin'NaOH | | Glisin-NAOH | | Glisin-NaOH | Glisin-NaOH | Glisin- Maon Gbm-lhou | Glisin-NaOM Lw
e e | e e | pony lle
pialen protear plialen proteaz| pialen protear lphhnmu ulblm pro(n: mm )Iblm proteaz| plkalen protear)
aktivitesinin | | akiivitesinin | | aktivitesinin ' aktivitesinin
L slculmest...) | aicoimest )| olcoimesi | [ olctimest ) e | o] | okbimesi_|

Sekil 3.2. Nisastali Sivi Besiyeri’nde farkli siirelerle iiretilen alkalen proteazin farkli pH
degerlerinde 6l¢tim yolu

35



Ktivitelerini Slgllecegi kogull:

KAZEIN igeren besiyeri ortaminda
gelistirilen kzolatiann alkalen p

PH7.S PHO.5
-
S /\n‘ | — — i 72
| 48520t Baktert st 48 saat Batert saat
e | uradagnnimat v ] uzaKlag AL B
besiyeri ast besiyeri st
stvisanin hicre degs sivisinin hicre digt
alkalen protear alkalen protear
Kaynads olarak Iaynads olarak
eide edilmes elde edilmesi
PH 9.0k pH Uk ) pHO.OTUE | [ pH I i | pH90Muk | [TpHIOOTK || pH9.0%uk pH o
Glisin-N4OH | | Glisin-NaOH | | Glisin-NaOH | | Glisin-NsOH Glisin-NaOM | | Glisin-NAOH | | Glisin-NaOH | | Glsin-NoOH
de e e wpony e tamponu ile | | e | ponu de | | tamponu il
bikalen protear; alkalen proteaz| alkalen protear Blkalen proteaz Bikalen proteaz) Blkalen protesz! pikalen protear, plkalen protes:
\olcimesi.) | oicliment || siculmesi ‘,omw_ L istimesi...) L okuimesl ) | olcuimesi | L8

Sekil 3.3. Kazeinli Sivi Besiyeri’nde farkli siirelerle iiretilen alkalen proteazin farkli pH
degerlerinde 6l¢tim yolu

3.2.3.1. Hiicre dis1 alkalen proteaz iiretimi

Hiicre dist enzim elde etmek i¢in pH 9.0’luk Skim Milk Agar besiyerinde 18 saat
inkiibasyon ile aktiflestirilen izolatlar ve standart suslar, %0.85 tuz ¢ozeltisinde siispanse
edilmis ve spektrofotometrik olarak 600 nm’de absorbanslari 0.2-0.4 araliinda olacak

sekilde ayarlanmistir.

Gessesse ve Gashe (1997) tarafindan belirlenen Kazeinli Sivi Besiyeri ve Denizci et al.
(2004) tarafindan belirtilen Nisastali Sivi Besiyeri alkalen proteaz {iretimi igin
kullanilmistir  (Cizelge 3.1.). Sterilizasyon sonrasinda besiyerlerinin pH’s1 7.5
(alkalotolerant izolatlarin gelismesi ic¢in) ve 9.5 (alkalifil ve obligat alkalifil izolatlarin
gelismesi igin) olarak ayarlanmigtir. 600 nm’deki optik yogunluklart 0.2-0.4 olarak
ayarlanan bakteri kiiltiirleri, Kazeinli ve Nisastal1 S1v1 Besiyerlerine %10 oraninda asilanip
37°C’de, 200 rpm’de 48 ve 72 saat inkiibe edilmistir. inkiibasyon sonunda kiiltiir ortamlar
+4°C’de 5000 rpm’de, 20 dakika santrifiij edilip, bakteri peletinin yas agirlig1 belirlenmis

ve besiyeri iist s1visi alkalen proteaz enzim kaynagi olarak kullanilmistir.
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3.2.3.2. Alkalen proteaz aktivite deneyi

Alkalen proteaz aktivitesinin belirlenmesinde substrat olarak kazein kullanilmistir. Aktivite
deneyinde kullanilan tampon ve ¢ozeltiler Cizelge 3.2.’de verilmistir. % 0.6 kazein (Sigma,
C7078) igeren pH 9.0 ve 10.0’luk 50 mM Glisin-NaOH tamponunun 0.5 ml’si ile 0.1ml
besiyeri iist sivisi karistirilarak 20 dakika 37°C’de inkiibe edilmis, reaksiyon 0.5 ml TCA
soliisyonu ile durdurulduktan sonra 37°C’de 30 dakika bekletilip 14000 rpm’de 7 dakika

(+4°C) santrifiij edildikten sonra stipernatantin 25 ul’si mikroplatelere alinmistir.

25 ul stipernatanta 125 ul 0.5 M NayCOs ile 25 pl 1IN Folin-ciocalteu’s phenol reaktifi
(Sigma, F9252) (1/2 oraninda seyreltilmis) eklenip, 30 dakika oda kosulunda inkiibe
edildikten sonra 660 nm’deki absorbans mikroplate okuyucuda Ol¢lilmiistiir. Enzim
aktivitesi reaksiyonlar {i¢ tekrarli olarak gerceklestirilmistir. Her bir izolattan ve standart
sustan pH 9.0 ve 10.0’luk ortamlarda ayr1 ayr {i¢ tekrarli olarak elde edilen proteaz enzim

kaynagi, yine ii¢ tekrarli olarak Sl¢iilmiis ve her bir 6l¢limiin ortalamast alinmstir.

3.2.3.3. Tirozin konsantrasyon egrisi

Enzim aktivitesinin hesaplanmasinda kullanilan tirozinin mikromolar ekstinksiyon
katsayisinin belirlenmesi i¢in 12,5 mg/ml stok tirozin destile suda ¢oziilmiis ve bu stok
¢ozeltiden 5, 10, 15, 20, 25, 30, 50, 75, 100, 200, 300, 400 ve 500 pg/ml olacak sekilde
seyreltmeler yapilmistir. Hazirlanan seyreltmelerden 25 pl alinmis ve iizerine sirasiyla 125
ul 0.5 M Na,COg3 (Sigma, S7795) ile 25 ul 1IN Folin-ciocalteu’s phenol (Sigma, F9252)
reaktifi (1/2 oraninda seyreltilmis) eklenerek 30 dakika oda kosulunda inkiibe edilmistir.
Bu siire sonunda her bir diliisyonun 660 nm’deki optik yogunlugu o6l¢iilmiistiir.
Ekstinksiyon katsayisi, okutulan absorbansa karsi uM tirozin konsantrasyon egrisinin

egiminden hesaplanmustir.

Bir iinite (U/ml) alkalen proteaz, dakikada 1 pg tirozinin agiga ¢ikmasi i¢in gerekli enzim
miktar1 olarak tanimlanmistir. Aktivitenin hesaplanmasi asagidaki formiile gore

yapilacaktir (Erarslan vd 2005).
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(OD660/egim)X Toplam Hacim

Enzim Aktivitesi(U/ml) =

Enzim Hacmi(ml) X inkiibasyon Siiresi

OD: Optik yogunluk

Egim: Tirozinin mikromolar ekstinksiyon katsayisi (0.001 pg/ml)
Toplam Hacim: Tiipte hazirlanan toplam hacim (1.1 ml)

Enzim Hacmi: 0.1 ml

Inkiibasyon Siiresi: 20 dakika

3.2.4. Kantitatif olarak alkalen a-amilaz aktivitesinin ol¢iilmesi

Alkalen proteaz iiretimi i¢in kullanilmis olan Nisastali Sivi Besiyeri (Cizelge 3.1.) yliksek
miktarda alkalen proteaz iirettigi belirlenen izolatlarin a-amilaz aktivitesinin belirlenmesi
icin de kullanilmistir. Boylelikle karbon kaynagi olarak nisastanin kullanilmasinin alkalen

proteaz aktivitesine etkisi incelenmistir.

3.2.4.1. Hiicre dis1 a-amilaz iiretimi

Hiicre dis1 a-amilaz iiretimi i¢in izolatlar 6ncelikle pH 9.0’luk Skim Milk Agar besiyerinde
18 saat inkiibasyon sonunda aktiflestirilmistir. Bakterilerin absorbanslari steril %0,85 NaCl
varliginda 600 nm’de 0,2-0,4 aralifinda olacak sekilde ayarlanmigtir. Bolim 3.2.3.1.” de
alkalen proteaz iiretiminde de kullanilan, Nisastal1 Siv1 Besiyeri, a-amilaz iiretimi i¢in de
kullanilmistir. Besiyeri pH’s1 7.5 (alkalotolerant izolatlarin gelismesi ic¢in) ve pH 9.5
(alkalifil ve obligat alkalifil izolatlarin gelismesi i¢in) olarak ayarlanmistir. Optik danstitesi
ayarlanan 7 izolat ve standart suglar, sivi besiyerlerine %10 oraninda inokiile edilip,
37°C’de, 200 rpm’de 24, 48 ve 72 saat inkiibe edilmistir. Inkiibasyon sonunda kiiltiir
ortamlar1 +4°C’de 5000 rpm’de, 20 dakika santrifiij edilip, bakteri peletinin yas agirlig

belirlenmis ve besiyeri list sivis1 a-amilaz enzim kaynagi olarak kullanilmistir.
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3.2.4.2. a-Amilaz aktivite deneyi

Standart suslar ve yiiksek kapasitede alkalen proteaz tirettigi belirlenen 7 izolatin a-amilaz
iretim kapasiteleri, substrat olarak kullanilan ¢o6ziinebilir nisastayr hidroliz edebilme
yeteneklerine gore spektrofotometrik olarak belirlenmistir. Aktivite deneyinde kullanilan
tampon ve ¢ozeltiler Cizelge 3.3.’de verilmistir. % 2 oraninda ¢dziinebilir nisasta (Scharlau,
ALO0715) igeren pH 9.0 ve 10.0’luk 50 mM Glisin-NaOH tamponunun 0.25 ml’si ile
0.25ml besiyeri tist sivisi karistirilarak 10 dakika 37°C’de inkiibe edilmis, reaksiyon 0.5 ml
DNS ayirac1 (Cizelge 3.3.) ile durdurulduktan sonra renk reaksiyonunun olugmasi i¢in 5
dakika siireyle kaynatma islemi uygulanmistir. Tiipler sogutulduktan sonra 540nm dalga
boyu kullanilarak spektrofotometrede, 0,5 ml substrat ¢ozeltisi, 0,5 ml fosfat tamponu ve 1
ml DNS ayiract kullanilarak hazirlanan kore karsi okuma yapilarak standart egriye gore
maltoz orani belirlenmistir. Enzim aktiviteleri ii¢ tekrarli olarak gerceklestirilmistir. Her
bir izolattan ve standart sustan pH 9.0 ve 10.0’luk ortamlarda ayr1 ayri {i¢ tekrarl olarak
elde edilen amilaz enzim kaynagi, yine li¢ tekrarli olarak Ol¢ililmiis ve her bir dlglimiin

ortalamasit alinmistir (Caliskan 2011).

3.2.4.3. Maltozun ekstinksiyon katsayisinin hesaplanmasi

a-amilaz aktivitesinin hesaplanmasinda kullanilan maltozun ekstinksiyon katsayisinin
belirlenmesi i¢in 50 mg/ml stok maltoz dH,O’da ¢oziilmiistiir. Bu stok ¢ozeltiden pH 9.0
Glisin-NaOH tamponu kullanilarak 1.25, 0.625, 0.5, 0.25, 0.125 olacak sekilde diliisyonlar
hazirlanmistir. Hazirlanan diltisyonlar 0.5 ml’si lizerine 0.5 ml DNS ayirac1 eklenerek 5
dakika siireyle kaynatilmistir. Tiipler soguduktan sonra 540nm dalga boyunda optik
yogunlugu ol¢iilmiistiir. Elde edilen absorbans degerlerine karst mM maltoz konsantrasyon

egrisinin egiminden ekstinksiyon katsayist hesaplanmistir (Caliskan 2011).
Bir iinite (U/ml) a-amilaz, dakikada 1 pumol indirgen seker (maltoz) olusturan enzim

miktar1 olarak tanimlanmis ve enzim aktivitesi asagidaki formiile gore hesaplanmigstir

(Caliskan, 2011).
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Enzim Aktivitesi (U/ml) = AOD x Vfx df

Cs40nm X t X b x Ve

OD = Optik yogunluk

AOD = ODs4onm Ornek-ODsgonm Kor

Vf = Tiipte hazirlanan toplam hacim (1 ml)

Df = Diliisyon faktorii

€s540nm = Maltozun 540nm’deki ekstinksiyon katsayis1*

t = Reaksiyon zamani (10 dakika)

b = Kiivetin 151k gegis yolu (1 cm)

Ve = Kiivette okutulan reaksiyon karisimindaki enzim hacmi (0.25 ml)

* 1 Ekstinsiyon katsayisi, enzim aktivitesinde uygulanan sicakliga gore L/mM.cm

cinsinden hesaplanmustir.

3.2.5. izolatlara ait bazi fenotipik, morfolojik, biyokimyasal ve fizyolojik 6zellikler

3.2.5.1. Gram boyama ve faz kontrast mikroskobik inceleme

Nutrient Agar (Merck, 1.05450) besiyerinde 37°C’de 18-24 saat gelistirilmis kiiltiirlerden
hazirlanan preparatlar Gram boyama yapilarak immersiyon objektifi ile 151k
mikroskobunda incelenmistir. Hiicre morfolojileri ve hareket yetenekleri, 15 saatlik sivi
kiltirlerden hazirlanan preparatlar ile Olympus BXS51 faz kontrast mikroskobunda
incelenmistir. Yine faz kontrast mikroskobu ile izolatlarin spor olusturma &zelliklerine
gore spor pozisyonlari ve sekilleri incelenmistir. Spor olusumu 37°C’de 18-24 saatlik
inkiibasyon siiresi sonunda belirlenmis olup spor olustururan izolatlar; spor sekli (Oval,
Elipsoidal, Yuvarlak), vejetatif hiicredeki spor pozisyonu (Sentral, Subterminal, Terminal)
ve siskinlik olusturup olusturmamasi agisindan incelenmistir (Suzuki et al. 1976, Claus and
Berkeley 1986, Nazina et al. 2001).
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3.2.5.2. Koloni morfolojisi

izolatlarin koloni morfolojileri, Nutrient Agar (Merck, 1.05450) besiyerinde (pH 9.0)

37°C’de 18 saat gelistirildikten sonra belirlenmistir.

3.2.5.3. Amilaz ve katalaz aktivitesi

Amilaz aktivitesi, % 1 ¢Oziiniir nisasta iceren pH 9.0’luk Ml kat1 besiyerinde (Cizelge 3.1.)
belirlenmistir (Suzuki et al. 1976). Enzim aktivitesi, besiyerinde 37°C’de 24 saat
gelistirilen kiltlirlere lugol ayiract damlatilarak incelenmis, koloni etrafinda, nisastanin
par¢alanmasi sonucu olusan zonun biiyiikliigline gore izolatlardaki amilaz aktivitesi

belirlenmistir (Claus and Berkeley 1986, Suzuki et al. 1976).

Katalaz ativitesi, pH 9.0’luk Nutrient Agar (Merck, 1.05450) besiyerinde 37°C’de 18-24
saat inkiibe edildikten sonra lam iizerine siispanse edilen kiiltiire % 3 H,0, (Sigma, H1009)

damlatilmasiyla belirlenmistir (Claus and Berkeley 1986).

3.2.5.4. pH optimumu, sicaklik optimumu ve tuz toleransinin belirlenmesi

Bakteri izolatlarinin pH optimumlarini belirlemek i¢in, pH 7.0, 8.0, 9.0, 10.0, 11.0, 11.5,
12.0 12.5 ve 13.0 ’likk Nutrient Broth (Merck, 1.05443) besiyerinde 37°C’de 24-48 saatlik
gelisimleri gozlenmistir (Sneath and Sokal 1973, Nielsen et al. 1995).

Sicaklik optimumunun belirlenmesi i¢in, pH10’luk Nutrient Broth (Merck, 1.05443)
besiyerinde 5, 30, 40, 50, 55, 60 ve 70°C’de 24-48 saatlik gelisimleri gézlenmistir (Sneath
and Sokal 1973, Nielsen et al. 1995).

[zolatlarin tuza toleranslarini belirlemek amaci ile pH 10.0’Iuk Nutrient Broth (Merck,
1.05443) besiyerine % 2, 5, 7, 10 konsantrasyonlarinda NaCl (Merck, 1.06400) eklenerek
37°C’de 24-48 saatlik gelisimleri gozlenmistir (Sneath and Sokal 1973, Nielsen et al.
1995).

41



3.2.6. Bazi molekiiler taksonomi teknikleriyle siniflandirma

Tez kapsaminda arastirilan izolat ve standart suslara uygulanan molekiiler taksonomi
teknikleri su sekildedir; 16S rRNA geninin PCR ile ¢ogaltilmasi, 16S rRNA geninin DNA
dizi analizi, ITS-PCR, niikleik asit parmak izi tekniklerinden rep-PCR, Box-PCR ve
ARDRA analizi (ribotiplendirme).

3.2.6.1. Genomik DNA Izolasyonu

Izolatlarin genomik DNA izolasyonu Current Protocols in Molecular Biology (Ausubel et
al. 1997) Boliim 2.4.1-2.4.5° de bulunan bakteriyal DNA izolasyon protokoliine RNase A
ilavesi ile modifiye edilerek gerceklestirilmistir. Izolatlar ve standart suslar pH 9.0’luk
Nutrient agar (Merck, 1.05450) besiyerinde 14-15 saat aktiflestrildikten sonra pH 9.0 olan
5 ml Nutrient Broth (Merck, 1.05443) besiyerine tek koloniden ekim yapilarak 14 saat
37°C’de inkiibe edilmistir. Inkiibasyon sonrasinda her bir kiiltiirden 1.5 ml almarak 12,000
rpm’de 5 dakika (+4C) santrifiij edilmistir. Besiyeri st s1vis1 atilarak hiicreler Tris-EDTA
tamponunda ¢oziilerek %10’luk SDS (Sigma, L3771) ¢ozeltisinden 145ul ve 20mg/ml
Proteinaz K (Fermentas, EO0491) ¢ozeltisinde 3ul eklenip karistirildiktan sonra 37°C’de 1
saat inkiibe edilmistir. inkiibasyon sonrasinda 100 ul 5M NaCl (Merck, 1.06400) ve 80 pl
CTAB/NaCl soliisyonundan eklendikten sonra 65°C’de 10 dk inkiibe edilmistir. Esit
hacimde kloroform:izoamil alkol (24:1) eklenip alt {ist edilip santrifiij edilmistir. Ust faz
alinip esit hacimde fenol:kloroform:izoamil alkol (25:24:1) (Sigma, 77617) eklenip alt {ist
edilip santrifiij edildikten sonra bu asama tekrar edilmistir. Ust faz yeni bir tiipe alinarak
0.6 ml isopropanol (Panreac, 141090.1212) eklenerek DNA goriiniir hale gelene dek alt-iist
edilmis ve santrifiij edilerek DNA ¢oktiiriilmiistiir. Ust faz dokiiliip %70’lik etanol
eklendikten sonra santrifiij edilerek DNA peletinin yikanmasi saglanmistir. Tiipler ters
cevrilerek oda kosulunda kurutularak alkol uzaklastirilmistir. Pelet 50-100 ul distile su
igerisinde parmakla vurularak ¢6ziilmis ve 10 mg/ml RNase A (Sigma, R-6513)
soliisyonundan 4-5 pl eklenerek 37°C’de 45 dk inkiibe edilerek RNA’lar uzaklastirilmistir.
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izole edilen DNA molekiillerinin safligi ve biitiinliigii %1°lik agaroz jel elektroforezi ile
belirlendikten sonra mikroplate okuyucu cihazi kullanilarak DNA miktarlar1 (ng/ul) ve
temizlik kontrolii 260, 280 ve 230 nm’deki absorbanslari1 dikkate alinarak 260/280 ve
260/230 oranlari ile belirlenmistir.

3.2.6.2. 16S rRNA geninin polimeraz zincir reaksiyonu (PCR) ile cogaltilmasi

Alkalen proteaz iireten izolatlarin yaklasik 1500 b¢’lik 16S rRNA geni, bakterilere 6zgii
27F (5’AGA-GTT-TGA-TCC-TGG-CTC-AG-3’) ve 1492R (5°GGT-TAC-CTT-GTT-
ACG-ACT-T-3’) primerleri kullanilarak PCR (Polimeraz Zincir Reaksiyonu) ile
cogaltilmistir. Standart suslara ait 16S rRNA dizileri NCBI internet sitesinin ‘nucleotide’
veri tabanindan temin edilmistir. PCR reaksiyonlar1 Cizelge 3.7.’de miktarlar1 belirtilen
Solis BioDyne marka PCR reaktifleri (Solis BioDyne, 01-01-00500) ve Cizelge 3.8.’deki

termal dongii kosullar1 kullanilarak gerceklestirilmistir.

PCR sonucunda elde edilen iiriinlerin biyiikligii, 1kb’lik DNA marker1 (Fermentas,
SM1343) kullanilarak 1X TBE tamponu ile % 2’lik agaroz jelde (Cizelge 3.4.)
elektroforeze tabi tutulduktan sonra, jel dokiimantasyon sisteminde goriintiilenerek

dogrulanmistir.
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Cizelge 3.7. 16S rRNA geninin ¢ogaltilmasi i¢in uygulanan PCR protokolii

Reaktif Miktar (ul)
10X Tag tamponu 5
MgCl, (Fermentas, 25 mM) 2
dNTP (Fermentas, 10 mM) 1
F Primer (50 pmol/ul) 0.3
R Primer (50 pmol/pl) 0.3
Taq DNA polimeraz (5u/ul) 0.2
dH,0 38.6
DNA (200ng/ pl) 2.5
Toplam Hacim 50

Cizelge 3.8. 16S rRNA geninin ¢ogaltilmasi i¢in uygulanan termal dongii kosullar

Sicaklik (°C) Siire Dongii Sayisi
95 4 dk 1
95 1dk
58 1dk 35
72 3dk
72 7 dk 1
10 0 1
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3.2.6.3. PCR iiriinlerinin saflastirilmasi

DNA dizi analizinden once, 16S rRNA PCR firiinleri, primerler ve dNTP’ler gibi
reaksiyon artiklarinin ortamdan uzaklastirilmasi i¢cin Norgen marka PCR saflastirma kiti
(Norgen 34500) ile saflagtirildiktan sonra, tekrar 1kb DNA marker (Fermentas, SM1343)
kullanilarak ) 5X tamponu ile %2’lik agaroz jelde (Cizelge 3.4.) elektroforeze tabi

tutulmustur.

3.2.6.4. 16S rRNA geni dizi analizi

DNA dizi analizinde kullanilan kapiller elktroforez sistemi (Beckman Coulter CEQ 8000,
A.U. Biyoteknoloji Enstitiisii Merkez Laboratuvar1) bir defada yaklasik 500-600 bg
uzunlugundaki bolgenin dizisini ¢ikartabilmektedir. 27F ve 1492R primerleri ile elde
edilen PCR iiriinleri sekans reaksiyonlarinda kalip DNA molekiilii olarak kullanilmgtir.
1500 be¢’lik PCR firiiniiniin dizisinin tamamzn: aydinlatabilmek i¢in her bir 6rnek i¢in ileri
(forward) ve geri (reverse) primerleri kapsayan 5 primer (27F, 519R, 907R, 926F, 1492R)
ile sekans reaksiyonlar1 gergeklestirilmistir. DNA dizi analizinde kullanilan bu primerler
ve dizileri Cizelge 3.9.” da verilmistir. Pimerlerin 16S rRNA geni {izerindeki lokasyonlari

Sekil 3.4.’te verilmistir.

Floresan isaretli dideoksinikleotidlerin kullanilmasiyla gergeklestirilen zincir sonlanma
PCR deneyi (sekans reaksiyonu) Beckman Coulter tarafindan belirtilen protokole uygun
olarak gergeklestirilmistir. Sekans reaksiyonu i¢in kullanilan ‘Dye Terminator Cycle
Sequencing (DTCS) Quick Start Kit” (Beckman Coulter, 608000) icerisinde bulunan
master mix ddNTP, ANTP, DNA Polimeraz ve tampon ortamini ihtiva etmektedir. Sekans
reaksiyonlar1 Cizelge 3.10.’da miktarlar1 belirtilen reaktifler ve Cizelge 3.11.’deki termal

dongii kosullar1 kullanilarak gergeklestirilmistir.
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Cizelge 3.9. 16S rRNA geni dizi analizinde kullanilan primerler ve dizileri

Primer Adx Primer Dizisi
27F 5’AGA-GTT-TGA-TCC-TGG-CTC-AG-3'
519R 5’-GWA-TTA-CCG-CGG-CKG-CTG-3’
926F 5-AAA-CTC-AAA-GGA-ATT-GAC-GG-3’
907R 5’-CCG-TCA-ATT-CCT-TTG-AGT-TT-3’
1492R 5’GGT-TAC-CTT-GTT-ACG-ACT-T-3’
TCGETTECATGAT CGRAATCGAGCTGETACCGEGEATCCTCTAGAGAT 'I‘E-KGAGT TTGATCCTEECT CAq e { Acikbma [a6]: 27F

GACGRAACGCTGGCGGECETGCCTARTACATGCARATCGAGCGGACRAGATGGGAGCTTGCTCCCTGATGT
TAGCGGCGGACGEETGAGTARCACGTGGETAACCTGCCTGTAAGRACTGGGATARCTCCGEGARACCGE
GGCTAATACCGEATGCTTGTTTGRAACCGCATGEGTTCAGACATARAAGGTGGCTTCGGCTACCACTTAC
AGATGGACCCGCGGCGCATTAGCTAGTTGGT GAGGTAACGGCTCACCAAGGCARCGATGCGTAGCCGA
CCTGAGAGGGTEGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGEAGGCAGCAGTAGE
GAATCTTCCGCRAATGGACGARAGTCTGACGGAGCAACGCCGCETGAGTGATGARGGTTTTCGGATCGT
ARAGCTCTGTTGT TAGGGRAAGRACARGTGCCGTTCARATAGGGCGECACCTTGACGGTACCTARCCAG

ARAGCCACGGCTAACTACGTGCICAGCAGCCGCGETARATACGTAGGTGEGCAAGCGTTGTCCGGRAATTAT | - { Aciklbma [a7]: 519R.

TGGECETARRAGGECTCGCAGGCGETTTCTTAAGT CTGATGTGARAGCCCCCGECT CARCCGEEEAGEE
TCATTGGAARCTGGEGAACTTGAGT GCAGARGAGGAGAGTGGRAATT CCACGTGTAGCGEGTGARATGCE
TAGAGATGTGGRAGGRAACACCAGTGGCGRAAGGCGACTCTCTGEGTCTGTAACTGACGCTGAGGAGCGALR
GCGTGGEGGAGCGRACAGGATTAGRTACCCTGGTAGTCCACGCCGTARACGATGASTGCTARGTGTTAG
GGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAMGCACTCCGCCTGEGEGAGTACGEGTCGCAAGR

CTGBAACTCAAAGGAATTGACG GGCCCGCACRAGCGETGGAGCATGTGGTTTAATTCGAAGCAACE _,,-{AgkhmathQWR

CGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGEGEGCAG (Aqkima [a91: 926F

AGTGACAGGTGGTGCATGEGTTGTCGTCAGCTCGIGTCGTGAGATGTTGEGETTARGTCCCGCARCGAGT
GCRAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTARGGTGACTGCCEGTGACRARRCCGGR
GGAAGGTGGGEGATGACGTCARATCATCATGCCCCTTATGACCTGGEGCTACACACGTGCTACARATGGGC
AGRACARARGGGCAGCGARACCGCGAGGTTARGCCAAT CCCACARATCTGTTCTCAGTTCGGATCGCAG
TCTGCAACTCGRACTGCGTGRAAGCTGGAATCGCTAGTAATCGCGEAT CAGCATGCCGCGETGAATACGET
TCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTRAACACCCGARGTCGETGAGGTAAC

CTTTTQGGRGCCAGCCGCCG&AGGTGGGQCAGATGATTGGGGTGBAGTCGTAACAAGGTAGCCGT C _’,-{AgkhmahlﬂklﬁﬂR

GGARAGGTGCGGCTGGATCACCTCCTTART T

Sekil 3.4. DNA dizi analizinde kullanilan primerlerin 16S rRNA geni iizerindeki
lokasyonlar1
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Cizelge 3.10. Sekans reaksiyonu i¢in uygulanan PCR protokolii

Reaktif Miktar (ul)
DTCS Qick start master mix 4
F veya R Primer (1.6 pmol/pl) 1
Betain (5M) 2
saflagtirilmig PCR {iriinii 2-3
ddH,0 2-3
Toplam Hacim 10

Cizelge 3.11. Sekans reaksiyonu i¢in uygulanan termal dongii kosullari

Sicaklik (°C) Siire Dongii Sayisi
96 3dk 1
96 20 sn
55 20 sn 35
60 4 dk
10 0 1

Zincir sonlanma reaksiyon {irlinlerinin purifikasyonunda “Etanol Presipitasyonu” yontemi
kullanilmistir. Tiiplere sirastyla 1 ul 3 M Na-asetat (Sigma, S2889) (pH 5.2), 10ul dizileme
reaksiyonu PCR iiriinii, 1 pl 125mM EDTA (Sigma, E7889) (pH 8.0), 35 ul %100 etanol
eklendikten sonra hafif¢e vortekslenmistir. 15 dk oda kosulunda inkiibe edildikten sonra 20
dk 14,000 rpm’de (+4°C) santrifiij edilmistir. Siipernatant tamamen uzaklastirildiktan
sonral35 pl %70’lik etanol eklenip 10 dk 14,000 rpm’de (+4°C) santrifiij edilmistir.
Stipernatant tamamen uzaklastirildiktan sonra %70’lik etanol ile yikama asamasi tekrar
edilmigtir. Tiipler havlu kagit {izerine ters ¢evrilerek pelletin kurumasi saglanmistir. Pellet
tizerine 20 pl Formamid (GE Healthcare UK, MegaBACE Loading Solution 93-79916-
40ml) eklenip, hafif¢e vortekslenerek ve pipetleme yapilarak pellet ¢oziilmiistiir.
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Ornekler Beckman Sample Plate’e yiiklenip ve iizerlerine birer damla mineral oil eklenmis,
Beckman Buffer Plate’e kuyularin %41 dolacak sekilde seperation buffer eklendikten sonra,

her iki plate de cihaza yliklenerek kapiler elektroforez islemi gerceklestirilmistir.

3.2.6.5. 16S rRNA geninin dizilenmesiyle gerc¢eklestirilen filogenetik analizler

DNA dizi analizi sonucunda elde edilen DNA dizileri daha 6nce ¢alisilmis mevcut referans
suglarla homolojilerini aragtirmak i¢in, NCBI internet sitesindeki BLASTN arama
programi kullamlmustir. Izolat ve standart suslarm 16S rRNA gen dizileri Clustal W
programi kullanilarak siralanmistir (Thompson et al. 1994). Aga¢ mesafesi matriksi Jukes
ve Cantor ‘un (1969) algoritmasi temel alinarak hesaplanmistir. Filogenetik agac, MEGA
4.1 progrogrami kullanilarak neighbour-joining metodu ile olusturulup, bootstrap

numunelemesi (1000 replicates) ile degerlendirilmistir (Kumar et al. 2004).

3.2.6.6. lIntergenik 16S-23S rRNA geninin PCR reaksiyonu (ITS-PCR) ile

siniflandirma

S-D-Bact-1494-a-S-20 (5-GTC GTA ACA AGG TAG CCG TA-3") ve L-D-Bact-0035-a-
A-15 (5-CAA GGC ATC CAC CGT-3") primerleri, tim izolat ve standartlarin 16S ve
23S rRNA genlerinin arasindaki ITS bolgesini (Intergenic Transcribed Spacers)
cogaltmakta kullanilmis olup, PCR kosullar1 Daffonchio ve arkadaslarina (2003) gore
uygulanalarak PCR reaksiyonu gergeklestirilmistir. ITS PCR reaksiyonlari, Cizelge
3.12.’de miktarlar1 belirtilen Solis BioDyne marka PCR reaktifleri (Solis BioDyne, 01-01-
00500) ve Cizelge 3.13.’teki termal dongii kosullar1 kullanilarak gergeklestirilmistir.

Elde edilen ITS-PCR iriinleri %]1.5 agaroz jelde 1X TBE tamponu (Cizelge 3.4.)
kullanilarak 120 V’da 4 saat kosturulmustur. Goriintiilenen parmak izi profilleri, Gel
Compare Il software (Applied Maths, Belgium) programi ile olusan DNA bantlarinin

sayis1 ve biiyiikliigli analiz edilerek izolatlarin genotipik c¢esitlilikleri aragtirilmistr.

48



Cizelge 3.12. ITS-PCR igin uygulanan protokol

Reaktif Miktar (ul)

10X Tag tamponu 5

MgCl, (Fermentas, 25 mM) 5

dNTP (Fermentas, 20 mM) 0,5
F Primer (50 pmol/ul) 0.3
R Primer (50 pmol/pl) 0.3
Taq DNA polimeraz (5u/ul) 0.3
dH,0 36.6
DNA (200ng/ pl) 2

Toplam Hacim 50

Cizelge 3.13. ITS-PCR i¢in uygulanan termal dongii kosullar

Sicaklik (°C) Siire Dongii Sayisi
94 4 dk 1
94 1dk
55 7 dk 35
72 2 dk
72 7 dk 1
10 0 1
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3.2.6.7. Tekrar eden (GTG)s ve BOX elementlerinin PCR ile ¢ogaltilmasi

Tekrar eden (GTG)s ve BOX elementlerinin genomik parmak izi analizleri (GTG)s (5'-
GTG GTG GTG GTG GTG-3") ve BOXAILR (5 -CTA CGG CAA GGC GAC GCT GAC
G-3") primerleri ile ve Versalovic ve arkadaslarinin (1994) tanimladigi PCR kosullarinda
gercekletirilmistir. Her iki tekrar elementi i¢in de uygulanan PCR protokolii, primerler
hari¢c aymidir (Cizelge 3.14). Termal dongli kosullar1 ise her iki PCR igin farklilik
gostermektedir (Cizelge 3.15 ve Cizelge 3.16).

Elde edilen (GTG)s ve BOX PCR iiriinleri %1.5 agaroz jelde 1X TBE tamponu (Cizelge
3.4.) kullanilarak 120 V’da 4 saat kosturulmustur. Goriintiilenen parmak izi profilleri, Gel
Compare II software (Applied Maths, Belgium) programi ile olusan DNA bantlarinin

sayis1 ve biiyiikliigli analiz edilerek izolatlarin genotipik cesitlilikleri aragtirilmistir.

Cizelge 3.14. Tekrar elementleri i¢in uygulanan PCR protokolii

Reaktif Miktar (ul)

Gitsher tamponu (5X) 4
DMSO(AppliChem, A3006) 2,5
dNTP (Fermentas, 20 mM) 0,63
Primer (50 pmol/pl) 0.3
BSA (Sigma, B4287) 1,25
Taq DNA polimeraz (5u/pl) 0.21
dH,0 13,61
DNA (200ng/ pul) 7,5
Toplam Hacim 30
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Cizelge 3.15. (GTG)s-PCR igin uygulanan termal dongii kosullar

Sicaklik (°C) Siire Dongii Sayisi
94 7 dk 1
94 30 sn
45 1dk 30
65 8 dk
65 15 dk 1
10 0 1

Cizelge 3.16. BOX-PCR i¢in uygulanan termal dongii kosullart

Sicaklik (°C) Siire Dongii Sayisi
94 7 dk 1
94 1dk
53 1 dk 30
65 8 dk
65 15 dk 1
10 0 1
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3.2.6.8. ARDRA Analizi (Ribotiplendirme)

Ribotiplendirme, 16S rRNA geninin 27F-1492R primerleriyle ¢ogaltilmasiyla elde edilen
PCR irinii restriksiyon enzimleri ile kesim reaksiyonunda kalip DNA olarak

kullanilmastyla gerceklestirilmistir.

Hem standart suglarin hem de izolatlarin PCR reaksiyonu ile ¢ogaltilan 5 pl 16S rRNA gen
bolgesi, 30 ul son hacimde Alul (Fermentas, FD0014), Haelll (Fermentas, FD0154), veya
Taqg | (Fermentas, FD0674) restriksiyon enzimleri ile kesilerek ve olusan kesim {irtinleri
agaroz jel elektroforezi ile incelenmistir. Enzim kesim bantlarinin sayis1 ve biiyiikliigiine
gore izolatlar, standartlar bakteriler ile karsilastirilmis ve belirli taksonomik gruplara
ayrilmislardir (Caccamo et al. 2000). Kesim reaksiyonlari, Cizelge 3.17.’de miktarlar
belirtilen Fermentas DastDigest reaktifleri ile, Cizelge 3.18’de belirtilen sicaklik
kosullarinda gercgeklestirilmistir.

Restriksiyon enzimleriyle elde edilen kesim tiriinleri %1.5 agaroz jelde 1X TBE tamponu
(Cizelge 3.4.) kullanilarak 120 V’da 4 saat kosturulmustur. Goriintiillenen parmak izi
profilleri, Gel Compare II software (Applied Maths, Belgium) programi ile olusan DNA
bantlarinin sayist1 ve biyiikliigli analiz edilerek izolatlarin genotipik ¢esitlilikleri

arastirilmastir.

Cizelge 3.17. Restriksiyon enzimleriyle kesim protokolii

Reaktif Miktar (ul)
ddH,0 17
10X FastDigest Green Buffer 2
PCR {iriini 10
Restriksiyon enzimi 1
Toplam Hacim 30
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Cizelge 3.18. Restriksiyon enzimleriyle gerceklestirilen kesim kosullar

Restriksiyon o o kiik °C)  Siire

Enzimi
37 15 dk
Alu
65 5dk
Haelll 37 5dk
Tagl 65 5dk

3.2.6.9. Toplam hiicre protein profilinin SDS-PAGE ile belirlenmesi

Toplam hiicre protein profillerinin incelenmesi i¢in, optik yogunlugu (OD 660nm) 0.2-
0.4’ye ayarlanan 18 saatlik aktif bakteri kiiltiirti, MnSO4.4H,0 (5 mg/ml) iceren Nutrient
Broth’a (Merck, 1.05443) (pH 9.0) %10 oraninda asilandiktan sonra (Claus and Berkeley
1986) 37°C’de 18 ve 72 saat inkiibe edilmistir. Protein ekstraksiyonu i¢in 5 ml’lik kiiltiirler
5000rpm’de 10 dakika (+4°C) santrifiij edilerek bakteri peleti ¢oktiirilecek ve soguk %
0.85 NaCl soliisyonu ile 3’er kez yikanmuistir.

Toplam hiicre proteinlerinin SDS-PAGE’1 Laemmli (1970)’e gore, % 4’liikk yigma jeli ve %
10’luk ayirma jeli kullanilarak gergeklestirilmistir (Cizelge 3.5.). Toplam protein SDS-6rnek
tamponu kullanilarak ekstrakte edilmis ve 3 dakika kaynatilarak denatiire edilmistir.
Ekstraktlardaki protein miktarinin yar1 kantitatif tayini i¢in spot test yapilmistir (Esen 1978).
Ornekler yiiklendikten sonra sirasi ile 25 ve 30 mA’de elektroforez islemi yapilmus, jel bir
gece Coomassie Brillant mavisinde boyandiktan sonra dekolorize edilmis ve fotografi

cekilmistir.
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4. ARASTIRMA BULGULARI

4.1. Bakteri izolatlar ve Standart Bacillus Suslar

4.1.1. Standart Bacillus Suslari

Tez kapsaminda 12 adet standart Bacillus susu kullanilmigtir. Bu suslardan 3’0

Mikrobiyoloji Arastirma Laboratuvari kiiltiir stoklarimizdan, 9’u ise DSMZ (The German

Collection of Microorganisms and Cell Cultures)’den temin edilmistir (Cizelge 4.1.)

Cizelge 4.1. Tez kapsaminda kullanilan standart suglar

Z
o

Standart Sus

© 0O N O o A W DN -

N
N )

12

Bacillus alcalophilus DSM 485"
Bacillus agaradhaerens DSM 87217
*Bacillus coagulans DSM 17
*Bacillus subtilis ATCC 6633"
Bacillus cohnii DSM 63077
Bacillus pseudalcaliphilus DSM 8725"
*Bacillus licheniformis DSM 13"
Bacillus horikoshii DSM 8719"
Bacillus clausii DSM 8716
Bacillus halodurans DSM 497"
Bacillus gibsonii 87227

Bacillus subtilis DSM 1971

*; Mikrobiyoloji Arastirma Laboratuvart kiiltiir stoklarindan temin edilen suslar
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4.1.2. Alkalifilik Bacillus izolatlar:

Tez kapsaminda 7 ildeki (Antalya, Aksaray, Burdur, Elazig, Kastamonu, Konya ve
Kirikkale) farkli su kaynaklarindan alinan su, toprak ve ¢amur 6rnekleri, alkalifilik
bakterilerin gelismesi i¢in pH 10.0’luk Nutrient Broth’a ekilmistir. Gelisme goriilen
kiiltiirlerden alkalen proteaz iireticisi izolatlarin segilmesi i¢in pH 7.0, 9.0 ve 10.0’luk
Skim Milk Agar besiyerlerine tekrar ekim yapildiktan sonra proteaolitik zon olusturan

izolatlar se¢ilmistir.

Bu izolatlardan 25 adetinin Bacillus cinsinin temel karakterlerini (Gram pozitif, endospor
olusturan, basil seklinde) tasidigi belirlenmistir (Claus and Berkeley 1984, Nazina et al.
2001, Nicolaus et al. 2004) (Cizelge 4.2.).

Bunun yam sira, A.U. Fen Fakiiltesi Biyoloji Boliimii Temel Mikrobiyoloji Laboratuvari

kiiltiir stoklarinda bulunan ve degisik kaynaklardan izole edilmis Gram pozitif, endospor

olusturan basil izolatlar pH 7.0, 9.0 ve 10.0’luk Skim Milk Agar’da proteolitik zon
olusturmalar1 bakimindan incelenerek 31 izolat arastirmaya dahil edilerek (Cizelge 4.3.)
standart suslarla birlikte 68 bakteri Orneginin materyal olarak arastirilmasina karar

verilmistir (56 bakteri izolat1 + 12 standart sus=68).
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Cizelge 4.2. Tez kapsaminda izole edilen alkalifilik bakteri izolatlar

No 1izelat Numune Numunenin ahndig yer

1 APT10  Toprak Hazar Golii (Diyarbakir'a yakin kiyisindan)
2 APT11  Toprak Hazar Golii (Diyarbakir'a yakin kiyisindan)
3 APT12  Toprak Hazar Golii (Diyarbakir'a yakin kiyisindan)
4 APT13a Camur Hazar Golii (Diyarbakir'a yakin kiyisindan)
5 APT14  Camur Hazar Golii (Diyarbakir'a yakin kiyisindan)
6 APT20b  Camur Hazar Golii (Sivrice Beldesi-Elazig Merkeze 30km)
7 APT23  Toprak Sulu Ada (Adrasan-Antalya)

8 APT24  Toprak Sulu Ada (Adrasan-Antalya)

9 APT25  Toprak Sulu Ada (Adrasan-Antalya)

10 APT26  Toprak Sulu Ada (Adrasan-Antalya)

11  APT30 Toprak Acisu Deresi (Bagkoy-Kastamonu)

12 APT32 Su Burdur Golii (Burdur) pHS8,96

13 APT34  Camur Burdur Golii (Burdur) pHS8,96

14 APT35 Toprak Burdur Golii (Burdur) pH8,96

15 APT36  Toprak Burdur Goli (Burdur) pH8,96

16 APT37 Su Giivercinlik Magarasi, -130 metre derinlikteki dikey magara, Giineysinir ilgesi
(Konya) pH8,36
17 APT38 Su Giivercinlik Magarasi, -130 metre derinlikteki dikey magara, Giineysinir ilgesi

(Konya) pH8,36

18 APT39  Toprak Giivercinlik Magarasi, -130 metre derinlikteki dikey magara, Giineysinir ilgesi
(Konya) pH8,36

19 APT40 Toprak Giivercinlik Magarasi, -130 metre derinlikteki dikey magara, Giineysinir ilgesi
(Konya) pH8,36

20 APT41  Toprak Giivercinlik Magarasi, -130 metre derinlikteki dikey magara, Giineysinir ilgesi
(Konya) pH8,36

21 APT42  Camur Avlan Golii (Antalya)

22 APT43 Su Avlan Go6lii (Antalya) pHS,0
23  APT44  Camur Kiikiirtlii Su (Antalya-igme)
24  APT47 Su Kiikiirtlii Su (Antalya-igme) pH7,74

25 APT48  Camur Burgug Sifali Su Kaynagi (Antalya)
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Cizelge 4.3. Kiiltiir stoklarindan temin edilen izolatlar

No Izolat Numune Numunenin Ahndig1 Yer
Kodu

1 APT1 Toprak Yiikseloto Yikama Tesisi, Besevler-Ankara

2 APT2 Toprak Yiikseloto Yikama Tesisi, Besevler-Ankara

3 APTS Toprak Yiikseloto Yikama Tesisi, Besevler-Ankara

4  APT8 Toprak Yiikseloto Yikama Tesisi, Besevler-Ankara

5 APT9 Toprak Yiikseloto Yikama Tesisi, Besevler-Ankara

6 TGl1 Toprak Yiikseloto Yikama Tesisi, Besevler-Ankara

7  TG20 Toprak Yiikseloto Yikama Tesisi, Besevler-Ankara

8  Al07 Sediment MTA Kuyusu-Aktas Mevkii, Germencik-Omerbeyli kdyii-Aydin

9 Alll Toprak MTA Kuyusu-Aktas Mevkii, Germencik-Omerbeyli kdyii-Aydin

10 Al31 Sediment MTA Kuyusu-Horgay1r Mevkii, Germencik-Omerbeyli kdyii-Aydin

11 Al51 Sediment MTA Kuyusu-Horgay1r Mevkii, Germencik-Omerbeyli kdyii-Aydin

12 Al85 Sediment MTA Kuyusu, Omerbeyli mezarligi yani, Delimehmet Durag1 , Germencik-
Omerbeyli kdyii-Aydin

13  A325 Toprak MTA Kuyusu-Horgay1 Mevkii, Germencik-Omerbeyli kdyii-Aydin

14 A331 Toprak MTA Kuyusu-Horgay1 Mevkii, Germencik-Omerbeyli kdyii-Aydin

15 A363 Toprak MTA Kaynagi (Kaynak kuru), Salavatli-Yavuz Kdy-Aydin

16 B16 Su TUR-KAP Turgutlu Kaplicalar: (70C-pH6.7), Turgutlu-Urganli Mevkii,
Manisa

17 B65 Toprak TUR-KAP Turgutlu Kaplicalart (70C-pH6.7), Turgutlu-Urganli Mevkii,
Manisa

18 C83ca Su Buharkent/Saraykoy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi
(75°C-pH 7.7), Cavusoglu mevkii, Denizli

19 Ca1 Su Buharkent/Saraykoy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi
(75°C-pH 7.7), Cavusoglu mevkii, Denizli

20 C92 Su Buharkent/Saraykoy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi
(75°C-pH 7.7), Cavusoglu mevkii, Denizli

21 C234 Toprak Buharkent/Saraykoy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi,
Cavusoglu mevkii, Denizli

22 (C235 Toprak Buharkent/Saraykody-Tekkehamam/Tekkekoy Mevkii, Cavusoglu Kaplicasi,
Cavusoglu mevkii, Denizli

23 C236 Toprak Buharkent/Saraykoy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi,
Cavusoglu mevkii, Denizli

24 C241 Toprak Buharkent/Saraykoy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi,
Cavusoglu mevkii, Denizli

25 C244 Toprak Buharkent/Saraykdy-Tekkehamam/Tekkekoy Mevkii, Cavusoglu Kaplicasi,

Cavusoglu mevkii, Denizli
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Cizelge 4.3. Kiiltiir stoklarindan temin edilen izolatlar (Devam)

No izolat Numune Numunenin Alindig1 Yer
Kodu

26 C251 Toprak Buharkent/Saraykdy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi,
Cavusoglu mevkii, Denizli

27  C265 Toprak Buharkent/Saraykdy-Tekkehamam/Tekkekdy Mevkii, Cavusoglu Kaplicasi,
Cavusoglu mevkii, Denizli

28 D311 Su Seferhisar-Doganbey Mevkii, izmir

29 E114 Sediment  Kozakli Sehir Hamami yani (96°C, pH7.5)-Altinsu Mahallesi, Nevsehir
30 E215 Toprak Kozakli Belediye Kaplicast (Baglica vadisi igi), Nevsehir

31 E287 Sediment  Kozakli Sehir Hamami yani-Altinsu Mahallesi, Nevsehir

4.2. Alkalen Proteaz Aktivitesi

4.2.1. Bakteri izolatlarimin kalitatif alkalen proteaz aktivitesi

Skim Milk Agar besiyerindeki skim milk hidrolizi sonucu proteolitik zon olusturan
izolatlar, alkalen proteaz iireticisi olarak belirlenmistir. Sekil 4.1.’de baz1 izolatlarin Skim
Milk Agar’da (pH7.0, 9.0, 10.0) 72 saat inkiibasyon sonras1 olusturdugu proteolitik zonlar

verilmistir.

APT30 APT2 APT37
pH 7.0 pH 9.0 pH 10.0

Sekil 4.1. APT30, APT2 ve APT37 kodlu izolatlarin Skim Milk Agar’da (pH 7.0, 9.0 ve
pH 10.0) olusturdugu proteolitik zonlar
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3 adet izolatin (APT1, APT8 ve A107) ve bir adet standart susun (B. subtilis ATCC 6633")
pH 10.0’Iuk Skim Milk Agar’da gelisme gostermedigi, APT41 kodlu izolatin ve standart
sus B.agaradhaerens DSM 8721"in ise pH 7.0°lik Skim Milk Agar’da gelisme
gostermedigi belirlenmistir. Belirtilen 4 izolatin disinda kalan 52 izolat ve 11 adet standart

sus pH 7.0, 9.0 ve 10.’luk Skim Milk Agar’da geliserek proteolitik zon olusturabilmektedir.

Aragtirilan izolatlar igerisinden C265 kodlu izolatin, pH 7.0 ve 9.0’luk Skim Milk Agar’da

en genis proteolitik aktivite zonunu olusturdugu belirlenmistir (sirastyla; 9 mm ve 6 mm).

pH 10.0’luk Skim Milk Agar’da ise B. gibsonii DSM 8722" ve B. agaradhaerens DSM
87217 standart suslarinin en genis proteolitik aktivite zonunu olusturdugu (sirastyla 7 mm
ve 5 mm), B16 kodlu izolatin ise bu suslardan sonra en genis zonu olusturdugu (4 mm)
belirlenmistir. Cizelge 4.4.’te izolatlar ve standart suslarin pH 7.0, 9.0 ve 10.0’luk Skim

Milk Agar’da 72 saat gelisim sonrasinda olusturduklari proteolitik zon ¢aplari verilmistir.
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Cizelge 4.4. Skim Milk Agar’da 72 saat inkiibasyon sonrasinda ol¢iilen proteolitik zon

caplari

No Izolat Kodu pH7.0 pH9.0 pH10.0
1 APT1 * 2mm -

2 APT2 0,5mm 0,5mm <0,5mm
3 APT5 *x 0,5mm 1mm
4  APTS8 0,5mm <0,5mm -

5 APT9 * * 1mm
6 APT10 2mm 4mm *

7 APTI11 dmm 3mm 2mm
8 APT12 5mm 4mm 1,5mm
9 APT13a 45mm  6mm 0,5mm
10 APT14 4mm 4mm *

11 APT20b ** 3,5mm 1mm
12 APT23 45mm  2mm 0,5mm
13 APT24 Imm 1Imm 1,5mm
14 APT25 1Imm 1mm 1mm
15 APT26 1,5mm 1Imm *

16 APT30 dmm 5mm 1mm
17 APT32 3mm  3,5mm 4mm
18 APT34 1mm 6mm 2mm
19 APT35 1mm 5mm 3mm
20 APT36 1mm 1mm falahed
21 APT37 5mm 5mm 3mm
22 APT38 2mm 2mm 1mm
23 APT39 3mm 4mm 2mm
24  APT40 Imm 1mm 1mm
25 APT41 - * *

26 APTA42 * * 2mm
27 APT43 3mm 2mm *

28 APT44 1mm 1mm *

29 APTA47 3mm Imm  <0,5mm
30 APT48 1mm Imm  <0,5mm
31 TGl11 3mm 1Imm *

32 TG20 0,5mm  1mm *

33 Al07 6mm  1,5mm -

34 Alll 2mm 1mm 1mm
35 Al3l 6mm 4mm 1mm

*. tek koloni olarak proteolitik zon olusturulmamis ancak grup halindeki
kolonilerin etrafinda proteolitik zon mevcut, **; proteolitik zon besiyerinin
yalnizca ilk ekim bolgesinde mevcut ***; bakteri gelisimi mevcut ancak
proteolitik zon yok, -; bakteri gelisimi yok
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Cizelge 4.4. Skim Milk Agar’da 72 saat inkiibasyon sonrasinda ol¢iilen proteolitik zon

caplar1 (Devam)
No Izolat Kodu pH7.0 pH9.0 pH100
36 Al51 2mm 3mm 1mm
37 Al85 mm 5mm 1mm
38 A325 7mm  4,5mm **
39 A331 6mm 4mm 1mm
40 A363 mm 4mm 1mm
41 B16 5,5mm 5mm 4mm
42 B65 3,5mm 2mm 2mm
43 C83ca 1mm 1mm 1mm
44 C91 1mm 2mm 1mm
45 (C92 1mm 1,5mm 1mm
46 C234 3mm 4mm 2mm
47 C235 5mm 5mm 3,5mm
48 C236 45mm 45mm  2,5mm
49 C241 45mm  3,5mm 3mm
50 C244 4mm 3mm 2mm
51 C251 4mm 3,5mm 1,5mm
52 C265 9mm 6mm 1mm
53 D311 8mm 1,5mm 0,5mm
54 E114 2,5mm 1mm 1mm
55 E215 6mm 3,5mm 1mm
56 E287 5mm 3,5mm 1mm
57 B. alcalophilus DSM 485" i * 1,5mm
58 B.agaradhaerens DSM 8721" - * 5mm
59 B.coagulans DSM 1" imm  1,5mm  2mm
60 B. subtilis ATCC 6633" 45mm  3mm
61 B. cohnii DSM 6307" *x * *
62 B. pseudalcaliphilus DSM 8725" ** ** 1mm
63 B. licheniformis DSM 13 1,5mm 25mm 2,5mm
64 B. horikoshii DSM 8719" ik Imm  <0,5mm
65 B. clausii DSM 8716" 3mm 3mm 1mm
66 B. halodurans DSM 497" 1mm 2mm 1mm
67 B. gibsonii 8722" i 3mm 7mm
68 B. subtilis DSM 1971 6mm 3,5mm  0,5mm
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4.2.2. Bakteri izolatlarinin kantitatif alkalen proteaz aktivitesi

4.2.2.1. Tirozin ekstinksiyon katsayisi

Enzim aktivitesinin hesaplanmasinda kullanilan tirozinin mikromolar ekstinksiyon
katsayisinin belirlenmesi i¢in hazirlanan dillisyonlarin optik yogunlugu 660nm’de
spektrofotometrede okutulmus, okutulan absorbansa kars1 uM tirozin konsantrasyon egrisi
cizilerek egrinin egiminden ekstinksiyon katsayisi hesaplanmistir. Tirozinin ekstinksiyon
katsayisinin belirlenmesi i¢in ¢izilen tirozin konsantrasyon egrisi Sekil 4.2.’de verilmis
olup, alkalen proteaz aktivitesi hesaplanirken 0.0011 uM/ml olarak bulunan ekstinksiyon

katsayis1 kullanilmstir.

Tirozin Konsantrasyon Egrisi

o o
w sy
o o
o o

o

0OD660 Nnm

0.200 /
0.100 /
0.000 /( ‘ ‘ ‘ ‘ ‘ ‘

0 100 200 300 400 500 600
ug/ml tirozin y =0.0011x - 0.0031
R?>=0.9988

Sekil 4.2. Tirozinin ekstinksiyon katsayisinin belirlenmesinde kullanilan konsantrasyon
egrisi
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4.2.2.2. Bakteri izolatlarinin alkalen proteaz iiretim degerleri

Skim Milk Agar’da proteolitik aktiviteye sahip oldugu belirlenen bakteri izolatlarinin,
Nisastal1 ve Kazeinli, pH 7.5 ve pH 9.5’luk sivi besiyerlerinde 48 ve 72 saatlik
gelisimlerinin ardindan, besiyeri {ist sivisi alkalen proteaz enzimi kaynagi olarak
kullanilmis ve alkalen proteaz aktivitesi substrat olarak %0.6 kazein i¢eren pH 9.0 ve 10.0
olmak tizere 2 farkli Glisin-NaOH tamponu kullanilarak belirlenmistir. Hiicre basina diisen
enzim tiretim miktart (U/ml/g), enzim aktivitesi (U/ml) bakteri yas agirligina (g) boliinerek

hesaplanmustir.

Izolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlar1 genel olarak 353-
103125 U/ml/g araliginda degisiklik gostermistir. E114 kodlu izolatin pH 7.5’luk, C265

kodlu izolatin ise pH 9.5’luk kazeinli sivi besiyerinde 48 saat gelisim sonrasinda pH

9.0’luk Glisin-NaOH tamponu ile gerceklestirilen aktivite deneyleri sonucunda ayni
miktarda enzim iirettigi ve hem bakteri izolatlar1 hem de standart suslar arasinda en yiiksek
alkalen proteaz iireten izolatlar oldugu belirlenmistir (103125 U/ml/g). Sekil 3.2. ve 3.3.’te
Ozetlenen farkli parametrelerin her birinde E114, C265, APT11, B65, APT43, C251 ve
C234 kodlu izolatlarin, standart suslardan daha yiiksek miktarda alkalen proteaz iirettigi

belirlenmistir.

Yiiksek miktarda enzim {iireten bu 7 izolat ve standart suslarin, kazeinli ve nisastali sivi
besiyerlerinde 48 ve 72 saatlik gelisim sonrasinda pH 9.0’luk Glisin-NaOH tamponu ve pH
10.0’luk Glisin-NaOH tamponu ile o6l¢iilen enzim iiretim miktarlarina iliskin veriler
sirasiyla Cizelge 4.5. ve Cizelge 4.6.’da verilmistir. Yiiksek alkalen proteaz aktivitesi

degerleri koyu renkli olarak belirtilmistir.
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Cizelge 4.5. Yiiksek enzim fireticisi izolatlarin ve standart suglarin alkalen proteaz iiretim
miktarlari; kazeinli ve nigastali sivi besiyerinde 48 ve 72 saat inkiibasyon
sonras1 pH 9.0 Glisin-NaOH tamponu ile 6lgiilen spesifik aktivite degerleri

Bakteri izolat// Standart Sus

pH 9.0 Glisin-NaOH Tamponu ile Olciilen Enzim Uretim Miktarlari (U/ml/g)

Kazeinli St

Besiyeri pH 7.5

Kazeinli Sitv1

Besiyeri pH 9.5

Nisastali Sivi

Besiyeri pH 7.5

Nisastali Stvi

Besiyeri pH 9.5

48 Saat | 72 Saat | 48 Saat | 72 Saat | 48 Saat | 72 Saat | 48 Saat | 72 Saat
E114 103125 5784 9770 6537 1104 590 558 799
C265 38981 44037 | 103125 51391 4026 5254 6600 10074
APT11 29525 13421 29253 22481 63429 16191 10498 11303
B65 26840 | 17793 | 23681 | 23571 | 21256 | 45283 | 49683 | 23485
APT43 31955 | 26800 | 22330 | 16935 | 48300 | 33665 | 43152 | 68082
C251 21275 22229 | 18200 | 18815 | 37987 | 65939 [ 29013 | 63219
C234 20842 | 29805 | 13526 | 34031 | 25190 | 10358 | 10389 9044
B. alcaliphilus DSM 4857 47850 12134 4112 4776 10313 8388 12039 3850
B. cohnii DSM 6307 42213 | 10278 | 12925 5090 6875 6820 9664 7333
B. horikoshii DSM 87197 14575 | 12306 7890 5710 9154 6650 7068 6485
B. halodurans DSM 497 T 18113 6623 | 14375 8221 | 10496 5700 4659 7761
B. clausii DSM 8716 4685 12950 8779 9167 8507 4510 4767 5115
B. gibsonii DSM 87227 14654 7853 8672 13200 9747 19879 4457 26171
B. subtilis ATCC 66337 19950 | 17011 | 22458 | 16606 8048 7688 5312 | 20371
B. subtilis DSM 1971 17675 14634 12777 21450 17796 18567 9110 18700
B. licheniformis DSM 137 12192 15125 13310 16323 6109 4545 3062 3832
B. coagulans DSM 17 13200 15538 14533 15308 2609 3144 5923 481
B. agaradhaerens DSM 8721 T 12018 10863 14200 15442 7975 29578 7167 15629
B. pseudalcaliphilus DSM 87257 | 11498 | 11039 7902 | 12668 4718 4053 6700 7433

Bir iinite (U/ml) alkalen proteaz, dakikada 1 pg tirozinin agiga ¢ikmasi igin gerekli enzim miktaridir.

64




Cizelge 4.6. Yiiksek enzim fireticisi izolatlarin ve standart suslarin alkalen proteaz iiretim
miktarlart; kazeinli ve nisastali sivi besiyerinde 48 ve 72 saat inkiibasyon
sonras1 pH 10.0 Glisin-NaOH tamponu ile 6l¢iilen spesifik aktivite degerleri

Bakteri izolati/ Standart Sus

pH 10.0 Glisin-NaOH Tamponu ile Ol¢iilen Enzim Uretim Miktarlar1 (U/ml/g)

Kazeinli St

Besiyeri pH 7.5

Kazeinli Stv1

Besiyeri pH 9.5

Nisastali Sivi

Besiyeri pH 7.5

Nisastali Sivi

Besiyeri pH 9.5

48 Saat | 72 Saat | 48 Saat | 72 Saat | 48 Saat | 72 Saat | 48 Saat | 72 Saat
E114 67100 5974 6629 5733 915 671 524 693
C265 34830 | 28502 | 84700 | 35578 3201 4125 5797 6759
APT11 38183 9401 | 27191 | 20167 | 45485 16363 9199 8044
B65 35145 21863 17692 26754 21288 68506 42656 36410
APT43 28188 22400 17710 16317 49125 30113 33413 62386
Cc251 17975 | 22733 | 18525 | 19846 | 35493 | 59828 | 29226 | 60867
C234 15805 41721 13394 41834 15327 13750 34375 10144
B. alcaliphilus DSM 485 T 32038 6566 3418 4661 7883 6531 9472 4452
B. cohnii DSM 6307 T 44688 10863 | 11629 6406 5500 5253 9821 5867
B. horikoshii DSM 8719 7 15461 13200 7658 5759 8643 4600 7260 6210
B. halodurans DSM 497 18993 8777 | 14367 8887 9167 5950 4206 8067
B. clausii DSM 8716 3687 9200 7559 8164 5143 3135 5011 4730
B. gibsonii DSM 87227 11196 8227 6637 11550 7119 11589 2842 23772
B. subtilis ATCC 66337 17900 14614 | 21307 13285 6062 6098 4265 | 18933
B. subtilis DSM 1971 15375 11629 10344 18792 14398 14415 8292 16665
B. licheniformis DSM 137 11387 12409 13347 15086 4930 4111 2869 3610
B. coagulans DSM 17 12163 15331 12438 15437 2506 3428 4795 421
B. agaradhaerens DSM 87217 9020 9763 | 10000 | 13200 5981 | 20533 5775 | 10542
B. pseudalcaliphilus DSM 87257 10502 9926 6875 11477 3802 3459 5033 5367

Bir {inite (U/ml) alkalen proteaz, dakikada 1 pg tirozinin agiga ¢ikmasi igin gerekli enzim miktaridir.

65




Incelenen alkalen proteaz iiretim parametrelerinin her birine ait ayrintili sonuglar bu
boliimden sonra, alt bagliklar halinde incelenmis, Cizelge 4.7°de tiim izolat ve standart

suslarin bu parametrelerdeki alkalen proteaz aktivite degerleri verilmistir.

Alkalen proteaz aktivite degerleri 48 ve 72 saatlik inkiibasyon slirelerine gore
karsilastirildiginda, izolat ve standart suslarin yaklasik % 70’inin (43 adet izolat ve 5 adet
standart sus) yiiksek enzim aktivitesi degerlerinin, 48 saat inkiibasyon sonrasinda elde

edildigi belirlenmistir (Cizelge 4.7.).

Enzim iiretim ortami olarak kullanilan Kazeinli ve Nisastali Siv1 Besiyerlerine gore alkalen
proteaz aktivite degerleri karsilastirildiginda ise, Kazeinli Sivi Besiyeri’nde tiim 6rneklerin
yaklagik % 76’sinin (42 adet izolat ve 10 adet standart sus) yiiksek aktivite gosterdigi
belirlenmistir. Kullanilan besiyerleri pH’lar1 bakimindan da incelendigi zaman, Kazeinli
S1v1 Besiyeri i¢in pH 7.5 degerinde 27 6rnek (21 adet izolat ve 6 adet standart sus), pH 9.5
degerinde ise 25 Ornek (21 adet izolat ve 4 adet standart sus) yiiksek alkalen proteaz
tiretimi gerceklestirmistir. Benzer sekilde Nisastali Stvi Besiyeri i¢in 16 6rnegin 8’inin pH
7.5’1luk ortamda, 8’inin de pH 9.5’luk ortamda (her iki pH degerinde de 7 adet izolat ve 1
adet standart sus) yiiksek kapasitede alkalen proteaz iirettigi belirlenmistir (Cizelge 4.7.).

Son olarak aktivite deneylerinin gergeklestirildigi pH 9.0 ve 10.0’luk Glisin-NaOH
tamponlartyla elde edilen alkalen proteaz aktivite degerleri karsilastirildiginda, tiim
orneklerin yaklasik % 73’iiniin (47 adet izolat ve 3 adet standart sus) pH 9.0’luk Glisin-
NaOH tamponu ile daha yiiksek enzim aktivitesi gosterdigi belirlenmistir (Cizelge 4.7).

Biitiin bu sonuglara gére arastirilan 56 izolat ve 12 adet standart susun genel olarak, yiiksek
alkalen proteaz aktivitelerinin kazeinli sivi besiyerinde 48 saat inkiibasyon sonrasinda pH
9.0’luk Glisin-NaOH tamponuyla 6l¢iildiigii, uygun besiyeri pH degerlerinin ise izolat ve
standart suslarin fizyolojik ihtiyag¢larina gore degiskenlik gdsterdigi sdylenebilir.
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Cizelge 4.7. Izolat ve standart suslarin alkalen proteaz aktiviteleri

E 48 saat inkiibasyon sonrasinda alkalen proteaz aktivitesi (U/ml/g) 72 saat inkiibasyon sonrasinda alkalen proteaz aktivitesi (U/ml/g)

R

'§ pH 9.0 Glisin-NaOH tamponu ile pH 10.0 Glisin-NaOH tamponu ile pH 9.0 Glisin-NaOH tamponu ile pH 10.0 Glisin-NaOH tamponu ile

8 aktivite aktivite aktivite aktivite

% Kazeinli sivi Nisastali s1v1 Kazeinli siv1 Nisastali s1v1 Kazeinli siv1 Nisastali s1v1 Kazeinli siv1 Nisastali sivi

= besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri

— pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH9.5
APT1 15019 | 20442 2390 3059 | 12713 | 16011 1859 2040 | 19097 9014 3598 3538 | 15981 7598 2527 2420
APT2 16183 | 22358 8329 4734 | 13285 | 16885 3575 3005 9106 6478 6793 3279 8525 9778 1100 1608
APTS5 20405 8823 8491 4696 | 15400 7394 6084 3342 | 13979 5569 4452 3039 | 10817 4778 2217 2008
APTS8 24420 | 10519 7494 4426 | 20240 6623 4263 4380 9213 5775 3614 5250 7582 4217 2593 4650
APT9 23623 | 23497 4339 8273 | 17133 | 17539 2933 5454 | 11344 | 11660 3352 4844 | 11160 | 11953 3369 4167
APT10 17836 | 20689 | 13943 | 12719 | 14929 | 15329 3809 4730 6764 | 13115 | 13208 9286 6137 9431 3802 4464
APT11 29525 | 29253 | 63429 | 10498 | 38183 | 27191 | 45485 0199 | 13421 | 22481 | 16191 | 11303 9401 | 20167 | 16363 8044
APT12 13334 | 31549 3283 4351 | 11597 | 23031 2764 4449 | 12090 | 10925 2767 3953 9994 8952 3243 4217
APT13a | 24844 | 16938 2094 4005 | 12658 8969 1591 2899 | 20136 | 16913 1805 2359 9638 | 11378 1728 2305
APT14 9598 6919 8855 6642 3502 4141 6157 5357 8314 6666 9127 4523 8912 6471 2171 3130
APT20b 5831 6482 1164 1121 6469 8054 1342 1471 7838 5827 686 920 8141 6050 732 1009
APT23 14491 | 11963 1233 1588 | 11478 9186 870 1361 9682 | 10625 1193 1009 7345 7763 834 914
APT24 1007 | 14465 4895 3009 1087 | 14438 4455 2701 | 13362 | 22756 4930 3014 9835 | 19983 4695 1994
APT25 10605 | 16800 4973 4871 9161 | 14600 3781 3850 | 16458 | 15950 4342 3732 | 11381 | 30200 2764 2711
APT26 15565 5009 5690 6539 | 18810 7759 5077 7272 | 10020 | 15981 3400 7364 8800 | 15156 2025 4400
APT30 14185 | 11073 3988 2504 | 16454 | 11715 4675 3416 | 10244 9848 3614 2776 | 10347 | 10175 3320 2305
APT32 16421 | 25369 | 14731 | 34035 | 16107 | 28016 | 15043 | 37271 | 14937 | 22521 7513 | 17283 | 16963 | 25401 | 11386 | 18732
APT34 10353 8816 2982 3791 | 10806 | 10531 3633 4321 8641 | 20006 8093 3355 8771 | 22516 8564 3648
APT35 35131 | 38019 | 15439 | 14496 | 32794 | 32106 | 11432 | 12434 | 30873 9190 6521 | 10698 | 26290 8834 8957 5280
APT36 1371 3824 494 475 1342 3485 493 501 1082 2122 570 684 1088 2087 628 675
APT37 12595 | 21254 | 14800 | 17539 | 19553 | 30407 | 18875 | 19769 | 14781 | 31656 | 19085 | 13402 | 12959 | 25697 | 16363 | 10285
APT38 6692 4988 863 760 7398 4790 992 730 6701 4142 747 699 7022 4147 770 802
APT39 9888 9825 2038 1907 9828 7938 1994 2278 6533 7131 1424 1561 6817 7520 1236 1539
APT40 9840 7188 4299 1883 | 11648 8578 6270 2883 5768 8918 1902 1515 6262 9350 2506 1650
APT41 10800 4863 2138 3896 | 13180 6719 2965 5977 6311 2845 2069 2037 7274 3247 3588 2719

Gri renk ile belirginlestirilen alkalen proteaz aktivite degerleri, ilgili izolat veya standart susun iirettigi en yiiksek enzim degerini gostermektedir.
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Cizelge 4.7. Izolat ve standart suslarin alkalen proteaz aktiviteleri (Devam)

E 48 saat inkiibasyon sonrasinda alkalen proteaz aktivitesi (U/ml/g) 72 saat inkiibasyon sonrasinda alkalen proteaz aktivitesi (U/ml/g)

.§ pH 9.0 Glisin-NaOH tamponu ile pH 10.0 Glisin-NaOH tamponu ile pH 9.0 Glisin-NaOH tamponu ile pH 10.0 Glisin-NaOH tamponu ile

E aktivite aktivite aktivite aktivite

2 Kazeinli sivi Nisastali s1v1 Kazeinli sivi Nisastali s1v1 Kazeinli sivi Nisastali sivi Kazeinli siv1 Nisastal sivi

= besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri

S pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75
APT42 8566 7242 | 15400 | 32489 7095 3403 | 14123 | 27762 6646 4268 7737 | 6325 6050 4221 7132 7108
APT43 31955 22330 | 48300 | 43152 | 28188 | 17710 | 49125 | 33413 26800 | 16935 33665 | 68082 22400 | 16317 | 30113 62386
APT44 22000 36300 5378 4746 | 15847 | 28820 4858 1894 7471 | 11423 1803 1829 7685 | 11360 2063 1602
APTAT 26308 5965 659 1071 | 25422 5680 744 841 7568 6457 843 1010 8151 6366 797 1020
APT48 12100 9204 429 751 | 13298 | 10439 353 663 11642 | 11465 2383 495 11642 | 12664 2182 358
Al107 8456 22471 2484 1567 6823 | 19093 1418 1106 17531 | 14723 2363 | 12788 14988 | 12692 2200 5060
Alll 16902 15287 3893 5881 | 11360 | 12692 3329 3892 15143 | 17233 4772 | 4079 12540 | 15148 4788 4339
Al31 30425 13029 | 17463 9112 | 19800 8458 | 11092 4748 14285 | 23100 16791 | 14163 13017 | 16968 7813 5208
Al51 28024 20447 | 29906 | 20150 | 22393 | 14473 | 25403 | 10638 19632 | 27987 19448 | 6181 16393 | 20963 | 14729 4112
Al185 19308 15339 | 33950 | 13269 | 19409 | 19739 | 20350 | 13114 25627 | 27048 22672 | 16490 18717 | 12689 | 22153 14117
A325 18506 3438 9818 5677 | 12585 2662 4469 3025 27726 6424 16539 | 11859 18975 5867 8318 5626
A331 19200 12121 5989 4103 | 14425 8737 3483 2685 21890 | 22367 10875 | 7433 18590 | 19464 1725 4525
A363 44864 20419 | 22825 4492 | 34846 | 27294 | 19027 3495 30123 | 15802 16150 | 16925 20371 | 14110 | 15317 14913
B16 19825 27500 | 42961 | 24228 | 17325 | 26164 | 41067 | 27115 13246 | 11926 21810 | 14245 10343 9755 | 19356 9996
B65 26840 23681 | 21256 | 49683 | 35145 | 17692 | 21288 | 42656 17793 | 23571 45283 | 23485 21863 | 26754 | 68506 36410
C234 20842 13526 | 25190 | 10389 | 15805 | 13394 | 15327 | 34375 29805 | 34031 10358 | 9044 41721 | 41834 | 13750 10144
C235 18305 14758 | 17854 | 37492 | 14317 | 12118 | 12417 | 30090 20055 | 33122 10894 | 19745 19329 | 29700 | 10683 19305
C236 29666 14178 | 19365 | 28854 | 27603 | 16806 | 27317 | 17304 17362 | 14667 31350 | 53763 16518 | 17279 | 35789 26675
C241 12911 10146 | 33069 | 30727 | 11234 | 10711 | 34490 | 32010 23815 | 27466 13711 | 11888 28573 | 33275 | 18111 14215
C244 14483 13933 | 28951 | 39233 | 11079 | 13475 | 25911 | 40929 19950 | 41171 15785 | 21144 20150 | 35868 | 13970 22947
C251 21275 18200 | 37987 | 29013 | 17975 | 18525 | 35493 | 29226 22229 | 18815 65939 | 63219 22733 | 19846 | 59828 60867
C265 38981 | 103125 4026 6600 | 34830 | 84700 3201 5797 44037 | 51391 5254 | 10074 28502 | 35578 4125 6759
C83ca 10857 9010 1621 2864 9917 7013 1668 3080 10757 | 12123 944 | 2684 12844 | 12444 1433 2783
C91 15881 17230 2716 | 11014 | 18700 | 15834 2635 9323 7832 8764 1224 654 8429 7282 1306 629

Gri renk ile belirginlestirilen alkalen proteaz aktivite degerleri, ilgili izolat veya standart susun {irettigi en yiiksek enzim degerini gostermektedir.
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Cizelge 4.7. Izolat ve standart suslarin alkalen proteaz aktiviteleri (Devam)

é’" 48 saat inkiibasyon sonrasinda alkalen proteaz aktivitesi (U/ml/g) 72 saat inkiibasyon sonrasinda alkalen proteaz aktivitesi (U/ml/g)

5 pH 9.0 Glisin-NaOH tamponu ile pH 10.0 Glisin-NaOH tamponu ile pH 9.0 Glisin-NaOH tamponu ile pH 10.0 Glisin-NaOH tamponu ile

E aktivite aktivite aktivite aktivite

§ Kazeinli siv1 Nisastali sivi Kazeinli sivi Nisastali siv1 Kazeinli sivi Nisastal s1v1 Kazeinli sivi Nisastali siv1

—g besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri besiyeri

= pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH7.5 | pH95 | pH75 | pH95 | pH75 | pH95 | pH75 | pH95 | pH7.5
C92 13220 | 18116 1327 2352 7150 | 14919 1455 2256 5102 5400 1135 663 5500 4550 924 631
D311 41663 | 31419 8892 9808 | 53350 | 35269 8525 | 12008 | 29517 | 30839 | 12485 | 10804 | 19097 | 18857 5583 6443
El114 103125 9770 1104 558 | 67100 6629 915 524 5784 6537 590 799 5974 5733 671 693
E215 28071 | 27860 | 33120 | 43725 | 28896 | 21133 | 19748 | 24475 | 19418 | 21377 | 20588 | 29113 | 17799 | 19800 | 22625 | 18737
E287 29013 | 41708 9350 | 10725 | 26984 | 30388 6685 8309 | 26366 | 23900 5816 9701 | 25506 | 15800 4716 7074
TG11 29081 | 21450 5791 6685 | 22779 | 19769 4901 5303 | 22619 | 14071 3039 3835 | 23283 | 15606 3259 3646
TG20 9625 6383 4589 628 | 10529 5153 4280 413 9195 4044 2296 2853 8009 4563 2626 2492
DSM485 47850 4112 | 10313 | 12039 | 32038 3418 7883 9472 | 12134 4776 8388 3850 6566 4661 6531 4452
DSM8725 11498 7902 4718 6700 | 10502 6875 3802 5033 | 11039 | 12668 4053 7433 9926 | 11477 3459 5367
DSM8721 12018 | 14200 7975 7167 9020 | 10000 5981 5775 | 10863 | 15442 | 29578 | 15629 9763 | 13200 | 20533 | 10542
DSM6307 42213 | 12925 6875 9664 | 44688 | 11629 5500 9821 | 10278 5090 6820 7333 | 10863 6406 5253 5867
DSM8716 4685 8779 8507 4767 3687 7559 5143 5011 | 12950 9167 4510 5115 9200 8164 3135 4730
DSM8722 14654 8672 9747 4457 | 11196 6637 7119 2842 7853 | 13200 | 19879 | 26171 8227 | 11550 | 11589 | 23772
DSM497 18113 | 14375 | 10496 4659 | 18993 | 14367 9167 4206 6623 8221 5700 7761 8777 8887 5950 8067
DSM8719 14575 7890 9154 7068 | 15461 7658 8643 7260 | 12306 5710 6650 6485 | 13200 5759 4600 6210
DSM13 12192 | 13310 6109 3062 | 11387 | 13347 4930 2869 | 15125 [ 16323 4545 3832 | 12409 | 15086 4111 3610
ATCC6633 19950 | 22458 8048 5312 | 17900 | 21307 6062 4265 | 17011 | 16606 7688 | 20371 | 14614 | 13285 6098 | 18933
DSM1971 17675 | 12777 | 17796 9110 | 15375 | 10344 | 14398 8292 | 14634 | 21450 | 18567 | 18700 | 11629 | 18792 | 14415 | 16665
DSM1 13200 | 14533 2609 5923 | 12163 | 12438 2506 4795 | 15538 | 15308 3144 481 | 15331 | 15437 3428 421

Gri renk ile belirginlestirilen alkalen proteaz aktivite degerleri, ilgili izolat veya standart susun iirettigi en yiiksek enzim degerini gostermektedir.

69




4.2.2.2.1. 48 saatlik Kazeinli ve nisastali besiyerlerinde alkalen proteaz aktivitesi (pH
9.0)

1. pH 7.5’1uk kazeinli s1ivi besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin NaOH

tamponu ile dl¢iilen aktivite sonuclari

izolatlarin yas pelet gram agirligi bagina diisen enzim iiretim miktarlart pH 7.5’ luk kazeinli
sivi besiyerinde 1007-10312 U/ml/g araliginda degisiklik goOstermistir. Belirtilen
kosullarda E114 kodlu izolatin en yiiksek enzim iiretim miktarina (10312 U/ml/g) sahip
oldugu belirlenmistir. E114 izolatin1 47850 U/ml/g degeriyle standart sus B. alcaliphilus
DSM485" izlemistir. Ugiincii sirada A363 kodlu izolat (44864 U/ml/g), dérdiincii sirada
standart sus B. cohnii DSM6307" (42211 U/ml/g), besinci sirada ise D311 kodlu bakteri
izolat1 (41663 U/ml/g) enzim iiretim miktarlar1 bakimindan siralanmistir. En diisiik enzim
tiretim miktarini ise 1007 U/ml/g degeriyle APT24 kodlu bakteri izolati gdstermistir.
Bakteri izolatlar1 ve standart suslarin alkalen proteaz iiretim miktarlarina iliskin elde edilen

veriler Sekil 4.3.’te verilmistir.

pH 7,5 Kazeinli sivi besiyerinde 48 sa gelisim sonrasinda pH 9.0 Glisin NaOH tamponu ile 6lglilen aktivite
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Bakteri izolatlari-Standart Suslar

Sekil 4.3. pH 7,5’luk kazeinli s1v1 besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim iiretim degerleri
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2. pH 9.5’luk kazeinli s1v1 besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin NaOH

tamponu ile dl¢iilen aktivite sonuclari

[zolatlarin yas pelet gram agirligi basia diisen enzim iiretim miktarlar1 pH 9.5’luk kazeinli
sivi besiyerinde 3438-103125 U/ml/g araliinda degisiklik gostermistir. Belirtilen
kosullarda, pH 7.0 ve 9.0’luk Skim Milk Agar besiyerinde de en genis proteolitik aktiviteyi
gosteren C265 kodlu izolatin en yiliksek enzim tiretim miktarina (103125 U/ml/g) sahip
oldugu belirlenmistir. C265 izolatin1 sirasiyla 41708 U/ml/g degeriyle E287 kodlu izolat,
38019 U/ml/g degeriyle APT35 kodlu izolat, 36300 U/ml/g degeriyle APT44 kodlu izolat,
31549 U/ml/g degeriyle APT12 kodlu izolat izlemistir. En diisiik enzim iiretim miktarini
ise 3438 U/ml/g degeriyle A325 kodlu bakteri izolat1 gostermistir. Bakteri izolatlar1 ve
standart suslarin alkalen proteaz iiretim miktarlarina iliskin elde edilen veriler Sekil 4.4’ te

verilmistir.

pH 9,5 Kazeinli sivi besiyerinde 48 sa gelisim sonrasinda pH 9.0 Glisin NaOH tamponu ile 6lgiilen aktivite
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Sekil 4.4. pH 9,5’luk kazeinli siv1 besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri
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3. pH 7.5’luk nisastali sivi besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

Izolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlar1 pH 7.5’luk nisastali
s1v1 besiyerinde 429-63429 U/ml/g araliginda degisiklik gostermistir. Belirtilen kosullarda
APT11 kodlu izolatin en yiiksek enzim iiretim miktarina (63429 U/ml/g) sahip oldugu
belirlenmistir. APT11 izolatin1 sirasiyla 48300 U/ml/g degeriyle APT43 kodlu izolat,
42961 U/ml/g degeriyle B16 kodlu izolat, 37987 U/ml/g degeriyle C251 kodlu izolat,
33950 U/ml/g degeriyle A185 kodlu izolat izlemistir. En diisiik enzim {iretim miktarini ise
429 U/ml/g degeriyle APT48 kodlu bakteri izolat1 gostermistir. Bakteri izolatlar1 ve

standart suslarin alkalen proteaz liretim miktarlarina iligskin elde edilen veriler Sekil 4.5.’te

verilmistir.
pH 7,5 Nisastali sivi besiyerinde 48 sa gelisim sonrasinda pH 9.0 Glisin NaOH tamponu ile élgiilen aktivite
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Bakteri izolatlari-Standart Suslar

Sekil 4.5. pH 7,5’luk nisastal1 siv1 besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim iiretim degerleri

72



4. pH 9.5’luk nisastali sivi besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

[zolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlari pH 9.5’luk nisastali
s1v1 besiyerinde 475-49683 U/ml/g araliginda degisiklik gostermistir. Belirtilen kosullarda
B65 kodlu izolatin en yiliksek enzim iiretim miktarina (49683 U/ml/g) sahip oldugu
belirlenmistir. B65 izolatin1 sirasiyla 43725 U/ml/g degeriyle E215 kodlu izolat, 43152
U/ml/g degeriyle APT43 kodlu izolat, 39233 U/ml/g degeriyle C244 kodlu izolat, 37492
U/ml/g degeriyle C235 kodlu izolat izlemistir. En diisiik enzim iiretim miktarin1 ise 475
U/ml/g degeriyle APT36 kodlu bakteri izolat1 gostermistir. Bakteri izolatlar1 ve standart
suslarin alkalen proteaz iiretim miktarlarina iliskin elde edilen veriler Sekil 4.6.’da

verilmistir.

pH 9,5 Nigastali sivi besiyerinde 48 sa gelisim sonrasinda pH 9.0 Glisin NaOH tamponu ile élgiilen aktivite
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Sekil 4.6. pH 9,5’luk nisastali sivi besiyerinde 48 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim iiretim degerleri
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4.2.2.2.2. 48 saatlik Kazeinli ve nisastali besiyerlerinde alkalen proteaz aktivitesi (pH 10.0)

1. pH 7.5’luk Kkazeinli sivi besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile olciilen aktivite sonuclari

izolatlarin yas pelet gram agirligi bagina diisen enzim iiretim miktarlart pH 7.5’ luk kazeinli
stv1 besiyerinde 1087-67100U/ml/g araliginda degisiklik gdstermistir. Belirtilen kosullarda
E114 kodlu izolat, pH 9.0 Glisin NaOH tamponuyla 6lgiilen aktivitede de oldugu gibi en
yiiksek enzim tiretim miktarina sahip oldugu belirlenmistir (67100 U/ml/g). E114 izolatin
enzim Uretim miktarlar1 bakimindan sirasiyla 53350 U/ml/g degeriyle D311 kodlu izolat,
44688 U/ml/g degeriyle standart sus B. cohnii DSM6307", 38183 U/ml/g degeriyle APT11
kodlu izolat ve 35145 U/ml/g degeriyle B65 kodlu izolat izlemistir. En diisiik enzim
tiretimini yine pH 9.0 Glisin-NaOH tamponuyla o6lgiilen aktivitede oldugu gibi APT24
kodlu bakteri izolat1 gdstermistir (1087 U/ml/g). Bakteri izolatlar1 ve standart suslarin

alkalen proteaz iiretim miktarlarina iligkin elde edilen veriler Sekil 4.7.’de verilmistir.

pH 7,5 Kazeinli sivi besiyerinde 48 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile él¢iilen aktivite
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Sekil 4.7. pH 7,5’luk kazeinli s1v1 besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim iiretim degerleri
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2. pH 9.5’luk kazeinli sivi besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

[zolatlarin yas pelet gram agirligi basia diisen enzim iiretim miktarlar: pH 9.5’luk kazeinli
sivt  besiyerinde 2662-84700 U/ml/g araliginda degisiklik goOstermistir. Belirtilen
kosullarda pH 9.0’luk Glisin-NaOH tamponuyla 6l¢iilen aktivite sonucunda oldugu gibi
C265 kodlu izolatin en yiiksek enzim iiretim miktarina (84700 U/ml/g) sahip oldugu
belirlenmistir. Ancak pH 9.0’luk Glisin-NaOH tamponuyla daha yiiksek enzim {iretim
miktar1 elde edilmistir (103125 U/ml/g). C265 izolatim sirasiyla 35269 U/ml/g degeriyle
D311 kodlu izolat, 32106 U/ml/g degeriyle APT35 kodlu izolat, 30407 U/ml/g degeriyle
APT37 kodlu izolat ve 30388 U/ml/g degeriyle E287 kodlu izolat izlemistir. En diisiik
enzim Uiretim miktarini ise 2662 U/ml/g degeriyle A325 kodlu bakteri izolat1 gdstermistir.
Bakteri izolatlar1 ve standart suslarin alkalen proteaz iiretim miktarlarina iliskin elde edilen

veriler Sekil 4.8.’de verilmistir.

pH 9,5 Kazeinli sivi hesiyerinde 48 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile dlgiilen aktivite
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Sekil 4.8. pH 9,5’luk kazeinli s1v1 besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim {iretim degerleri
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3. pH 7.5’luk nisastali siv1 besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

Izolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlar1 pH 7.5’luk nisastali
s1v1 besiyerinde 353-49125 U/ml/g araliginda degisiklik gostermistir. Belirtilen kosullarda
APT43 kodlu izolatin en yiiksek enzim iiretim miktarina (49125 U/ml/g) sahip oldugu
belirlenmistir. APT43 izolatin1 sirasiyla 45485U/ml/g degeriyle APT11 kodlu izolat,
41067U/ml/g degeriyle B16 kodlu izolat, 35493 U/ml/g degeriyle C251 kodlu izolat ve
34490 U/ml/g degeriyle C241 kodlu izolat izlemistir. En diislik enzim iiretim miktarini ise
353 U/ml/g degeriyleAPT48 kodlu bakteri izolati gdstermistir. Bakteri izolatlar1 ve

standart suslarin alkalen proteaz tiretim miktarlarina iliskin elde edilen veriler Sekil 4.9.’da

verilmistir.
pH 7,5 Nisastali sivi besiyerinde 48 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile dlglilen aktivite
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Sekil 4.9. pH 7,5’luk nisastali siv1 besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim iiretim degerleri
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4. pH 9.5’luk nisastali sivi besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

[zolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlari pH 9.5’luk nisastali
s1v1 besiyerinde 413-42656 U/ml/g araliginda degisiklik gostermistir. Belirtilen kosullarda
B65 kodlu izolat, pH 9.0 Glisin NaOH tamponuyla 6l¢iilen aktivitede (49683 U/ml/g) de
oldugu gibi pH 10.0 tamponuyla da en yiiksek enzim firetim miktarina sahip oldugu
belirlenmistir (42656 U/ml/g). B65 izolatin1 sirasiyla 40929 U/ml/g degeriyle C244 kodlu
izolat, 37271 U/ml/g degeriyle APT32 kodlu izolat, 34375 U/ml/g degeriyle C234 kodlu
izolat ve 33413 U/ml/g degeriyle APT43 kodlu izolat izlemistir. En diisiik enzim {iretim
miktarint ise 413 U/ml/g degeriyle TG20 kodlu bakteri izolati gostermistir. Bakteri
izolatlar1 ve standart suslarin alkalen proteaz liretim miktarlarina iliskin elde edilen veriler

Sekil 4.10°da verilmistir.

pH 9,5 Nisastali sivi besiyerinde 48 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile &lglilen aktivite
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Sekil 4.10. pH 9,5’Iuk nisastal1 siv1 besiyerinde 48 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim iiretim degerleri
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4.2.2.2.3. 72 saatlik Kazeinli ve nisastali besiyerlerinde alkalen proteaz aktivitesi (pH
9.0)

1. pH 7.5’luk kazeinli s1ivi besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin NaOH

tamponu ile olciilen aktivite sonuclari

izolatlarin yas pelet gram agirligi bagina diisen enzim iiretim miktarlart pH 7.5’ luk kazeinli
stvi  besiyerinde 1082-44037 U/ml/g araliginda degisiklik gostermistir. Belirtilen
kosullarda C265 kodlu izolat, pH 9,5’luk kazeinli sivi besiyerinde 48 saat gelisimin
ardindan pH 9.0 ve 10.0’luk Glisin NaOH tamponuyla 6l¢iilen aktivitede de oldugu gibi,
bu kez de pH 7,5’luk kazeinli ortamda 72 saat gelisimin ardindan en yiiksek enzim iiretim
miktarini gostermistir (44037 U/ml/g). C265 izolatin1 enzim iiretim miktarlar1 bakimidan
strasiyla 53350 U/ml/g degeriyle D311 kodlu izolat, 44688 U/ml/g degeriyle standart sus B.
cohnii DSM63077, 38183 U/ml/g degeriyle APT11 kodlu izolat ve 35145 U/ml/g degeriyle
B65 kodlu izolat izlemistir. En diisik enzim iiretimini ise APT36 kodlu bakteri izolati
gostermistir (1082 U/ml/g). Bakteri izolatlar1 ve standart suslarin alkalen proteaz iiretim

miktarlarina iligskin elde edilen veriler Sekil 4.11.”de verilmistir.

pH 7,5 Kazeinli sivi besiyerinde 72 sa gelisim sonrasinda pH 9.0 Glisin NaOH tamponu ile dlglilen aktivite
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Sekil 4.11. pH 7,5’luk kazeinli s1iv1 besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri
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2. pH 9.5’luk kazeinli s1v1 besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin NaOH

tamponu ile dl¢iilen aktivite sonuclari

Izolatlarin yas pelet gram agirligi basina diisen enzim iiretim miktarlar1 pH 9.5’luk kazeinli
sivi besiyerinde 2122-51391 U/ml/g araliginda degisiklik goOstermistir. Belirtilen
kosullarda C265 kodlu izolat, bir dnceki boliimde de belirtildigi gibi pH 7,5’luk kazeinli
stv1 besiyerinde 72 saatlik gelisimin ardindan ve pH 9,5’luk kazeinli sivi besiyerinde 48
saat gelisimin ardindan pH 9.0 ve 10.0’luk Glisin NaOH tamponuyla 6lgiilen aktivitede de
oldugu gibi, bu kez de pH 9,5’luk kazeinli ortamda 72 saat gelisimin ardindan en yiiksek
enzim dretim miktarin1 gostermistir (51391 U/ml/g). C265 izolatin1 enzim firetim
miktarlar1 bakimindan sirastyla 41171 U/ml/g degeriyle C244 kodlu izolat, 34031 U/ml/g
degeriyle C234 kodlu izolat, 33122 U/ml/g degeriyle C235 kodlu izolat ve 31656 U/ml/g
degeriyle APT37 kodlu izolat izlemistir. En diisik enzim iiretimini ise pH 7,5’luk
kazeinli s1v1 besiyerinde 72 saat gelisimin ardindan elde edilen sonug gibi APT36 kodlu
bakteri izolati gostermistir (2122 U/ml/g). Bakteri izolatlar1 ve standart suglarin alkalen

proteaz liretim miktarlarina iliskin elde edilen veriler Sekil 4.12.’de verilmistir.

pH 9,5 Kazeinli sivi besiyerinde 72 sa gelisim sonrasinda pH 9.0 Glisin NaOH tamponu ile 6lglilen aktivite
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Sekil 4.12. pH 7,5’luk kazeinli s1v1 besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri
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3. pH_7.5’luk nisastali sivi besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

Izolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlar1 pH 7.5’luk nisastali
s1v1 besiyerinde 570-65939 U/ml/g araliginda degisiklik gostermistir. Belirtilen kosullarda
C251 kodlu izolat en yiiksek enzim iiretim miktarini géstermistir (65939 U/ml/g). C251
izolatin1 enzim {iretim miktarlart bakimindan sirasiyla 45283 U/ml/g degeriyle B65 kodlu
izolat, 33665 U/ml/g degeriyle APT43 kodlu izolat, 31350 U/ml/g degeriyle C236 kodlu
izolat ve 29578 U/ml/g degeriyle standart sus B. agaradhaerens DSM8721" izlemistir. En
diistik enzim iretimini ise pH 7,5 ve 9,5’luk kazeinli siv1 besiyerinde 72 saat gelisimin
ardindan elde edilen sonug gibi APT36 kodlu bakteri izolatt gostermistir (570 U/ml/g).
Bakteri izolatlar1 ve standart suslarin alkalen proteaz iiretim miktarlarina iliskin elde edilen

veriler Sekil 4.13.’te verilmistir.

pH 7,5 Nigastali sivi besiyerinde 72 sa gelisim sonrasinda pH 9.0 Glisin NaOH tamponu ile élglilen aktivite
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Sekil 4.13. pH 7,5’luk nisastal1 sivi besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri

80



4. pH 9.5’luk nisastali sivi besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

[zolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlari pH 9.5’luk nisastali
s1v1 besiyerinde 481-68082U/ml/g araliginda degisiklik gostermistir. Belirtilen kosullarda
APT43 kodlu izolat en yiiksek enzim tiretim miktarini gostermistir (68082 U/ml/g). APT43
izolatin1 enzim tiretim miktarlari bakimindan sirasiyla 63219 U/ml/g degeriyle C251 kodlu
izolat, 53763 U/ml/g degeriyle C236 kodlu izolat, 29113 U/ml/g degeriyle E215 kodlu
izolat ve 26171 U/ml/g degeriyle standart sus B. gibsonii DSM8722" izlemistir. En diisiik
enzim iiretimini ise standart sus B. coagulans DSM1" gostermistir (481 U/ml/g). Bakteri
izolatlar1 ve standart suslarin alkalen proteaz iiretim miktarlarina iliskin elde edilen veriler

Sekil 4.14.’te verilmistir.
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Sekil 4.14. pH 9,5’luk nisastal1 siv1 besiyerinde 72 saat gelisim sonrasinda pH 9.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri

81



4.2.2.2.4. 72 saatlik kazeinli ve nisastal besiyerlerinde alkalen proteaz aktivitesi (pH
10.0)

1. pH 7.5’luk kazeinli sivi besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile olciilen aktivite sonuclari

izolatlarin yas pelet gram agirligi bagina diisen enzim iiretim miktarlart pH 7.5’ luk kazeinli
stvi  besiyerinde 1088-41721 U/ml/g araliginda degisiklik gostermistir. Belirtilen
kosullarda C234 kodlu izolat en yiiksek enzim iiretim miktarin1 gostermistir (41721
U/ml/g). C234 izolatin1 enzim iretim miktarlar1 bakimindan sirasiyla 28573 U/ml/g
degeriyle C241 kodlu izolat, 28502 U/ml/g degeriyle C265 kodlu izolat, 26290 U/ml/g
degeriyle APT35 kodlu izolat ve 25506 U/ml/g degeriyle E287 kodlu izolat izlemistir. En
diisiik enzim iiretimini ise APT36 kodlu bakteri izolat1 gostermistir (1088 U/ml/g). Bakteri
izolatlar1 ve standart suslarin alkalen proteaz iiretim miktarlarina iliskin elde edilen veriler

Sekil 4.15.’te verilmistir.

pH 7,5 Kazeinli sivi besiyerinde 72 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile &l¢iilen aktivite
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Sekil 4.15. pH 7,5’luk kazeinli s1v1 besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri
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2. pH 9.5’luk kazeinli sivi besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

Izolatlarin yas pelet gram agirligi basia diisen enzim iiretim miktarlar1 pH 9.5’luk kazeinli
sivi besiyerinde 2087-41834 U/ml/g araliginda degisiklik goOstermistir. Belirtilen
kosullarda, pH 7,5’luk kazeinli siv1 besiyerinde 72 saatlik gelisimin ardindan pH 10.0’luk
Glisin-NaOH tamponuyla elde edilen enzim iiretim miktar1 gibi C234 kodlu izolat en
yiiksek enzim tiretim miktarimi gostermistir (41834 U/ml/g). C234 izolatin1 enzim tiretim
miktarlar1 bakimindan sirasiyla 35868 U/ml/g degeriyle C244 kodlu izolat, 35578 U/ml/g
degeriyle C265 kodlu izolat, 33275 U/ml/g degeriyle C241 kodlu izolat ve 30200 U/ml/g
degeriyle APT25 kodlu izolat izlemistir. En diisiik enzim tiretimini ise yine pH 7,5’luk
kazeinli siv1 besiyerinde 72 saatlik gelisimin ardindan pH 10.0’luk Glisin-NaOH
tamponuyla elde edilen enzim tiretim miktar1 gibi APT36 kodlu bakteri izolat1 géstermistir
(1088 U/ml/g). Bakteri izolatlar1 ve standart suslarin alkalen proteaz iiretim miktarlarina

iligkin elde edilen veriler Sekil 4.16’da verilmistir.

pH 9,5 Kazeinli sivi besiyerinde 72 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile &l¢iilen aktivite
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Sekil 4.16. pH 9,5’luk kazeinli s1v1 besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri
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3. pH 7.5’luk nisastali sivi besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

Izolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlar1 pH 7.5’luk nisastali
s1v1 besiyerinde 628-68506 U/ml/g aralifinda degisiklik gostermistir. Belirtilen kosullarda,
B65 kodlu izolat en yiliksek enzim iiretim miktarin1 gostermistir (68506 U/ml/g). B65
izolatin1 enzim tiretim miktarlari bakimindan sirasiyla 59828 U/ml/g degeriyle C251 kodlu
izolat, 35789 U/ml/g degeriyle C236 kodlu izolat, 30113 U/ml/g degeriyle APT43 kodlu
izolat ve 22625 U/ml/g degeriyle E215 kodlu izolat izlemistir. En diisiik enzim {iretimini
ise APT36 kodlu bakteri izolat1 gostermistir (628 U/ml/g). Bakteri izolatlar1 ve standart

suslarin alkalen proteaz tiretim miktarlarina iligkin elde edilen veriler Sekil 4.17°de

verilmistir.
pH 7,5 Nisastali sivi besiyerinde 72 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile élglilen aktivite
120000
100000
80000
'
X
£ 60000 | I
<
=)
40000 ||
I
I
20000 IEES.
||I i
o t i I IIT I3 IIII I IIIIIIEIST AT LTI 001
2o amd oo anene e e dgeadn s O NN o -
2 NP OrNPObEEEE SR PR PR RE oS PRSP0
2 2ETEFEeErTTETCFL2 e ¥ TEER e
2 e Z <
-] a
23 =
W T & o
o -
=
3
H
8
@
Bakteri izolatlari-Standart Suslar

Sekil 4.17. pH 7,5’luk nisastal1 siv1 besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri
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4. pH 9,5’luk nisastali sivi besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin

NaOH tamponu ile 6lciilen aktivite sonuclari

[zolatlarin yas pelet gram agirlig1 basina diisen enzim iiretim miktarlari pH 9.5’luk nisastali
s1v1 besiyerinde 358-62386 U/ml/g aralifinda degisiklik gostermistir. Belirtilen kosullarda,
APT43 kodlu izolat pH 9.0 Glisin-NaOH taponuyla elde edilen enzim iiretim miktart gibi
en yliksek enzim iiretim degerini gostermistir (62386 U/ml/g). APT43 izolatin1 enzim
tiretim miktarlart bakimindan sirasiyla 60867 U/ml/g degeriyle C251 kodlu izolat, 36410
U/ml/g degeriyle B65 kodlu izolat, 26675 U/ml/g degeriyle C236 kodlu izolat ve 23772
U/ml/g degeriyle standart sus B. gibsonii DSM 87227 izlemistir. En diisiik enzim iiretimini
ise APT48 kodlu bakteri izolat1 gostermistir (358 U/ml/g). Bakteri izolatlar1 ve standart
suslarin alkalen proteaz {iretim miktarlarina iliskin elde edilen veriler Sekil 4.18’de

verilmistir.

pH 9,5 Nisastali sivi besiyerinde 72 sa gelisim sonrasinda pH 10.0 Glisin NaOH tamponu ile 6lglilen aktivite
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Bakteri izolatlari-Standart Suglar

Sekil 4.18. pH 9,5’luk nisastal1 siv1 besiyerinde 72 saat gelisim sonrasinda pH 10.0 Glisin
NaOH tamponu ile elde edilen enzim tiretim degerleri
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4.3. Alkalen a-Amilaz Aktivitesi

4.3.1. Maltozun Ekstinksiyon Katsayisi

a-amilaz aktivitesinin hesaplanmasinda kullanilan maltozun ekstinksiyon katsayisinin
belirlenmesi i¢in hazirlanan diliisyonlarin absorbansit 540nm’de okutulmus buna karsilik
mM maltoz konsantrasyon egrisi ¢izilerek egrinin egiminden ekstinsiyon Kkatsayisi
hesaplanmistir. Bu dogrultuda maltoz icin hesaplanan ekstinksiyon katsayis1 1.9067

mM/ml olarak belirlenmis ve sekil 4.19°da gdsterilmistir.

Maltoz Konsantrasyon Egrisi
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Sekil 4.19. Maltoz konsantrasyon egrisi

4.3.2. Bakteri Izolatlarinin a-Amilaz Uretim Degerleri

Yiiksek miktarda alkalen proteaz iireten 7 izolat (E114,C265, APT11, B65, APT43, C251
ve C234) ve nisastal1 s1v1 besiyerlerinde (pH 7.5 ve pH 9.5) yiiksek alkalen proteaz iireten
6 adet referans susun (B. alcaliphilus DSM 485", B. halodurans DSM 4977, B. gibsonii
DSM 8722", B. subtilis ATCC 6633", B. subtilis DSM 1971 ve B. agaradhaerens DSM

8721T) alkalen a-amilaz iiretimleri arastirilmistir.
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Alkalen o-amilaz {iretimi i¢in izolatlar ve referans suslar alkalen proteaz iiretiminde
kullanilan pH 7.5 ve pH 9.5’luk nisastali siv1 besiyerlerinde 48 ve 72 saatlik gelisimlerinin
ardindan, besiyeri iist sivis1 a-amilaz enzimi kaynagi olarak kullanilmistir. Alkalen proteaz
aktivitesinin 6l¢timiinde kullanildig1 gibi a-amilaz aktivitesi i¢in de pH 9.0 ve 10.0 olmak
tizere 2 farkli Glisin-NaOH tamponu kullanilmistir. o-amilaz aktivitesi i¢in belirtilen
tamponlara substrat olarak %2 oraninda ¢oziinebilir nisasta eklenmistir. Hiicre basina
diisen enzim iiretim miktar (spesifik aktive U/ml/g), enzim aktivitesi (U/ml) bakteri yas
agirhgma (g) boliinerek hesaplanmustir. Izolat ve standart suslarin alkalen proteaz ve a-
amilaz aktivite degerleri Cizelge 4.8. ve 4.9.’da verilmistir. Koyu renk ile belirtilen aktivite

degerleri, ilgili parametredeki en yliksek enzim aktivitesi degerlerini gostermektedir.

Izolatlarin yas pelet gram agirlig1 basina diisen a-amilaz iiretim miktarlar1 genel olarak 15-
377 U/ml/g araliginda degisiklik gostermistir. En yliksek alkalen proteaz iireten iki
izolatdan biri olan C265 kodlu izolatin (9.5’luk kazeinli sivi besiyerinde 48 saat gelisim
sonrasinda pH 9.0’luk Glisin-NaOH tamponu ile gerceklestirilen alkalen proteaz aktivitesi;
103125 U/ml/g), pH 7.5’luk nisastali siv1 besiyerinde 48 saat gelisim sonrasinda pH
10.0°luk Glisin-NaOH tamponu ile en yiiksek a-amilaz iireten izolat oldugu belirlenmistir
(377 U/ml/g). Bu izolatin ayn1 kosullar altindaki alkalen proteaz iiretimi ise 3201 U/ml/g
olarak oOl¢iilmiistiir (Cizelge 4.8.).

Nigsastali sivi besiyerinde en yiiksek alkalen proteaz iiretimini B65 kodlu izolat
gerceklestirmistir (7.5’luk nisastali s1v1 besiyerinde 72 saat gelisim sonrasinda pH 10.0’luk
Glisin-NaOH tamponu ile gergeklestirilen aktivite; 68506 U/ml/g) (Cizelge 4.8.). Ancak bu
izolatin ayn1 kosullardaki a-amilaz {iretim miktarinin oldukga diisiik oldugu belirlenmistir
(35 U/ml/g). Benzer sekilde nisastali sivi besiyerinde arastirilan her parametre i¢in pH
7.5’luk nisastali sivi besiyerinde yiiksek miktarda alkalen proteaz iireten APT11 (63429
U/ml/g), C251 (65939 U/ml/g), APT43 (49125 U/ml/g) kodlu izolatlar ve pH 9.5’luk
nisastali siv1 besiyerinde ile yliksek miktarda alkalen proteaz iireten B65 (49683 U/ml/g),
APT43 (68082 U/ml/g), B65 (42656 U/ml/g) ve APT43 (62386 U/ml/g) kodlu izolatlarin
ayni parametre degerlerinde oldukca diisiik a-amilaz iirettigi belirlenmistir (Cizelge 4.8. ve
4.9.).
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APT43 kodlu izolatin ise pH 9.5’luk nisastali s1v1 besiyerinde 72 saat gelisim sonrasinda
gerceklestirilen aktivite deneyleri sonucunda nisastali sivi besiyerinde en yiiksek alkalen
proteazi iiretirken (68082 U/ml/g) ayn1 parametrelerde oldukga diisiik alkalen o-amilazi
tirettigi belirlenmistir (45 U/ml/g) (Cizelge 4.9.).

Referans suslarin alkalen o-amilaz tiretimi izolatlarla benzerlik gostermistir. Nisastalt s1vi

besiyerinde (pH 7.5) 72 saat gelistigi zaman en yiiksek alkalen proteaz iiretimi pH 9.0

Glisin-NaOH tamponu ile B. agaradhaerens DSM 8721" tarafindan gerceklestirilmistir
(29578 U/ml/g). Aym1 kosullarda bu susa ait a-amilaz iiretiminin 97 U/ml/g oldugu

belirlenmistir. En yiiksek alkalen a-amilaz tiretimini gergeklestiren referans susun ise B.

halodurans DSM 497" oldugu belirlenmistir (pH 9.5 nisastali stvi besiyerinde 72 saat
gelisim sonrasinda pH 9.0 glisin Na-OH tamponu ile 6l¢iilen aktivite). Ayn1 kosullarda bu
susa ait alkalen proteaz liretiminin ise 7761 U/ml/g’dir (Cizelge 4.8. ve 4.9.).
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Cizelge 4.8. Yiksek kapasitede alkalen proteaz iireten izolat ve referans suslarin pH
7.5’1luk nisastali siv1 besiyerinde gelisim sonrasi kantitatif olarak elde edilen
alkalen a-amilaz tiretimleri

Bakteri izolaty/

pH 9.0 Glisin-NaOH Tamponu ile
Olgiilen Enzim Uretim Miktarlar:

pH 10.0 Glisin-NaOH Tamponu ile
Olgiilen Enzim Uretim Miktarlari

(U/mlg) (U/ml/g)
Standart Sus 48 Saat 72 Saat 48 Saat 72 Saat

Amilaz | Alkalen | Amilaz | Alkalen | Amilaz | Alkalen | Amilaz | Alkalen

Proteaz Proteaz Proteaz Proteaz

El14 64 1104 54 590 55 915 49 671
C265 322 4026 239 5254 377 3201 212 4125
APT11 180 63429 38 16191 220 45485 46 16363
B65 46 21256 28 45283 34 21288 35 68506
APT43 22 48300 98 33665 20 49125 116 30113
C251 73 37987 33 65939 53 35493 32 59828
C234 45 25190 46 10358 31 15327 38 13750
B. alcaliphilus DSM 485" 120 10313 72 8388 120 7883 90 6531
B. halodurans DSM 497 91 10496 143 5700 111 9167 126 5950
B. gibsonii DSM 8722 44 9747 81 19879 54 7119 76 11589
B. subtilis ATCC 6633" 161 8048 313 7688 153 6062 322 6098
B. subtilis DSM 1971 81 17796 83 18567 98 14398 73 14415
B. agaradhaerens DSM8721 " 30 7975 97 29578 34 5981 90 20533

Bir iinite (U/ml) a-amilaz, dakikada 1 pmol indirgen seker (maltoz) olusturan enzim miktaridir

Cizelge 4.9. Yiiksek kapasitede alkalen proteaz iireten izolat ve referans suslarin pH
9.5’luk nisastali s1v1 besiyerinde gelisim sonrasi kantitatif olarak elde edilen
alkalen a-amilaz tiretimleri

Bakteri izolaty/

pH 9.0 Glisin-NaOH Tamponu ile
Olgiilen Enzim Uretim Miktarlari

pH 10.0 Glisin-NaOH Tamponu ile
Olgiilen Enzim Uretim Miktarlari

Standart Sus (U/ml/g) (U/ml/g)
48 Saat 72 Saat 48 Saat 48 Saat

Amilaz | Alkalen | Amilaz | Amilaz | Alkalen | Alkalen | Amilaz | Alkalen

Proteaz Proteaz | Proteaz Proteaz

El14 41 558 34 799 40 524 35 693
C265 190 6600 187 | 10074 301 5797 177 6759
APTI1 41 10498 28 | 11303 33 9199 43 8044
B65 28 49683 32| 23485 34 42656 31 36410
APT43 15 43152 45| 68082 13 33413 101 62386
C251 43 29013 47 | 63219 52 29226 42 60867
C234 43 10389 41 9044 46 34375 41 10144
B. alcaliphilus DSM 485" 23| 12039 43 3850 27 9472 50 4452
B. halodurans DSM 497 ' 104 4659 426 7761 94 4206 23 8067
B. gibsonii DSM 8722 46 4457 48 26171 24 2842 56 23772
B. subtilis ATCC 6633" 50 5312 226 | 20371 242 4265 235 18933
B. subtilis DSM 1971 92 9110 78 | 18700 61 8292 86 16665
B.agaradhaerens DSM8721" 41 558 34 799 40 524 35 693

Bir {inite (U/ml) a-amilaz, dakikada 1 pmol indirgen seker (maltoz) olusturan enzim miktaridir
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4.4. izolatlara ait baz1 fenotipik, morfolojik, biyokimyasal ve fizyolojik dzellikler

Izolatlarin Gram boyamalari, faz kontrast mikroskobik incelemeleri, koloni morfolojileri,
amilaz ve katalaz aktiviteleri incelenmistir. Izolatlarm tamami Gram pozitif, endospor
olusturan, ¢ubuk seklinde bakterilerdir. Elde edilen sonuglar Cizelge 4.10.’da verilmistir.
izolatlardan yalnizca APT26’ nin katalaz aktivitesi gdstermedigi belirlenmistir. 56 izolatin
47 adeti amilaz aktivitesi gosterirken APT8, APT11, APT23, APT24, APT32, APT4l1,
APT42, APT43 ve C234 kodlu izolatlarin amilaz aktivitesine sahip olmadigi belirlenmistir.
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Cizelge 4.10. izolatlarin Gram boyama, faz kontrast mikroskobik inceleme, koloni morfolojisi, amilaz aktivitesi ve katalaz aktivitesi sonuglari

Koloni Morfolgjisi Spor Yapisi
© a o . o Amilaz Katalaz
. % g % g Tiim Koloni Kenar Yapisi Ggrliii(r%m Y iizey Koloni Rengi -g;g;‘:l Spor Pozisyonu | Spor Sekli Ssigrn Aktivites | Aktivitesi

No Izolat O m X T

1|APT1 + Basil + Yuvarlak Diiz Diiz Diiz Krem Opak [Subterminal elipsoidal - A +
2|APT2 + Basil + [Yuvarlak Dz Kabarik [Diiz Krem-Kahve Opak _[Terminal elipsoidal - + +
3|APT5 + Basil + Yuvarlak Diiz Kabarik |Diiz Krem-Kahve Opak _[Terminal elipsoidal + ++ +
4|APT8 + Basil +  [Yuvarlak Hafif dalgali Gobekli |Diiz Kahverengi Opak _[Subterminal elipsoidal + - +
5|APT9 + Basil +  [Yuvarlak Diz Diiz Diiz Krem Opak __[Subterminal elipsoidal A +
6(TG1L + Basil + Yuvarlak Diiz Diiz Diiz Krem Opak [Subterminal elipsoidal - A +
7|TG20 + Basil + |Flamentli Dz Yastik Puriizlii [Krem Opak _[Subterminal elipsoidal - ++ +
8[APT10 + Basil + Diizensiz Dalgall Kabarik |Pirizlii [Krem Opak _[Subterminal elipsoidal + ++ +
9|APT11 + Basil + |Diizensiz Loblu Gobekli  |Kuru Krem Opak _[Sentral oval - - +
10|APT12 + Basil + Diizensiz Loblu Gobekli  |Puriizlii [Krem (sarimsi) Opak _[Subterminal elipsoidal + +++ +
11[{APT13a + Basil + |Diizensiz Dalgali-Loblu Konveks [Piriizlii [Turuncu Trans _[Terminal oval - ++ +
12[APT14 + Basil + |Di i Dalgali-Loblu Kabarik [Pirizli [Turuncu Trans _[Subterminal oval - ++ +
13[APT20b + Basil + Yuvarlak Diiz Kabarik [Diiz Turuncu Trans [Terminal oval - +++ +
14 [APT23 + Basil + |Dii i Dalgall Diiz Kuru Krem Opak _[Subterminal oval - - +
15|APT24 + Basil + Diizensiz Dalgali Kabarik |Pirizlii [Krem Opak _[Subterminal elipsoidal + - +
16 |APT25 + Basil + Yuvarlak Diiz Kabarik |Diiz Krem Opak [Subterminal elipsoidal + + +
17|APT26 + Basil + Rizoid Loblu Konveks |Buruguk [Krem Opak __[Subterminal elipsoidal - + -
18|APT30 + Basi + Yuvarlak Dalgali Yastik Diiz Turuncu Trans [Terminal elipsoidal - + +
19 [APT32 + Basil + |Dlizesiz-Yuvarlak  [Hafif dalgali Konveks [Kuru Krem Opak _[Terminal oval - - +
20|APT34 + Basil + Yuvarlak Diiz Yastik Piirtizlii | Turuncu Opak [Terminal oval - +++ +
21|APT35 + Basil + Yuvarlak Diiz Kabarik |Diiz Sari-Kahve Trans [Subterminal elipsoidal - + +
22|APT36 + Basil +  [Yuvarlak Dalgall Konveks |[Pirizlii [Krem Opak __[Subterminal oval + - +
23|APT37 + Basil + Diizensiz Dalgali Kabarik |Pirizlii [Krem Opak [Sentral oval + - +
24|APT38 + Basil + |Di i Dz Diiz Kuru Krem Opak _[Subterminal elipsoidal - + +
25|APT39 + Basil + Rizoid Diiz Diiz Piiriizlii |Krem Opak [Terminal elipsoidal - ++ +
26 |APT40 + Basil + |Flamentli Flamentli Yastik Piriizlii [Krem Opak __[Subterminal elipsoidal - ++ +
27|APT41 + Basil + Yuvarlak Diiz Konveks [Diiz Sari-krem Trans [Terminal oval + - +
28|APT42 + Basil +  [Yuvarlak Diiz Kabarik [Diiz Sari-krem Terminal yuvarlak + - +
29|APT43 + Basil + |Di i Dalgall Gobekli |Diiz Krem Opak _[Sentral oval - - +
30|APT44 + Basil + Yuvarlak Diiz Kabarik [Diiz Turuncu Trans [Terminal oval - + +
31|APT47 + Basil + |Diizensiz Dalgali-Loblu Kabarik [Pirizlii [Krem Opak _[Subterminal elipsoidal - ++ +
32|APT48 + Basil + Yuvarlak Hafif dalgali Konveks |Diiz Turuncu Trans [Terminal elipsoidal - ++ +
33|A107 + Basil + Diizensiz Diiz Kabarik |Parizlii [Krem Opak [Subterminal elipsoidal - +++ +
34|A111 + Basil + Dii i Loblu Kabarik |Buruguk [Krem Opak _[Sentral elipsoidal - + +
35|A131 + Basil + Diizensiz Loblu Kabarik [Kuru Krem Opak [Subterminal elipsoidal - ++ +
36|A151 + Basil + |Di i Loblu Kabarik [Pirizlii [Krem Opak _[Subterminal elipsoidal - ++ +
37|A185 + Basil + Rizoid Flamentli Kabarik |Buruguk-{Krem Opak _[Terminal oval + ++++ +
38|A325 + Basil + Yuvarlak Diiz Kabarik |Kuru Krem Opak [Terminal elipsoidal + ++ +
39|A331 + Basil +  [Yuvarlak Diz Kabarik [Purizli [krem Opak __[Subterminal elipsoidal - ++ +
40|A363 + Basil + Yuvarlak Diiz Kabarik |Pirizlii [Krem Opak [Subterminal elipsoidal - +++ +
41|B16 + Basil + [Yuvarlak Diz Basik Kuru Krem Opak _[Subterminal elipsoidal - + +
42 |B65 + Basi + Diizensiz Dalgall Basik Diiz Krem Opak [Sentral elipsoidal - A +
43| C83ca + Basil + Flamentli Flamentli Kabarik |Buruguk-{Krem Opak [Terminal elipsoidal + ~ +
441C91 + Basil + Flamentli Flamentli Kabarik _|Buruguk-{ Kahverengi Opak __[Subterminal elipsoidal - ++ +
45|C92 + Basil + Flamentli Flamentli Kabarik |Burusuk-{ Kahverengi Opak [Subterminal elipsoidal - ++ +
46|C234 + Basil + [Yuvarlak Diz Kabarik [Diiz Krem Opak _[Sentral elipsoidal - - +
47|C235 + Basil + Yuvarlak Diiz Kabarik |Diiz Krem Opak [Sentral elipsoidal - A +
48|C236 + Basil +  [Yuvarlak Diiz Kabarik [Diiz Krem Opak _ [Sentral elipsoidal - n +
49|C241 + Basil + Yuvarlak Diiz Diiz Diiz Krem Opak _[Subterminal elipsoidal - + +
50|C244 + Basil + Yuvarlak Diiz Diiz Diiz Krem Opak [Subterminal elipsoidal + + +
51|C251 + Basil + [Yuvarlak Diz Diiz Kuru Krem Opak _[Subterminal elipsoidal - n +
52 |C265 + Basil + Yuvarlak Diiz Diiz Diiz Krem Opak _[Subterminal elipsoidal - ++ +
53|D311 + Basil + [Yuvarlak Diiz Basik Kuru Krem Opak _[Subterminal elipsoidal - ++ +
54 |E114 + Basil + Flamentli Flamentli Kabarik |Buruguk-{Krem Opak _[Subterminal elipsoidal - ++ +
55|E215 + Basil + Yuvarlak Diiz Kabarik |Diiz Krem Opak [Terminal elipsoidal + ~ +
56 | E287 + Basi| + Yuvarlak Dz Kabarik |Buruguk [Krem Opak [ Subterminal elipsoidal +++ +
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Izolatlar fizyolojik 6zellikleri bakimindan, gelisim gosterdikleri pH ve sicaklik degerleri ile

tuz istekleri bakimindan incelenmistir. Elde edilen degerler ¢izelge 4.11°de verilmistir.

Izolatlari pH 7.0-12.5 gibi genis bir pH araliginda gelisim gdsterdikleri, optimum gelisim
gosterdikleri pH degerlerinin pH 7.0-10.0 araliginda degisim gosterdigi belirlenmistir.
APT2 ve APT 35 kodlu izolatlarin optimum gelisim gosterdigi pH degerinin 10.0 oldugu,
APT2’nin fakiiltatif, APT35’in ise obligat alkalifil oldugu belirlenmistir.

Benzer sekilde izolatlarin ekstrem sicaklik degerlerini tolere ederek 25-70°C gibi genis
sicaklik araliklarinda gelisebildigi belirlenmistir. Izolatlarn optimum sicaklik gosterdikleri

sicaklik degerleri ise 30-50°C araliginda degismektedir.

Izolatlar tuz istekleri bakimindan da %0-10 aralifinda tuz toleransi gosterirken optimum

olarak %0-7 gibi genis bir tuz araliginda gelisim gosterdikleri belirlenmistir.
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Cizelge 4.11. Izolatlarin gelisim gosterdikleri pH, sicaklik ve tuz konsantrasyonu degerleri

pH istegi Sicakhk Istegi Tuz Istegi
No fzolat pH Aaraligi Optimum pH Sicaklik Aralig Optimum Tuz Aralig Optimum
(°C) Sicaklik (°C) (%) Tuz (%)
1 APT1 7.0-11.5 8.0 25-65 37 0-2 05
2 APT2 7.0-11.0 10.0 25-65 37 0-5 0,5
3 APTS 8.0-11.0 9.0 25-55 37 0-10 2
4 APT8 7.0-11.0 8.0 25-60 37 0-0,5 05
5 APT9 7.0-11.0 8.0 25-60 37 0-2 05
6 TG11 7.0-11.0 8.0 25-70 40 0-2 0,5
7 TG20 7.0-11.0 8.0 30-60 37 0-2 0,5
8 APTI10 7.0-12.5 9.0 25-65 30 0-2 05
9 APTI11 7.0-12.0 9.0 25-65 30 0-5 0,5
10 APTI12 7.0-11.0 8.0 25-55 50 0,5-7 2
11 APT13a 7.0-12.0 9.0 25-70 37 0-10 0
12 APT14 7.0-12.5 9.0 25-70 50 0-10 0
13 APT20b 7.0-12.0 9.0 25-60 37 0-7 0
14  APT23 8.0-11.0 8.0 30-55 40 0-0,5 0,5
15 APT24 7.0-12.0 8.0 25-55 37 0-2 0
16 APT25 7.0-12.0 9.0 25-65 40 0-2 0,5
17 APT26 8.0-12.0 9.0 25-55 40 0-2 0,5
18 APT30 7.0-12.5 9.0 25-70 40 0-10 0,5
19 APT32 8.0-12.5 9.0 25-70 37 0-10 0
20 APT34 8.0-12.5 9.0 25-65 40 0-10 2
21 APT35 9.0-12.5 10.0 25-55 30 0-10 7
22  APT36 7.0-12.0 8.0 25-60 40 0-0,5 0
23  APT37 7.0-12.0 9.0 25-65 30 0-7 0
24  APT38 8.0-12.5 9.0 30-65 37 0-5 0,5
25 APT39 7.0-12.5 9.0 30-65 40 0-10 0,5
26 APT40 8.0-12.0 9.0 25-65 40 0-5 2
27 APT41 7.0-12.5 8.0 25-55 30 0-2 0
28 APT42 7.0-11.5 7.0 25-65 40 0-5 0
29 APT43 7.0-12.5 8.0 25-65 37 0-5 0,5
30 APT44 7.0-12.5 8.0 25-70 37 0-10 0
31 APT47 7.0-12.0 8.0 25-60 37 0-7 2
32 APT48 7.0-12.5 9.0 25-70 37 0-10 0,5
33  A107 7.0-12.0 7.0 30-50 37 0-2 0,5
34 Alll 7.0-12.0 8.0 25-60 50 0-5 0,5
35 Al3l 7.0-12.5 9.0 25-65 37 0-2 0,5
36 Al51 7.0-12.5 9.0 30-65 37 0-7 05
37 A185 7.0-12.5 8.0 25-55 37 0-7 0,5
38 A325 7.0-10.0 8.0 25-60 37 0,5 0,5
39 A331 8.0-12.5 9.0 25-50 37 0-2 0,5
40 A363 8.0-12.0 8.0 25-50 40 0-2 0,5
41 B16 7.0-12.0 9.0 25-65 37 0-10 0,5
42  B65 7.0-11.0 8.0 25-60 50 0-2 0
43 CB83ca 8.0-11.0 9.0 30-60 50 0-2 05
44 C91 7.0-10.0 7.0 25-65 37 0-2 2
45 C92 7.0-11.0 7.0 30-60 40 0-2 2
46 C234 7.0-12.5 8.0 25-70 40 0-7 0,5
47 C235 7.0-12.5 9.0 25-65 40 0-5 0,5
48 C236 7.0-12.5 8.0 25-60 30 0-10 0,5
49 C241 7.0-12.0 8.0 25-60 37 0-5 0,5
50 C244 7.0-12.5 8.0 25-70 40 0-5 2
51 C251 7.0-12.0 9.0 25-70 37 0-5 2
52 C265 7.0-12.0 9.0 25-55 37 0-2 0,5
53 D311 7.0-12.5 8.0 30-60 40 0-2 0
54 El14 8.0-11.0 9.0 25-65 30 0-2 05
55 E215 8.0-11.0 8.0 30-60 37 0-0,5 0
56 E287 7.0-11.0 8.0 25-65 30 0 0
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4.5. Baz1 molekiiler taksonomi teknikleriyle siniflandirma

4.5.1. Genomik DNA izolasyonu

Izolatlardan ve referans suslardan izole edilen genomik DNA’larin konsantrasyonlar ile
RNA ve protein kirliligini gosteren ODygo280 V& OD2go230 nm’deki absorbanslari, Ankara
Universitesi Biyoteknoloji Enstitiisii Merkez Laboratuvari’nda bulunan Nanodrop cihazi
ile Ol¢iilmiistiir (Cizelge 4.12). DNA konsantrasyonlari, 430 ile 4400 ng/ul arasinda
degisiklik gostermis olup, daha sonra yapilacak PCR reaksiyonunda esit miktarda DNA
kullanmak amaciyla tim DNA konsantrasyonlar1 200 ng/ul olacak sekilde seyreltilmistir.
Ayrica elde edilen genomik DNA’larin tamami %1°lik agaroz jelde yiiriitiilerek DNA’larin
biitiinliikleri kontrol edilmistir (Sekil 4.20).

Cizelge 4.12. Baz1 DNA o6rneklerinin Nanodrop cihazinda 6lgiilen nitel 6zellikleri

Ornek Adi ng/ul  260/280 260/230

APT2 1553.32 1.98 1.96

APT26 1046.04 1.99 1.96

APT44 1366.6  1.99 1.89

Al107 999.67  1.99 1.89
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Sekil 4.20. Genomik DNA’lara ait agaroz jel goriintiisii; APT2, APT26, APT44 ve A107
izolatlarinin genomik DNA’larinin agaroz jel elektroforezinde goriintiilenmesi
(1; Fermentas GeneRuler High Range DNA Marker1 (#SM1353), (48502,
24508, 20555, 17000, 15258, 13825, 12119 ve 10171 bg) 2; APT2, 3; APT26,
4; APT44 ve 5; A107 ’nin DNA 06rnegi).

4.5.2. 16S rRNA geninin PCR ve PCR purifikasyon sonuglari

56 adet izolat ve 12 adet standart susun, 16S rRNA gen dizilerine spesifik 27F forward
primeri ve 1492R reverse primeri ile gergeklestirilen PCR reaksiyonlart sonucunda,
hedeflendigi gibi yaklagik 1500 bg’lik bir 16S ribozomal RNA gen bolgesinin ¢ogaltildig
%1,5’luk agaroz jelde yiiriitiilerek belirlenmistir (Sekil 4.21.). Elde edilen {iriinler PCR
purifikasyon kiti ile saflastirildiktan sonra tekrar %1,5’luk agaroz jelde yiiriitiilerek DNA

dizi analizi reaksiyonlarina hazir hale getirilmistir (Sekil 4.22.).
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Sekil 4.21. PCR friinlerinin jel agaroz goriintiisii; APT2, APT26, APT44 ve A107
izolatlarinin 27F ve 1492R primerleriyle PCR sonucunda elde edilen yaklasik
1500 be¢’lik fragmentlerinin agaroz jel elektroforezinde goriintiilenmesi (1;
Fermentas GeneRuler 100bp DNA Ladder Plus (#SM0321), (3000, 2000, 1500,
1200, 1031, 900, 800, 700, 600, 500, 400, 300, 200 ve 100 bg), 2; APT2, 3;
APT26, 4; APT44 ve 5; A107 6rnegine ait amplikon).

Sekil 4.22. Purifiye edilen PCR firiinlerinin agaroz jel goriintiisii;, APT2, APT26, APT44
ve A107 izolatlarinin PCR iiriinlerinin saflagtirilmasi sonrasinda yaklasik 1500
b¢’lik fragmentlerin agaroz jel elektroforezinde goriintiilenmesi (1; Fermentas
GeneRuler 100bp DNA Ladder Plus (#SM0321), (3000, 2000, 1500, 1200,
1031, 900, 800, 700, 600, 500, 400, 300, 200 ve 100 bg), 2; APT2, 3; APT26,
4; APT44 ve 5; A107 6rnegine ait amplikon).
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4.5.3. 16S rRNA gen dizi analizleri temel alinarak yapilan filogenetik analizler

Yaklasik 1500 bg uzunlugundaki 16S rRNA gen bolgesi 27F, 519R, 907R, 926F (907R ve
926F primerleri birbirinin komplementeridir) ve 1492R primerleri ile analiz edilmistir.
Boliim 3.2.6.4.’de de belirtildigi gibi, 500-600 b¢ uzunlugundaki dizileri analiz edebilme
kapasitesine sahip Beckman CEQ 8000 dizi analiz cihazinda yaklastk 1500 bg
uzunlugundaki tiim dizinin tamaminin dogru sekilde analiz edilmesi i¢in 519R, 907R ve
926F i¢ primerleri ile de reaksiyonlar gerceklestirilmistir. Reaksiyonlar her 5 primerle de
gerceklestirilerek basarili sonuglar elde edilmistir. Orek olarak 907R primeri ile APT5
izolatinin 16S rRNA gen dizisine ait elektroferogram goriintiisii Sekil 4.23.’te verilmistir.
Elde edilen diziler BioEdit v7.0.9 program ile birlestirilmis ve Mega 4.1. programi ile

filogenetik analizleri yapilmistir.
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Sekil 4.23. 907R primeri ile APTS izolatinin 16S rRNA gen dizisine ait
elektroferogram goriintiisii
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16S ribozomal RNA dizisi bakimindan, veri tabanindaki diger tiim dizilere % 97°den az
benzerlik gosteren bir prokaryotun yeni bir tiir oldugu disiiniilebilir. Bunun nedeni 16S
rRNA dizisinde % 97°den az benzerlik gosteren iki prokaryotun genomik DNA’larinin
genelde % 70’den az hibridize olmasidir (Madigan and Martinko 2007). Elde edilen 16S
rRNA geni dizilerine gore izolatlarin tamami birden fazla tip susla % 97°den fazla dizi
benzerligi gostermektedir. Bu dogrultuda 16S rRNA genine gore yapilan ayirimda
izolatlarin en ¢ok dizi benzerligi gosterdigi tip sus temel alimmis ve taksonomik
gruplandirma bu en yakin akraba tip susa gore yapilmistir. Ancak bu izolatlarin tiirlerinin
kesin olarak belirlenmesi i¢in Ad Hoc Committee’nin de dnerdigi gibi %97’den fazla dizi
benzerligi gosterdikleri tim tip suslarla hibridizasyonlarinin yapilmasi gerekmektedir

(Wayne et al. 1987, Stackebrandt et al. 2002).

Buna gore izolatlar ve en ¢ok 16S rRNA geni dizi benzerligi gosterdikleri tip suslar temel
aliarak olusturulmus evrimsel uzakligi gosteren filogenetik aga¢ Sekil 4.24.’te verilmistir.
Agag, neighbour-joining metodu ile olusturulmustur. Boostrap degerleri (%) 1000 tekrara
dayandirilarak elde edilmis olup, bar her 100 niikleotid pozisyonundaki 0.01’lik bir yer
degisikligini isaret etmektedir.

Izolatlar ve standart tip suslar, filogenetik agagta 28 grup olusturmustur. izolatlarin ve en
yiikksek dizi benzerligi gosterdikleri tip suglarin 16S rRNA genlerine gore olusturulan
filogenetik gruplari ve benzerlik oranlan ile ilgili daha detayli bilgi Cizelge 4.13°de
belirtilmistir. Ayrica izolatlarin 16S rRNA gen dizileri gen bankasi veri tabanina kayit
ettirilerek her izolata ait GenBank numarasi (Cizelge 4.14.) alinmistir. Arastirmaya dahil
edilen standart suslardan B. alcaliphilus DSM 485" ve B. pseudalcaliphilus DSM 8725'
filogenetik agagta ayni dallanmay1 gostererek B. alcaliphilus & B. pseudalcaliphilus
grubunu (16S-25) olustururken, B. gibsonii DSM 8722", B. halodurans DSM 4977, B.
agaradhaerens DSM 8721", B. coagulans DSM 17 ve B. horikoshii DSM 8719" diger
izolat ve standart suslardan ayrilarak sirasiyla 16S-26, 16S-23, 16S-22, 16S-15 ve 16S-11
gruplarini olusturmuslardir.  Geri kalan standart suglar (B. subtilis ATCC 6633, B.
licheniformis DSM 13", B. clausii DSM 8716", B. cohnii DSM 6307") filogenetik agacta
izolatlarla birlikte gruplanma gostermistlerdir (Sekil 4.24.)
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Izolatlar Bacillales ordosuna dahil Bacillaceae, Planococcaceae ve Paenibacillaceae
familyalar1 altinda toplanmistir. Bacillaceae familyasindan 4 farkli cinse (Bacillus,
Virgibacillus, Lysinibacillus ve Exiguobacterium) dahil tiirler ile gruplar elde edilirken
Planococcaceae ve Paenibacillaceae familyalarindan ise 2 farkli cinse (sirasiyla
Sporosarcina ve Paenibacillus cinsleri) dahil tiirler ile taksonomik gruplar elde edilmistir.

Izolatlarin cins seviyesine kadarki taksonomik gruplandirmalar1 asagida verilmistir;

Bacillaceae familyasi

Domain = Bacteria (Eubacteria)
Alem = Firmicutes (Gram (+) Bakteri)
Smif = Bacilli
Ordo = Bacillales
Family = Bacillaceae
Genus = Bacillus
Genus = Virgibacillus
Genus = Exiguobacterium
Genus = Lysinibacillus

Bacillus cinsi altinda B. subtilis (1 izolat), B. subtilis subsp. subtilis (7 izolat), B.
mojavensis (3 izolat), B. licheniformis (10 izolat), B. aerophilus (1 izolat), B. pumilus (1
izolat), B. safensis (9 izolat), B. oceanisediminis (1 izolat), B. pseudofirmus (1 izolat), B.
clausii (1 izolat), B. flexus (1 izolat), B. cohnii (1 izolat), B. cereus (1 izolat), B.
anthracis (6 izolat) ve B. badius (1 izolat) tiirlerine dahil olmak iizere toplam 45 adet
izolat, standart tip suslartyla gruplanmustir. Virgibacillus cinsi altinda bir izolat, V. proomii
tiri standart tip susla gruplanmistir. Exiguobacterium cinsi altinda E. arabatum tip
susuyla 5 izolat, E. aurantiacum ve E. mexicanum tip suslartyla ise birer izolat taksonomik
olarak gruplanmistir. Lysinibacillus cinsi altinda ise L. sphaericus tip susuyla birlikte bir

izolat gruplanmistir.
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Planococaceae familyasi

Domain = Bacteria (Eubacteria)
Alem = Firmicutes (Gram (+) Bakteri)
Siif = Bacilli
Ordo = Bacillales
Family = Planococaceae
Genus = Sporosarcina

Bir izolat Sporosarcina cinsi altinda S. koreensis tiiriine dahil tip susla taksonomik olarak

gruplanmastir.

Paenibacillaceae familyasi

Domain = Bacteria (Eubacteria)
Alem = Firmicutes (Gram (+) Bakteri)
Smif = Bacilli
Ordo = Bacillales
Family = Paenibacillaceae
Genus =Paenibacillus

Bir izolat da Paenibacillus cinsi altinda P. dendritiformis tiiriine dahil tip susla taksonomik

olarak gruplanmigtir.
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Izolatlarin tip suslarla 16S rRNA genlerine gére kiimelendikleri filogenetik gruplar, bu
gruplara dahil olan izolatlar ve sayilar1 Cizelge 4.13. ve Sekil 4.24.’te belirtilmistir. Buna
gore, Bacillus cinsine dahil olan izolatlardan 45°i engok benzerlik gosterdigi tip suslarla
taksonomik olarak gruplandirilmis olup, B. subtilis (1 izolat), B. subtilis subsp. subtilis (7
izolat), B. mojavensis (3 izolat), B. licheniformis (10 izolat), B. aerophilus (1 izolat), B.
pumilus (1 izolat), B. safensis (9 izolat), B. oceanisediminis (1 izolat), B. pseudofirmus (1
izolat), B. clausii (1 izolat), B. flexus (1 izolat), B. cohnii (1 izolat), B. cereus (1 izolat),

B. anthracis (6 izolat), B. badius (1 izolat) tiirleriyle bir arada gruplanmislardir.

Ayrica Virgibacillus, Sporosarcina, Lysinibacillus ve Paenibacillus cinslerine dahil birer
izolat standart tip suslarla gruplanmistir. Exiguobacterium cinsine dahil olan 7 izolat da 3
farkli tip susla (E. arabatum (5), E. aurantiacum (1), E. mexicanum(1)) gruplanmuistir.
Bacillus cinsine dahil edilen APT23 kodlu izolat B. cereus DSM 31" ve B. anthracis

standart suslarina sirastyla % 98.3 ve 99.2 oraninda benzerlik gostermisler ve filogenetik

agacta bu yakin akraba tiirler ile kiimelenmislerdir. Geri kalan izolatlarin tamami Cizelge

4.12.’de belirtilen standart tip suslarla % 99,1 ve 100 oraninda benzerlik gostermistir.
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| Bacillus subtilis subsp. subtilis grubu (16S-1)

= Bacillus mojavensis grubu (16S-2)

} Bacillus subtilis grubu (16S-3)

_—

= Bacillus licheniformis grubu (16S-4)

-

} Bacillus aerophilus grubu (16S-5)

} Bacillus pumilus grubu (16S-6)

Bacillus safensis grubu (165-7)

} Bacillus oceanisediminis grubu (165-8)

} Bacillus flexus grubu (165-9)

} Bacillus cohnii grubu (16S-10)
—> Bacillus horikoshii grubu (165-11)
} B.cereus grubu (165-12)

B.anthracis grubu (165-13)

Virgibacillus grubu (165-14)
Bacillus coagulans grubu (165-15
> g grubu ( )
} Bacillus badius grubu (165-16)
} Sporosarcina grubu (165-17)
} Lysinibacillus grubu (16S-18)

} Exiguobacterium aurantiacum grubu (16S-19)

- Exi

grubu (165-20)

terium mexic

Exiguobacterium arabatum grubu (16S-21)

—> Bacillus agaradhaerens grubu (165-22)
—> Bacillus halodurans grubu (16S-23)

} Bacillus pseudofirmus grubu (16S-24)
B.alcaliphilus&B.p lalcaliphilus grubu (16S-25)

—> Bacillus gibsonii grubu (165-26)

T} Bacillus clausii grubu (165-27)

} Paenibacillus grubu (16S-28)

Sekil 4.24. 16S rRNA gen dizileri temel alinarak olusturulmus, evrimsel uzakligi gésteren



Cizelge 4.13. 16S rRNA genlerine gore olusturulan filogenetik gruplar; bu gruplara dahil
olan izolatlarin en ¢cok benzerlik gosterdikleri tip susla benzerlik oranlari

16S rRNA Gen Grubu | izolatlar | Benzerlik Oram (%)
Bacillus cinsi
Bacillus subtilis grubu (1 izolat) E287 99,7
A363 99,9
E215 99,8
Bacillus subtilis subsp. subtilis grubu Al 99,9
(7 izolat) pslL 999
A325 99,9
A107 99,8
E331 99,6
A185 99,8
Bacillus mojavensis grubu (3 izolat) C265 99,8
A131 99,8
C83ca 99,9
C92 99,9
co1 99,8
All1l 99,8
. . . . . APT38 99,7
Bacillus licheniformis grubu (10 izolat) APT39 99.7
APT47 99,6
TG20 99,5
E114 99,4
APT40 99,3
Bacillus aerophilus grubu (1 izolat) B65 100,0
Bacillus pumilus grubu (1 izolat) APT37 99,8
B16 100,0
APT43 99,9
C235 100,0
C244 100,0
Bacillus safensis grubu (9 izolat) C241 100,0
C234 99,9
C236 99,9
C251 99,9
APT11 99,7
Bacillus oceanisediminis grubu (1 izolat) APT26 99,6
Bacillus pseudofirmus grubu (1 izolat) APT35 99,9
Bacillus clausii grubu (1 izolat) APT32 99,7
Bacillus flexus grubu (1 izolat) APT12 99,9
Bacillus cohnii grubu (1 izolat) APT5 99,9
Bacillus cereus grubu (1 izolat) APT23 98,3
APT10 100,0
APT24 100,0
Bacillus anthracis grubu (6 izolat) APTS 100,0
APT25 100,0
APT1 99,9
TG11 99,9
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Cizelge 4.13. 16S rRNA genlerine gore olusturulan filogenetik gruplar; bu gruplara dahil
olan izolatlarin en ¢ok benzerlik gosterdikleri tip susla benzerlik oranlar

(devam)
16S rRNA Gen Grubu | izolatlar | Benzerlik Oram (%)
Virgibacillus cinsi
Virgibacillus grubu
(V.groomii—l igzolat) 26-APT2 9.9
Sporosarcina cinsi
Sporosarcina grubu
(S?koreensis-lgizolat) APTAL 99,7
Lysinibacillus cinsi
Lysinibac_illus gr_ubu APT42 99,8
(L.sphaericus-1 izolat) ’
Exiguobacterium cinsi
APT14 99,9
APT13a 99,9
Exiguobacterium arabatum (5 izolat) APT44 99,9
APT48 99,9
APT30 99,8
Exiguobacterium aurantiacum (1 izolat) APT34 99,9
Exiguobacterium mexicanum (1 izolat) APT20b 99,4
Paenibacillus cinsi
Paenibacillus grubu
(P.dendritiforngwis-l izolat) APT36 9.1
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Cizelge 4.14. Izolatlara ait GenBank numaralari

No izolat Kodu GenBank Numarasi
1 APT1 KC519419
2 APT2 KC519420
3 APT5 JF689927.1
4 APT8 KC519421
5 APT9 KC519422
6 TG11 KC519423
7 TG20 KC519424
8 APT10 KC439345
9 APT11 KC519395
10 APT12 KC519396
11 APT13a KC519397
12 APT14 KC519398
13 APT20b KC519399
14 APT23 KC519400
15 APT24 KC519401
16 APT25 KC519402
17 APT26 KC519403
18 APT30 KC519404
19 APT32 KC519405
20 APT34 KC519406
21 APT35 KC519407
22 APT36 KC519408
23 APT37 KC519409
24 APT38 KC519410
25 APT39 KC519411
26 APT40 KC519412
27 APT41 KC519413
28 APT42 KC519414
29 APT43 KC519415
30 APT44 KC519416
31 APT47 KC519417
32 APTA48 KC519418
33 Al107 KC519425
34 Alll FJ429567.1
35 Al31 KC519426
36 Al51 KC519427
37 Al185 KC519428
38 A325 KC519429
39 A331 KC519430
40 A363 KC519431
41 B16 KC519432
42 B65 KC519433
43 C83ca FJ429573.1
44 Ca1 KC519434
45 C92 KC519435
46 C234 KC519436
47 C235 KC519437
48 C236 KC519438
49 C241 KC519439
50 C244 KC519440
51 C251 KC519441
52 C265 KC519442
53 D311 FJ430035.1
54 El114 FJ430054.1
55 E215 FJ429588.1
56 E287 FJ430065.1
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Genel olarak proteaz iireticisi mikroorganizmalarin pek cogu toksik ve patojen 6zellik
gostermelerine ragmen bunlarin i¢inde az sayida bulunan toksik ve patojen olmayan
mikroorganizmalar ticari kullanim i¢in uygun goriilen proteaz iireticileridir (generally
recognized as safe; GRAS) ve Bacillus cinsine ait bakteriler alkalen proteaz iireticisi
bakterilerin basinda gelir. Bu cinse ait en ¢ok tercih edilen alkalen proteaz iireticisi tiirler B.
licheniformis, B. subtilis, B. amyloliquifaciens ve B. mojavensis’ tir (Kumar and Takagi,
1999). Yiiksek kapasitede alkalen proteaz iireten izolatlardan E114; B. licheniformis,
C265; B. mojavensis, B65; B. aerophilus, APT11, APT43, C251 ve C234 izolatlar1 ise B.

safensis tiirleri ile taksonomik olarak ayni grupta yer almistir.

Ozellikle B. licheniformis tarafindan iiretilen alkalen proteazlar endiistriyel olarak
patentlenerek kuru temizleme deterjanlarinda yaygin olarak kullanilmaktadir (Kumar and
Takagi 1999, Amara et al. 2009). B. mojavensis tarafindan iiretilen alkalen serin
proteazlarin da endiistriyel kullanima uygun oldugu bildirilmistir (Beg and Gupta 2003,
Haddar et al. 2009). Ancak gerek B. safensis gerekse B. aerophilus’un alkalen proteaz
tretimi ile ilgili bir arastirma literatiirde bulunmamaktadir. Bu bilgiler dogrultusunda
yiilksek kapasitede alkalen proteaz lireten bu 7 izolatin enzimlerinin saflastirilarak
karakterize edilmeye deger oldugu diisiiniilmektedir. Ozellikle B. safensis ve B. aerophilus
tiirlerinin alkalen proteaz iiretimi ile ilgili literatiirden bilgi edinilememesi nedeniyle, bu
tirlere dahil edilen 5 izolatin yeni alkalen proteaz kaynaklari olabilecegi ongoriilebilir.
Ayrica bu izolatlarin patojen 6zellik tasimayan tiirler arasinda tanimlanmasi endiistriyel

olarak kullanim potansiyellerini desteklemektedir.

Aragstirilan izolatlardan APT 23’iin B. cereus, APT1, APT9, APT10, APT24, APT25 ve
TG11 izolatlarmin ise B. anthracis olmak tizere III. simif (class III) patojen tiirlerlerle
taksonomik olarak gruplandigi belirlenmistir. Bircok standart susa gore daha yliksek
kapasitede alkalen proteaz lireten bu izolatlar, ne yazik ki patojen ozellikleri nedeniyle
endiistriyel diizeyde enzim iiretimine uygun degildir (Cizelge 4.15.). Belirtilen 7 izolatin
disindaki 49 izolatin tamami ise patojen Ozellik gostermeyen tiirlerle bir arada

kiimelenmistir.
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Tiim izolat ve standart suslarin icerisinde ise en diisiik alkalen proteaz tiretim kapasitesine
sahip izolatin Paenibacillus dendritiformis ile gruplandirilan APT36 kodlu izolat (3824
U/ml/g) oldugu goriilmektedir.

[zolatlarin optimum alkalen proteaz iiretim kosullar1 dikkate alindiginda, B. safensis grubu
izolatlarin tamaminin nigastali sivi besiyerinde, B. licheniformis ve B. anthracis grubu ile
Exiguobacterium cinsine dahil izolatlarin tamaminin ise kazeinli sivi besiyerinde optimum
alkalen proteaz TUrettigi belirlenmistir. Ayrica Exiguobacterium grubu izolatlarin
tamaminin optimum alkalen proteaz liretimi i¢in, 48 saatlik inkiibasyon siliresinin uygun
oldugu gorilmektedir (Cizelge 4.15.). Standart suslarla karsilastirildiginda ise Bacillus
subtilis ve Bacillus subtilis subsp. subtilis olarak gruplandirilan izolatlarin tamami standart
suslar B. subtilis DSM 1971 ve B. subtilis ATCC 6633"ten daha yiiksek kapasitede
alkalen proteaz irettigi goriilmektedir. Benzer sekilde B. clausii olarak gruplanan APT32
kodlu izolatin standart sus B. clausii DSM 8716 dan daha yiiksek kapasitede alkalen
proteaz liretirken, B. cohnii olarak gruplandirilan APTS kodlu izolat ise standart sus B.
cohnii DSM 6307 ’ye gére daha diisiik kapasitede alkalen proteaz iirettigi belirlenmistir
(Cizelge 4.15.). Geri kalan izolatlarin standart suslari calismada mevcut olmadigi icin,

alkalen proteaz iiretim degerleri bakimindan standart suslarla karsilastirilamamaislardir.

Polifazik yaklagim, ayni cinse ait c¢ok sayida benzer bakteriyi kiimeler halinde
gruplandirarak, tanimlayici fenotipik ve genotipik metodlar ile bu gruplar hakkinda bilgi
edinmeyi kapsar. Bu yaklagimla ayni cinse ait benzer bakteriler hakkinda oldukg¢a fazla
bilgiye sahip olmak, onlarin dogru olarak siniflandirilmasinda biiyiik onem teskil
etmektedir. Yiritilen bu tezin amaci, ¢ok sayidaki basil izolatinin dogrudan tiir
teshislerini yapmak degil, 16S rRNA gen dizileri, diger genotipik ve fenotipik testlerle
onlarin taksonomik pozisyonlarini polifazik bir yaklasimla belirlemektir. Daha 6nce de
belirtildigi gibi arastirilan tiim izolatlarin tiirlerinin tam olarak teshis edilebilmesi i¢in,
DNA’larinin yakin akraba standart suslarin DNA’lartyla hybridize edilmesi gerekmektedir.
Tez kapsamindaki izolatlarin yiiksek 16S rRNA gen dizi benzerligi géstermeleri nedeniyle
ticari kullanima uygun sekilde patojenite gostermeyen izolatlar daha sonraki ¢aligmalarda

materyal olarak kullanilmak {izere belirlenmistir.
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Cizelge 4.15. izolatlarin taksonomik gruplar1 ve yiiksek alkalen proteaz aktivitesi
gosterdikleri kosullar

16S rRNA Gen Grubu izolatlar Alkalen Yiiksek Alkalen Proteaz Aktivitesi Gosterdigi;
Proteaz Siv1 Besiyeri | Inkiibasyon | Glisin-NaOH
Aktivitesi | besiyeri | pH's1 siiresi tampon pH's1
(U/ml/g)
Bacillus subtilis subsp. A363 44864 Kazein 7,5 48 9,0
subtilis E215 43725 Nisasta 9,5 48 9,0
Al151 29906 Nisasta 7,5 48 9,0
D311 53350 Nisasta 75 48 10,0
A325 27726 Kazein 7,5 72 9,0
A107 22471 Kazein 9,5 48 9,0
E331 22367 Kazein 9,5 72 9,0
Bacillus subtilis E287 41708 Kazein 9,5 48 9,0
DSM1971 21450 Kazein 9,5 72 9,0
ATCC6633 22458 Kazein 9,5 48 9,0
Bacillus mojavensis A185 33950 Nisasta 75 48 9,0
C265 103125 Kazein 9,5 48 9,0
Al31 30425 Kazein 7,5 48 9,0
Bacillus licheniformis C83ca 12844 Kazein 75 72 10,0
C92 18116 Kazein 9,5 48 9,0
Cca1 18700 Kazein 7,5 48 10,0
Alll 17233 Kazein 9,5 72 9,0
APT38 7398 Kazein 7,5 48 10,0
APT39 9888 Kazein 7,5 48 9,0
APT47 26308 Kazein 7,5 48 9,0
TG20 10529 Kazein 7,5 48 10,0
E114 103125 Kazein 7,5 48 9,0
APT40 11648 Kazein 75 48 10,0
DSM13 16323 Kazein 9,5 72 9,0
Bacillus aerophilus B65 68506 Nisasta 75 72 10,0
Bacillus pumilus APT37 31656 Kazein 9,5 72 9,0
Bacillus safensis B16 42961 Nisasta 7,5 48 9,0
APT43 68082 Nisasta 9,5 72 9,0
C235 37492 Nisasta 9,5 48 9,0
C244 65939 Nisasta 75 72 9,0
C241 34490 Nisasta 7,5 48 10,0
C234 34375 Nisasta 9,5 48 10,0
C236 53763 Nisasta 9,5 72 9,0
C251 65939 Nisasta 7,5 72 9,0
APT11 63429 Nisasta 75 48 9,0
Bacillus oceanisediminis APT26 15981 Kazein 9,5 72 9,0
Bacillus pseudofirmus APT35 38019 Kazein 9,5 48 9,0
Bacillus clausii APT32 34035 Nisasta 9,5 48 9,0
DSM 8716" 12950 Kazein 7,5 72 9,0
Bacillus flexus APT12 31549 Kazein 9,5 48 9,0
Bacillus cohnii APT5 15400 Kazein 7,5 48 10,0
DSM 6307" 44688 Kazein 7,5 48 10,0
Bacillus cereus APT23 14491 Kazein 75 48 9,0
Bacillus anthracis APT10 20689 Kazein 9,5 48 9,0
APT24 22756 Kazein 9,5 72 9,0
APT9 23623 Kazein 75 48 9,0
APT25 16800 Kazein 9,5 48 9,0
APT1 20442 Kazein 9,5 48 9,0
TG11 29081 Kazein 7,5 48 9,0
Bacillus badius APTS8 24420 Kazein 75 48 9,0
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Cizelge 4.15. izolatlarin taksonomik gruplar1 ve yiiksek alkalen proteaz aktivitesi
gosterdikleri kosullar (Devam)

Alkalen Yiiksek Alkalen Proteaz Aktivitesi Gosterdigi;
16S rRNA Gen Grubu izolatlar Proteaz Siv1 Besiyeri | Inkiibasyon | Glisin-NaOH
Aktivitesi | besiyeri pH's1 siiresi tampon pH's1
(U/ml/g)

Virgibacillus proomii APT?2 22358 Kazein 9,5 48 9,0
Sporosarcina koreensis APT41 13180 Kazein 7,5 48 10,0
Lysinibacillus sphaericus | APT42 27762 Nigasta 9,5 48 10,0
. APT34 20006 | Kazein | 95 72 9,0

Exiguobacterium .
me)?icanum APT20b 8054 Kazein 95 48 10,0
APT14 9598 Kazein 7,5 48 9,0
. . APT13a 24844 Kazein 7,5 48 9,0
Ef;%‘;?f;"te”“m APT44 36300 | Kazein 95 48 9,0
APTA8 13292 Kazein 7,5 48 10,0
APT30 16454 Kazein 7,5 48 10,0

Paenibacillus .
dendritiformis APT36 3824 Kazein 9,5 48 9,0
B. alcaliphilus DSM 486" 47850 Kazein 7,5 48 9,0
B. pseudalcaliphilus DSM 8715" 12668 Kazein 9,5 72 9,0
B. agaradhaerens DSM 87217 29578 Nisasta 7,5 72 9,0
B. halodurans DSM 497" 18993 Kazein 7,5 48 10,0
B. horikoshii DSM 8719" 15461 Kazein 7,5 48 10,0
B. gibsonii DSM 87227 26171 Nigasta 9,5 72 9,0
B. coagulans DSM 1" 15538 Nigasta 7,5 72 9,0

45.4. ITS-PCR, BOX-PCR ve (GTG)s-PCR ile elde edilen DNA bant profillerinin

degerlendirilmesi

ITS, BOX ve (GTG)s PCR ile elde edilen DNA bantlarinin varligi veya yoklugu ve
yogunluklarina gore yapilan kiimeleme analizinde, GelCompar II yazilimi1 benzerlik
derecelerinin sinirlarimi % 16.66, 33.33, 49.99, 66.66 ve 83.3 olarak kullanmistir. Bu
dogrultuda bant profilleri bakimindan % 83.3-100 benzerlik gosteren Ornekler birlikte
gruplandirilirken, % 83’lin altinda benzerlik gdstern drneklerin bant profilleri egsiz bant

profili olarak tanimlanmuistir.

Izolat ve standart suslar ITS-PCR, BOX-PCR ve (GTG)s-PCR teknikleri ile elde edilen
bant profillerine gére sirasiyla 28, 33 ve 51 gruba ayrilmistir. Bu gruplar 16S rRNA geni
gibi evrimsel olarak iyi korunmamig olan 16S-23S rRNA genleri arasindaki ITS bolgeleri

ile (GTG)s ve BOX gibi tim genom boyunca tekrar eden genetik elementlerle
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olusturuldugu i¢in izolat ve standart suslarin genetik cesitliliklerinin ortaya koyulmasinda
daha ayrintili bilgiler elde edilmistir. 16S rRNA geni dizi analizi, ITS-PCR, BOX-PCR ve
(GTG)s-PCR ile elde edilen gruplarin sayisi ile gruplardaki izolat ve standart suslar
sirastyla Cizelge 4.16 ve 4.17°de verilmistir. Elde edilen sonuglara gore, 16S rRNA geni
gruplar ile en fazla uyumu ITS-PCR gruplart gostermistir. Tiir i¢i farkliliklarin ortaya
koyulmasinda ise en fazla ayrim giicii (GTG)s-PCR ile saglanmistir. ITS-PCR, BOX-PCR
ve (GTG)s-PCR bant profillerinin bir araya getirilmesiyle elde edilen dendogram Sekil
4.25.°te verilmistir. Her ii¢ teknikle ayr1 ayr1 gerceklestirilen kiimeleme analizleri ise

boliim 4.5.4.1, 4.5.4.2. ve 4.5.4.3.’te ayrintil1 olarak verilmistir.

Cizelge 4.16. 16S rRNA geni, ITS-PCR, BOX-PCR ve (GTG)s-PCR ile elde edilen

gruplar
16SrRNA ITS-PCR BOX-PCR GTG-PCR
Standart Gruplarinin Sayisi 6 7 5 10
izolat Gruplarinin Sayisi 22 21 28 41
Toplam Grup Sayisi 28 28 33 51

Aragstirilan izolatlar, referans suslarla %97°den fazla 16S rRNA geni benzerligi
gostermektedir. Bu nedenle izolatlarin tiirlerinin tam olarak teshis edilmesi i¢in birden
fazla yakin akraba referans susla DNA-DNA hibridizasyonlarinin  yapilmasi
gerekmektedir. Pahali ve uygulamasi zor bir teknik olan DNA-DNA hibridizasyonu deneyi
icin, ucuz ve uygulanmasi kolay olan niikleik asit parmak izi teknikleri ile uygun referans
suslarin se¢ilmesi miimkiindiir (Cihan et al. 2011). Boylelikle daha az benzerlik gdsteren

referans suslarla hibridizasyon olasilig1 azaltilmaktadir.

Tez kapsaminda ITS, BOX ve (GTG)s-PCR ile oldukca ayirici bant profilleri elde
edilmistir. Gelecek yillarda hibridizasyon deneylerinin gergeklesmesi durumunda, 16S
rRNA gen dizileri ve bu tekniklerden elde edilen verilerin referans suslarin segiminin

kolaylik saglayacagi 6n goriilmektedir.
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Cizelge 4.17. 16S rRNA geni dizi analizi, ITS-PCR, BOX-PCR ve GTG-PCR ile olusan gruplar

16SrRNA Gen Grubu Izolatlar  {16S Grubu [ITSGrubu [BOX Grubu |GTG Grubu
A363 16S-1 ITS-8 BOX-27 GTG-44
E215 16S-1 ITS-8 BOX-28* GTG-44
Al151 16S-1 1TS-8 BOX-25* GTG-16*
Bacillus subtilis subsp. subtilis D311 16S-1 ITS-8 BOX-30 GTG-45
A325 16S-1 ITS-8 BOX-11 GTG-41*
A107 16S-1 ITS-26 BOX-31* GTG-46*
E331 16S-1 1TS-8 BOX-11 GTG-1*
E287 16S-2 ITS-8 BOX-29* GTG-43*
Bacillus subtilis DSM1971 |- 1TS8 BOX-27 GTG-42*
ATCC6633]16S-2 1TS-8 BOX-30 GTG-45
A185 16S-3 ITS-8 BOX-26 GTG-10
Bacillus mojavensis C265 16S-3 1TS-8 BOX-26 GTG-10
Al31 16S-3 ITS-8 BOX-26 GTG-10
C83ca 16S-4 1TS-9 BOX-10 GTG-14*
C92 16S-4 ITS-6 BOX-9 GTG-21
C91 16S-4 ITS-6 BOX-10 GTG-12*
Alll 16S-4 ITS-5 BOX-4 GTG-22
APT38 16S-4 ITS-5 BOX-4 GTG-22
Bacilluslicheniformis APT39 16S-4 ITS-5 BOX-4 GTG-22
APT47 16S-4 ITS-7 BOX-8* GTG-24*
TG20 16S-4 ITS-7 BOX-7 GTG-20*
E114 16S-4 ITS-5 BOX-9 GTG-21
APT40 16S-4 1TS-26 BOX-7 GTG-25*
DSM13 16S-4 ITS5 BOX-5* GTG-22
Bacillus aerophilus B65 16S-5 1TS-9 BOX-24* GTG-9*
Bacillus pumilus APT37 16S-6 1TS-10 BOX-32 GTG-6*
B16 16S-7 ITS-10 BOX-32 GTG-4
APT43 16S-7 1TS-13 BOX-33 GTG-7
C235 16S-7 1TS-10 BOX-23 GTG-3
C244 16S-7 1TS-10 BOX-23 GTG-4
Bacillus safensis C241 16S-7 1TS-10 BOX-32 GTG-4
C234 16S-7 ITS-13 BOX-14 GTG-3
C236 16S-7 1TS-13 BOX-33 GTG-7
C251 16S-7 ITS-10 BOX-23 GTG-5
APT11 16S-7 1TS-10 BOX-33 GTG-5
Bacillus oceanisediminis APT26 16S-8 ITS-4* BOX-14 GTG-15*
Bacillus pseudofirmus APT35 16S-24 ITS-11* BOX-14 GTG-11*
Bacillus dlausii APT32 16S-27 1TS-23 BOX-2* GTG-19*
DSM8716 |16S-27 1TS-23 BOX-1* GTG-26*
Bacillus flexus APT12 16S-9 ITS-1* BOX-14 GTG-13*
Bacillus cohnii APT5 16S-10 ITS-24 BOX-14 GTG-51*
DSM6307 |16S-10 1TS-24 BOX-14 GTG-38*
Bacillus cereus APT23 16S-12 ITS-18* BOX-14 GTG-37*
APT10 16S-13 ITS-17 BOX-14 GTG-36*
APT24 16S-13 1TS-17 BOX-14 GTG-35
Bacillus anthracis APT9 16S-13 1TS-17 BOX-14 GTG-33
APT25 16S-13 1TS-17 BOX-14 GTG-35
APT1 16S-13 1TS-17 BOX-14 GTG-34*
TG11 16S-13 ITS-17 BOX-14 GTG-33
Bacillus badius APT8 16S-16 ITS-2* BOX-14 GTG-28*
Virgibacillus proomii APT2 16S-14 1TS-19* BOX-14 GTG-50*
Sporosarcina koreensis APTA41 16S-17 ITS-21* BOX-12* GTG-47*
Lysinibacillus sphaericus APT42 16S-18 1TS-25* BOX-14 GTG-2*
Exiguobacterium aurantiacum APT34 16S-19 ITS-16 BOX-17* GTG-39*
Exiguobacterium mexicanum APT20b  |16S-20 1TS-16 BOX-18* GTG-48*
APT14 16S-21 1TS-16 BOX-19* GTG-29
APT13a 16S-21 ITS-16 BOX-22 GTG-27
Exiguobacterium arabatum APT44 16S-21 1TS-16 BOX-20* GTG-27
APT48 16S-21 1TS-16 BOX-21* GTG-30*
APT30 16S-21 1TS-16 BOX-22 GTG-29
Paenibacillus dendritiformis APT36 16S-28 ITS-15* BOX-13* GTG-17*
B.alcaliphilus DSM486 |16S-25 1TS-28* BOX-16* GTG-49*
B.pseudal caliphilus DSM8715 |16S-25 1TS-20* BOX-14 GTG-18*
B.agar adhaerens DSM8721 |16S-22 1TS22* BOX-14 GTG-31*
B.halodurans DSM497 |16S-23 ITS-27* BOX-3* GTG-40*
B.horikoshii DSM8719 |16S-11 ITS-3* BOX-15* GTG-8*
B.gibsonii DSM8722 |16S-26 ITS12* BOX-14 GTG-32*
B.coagulans DSM1 16S-15 TS 14* BOX-6* GTG-23*

“** jsareti ‘essiz bant profili’ olusturan izolatlar icin, ‘ftalik’ yaz tipi standart suslarm
olusturdugu gruplar i¢in, hem ‘Jzalik’ yazi tipi hem “*’ isareti ile belirtilen gruplar ‘essiz
bant profili olusturan standart suslar’ i¢in kullanilmistir.
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Pearson comelation (Opt:0.50%) [0.0%-100.0%]
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Sekil. 4.25. ITS, BOX ve (GTG)s-PCR bant profillerinin biraraya getirilmesiyle
olusturulan kiimeleme analizi. Dendrogram, benzerlik oranlarinin Pearson
korelasyon katsayisinin yiizde olarak belirlenmesiyle UPGMA kullanilarak
olusturulmustur.
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4.5.3.1. Intergenik 165-23S rRNA genlerinin ITS-PCR ile ¢ogaltilmasiyla elde edilen
DNA profilleri

Ribozomal operon, genetik iliskinin belirlenmesinde ve tlrlerin hizli bir sekilde
tanimlanmasinda kullanilan klasik molekiiler markerlardan biridir (Amann et al. 1995).
Ribozomal operonun birgok farkli bolgesinden biri olan 16 ve 23S ribosomal DNA
arasindaki ITS (internal transcribed spacers) bolgeleri, mikrobiyal tiirlerin
tanimlanmasinda ve tiirler arasindaki iliskinin analiz edilmesinde sikliklikla
kullanilmaktadir (Giirtler and Stanisich 1996, Daffonchio et al. 1998a, Giirtler 1999). ITS
bolgeleri birgok bakteriyal genomda ¢oklu kopyalar halinde bulunur (Jensen et al. 1993,
Giirtler and Stanisich 1996). 16S-23S ITS bolgeleri, evrimsel olarak olduk¢a korunmus
olan 16S rRNA gen dizilerine gore daha fazla gesitlilik i¢erebilmektedir. Bu nedenle ITS-
PCR parmak izi teknigi tiir ici iliskilerin ortaya koyulmasinda uygulanan niikleik asit
temelli teknikler arasindadir (Logan et al. 2009).

Ayrica, 16S ve 23S rRNA genetik lokuslarinin arasinda bulunan ITS bdlgesi, bakterileri
tiir ve alt tiir seviyesinde ayirmaya yarayan, bakteri tliriine gore Ozgilinliikk gosteren ve
literatiirde sik kullanilan PCR temelli bir yontemlerden biridir. ITS bdolgesindeki
polimorfizmin sebebi, say1 ve dizi agisindan farklilik gosteren ve birden fazla ribozomal
operon igeren tRNA genlerinin varligidir (Daffonchio et al. 2003). Bu polimorfizm, Flint
et al. (2001), Daffonchio et al. (2003), Freitas et al. (2008), Manachini et al. (2000) ve
Cihan et al. (2011) gibi arastiricilarin yapmis oldugu onceki ¢alismalarda, yakindan iligkili
endospor olusturan basil tiirleri arasindaki genotipik ¢esitliligin ortaya ¢ikarilmasinda

kullanilmistir.

Aragstirilan 56 adet izolat ile 12 adet referans susun S-D-Bact-1494-a-S-20 ve L-D-Bact-
0035-a-A-15 primerleri kullanilarak, 16S ve 23S rRNA genlerinin arasindaki ITS bolgesi
cogaltilmig ve elde edilen niikleik asit parmak izleri Sekil 4.26°da gosterilmistir. Agaroz jel
elektroforezi uygulanarak goriintiilenen ITS parmak izi profillerindeki DNA bantlarinin

sayis1 ve biiyiikliigiine gore izolatlarin genotipik cesitlilikleri belirlenmistir.
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Izolat ve standartlarin ITS gen bdélgesinin PCR reaksiyonlari sonucunda, tiir bazinda

toplam 28 DNA profili elde edilmistir (Sekil 4.26.) 16S rRNA gen gruplariyla

karsilastirilan ITS gen gruplar1 sonuglarina gore:

B. subtilis subsp. subtilis grubuna dahil olan A107 kodlu izolat hari¢ B. subtilis, B.
subtilis subsp. subtilis ve B. mojavensis gruplarina dahil edilen izolatlarin tamami
ITS-8 gen grubu DNA profillerini olusturmustur. Bu gruptaki izolatlar ve standart
suslar (B. subtilis DSM 1971, B. subtilis ATCC 6633") birbirleriyle ayni bant
profilini vermistir. 16S rRNA gen bolgelerine gore B. subtilis tiiriinden ayrilan B.
mojavensis tiirline dahil izolatlar, ITS gen bolgeleri bakimindan B. subtilis tiiriine
dahil izolatlarla ayn1 profili gdstermistir. Bu sonuglara gore ITS gen bolgesinin B.

subtilis ve B. mojavensis tiirii arasinda ayirt edici dzellik tasimadigi belirlenmistir.

Ayrica 16S rRNA gen bdolgesi bakimindan B. subtilis subsp. subtilis tiiriine %99.8
benzerlik gosteren A107 kodlu izolatin ITS bant profili, ITS-8 gen grubu ile
oldukca farklilik gostermis ve 1TS-26 grubunda tanimlanmigtir. A107 kodlu izolat
gosterdigi farkli ITS profili ile diger B. subtilis tiirlerinden ayrilabilmistir.

B. licheniformis grubuna dahil edilen izolatlardan A111, APT38, APT39, E114 ve
standart sus B. licheniformis DSM 13" ITS-5 gen grubunda, C83ca ITS-9
grubunda, C91 ve C92 ITS-6 grubunda, APT47 ve TG20 ITS-7 grubunda, APT40
ITS-26 grubunda yer alarak birbirlerinden farklilik gostermistir. Birbiriyle yiiksek
16S rRNA gen dizi benzerligi olan bu gruptaki referans tiir ve suslar gosterdikleri 5
farkli ITS profili ile birbirlerinden ayirilabilmislerdir.

B. aerophilus grubuna dahil edilen B65 kodlu izolat, B. licheniformis grubuna dahil
olan C83ca kodlu izolat ile ITS-9 grubunu olusturmustur. 16S rRNA gen dizisine
gore B. licheniformis grubunda tanimlanan C83ca kodlu izolatin, ITS gen profili
bakimindan diger B. licheniformis grubu izolatlardan ayrilarak, B. licheniformis ile

yiiksek dizi benzerligi gosteren B. aerophilus grubunda yer almasi dikkat ¢ekicidir.

B. safensis grubuna dahil edilen izolatlar iki farkli ITS grubu altinda
toplanmiglardir. 1TS-10 grubuna dahil olan B16, C235, C244, C241, C251 ve
APT11 kodlu izolatlar birbirleriyle ayn1 bant profiline sahipken, 1TS-13 grubuna
dahil olan APT43, C234 ve C236 kodlu izolatlarin ITS-10 grubundan oldukga

farkli bant profiline sahip oldugu belirlenmistir.
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Bunun yan1 sira B. pumilus grubuna dahil olan APT37 kodlu izolat B. safensis ITS-
10 grubu ile ayn1 bant profilini vermistir. Bu nedenle ITS gen bolgesinin B. safensis

ve B. pumilus tiru arasinda avirt edici ozellik tasimadigi belirlenirken, B. safensis

tiird icindeki farkliliklar ortaya koyabildigi belirlenmistir.

B. anthracis grubunu olusturan izolatlarin tamami1 (APT10, APT24, APT9, APT25,
APT1 ve TG11) bu gruba spesifik bant profilleri ile 1TS-17 grubunu
olusturmuslardir. B. cereus olarak tanimlanan APT23 kodlu izolat ise 1TS-18
grubunda essiz bant profili olusturmustur. Bu duruma gore ITS gen bolgesinin,
birbirleriyle oldukga yiiksek 16S rRNA gen dizisi benzerligi gosteren bu iki patojen

tiirtin ayrilmasi i¢in ayirt edici 6zellige sahip oldugu, ancak B. anthracis tiirleri igin

ayirt edici 6zellik gostermedigi belirlenmistir.

Exiguobacterium cinsinin 3 farkli tiiriine dahil olan APT14, APT13a, APT44,
APT48, APT30, APT34 ve APT20b kodlu izolatlar herhangi bir fark olmaksizin,
Exiguobacterium cinsine 6zgii 1TS-16 profilini olusturmus ve ITS bant profillerinin
Exiguobacterium cinsini diger basillerden ayirt edebilecegi belirlenirken tiir/alt tiir

seviyesinde ayirim saglamadigi belirlenmistir.

B. cohnii grubuna dahil olan APT5 kodlu izolat referans sus B. cohnii DSM 6307"
ile tiir iginde herhangi bir fark olmaksizin 1TS-24 grubunu olusturmuslardir. Ayni
sekilde B. clausii grubuna dahil olan APT32 kodlu izolat referans sus B. clausii
DSM 8716" ile 1TS-23 grubunu olusturmustur. Bu sonuclara gore ITS gen
bolgesinin her iki tiir i¢in de (B. cohnii ve B. clausii) ayrim saglamadig1 ancak bu

tiirleri birbirinden ve diger Bacillus tiirlerinden ayirdigi belirlenmistir.

APT26, APT35, APT12, APT23, APT8, APT2, APT41, APT42 ve APT36 kodlu
izolatlar sirasiyla 1TS-4, ITS-11, ITS-1, ITS-18, ITS-2, ITS-19, ITS-21, ITS-25
ve ITS-15 gruplarinda ITS gen boélgelerine gore her biri essiz ITS profilleri
olusturmusglardir. Bu izolatlar tamamen kendilerine has ITS profilleri ile diger
izolatlardan ve standart suslardan ayrilmistir. Ancak bu izolatlarin her birinin
arastirilan Ornekler igerisinde tek olmasi ve referans suslarinin olmamasi elde
edilen bant profillerinin kesin olarak bu tiirlere spesifik oldugunu ortaya

koymamaktadir.

115



e Benzer sekilde referans suslardan B. alcaliphilus DSM 485", B. pseudalcaliphilus
DSM 8725', B. agaradhaerens DSM 87217, B. halodurans DSM 4977, B.
horikoshii DSM 87197, B. gibsonii DSM 8722 ve B. coagulans DSM 1" tamamen
kendilerine has ITS profilleri ile diger izolatlardan ve standart suslardan ayrilarak
sirastyla 1TS-28, 1TS-20, 1TS-22, ITS-27, ITS-3, ITS-12 ve I1TS-14 gruplarin

olusturmustur.

Bu sonuglara gore izolat ve referans suslarin 16S rRNA genlerine gore olusturduklar
gruplar ITS-PCR verileri ile desteklenmistir. ITS gen bdlgelerine gore yapilan
gruplandirmada, bu teknigin cins bazinda yiiksek ayirim giicii oldugu kadar B. subtilis
subsp. subtilis, B. licheniformis, B. safensis tiirlerine ait gruplarda goriildiigi tizere tiir ve

alt tlirler arasinda bile ayirim saglayarak bu tiirleri birbirinden ayirt edebilmeyi saglamistir.

Daffonchio et al. (1998a, 1998b) B. cereus grubunun 6 tiiriiniin (B. anthracis, B. cereus, B.
mycoides, B. pseudomycoides, B. thuringiensis ve B. weihenstephanensis) birbirleriyle es
tipik ITS profiline sahip oldugunu bildirmistir. Bu nedenle bu teknigin B. cereus tiirlerinin
tanimlanmasinda etkin olmadigimni 6ne siiriilmektedir (Daffonchio et al. 1998a, Daffonchio
et al. 1998b, Daffonchio et al. 2000). Huang et al. (2012) ise ITS-PCR’in Bacillus
izolatlarinin tiir seviyesinde tanimlanmasinda etkin olmadigimni ve B. subtilis tiirii ile B.
cereus tiirlerini birbirinden ayiramadigini bildirmistir. Ancak her iki ¢alismanin aksine, tez
calismasinda elde edilen ITS-PCR sonuclar1 B. subtilis tirii ile B. cereus ve B. anthracis

tiirlerinin birbirlerinden basaril bir sekilde ayrildigin1 gostermektedir (Sekil 4.25).

Freitas et al. (2008), katilastirilmis bitki atiklarindan izole ettikleri bir ¢ok Bacillus
izolatiyla yaptiklari arastirmada ITS-PCR’m B. subtilis ATCC6633", B. licheniformis
DSM13", B. pumilus ATCC7061", B. amyloliquefaciens ATCC23842, B. cereus
ATCC11778 ve B. sphaericus ATCC 14577" referans suslarmmn ayrilmasinda yeterli
rezoliisyonu sagladigini ancak bu teknigi kullanarak Bacillus izolatlarinin referans suslarla

iligkilendirilmesinin miimkiin olmadigin bildirmistir
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Seki 4.26. ITS-PCR ile elde edilen bant profilleriyle olusturulan kiimeleme analizi.
Dendrogram, benzerlik oranlarinin Pearson korelasyon katsayisinin yiizde
olarak belirlenmesiyle UPGMA kullanilarak olusturulmustur.
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4.5.4.2. BOX elementinin PCR ile ¢cogaltilmasiyla elde edilen DNA profilleri

BOX ve (GTG)s gibi genomda tekrar eden REP elementleri, prokaryotik genomlarda
evrimsel olarak korunmus tekrar dizileri olarak bilinir ve PCR temelli genomik parmak izi
(REP-PCR) analizlerinde oligoniikleotid baglanma bolgesi olarak kullanilabilirler. Rep-
PCR analizinin diger parmak izi analizlerinden en Onemli farki, bakterinin tiim
genomundaki tekrar bolgelerinin taranmasina izin vererek suslarin tir ve alt tiir
seviyesinde ayrilmasina olanak saglamasidir (Versalovic et al. 1994). BOX ve (GTG)s
elementlerinin endospor olusturan basillerin taksonomik siniflandirilmasindaki etkinligi bir
cok arastirllmada gosterilmistir (Heyrman et al. 2003, De Clerck et al. 20044, Freitas et al.
2008, Logan et al. 2009, Cihan et al. 2011).

Aragtirilan 56 adet izolat ve 12 referans susun BOXAIR primeri ile PCR reaksiyonu
yapilmis ve tekrar eden BOX elementi ¢ogaltilarak elde edilen niikleik asit parmak izlerine
ait dendrogram Sekil 4.27.° de verilmistir. Agaroz jel elektroforezi uygulanarak
gorliintillenen BOX elementi parmak izi profillerindeki DNA bantlarinin sayis1 ve

biiyiikliigii analiz edilerek izolatlarin genotipik cesitlilikleri incelenmistir.

Izolat ve standartlarn BOX elementlerinin PCR reaksiyonlar1 sonucunda, tiir ve cins
bazinda toplam 33 DNA profili elde edilmistir (Sekil 4.27.) 16S rRNA gen gruplariyla

karsilagtirilan BOX elementine gore olusan gruplardan elde edilen verilere gore:

e B. subtilis ve B. subtilis subsp. subtilis gruplarina dahil izolatlardan E215 (BOX-
28), A151 (Box-25) ve A107 (BOX-31) BOX elementleri bakimindan essiz profiler
olusturarak Dbirbirlerinden ve diger B. subtilis subsp. subtilis izolatlarindan
ayrilmistir. B. subtilis subsp. subtilis tiirii izolatlardan D311 standart sus B. subtilis
ATCC 66337 ile, A363 kodlu izolat ise B. subtilis DSM 1971 ile aym bant
profillerini vererek sirasiyla BOX-30 ve BOX-27 gruplarini olusturmuslardir. B.
subtilis subsp. subtilis grubuna dahil izolatlardan A325 ve E331 kodlu izolatlar
olduk¢a benzer bant profilleriyle BOX-11 grubunu olusturmustur. Bu sonuglara

gore BOX elementi ile elde edilen DNA profillerinin B. subtilis subsp. subtilis

118



grubuna dahil izolatlarin birbirlerinden ayrilmasini saglarken, B. subtilis tiirii ile B.

subtilis subsp. subtilis alt tiirii arasindaki ayrimi saglayamadigi belirlenmistir.

ITS gen bolgeleri bakimindan B. subtilis tiirii izolatlardan ayrilamayan B.
mojavensis grubuna dahil A185, A131 ve C265 kodlu izolatlar BOX elementleri ile
ayrilabilmislerdir. Bu 3 izolat B. mojavensis tiiriine 6zgii DNA bant profilleri
vererek BOX-26 grubunu olusturmustur. Boylece yiiksek 16S rRNA geni dizi
benzerligi gosteren B. subtilis ile B. mojavensis tiirlerinin BOX elementleri ile

birbirlerinden ayrilmasi saglanmistir.

B. licheniformis grubuna dahil edilen izolatlardan APT47 ve standart sus B.
licheniformis DSM 13" egsiz bant profilleri vererek sirasiyla BOX-8 ve BOX-5
gruplarint olusturmustur. Al111, APT38 ve APT 39 kodlu izolatlar ITS gen
grubunda (ITS-5) oldugu gibi ayn1 bant profilini vererek BOX-4 grubunu
olusturmustur. TG20 ve APT40 BOX-7, C92 ve E114 BOX-9, C83ca ve C91
BOX-10 gruplarin1 olusturan izolatlarin farklit DNA bant profillerine sahip oldugu
belirlenmistir. Sonug¢ olarak BOX elementi bakimindan B. licheniformis grubu
izolatlar birbirlerinden tiir/alt tiir seviyesinde ayrim gostermistir. Standart susun
izolatlardan farkli olarak essiz profil olusturmasi bu ayrimi daha da

desteklemektedir.

B. safensis grubuna dahil edilen izolatlar ITS gruplandirmasinda oldugu gibi BOX
elementleri bakimindan da birden fazla BOX grubu olusturmustur. B16 ve C241
BOX-32, C235, C251 ve C244 BOX-23, APT43, C236 ve APT11 BOX-33 bant
profilerini olusturarak tiir/alt tiir sevisyesinde birbirlerinden ayrilmistir. ITS bant
profilinde oldugu gibi B. pumilus grubuna dahil olan APT37 kodlu izolat BOX-32
grubu ile aymi bant profilini vererek BOX elementi bakimindan B. safensis
tiirtinden ayrilamamistir. BOX elementinin de ITS gen bolgesi gibi B. safensis ve B.
pumilus tiiri arasinda ayirt edici 6zellik tasimadigi ancak B. safensis tiirii igindeki

farkliliklar1 ortaya koyabildigi belirlenmistir.

ITS gen bolgeleri bakimindan tek bir grup (ITS-16) olusturan Exiguobacterium
cinsinin farkli tiirlerine dahil olan izolatlar BOX elementleri ile oldukca ayirict
DNA profilleri olusturmustur. E. aurantiacum olarak tanimlanan APT34, E.

mexicanum olarak tanimlanan APT20b ve E. arabatum olarak tanimlanan APT14,
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APT44 ve APT48 kodlu izolatlar BOX elementleri bakimindan essiz profiler
olusturarak sirastyla BOX-17, BOX-18, BOX-19, BOX-20 ve BOX-21 gruplarini
olusturmustur. E. arabatum tiirtine dahil edilen APT13a ve APT30 ise birbirleriyle
olduk¢a benzer DNA bantlar1 vererek BOX-22 grubuna dahil edilmistir. Bu sonuglara
gore BOX elementinin Exiguobacterium cinsine dahil olan izolatlarin tiir igi

farkliliklarinin ortaya koyulmasinda oldukga etkili oldugu belirlenmistir.

e ITS gen gruplar1 bakimdan ayn1 grupta (ITS-23) yer alan, B.clausii grubuna dahil
APT32 kodlu izolat ve referans sus B. clausii DSM 8716, BOX elementleri
bakimindan sirasiyla BOX-2 ve BOX-1 essiz bant profilleri olusturarak
birbirlerinden ayrilmistir. Bu sonuca gére BOX elementinin tiir ve alt tiir

seviyesinde B. clausii tiiriine dahil izolatlar1 ayirabilecegi one siiriilebilmektedir.

e Yukarida belirtilen essiz profil olusturan izolatlarin diginda B65, APT41ve APT36
kodlu izolatlar sirasiyla BOX-5, BOX-12, ve BOX-13 essiz profilleri ile diger

izolat ve standart suslardan ayrilmstir.

e Benzer sckilde standart suslardan B. alcaliphilus DSM 485" (BOX-16), B.
halodurans DSM 497" (BOX-3), B. horikoshii DSM 8719" (BOX-15) ve B.
coagulans DSM 1" (BOX-6) olusturduklar essiz DNA bant profilleri ile diger
izolat ve referans suslardan BOX elementleri bakimindan farklilik gdstererek

ayrilmistir.

e B. oceanisediminis grubuna dahil APT26, B. flexus grubuna dahil APT12, B.
pseudofirmus olarak tanimlanan APT35, referans suslardan B. gibsonii DSM 8722,
B. pseudalcaliphilus DSM 8725", B. agaradhaerens DSM 87217 B. cohnii grubuna
dahil olan APT5 kodlu izolat referans sus B. cohnii DSM 63077, B. cereus grubuna
dahil APT23 ve B. anthracis (APT10, APT24, APT9, APT25, APT1 ve TG11)
grubunu olusturan izolatlarin tamaminin BOX elementleri kullanilan BOXAIR
primerinin veya reaksiyon kosullarinin bu tiirler i¢cin uygun olmamasi nedeni ile

PCR reaksiyonunda ¢ogaltilamamastir.
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Bu sonuglara gore izolat ve referans suglarin 16S rRNA genlerine gore olusturduklari cins
ve tlir gruplarinin dogrulugu BOX elementleri kiyaslanarak gosterilebilmistir. BOX
elementlerine gore yapilan gruplandirmada, cins bazinda yiiksek ayirim giicii olan bu
teknigin 6zellikle B. subtilis, B. subtilis subsp. subtilis, B. licheniformis, B.safensis tiirleri
ile Exiguobacterium cinsine dahil tiirlerin olusturdugu gruplarda gorildigi lizere tiir igi
farkliliklar1 ortaya koydugu belirlenmistir. Ancak 6zellikle B. anthracis ve B. cereus gibi

patojen Bacillus tiirlerinin BOX elementlerinin amplifiye edilememistir.

Banyko ve Vyletelova (2009) BOX-PCR’1n siit ve mandira tiriinlerinde B.licheniformis ve
B. subtilis tiirlerinin tespiti i¢in, etkin ve nispeten hizli bir teknik oldugunu bildirerek
Bacillus tiirleri arasindaki farkliliklarin ortaya koyulmasindaki 6nemini agiklarken, benzer
sekilde Huang et al. (2012), BOXA1R-PCR ile elde edilen DNA parmakizi profillerinin,

Bacillus tiirlerinin tanimlanmasindaki etkinligini vurgulamiglardir.

Genersch ve Otten (2003) BOX A1R ve MBO REP1 PCR primerleri ile gergeklestirilen iki
farkli rep-PCR’1in Paenibacillus larvae subsp. larvae’nin molekiiler epidomiyolojisinin
saptanmasinda etkili araclar oldugunu bildirmistir. De Clerck ve De Vos (2004b) BOX
PCR ile, 45 adet B. licheniformis susunun 2 farkli grupta gruplandirildigint ve her birinin

grup spesifik bantlar olusturarak izolatlarin birbirinden ayrildigini agiklamistir.

Freitas et al. (2008), bir ¢ok farkli Bacillus izolatiyla yaptiklar1 ¢alismada referans suslarin
uyguladiklart genomik parmakizi teknilerinin (GTG-PCR, BOX-PCR ve ERIC-PCR)
hepsinde de (B. subtilis ATCC 6633", B. licheniformis DSM 13", B. pumilus ATCC 7061,
B. amyloliquefaciens ATCC 23842, B. cereus ATCC 11778 ve B. sphaericus ATCC
14577T) essiz bant profili olusturdugunu gosterirken, BOX-PCR uygulanan iki 6rnegin

reaksiyonunun gerceklesmedigini de bildirmislerdir.
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Sekil 4.27. BOX-PCR ile elde edilen bant profilleriyle olusturulan kiimeleme analizi.
Dendrogram, benzerlik oranlarinin Pearson korelasyon katsayisinin yiizde
olarak belirlenmesiyle UPGMA kullanilarak olusturulmustur.
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4.5.4.3. (GTG)s elementinin PCR ile cogaltilmasiyla elde edilen DNA profilleri

Tez kapsaminda, 56 adet alkalifilik basil izolati ile 12 adet referans susun (GTG)s primeri
ile PCR reaksiyonu yapilmis ve tekrar eden (GTG)s elementi ¢ogaltilarak elde edilen
niikleik asit parmak izleri Sekil 4.28.°de gosterilmistir. Agaroz jel -elektroforezi
uygulanarak goriintiilenen (GTG)s elementi parmak izi profillerindeki DNA bantlarinin

sayis1 ve biiyiikliigii analiz edilip izolatlarin genotipik ¢esitlilikleri ortaya ¢ikarilmistir.

Izolat ve standartlarin (GTG)s elementlerinin PCR reaksiyonlar1 sonucunda, tiir bazinda
toplam 51 DNA profili elde edilmistir (Sekil 4.28.). 16S rRNA gen gruplariyla

karsilastirilan (GTG)s elementi gruplart sonuglarina gore:

e B. subtilis subsp. subtilis grubuna dahil izolatlardan A151 (GTG-16), A325 (GTG-
41), A107 (GTG-46) ve E331 (GTG-1) (GTG)s elementleri bakimindan essiz
profiler olusturarak birbirlerinden ve diger B. subtilis subsp. subtilis izolatlarindan
ayrilmuglardir. Ozellikle A151 ve A107 kodlu izolatlarm BOX elementleri
bakimindan da essiz profiler olusturmalari dikkat ¢ekicidir. A363 ve E215 kodlu
izolatlar ise benzer DNA bantlar1 ile GTG-44 grubunu olusturmustur. B. subtilis
subsp. subtilis grubu izolatlardan D311 de standart sus B. subtilis ATCC 6633 ile
benzer profil gostererek GTG-45 grubunda yer almustir. B. subtilis grubunda yer
alan E287 (GTG-43) kodlu izolat ve standart sus B. subtilis DSM1971 (GTG-42)
ise essiz (GTG)s profilleri olusturarak diger izolatlardan ayrilmistir. E287 kodlu
izolatin da BOX elementi ile verdigi gibi (GTG)s elementi bakimindan egsiz bant

profili vermesi dikkat ¢ekicidir.

e B. mojavensis grubuna dahil A185, A131 ve C265 kodlu izolatlar BOX elementleri
bakimindan olusturduklari grup (BOX-26) gibi (GTG)s elementi bakimindan da B.
subtilis tiiri izolatlaradan spesifik bir sekilde GTG-10 grubu ile ayrilmistir. (GTG)s
elementi bakimindan da B. mojavensis tiiriine 6zgii DNA bant profilleri ile tiir

seviyesinde ayrim saglanabilirken tiir i¢i farklilar elde edilememistir.
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B. licheniformis grubuna dahil edilen izolatlardan C83ca (GTG-14), C91 (GTG-
12), APT47 (GTG-24), APT40 (GTG-25) ve TG20 (GTG-20) essiz bant profili
sergileyerek diger izolatlardan (GTG)s elementi bakimindan ayrim gostermistir.
C92 ve E114 kodlu izolatlar da birbirlerine olduk¢a benzer GTG-21 DNA bant
profilleri ile ayrim gostermistir. A111, APT38 ve APT39 kodlu izolatlar standart
sus B. licheniformis DSM 13" ile (GTG)s elementleri bakimindan spesifik ve
birbirleriyle ayni DNA bant profillerini (GTG-22) vererek ayrilmistir. Alll,
APT38 ve APT39 kodlu izolatlarin ITS ve BOX profilleri bakimindan da benzer
bant profillerini vererek aymi gruplarda yer almalari, bu izolatlarin birbirleriyle

yiiksek benzerlik gosterdigini desteklemektedir.

ITS gen bolgesi ve BOX elementi bakimindan B. safensis grubundan ayrilamayan
B. pumilus grubuna dahil APT37 kodlu izolat (GTG)s elementi bakimindan essiz
bant profili (GTG-6) olusturarak ayrilabilmistir. Boylece (GTG)s elementinin tiir

seviyesindeki ayrim giicii ortaya koyulmustur.

B. safensis grubuna dahil edilen izolatlardan B16, C244 ve C241 GTG-4 DNA
bant profili ile, APT43 ve C236 GTG-7 DNA bant profili ile, C235 ve C234 GTG-
3 DNA bant profili ile C251 ve APT11 ise GTG-5 DNA bant profili ile 4 farkli
grupta birbirlerinden ayrilmistir. ITS ve BOX gruplandirmalarinda oldugu gibi
(GTG)s elementi de B. safensis grubuna dahil izolatalarin tiir igi farklililarinin

ortaya koyulmasini saglamigtir.

ITS ve BOX profilleri ile birbirlerinden ayrilamayan B. anthracis grubu izolatlar
(GTG)s elementleri bakimindan ayrilabilmistir. APT24 ve APT25 ile APT9 ve
TG11 sirastyla GTG-35 ve GTG-33 gruplarina ayrilirken, APT10 (GTG-36) ve
APT1 (GTG-34) kodlu izolatlar olusturduklart essiz bant profilleri ile spesifik
olarak ayrim goOstermistir. Genetik olarak olduk¢a homojen bir grup olan B.

anthracis grubuna dahil izolatlar (GTG)s elementleri ile tiir ici farklhiliklar1 ortaya

koyulmustur.

Exiguobacterium cinsinin farkli tiirlerine dahil olan izolatlar Exiguobacterium
cinsine 6zgii ITS gruplarimin aksine, BOX elementlerinde de oldugu gibi (GTG)s
elementleri bakimindan birden fazla grup altinda toplanmustir. E. aurantiacum

olarak tanimlanan APT34 kodlu izolat ve E. mexicanum olarak tanimlanan APT20b
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kodlu izolat BOX elementlerinde de oldugu gibi (GTG)s elementleri bakimidan
sirastyla GTG-39 ve GTG-38 essiz bant profilleri vererek tiir seviyesinde
birbirlerinden ve E. arabatum tiirii izolatlardan ayrilmistir. E. arabatum grubu
izolatlardan ise APT48 essiz bant profili verirken (GTG-30), APT13a ve APT44
kodlu izolatlar GTG-27, APT14 ve APT30 kodlu izolatlar ise GTG-29 DNA bant

profilleriyle tiir i¢i ayrim gostermistir.

BOX elementleri bakimindan essiz bant profiline sahip olan B.clausii grubuna dahil
APT32 kodlu izolat ve referans sus B. clausii DSM 8716", (GTG)s elementleri
bakimindan da sirasiyla GTG-19 ve GTG-26 essiz bant profilleri olusturarak
birbirlerinden ayrilmistir. BOX elementinde de oldugu gibi (GTG)s elementinin de

B. clausii tiiriine dahil izolatlar tiir iginde ayirdigi belirenmistir.

ITS gen gruplart bakimdan ayn1 grupta (ITS-24) yer alan, BOX elemeti bakimindan
ise tamimlanamayan B. cohnii grubuna dahil APT5 kodlu izolat ve referans sus B.
cohnii DSM 6307, GTG)s clementleri bakimindan brbirinden oldukga farklilik
gosteren sirasityla GTG-51 ve GT38 essiz bant profillerini olusturarak ayrilmistir.
Bu sonuca gore (GTG)s elementinin tiir ve alt tiir seviyesinde B. cohnii tiiriine

dahil izolatlart ayirdig belirlenmistir.

Yukarida belirtilen essiz bant profile veren izolatlarin disinda 10 izolat daha essiz
bant olusturarak cins ve tiir seviyesinde ayrim gostermistir. (GTG)s elementleri
bakimindan essiz bant profile sergileyen diger 10 izolat ve (GTG)s gruplar su
sekildedir; B65 (GTG-9), APT26 (GTG-15), APT35 (GTG-11), APT12 (GTG-
13), APT23 (GTG-37), APT8 (GTG-28), APT2 (GTG-50), APT41 (GTG-47),
APT 42 (GTG-2) ve APT36 (GTG-17).

Ayni sekilde standart suslardan B. alcaliphilus DSM 485" (GTG-49), B.
pseudalcaliphilus DSM 8725" (GTG-18), B. agaradhaerens DSM 87217 (GTG-
31), B. halodurans DSM 497" (GTG-40), B. horikoshii DSM 8719 (GTG-8), B.
gibsonii DSM 8722" (GTG-32) ve B. coagulans DSM 1" (GTG-23) olusturduklari
essiz DNA bant profilleri ile diger izolat ve referans suslardan (GTG)s elementleri

bakimindan ayrilmistir.
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(GTG)s elementlerine gore yapilan gruplandirmada, yiiksek ayirim giicii olan bu teknigin,
hemen hemen tiim gruplarda goriildiigli lizere tiir ve alt tiirler arasinda bile ayirim
saglayabildigi belirlenmistir. Ozellikle ITS ve BOX elementleri bakimindan spesifik bir
sekilde ayrim saglanamayan B. cohnii, B. anthracis ve Exiguobacterium gruplarinin
(GTG)s elementleri bakimindan oldukga spesifik olarak tiir i¢inde ayrildigi gézlenmistir.
Bu sonuglara gore (GTG)s elementinden ITS ve BOX-PCR’a gore daha fazla cesitlilikte
bant profili elde edilmis ve GTG-PCR’in ITS ve BOX-PCR ile ayrilamayan tiirlerin
ayrilmasinda daha yiliksek bir ¢oziiniirlilk saglayarak tiirler arasi ve tiir i¢i farkliliklar

ortaya koydugu gosterilmistir.

Scheldeman et al. (2004) c¢ig siitten izole ettikleri 48 Bacillus izolatim1 (GTG)s
elementlerine gore 4 profil ile gruplandirmistir. Tez c¢alismasindaki bulgularla benzer
olarak, Freitas et al. (2008), bir ¢ok farkli Bacillus izolatiyla 3 farkli pimer setini ((GTG)s,
BOXAIR ve ERIC) kullanarak gerceklestirdikleri genomik parmakizi analizlerinden, en
fazla gesitlilikte bant profilini GTG-PCR ile elde ettiklerini bildirmistir. Ancak izolatlarin
gruplandirilmasinda (GTG)s primerinin BOX ve ERIC primer setlerine gore daha az etkin

oldugunu gostermislerdir.

De Clerck et al. (2004c) jelatin ekstraktlarindan izole ettikleri 1129 adet izolati tiir
seviyesinde ayirt etmek icin Oncelikle GTG-PCR kullanarak 6n gruplandirmada bu
teknigin etkinligini vurgulamiglardir. izolatlar, GTG-PCR ile 63 gruba ayrildiktan sonra,
16S rRNA geni dizi analizlerini ve MLST analizlerini gergeklestirmislerdir.
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Different bands (Opt:0.50%) (Tol 1.0%-1.0%) (H>0.0% $>0.0%) [0.0%-100.0%]
GTG GTG

\E331 —> GTG-1
APT42 —> GTG-2
.C235 } GTG-3
.C234

.C244

.B16 } GTG-4
.c241

APT11

c251 } GTG-5
APT37 —> GTG-6
APT43

.C236 } GTG-7
.B.horikoshii DSM8719 —> GTG-8
.B65 —> GTG-9
.C265

LA131 } GTG-10
.A185

APT35 —> GTG-11
.co1 —> GTG-12
APT12 —> GTG-13
.C83ca —> GTG-14
.APT26 —> GTG-15
A151 —> GTG-16
APT36 —> GTG-17
-B.pseudalcaliphilus DSM8715——y ~ GTG-18
.APT32 —> GTG-19
.TG20 —> GTG-20
E114

- } 6TG-21
A111

APT39 } GTG-22
.APT38

.B. licheniformis DSM13

.B.coagulans DSM1 a GTG-23
APT47 —> GTG-24
-APT40 —> GTG-25
.B.clausii DSM8716 —> GTG-26
APT13a

APT44 } 616-27
.APT8 —> GTG-28
.APT30 } GTG-29
APT14

APT48 —> GTG-30
.B.agaradhaerens DSM8721 —3  GTG-31
.B.gibsonii DSM8722 —> GTG-32
.APT9

e } GTG-33
LAPT1 —> GTG-34
APT25

APT24 } GTG-35
.APT10 —> GTG-36
APT23 —> GTG-37
.B.cohnii DSM6307 —> GTG-38
APT34 —> GTG-39
.B.halodurans DSM497 —> GTG-40
.A325 —> GTG-41
.B. subtilis DSM1971 —> GTG-42
-E287 —> GTG-43
.A363

e } GTG-44
.D311

.B. subtilis ATCC6633 } GTG-45
-A107 —> GTG-46
APT41 —> GTG-47
.APT20b —> GTG-48
.B.alcaliphilus DSM486 - GTG-49
APT2 —> GTG-50
APTS —> GTG-51

Sekil 4.28. GTG-PCR ile elde edilen bant profilleriyle olusturulan kiimeleme analizi.
Dendrogram, benzerlik oranlarinin Different Bands korelasyon katsayisinin
yiizde olarak belirlenmesiyle UPGMA kullanilarak olusturulmustur.
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4.5.5. ARDRA Analizi (Ribotiplendirme) Sonuglari

ARDRA analizi, 16S rRNA geninin 27F-1492R primerleriyle ¢ogaltilmasiyla elde edilen
PCR iirlinlerinin restriksiyon enzimleri ile kesim reaksiyonunda kalip DNA olarak
kullanilmastyla gerceklestirilmistir. Hem standart suslarin hem de izolatlarin PCR
reaksiyonu ile ¢ogaltilan 16S rRNA gen bolgesi, Alul, Haelll veya Tagl restriksiyon
enzimleri ile kesilerek ve olusan kesim {iriinleri agaroz jel elektroforezi ile incelenmistir.
Enzim kesim bantlarinin varlig1 veya yoklugu ve yogunluklarina gore izolatlar, standartlar
bakteriler ile karsilastirilmis ve belirli taksonomik gruplara ayrilmislardir. Buna gore
yapilan kiimeleme analizinde, GelCompar II yazilim1 benzerlik derecelerinin sinirlarini %
16.66, 33.33, 49.99, 66.66 ve 83.3 olarak kullanmistir. Bu dogrultuda bant profilleri
bakimindan % 97-100 benzerlik gosteren ornekler birlikte gruplandirilirken, % 97’nin

altinda benzerlik gostern 6rneklerin bant profilleri egsiz bant profili olarak tanimlanmugtir.

Izolat ve standart suslarin 16S rRNA genleri iizerinden gergelestirilen PCR iiriinleri, Alul,
Tagl ve Haelll restriksiyon enzimleri ile kesilerek sirasiyla 26, 24 ve 27 farkli ARDRA
grubu elde edilmistir (Cizelge 4.18 ve 4.19).

Cizelge 4.18. 16S rRNA geni dizi analizi ve ARDRA analizleri ile elde edilen gruplar

16S rRNA Alul Tagl Haelll

Standart Gruplarimin Sayisi 6 6 3 0
izolat Gruplarinin Sayisi 22 20 21 27
Toplam Grup Sayisi 28 26 24 27

Elde edilen bant profillerine gore en fazla grup Haelll-ARDRA analizi ile elde edilmis
olsa da, arastirillan 12 adet standart susun hepsi izolatlarla birlikte gruplanmis ve bu
suslardan egsiz bant profili elde edilemememistir. Ayrica elde edilen Haelll gruplarmin
16S rRNA gen dizilerine gore elde edilen gruplarla da oldukc¢a farklilik gdsterdigi
belirlenmistir. Benzer sekilde Taql-ARDRA analizi ile de referans suslarin sadece 3 farkli

essiz bant profili olusturdugu belirlenmistir.
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Haelll ve Taql elde edilen ARDRA gruplarinda filogenetik olarak birbirinden oldukca
uzak olan tiir ve referans suslarin ortak kesim profili verdigi, tiir seviyesinin yant sira cins
seviyesinde dahi ayrimin basarili olmadigi belirlenmistir. ARDRA analizlerinin
gerceklestirildigi 16S rRNA geninin evrimsel olarak olduk¢a korunmus olmasi nedeniyle
izolat ve referans tiirler birbirlerinden ITS, BOX ve (GTG)s-PCR ile elde edilen gruplar
kadar basarili bir sekilde ayrilamamistir. Yine de Haelll ve Tagl kesimlerinin aksine Alul
enzimi ile standart suslar ile 6 farkli essiz bant profili elde edilmis, cins ve tiir seviyesinde

elde edilen farkliliklarin 16S rRNA filogenetik analizlerini destekledigi belirlenmistir.

16S rRNA geni dizi analizi ve ARDRA analizleriyle elde edilen gruplarin sayisi ile
gruplardaki izolat ve standart suslar sirasiyla Cizelge 4.18. ve 4.19.’da verilmistir. Elde
edilen sonuglara gore, 16S rRNA geni gruplart ile en fazla uyumu Alul gruplar
gostermistir. Alul kesimi ile elde edilen dendogram temel alinarak Taql ve Haelll bant
profilleri Sekil 4.29.’da verilmistir. Her ii¢ enzimle de ayr1 ayr1 gerceklestirilen kiimeleme

analizleri ise boliim 4.5.5.1, 4.5.5.2. ve 4.5.5.3.”te ayrintil1 olarak verilmistir.

Daha onceki calismalarda endospor olusturan basillerin ARDRA analizlerinde kullanilan
Alul, Cfol, Haelll, Hinfl, Msel, Rsal ve Tagl restriksiyon enzimlerinden Alul ve HaelII’iin
en fazla sayida ayirict bant olusturdugu bildirilmistir (Kuisiene et al. 2007). ARDRA
analizi evrimsel olarak olduk¢a korunmus olan 16S rRNA geni lizerinden gerceklestigi
i¢in, izolatlarn ayrilmasi ve gruplandirmasinda kisitlamalar olusturmasma ragmen, tez
caligmasinda gergeklestirilen ARDRA analizlerinden ozellikle Alul restriksiyon
fragmentlerinin 16S rRNA dizi analizi sonuclarin1 destekledigi ve izolatlar cins, tiir ve alt
tiir seviyesinde kismen de olsa ayriminda basarili sonu¢ verdigi goriilmektedir. rRNA
genlerinin ¢oklu gen aileleri olarak organize oldugu ve 1’den 15°e kadar farkli kopya
sayilarinda eksprese olduklart bilinmektedir (Klappenbach et al. 2001). Haelll &zellikle de
Tagl restriksiyon enzimleriyle elde edilen karisik gruplarin bu nedenle olusmus olabilecegi

diistiniilmektedir.

Elde edilen sonuglara gore izolat ve referans suslarin 16S rRNA genlerine gore
olusturduklart cins ve tiir gruplart Alul kesim profilleri ile de gosterilebilmistir. Alul kesim
profilleri ile B. licheniformis (Alul-26), B. clausii (Alul-19), B. cohnii (Alul-12), ve
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Exiguobacterium (Alul-16) gruplarinda goriildiigii lizere tiir seviyesinde ayirim saglanirken
diger gruplarla alt tiir seviyesindeki farkliliklar tespit edilebilmistir. Taql ve Haelll kesim
frgamentleri ile ise izolatlar Alul kesim profilinde oldugu gibi cins veya tiire spesifik

olarak ayrim elde edilememistir.

Bircok arastirici elde ettikleri farkli restriksiyon enzimleriyle yaptiklari ARDRA
analizlerini biitiin halinde yorumlamaktadir (Heyndrickx et al. 1995, Heyndrickx et al.
1998, Logan et al. 2002, et al. 2004, Chen et al. 2012). Heyndrickx et al. (1995),
uyguladiklart FAME ve SDS-PAGE analizlerinin yan1 sira 6zellikle ARDRA analizi ile
(Haelll, Dpnll, Rsal, Bfal, Msel restriksiyon enzimleri ile), daha énceden B. gordonae ve
B. validus olarak tanimlanan tiirlerin, Paenibacillus cinsine dahil oldugunu gostermis ve bu

tiirleri yeniden P. gordonae ve P. validus olarak tanimlamustir.

Yine Heyndrickx et al. (1998) Haelll, Dpnll, Rsal, Bfal and Tru9l restriksiyon
enzimleriyle gerceklestirdikleri ARDRA analizinde 12 adet B. pantothenticus, 29 adet
Bacillus susunu ve Amphibacillus, Aneurinibacillus, Brevibacillus, Halobacillus,
Paenibacillus, Sporosarcina, Marinococcus cinslerine ait 8 susu genotipik olarak
karakterize etmistir. Arastirilan 12 adet B. pantothenticus susunun, elde edilen ARDRA
profilleriyle diger organizmalardan ayrilarak 2 alt gruba ayrildigi ve 16S rRNA dizileriyle
olusturulan filogenetik agacin ARDRA gruplariyla uyum gosterdigi bildirilmistir.

Chen et al. (2012), 6 restriksiyon enzimiyke gerceklestirdikleri ARDRA analizleriyle
(Alul, Tagl, Msel, Bst Ul, Hhal and Tsp5091), Bacillus TS02 susunun B. thuringiensis ve

B. cereus tiirlerinden farkli oldugunu géstermistir.

et al. (2004), 190 izolat1 Rsal, Haelll, ve Alul restriksiyon enzim fragmentlerine
gore gergeklestirdikleri ARDRA analizlerinde benzer bant profilleri elde ederek 32 farkl

grup olusturmustur.

Cihan et al. (2012) ise 16 adet Bacillus, 13 adet Brevibacillus, 1 adet Paenibacillus ve 2

adet Thermoactinomycetes olmak iizere toplamda 32 izolat ile yaptiklar1 arastirmada Alul,
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Haelll and Tagl enzimleri ile gergeklestirdikleri ARDRA analizi ile izolatlarin birbirinden
ayrilmasi igin gerekli ayirict kesim profilleri elde etmistir. Alul kesimine gore B. smithii, B.
pumilis, B. subtilis and B. licheniformis izolatlari, Haelll kesimine gore B. smithii
izolatlar1, Tagl kesimine gore ise B. smithii, B. pumilis ve A391a kodlu izolatlar essiz bant
profili olusturmustur. Her ii¢ restriksiyon enzimi ile ger¢eklestirilen ARDRA analizine
gore ise, Brevibacillus cinsi izolatlar B. agri ve B. thermoruber olmak {izere iki farkli
gruba ayrilmistir. Bu arastiricilar, tez ¢alismasinda elde edilen sonuglari destekleyici
olarak, Alul ile gergeklestirilen ARDRA analizinin, Haelll ve Tagl restriksiyon
fragmentlerine gore Bacillus cinsi izolatlarin genetik c¢esitliliginin ortaya koyulmasinda

daha basarili oldugunu ifade etmektedir.

131



Cizelge 4.19. 16S rRNA geni dizi analizi ve ARDRA analizleri ile olusan gruplar

16S rRNA Gen Grubu izolatlar [16S Grubu | A/l Grubu Taql Grubu | Haelll Grubu
A363 16S-1 Alul-8 Taql-5 Haelll-1*
E215 16S-1 Alul-8 Taql-5 Haelll-14*
Al51 16S-1 Alul-8 Taql-17* Haelll-10
Bacillus subtilis subsp. subtilis D311 16S-1 Alul-18 Taql-2 Haelll-5*
A325 16S-1 Alul-17 Taql-8 Haelll-9*
A107 16S-1 Alul-18 Taql-8 Haelll-17*
E331 16S-1 Alul-8 Taql-8 Haelll-15*
E287 16S-2 Alul-24 Taql-1 Haelll-26*
Bacillus subtilis DSM1971 |- Alul-24 Taql-1 Haelll-6
ATCC6633]16S-2 Alul-24 Taqgl-1 Haelll-6
A185 16S-3 Alul-24 Taql-2 Haelll-6
Bacillus mojavensis C265 16S-3 Alul-24 Taql-2 Haelll-6
Al31 16S-3 Alul-24 Taql-2 Haelll-6
C83ca 16S-4 Alul-26 Taql-6 Haelll-22
C92 16S-4 Alul-26 Taql-5 Haelll-25*
C91 16S-4 Alul-26 Taql-6 Haelll-22
Alll 16S-4 Alul-26 Taql-15* Haelll-10
APT38 16S-4 Alul-26 Taql-6 Haelll-3*
Bacillus licheniformis APT39 16S-4 Alul-26 Taqgl-5 Haelll-12*
APT47 16S-4 Alul-26 Taql-2 Haelll-23*
TG20 16S-4 Alul-26 Taql-6 Haelll-22
El14 16S-4 Alul-26 Taql-7* Haelll-7*
APT40 16S-4 Alul-26 Taql-6 Haelll-24
DSM13 165-4 Alul-26 Taql-4* Haelll-24
Bacillus aerophilus B65 16S-5 Alul-25 Taql-6 Haelll-19*
Bacillus pumilus APT37 16S-6 Alul-25 Taql-22* Haelll-13*
B16 16S-7 Alul-25 Taql-24 Haelll-16*
APT43 16S-7 Alul-9 Taql-3 Haelll-27*
C235 16S-7 Alul-25 Taql-23 Haelll-11
C244 16S-7 Alul-24 Taql-24 Haelll-20*
Bacillus safensis C241 16S-7 Alul-25 Taql-3 Haelll-11
C234 16S-7 Alul-9 Taql-13* Haelll-8
C236 16S-7 Alul-17 Taql-21 Haelll-2*
C251 16S-7 Alul-20* Taql-21 Haelll-21*
APTI11 16S-7 Alul-25 Taql-23 Haelll-18*
Bacillus oceanisediminis APT26 16S-8 Alul-21* Taql-10 Haelll-4
Bacillus pseudofirmus APT35 16S-24 Alul-13* Taqgl-20 Haelll-8
Bacillus clausii APT32 16S-27 Alul-19 Taql-19 Haelll-8
DSM8716 |16S-27 Alul-19 Taql-20 Haelll-8
Bacillus flexus APTI2 16S-9 Alul-1 Taql-10 Haelll-4
Bacillus cohnii APTS 16S-10 Alul-12 Taql-11 Haelll-4
DSM6307 |16S-10 Alul-12 Taql-10 Haelll-4
Bacillus cereus APT23 16S-12 Alul-2 Taql-11 Haelll-8
APT10 16S-13 Alul-2 Taql-9 Haelll-8
APT24 16S-13 Alul-2 Taql-14* Haelll-4
. . APT9 16S-13 Alul-2 Taql-9 Haelll-8
Bacillus anthracis APT25  |165-13 A2 Taql-9 Haell 8
APT1 16S-13 Alul-2 Taql-9 Haelll-8
TGI11 16S-13 Alul-2 Taql-10 Haelll-8
Bacillus badius APT8 16S-16 Alul-11* Taql-12 Haelll-4
Virgibacillus proomii APT2 16S-14 Alul-22* Taql-12 Haelll-4
Sporosarcina koreensis APT41 16S-17 Alul-10* Taql-10 Haelll-4
Lysinibacillus sphaericus APT42 16S-18 Alul-3* Taql-10 Haelll-4
Exiguobacterium aurantiacum APT34 16S-19 Alul-16 Taql-12 Haelll-4
Exiguobacterium mexicanum APT20b 16S-20 Alul-16 Taql-9 Haelll-4
APT14 16S-21 Alul-16 Taql-9 Haelll-4
APT13a  |16S-21 Alul-16 Taql-12 Haelll-8
Exiguobacterium arabatum APT44 16S-21 Alul-16 Taql-9 Haelll-8
APT48 16S-21 Alul-16 Taql-20 Haelll-8
APT30 16S-21 Alul-16 Taql-9 Haelll-8
Paenibacillus dendritiformis APT36 16S-28 Alul-5* Taql-19 Haelll-8
B.alcaliphilus DSM486 ]|16S-25 Alul-14* Taql-16 Haelll-8
B.pseudalcaliphilus DSMB8715 |16S-25 Alul-7* Taql-18 Haelll-8
B.agaradhaerens DSM8721 |16S5-22 Alul-23* Taql-16 Haelll-8
B.halodurans DSM497 |16S-23 Alul-6* Taql-16 Haelll-8
B.horikoshii DSM8719 |16S-11 Alul-12 Taqgl-10 Haelll-4
B.gibsonii DSM8722 |16S-26 Alul-4* Taql-18 Haelll-8
B.coagulans DSM1 165-15 Alul-15* Taql-9 Haelll-4

“** igareti ‘egsiz bant profili’ olusturan izolatlar i¢in, “Italik’ yaz tipi standart suslarin
olusturdugu gruplar i¢in, hem ‘/talik’ yazi tipi hem “*’ isareti ile belirtilen gruplar ‘essiz
bant profili olusturan standart suslar’ i¢in kullanilmistir.
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Sekil 4.29. ARDRA bant profillerinin biraraya getirilmesiyle olusturulan kiimeleme analizi.
Dendrogram, benzerlik oranlarinin Different Bands korelasyon katsayisinin
yiizde olarak belirlenmesiyle UPGMA kullanilarak olusturulmustur.
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4.5.5.1. Alul Restriksiyon Enzimi ile Ribotiplendirme

Alul restriksiyon enzimi ile kesim reaksiyonlar1 sonucunda elde edilen bant profillerine

gore izolatlar ve referans suslar 26 farkli gruba ayrilmistir (Sekil 4.30);

B. subtilis subsp. subtilis grubuna dahil olan izolatlar 3 farkli Alul kesim profili ile
birbirlerinden ayrilmistir. A363, E215, A151 ve E331 kodlu izolatlar Alul-8 kesim
grubunu, D311 ve A107 kodlu izolatlar Alul-18 kesim grubunu, A325 kodlu izolat
ise B. safensis grubu izolatlardan C236 ile Alul-17 kesim grubunu olusturarak
brbirinden ayrilmistir. Bu sonuglara gore Alul restriksiyon enzimi ile
ribotiplendirmenin B. subtilis subsp. subtilis grubu i¢in alt tiirler arasindaki

farkliliklar1 gosterdigi belirlenmistir.

B. subtilis grubu (E287, B. subtilis DSM 1971 ve B. subtilis ATCC 6633") ise Alul
kesim profilleri bakimindan B. subtilis subsp. subtilis grubundan ayrim gostererek
B. mojavensis grubuna dahil izolatlarla (A185, A131 ve C265) birlikte Alul-24
kesim grubunda yer almigtir. Boylelikle Alul enzimi ile ribotiplendirmenin B.
subtilis i¢in alt tiir seviyesinde ayrim saglarken B. mojavensis tiirii ile birbirlerinden

ayrilmasinda etkin olmadig: belirlenmistir.

B. licheniformis grubuna dahil edilen izolatlarin tamami ve standart sus B.
licheniformis DSM 13" bu tiire 6zgii ve birbiriyle aym Alul-26 kesim profilini
olusturmustur. Alul ARDRA analizinin B. licheniformis tiirtini diger tiirlerden

ayirirken tiir i¢i ayrimda etkin olmadig belirlenmistir.

B16, C241, C235 ve APT1l kodlu B. safensis grubu izolatlar sirasiyla B.
aerophilus ve B. pumilus grubu izolatlar olan B65 ve APT37 ile ayni bant
profillerini olusturarak Alul-25 grubunu olusturmustur. APT43 ve C234 kodlu
izolatlarin birbiriyle ayni kesim profilini vererek diger B. safensis grubu
izolatlardan ayrim gosterirken, C251°in essiz profile sahip oldugu belirlenmistir.
Bu sonuglara gore Alul ile ribotiplendirme B. aerophilus ve B. pumilus tiirlerinin
ayriminda etkin olmazken, B. safensis grubu izolatlarin kendi i¢inde ayirabildigi

gosterilmistir.
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B. cohnii grubuna dahil olan APT5 kodlu izolat referans sus B. cohnii DSM 6307"
ile referans sug B. horikoshii DSM 8719" Alul-12 grubunu olusturmustur. Bu
sonuglara gore Alul restriksiyon enzimi ile ribotiplendirmenin B. cohnii ve B.

horikoshii tiirleri i¢in ayrim saglamadigi belirlenmistir.

Aym sekilde B. clausii grubuna dahil olan APT32 kodlu izolat referans sus B.
clausii DSM 8716 ile Alul-19 grubunu olusturarak diger izolat ve referans

suslardan ayrilmistir.

B. cereus (APT23) ve B. anthracis (APT10, APT24, APT9, APT25, APT1 ve
TG11) gruplarmi olusturan patojen izolatlarin tamami bu gruba oldukga spesifik
olan bant parofili vererek Alul-2 kesim grubunu olusturmuslardir. Birbirleriyle
yikksek 16S rRNA geni dizi benzerligi gosteren bu iki tiriin Alul enzimi ile

ribotiplendirmede birbirlerinden ayrilamadig: belirlenmistir.

Benzer sekilde Exiguobacterium cinsine dahil 7 izolatin tamami diger izolatlardan
tamamen farkli ve kendi cinsleri icgerisinde birbirleriyle tamamen ayni kesim
profillerini olusturarak Alul-16 kesim grubunu meydana getirirken Alu-I ile

ribotiplendirmenin tiir iginde ayrim gostermedigi belirlenmistir.

APT26, APT35, APT12, APT8, APT2, APT41, APT42 ve APT36 kodlu izolatlar
sirastyla Alul-21, Alul-13, Alul-1, Alul-11, Alul-22, Alul-10, Alul-3 ve Alul-5
gruplarinda her biri essiz Alul kesim profilleri olusturmuslardir. Bu izolatlar
tamamen kendilerine has Alul kesim profilleri ile diger izolatlardan ve standart

suslardan ayrilmistir.

Benzer sekilde referans suslardan B. alcaliphilus DSM 485", B. pseudalcaliphilus
DSM 8725", B. agaradhaerens DSM 8721, B. halodurans DSM 4977, B. gibsonii
DSM 8722" ve B. coagulans DSM 1" tamamen kendilerine has Alul kesim
profilleri ile diger izolatlardan ve diger standart suslardan ayrilarak sirasiyla Alul-

14, Alul-7, Alul-23, Alul-6, Alul-4 ve Alul-15 gruplarini olusturmustur.
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Sekil 4.30. Alul ARDRA profilleriyle olusturulan kiimeleme analizi. Dendrogram,

benzerlik oranlarinin Different Bands korelasyon katsayisinin yiizde olarak

belirlenmesiyle UPGMA kullanilarak olusturulmustur.
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4.5.5.2. Tagl Restriksiyon Enzimi ile Ribotiplendirme

Tagl restriksiyon enzimi ile kesim reaksiyonlari sonucunda elde edilen bant profillerine

gore izolatlar ve referans suslar 24 farkli gruba ayrilmistir (Sekil 4.31);

e B. subtilis subsp. subtilis grubuna dahil olan izolatlar 2 farkli temel Tagl kesim
profili ile birbirlerinden ayrilmistir. A325, A107 ve E331 izolatlar1 Taql-8 kesim
profilini gosterirken, A363 ve E215 kodlu izolatlar B.licheniformis grubu
izolatlardan C83ca ve APT39 ile Tagl-5 kesim profilini gostermistir. A151 kodlu
izolat ise essiz bant profili gostererek (Taql-17) diger izolatlardan ayrilmistir. Bu
sonuglara gore Tagl ARDRA analizinin B. subtilis subsp. subtilis grubuna dahil
olan izolatlar icin tiir i¢i farklhiliklarin ortaya koyulmasinda etkili oldugu

belirlenmistir.

e B. subtilis grubu (E287, B. subtilis DSM 1971 ve B. subtilis ATCC 6633") ise
olusturduklart Taql-1 kesim profilleri ile yliksek 16S rRNA geni dizi benzerligi
gosterdigi B. subtilis subsp. subtilis grubundan ayrilarak tiire spesifik ayrim

saglanmstir.

e B. mojavensis grubuna dahil izolatlar (A185, A131 ve C265), B. licheniformis
grubu izolatlardan APT47 ve B. subtilis subsp. subtilis grubu izolatlardan D311 ile
birlikte Tagl-2 kesim grubunda yer almistir.

e B. licheniformis grubuna dahil edilen izolatlardan A111, E114 ve ve standart sus B.
licheniformis DSM 13" sirastyla Taql-15, Taql-7 ve Taql-4 essiz kesim profillerini
olusturarak diger izolatlardan ayilmistir. C83ca, C91, APT38, TG20, APT40 ve B.
aerophilus grubu izolat B65 ile Taql-6 kesim profilini olusturmustur. B.
licheniformis ile yiiksek 16S rRNA dizi benzerligi gosteren B. aerophilus Taql
kesim profili bakimindan ayrilamamistir. C92 ve APT39 kodlu izolatalar da B.
subtilis subsp. subtilis grubuna dahil olan izolatlarla Tagl-5 ayni kesim profilini

vermistir.

e B16 ve C244, APT43 ve C241, C236 ve C251 ile C235 ve APT11 kodlu B.
safensis grubu izolatlar sirasiyla Taql-24, Taqgl-3, Taql-21 ve Taqgl-23 kesim
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profillerini olusturarak Tagl enzimi ile tiir ve alt tiir seviyesinde ayrim gdstermistir.
Ayrica C234 kodlu izolat da essiz kesim profili gostererek diger izolat ve standart

suslardan ayrilmistir.

Alul kesim profilleri bakimindan ayni grupta yer alan B. cohnii grubuna dahil olan
APTS5 kodlu izolat ve referans sus B. cohnii DSM 63077 sirasiyla Taql-11 ve Tagql-
10 kesim gruplarinda yer alarak birbirlerinden tiir icinde ayrilmistir. Benzer sekilde
Alul kesim profilleri bakimindan ayn1 grupta yer alan B. clausii grubuna dahil olan
APT32 kodlu izolat ve referans sus B. clausii DSM8716" sirasiyla Taql-19 ve

Taqgl-20 grubunu olusturarak birbirlerinden tiir iginde ayrilmistir.

B. anthracis grubunu olusturan patojen izolatlardan APT10, APT9, APT25 ve
APT1 Taql-9 kesim profili ile TG11 (Taql-10) ve essiz kesim profili gosteren
APT24 (Tagl-14) kodlu izolatlarla tiir ve alt tiir seviyesinde ayrim gostermistir.

Benzer sekilde Exiguobacterium cinsine dahil izolatlardan APT44, APT 30 ve
APT14 (E. arabatum) ile APT20b (E. mexicanum) kodlu izolatlar B.anthracis
grubunu olusturan patojen izolatlardan bazilari ile Tagl-9 kesim profilini vermistir.
APT13a (E. arabatum) ve APT34 (E. aurantiacum) ise APT8 (B. badius) ve APT2
(V. proomii) kodlu izolatlarla birlikte Tagl-12 kesim profilini vermistir.Bu sekilde
heterojen sekilde tiir ve cins seviyesinde gruplanmalar olduygu i¢in Taql enzimi ile
ribotiplendirmenin Exiguobacterium cinsine dahil izolatlarin ayrilmasindaki etkin

olmadig1 sdylenebilir.

Geri kalan izolatlar ve standart suglar tiir ve cins ayrimi1 gézetmeksizin heterojen
olarak Taql kesim gruplarina dagildig: igin bu izolatlar ve standart suslarin Taql ile

ribotiplendirilmesinin ayirict olmadig1 goriilmektedir.
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Sekil 4.31. Tagl ARDRA profilleriyle olusturulan kiimeleme analizi. Dendrogram,

benzerlik oranlarmin Different Bands korelasyon katsayisinin yiizde olarak
belirlenmesiyle UPGMA kullanilarak olusturulmustur.
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4.5.5.3. Haelll Restriksiyon Enzimi ile Ribotiplendirme
Haelll restriksiyon enzimi ile kesim reaksiyonlar1 sonucunda elde edilen bant profillerine

gore izolatlar ve referans suslar 27 farkli gruba ayrilmistir (Sekil 4.32.);

e B. subtilis subsp. subtilis grubuna dahil olan izolatlardan A151 hari¢ izolatlarin
tamami essiz Haelll kesim profilleri olusturmustur. A151 kodlu izolat ise B.
licheniformis grubu izolatlardan A111 ile Haelll-10 kesim profiline sahiptir. B.
subtilis subsp. subtilis grubuna dahil olan izolatlarin tamaminin essiz bant profili
gostermeleri Haelll restriksiyon enziminin bu alt tiire dahil izolatlarin ayrimindaki

etkinligini gostermektedir.

e B. subtilis grubuna dahil olan E287 kodlu izolat da Haelll enzimi ile essiz kesim
profili (Haelll-26) olustururken standart suslar B. subtilis DSM 1971 ve B. subtilis
ATCC 6633" ise B. mojavensis grubuna dahil izolatlarla (A185, A131 ve C265)
birlikte Haelll-6 kesim profilini gostermistir. Bu nedenle Haelll ile olusan kesim

profillerinin B. mojavensis tiirii igin ayirict olmadigi belirlenmistir.

e B. licheniformis grubu izolatlardan C83ca, C91 ve TG20 kodlu izolatlar Haelll-22
ile APT40 ve standart sus B. licheniformis DSM 13" Haell1-24 kesim profilleriyle
tiir icinde ayrim gosterirken geri kalan izolatlar olan C92, A111, APT38, APT39 ve
E114 sirasiyla essiz Haelll-25, Haelll-3, Haelll-12, Haelll-23 ve Haelll-7

kesim profillerini gdstererek tiir i¢inde yiiksek ayrim gostermistir.

e B16, APT43, C244, C236 ve C251 ve APT11 kodlu B. safensis grubu izolatlar
sirastyla Haelll-16, Haelll-27, Haelll-20, Haelll-2, Haelll-21 ve Haelll-18
essiz kesim profilleri ile diger izolat ve standart suslardan ayrilmiglardir. C235 ve
C241 kodlu izolatlar i¢in de Haelll-11 kesim profilleri ile iginde ayrim

saglanmistir.

e B. aerophilus grubuna dahil izolat B65 Haelll-19 essiz kesim profili ile diger
izolat ve referans suslardan ayrilmigtir. B. pumilus grubuna dahil izolat APT37

Haell1-13 essiz kesim profili ile diger izolat ve referans suslardan ayrilmigtir.

e Geri kalan izolat ve standart suslar heterojen olarak Haelll-4 ve Haelll-8 kesim
profillerini olusturdugu i¢in Haelll ARDRA analizinin bu gruplardaki izolatlar i¢in

tiir seviyesinde ayrimda etkin olmadig belirlenmistir.
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Sekil 4.32. Haelll ARDRA profilleriyle olusturulan kiimeleme analizi. Dendrogram,
benzerlik oranlarmin Different Bands korelasyon katsayisinin yiizde olarak
belirlenmesiyle UPGMA kullanilarak olusturulmustur.
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4.5.6. Toplam hiicre protein profillerini gosteren SDS-PAGE analizi sonuclari

Tez kapsaminda, izolat ve standart suslarin sporulasyon 6ncesi ve sporulasyon sonrasi elde

edilen toplam hiicre proteinleri profilleri, Sodyum Dodesil Siilfat Poliakrilamid Jel
Elektroforezi (SDS-PAGE) kullanilarak ortaya ¢ikarilmigtir. Toplam hiicre protein
profilleri, bakterilerin taksonomik siniflandirmasinda kullanilan bir teknik olup, genomik
cesitliliklerin sonucunda ortaya ¢ikan gen ekspresyonunun varligi ve miktari, toplam hiicre
protein profilleri ile elde edilen protein bantlarinin sayis1 ve miktari ile dogrudan orantilidir.
Ayrica endospor olusturan basillerin sporulasyon Oncesi ve sonrasi protein bantlarindaki
cesitlilikler ve ekspresyon farkliliklari da onemlidir. Bir ¢ok arastirici 6zellikle yeni
tirlerin tanimlanmasinda toplam hiicre protein profillerinin ayirict 6zelliginden
faydalanmistir (Heyndricks et al. 1995, Logan et al. 2002, Scheldeman et al. 2004). Logan
et al. (2002), Bacillus luciferensis tiiriiniin ilk olarak tanimlanmasinda 24 saatlik protein
profillerinin tiirler aras1 ve tiir i¢i farkliliklar1 ortaya koydugunu gostermistir. Heyndrickx
et al. (1995), Paenibacillus gordonae ve Paenibacillus validus tiirlerinin ayrilmasinda

toplam hiicre protein profillerinin 16S rRNA datasini destekledigini ifade etmistir.

Izolatlar ve standart suslarin 18 saatlik toplam hiicre proteinlerinin SDS-PAGE ile elde
edilen protein profilleri Sekil 4.33.’te verilmistir. Ancak izolat ve standart suslarin
herbirinin de proteaz {ireticisi izolatlar olmasi nedeniyle bazi izolatlarn 18 saatlik
proteinlerinin, 72 saatlik gelisim sonrasinda ise Exiguobacterium cinsine dahil izolatlarin
disindaki tiim Orneklerin proteinlerinin kendi proteazlar1 tarafindan otoliz edildigi
belirlenmistir. Sekil 4.34.’te B. safensis grubuna dahil 7 izolatin 72 saatlik proteinlerinin,

proteazlar tarafindan degrade edilmis SDS-PAGE profilleri verilmistir.

18 saatlik protein profilleri elde edilemeyen izolatlarin igerisinde yliksek kapasitede
alkalen proteaz tirettigi belirlenen 7 izolat (B. licheniformis E114, B. mojavensis C265, B.
aerophilus B65, B. safensis APT11, B. safensis APT43, B. safensis C251 ve B. safensis
C234) da bulunmaktadir. Sekil 4.33.’te B. aerophilus B65’in kismen degradasyona
ugramis 18 saatlik protein profili goriilmektedir. Proteazlar tarafindan degrade edildigi i¢in
18 saatlik protein profilleri elde edilemeyen 16 izolat ve 2 standart sus su sekildedir; B.
mojavensis grubundan C265 ve A131, B. licheniformis grubundan E114, B. aerophilus
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grubundan B65, B. pumilus grubundan APT37, B. safensis grubundan B16, C241, C235,
APT11, C244, C251, C236, APT43, C234, B.oceanisediminis grubundan APT26, B.clausii
grubundan APT32 ve B.clausii DSM 8716", B.gibsonii 8722". Tiim bu izolat ve standart

suslarin icerisinde B.safensis tiiriine dahil tiim izolatlarin proteinlerinin degrade olmasi

dikkat ¢ekicidir.

72 saatlik protein Ornekleriyle gerceklestirilen SDS-PAGE sonucunda ise sadece

Exiguobacterium cinsine dahil izolatlarin protein profilleri elde edilebilmistir (Sekil 4.35.).

Izolat ve standart suslarin 18 saatlik protein profilleri birbirlerinden oldukg¢a farklilik

gosterdigi i¢in elde edilen bant profilleri, 16S rRNA dizilerine gore olusturulan gruplara

gore degerlendirilmistir;

B. subtilis subsp. subtilis grubuna dahil izolatlarin tamami birbirlerinden farkli
protein profilleri sergilemistir. Bu gruptaki izolatlarin iirettikleri dominant protein
bantlarinin molekiil agirliklarindaki ve yogunluklarindaki fark dikkat cekmektedir.
Ozellikle A325 ve D311 kodlu izolatlarin protein profilleri benzerlik gdsterse de
izolatlarin tamaminin farkli protein profiline sahip oldugu goriilmektedir. A325 ve
D311 kodlu izolatlarin protein profilleri B. subtilis grubuna dahil E287 ve standart
suslar B. subtilis DSM 1971 ve B. subtilis ATCC 6633" ile benzerlik gosterse de,
bu orneklerin de bant profillerinin farkl oldugu goriilmektedir. Bu sonuglara gore
18 saatlik protein profillerinin B. subtilis subsp. subtilis, B. subtilis ve B.
mojavensis i¢in tiir igi farkliliklari isaret ettigi ancak her bir 6rnegin farkli bir profil
sergilemesi nedeniyle tiirler arasinda ayirt edici ortak bir bant profilinin olmadigt

gorilmektedir.

Benzer sekilde Exiguobacterium cinsine dahil izolatlarin da tirettikleri dominant
protein bantlarmin molekiil agirliklarindaki ve yogunluklarindaki fark dikkat
¢ekicidir. Ayrica cins i¢inde de E. arabatum tiirlerinin E. mexicanum (APT20b) ve
E. aurantiacum (APT34) tiirleri ile oldukga farkli protein bant profili sergiledigi
goriilmektedir. Bu sonuglara gore 18 saatlik toplam hiicre protein profillerinin, cins

ve tlir bazinda da bir ayirim giiciine sahip oldugu belirlenmistir.
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B. anthracis grubunu olusturan izolatlardan APT1, TG11, APT24 ve APT9’un
birbiriyle olduk¢a benzer protein profiline sahipken APT10 ve APT25’in bu
izolatlardan ayrildigi goriilmektedir. B. anthracis grubu igin de toplam hiicre
protein profillerinin tiir iginde ayirim giiciine sahip oldugu belirlenmistir. B. cereus
grubuna dahil APT23 kodlu izolatin ise 18 saatlik protein profili ile 6zellikle B.
anthracis APT25 ve APTI10 izolatlarina benzerlik gosterse de dominant protein
bantlarinin molekiil agirliklarindaki ve yogunluklarindaki farklardan 6tiirii ayrildigi

goriilmektedir.

B. cohnii grubuna dahil olan APT5 kodlu izolatin referans suslar B. cohnii DSM
63077 ve B. horikoshii DSM 8719 ile aymi protein bant profilini verdigi, bu tiirler
icin tiirler arasi1 ve tiir i¢i farkliliklarin protein profili ile elde edilemedigi

goriilmektedir.

Alkalifilik standart suslar B. alcaliphilus DSM 485", B. pseudalcaliphilus DSM
8725", B. halodurans DSM 497" ve B. agaradhaerens DSM 8721"in B.
pseudofirmus olarak tanimlanan APT35 kodlu izolat ile diger tiirlerden ayrilarak

benzer protein profili vermesi dikkat ¢ekicidir.
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---Marker /Fermentas, SM26619

_—

— Bacillus subtilis subsp. subtilis grubu

----Marker /Fermentas, SM26619
---A131
---B.subtilis ATCC 66337

---A185 = Bacillus subtilis ve Bacillus mojavensis grubu
---B.subtilis DSM1971

---E287

—

Marker /Fermentas, SM26619
_AL11 =
__APT38

---B.licheniformis DSM 137 Bacillus licheniformis grubu
__-APT40

---TG20

----Marker /Fermentas, SM26619

——> Bacillus aerophilus grubu
---Marker /Fermentas, SM26619

—APT12 —> Bacillus flexus grubu
--APTS

--B.cohnii DSM 63077
--B.horikoshii DSM 87197 === Bacillus horikoshii grubu
—> Bacillus cereus grubu

Bacillus cohnii grubu

---Marker /Fermentas, SM26619
--APT10

--APT9

--APT24

-TG11

-—-APT1 |
—-APT2 —> Virgibacillus grubu

--B.coagulans DSM 17 ——> Bacillus coagulans grubu

—-APT8 ——> Bacillus badius grubu

---Marker /Fermentas, SM26619

——> Sporosarcina grubu

—> Lysinibacillus grubu

—> Exiguobacterium aurantiacum grubu
——> Exiguobacterium mexicanum grubu

DBacillus anthracis grubu

—-Marker /Fermentas, SM26619 Exiguobacterium arabatum grubu
--APT30

--APT14

--APT48

---B.agaradhaerens DSM 8721"——> Bacillus agaradhaerens grubu
__-B.halodurans DSM 4977 ———> Bacillus halodurans grubu
_APT35 ——> Bacillus pseudofirmus grubu
---B.alcaliphilus DSM 4857 ———> Bacillus alcaliphilus grubu
---B.pseudalcaliphilus DSM 87257 —> Bacillus pseudalcaliphilus grubu

Sekil 4.33. 18 saatlik toplam hiicre protein profilleri
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--APT11
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---C251

--C236

--APT43

Sekil 4.34. B.safensis grubuna dahil 7 izolatin 72 saatlik proteinlerinin, proteazlar

tarafindan degrade edilmis SDS-PAGE profilleri
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---Marker /Fermentas, SM26619

_-APT34 ——> Exiguobacterium aurantiacum grubu

—-APT20b —> Exiguobacterium mexicanum grubu

—

-APT13a
--APT44
--APT30

--APT30
--APT14

Sekil 4.35. Exiguobacterium cinsine dahil izolatlarin 72 saatlik protein profilleri
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5. SONUC

Tez kapsaminda pH 7.0, 9.0 ve 10.0’luk Skim Milk Agar’da proteolitik zon olusturan 25
adet alkalifilik Gram pozitif, endospore olusturan ¢ubuk seklinde bakteri izole edilmistir.
Ayrica kiiltiir stoklarinda bulunan ve degisik kaynaklardan izole edilmis 31 adet Gram
pozitif, endospor olusturan basil izolat da pH 7.0, 9.0 ve 10.0’luk Skim Milk Agar’da

proteolitik zon olusturmalart nedeniyle arastirmaya dahil edilmistir. Standart suslarla

birlikte toplam 68 bakteri 6rnegi calismada materyal olarak incelenmistir.

Izolat ve standart suslar pH 7.5 ve pH 9.5 olmak iizere iki farkli pH degerine sahip, kazein
ve nigasta igeren sivi besiyerlerinde 48 ve 72 saat inkiibe edildikten sonra, hiicre disi
alkalen proteaz aktiviteleri substrat olarak %0.6 kazein igceren pH 9.0 ve 10.0’luk Glisin-
NaOH tamponlarmin kullanilmasiyla ol¢iilmiistiir. Boylelikle her bir izolat ve standart
susun, yliksek kapasitede alkalen proteaz iirettigi gelisim kosulu ile enzimlerinin aktivite

gosterdigi en uygun pH degeri belirlenmistir.

E114 kodlu izolatin pH 7.5’Iuk, C265 kodlu izolatin ise pH 9.5’luk kazein iceren sivi
besiyerinde 48 saat gelisim sonrasinda pH 9.0’luk Glisin-NaOH tamponu ile en yiiksek
alkalen proteaz aktivitesini (103125 U/ml/g) gosterdikleri belirlenmistir. Ayrica incelenen
parametrelerin her birinde 7 izolatin standart suslardan daha yiiksek kapasitede alkalen
proteaz iirettigi belirlenmistir. Bu izolatlar E114, C265, APT11, B65, APT43, C251 ve
C234 kodlu izolatlardur.

Yiiksek kapasitede alkalen proteaz lireten bu izolatlar nisastali siv1 besiyerinde trettikleri
alkalen a-amilaz tiretimleri bakimindan da incelenmistir. En yiiksek alkalen proteaz iireten
iki izolattan biri olan C265 kodlu izolatin pH 7.5’luk nisasta iceren sivi besiyerinde de 48
saat gelisim sonrasinda pH 10.0’luk Glisin-NaOH tamponu ile en yiiksek alkalen o-amilaz

tireten (377 U/ml/g) izolat oldugu belirlenmistir.
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Izolat ve standart suslarin 16S rRNA gen dizileri temel alinarak evrimsel uzakliklarinn
gdsteren filogenetik aga¢ olusturulmustur. izolatlar Bacillales ordosuna dahil Bacillaceae,
Planococcaceae ve Paenibacillaceae familyalar1 altinda toplanmistir. Bacillaceae
familyasindan 4 farkli cinse (Bacillus, Virgibacillus, Lysinibacillus ve Exiguobacterium)
dahil tiirlerle taksonomik olarak gruplanirken, Planococcaceae ve Paenibacillaceae
familyalarindan ise 2 farkli cinse (sirasiyla Sporosarcina ve Paenibacillus cinsleri) dahil

tiirler taksonomik olarak gruplandirilmistir.

Izolatlar referans tip suslarla % 98 ve 100 oraninda benzerlik gdstermistir. Yiiksek
kapasitede alkalen proteaz iireten izolatlardan E114 B. licheniformis, C265 B. mojavensis,
B65 B. aerophilus, APT11, APT43, C251 ve C234 izolatlar1 ise B. safensis olarak
taksonomik olarak gruplandirilmistir. Bu izolatlarin patojen 6zellik tasimayan tiirlerle
taksonomik olarak gruplandirilmasi endiistriyel olarak kullanim potansiyellerini
desteklemektedir. Ozellikle B. safensis ve B. aerophilus tiirlerinin alkalen proteaz {iretimi
ile ilgili literatiirden bilgi edinilememesi nedeniyle, bu tiirlere dahil edilen 5 izolatin yeni

alkalen proteaz kaynaklar1 olabilecegi ongoriilmiistiir.

Izolat ve standart suslar 16S rRNA genlerine gore filogenetik olarak gruplandirildiktan
sonra genotipik ¢esitliliklerinin ortaya koyulmasi igin ITS-PCR, BOX-PCR, (GTG)s-PCR,

toplam hiicre protein profilleri ve ARDRA analizleri ile de incelenmistir.

ITS-PCR, BOX-PCR ve (GTG)s-PCR teknikleri ile elde edilen bant profillerine gore
strasiyla 28, 33 ve 51 grup elde edilmistir. Bu gruplar 16S rRNA geni gibi evrimsel olarak
1yl korunmamis olan 16S-23S rRNA genleri arasindaki ITS boélgeleri ile (GTG)s ve BOX
gibi tim genom boyunca tekrar eden genetik elementlerle olusturuldugu icin izolat ve
standart suglarin genetik ¢esitliliklerinin ortaya koyulmasinda daha ayrintili bilgiler elde
edilmistir. 16S rRNA geni gruplar ile en fazla uyumu ITS-PCR gruplarinin gosterdigi
belirlenmigtir. Tiir i¢i farkliliklarin ortaya koyulmasinda ise en fazla ayrim giicii (GTG)s-
PCR ile saglanmistir.
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Izolat ve standart suslarin 16S rRNA genleri iizerinden gergelestirilen PCR iiriinleri, Alul,
Taql ve Haelll restriksiyon enzimleri ile kesilerek sirasiyla 26, 24 ve 51 farkli ARDRA
grubu elde edilmistir. ARDRA analizlerinin gerceklestirildigi 16S rRNA geninin evrimsel
olarak olduk¢a korunmus olmasi nedeniyle izolat ve referans tiirler birbirlerinden ITS,
BOX ve (GTG)s-PCR ile elde edilen gruplar kadar basarili bir sekilde ayrilamamustir.
Ayrica izolat ve standart suslarin 18 saatlik toplam hiicre protein profillerine gore, 6zellikle
Exiguobacterium cinsine ve B. anthracis grubuna dahil izolatlarin tiir i¢i farkliliklar ortaya

koyulmustur.

Sonug olarak bu ¢alismada, endiistriyel 6neme sahip enzimlerden biri olan alkalen proteaz
aktivitesine sahip ait lilkemize 6zgii cok sayida alkalifilik bakterinin alkalen proteaz iiretim
kapasiteleri standart suslarla karsilagtirilmig ve potansiyel alkalen proteaz iireticisi izolatlar
belirlenmistir. Ayrica izolatlarin ve standart suslarin ¢oklu taksonomik analizlerinden elde
edilen verileri kiyaslanarak uygulanan tekniklerin alkalifilik basillerin taksonomik olarak

gruplandirilmasindaki etkinlikleri sistematik agidan ortaya konmustur.
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Characterization of a thermostable a-glucosidase from Geobacillus
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Isolation of novel thermophilic bacilli has received considerable attention among the scientific community in whole world because
of their biotechnological importance as they possess unique enzymes with thermal activity and stability. Of the thermophilic
enzymes, we were interested in a-glucosidases which catalyze hydrolysis of terminal non-reducing a-D-glucosidic linkages of
oligo- and polysaccharides with the release of a-D-glucose. Thermostable a-glucosidases have a number of potential applications
due to their wide range of substrate specificity and their ability of catalyzing transglucosylation reactions.

Our research group was isolated a significant amount of a-glucosidase producing, thermophilic, facultative anaerobic, endospore-
forming, rod-shaped bacterial strain F84a from a high-temperature well pipeline in Kizilcahamam, Turkey. The strain was able to
grow at temperatures, pH and salinities ranging from 45 to 69 °C, 7.0 to 8.5 and 0 to 4.5 %, respectively. The G+C content of the
genomic DNA was 49 mol %. In phylogenetic analysis of 16S rRNA gene sequence, strain F84a showed the most sequence
similarity to Geobacillus thermodenitritrificans (99.8 %) and to Geobacillus subterraneus (99.3 %) with DNA hybridization
values of 80.5 % and 28.4 %, respectively. Based upon phylogenetic and chemotaxonomic evidences, strain F84a was proposed to
be a member of G. thermodenitrificans species (Strain F84a = NCIMB 14581 = DSM 22628).

The thermostable exo-a-1,4-glucosidase of strain F84a having optimum activity at 60 °C, pH 7.0 was also characterized. The
enzyme remained active over a temperature range of 35-70 °C, and a pH range of 4.5-11.0. The relative activity was 68 % when
incubated at 60 °C for 5 h. It also retained 58 % and 83 % of its activity at pH 4.5 and 11.0 for 15 h at 35 °C, respectively. The a-
glucosidase hydrolysed a-1,6, a-1,3, and a-1,4 bonds on substrates in addition to a high transglycosylation activity. Furthermore,
enzyme was found to be resistant to most of the denaturing agents and inhibitors. By this research, a thermostable a-glucosidase
was isolated and characterized from newly isolated G. thermodenitrificans F84a as having biotechnological potential in
transglycosylation reactions.

Keywords Geobacillus; taxonomy; thermostable a- glucosidase; characterization

1. Introduction

The industrial demand for enzymes that can withstand harsh conditions has greatly increased over the past decade.
Therefore, thermostable enzymes, which have been isolated mainly from thermophilic organisms, have found a number
of commercial applications such as biocatalysis, biotransformation and biodegradation processes because of their
extreme thermal activity and stability [1, 2]. In order to meet this demand, much work is left to microbiologists.
Advances in this area have been achieved by the isolation of a large number of thermophilic microorganisms from
different ecological niches and subsequent production of valuable enzymes [1, 3]. Consequently, both the discovery and
characterization of new extremophilic enzymes provide the possibility that these enzymes will lead to novel
applications [4]. On the other hand, to select the appropriate taxonomic group of microorganism which will be studied
for further enzyme production process is also another important subject that must be considered. A characteristic
enzyme production in the course of thermophilic, endospore-forming bacterial fermentation processes occur during a
relatively short period of time, with very low-cost carbon and nitrogen sources. Thus, members of these thermophilic
bacteria have been used in many researches aimed on screening and purification of thermostable enzymes [5].

* Corresponding author: Dr. Arzu Coleri Cihan, Phone: +90-312-2126720 / 1095, Fax: +90-312-2232395, e-mail: arzucoleri@gmail.com
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Fig. 1 A flowchart demonstrating the isolation, screening, taxonomic characterization and enzyme purification stages of
Geobacillus thermodenitrificans F84a, capable of producing thermostable a-glucosidase of biotechnological importance. a) A
photograph of Kizilcahamam high-temperature well pipeline, b) A turbid enrichment culture, ¢) A pure culture of F84a on
Nutrient agar plate after 18 h of cultivation at 60 °C, d) Photograph of a spectrophotometer, ¢) The action mechanism of an o-
glucosidase on the p-nitrophenyl-a-D-glucopyranoside (pNPG) substrate and the principle of spectrophotometric pNPG assay, f)
A Lugol’s iodine dyed photograph of strain F84a showing the positive amylase activity on MI plate containing 1 % starch, g)
Phase-contrast micrograph of strain F84a (VC, vegetative cell; MS, mature spore; TS, terminal sporulation; bar, 10 um), h) A
phylogenetic tree which shows the taxonomic position of a bacterial strain according to 16S rRNA gene sequence, i) Scanning
Electron Micrograph of strain F84a after 18 h of cultivation at 60 °C in Nutrient Broth, j) Photograph of a F84a culture in
Erlenmeyer flask containing MI medium for enzyme production.

a-Glucosidases (EC 3.2.1.20) are typical exo-type hydrolases that release a-glucose from the non-reducing ends of
the substrates such as oligo- and polysaccharides [6]. They are usually found in association with other amylolytic
enzymes which accomplish complete degradation of starch, and occur in microorganisms as intracellular, extracellular,
or cell-bound enzymes [7]. Some a-glucosidases also catalyze transglucosylation reactions when high concentrations of
glucosyl acceptor are present in the reaction [8]. They show diversity in substrate specificity and transglycosylation
activities, and these specificities greatly differ with the enzyme source [7]. They have a number of potential applications
in fundamental research, industrial starch processes, a-amylase assay kits in clinical laboratories and synthesis of oligo-,
di-, and trisaccharides. Some spore-associated thermostable glucosidases can also be used as a rapid biological indicator
for sterilization control [6, 7, 9, 10].
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a-Glucosidases, responsible for hydrolysis of p-nitrophenol-a-D-glucopyranoside (pNPG), have also been found in a
number of different thermophilic, endospore-forming, aerobic species from the genus Geobacillus. The genus
Geobacillus falls into the thermophilic bacilli genetic group 5 according to their 16S rRNA gene sequences [11, 12].
The members of this genus can exhibit growth at temperatures ranging from 35 to 78 °C, and are widespread in various
geographical locations. Of those, thermophilic members belonging to genus Geobacillus, a-glucosidases of Geobacillus
caldovelax DSM 411 [13], Bacillus thermoamyloliquefaciens KP1071 [14], Bacillus sp. SAM 1606 [15], Geobacillus
stearothermophilus ATCC 12016 [16], G. stearotherothermophilus ATCC 7953 [10], G. thermodenitrificans HR010
[17], Geobacillus HT A-462 [4], and Geobacillus sp. A333 [18] have been well-characterized.

In our previous studies, our research group was isolated more than five hundred thermophilic bacilli in order to
screen the industrially important a-amylase and a-glucosidase producing strains from various geothermal regions of
Turkey [19]. In the present study, we are interested in purification and characterization of a novel thermostable exo-a-
1,4-glucosidase of biotechnological importance from Geobacillus thermodenitrificans strain F84a as summarized in
Fig. 1. The strain was able to produce significant levels of a-glucosidase extracellularly (36.64 U/g) at the 15 h of
cultivation, and the characteristics of F84a a-glucosidases make it a good candidate for industrial applications. This
study not only deals with the substrate specificity, temperature and pH activity and stability, catalytic property and
effect of some inhibitors on this thermostable a-glucosidase, but also displays the taxonomy position of the strain F84a
with details of phenotypic, chemotaxonomic, and genetic characteristics.

2. Methods

2.1 Bacterial isolation and growth conditions

Strain F84a was obtained from a sediment sample of a high-temperature well pipeline in Kizilcahamam province of
Ankara, which exists in the Middle Anatolian Region of Turkey. The water temperature and pH of this geothermal
region were measured as 98 °C and 7.0-7.5, respectively. Geobacillus thermoglucosidasius medium MI (pH 8.0)
containing 1 % soluble starch was used for isolation and obtaining the enrichment culture [20]. Cultures were purified
from the same medium containing 3 % agar by subculturing four times, and the purity was confirmed microscopically.
The pure culture of strain F84a was isolated on 8 September 2004 and the properties of F84a, which was selected
among several isolates, will be presented here.

The type strain of G. stearothermophilus ATCC 12980" was kindly provided by Prof. Ali Osman Beldiiz (Karadeniz
Technical University, Turkey), and the type strains of G. subterraneus DSM 135527, and G. thermodenitrificans DSM
465" were acquired form DSMZ (the German Collection of Microorganisms and Cell Cultures, Braunschweig,
Germany).

2.2 Morphologic and physiologic characterization

Cytology and colony morphology analyses were carried out using 18 h-old cultures on Nutrient Agar plates (containing
3 % agar). The formation of spores was tested by using Nutrient Broth cultures of 18-24 h supplemented with 5 mg/1
MnSO,4H,0 and observed using phase-contrast microscopy. Scanning Electron Microscopy (SEM) was analyzed using
Nutrient Broth culture of F84a cells, grown at 60 °C under shaking at 250 rpm for 18 h. The sample was prepared for
electron microscopy using the procedure described by Hayat [21], and examined in the Jeol JSM 6060 LV Scanning
Electron Microscope. The temperature range was determined by incubating the strain in Nutrient Broth at temperatures
from 30 to 80 °C. The pH dependence of growth was tested in Nutrient Broth which was adjusted to different pH values
from 4.0 to 11.0. The effect of salinity was also checked in Nutrient Broth supplemented with 0 to 5 % concentrations
of NaClL

Physiological characterization tests included: Gram staining, anaerobic growth, oxidase, catalase and amylase
activity, casein, citrate, starch, tyrosine, gelatine and urea utilization, reduction of nitrate to nitrite, N, gas production
from nitrate, acid production from sugars, methyl red test, Voges-Proskauer test, indole and H,S production,
susceptibility to lysozyme. These tests were carried out by the methods of Claus and Berkeley as described previously
[22]. Test results were observed at days 1, 2 and 7. A disk diffusion test was performed by using Nutrient Agar plates
for antimicrobial susceptibility testing. Plasmid DNA isolation was carried out by the procedure of Anderson and
McKay [23]. All assays were performed with pure culture in triplicates.

2.3 16S rRNA gene amplification and sequence analyses

The cultures growing on Nutrient Agar for 18 h at 60 °C were used for genomic DNA extraction (Genomic DNA
purification kit, Fermentas). The gene encoding 16S rRNA was amplified by Polymerase Chain Reaction (PCR) with
the 16S bacteria specific 27Fa forward primer and the 1492R reverse primer [24]. The sequence of the PCR-amplified
16S rRNA gene was determined by using ABI 3100 gene sequencer with Bigdye cycle sequencing kit. In the
phylogenetic analysis, homology search was carried out using the basic BLASTN search program at the NCBI Web-

©OFORMATEX 2010 947



Current Research, Technology and Education Topics in Applied Microbiology and Microbial Biotechnology
A. Méndez-Vilas (Ed.)

site. A neighbour-joining phylogenetic tree [25] was constructed with the MEGA package version 4 [26] according to
Kimura 2-parameter method [27].

2.4 Fatty acids and respiratory lipoquinone analyses

Fatty acids and respiratory lipoquinone analyses were performed by Dr. Brian Tindall (DSMZ Identification Service,
Braunschweig, Germany) using minor modifications of the extraction method of Kuykendall et al., Miller and Tindall et
al. [28, 29, 30]. Fatty acids were further determined using GC, and quinones were analyzed by HPLC.

2.5 DNA base composition and DNA-DNA hybridization

DNA base composition and DNA-DNA hybridization analyses were carried out by the DSMZ Identification Service.
DNA was extracted using the French press technique, and purified by the method of Cashion et al. [31]. In determining
GC base composition of the genomic DNA, the DNA was hydrolysed with P1 nuclease and the nucleotides were
dephosphorylized with bovine alkaline phosphatase [32]. The resulting deoxyribonucleotides were analyzed using
HPLC. The GC content of the genomic DNA was calculated according to the method of Mesbah et al. [32].
Spectroscopic DNA-DNA hybridization was carried out as described by De Ley et al. [33] with the modifications
described by Huss et al. [34].

2.6 Purification of F84a a-glucosidase

Strain F84a was cultivated for 12 h in 1 liter enzyme production medium MII (2 % soluble starch from potato (Sigma
S2004), 2 % peptone, 0.2 % yeast extract, 0.5 % meat extract, 0.3 % K,HPO,, and 0.1 % KH,PQO,, at pH 8.0) at 60 °C
under shaking at 250 rpm [20]. Cell-free supernatant of F84a was removed from the medium by centrifugation at
10.000 rpm for 15 min at +4 °C. Centrifuged supernatant was fractioned with solid ammonium sulphate and the
precipitates from 40-65 % (NH4),SO, saturation were dissolved in cold 50 mM potassium phosphate-5 mM EDTA
buffer (pH 7.0). The enzyme fraction was dialyzed overnight and this 195 ml dialyzed was centrifuged to remove
insoluble residues. This sample was concentrated 6.5-fold by centrifugation at 4000 rpm for 3 h in a speed vacuum
concentrator, then it was suspended in Tris-HCI buffer (pH 8.0) and applied to a cation-exchange chromatography
column (Biorad S-6 column, 12 by 53 mm) which was equilibrated and eluted with a linear gradient of 0.1 M sodium
chloride with the same buffer. Fractions of 400 ul per tube were collected at a flow rate of 2 ml/min, and monitored for
absorbance at 280 nm, a-glucosidase activity and the conductivity. Fractions showing a-glucosidase activity were
pooled and used for enzyme characterization. Protein concentration was determined by using Bradfort reagent (Sigma
B6916), and as a protein standard 0.1 to 10 mg/ml concentrations of BSA (Sigma A2153) was used [18].

2.7 Determination of pNPGase activity and glucose formation

The o-glucosidase activity was determined spectrophotometrically by measuring the hydrolysis of pNPG (Sigma
N1377) as described previously [19]. One unit of enzyme was defined as the amount of enzyme needed for hydrolysis
of 1 umol pNPG per minute at 60°C, pH 7.0. The millimolar extinction coefficient of pNP at 400 nm, pH 7.0 and 60 °C
was measured as 19.1 mM™.cm™ and used to calculate the product yield.

Glucose oxidase-peroxidase (GOPOD) reagent (Sigma GOGO-20) was used to determine glucose production from
the other substrates except pNPG. The glucose liberated from the substrates was measured in pg glucose/ml after
measuring at 540 nm. The enzymatic reaction proceeded for 10 min at 60°C and stopped by heating in boiling water for
3 min. Each determination was performed at least three times [18].

2.8 Effect of temperature and pH on a-glucosidase activity and stability

The effect of temperature on enzyme activity was determined between 35 to 95 °C with 5 °C intervals. For stability
tests, enzyme was heated for 10 min, 20 min and 5 h at different temperatures from 35 to 95 °C, then quickly chilled on
ice and assayed for the remaining activity at 60 °C, pH 7.0. The effect of pH on the enzyme activity was determined
using 0.02 M sodium-citrate (pH 3, 3.5, 4,4.5, 5, 5.5, 6, 6.5), 0.1 M sodium phosphate (pH 7, 7.5, 8, 8.5), 0.1 M sodium
carbonate-bicarbonate (pH 9, 9.5) and Ringer (pH 10, 11) buffers at 60 °C, all instead of potassium phosphate buffer
(pH 7.0) in the standard assay mixture. The effect of pH on a-glucosidase stability was examined by incubating the
enzymes in the same buffers (pH 3-11) at 35 °C for 15 h as reported in the activity test [18]. The activity of the not-
heated and not pH-treated enzyme was expressed as 100 %.

2.9 Substrate specificity tests and the mode of a-glucosidase action on the substrates

In substrate specificity experiments, substrates of phenyl a-D-glucopyranoside, methyl a-D-glucopyranoside, maltose,
maltotriose, maltotetraose, maltopentaose, maltohexaose, isomaltose, isomaltotriose, panose, turanose, saccharose,
maltitol, trehalose, lactose, raffinose, amylose, soluble starch (Sigma S2004), and dextrin (Sigma D4894) were used for
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glucose formation. The mode of enzyme action, exo-type hydrolysis and transglycosylation activity analyses were
performed using Thin Layer Chromatography (TLC) as described previously [18].

2.10 Effect of some denaturants and inhibitors on a-glucosidase activity and stability

The enzyme was treated with denaturants: urea (2-8 M), SDS (0.004-0.5 %), ethanol (10-40 %), EDTA (2 mM), para-
chloromercurybenzoate (p-CMB, 50 puM), with metal ions: CuCl,, HgSO, CaCl,, FeSO4, MgSO,, BaCly,, ZnSO,,
MnSO, (2 mM), and with substrate-analogue inhibitors: Glucono-y-lacton, L-Glutathione reduced, D-Glucose (5 mM),
Tris and Histidine (10 mM) [18]. The activities under standard assay conditions found in the absence of these reagents
were expressed as 100 %.

3. Results and Discussion

3.1 Characterization and identification of strain F84a

3.1.1 Phenotypic characteristics of the strain

The colonies of strain F84a were cream, opaque, circular, and flat with lobate edges, with a dry-powdery surface when
incubated on NA (3 % agar) at 60 °C. The phase-contrast and SEM micrographs of the isolate are shown in Fig. 1g and
Fig. 1i, respectively. Microscopy observations revealed that the cells were Gram-positive, motile and straight rods with
0.71-0.93 pm wide and 1.48-2.15 pum long. The cell surface was observed to be smooth in SEM images. The cells
occurred singularly. The terminal, ellipsoidal endospores were observed in non swollen sporangia.

F84a strain was catalase and oxidase positive, grew well aerobically, but was facultative anaerobic. It was
moderately thermophilic within growth range between 45 and 69 °C with the optimum at 60 °C. The pH range was 7.0-
8.5. The isolate F84a utilized a wide range of carbon sources including maltose, D-fructose, D-glucose, D-(+)-galactose,
sucrose, D-xylose, D-mannose, L-arabinose, raffinose, and D-mannitol. It was not able to ferment: lactose and D-
sorbitol. Starch utilization, and amylase activity were positive, but urea, casein, citrate, gelatin and tyrosine could not be
utilized. It was able to reduce nitrate to nitrite, but N, gas production was not observed from nitrate. Methyl red and
Voges-Proskauer (pH 6.9) tests were negative. Indole and H,S were not produced. The growth occured between 0 to 4.5
% concentrations of NaCl with an optimum at 3 %. The isolate was found to be sensitive to lysozyme and to all
antibiotics tested. The strain contained two plasmid bands of 11.9 and 15.6 kb.

F84a was found to be negative for protease activity, but could produce starch-degrading enzymes with strong
amylolytic and glycosidic activity. Strain F84a differed from its closely related species, G. thermodenitrificans, in some
phenotypic characteristics such as spore shape, pH and NaCl requirement, gas production from nitrate, acid production
from lactose and arabinose [35].

3.1.2 Lipid and fatty acid composition

According to respiratory quinone analysis, the major menaquinone content was found to be MK-7. The dominant
cellular fatty acids were: is0-C17:0 (36.72 %), is0-C15:0 (33.96 %), C16:0 (8.6 %), anteiso-C17:0 (8.26 %), and iso-
C16:0 (5.92 %). The iso-branched fatty acids were the major membranous lipids present with a percentage of 76.6 of
the total fatty acids which was in the range as described in genus Geobacillus.

3.1.3 Phylogenetic position

The partial 16S rRNA gene sequence determined for strain F84a was 765 nucleotides long. The pylogenetic tree was
constructed using the neighbour-joining method. It showed the position of strain F84a among the species of genus
Geobacillus which fell into the phylogenetic group 5 of endospore-forming bacteria (Fig. 2). According to the 16S
rRNA gene sequence similarity, the strain was found to be closely related to G. thermodenitrificans (99.8 %), G.
subterraneus (99.3 %), Geobacillus uzenensis (97.9 %), Geobacillus thermocatenulatus (97.6 %), Geobacillus
kaustophilus (97.6 %), Geobacillus thermoleovorans (97.6 %), and G. stearothermophilus (96.9 %).
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Fig. 2 Neighbour-joining evolutionary distance phylogenetic tree based on the 16S rRNA gene sequences of strain F84a and the
representative members of genus Geobacillus of the family ‘Bacillaceae’. Bootstrap values (%) are based on 1000 replicates and
shown for branches with more than 50 % bootstrap support. Bar indicates 0.002 substitutions per nucleotide position.

3.1.4 The G+C content and DNA-DNA hybridizations

The G+C content of the genomic DNA was 49.0 mol %, which is in the range of Geobacillus species. In addition, the
G+C content of the 16S rRNA gene was found to be 59.8 %. In order to verify the taxonomic position of strain F84a, it
was subjected to DNA-DNA hybridization analysis with its closely related species: G. thermodenitrificans and G.
subterraneus. The DNA-DNA relatedness data were found to be 80.5 % and 28.4 % to the mentioned type strains,
respectively. The ad hoc committee recommends a threshold value of 70 % DNA-DNA similarity for the definition of a
novel bacterial species [36]. The DNA-DNA hybridization value between strain F84a and G. thermodenitrificans (80.5
%) could not differentiate F84a into a separate species of the genus Geobacillus. Thus, when the physiological,
phylogenetical and chemotaxonomical data are considered, strain F84a was proposed to be a species of Geobacillus
thermodenitrificans.

3.2 Purification results of F84a a-glucosidase

a-Glucosidase synthesis differs between thermophilic and endospore-forming species as either intracellular,
extracellular or cell-bound. The extracellular a-glucosidase activities of B. thermoamyloligefaciens KP1071 [14], G.
thermodenitrificans HRO10 [17], and Geobacillus sp. A333 [18] were detected outside of the cell after the late
exponential growth phase as in the case of G. thermodenitrificans F84a.

G. thermodenitrificans F84a was able to produce 26.06 U/g a-glucosidase extracellularly at the 12 h of cultivation.
Thus, the cell-free supernatant of F84a was used as an extracellular enzyme source for further purification processes.
After cation-exchange chromatography, fractions showing a-glucosidase activity from 2 to 7 of peak I (major) and from
31-33 of peak IV (minor) were pooled for F84a anionic enzyme. Finally, the F84a a-glucosidase was partially purified
5.22-fold with a specific activity of 0.99 U/mg and a yield of 37 %. The kinetic parameters of K, and V., values for
PNPG were determined as 2.68 mM and 5.04 U/ml/min for F84a a-glucosidase.

3.3 The effect of temperature and pH on a-glucosidase activity and stability

The a-glucosidase of G. thermodentirificans F84a was found to be active over a wide range of temperatures varying
from 40 to 70 °C (Fig. 3a). The a-glucosidase was also very stable on a similar temperature range of 35 and 70 °C. The
enzyme showed maximum activity and stability at 60 °C, which is its optimal temperature for growth. When F84a a-
glucosidase was incubated at 60 °C for 10 min, 20 min and 5 h, its residual activity was measured as 100 %, 100 % and
68 %, respectively. The F84a enzyme also showed both activity and stability at a wide range of pH from 4.5 to 11.0,
with an optimum pH of 7.0 (Fig. 3b). The a-glucosidase was found to be 100 % stable at its optimum pH. In addition it
retained 59 % and 83 % of its activity at pH 4.5 and 11.0 after 15 h incubation at 35 °C, respectively.
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Fig. 3 Effect of a) temperature and b) pH on activity and stability of F84a a-glucosidase. Reaction was carried out at temperatures
from 35 to 95 °C at pH 7.0 when assaying for temperature, whereas reaction was carried out at 60 °C at different pH ranges from 3
to 11 when testing for pH by using 2 mM pNPG (g, Activity; m, Stability).

The a-glucosidase of G. stearothermophilus ATCC 12016 had a high optimal temperature value (70 °C at pH 6.4)
among Geobacillus species [16]. It was reported that ATCC 12016 a-glucosidase could only recover 7 % of its activity
at its optimal temperature in 10 min. Investigations on Geobacillus HTA-462 [4] and Geobacillus sp. A333 [18] a-
glucosidases revealed that these enzymes were active at temperatures ranging from 40-80 °C (optimum 60 °C) and 40-
70 °C (optimum 60 °C), and at pH values between 5.5-9.5 (optimum pH 9.0) and 4.5-10.0 (optimum pH 6.8). The
residual activity of A333 a-glucosidase was measured as 52 % at pH 10.0, whereas F84a enzyme was found to be 83 %
stable at pH 11.0 after 15 h incubation at 35 °C. While Geobacillus HTA-462 a-glucosidase was reported as the most
active enzyme being active on alkaline pH, the half-life of these alkaliphilic a-glucosidase was in a narrow pH range
and determined between pH values from 8.0 to 10.0 [4]. Therefore, it can be concluded that strain F84a a-glucosidase
differed from the ATCC 12016 enzyme due to its high thermostability at its optimal temperature, from the HTA-462
enzyme due to its broad pH activity and stability values, and from the A333 enzyme due to its higher activity and
stability values on these broad pH range.

3.4 The substrate specificity and mode of action of F84a a-glucosidase on various substrates

The substrate specificity of G. thermodentirificans F84a a-glucosidase was determined to be maltose, dextrin, turanose,
meltotetraose, maltotriose, maltopentaose, maltohexaose, phenyl-a-D-glycopyranoside, xylose, and soluble starch
(Table 1). Enzyme hydrolyses a-1,4 and o-1,3 glycosidic linkages of the substrates releasing D-glucose monomers with
more specificity to both substrates containing a-1,4 glycosidic linkages and low molecular weight
maltooligosaccharides. For the a-glucans used, dextrin was preferred to soluble starch. Glucose liberation was not
observed when the F84a a-glucosidase was incubated with isomaltooligosaccharides. The continuous removal of
glucose from the branched o-glucans seemed to cease at the o-1,6-branching points as the a-1,6-bonds within
isomaltosaccharides and panose were hardly cleft by the a-glucosidase. Furthermore, when the enzyme acted on
maltooligosaccharides (10 mM) for 10 min, it yielded only three products on the chromatograms of the individual
digests. One was glucose and the others were one glucose unit smaller and one glucose unit larger than the added
maltooligosaccharide (shown in Fig. 4, hydrolysis of maltose, maltotriose and maltotetrose, Lane 2-6, Lane 7-11, and
Lane 12-19, respectively).

Table 1 Substrate specificity of F84a a-glucosidase.

Subtrate Glycosidic linkage of the substrate S(l;lr?csgnattrea tion E)erlrit;:,iz fl(l;/co())se
Maltose? Glu-a-1,4-Glu, n=2 10 mM 100
Dextrin® (CGHIQOG)H 1% 63
Turanose* Glu-a-1,3-Fruc 10 mM 63
Maltotetraose * (Glu-a-1,4);-Glu, n=4 10 mM 50
Maltotriose® (Glu-a-1,4); n=3 10 mM 50
Maltopentaose” (Glu-a-1,4),-Glu, n=5 10 mM 38
Maltohexaose® (Glu-a-1,4)s, n=6 10 mM 38
Phenyl-a-D-glucoside” Glu-a-1-phenyl 10 mM 25
D-(+)-Xylose® 10 mM 25
Soluble starch® (CeH,06)n 1% 25

These substrates were used for: * maltooligosaccharides (n=2-6), for non-reducing terminal o-1,4 linkage hydrolysis; ° glycosidic

linkage hydrolysis; and © glucose formation.

Substrate specificity of the F84a a-glucosidase closely resembled the G. caldovelox DSM 411 a-glucosidase, had
activity on pNPG and maltose [13], the G. stearothermophilus ATCC 7953 a-glucosidase, displayed substrate

©OFORMATEX 2010 951



Current Research, Technology and Education Topics in Applied Microbiology and Microbial Biotechnology
A. Méndez-Vilas (Ed.)

specificity on pNPG, maltose, maltooligosaccharides, nigerose, trehalose [10]), the Geobacillus HTA-462 a-glucosidase
which showed activity on pNPG, maltose, maltooligosaccharides [4], and the Geobacillus sp. A333 a-glucosidase, had
substrate specificity on pNPG, maltooligosaccharides, dextrin and phenyl-a-D-glucoside [18]. The F84a enzyme was
much more specific for low molecular mass maltooligosaccharides than polysaccharides. In addition, a-1,6 bonds in
dextrin and soluble starch were not attacked. Therefore, depending on the similarities in substrate specificities with
these mentioned enzymes, strain F84a a-glucosidase could be classified into a-glucosidases hydrolyzing only a-1,4
linkages of maltooligosaccharides.

1 8 . l'
3112 ‘TR
. 9
® o

22""0!"!

Fig. 4 Time-course of F84a a-glucosidase on maltooligosaccharide substrates showing glucose formation and transglycosylation
activity during 2 h reaction (Lane 1 and 17: Standard sugar mixture (0.1 %), (G, glucose; G2, maltose; 1G2, isomaltose; G3,
maltotriose; G4, maltotetraose; G5, maltopentaose; G6, maltohexoase); Enzyme digests at the time of 0, 10, 30, 60 and 120 min
on Lane 2-6: with maltose substrate; Lane 7-11: with maltotriose substrate; Lane 12-16: with maltotetraose substrate).

3.5 Exo-type hydrolysis

The enzymatic hydrolysis of the F84a a-glucosidase on maltooligosaccharides (n=2-6) was followed by TLC for 2h
(Fig. 4). During the hydrolysis of maltooligosaccharides, while glucose concentrations increased continuously, substrate
levels decreased. The F84a a-glucosidase hydrolysed all of these substrates to glucose and one glucose unit smaller than
the added substrate except maltose. In addition, the F84a a-glucosidase was found to be capable of removing glucose
molecules from a nitro phenyl derivate: phenyl-a-D-glycopyranoside by acting non-reducing ends of this substrate as
observed in TLC (data not shown). These findings revealed that the F84a enzyme preferentially cleaved at the a-1,4-
linkages adjacent to non-reducing ends by degrading single glucose units, thus the action pattern of enzyme on
substrates was the exo-type. This is a generally accepted catalysis feature of a-glucosidases [37].

3.6 Transglycosylation activity

In addition to the hydrolysis activity of F84a a-glucosidase, it also catalyzed a strong transglycosylation reaction when
maltooligosaccharides were used as glucosyl acceptors. TLC analysis showed that the major product of
transglycosylation activity was one glucose unit bigger than the added substrate. In the case of maltotriose, the substrate
was first hydrolysed to maltose and then to the main hydrolysis product; glucose occurred, but the F84a a-glucosidase
did not convert all of the maltotriose to glucose in a hydrolysis reaction in order to produce its transglycosylation
product; maltotetrose. Thus, enzyme could achieve the increase in the level of transglycosylation product by using some
of this substrate for transglycosylation activity (Fig. 4, Lane 7-11).

Interest in applications for the biosynthesis of bioactive compounds using the transglycosylation activity is growing
because of the specificity, efficiency and safety of the enzymatic reactions. The transglycosylation activity of a-
glucosidases differ as in the case of substrates specificities [38]. Among the a-glucosidases of thermophilic and
endospore-forming bacteria, only some were stated as o-glucosidases catalyzing transglycosylation reactions. o-
glucosidases owing high transglycosylation activities were reported as Bacillus sp. SAM1606 [15], Geobacillus sp.
HTA-462 [4], and Geobacillus sp. A333 [18].

A study by Hung and colleagues reported that ATCC 12016 a-glucosidase converted all maltose (10 mM) to glucose,
but in the case of the HTA-462 enzyme, the amount of transglycosylation products was high in the presence of non-
sugar acceptors. Also, it was detected that the Geobacillus HTA-462 enzyme was able to convert maltose and
maltotriose to isomaltose and an increase in the amount of transglycosylation product could be achieved by using only
half of its substrate in hydrolysis reaction [4]. Besides these studies, Geobacillus sp. A333 a-glucosidase was reported
as an enzyme having high transglycosylation activity on maltoligosaccharide substrates [18]. In accordance with the
HTA-462 a-glucosidase, A333 enzyme was found to be successful in transglycoylation activity by using only some of
its substrate in hydrolysis reaction.

The substrates specificities in transglycosylation reactions differentiated the F84a enzyme from ATCC 12016 and
HTA-462 a-glucosidases, but the F84a a-glucosidase seemed to be similar to the A333 enzyme in terms of
transglycosylation catalysis.
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3.7 Effect of some denaturants and inhibitors on the F84a a-glucosidase activity and stability

The effect of urea, SDS and ethanol on the stability of F84a a-glucosidase at 25 °C and 60 °C are shown in Fig. 5. The
F84a a-glucosidase was very stable even after 5 h at 25 °C in 8 M urea, in 0.5 % SDS, and in 40 % ecthanol with relative
activities of 100 %, 91 %, and 98 %, respectively. When the temperature was increased to 60 °C after 5 h incubation,
the activities were found to be 26 %, 89 %, and 16 % in the presence of 2 M urea, 0.008 % SDS and 10 % ethanol.

Table 2  Effect of inhibitors and metal ions on F84a a-glucosidase.

= o] Additives Inhibition
;’ . Name Concentration ~rates (%)
§ 60 Glucono-y-lactone 10 mM 46
£ 401 L-Glutathione reduced 10 mM 17
3 204 Tris 5 mM 78
0 ‘ ‘ . » D-Histidin 5mM 16
0 2 4 6 3 10 D-Glucose 10 mM 40
Urea (M) p-CMB 50 uM 81
EDTA 2 mM 0
o CuCl, 2mM 6
2 00 HgSO, 2 mM 99
s CaCl, 2 mM 0
£ FeSO, 2mM 10
2 @ MgSO, 2 mM 0
g BaCl, 2 mM 0
2 2 ZnSO, 2 mM 0
0 ‘ ‘ ‘ : y MnSO, 2 mM 0
0 0,1 02 03 04 05 06
SDS (%)
120
S 100 4
Z 80
é 60
2 40
3 2]
0 ‘ : ; "
0 10 20 30 4 50

Ethanol ( % )

Fig. 5 Effect of urea, SDS and ethanol on F84a
a-glucosidase stability at (o) 25 and (m) 60 °C.

The effect of inhibitors and metal ions on F84a a-glucosidase is presented in Table 2. Inhibition rate of p-CMB for
F84a enzyme was found to be 81 %. In previous studies with thermostable glucosidases, it was proposed that enzymes
having a site (or sites) specific for p-CMB apart from an active center, could bind mercury and altered both the entire
molecular conformation and the structure of their active sites [38]. It is likely that the inhibition of the F84a enzyme by
p-CMB may be achieved by acting on a sulphydryl group which would play a role in the active site of the enzyme.

Hg"? was found to be the strongest inhibitor for F84a a-glucosidase with a 99 % inhibition rate. None of the other
metal ions used either inhibited or increased the activity of the F84a enzyme. A lack of increase in the activity values
when the enzyme was treated with metal ions demonstrated that the F84a a-glucosidase did not required these ions for
its catalytic activity.

There was not a significant loss of enzyme activity in F84a, a-glucosidases after incubation with chelator agent
EDTA. This suggests that F84a a-glucosidase was not a metalloprotein. Tris, glucono-y-lactone, glutathione-reduced,
histidine and glucose were determined to be substrate-analogue inhibitors for some of the studied a-glucosidases and
these inhibitors compete with substrate for the active center of the enzyme [7]. Of these substrate-analogues mostly Tris
affected the enzyme activity with an inhibition rate of 78 %.

In conclusion, the characteristics of F84a a-glucosidases make it a good candidate for further enzyme engineering
studies and industrial applications. Typical transglycosylation reactions have biotechnological importance for
synthesizing new oligosaccharide compounds, and are required parameters in a-glucosidases showing strong
transglycosylation activity [39]. These findings revealed that, the F84a enzyme o-glucosidase, which could show
activity and stability at high temperatures and in a broad pH range, has a great potential in biotechnological processes
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due to its high transglycosylation activity. It should be useful in enzymatic synthesis of novel tri- and oligosaccharides
with its high conformational stability and its transglycosylation activity.
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An a-glucosidase producing, thermophilic, facultatively anaerobic, and endospore-forming, mo-
tile, rod-shaped bacterial strain F84bT was isolated from a high temperature well-pipeline sedi-
ment sample in Kizilcahamam, Turkey. The growth occurred at temperatures, pH and salinities
ranging from 45 to 69°C (optimum 60°C), 7.0 to 8.5 (optimum 8.0) and 0 to 5% (w/v) (optimum
3.5%), respectively. Strain F84b" was able to grow on a wide range of carbon sources. Starch
and tyrosine utilization, amylase, catalase and oxidase activities, nitrate reduction, and gas pro-
duction from nitrate were all positive. The G+ C content of the genomic DNA was 49.6 mol%. The
menaquinone content was MK-7. The dominant cellular fatty acids were iso-C17:0, iso-C15:0,
and C16:0. In phylogenetic analysis of 16S rRNA gene sequence, strain F84b' showed high
sequence similarity to Geobacillus thermodenitrificans (99.8%) and to Geobacillus subterra-
neus (99.3%) with DNA hybridization values of 74.3% and 29.1%, respectively. In addition, the
Rep-PCR and the intergenic 165-23S rRNA gene fingerprinting profiles differentiated strain
F84bT from the Geobacillus species studied. The results obtained from the physiological and
biochemical characters, the menaquinone contents, the borderline DNA-DNA hybridization ho-
mology, and the genomic fingerprinting patterns had allowed phenotypic, chemotaxonomic and
genotypic differentiation of strain F84b' from G. thermodenitrificans. Therefore, strain F84bT is
assigned to be a new subspecies of G. thermodenitrificans, for which the name Geobacillus
thermodenitrificans subsp. calidus, subsp. nov. is proposed (The type strain F84bT= DSM 226297
= NCIMB 14582T).

Key Words——DNA-DNA hybridization; genomic fingerprinting; Geobacillus; lipid; 16S rRNA gene;
taxonomy; thermostable o-glucosidase
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The genus Geobacillus was first described by Nazi-
na et al. (2001) with the type species of Geobacillus
stearothermophilus DSM 227, The genus falls into the
thermophilic bacilli genetic group 5 according to their
16S rRNA gene sequences and contains thermophilic,
endospore-forming, aerobic members (Ash et al., 1991;
Nazina et al., 2001). The members of the genus Geoba-
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cillus can exhibit growth at temperatures ranging from
35 to 78°C, and are widespread in various geographi-
cal locations. They have been defined as a phyloge-
netically coherent group of thermophilic bacilli display-
ing very high intrageneric similarity among their 16S
rBNA gene sequences (96.5-99.2%) (Nazina et al.,
2001, 2004). Since then, new representatives of the
genus Geobacillus have been described and now the
genus comprises seventeen validly published species.
Examples include Geobacillus kaustophilus (Nazina et
al. 2001; Priest et al. 1988), Geobacillus subterraneus
(Nazina et al., 2001), Geobacillus thermocatenulatus
(Golovacheva et al., 1975; Nazina et al., 2001), Geoba-
cillus thermoglucosidasius (Nazina et al., 2001; Suzuki
et al., 1983), Geobacillus thermoleovorans (Nazina et
al., 2001; Zarilla and Perry, 1987), Geobacillus thermo-
denitrificans (Manachini et al., 2000; Nazina et al.,
2001), and Geobacillus uzenensis (Nazina et al.,
2001).

Isolation of novel thermophilic bacilli has received
considerable attention and the interest in thermozymes
is of importance for industrial applications (Zeikus et
al., 1998). Turkey is rich in geothermal sources which
vary in typical temperatures and pH values in a range
from 25 to 100°C and 4.0 to 11.0. During our previous
search, we isolated and screened thermophilic bacilli
which were able to produce industrially important
o-amylases and o-glucosidases from different geo-
thermal regions of Turkey (Coleri et al., 2009). Such a
thermophilic bacterium was isolated from a sediment
sample of a high-temperature well-pipeline in the Mid-
dle Anatolian Region of Turkey. This strain, called
F84bT, was found to be unique in its ability to produce
the highest amount of thermostable c-glucosidase per
cell yield (77.18 U/g) after 15 h of growth at 60°C, when
compared with other amylolytic and thermophilic iso-
lates and o-glucosidase producing reference strains.
The strain was capable of producing significant levels
of o-glucosidase extracellularly, which might promise
biotechnological importance. The current paper de-
scribes the taxonomy of this o-glucosidase-producing
strain F84b" with details of phenotypic, chemotaxo-
nomic, and genetic characteristics. On the basis of the
presented data, it is proposed that F84b" should be
classified as a novel subspecies, Geobacillus thermo-
denitrificans subsp. calidus, subsp. nov. (type strain =
DSM 22629T = NCIMB 145827).
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Materials and Methods

Isolation and growth conditions.  Strains F84b' and
F84a were obtained from sediment samples of a high-
temperature well-pipeline in Kizilcahamam Province of
Ankara. The water temperature and pH of this geother-
mal region were measured as 98°C and 7.0-7.5, re-
spectively. Strain A333 was isolated from a soil sample
of a high-temperature well-pipeline in Germencik Prov-
ince of Aydin. Both of these mentioned high-tempera-
ture well-pipelines exist in the Middle Anatolian Region
of Turkey. The samples (0.1 g) were incubated at 60°C
with 250 rpm shaking for 24 h in 5 ml of the G. thermo-
glucosidasius medium (MI) containing 1% soluble
starch (pH 7.0) to obtain the enrichment culture (Su-
zuki et al., 1976). The turbid enrichments were streaked
on plates of M| containing 3% agar and incubated aer-
obically at 60°C for 24 h. Cultures were purified from
the same medium by subculturing four times and the
purity was confirmed microscopically. The first pure
cultures of strains F84b" and F84a were obtained on 8
September 2004, whereas strain A333 was isolated on
15 July 2004. Strains F84b", F84a and A333 were de-
posited in two culture collections with the deposition
numbers of DSM 22629T = NCIMB 145827, DSM
22628 = NCIMB 14581, and DSM 22625 = NCIMB
14578, respectively.

The following Geobacillus strains were used for ref-
erences: G. stearothermophilus ATCC 129807, G. sub-
terraneus DSM 135527, G. thermodenitrificans DSM
4657, G. thermoglucosidasius DSM 25427, and Geoba-
cillus toebii E134 DSM 22627.

Morphological and physiological characterizations.
Cytology and colony morphology analyses were car-
ried out using exponentially grown cultures on Nutri-
ent Agar plates (containing 3% agar). The formation of
spores was tested by using Nutrient Broth cultures of
18-24 h supplemented with 5 mg/L MnSO4-4H,0 and
observed using phase-contrast microscopy. Scanning
Electron Microscopy (SEM) analysis used Nutrient
Broth culture of F84bT cells, grown at 60°C under shak-
ing at 250 rpm for 18 h. The sample was prepared for
electron microscopy using the procedure described
by Hayat (1981), and examined in the Jeol JSM 6060
LV Scanning Electron Microscope. The temperature
range was determined by incubating the strains in Nu-
trient Broth at temperatures from 30 to 80°C. The pH
dependence of growth was tested in Nutrient Broth
which was adjusted with either NaOH or HClI to various
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pH values from 4.0 to 11.0. The effect of salinity was
also checked in Nutrient Broth supplemented with 0 to
5% (w/v) concentrations of NaCl. The optimal growth
at different temperatures, pH values and salinities were
determined spectrophotometrically by measuring the
optic density of the turbid cultures at 600 nm. Physio-
logical characterization tests included: Gram staining,
anaerobic growth, oxidase, catalase and amylase ac-
tivity, casein, citrate, starch, tyrosine, gelatine and urea
utilization, reduction of nitrate to nitrite, N, gas produc-
tion from nitrate, acid production from sugars, methyl
red test, Voges-Proskauer test, indole and H,S pro-
duction, susceptibility to lysozyme. These tests were
carried out by the methods of Claus and Berkeley
(1986). Test results were observed at days 1,2 and 7.
A disk diffusion test was performed by using Nutrient
Agar plates for antimicrobial susceptibility testing.
Plasmid DNA isolation was carried out by the proce-
dure of Anderson and McKay (1983). All assays were
performed with pure culture in triplicates.

Enzyme assays. Strain F84bT was cultivated for
12 hin 1 L enzyme production medium MIl (2% soluble
starch from potato, 2% peptone, 0.2% yeast extract,
0.5% meat extract, 0.3% KyHPQOy4, and 0.1% KH2POy)
at 60°C, pH 8.0 under shaking at 250 rpm (Suzuki et
al., 1976). Cell-free supernatant of F84b" was sepa-
rated from the medium by centrifugation. The centri-
fuged supernatant was fractionated with 40-65% am-
monium sulfate and dialyzed overnight and the 310 ml
dialyzate was concentrated 20-fold by centrifugation in
a speed vacuum concentrator. Then it was applied to
a cation-exchange chromatography column as de-
scribed previously (Cihan et al., 2009). Protein concen-
tration was determined by using Bradford reagent,
and as the protein standard 0.1 to 10 mg/ml concen-
trations of BSA were used (Cihan et al., 2009). When
determining the molecular weight of the enzyme, so-
dium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) was carried out according to the
procedure of Laemmli (1970).

The o-glucosidase activity was determined spectro-
photometrically by measuring the hydrolysis of pNPG
(para-nitrophenol o-D-glucopyranoside, Sigma N1377)
as described previously (Coleri et al., 2009). One unit
of enzyme was defined as the amount of enzyme
needed for hydrolysis of 1 umol pNPG per minute at
60°C , pH 6.8. The millimolar extinction coefficient of
pNP (para-nitrophenol) at 400 nm, pH 6.8 and 60°C
was measured as 19.1 mm™"-cm™ and used to calcu-
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late the product yield.

The effect of temperature on enzyme activity was
determined between 35 to 95°C with 5°C intervals. The
effect of pH on the enzyme activity was determined
using 0.02 m sodium-citrate (pH 3.0-6.5), 0.1 M sodium
phosphate (pH 7.0-8.5), 0.1 M sodium carbonate-bi-
carbonate (pH 9.0-9.5) and Ringer (pH 10.0-11.0) buf-
fers at 60°C, all instead of potassium phosphate buffer
(pH 6.8) in the standard assay mixture.

16S rRNA gene amplification and sequence analy-
ses. The cultures growing on Nutrient Agar for 18 h
at 60°C were used for genomic DNA extraction (Ge-
nomic DNA purification kit, Fermentas). The gene en-
coding 16S rRNA was amplified by Polymerase Chain
Reaction (PCR) with the bacterial 16S-specific 27F for-
ward primer and the 1492R reverse primer (Kuisiene et
al., 2002). The sequence of the PCR-amplified 16S
RNA gene was determined by using an ABI 3100 gene
sequencer with a Bigdye cycle sequencing kit. In the
phylogenetic analysis, homology search was carried
out using the basic BLASTN search program at the
NCBI Web-site. A neighbor-joining phylogenetic tree
(Saitou and Nei, 1987) was constructed with the MEGA
package version 4 (Tamura et al., 2007) according to
the Kimura 2-parameter method (Kimura, 1980).

Fatly acids and respiratory lipoquinone analyses.
Fatty acids and respiratory lipoquinone analyses were
performed by Dr. Brian Tindall (DSMZ ldentification
Service, Braunschweig, Germany) using minor modifi-
cations of the extraction method of Kuykendall et al.
(1988), Miller (1982) and Tindall et al. (1990a, b). Fatty
acids were further determined using Gas Chromatog-
raphy (GC), and quinones were analyzed by HPLC.

PCR-based fingerprinting analyses of REP elements
and intergenic 165-23S rRNA gene. Rep-PCR ge-
nomic fingerprintings were performed with the (GTG)s
and BOXA1R primers using the PCR conditions that
were described by Versalovic et al. (1994). Primer sets
S-D-Bact-1494-a-S-20 and L-D-Bact-0035-a-A-15 were
used for the amplification of intergenic transcribed
spacers (ITS) between 16S and 23S rBRNA genes and
PCR conditions were adjusted according to Daffon-
chio et al. (2003). The PCR products were eleciro-
phoresed in a 1.5% agarose gel, using 1 X TBE buffer
at 120V for 4 h. The resulting Rep-PCR fingerprintings
were analyzed by the Bionumerics version 6.1 soft-
ware packages (Applied Maths, Belgium). The DNA
fragments that ranged from 320 to 5,300 bp, and 320
to 6,100 bp generated with BOXA1 and (GTG)s-PCR
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fingerprintings were included in the statistical analysis.
Similarities of the digitized profiles were calculated us-
ing Pearson correlation and an average linkage (UP-
GMA) dendrogram was obtained.

DNA base composition and DNA-DNA hybridization
studies. DNA base composition and DNA-DNA hy-
bridization analyses were carried out by the DSMZ
Identification Service. DNA was extracted using the
French press technique, and purified by the method of
Cashion et al. (1977). In determining G+C base com-
position of the genomic DNA, the DNA was hydrolyzed
with P1 nuclease and the nucleotides were dephos-
phorylized with bovine alkaline phosphatase (Mesbah
et al., 1989). The resulting deoxyribonucleotides were
analyzed using HPLC. The G+C content of the ge-
nomic DNA was calculated according to the method of
Mesbah et al. (1989). Spectroscopic DNA-DNA hybrid-
ization was carried out at 67°C in 2 X SSC as described
by De Ley et al. (1970) with the modifications described
by Huss et al. (1983).

Results and Discussion

Phenotypic characteristics of the strain

The morphological and physiological characteristics
of strains F84bT are given in the subspecies descrip-
tion. The cells of F84b™ are 0.6-0.9 um wide and
1.6-2.9 um long. The cell surface was observed to be
smooth in SEM images. The phase-contrast and SEM
micrographs of the isolate are shown in Fig. 1a and
1b, respectively. Microscopy observations revealed

that the cells of strains F84b", F84a and A333 were
Gram-positive, motile and straight rods.

Strain F84bT differed from closely related species G.
thermodenitrificans, G. subterraneus, and G. stearo-
thermophilus in some phenotypic characteristics such
as cell size, spore shape, temperature, pH and NaCl
requirements, casein, tyrosine, and gelatin utilization,
reduction of nitrate to nitrite, gas production from ni-
trate, methyl red test, acid production from lactose,
xylose, arabinose, raffinose, galactose and mannitol
(Table 1). Beside these phenotypic differences, while
strain A333 and G. thermodenitrificans were found to
be susceptible to all of the antibiotics tested, a kana-
mycin resistance was observed in strains F84bT and
F84a. Furthermore, both strain F84b™ and F84a had
plasmid DNA contents of 15.6 and 12.0 kb, but strain
A333 differed from these strains by containing the
plasmid bands of 19.0 and 17.7 kb.

o-Glucosidase activity

Strain F84bT, F84a and A333 could produce starch-
degrading enzymes with strong amylolytic and glyco-
sidic activity, and o-glucosidase of strain A333 was
characterized previously (Cihan et al., 2009). The
o-glucosidase of strain A333 was found to be 45 kDa,
having optimum activity at 60°C, and pH 6.8 in 16 h of
cultivation. In the current study, fractions showing
o-glucosidase activity from 2 to 7 of peak | was pooled
for F84bT anionic enzyme after cation-exchange chro-
matography. Strain F84bT produced a significant
amount of extracellular a-glucosidase with a specific

Fig. 1. (a) Phase-contrast (VC, vegetative cell; MS, mature spore; TS, terminal sporulation; bar,
10 um), and (b) Scanning electron micrographs of strain F84b" after 18 h of cultivation at 60°C in Nutri-
ent Broth medium.
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Table 1. Differentiating characteristics of strain F84b" and the most phylogenetically related strains of Geobacillus species.

Characteristic 1 2 3 4 5 6
Cell width (um) 0.6-0.9 0.7-0.9 0.6-0.8 0.5-1.0 0.8-1.2 0.6-1.0
Cell length (um) 1.6-2.9 1.2-2.2 1.2-1.7 1.5-2.5 4.6-6.6 2.0-35
Spore shape E E E 0 E E
Growth conditions
Temperature (°C) 45-69 (60) 45-69 (60) 45-69 (60) 45-70 (60) 45-65 (55) 37-65 (55)
pH 7.0-85(.00 7.0-85(80 65-85(75 6.0-80(.7) 6.2-76(7.00 6.0-8.0(7.0
NaCl (%), (w/v) 0-5.0 (3.5) 0-4.5 (3.0) 0-4.5 (3.0) 0-3.0 (2.0) 0-3.0 (2.0) 0-5.0 (3.0)
Casein utilization = = - - - Eu
Tyrosine utilization + = + - - -
Gelatin utilization - = - - & +
Reduction of nitrate to nitrite + + + + + -
Gas from nitrate + = - + - —
Methyl red = - - - + +
Acid production from
Lactose - - - & - -
D-(+)-Xylose + + + + — -
L-Arabinose + + - - - -
Raffinose + + + + = +
D-(+)-Galactose + + + + + -
D-(—)-Mannitol + + + + - -
Protease production - — - + - +
a-Glucosidase production + + + + - +

1, strain F84b"; 2, strain F84a; 3, strain A333; 4, G. thermodenitrificans DSM 4657; 5, G. subterraneus DSM 135527; 6, G. stearo-
thermophilus DSM 227, Abbreviations: +, positive reaction; —, negative reaction, W+, weakly positive reaction; E, ellipsoidal; O,
oval. The tests for the reference strains were also done in the present study. :

activity (3.01 U/mg with pNPG substrate) higher than
the strain A333 in about 12 h of cultivation at 60°C. The
molecular weight of the enzyme was estimated as
43 kDa. Maximum activity of the o-glucosidase was
expressed between the late exponential and stationary
phases. The enzyme showed maximum activity at
60°C, which is its optimal temperature for growth. The
F84b'" o-glucosidase also showed activity at a wide
range of pH from 4.5 to 11.0, with an optimum pH val-
ue of 6.8.

Lipid and fatty acid composition

According to respiratory quinone analysis of strains
F84bT" and F84a, the isoprenoidquinone content was
determined as MK-7 (100%). The predominant me-
naquinone content of strain A333 and G. thermodeni-
trificans were found to be MK-7 (98%) and MK-6 (2%).
The dominant cellular fatty acids were iso-C17:0, iso-
C15:0, C16:0, anteiso-C17:0, and iso-C16:0 in strains
F84bT, F84a and A333. The iso-branched fatty acids
(is0-C17:0, iso-C15:0 and iso-C16:0) were the major
membranous lipids present with a percentage of 78 of

the total fatty acids, which was in the range described
for genus Geobacillus. In fatty acid profiles, some
slight differences were observed between strain F84bT
and the other phylogenetically related Geobacillus
species. This can be seen in Table 2.

Phylogenetic position

The 16S rBRNA gene sequence determined for the
type strain F84bT was 1,400 nucleotides long and the
G+C content of 16S rBNA gene was found to be
59 mol%. The phylogenetic tree was constructed us-
ing the neighbor-joining method. It showed the posi-
tion of strains F84b", F84a and A333 among the spe-
cies of genus Geobacillus which fell into phylogenetic
group 5 of endospore-forming bacteria (Fig. 2). As
shown in Fig. 2, strains F84b', F84a, A333 and G. thermo-
dentirificans DSM 465" were branched within the same
cluster in the phylogenetic tree with a bootstrap value
of 99% and the 16S rRNA gene sequence similarity
values of 93.3% to 99.8% were obtained between
strain F84b" and the other members of the genus
Geobacillus. According to the 16S rRNA gene se-
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Table 2. Differences in cellular fatty acid methyl esters of
strain F84b' and the related Geobacillus species.

Fatty acid 1 2 3 4 5 6

C17:0iso0 37.09 36.72 35.88 34.23 21.52 18.50
C15:0is0 34.51 33.96 32.34 35.64 33.46 37.80
Cc16:0 8.21 8.60 9.12 6.77 17.35 1.70
C17:0 anteiso 7.74 8.26 8.34 6.40 12.65 5.80
C16:0is0 594 592 6.37 8.07 643 29.20
C15:0 anteiso 148 165 156 128 4.14 230
C15:0 120 117 116 1.79 — 140
C17:0 1.04 083 129 161 — 040
C19:0is0 067 082 065 074 == —
C18:0 062 070 083 055 = =
C14:0 044 048 051 041 1.32 —
C18:0is0 030 036 037 034 1.75 —
C14:0is0 021 022 026 0.38 — 290
C17:1 w5ciso 0.20 — 058 0.98 G —
C19:0 anteiso 0.17 022 021 — — —
Others 0.18 0 053 081 1.38 0

Strains: 1, F84bT; 2, F84a; 3, A333 (from this study); 4, G.
thermodenitrificans DSM 465"; 5, G. stearothermophilus DSM
227 (Manachini et al., 2000); 6, G. subterraneus DSM 135527
(Nazina et al., 2001). Values are percentages of total fatty acids.
Major fatty acids are shown in bold.
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Strain A333 (EU326497)
Strain F84a (EU477772)
Strain F84b" (EU477773.2)

G. thermodenitrificans DSM 465" (AY608961)
G. subterraneus DSM 135527 (AF276306)

G. is DSM 135517 (AF276304)

G. thermc latus DSM 730" (AY608935)
G. stearothermophilus IFO 12550 (AB021196)
G. thermoleovorans DSM 5366" (226923)

56|
o

¢ G. kaustophilus DSM 7283' (X60618)

—
0.002

Fig. 2. Neighbor-joining evolutionary distance phylogenetic
tree based on the 16S rRNA gene sequences of strain F8ab'
and the representative members of genus Geobacillus of the
family ‘Bacillaceae.’

Bootstrap values (%) are based on 1,000 replicates and
shown for branches with more than 50% bootstrap support. Bar
indicates 0.002 substitutions per nucleotide position.

Table 3.
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quence similarity, F84bT was found to be closely re-
lated to G. thermodenitrificans (99.8%), G. subterra-
neus (99.3%), G. thermocatenulatus (98.3%), G.
uzenensis (98.1%), G. kaustophilus (98.1%), G. ther-
moleovorans (98.0%), and G. stearothermophilus
(98.0%). Furthermore, strain F84bT showed 100% and
99.9% 16S rRNA gene sequence similarity values with
strains F84a and A333, as presented in Table 3.

The Rep-PCR and ITS fingerprintings

The Repetitive Extragenic Palindromic (REP) ele-
ments such as BOX and (GTG)s are known as evolu-
tionary conserved sequences in prokaryotic genomes
and can be used as oligonucleotide binding sites for
PCR-mediated genomic fingerprinting (Rep-PCR). The
Rep-PCR can be used to discriminate strains at the
species and subspecies level (Versalovic et al., 1994).
Rep-PCR has been used for the determination of the
genetic diversity among the Geobacillus species
(Meintanis et al., 2008). Beside these fingerprinting
methods, the intergenic transcribed spacers (ITS) be-
tween the 16S and the 23S rRNA genetic loci are fre-
quently used in PCR fingerprinting to discriminate at
the species and intraspecies levels. The polymorphism
in the ITS is due to the presence of tRNA genes that
contain multiple ribosomal operons which differ in
length and sequence (Daffonchio et al., 2003). This
polymorphism was used for discriminating closely re-
lated Geobacillus species in previous studies of Daf-
fonchio et al. (2003), Kuisiene et al. (2008) and Mana-
chini et al. (2000).

Thus, strain F84a" and its phylogenetically related
Geobacillus species were subjected to Rep-PCR and
ITS fingerprinting analyses. The (GTG)s and BOX-PCR
fingerprinting patterns and their cluster analyses de-
rived from strain F84bT and its closely related Geoba-

DNA G+C content, 16S rRNA gene sequence similarity and DNA-DNA homology among

the thermophilic isolates and the reference strains.

G+C content F84b' F84a A333
(Mmol%) a b c a b [ a b e
F84b’ 49.6 100
F84a 49.0 100 95 3.7 100
A333 451 99.9 77.4 41 99.9 78.3 3.5 100
G. thermodentirificans DSM 4657 50.39 99.8 74.3 3.3 99.8 80.5 3.4 100 100 3.9
G. subterraneus DSM 135527 52.3% 99.3 29.1 2.3 99.3 28.4 1.9 99.4 29.5 6.7

2 16S rRNA gene sequence similarity (%); 2, Reassociation (%) with DNA from; ¢, deviation (+/-) of DNA homology; G+C con-
tent data were taken from d, Manachini et al., 2000; and €, Nazina et al., 2001.
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cillus species are shown in Fig. 3a and 3b, respec-
tively. The (GTG)s and BOX-PCR products generated a
high number of bands giving discriminative informa-
tion below species and subspecies level between
these Geobacillus strains studied and as in the case of
the phylogenetic tree obtained from the 16S rRNA
gene, strain F84bT, F84a, A333 and G. thermodenitrifi-
cans were branched within the same cluster on the
dendrogram generated by the Rep-PCR patterns. Be-
side these results, the Rep-PCR fingerprinting patterns
of F84bT were the same as for strain F84a, whereas
the banding patterns of strain A333 were very similar
to those of G. thermodenitrificans. Therefore, the dis-
tinctive Rep-PCR bands were able to differentiate these
strains genetically, and the thermodenitrificans cluster
diverged into two groups, one of which was formed
from strains F84b" and F84a. The other group con-
sisted of strain A333 and G. thermodenitrificans.

Not only the rep-PCR, but also the ITS fingerprinting
patterns of these strains confirmed the genotypic di-
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versity between these strains which is presented in
Fig. 4. As in the case of rep-PCR analyses, while the
ITS banding patterns of strain F84b" and F84a (Fig. 4,
Lanes 4 and 5) showed similar patterns, the finger-
printing profiles of strain A333 and G. thermodenitrifi-
cans (Fig. 4, Lanes 3 and 6) resembled each other.
Both of these results derived from the Rep-PCR and
ITS fingerprintings clearly showed the genetic diver-
gence between strain F84b"™ and G. thermodenitrifi-
cans, and thus on the basis of these fingerprint meth-
ods, it can be concluded that type strain F84bT and
strain F84a were genetically a distinct group, may not
be assigned to the species G. thermodenitrificans and
represent novel subspecies of G. thermodenitrificans,
while strain A333 may belong to this species.

The G+C content and DNA-DNA hybridizations

The G+C content of the genomic DNA of strain
F84b', F84a and A333 were 49.6, 49.0 and 45.1 mol%,
which are in the range of Geobacillus species (Table
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Fig. 3. Cluster analysis of digitized banding patterns, generated by rep-PCR using (a) the (GTG)s primer, and
(b) the BOXA1R primer of strains from the genus Geobacillus (F84bT, F84a, A333, G. thermodenitrificans DSM 227,
G. thermoglucosidasius DSM 25427, G. thermodenitrificans DSM 465", G. toebii E134 DSM 22627). The dendro-
gram was constructed by using UPGMA, with correlation levels expressed as percentage values of the Pearson

correlation coefficient.
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Fig. 4. ITS fingerprinting patterns of Geobacillus species,
amplified by using the S-D-Bact-1494-a-S-20 and L-D-Bact-
0035-a-A-15 primers (Lane M: 1 kb plus DNA ladder (SM1343,
Fermentas), Lane 1: G. stearothermophilus DSM 227 Lane 2: G.
thermoglucosidasius DSM 25427, Lane 3: G. thermodenitrifi-
cans DSM 465", Lane 4: F84b', Lane 5: F84a, Lane 6: A333 and
Lane 7: G. toebii E134 DSM 22627).

3).
In order to verify the taxonomic positions of these
strains, they were subjected to DNA-DNA hybridiza-
tion analyses with each other and with their closely
related species: G. thermodenitrificans and G. subter-
raneus. The DNA-DNA homology data are given in
Table 3. Strain A333 had DNA-DNA hybridization val-
ues of 100% with G. thermodenitrificans and 29.5%
with G. subterraneus. In addition, 77.4% and 78.3%
DNA reassociation values were found between strain
A333 and strains F84bT", F84a, respectively. Thus,
strain A333 is assigned to be a species of G. thermo-
denitrificans was a result of the data obtained from
both phenotypic and genotypic characters and also
from the complete DNA homology with this mentioned
type strain.

On the other hand, strains F84bT and F84a were
found to be 74.3% and 80.5% similar to G. thermo-
denitrificans and 29.1% and 28.4% to G. subterraneus
according to the DNA-DNA hybridization results, re-
spectively. They also shared a DNA homology of 95%
with each other. The ad hoc committee recommends a
threshold value of 70% DNA-DNA similarity for the
definition of a novel bacterial species (Stackebrandt et

al., 2002). Nevertheless similarity values can be within
an accuracy of about 10%, so values in close vicinity
have to be regarded as critical. The critical DNA-DNA
hybridization values between strains F84b", F84a and
G. thermodenitrificans could not differentiate F84bT
and F84a from all the other species of genus Geoba-
cillus into a separate species. But, when the physio-
logic, phylogenetic, genetic and chemotaxonomic
data are considered, in addition to the borderline DNA
homology, a novel subspecies of Geobacillus thermo-
denitrificans is proposed for which the name
Geobacillus thermodenitrificans subsp. calidus, sub-
sp. nov. is recommended; the type strain is F84bT. A
description of the new subspecies is given below.

Emendation of Geobacillus thermodenitrificans
(Manachini et al., 2000) Nazina et al. (2001)

On the basis of the description of Bacillus thermo-
denitrificans given by Manachini et al. (2000), the fol-
lowing points are modified: Endospores are oval or
ellipsoidal. Nitrate is reduced to nitrite. Gas from ni-
trate is variable. Protease production is variable.

Description of Geobacillus thermodenitrificans
subsp. calidus, subsp. nov.

Geobacillus thermodenitrificans subsp. calidus (Ety-
mologies: ca’ li. dus, L. Masc. Adj., referring to [habi-
tats] hot).

Cells are motile, spore-forming, straight rods with
approximate sizes of 0.6-0.9X 1.2-2.9 um. They exist
singly. Terminal, ellipsoidal endospores occur in non
swollen sporangia. Colonies are cream, opaque, cir-
cular, and flat with lobate edges, with a dry-powdery
surface. Catalase activity is positive. Grows well aero-
bically but is facultatively anaerobic. Gram-positive
and thermophilic. Growth occurs at 45-69°C (optimum
60°C) and pH 7.0-8.5 (optimum 8.0). Growth range is
within 0% to 4.5-5% (w/v) concentrations of NaCl, op-
timum being at 3.0-3.5% (w/v). Starch utilization, amy-
lase and reduction of nitrate to nitrite are also positive.
Citrate, gelatin and urea can not be utilized. Protease
activity is negative. Methyl red and Voges-Proskauer
tests are negative. Indole and H3S are not produced.
Acid is produced from maltose, D-fructose, b-glucose,
galactose, sucrose, D-xylose, D-mannose, L-arabinose,
raffinose and p-mannitol, but not from lactose or bp-
sorbitol. Produces a high amount of thermostable
o-glucosidase extracellularly and the amount of
o-glucosidase production per cell yield for the strains
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F84a and F84b" differs from 36.6 U/g to 77.2 U/g, re-
spectively. It is sensitive to lysozyme. The following
antibiotics: vancomycin (30 pg); bacitracin (10 pg);
chloramphenicol (30 pg); rifampicin (30 pg); tetracy-
cline (30 ug); penicillin G (10 pg); neomycin (30 pg);
novobiocin (30 pg), and azithromycin (15 pg) inhibit
the growth, but itis resistant to kanamycin (30 pg). The
menaquinone content is MK-7 (100%). The dominant
cellular fatty acids are iso-C17:0, iso-C15:0, C16:0, an-
teiso-C17:0, and iso-C16:0. The strain contains two
plasmid bands of 12.0 and 15.6 kb. The G+C content
of the genomic DNA is 49.0-49.6 mol%.

The type strain is F84bT (=DSM 226297 = NCIMB
145827). It was isolated from a sediment sample of a
high-temperature well-pipeline in Kizilcahamam Prov-
ince of Ankara, Turkey.

Geobacillus thermodenitrificans subsp. thermodeni-
trificans (Manachini et al., 2000) Nazina et al. 2001 is
automatically created on the basis of the description of
Bacillus thermodenitrificans given by Manachini et al.
(2000).
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Abstract The phylogenetic diversity of 31 thermophilic
bacilli belonging to genera Geobacillus and Aeribacillus
were investigated which were isolated from various geo-
thermal sites of Turkey. Twenty-seven of these isolates
were found to be belonged within the genus Geobacillus,
whereas 4 of them were identified as Aeribacillus pallidus.
The comparative 16S rRNA gene sequence analyses
revealed that the A. pallidus isolates displayed sequence
similarity values from 98.0 to 99.6% to their closest rela-
tive. Furthermore, Geobacillus isolates showed sequence
similarity values from 88.9 to 99.8% with the reference
type strains. According to the phylogenetic analysis, iso-
lates belonging to genus Geobacillus were diverged into
nine clusters and among these isolates, 19 of them were
identified as strains related to G. caldoproteolyticus,
G. thermodenitrificans, G. stearothermophilus, G. thermo-
glucosidasius and G. toebii with the most abundant 13 iso-
lates from G. caldoproteolyticus. Four of the Geobacillus
isolates were named as unidentified mix group, as they
found to be genetically very homogenous like their closely
related type species: G. thermoleovorans, G. vulcani, G. li-
tuanicus, G. kaustophilus, G. caldovelox, G. caldotenax, and
G. uralicus. Moreover, the sequence comparisons of E173a,
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E265, Cl6lab and A142 isolates demonstrated that they
represented novel species among genus Geobacillus as they
shared lower than 96.7% sequence similarity to all the
described type species. The Alul-, Haelll- and Tagl-AR-
DRA results were in congruence with the 16S rRNA gene
sequence analyses. By ARDRA results, the isolates were
able to be differentiated and clustered, the discriminative
restriction fragments of these isolates and type species were
determined and the novelty of E173, E265, Cl6lab and
A142 isolates could be displayed. Some differentiating
phenotypic characters and the ability of amylase, glucosi-
dase and protease production of these bacilli were also
studied and biotechnologically valuable thermostable
enzyme producing isolates were introduced in order to use in
further studies.

Keywords Isolation - Thermophilic - Geobacillus -
Aeribacillus - 16S rRNA gene - ARDRA

Introduction

Since Cohn established the genus Bacillus in 1872, it has
undergone to major taxonomic rearrangements, and many
novel phylogenetic groups have been defined or reclassified
as the new genera which were related to this group of
bacteria (Stackebrandt et al. 1987; Logan et al. 2009). The
investigations on phylogenetic divergence of the genus
Bacillus and especially its thermophilic members indicated
the need for further and extensive studies to place some of
these bacilli in appropriate taxonomic levels (Ash et al.
1991; Rainey et al. 1994; Nazina et al. 2001). With the
accumulation of further 16S rRNA gene sequence data,
Bacillus has been divided into more manageable and bet-
ter-defined groups (Logan et al. 2009). Molecular analysis

@ Springer
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showed that the majority of such thermophilic bacteria
described in the literature belonged to the genus Bacillus
genetic group 5 (Ash et al. 1991; Nazina et al. 2001). As a
consequence in 2001, the thermophilic, endospore-form-
ing, aerobic bacteria belonging to Bacillus genetic group 5
were reclassified as being members of the genus Geoba-
cillus (Nazina et al. 2001). The members of the genus
Geobacillus can exhibit growth at temperatures ranging
from 35 to 78°C, and are widespread in various geo-
graphical locations. They have been defined as a phylo-
genetically coherent group of thermophilic bacilli
displaying very high intragenic similarity (96.5-99.2%)
among their 16S rRNA gene sequences (Nazina et al. 2001;
Nazina et al. 2004). Since then, new representatives of the
genus Geobacillus have been described with the type
species of Geobacillus stearothermophilus DSM 22" and
the genus comprises seventeen validly published species
now. Finally, in 2010 Mifnana-Galbis et al. reclassified
Geobacillus pallidus (Scholz et al. 1988) Banat et al. 2004
as Aeribacillus pallidus, and a new genus: Aeribacillus was
introduced and separated from genus Geobacillus.

Isolation of novel thermophilic bacilli has received
considerable attention and also the interest in thermozymes
is of importance for industrial applications (Zeikus et al.
1998). Thermophilic bacilli are the natural sources of many
thermostable enzymes, such as amylases, glucosidases
(Cihan et al. 2009), proteases (Chen et al. 2004), lipases
(Lee et al. 1999), chitinases (Sandalli et al. 2008), xylan-
ases (Touzel et al. 2000), restriction endonucleases (Pug-
atsch and Weber 1979) and DNA polymerases (Stenesh
and Roe 1972). These thermozymes have been used in a
number of industrial applications as they possess thermal
stability to harsh industrial processes at high temperatures
(Demirjian et al. 2001). During a previous research, we
isolated more than five hundred bacilli from different
geothermal regions of Turkey (Coleri et al. 2009). Of those
from previous isolates, 115 bacilli were randomly selected
and their 16S rRNA gene sequence analyses were carried
out in order to study by a polyphasic approach. Among 115
endospore-forming bacilli, data including the 31 isolates
belonging to genera Geobacillus and Aeribacillus are pre-
sented in this paper. The Geobacillus and Aeribacillus
isolates were screened for their amylolytic, glucosidic and
proteolytic activities which might have biotechnological
potential. The taxonomic data of these thermophilic iso-
lates presented in this research were derived from the
phenotypic characteristics, 16S rRNA gene sequences and
Alul-, Haelll- and Tagl-Amplified Ribosomal DNA
Restriction (ARDRA) patterns. This study contains com-
prehensive phenotypic and genotypic data derived from a
large number of isolates belonging to two thermophilic and
endospore-forming genera all of which were isolated from
wide geothermal regions of Turkey.

@ Springer

Materials and methods
Sampling, isolation and growth conditions

A total of 28 water (2), sediment (8), soil (17) and tree
branch (1) samples were collected aseptically from 9 hot
springs and 7 high-temperature well pipelines located in
two geographically separated areas in Turkey: Aegean
Region and Middle Anatolian Region. Of those geothermal
regions, Aydin (Region A; 27° 51’ E, 37° 51’ N), Manisa
(Region B; 27° 26’ E, 38° 36’ N), Denizli (Region C; 29°
06' E, 37° 46’ N) and Izmir (Region D; 27° 09" E, 38° 25’
N) provinces are in the Aegean Region, whereas Nevsehir
(Region E; 34° 43’ E, 38° 38’ N) and Ankara (Region F;
32° 52" E, 39° 56’ N) province is located in the Middle
Anatolian Region of Turkey. The water temperature and
pH of these geothermal areas were measured between
50-100°C and 6.0-9.0, respectively.

One ml water and sediment sample or approximately
1 g soil and tree branch sample from each place was
incubated in 5 ml of the MI medium containing 1% sol-
uble starch (pH 7.0) at 60°C with 250 rpm shaking for
24 h to obtain the enrichment culture, after each sample
was heat-treated at 80°C for 10 min to kill vegetative
cells (Coleri et al. 2009). The turbid enrichments were
streaked on plates of MI medium containing 3% agar and
incubated aerobically at 60°C for 24-48 h. The single
colonies showing different colony morphology were then
picked and subcultured at least three times until a pure
culture was obtained. The purity of the isolates was also
confirmed by microscopic observation. All of the isolates
were routinely maintained at 4°C on MI agar slants and
stored at —80°C in MI broth cultures supplemented with
20% glycerol.

Isolates were designated according to their geothermal
origin, the sample number taken from that origin and the
number of the isolates obtained in that sample. The des-
ignation of the 31 isolates, their geothermal sampling
locations and the reference strains used in this study are
presented in Table 1.

Morphologic and physiologic characterization

The temperature range was determined by incubating the
strains in MI medium at temperatures from 20 to 80°C for
24-72 h. After the temperature range was determined, all
the incubation conditions were adjusted to the temperature
requirements of the bacteria, from 50 to 65°C. The cell
morphology, motility and spore formation were observed
with freshly prepared wet mounts using phase-contrast
microscopy. The active cultures grown in MI broth under
shaking for 18-24 h were used when describing the cell
morphology and motility. The formation of endospores was
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Table 1 Diversity and origin of the thermophilic bacilli isolated from various geothermal regions of Turkey and the reference strains used in this

study

Bacterial isolates

A113% A142°, A146°, A333%, A335°

A353%, A364%, A392b%, A394% A403%, A404°, A412b%, A413*
B84a°

Cl61ab?, C196%, C226 C304°

D195°, D494°, D504°, D621°, D623%, D642°

D413°

E1349, E265°, E334¢

E173a*, E173b*

F84a°

Origin Number of the
isolates and strains
Omerbeyli, Germencik, Aydin, Turkey 5
Yavuzkoy, Salavatli, Aydin, Turkey 8
Urganli, Turgutlu, Manisa, Turkey 1
Buharkent, Tekkehamam/Tekkekoy, Denizli, Turkey 4
Dikili, Kaynarca, Kocaoba, {zmir, Turkey 6
Dikili, Camur Hot Spring, Izmir, Turkey 1
Altinsu, Kozakli, Nevsehir, Turkey 3
Baglica Kozakli, Nevsehir, Turkey 2
Kizilcahamam, Ankara, Turkey 1
Total number of the bacterial isolates 31

Reference strains
Geobacillus stearothermophilus DSM 227

Kindly provided by Prof. A. O. Belduz

(Karadeniz Technical University, Turkey)

Geobacillus stearothermophilus ATCC 43223

Kindly provided by Prof. A. O. Belduz

Geobacillus stearothermophilus DSM 5934 DSMZ
Geobacillus thermoglucosidasius DSM 25427 DSMZ
Geobacillus thermodenitrificans DSM 4657 DSMZ
Geobacillus thermodenitrificans subsp. calidus DSM 226297 From our collection
Bacillus licheniformis DSM 137 DSMZ
Bacillus amyloliquefaciens DSM7" DSMZ

* Soil sample, ® sediment sample, © water sample, ¢ branch of a tree in the hot spring

also tested by using MI broth cultures of 18—48 h supple-
mented with 5 mg/l MnSO, 4H,0.

The colony morphologies were determined using cul-
tures grown aerobically on MI plates (supplemented with
3% agar) for 18-24 h. Gram staining and catalase activity
were carried out by the methods of Claus and Berkeley as
described (Claus and Berkeley 1986). The reference strains
were used as control groups in all the phenotypic charac-
terization tests, and the phenotypic analyses were carried
out in triplicates.

Enzyme assays

All of the isolates were screened for their amylase, o-glu-
cosidase and protease activities qualitatively on agar plates.
Amylolytic activity was tested on MI agar plates after
incubation for 48 h. Then the plates were treated with 0.2%
I, in 2% KI, and isolates having starch digestion zones
around their colonies were determined as amylolytic
(Coleri et al. 2009). When determining o-glucosidase
activity, a screening was carried out on MI plates by
searching para-nitrophenol o-D-glucopyranoside (pNPG)
activity on blotting filter paper as described previously
(Cihan et al. 2010). The paper disk was incubated at 60°C

and the yellow color formation, the color of which was
caused by the reaction of o-glucosidase on the substrate,
was observed and selected for the positive o-glucosidase
reaction. In the screening of protease activity, isolates were
growth on Skim Milk Agar (pH 7.0) plates (Denizci et al.
2004) for 72 h. Protease producing isolates which gave a
clear zone around their colonies due to the hydrolysis of
skim milk were selected. The diameters of halo zones and
the amount of yellow color formation were also confirmed
and compared with the reference strains which were able to
produce the mentioned enzymes.

16S rRNA gene amplification and sequencing analyses

Genomic DNA was extracted from the cultures growing on
MI plates for 18 h at 60°C by using genomic DNA puri-
fication kit (Fermentas). The gene encoding 16S rRNA was
amplified by PCR with the 16S bacteria specific 27F for-
ward and the 1492R reverse primer as described previously
(Kuisiene et al. 2002). The amplification products were
purified from agarose gel using Gel Extraction Kit (Omega
Ezna). The sequences of the PCR-amplified 16S rRNA
gene were determined by using ABI 3100 gene sequencer
with Bigdye cycle sequencing kit. In the phylogenetic
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analysis, homology search was carried out using the basic
BLASTN search program at the NCBI Web-site. Phylo-
genetic analysis were performed using the maximum-
likelihood and neighbor-joining methods with bootstrap
values based on 1,000 replications and the phylogenetic
tree (Saitou and Nei 1987) was constructed with the
MEGA package version 4 (Tamura et al. 2007) according
to Jukes-Cantor method (Jukes and Cantor 1969). For most
of the isolates, their almost complete 16S rRNA genes were
sequenced (1,383-1,407 bp) and the GenBank accesion
numbers are given below.

The GenBank accession numbers: The 16S rRNA gene
sequences presented in this study were obtained from the
following isolates: A113 (FJ429596), A142 (FJ429990),
A146 (FJ429568)P, A333 (EU326497)°, A335 (FJ429994),
A353 (FJ429997), A364 (FJ429998), A392b (FJ430002),
A394 (FJ430003), A403 (FJ429570)°, A404 (FJ430005),
A412b (FJ429571)°, A413 (FJ430006), B84a (FJ430009),
Cl6lab (FJ430012), C196 (FJ430014), C226 (FJ430015),
C304 (FJ429574)P, D195 (FJ430023), D413 (FJ430040),
D494 (FJ430045), D504 (FJ430047), D621 (FJ430050),
D623 (FJ430051), D642 (FJ430052), E134 (EU477771)P,
E173a (FJ430056), E173b (FJ430057), E265 (FJ429590),
E334 (FJ429594)P, F84a (EU477772)°, (°: the partial 16S
rRNA gene sequences).

Amplified ribosomal DNA restriction analysis

ARDRA analysis of the 16S rRNA gene primed by 27F/
1492R was carried out on the amplified PCR products by
single enzyme digestion, according to the manufacturer’s
instructions, with Fast digest Alul, Haelll and Tagql
restriction enzymes (MBI Fermentas). The ARDRA pro-
files of the digested DNA were analyzed by electrophoresis
through 2% (w/v) agarose gel using 1x TBE buffer at
120 V for 1.5 h (Caccamo et al. 2001). The ARDRA pat-
terns were analyzed by the Bionumerics version 6.1 soft-
ware packages (Applied Maths, Belgium). The
experimental restriction fragments higher than 75 bp were
included in the statistical analysis, in order to avoid con-
fusion with primer dimmer bands. Similarities of the dig-
itized profiles were calculated using Dice correlation and
an average linkage (UPGMA) dendrogram was obtained.
All the restriction analyses and their agarose gel electro-
phoresis were carried out in triplicates. In addition to
experimental restriction analyses, the theoretical restriction
mapping of the analyzed 16S rRNA gene sequences was
also carried out by using an online restriction mapping
service (http://restrictionmapper.org/). The developed the-
oretical-ARDRA groups were abbreviated as G-A-#;
(Geobacillus-Alul-group number), G-H-#; (Geobacillus-
Haelll-group number) and G-T-#; (Geobacillus-Taql-
group number).
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Results

Selection of Geobacillus and Aeribacillus isolates
according to the 16S rRNA gene sequence analyses

The phylogenetic diversity of one hundred and fifteen
aerobic and endospore forming isolates were analyzed
using 16S rRNA gene nucleotide sequences in order to
avoid the repeated examination in the same bacterial taxon.
All the isolates were phylogenetically clustered on the
basis of their individual 16S rRNA gene sequence
homologies to their closest relatives. According to the
phylogenetic analysis of these sequences, most of the
identified isolates from geothermal regions of Turkey fell
into Bacillus genetic group 5 along with thermophilic
species. The other isolates clustered in Bacillus genetic
group 1 and 3 with their mesophilic and facultative ther-
mophilic counterparts. Comparison of the generated
sequences with those in the GenBank database indicated
that all were clustered among the 7 genera: Anoxybacillus,
Bacillus, Brevibacillus, Geobacillus, Aeribacillus, Paeni-
bacillus, and Thermoactinomycetes with 52, 16, 13,27, 4, 1
and 2 isolates.

Among these isolates, thirty-one aerobic, thermophilic,
endospore-forming isolates from genera Geobacillus and
Aeribacillus were selected and taken into further researches
in this study. As G. pallidus (Scholz et al. 1988) Banat
et al. 2004 was reclassified as A. pallidus by Mifana-Galbis
et al. in 2010, the ARDRA results of this reclassified group
were taken into consideration together with the other iso-
lates within the genus Geobacillus. These selected isolates
were totally obtained from 16 geothermal sampling stations
located in the Aegean Region and Middle Anatolian
Region in Turkey. The 16S rRNA gene sequence data of 31
isolates have been deposited in the GenBank databases and
their accession numbers in relation to the isolates were
given in the material and methods section and in the phy-
logenetic tree which was obtained using the neighbor-
joining method (Fig. 1).

The phylogenetic diversity of the isolates and type
strains belonging to genera Geobacillus
and Aeribacillus

Nearly all the validly published 20 type species from genus
Geobacillus and one type species from genus Aeribacillus
were included in comparative sequence analysis among
with our isolates as presented in Fig. 1. The phylogenetic
analyses revealed that the type species from genus Geo-
bacillus showed 16S rRNA gene sequence similarities from
88.9 to 99.8%. Furthermore, some of the type species of
genus Geobacillus were determined to share high 16S
rRNA gene sequence similarities as they could not be
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Fig. 1 A phylogenetic tree
based on the 16S rRNA gene
sequences between isolates
belonging to genera
Geobacillus, Aeribacillus and
all the representative members
from these genera. The tree was
generated by neighbour-joining
method. Boostrap values (%)
are based on 1,000 replicates
and shown for branches with
more than 30% bootstrap
support. Bar indicates 0.01
substitutions per 100 nucleotide
positions
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Table 2 The species groups of the Geobacillus and Aeribacillus isolates, the intragenic sequence similarity values and the number of the
bacteria belonging to these groups derived from 16S rRNA gene nucleotide sequences

Genus 16S rRNA gene grouping 16S rRNA gene sequence similarities of the Number of
isolates to the closest relative (%) the isolates

Geobacillus 1-Unidentified mix group >99.0 (similarity to more than 3 type strains) 4

2-G. stearothermophilus group 99.3 1

3-G. thermodenitrificans group 97.6-98.7 3

4-G. toebii group 98.5 1

5-G. thermoglucosidasius group 99.2 1

6-Unidentified group I (E173a and E265) 94.3-95.6 (similarity to G. toebii) 2

7-Unidentified group II (C161ab) <96.3 (similarity to G. caldoproteolyticus) 1

8-G. caldoproteolyticus group 97.7-99.9 13

9-Unidentified group III (A142) <96.7 (similarity to G. caldoproteolyticus) 1

Isolates belonging to genus Geobacillus 27

Aeribacillus 1-A. pallidus group 98.0-99.6 4

Isolates belonging to genus Aeribacillus 4

Total 31

differentiated without DND-DNA hybridization analyses.
According to these results: a 98.1-99.9% sequence simi-
larity between type strains of Geobacillus thermoleovorans
DSM 5366", Geobacillus vulcani DSM 13174", Geoba-
cillus lituanicus DSM 15325", Geobacillus kaustophilus
DSM 7263, Geobacillus caldovelox DSM411Y, Geoba-
cillus caldotenax DSM 406" and Geobacillus uralicus
K2T: a 99.3% similarity value between Geobacillus ther-
modenitrificans DSM 465" and Geobacillus subterraneus
DSM 13552T; a 98.5% similarity between Geobacillus
toebii DSM 14590" and Geobacillus thermoglucosidasius
DSM 2542"; and a 98.2% sequence similarity value
between Geobacillus tepidamans DSM 163257 and Geo-
bacillus caldoproteolyticus DSM 15730" were observed.

The 16S rRNA gene sequence analysis revealed that 27
of the isolates were belonged to genus Geobacillus and 4 to
genus Aeribacillus as showed in phylogenetic tree in
Fig. 1. The phylogenetic analyses derived from the
neighbor-joining method were essentially consistent with
those obtained using the maximum-likelihood algorithm,
thus only the phylogenetic tree revealed by the neighbor-
joining algorithm is presented in this study. The divergence
of the species in these two genera, their 16S rRNA gene
sequence similarity values to their closest relatives and the
number of the isolates belonging to the species groups are
also given in Table 2. Among the isolates, four of the
isolates were found to be belonged to A. pallidus type
species with sequence similarity values from 98.0 to 99.6%
to their closest relative. These isolates also showed
sequence similarity values between 97.1 and 98.9% to each
other.

The comparative sequence analyses also revealed that
the sequence similarity values between isolates from genus
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Geobacillus and the reference type strains were determined
as 88.6-99.3%. In addition, Geobacillus isolates demon-
strated 16S TRNA gene sequence similarities from 89.0 to
99.8% to each other. Based on this phylogenetic analysis,
isolates from genus Geobacillus clustered into 9 distinct
lineages according to the similarity values to their closely
related type species (Fig. 1). On the basis of the 16S rRNA
gene sequence similarity values, 4 isolates demonstrated
from 98.6 to 99.7% sequence similarity to G. thermo-
leovorans, G. vulcani, G. lituanicus, G. kaustophilus,
G. caldovelox, G. caldotenax and G. uralicus. These isolates
showed more than 99.0% sequence similarity to at least
three of these mentioned closest relatives and could not be
included to any of these species, unless DNA hybridization
analyses were performed. Thus, these 4 isolates from Group
1 were named as unidentified mix group. Although G. ste-
arothermophilus is commonly accepted as the most abun-
dant thermophilic strain in the literature, there was only one
isolate which was found to be belonging to this species
(Group 2: G. stearothermophilus group). Group 3, 4 and 5
were consisted of species from G. thermodentirificans
(3 isolates), G. toebii (1 isolate) and G. thermoglucosidasius
(1 isolate). Group 6 was named as unidentified group I and
contained 2 isolates: E173a and E265 which showed very
low sequence similarity to only G. toebii type strain with
similarity values of 94.3 and 95.6%, respectively. These
isolates were thought to be novel species belonging to genus
Geobacillus as they showed very low sequence similarities
to their closest relative, as they displayed a 97.5% sequence
similarity to each other and as they branched together and
formed a distinct cluster from the other isolates and ther-
mophilic bacilli type strains in the phylogenetic tree.
Moreover, strain Cl6lab represented a novel species;
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forming a distinct cluster among other isolates and type
strains, and also sharing less than 96.3% full sequence
similarity to only the G. caldoproteolyticus type species.
Thus, isolate C161ab was clustered as Group 7; with a new
group name of unidentified group II. Majority of our isolates
(13) belonging to this genus were found to be from species
G. caldoproteolyticus with sequence similarity values from
97.7 to 99.9% to this closest relative (Group 8: G. caldo-
proteolyticus group). And finally, a ninth group named as
unidentified group III was consisted of isolate A142, which
comprised the fourth novel species among the isolates from
genus Geobacillus. This novel isolate solely showed a
96.6% sequence similarity to G. caldoproteolyticus and
branched out from this type species in the phylogenetic tree.

Phenotypic characteristics of the Geobacillus
and Aeribacillus isolates

All of the isolates and reference strains from genus Geo-
bacillus were found to be Gram-positive or variable
staining, endospore-forming and motile bacilli. They were
also positive in catalase activity. In addition, all of the
isolates were determined to be thermophilic with temper-
ature ranges for growth from 30 to 70°C (T, = 50-70°C).
Colony morphologies and spore formation differed
depending on the species.

Some differentiating phenotypic characters of these
isolates were investigated and presented in Table 3. Spe-
cies of A. pallidus had circular and cream to pale yellow
colored colonies. They had central to subterminally located
ellipsoidal endospores in swollen or non swollen sporangia.
Starch was not hydrolyzed. Isolates from Geobacillus
unidentified mix group displayed round and cream to yel-
low colored colony morphology. Terminally located
ellipsoidal endospores were observed in swollen or non
swollen sporangia. They could hydrolyze starch as a
dominant character. Furthermore, they had both amylolytic
and glucosidic activity. Among the unidentified mix group
isolates, a-glucosidase production of E173b, amylase pro-
duction of D413 and both protease and amylase production
of C304 were all important characters of these isolates. All
the isolates from G. caldoproteolyticus had round and
cream colored colonies on MI plates. They produced ter-
minally located ellipsoidal or oval spores in swollen spo-
rangia. All the G. caldoproteolyticus isolates could able to
hydrolyzed starch. The isolates belonging to this species
might have a biotechnological potential due to their amy-
lolytic and proteolytic activities. D504, D621, D623 iso-
lates were able to produce amylase. Furthermore, all the
isolates produce extracellular proteases except A335 iso-
late. Of those from protease producers: D403, A412b,
A392b, A394, A404 and A413 displayed a significant level
of protease zones when compared with reference strains.

Table 3 Differentiating phenotypic characteristics of the isolates and type strains from the genera Geobacillus and Aeribacillus

Aeribacillus

16S rRNA gene groups of the isolates belonging to genus Geobacillus

Differentiating
character

10

Circular, cream to

Round Cream

Cream

Cream colored, circular, flat with lobate Circular and Circular and Round

Circular, cream to Round

Colony

pale yellow colored

colored

and

yellowish cream colored

yellowish

edges and dry-powdery surface

cream

yellow colored

morphology

cream

colored

colored

St, C

St

T
E

Spore position

Spore shape

30-70

37-65

35-65

37-65

40-70

37-70

45-70

50-65

35-70 37-65

Temperature

requirement

§®)
Amylase activity +

+

Glucosidase

activity

Protease activity V

1 Unidentified mix group, 2 G. stearothermophilus group, 3 G. thermodenitrificans group, 4 G. toebii group 5 G. thermoglucosidasius group, 6 Unidentified group I (E173a and E265) 7

Unidentified group II (C161ab) 8 G. caldoproteolyticus group 9 Unidentified group III (A142), 10 A. pallidus group)
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E134 from G. toebii and B54a from G. thermoglucosida-
sius had circular colonies with yellowish pigmentation.
Their spores were ellipsoidal, located terminally in swollen
sporangia. They could hydrolyze starch. In addition, both
of these isolates could produce significant amount of o-
glucosidase. G. thermodenitrificans species had very typi-
cal colony morphology such as; cream colored, circular,
flat with lobate edges and with a dry-powdery surface.
They could produce terminally located ellipsoidal endo-
spores in non swollen sporangia. Starch hydrolysis was a
dominant character and all of the G. thermodenitrificans
isolates and type strain were able to produce high levels of
yellow color in o-glucosidase assay. Al113 isolate and
reference strains from G. stearothermophilus had round
colonies in cream color, produced terminally located
ellipsoidal endospores in non swollen sporangia, and could
able to hydrolyzed starch. Although, both A113 and DSM
22" could produce high amount of amylolytic zones, only
DSM 227 could able to form yellowish color in a-gluco-
sidase reaction. E173a and E265 isolates from unidentified
group I had round and cream colored colonies, produced
terminally located ellipsoidal endospores in swollen spo-
rangia. Starch hydrolysis was found to be positive on both
of the isolates, but they were negative for amylolytic and
glycosidic activity. C161ab isolate from unidentified group
IT and A142 isolate from unidentified group III possessed
cream colored colonies, gave positive reaction in starch
degradation, produced ellipsoidal endospores in swollen
sporangia, but they differed from each other in their spore
locations. While endospores of A142 located terminally,
subterminal endospore location was observed in C161ab
isolate.

Alul-ARDRA groups of the isolates from genera
Geobacillus and Aeribacillus

The amplified 16S rRNA genes of the isolates and refer-
ence strains from genus Geobacillus and Aeribacillus were
digested with Alul, Haelll and Tagql restriction enzymes. In
Fig. 2, Alul-, Haelll- and Taql-ARDRA cluster analyses of
some digitized banding patterns derived from representa-
tive Geobacillus and Aeribacillus isolates and reference
strains were presented. The 16S rRNA gene groups,
experimental and theoretical ARDRA groups of these
representative strains were also indicated beside Fig. 2.
According to the cluster analysis of the 27 Geobacillus,
4 Aeribacillus isolates and reference strains based on the
Alul ARDRA profiles of the amplified 16S rRNA gene,
totally 7 experimental and 10 theoretical patterns were
observed according to these restriction fragments and some
of these representatives were presented in Table 4.
Although there were 10 theoretical groups, G-A-3 of D195,
G-A-6 of A364 and G-A-10 of Al42 could not be
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differentiated by the experimental analyses. As presented
on a similarity dendrogram in Fig. 2, the experimental
digitized banding patterns from Geobacillus and Aeriba-
cillus isolates and type strains were diverged into 7 clus-
ters. Cluster 1 diverged into two groups which contained
strains belonging to G. thermodenitrificans and unidenti-
fied mix group. These two 16S rRNA gene groups could
not be able to differentiate not only by experimental, but
also by the theoretical-ARDRA analyses. The theoretical
restriction group of cluster 1 was mostly compost of G-A-
1. This group of isolates could be differentiated by the
presence of a 75 bp (6th) restriction fragment. Further-
more, the absence of a 165 bp restriction fragment was a
distinctive character of Cluster 1, which was determined in
the isolates belonging to Cluster 2 and 7. The second
cluster contained only isolates and strains from G. stearo-
thermophilus which formed the G-A-2 theoretical group. In
the restriction profiles, only isolates from cluster 2 and 7
shared the restriction fragment of 165 bp, but members of
cluster 2 differed in cluster 7 by the presence of a 346 bp
fragment. The third cluster was branched into two groups
belonging to isolates from G. thermoglucosidasius and G.
toebii. These isolates displayed a G-A-4 theoretical-AR-
DRA group and experimentally differed from the other
clusters by the presence of a 175 bp (5th) restriction
fragment. Unidentified group I members of E173a and
E265 formed a forth cluster which contained a distinctive
150 bp (5th) restriction fragment and displayed a unique
G-A-5 theoretical-ARDRA profile. The isolates from genus
Aeribacillus branched out into a new cluster apart from the
members of the genus Geobacillus: cluster 5. The presence
of the first restriction fragment (648 bp) was the most
distinctive character for the isolates from cluster 5, and
they generally shared the G-A-7 theoretical-ARDRA pro-
file. Cluster 6 comprised solely the Cl61ab isolate from
unidentified group II. This group was unique by means of
its second restriction fragment (239 bp) and by means of its
G-A-8 theoretical-ARDRA profile. Finally, cluster 7 was
composed of strains from G. caldoproteolyticus and the
isolate A142 from unidentified group III. Although they
showed different theoretical-ARDRA profiles such as G-A-
9 and G-A-10, they displayed similar restriction patterns in
experimental analysis. These isolates contained a 4th
restriction fragment (165 bp) as in the case of cluster 2, but
differed in cluster 2 by the absence of a 346 bp fragment.

Haelll-ARDRA groups of the isolates from genera
Geobacillus and Aeribacillus

The Haelll-ARDRA analyses of the isolates and reference
strains belonging to genus Geobacillus and Aeribacillus
resulted in 6 experimental and 12 theoretical groups
(Table 5), but these additional theoretical groups could not
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Fig. 2 Cluster analysis of some representative digitized banding
patterns, generated by restriction digestions with Alul, Haelll and
Tagl enzymes of the amplified 16S rRNA genes of isolates from
genera Geobacillus and Aeribacillus. The dendrogram was con-
structed by using UPGMA, with correlation levels expressed as

be differentiated in the experimental analysis. As can be
seen in the similarity dendrogram in Fig. 2, the members of
these genera formed 6 clusters. Of those clusters, cluster 1
was composed of species from G. thermodenitrificans
(G-H-2 and G-H-3), G. stearothermophilus (G-H-1) and
unidentified mix group (G-H-1). The presence of the sec-
ond restriction fragment of 326 bp was the distinctive

percentage values of the Dice coefficient. The 16S rRNA gene and the
ARDRA groups derived from both experimental and theoretical
restriction digestions were also indicated beside the designation of the
isolate. The novel strains were written in bold character

property of this cluster. Cluster 2 was diverged into two
species groups: G. toebii (G-H-4) and G. thermoglucos-
idasius (G-H-5), whose first restriction fragment (581 bp)
differed this group from other Geobacillus species. Cluster
3 was comprised from unidentified group I isolates of
E173a and E265. The unique theoretical G-H-6 profile and
the double 466 bp (1st) restriction fragments were the most
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Table 4 Some representative theoretical and experimental 16S rRNA gene Alul restriction fragments of isolates belonging to genera Geoba-

cillus and Aeribacillus

16S rRNA gene sequence Bacteria ~ Experimental Alul Grouping Theoretical Alul Grouping
grouping

Fragments (bp) Fragments (bp)

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7
1-Unidentified mix group E173b 426 346 207 185 91 75 1 426 349 210 185 88 85 G-A-1°
2-G. stearothermophilus group Al113 426 346 210 187 165 95 2 427 367 210 185 103" 89 G-A-2°
3-G. thermodenitrificans group  A333 421 342 204 183 89 77 1 429 349 210 185 87 85 G-A-1°

D195 426 346 210 187 93 170 1 349 336 210 189 91 87 85 G-A-3
4-G. toebii group E134 420 341 207 190 180 90 82 70 3 428 349 210 185 173 106 G-A-4°
5-G. thermoglucosidasius group B84a 420 341 207 190 177 90 82 70 3 416 349 209 185 173 G-A-4°
DSM 415 337 205 190 175 90 82 70 3 638 349 185 172 75° X
25427
6-Unidentified group I E173a 433 213 186 68 150 97 70 4 426 214 208 182 142 87 85 G-A-5°
E265 436 256 216 188 152 92 4 433 215 210 186 143 88 88 G-A-5°
7-Unidentified group II C161ab 433 239 210 188 169 93 70 6 420 208 206 185 175 87 85 G-A-8°
8-G. caldoproteolyticus group ~ A335 458 223 199 165 100 70 7 426 383 208 185 87 84 G-A-9°
9-Unidentified group III A142 443 216 192 165 95 70 7 383 250 208 185 179 88 84 G-A-10°
1-Aeribacillus pallidus group A364 648 448 188 89 80 5 641 386 274 85 G-A-6
E334 648 448 190 89 80 5 635 382 185 84 G-A-7°

# The 5’ fragment of the 16S TRNA gene sequence

° The dominant theoretical profile among the distinct 16S rRNA gene groups

G-A-# Geobacillus-Alul-#nd theoretical group
Bold fragment the distinctive Alul restriction fragment
Underlined fragment the 3’ fragment of the 16S rRNA gene sequence

The designation of the novel isolates were showed in bold character

distinctive characters of this group. Cluster 4 contained
isolates belonging to A. pallidus due to the presence of an
unmatched 320 bp (2nd) restriction fragment and G-H-7
theoretical-ARDRA profile. The fifth cluster included iso-
lates of C161ab and A142 from unidentified group I and II,
respectively. Although both of these isolates had a common
90 bp fifth restriction fragment, they displayed different
theoretical profiles such as G-H-8 (Cl61ab) and G-H-12
(A142). The cluster 6 was only compost of G. caldopro-
teolyticus isolates with a dominant G-H-8 theoretical-AR-
DRA profile with exceptions of G-H-9 from D494, G-H-10
from A394 and G-H-11 from A412b, but theoretical groups
from G-H-9 to G-H-11 were indistinguishable from each
other in the experimental analysis. Isolates belonging to
this cluster differed from the others by the presence of a
145 bp (5th) fragment.

Taql-ARDRA groups of the isolates from genera
Geobacillus and Aeribacillus

Totally nine 16S rRNA species group from Geobacillus
and 1 from Aeribacillus comprised only 3 experimental and

@ Springer

7 theoretical Tagl-ARDRA groups (Table 6). Most of the
isolates and reference strains were branched within cluster
1 with a dominant G-T-1 theoretical group as presented in a
similarity dendrogram in Fig. 2. Cluster 1 contained iso-
lates and species from unidentified mix group (G-T-1, G-T-
2), G. stearothermophilus (G-T-1), G. toebii (G-T-1),
G. thermoglucosidasius (G-T-1), E173a (G-T-1) and E265
(G-T-4) from unidentified group I, G. caldoproteolyticus
(G-T-1), A142 (G-T-7) isolate from unidentified group III,
and finally A. pallidus (G-T-1, G-T-5). All of these groups
of bacteria in cluster 1 included a unique 504 bp (2nd)
restriction fragment, but the distinct species in this cluster
could not be differentiated from each other. Cluster 2
solely comprised of G. thermodenitrificans isolates having
a unique Tagql restriction profile from the other Geobacillus
species. The 929 bp first restriction fragment and the G-T-3
theoretical-ARDRA profile were only peculiar to G. ther-
modenitrificans species. The last cluster was only com-
prised from the isolate C161ab from unidentified group II.
Not only the specific 520 bp (1st) and 393 bp (3th) frag-
ments, but also the G-T-6 theoretical profiles differed
isolate C161ab in all the other species.
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Table 5 Some representative theoretical and experimental 16S rRNA gene Haelll restriction fragments of isolates belonging to genera Geo-

bacillus and Aeribacillus

16S rRNA gene sequence Bacteria Experimental Haelll Grouping Theoretical Haelll Grouping
grouping

Fragments (bp) Fragments (bp)

1 2 3 4 5 6 7 8 1 2 3 4 5 6
1-Unidentified mix group D413 457 326 214 162 135 89 80 70 1 460 325 151 150" 84 G-H-1°
2-G. stearothermophilus group  A113 453 326 210 158 131 86 80 70 1 461 324 152 152" 84 G-H-1°
3-G. thermodenitrificans group — A333 453 325 228 157 127 95 77 70 1 460 325 176" 153 84 G-H-2°

D195 447 325 229 157 130 98 80 70 1 460 325 175" 153 84 G-H-3
4-G. toebii group E134 581 469 230 2 563 460 213" 138 G-H-4°
5-G. thermoglucosidasius group B84a 586 475 236 2 584 460 175* G-H-5°
6-Unidentified group I E173a 469 221 160 130 85 70 3 467 342 174" 133 8l G-H-6"
E265 E 236 160 133 87 70 3 468 348 183" 135 85 G-H-6"
7-Unidentified group II Cl6lab 631 481 236 171 90 70 5 589 440 171* 82 77 G-H-8"
8-G. caldoproteolyticus group ~ D621 621 467 241 176 140 91 75 6 594 458 170" 77 G-H-8"
D494 630 473 245 179 143 94 70 6 458 397 201 179" 77 G-H-9
A394 636 481 236 180 145 95 70 6 458 360 235 170" 77 G-H-10
A412b 656 496 257 188 151 100 70 6 458 167 G-H-11
9-Unidentified group III Al142 641 486 232 174 90 70 5 458 361 174" 138 98 G-H-12°
1-Aeribacillus pallidus group E334 631 320 230 4 562 300 174" 155 109 77 G-H-7°

? The 5’ fragment of the 16S rRNA gene sequence

® The dominant theoretical profile among the distinct 16S rRNA gene groups

G-H-# Geobacillus-Haelll-#nd theoretical group

Double underlined fragment double restriction fragment

Bold fragment the distinctive Haelll restriction fragment

Underlined fragment the 3’ fragment of the 16S rRNA gene sequence
The designation of the novel isolates were showed in bold character

Discussion

16S rRNA gene sequencing is a widely used standard
technique in bacterial taxonomy and it is also routinely
used in ‘polyphasic approach’ when new descriptions of
bacterial species or higher taxa are made (Ludwig and
Schleifer 1999; Rossell6-Mora 2005). There are also some
limitations when comparing the 16S rRNA gene sequences
of phylogenetically homogeneous groups of bacteria as the
structurally conserved sequences found in 16S rRNA gene
might not allow strains to identify up to species level in
closely related microorganisms. Moreover, it was accepted
that species having 70% or greater DNA similarity usually
have more than 97% sequence identity. Thus, the Ad Hoc
Committee strongly recommended the DNA-DNA
hybridizations in cases of species descriptions when 16S
rRNA gene sequences of the novel strains show 97% or
more similarity with its closest relatives (Stackebrandt and
Goebel 1994; Stackebrandt et al. 2002; Logan et al. 2009).

The 16S rRNA gene sequence analyses of the 31 Geo-
bacillus and Aeribacillus isolates carried out in this study

revealed that genus Geobacillus was more predominant on
genus Aeribacillus with its 27 members in the mentioned
geothermal regions of Turkey. The phylogenetic analyses
based on the individual 16S rRNA gene sequence homol-
ogies to their closest relatives showed that all the isolates
fell into Bacillus genetic group 5 along with other ther-
mophilic species. The comparative sequence analyses also
revealed that the sequence similarity values between iso-
lates from genus Geobacillus and the reference type strains
were determined as 88.9-99.8%. In addition, Geobacillus
isolates demonstrated 16S rRNA gene sequence similarities
from 89.0 to 99.8% to each other. Based on this phyloge-
netic analysis, isolates from genus Geobacillus clustered
into nine distinct lineages and 19 of the Geobacillus iso-
lates could be identified within some of the described type
species. The most abundant species was G. caldoproteo-
lyticus with 13 isolates, followed by G. thermodenitrificans
with 3 isolates, and G. stearothermophilus, G. thermoglu-
cosidasius, G. toebii all of which contained one isolate.
Moreover, eight of the isolates could not be belonged to
any of the described type species due to their high or low
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Table 6 Some representative theoretical and experimental 16S rRNA gene Tagl restriction fragments of isolates belonging to genera Geo-

bacillus and Aeribacillus

16S rRNA gene sequence grouping Bacteria Experimental Tagl Grouping Theoretical Tagl Grouping
Fragments (bp) Fragments (bp)
1 2 5 1 2 3 4
1-Unidentified mix group D413 555 503 406 1 497 490 406" G-T-1°
C304 562 504 406 1 G-T-2
2-G. stearothermophilus group Al113 555 504 406 1 499 497 409* G-T-1°
3-G. thermodenitrificans group A333 929 567 2 907" 492 G-T-3°
DSM 4657 929 560 2 590 500 409 Y
4-G. toebii group E134 569 513 417 1 501 498 408 G-T-1°
5-G. thermoglucosidasius group B84a 575 513 422 1 498 484 406" G-T-1°
6-Unidentified group I E173a 569 506 412 1 500 497 401* G-T-1
E265 563 507 410 75 1 515 503 319 92  G-T-4
8-Unidentified group II C161ab 520 417 393 172 82 3 489 402* 334 157 G-T-6°
9-G. caldoproteolyticus group A392b 555 503 406 1 496 493 401* G-T-1°
D623 564 506 402 1 495 493 401° G-T-1°
10-Unidentified group III Al142 555 507 408 75 1 492 406" 269 230 G-T-7°
1-Aeribacillus pallidus group A364 552 505 400 91 1 501 496 405" G-T-1°
D642 544 504 399 88 1 988 404" G-T-5

? The 5’ fragment of the 16S rRNA gene sequence, G-T-# Geobacillus-Taql-#nd theoretical group

® The dominant theoretical profile among the distinct 16S rRNA gene groups

Bold fragment the distinctive Tagl restriction fragment
Underlined fragment the 3’ fragment of the 16S rRNA gene sequence

The designation of the novel isolates were showed in bold character

level 16S rRNA gene sequence similarities. Among these
unidentified isolates, 4 of them demonstrated sequence
similarity values from 98.6 to 99.7% to G. thermoleovo-
rans, G. vulcani, G. lituanicus, G. kaustophilus, G. cald-
ovelox, G. caldotenax and to G. uralicus type species. As
these isolates showed more than 99.0% sequence similarity
to at least three of these closest relatives and as they could
not be identified without DNA hybridization analyses, they
were named as unidentified mix group. Furthermore, 4 of
the unidentified isolates showed sequence similarity values
lower than 97.0%, thus they were represented as potentially
novel Geobacillus species. Of those from novel isolates,
E173a and E265 formed a distinct cluster from all the
Geobacillus isolates and the type species, displayed simi-
larity values of 94.3 and 95.6% to G. toebii type strain,
respectively and also showed 97.5% identity to each other.
In addition, Cl6lab and A142 isolates separated and
formed distinct branches from each other and from their
closest relative G. caldoproteolyticus, therefore represented
as novel Geobacillus strains as they showed low level
sequence identity (<96.7%) to this type species. As a
consequence, the sequence comparisons of E173a, E265,
Cl6lab and A142 isolates revealed that they represented

@ Springer

novel species among genus Geobacillus and these data will
to their further genotypic and phenotypic analysis.

The polyphasic approach has been taking attention not
only in microbial ecological researches and in taxonomic
studies (Mora et al. 1998). This approach clusters a great
number of similar bacteria belonging to the same genus and
includes obtaining information about these clusters with
definitive phenotypic and DNA-directed genotypic finger-
printing methods such as amplified ribosomal DNA
restriction analysis (Vaneechoutte et al. 1992; White et al.
1993; Mora et al. 1998). ARDRA profiles of the genus
Bacillus and Geobacillus have been well-studied among
the thermophilic, spore-forming bacteria, and shown to be
a valuable, easy and accurate technique for the identifica-
tion of genus Geobacillus (Mora et al. 1998; Caccamo et al.
2001; Kuisiene et al. 2002, 2007). In these previous stud-
ies, restriction endonucleases of Alul, Cfol, Haelll, Hinfl,
Msel, Rsal, Taql were used when genotyping the genus
Geobacillus. Of those from enzymes, Alul and Haelll are
the most frequently used enzymes for ARDRA in the genus
Geobacillus, as they produced the highest number of dif-
ferentiating bands (Kuisiene et al. 2007). It is also known
that rDNA genes are organized as a multigene family and
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expressed with a copy number from 1 to 15 (Klappenbach
et al. 2001). As there might be sequence heterogeneity
among multiple 16S rRNA genes, this will probably affect
the recognition sites of the restriction endonucleases.
Consequently, it was recommended that the theoretically
and experimentally obtained digestion profiles should be
compared (Caccamo et al. 2001; Kuisiene et al. 2007).
For this reasons, the amplified 16S rRNA gene prod-
ucts of the isolates from genera Geobacillus and Aeri-
bacillus were also subjected to both experimental and
theoretical digestions with Alul, Haelll and Tagql restric-
tion enzymes. The gel electrophoresis of Alul, Haelll and
Tagl profiles allowed us to distinguish most of the Geo-
bacillus and Aeribacillus isolates and the reference strains
within 7, 6 and 3 experimental groups, respectively
(Fig. 2). According to these results, Alul ARDRA patterns
of G. stearothermophilus, G. caldoproteolyticus, A. pal-
lidus, E173, E265 and Cl161ab; Haelll ARDRA patterns
of G. caldoproteolyticus, A. pallidus, E173, E265, C161ab
and A142 and finally Taqgl ARDRA patterns of G. ther-
modentirificans and Cl6lab were all unique. However,
isolates from the G. thermoglucosidasus, G. toebii groups,
and isolates from unidentified mix group could not be
differentiated from their closest relatives as they displayed
high intergenic sequence similarities within genus Geo-
bacillus. It is obvious that the potential of proposed Alul
and Haelll ARDRA techniques are superior on ARDRA
profiles obtained using Tagl due to the number of
restriction fragments, but species from G. thermodentirifi-
cans could only be distinguished from other Geobacillus
species by its unique Tagl profile. In addition, some dif-
ferences in the theoretical and experimental ARDRA
profiles can be explained by the size of the 16S rRNA
genes sequenced by us and the ones published in dat-
abases. The other reason may also be some technical and
functional errors in sequences, which might contain the
disappearance or appearance of one or more nucleotides
(Rodas et al. 2003). This kind of ARDRA techniques was
not always found useful when identifying genetically
polymorphic groups of strains such as G. foebii and
G. thermoglucosidasius or G. thermoleovorans, G. vul-
cani, G. lituanicus, G. kaustophilus, G. caldovelox, G.
caldotenax and G. uralicus, for which DNA hybridization
remains the needed method for identifying these closely
related taxa at the species level (Wayne et al. 1987). As a
consequence, although there were some limitations, such
as ARDRA analyses were carried out on conserved 16S
rRNA genes, we were able to differentiate and cluster our
isolates by using their ARDRA patterns. The ARDRA
results also showed resemblance with the 16S rRNA gene
sequence analyses. By ARDRA results, not only the dis-
criminative restriction fragments of these isolates and type
species were determined, but also the novelty of our

E173, E265, Cl6lab and A142
demonstrated.

isolates could be

Conclusions

The phylogenetic diversity of a large number of thermo-
philic isolates from genera Geobacillus and Aeribacillus in
geothermal areas of Turkey were presented, some of which
are phylogenetically novel by this study. Certain differen-
tiating phenotypic characters and the ability of amylase,
glucosidase and protease production of these isolates were
studied and biotechnologically valuable thermostable
enzyme producing isolates were determined in order to use
in further studies. The reliability of species identification
scheme of proposed ARDRA techniques were also proved
in congruence with the phylogenetic analyses of the 16S
rRNA gene sequences.
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Abstract

The objective of the present study was to determine the polymorphism in the prolactine
receptor (PRLR) gene in Chios, White Karaman and Awassi, which are native sheep breeds
in Turkey. By means of PRLR gene sequence homology between sheep and humans, two
primer pairs were designed for polymerase chain reaction (PCR) amplification within intron
1 and exon 10 of the PRLR gene in sheep. A total of 160 amplicons (99 for intron 1 and 61
for exon 10) were subjected to DNA sequence analysis. For intron 1, 6 different haplotypes
were determined. For exon 10, 7 different haplotypes were obtained. Some variations
determined for exon 10 (g.14A>T p.Q14L; 9.160G>A p.D160N; g.166G>A p.E166K; g.167A>T
p.E167V; g.176A>T p.H176L; g.206G>A p.S206N; g.208G>A p.G208R) led to changes in the
amino acids, but no amino acid changes were determined in g.2A>T, g.81A>G, g.138A>G,
g.186C>T, g.207T>C. It was noted in particular that White Karaman and Awassi were similar
to each other in both PRLR exon 10 and intron 1 haplotypes, whereas the Chios breed had a
different variation.

Keywords: Turkish sheep breeds, prolactin receptor gene, polymorphism

Zusammenfassung

Prolaktin-Rezeptor (PRLR) Gen-Polymorphismus in Chios, White Karaman und Awassi
Schafrassen

Das Ziel der vorliegenden Studie war es, den Polymorphismus in der Prolaktin-Rezeptor
(PRLR)-Gen in Chios, White Karaman und Awassi, die einheimischen Schafrassen in der Tiirkei
sind zu bestimmen. Durch PRLR Gen Sequenzhomologie zwischen Schafen und Menschen,
wurden zwei Primerpaare flir die Polymerase Kettenreaktion (PCR) im Intron 1 und Exon 10
des Gens PRLR bei Schafen entwickelt. Insgesamt 160 Amplikons (99 fiir Intron 1 und 61 fiir
Exon 10) wurden DNA-Sequenz-Analyse unterzogen. Fiir Intron 1 wurden 6 verschiedene
Haplotypen bestimmt. Fiir Exon 10 wurden 7 verschiedene Haplotypen erhalten. Einige
Variationen fiir Exon 10 (g.14A>T p.Q14L bestimmt; g.160G>A p.D160N; g.166G>A p.E166K;
g.167A>T p.E167V; g.176A>T p. H176L; g.206G>A p.S206N; g.208G>A p.G208R), um
Anderungen in der Aminoséuren fiihrten, aber keine Aminosaure Verinderungen wurden
in g.2A>T, g.81A>G, g bestimmt 138A>G, g.186C>T, g.207T>C. Es war insbesondere zu
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beachten, dass White Karaman und Awassi einander dhnlich in beiden PRLR Exon 10 und
Intron 1 Haplotypen wurden, wahrend die Chios Rasse hatte eine andere Variante.

Schliisselworter:  Turkish Schafrassen, Prolaktin-Rezeptor-Gen, Polymorphismus

Introduction

Prolactin is an anterior pituitary peptide hormone involved in many different endocrine
activities and is essential for reproductive performance. This action is mediated by its
receptor. The prolactin receptor (PRLR) has been detected in various tissues including brain,
ovary, placenta and uterus in several mammalian species (Shirota et al. 1990, Tzeng & Linzer
1997, Cassy et al. 1998). The prolactin receptor, encoded by the PRLR gene, is a member of the
growth hormone/prolactin receptor gene family containing regions of identical sequences
(Bole-Feysot et al. 1998). The prolactin and growth hormone receptors are homologous to
receptors for members of the cytokine superfamily (Clevenger et al. 1998). Mice homozygous
for null mutations in PRLR are sterile due to a failure of embryonic implantation, demonstrate
irreqular cycles, have reduced fertilization rates and defective embryonic development
(Ormandy et al. 1997, Bole-Feysot et al. 1998, Baran et al. 2002, Grosdemouge et al. 2003),
and show impaired maternal behaviour (Lucas et al. 1998). These characteristics make PRLR a
strong candidate gene for reproductive traits (Kmiec et al. 2001, Kovaks et al. 2010).

The gene coding for ovine PRLR was mapped on chromosome 16 (Jenkins et al. 2000). In
ovine, there are two distinct prolactin receptor isoforms: long PRLR and short PRLR produced
by alternative splicing mechanism (Bignon et al. 1997)

The Chios sheep breed has a high milk yield and an outstanding prolificacy. The average
litter size is 2.3 and found in western region in Turkey. The Awassi is principally a milk breed,
but meat production from this breed is also important and the twinning rate is 10-20% and
found southeast Anatolia in Turkey. The White Karaman is a breed indigenous to Turkey with
a twinning rate of 20-30 % and found in central Anatolia in Turkey. (Akcapinar 2000).

It is well known that Chios sheep are highly prolific in comparison with many other breeds.

The objectives of the present study were investigating polymorphisms in the PRLR
gene exon 10 and intron 1 by using DNA sequence analysis. Exon 10 encodes most of the
cytoplasmic domain, which is essential for signal transductions (Bole-Feysot et al. 1998).

Material and methods
Animal resources and DNA isolation

Fifty blood samples each from Chios, White Karaman, and Awassi ewes, with a total of 150
samples were used. Jugular blood samples (2ml per ewe) were collected from each of the
animals. These individuals were chosen at randomly to prevent the relationship. Blood
samples from sheep representing 10 subpopulations from 3 Turkish native sheep breeds
were collected from remote villages belonging to 3 geographic regions in Turkey (Figure 1).
Genomic DNA was extracted from the whole blood using the Phenol-chloroform method
and then it was dissolved in 10 mM Tris-HCl (pH 8.0) buffer and kept at —20°C.
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Geographic distribution of Turkish sheep samples

PCR amplifications and sequence analysis

PCR amplification for exon 10 and intron 1 (267 and 391bp in length) of the PRLR gene was
amplified and sequenced using primers and the PCR conditions described by Chu et al.
(2007). The PCR products, after being purified with the GeneClean Turbo PCR Purification
Kit, were sequenced in CEQ 8000 capillary electrophoresis system (Beckman Coulter). The
sequencing was done at the Ankara University Biotechnology Institute. Fifty blood samples
each of breeds were used for sequence analysis, however, successful results were obtained
in only 34 (White Karaman), 37 (Awassi) and 29 (Chios) samples for intron 1 and 18 (White
Karaman), 15 (Awassi) and 28 (Chios) samples for exon 10. Sequences were analysed using the
BIOEDIT software (Hall 2007, http://www.mbio.ncsu.edu./BioEdit/bioedit.html) for sequence
alignment. NETWORK 4.5.1.6. (Bandelt et al. 1999, http://www.fluxus-engineering.com) was
used to build the network of intron 1 and exon 10 haplotype groups using the median joining
algorithm. MEGA version 4.1 (Tamura et al. 2007, http://www.megasoftware.net) was used for
the phylogenetic sequence analyses of haplotypes by the Neighbour-Joining method based
on Kimura-2P model and the reliability of the inferred tree was assessed by bootstrap (1000
replicates) (data not shown).

The DnaSP software 5 (Rozas et al. 2003) was used to calculate haplotype diversity (H))
and nucleotide diversity (m); Watterson’s theta estimator for the studied species separately
using a haplotype sequence was obtained. Pi is based on the average number of nucleotide
differences between the sequence, and theta is based on the total number of segregating
sites in the sequence (Iso-Touru et al. 2009).

To estimate the effect of selection, we calculated Tajima’s D (Tajima 1989), Fu and Li’s D¥
and F* test (Fu & Li 1993) and Fu’s Fs test (Fu 1997) for each group separately. Tajima’'s D
test compares the difference between the number of segregating sites and average number
of pairwise (Tajima 1989). Under neutrality Tajima’s D value is assumed to be zero; under
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positive selection there is an excess of rare polymorphisms and Tajima’s D value is negative.
Negative D values can also be due to population expansion. If there is balancing selection,
intermediate frequency genetic variants are kept and Tajima'’s D value is positive (Iso-Touru
et al. 2009). The statistical analysis package DnaSP 5 (Rozas et al. 2003) was used for the
neutrality tests.

The impact of amino acid variants on protein structure via analysis of multiple sequence
alignments was done with SIFT (Sorting Intolerant From Tolerant), which uses sequence
homology to predict whether an amino acid substitution will affect protein function and
hence, potentially alter the phenotype. It gives a normalized probability score value that the
amino acid change is tolerated. If the score value is less than 0.05, the amino acid change is
predicted to be deleterious. The median conservation value for the diversity of the sequence
in the alignment is measured as well, and the default value is 3.0. Higher conservation values
can lead to higher false positive error (Pauline & Henikoff 2003).

Results and discussion

In this study, the sequence analysis of the intron 1 and exon 10 of the PRLR gene revealed
interesting variations in the studied populations and subpopulations. For exon 10, except
for reference sequence (AF041257 haplotype 1 [H1]), seven different haplotypes were
obtained (Table 1). The most common haplotype was haplotype 5 (H5) for the Chios breed
and haplotype 3 (H3) for White Karaman and Awassi. Haplotypes 4-8 (H4-H8) were not
detected in either the White Karaman or Awassi breeds. For intron 1, 6 different haplotypes
were determined (Table 2). The most common haplotypes were haplotype 2 (H2) for White
Karaman and haplotype 4 (H4) for Awassi. However, haplotype 6 (H6) was the most common
for the Chios breed. These haplotypes were determined based on reference sequence
AF042358 and called H1 in this study. Twelve variations were determined in exon 10, of which
seven were non-synonymous mutations: g.14A>T p.Q14L; g.160G>A p.D160N; g.166G>A
p.E166K; g.167A>T p.E167V; g.176A>T p.H176L; g.206G>A p.S206N and g.208G>A p.G208R;
while five variations (g.2A>T, 9.81A>G, ¢.138A>G, ¢.186C>T, g.207T>C) were determined as
synonymous mutations (Table 1). The PRLR haplotype sequences from these sheep breeds
have been deposited in the GeneBank database under the acc. no. HM437203 - HM437214.

Based on the observed mismatch distributions and the constructed radiation tree (Figure 2),
two main groups were determined with each primer (Table 3). Neutrality tests were applied
separately to these haplotype groups.

Neutrality tests at PRLR gene, Tajima’s D value, Fu and Li's D* and F* values and Fu’s Fs
values are shown in Table 3. Tajima’s D value, Fu and Li's D* and F* values and Fu'’s Fs values
forintron 1 group A are positive and the others negative. Artificially selected populations, like
livestock species, do not fulfil the assumptions of random mating and constant population
size for the neutrality test, hence positive Tajima’s D values are likely due to the demographic
histories of these species or breeds rather than true balancing selection (Iso-Touru et al.
2009). Haplotype diversity (Hd), nucleotide diversity (pi) and Watterson’s theta estimator
were calculated separately for the studied species using the haplotype sequences obtained.
Sincein all groups nucleotide diversities were low but haplotype diversities were high, recent
population growth is suggested.
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Table 1
Polymorphic sites (excluding the ambiguous ones) and amino acid changes at the PRLR gene exon 10 for the
Turkish sheep breeds. Nucleotides are numbered from 1 to 225, using AF041257 as the reference sequence.

Haplotypes Haplotype
(Genebank acc. no.) frequency
218 1 1 1 1 1 1 2 22
White Karaman  Awassi Chios 4 1 3 6 6 6 7 8 0 00
(n:18) (n:15) (n:28) 8 0 6 7 6 6 6 7 8
AA Q D E E H S G
change 1 1T 1 1 1 2 2
4 6 6 6 7 0 0
L 0 6 7 6 6 8
N KV L N R
H1 (AF041257) A A AAG GAA CGTSG
H2 (HM437203) 9 7 1 T G G A
H3 (HM437204) 9 8 2 T G G . Lo
H4 (HM437205) 0 0 2 T G A .. T T A CA
H5 (HM437206) 0 0 12 T G A .. T T AC
H6 (HM437207) 0 0 1 T . G A T T TAC
H7 (HM437208) 0 0 8 T T G A .. T T A C .
H8 (HM437209) 0 0 2 T T G A .. T T A CA
Table 2

Polymorphic sites (excluding the ambiguous ones) at the PRLR gene intron 1 for the Turkish sheep breeds.
Nucleotides are numbered from 1 to 302, using AF042358 as the reference sequence.

Haplotypes (Genebank acc.no.)  Haplotype frequency

4 5 2 2 2 2 23
White Karaman Awassi Chios 9 8 0 3 4 7 80
(n:34) (n:37) (n:29) 1T 4 2 2 10
H1 (AF042358) 2 1 2 C AG C C C CA
H2 (HM437210 21 10 0 . T
H3 (HM437211) 4 8 1 T . T
H4 (HM437212) 7 17 5 . A T
H5 (HM437213) 0 1 0 T A . T ..
H6 (HM437214) 0 0 21 C T G TTG
Table 3
Diversity and neutrality indices in intron 1 and exon 10 PRLR gene
Intron 1 Intron 1 Exon 10 Exon 10
group B group A group B group A
Haplotype number 1 5 5 3
Nucleotide diversity (m) 0.00063 0.00219 0.00348 0.00515
Haplotype diversity (Hd) 0.186 0.584 0.610 0.695
Theta (0,) 0.55590 0.60570 0.79450 119773
Tajima's D -1.51414 0.18769 —0.04533 —-0.09643
Fu &Li’s F* —2.21420 0.75032 —-0.18302 —-0.60514
Fu &Li's D* —2.08204 0.84631 —0.20284 —-0.70220

Fu's Fs -1.920 0171 -1.486 —-0.955
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Figure 2
A neighbour-joining phylogenetic tree (radiation style) constructed from exon 10 (A) and intron 1 (B)
sequences of PRLR genes from Turkish sheep breeds.

A median joining network for intron 1 and exon 10 is presented in Figure 3 and Figure 4
respectively. For intron 1 haplotypes, H2 differs from the H1 by one nucleotide; H3 and H4
differ from H1 by two nucleotides; H5 differs from H1 by three nucleotides; H6 differs by
six nucleotides. The most common haplotype for intron 1 is haplotype 2. Haplotype 6 was
observed only in the Chios breed.

The most common haplotype for exon 10 is haplotype 3. For exon 10 haplotypes, H2
differs from H1 by four nucleotides; H3 differs from H1 by three nucleotides; H5 differs from
H1 by seven nucleotides; H4, H6 and H7 differ from H1 by eight nucleotides; H8 differs from
H1 by nine nucleotides. Haplotypes 4-8 were observed only in the Chios breed.

We studied the possible impacts of the amino acid changes for the protein structure
with the methods implemented in SIFT programs. The substitution p.Q14L and p.E167V was
predicted to affect the protein function by SIFT analysis (Table 4). These substitutions were
observed only in the Chios breed.
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Median joining network for intron 1 haplotype observed in
Turkish sheep samples. Different colours represent different
sheep breeds. (H1 contains the reference sequence, which is
AF0422358)
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Figure 4

Median joining network for exon 10 haplotype observed in Turkish sheep samples. Different colours
represent different sheep breeds. (Quadratic field represents sheep breeds from Russian, Poland and Finland;
H1 contains AF041257 and FJ901299; H9 contains FJ901301; H10 contains FJ901296, FJ901297, FJ901300; H11
contains FJ901298 sequence)
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Table 4
Predicted affection status for the amino acid substitutions from PRLR gene exon 10
SIFT

Prediction Score MSC n
Q4L Affect protein function 0.01 3.45 10
D160N Tolerated 1.00 3.45 25
E166K Tolerated 0.15 3.45 17
E167V Affect protein function 0.03 3.45 1
H176L Tolerated 1.00 3.45 25
S206N Tolerated 0.54 3.45 25
G208R Tolerated 0.34 3.47 4

Studies on the PRLR gene have concentrated more on porcine breeds (Kernerova et al. 2009).
A mutation was identified in the porcine PRLR gene (Vincent et al. 1998). An Alul PCR-RFLP
polymorphism was identified in the porcine 457 bp-long fragment of the PRLR gene (Vincent
et al. 1997). A new Hpal PCR-RFLP polymorphism was identified in the porcine PRLR gene
(Putnova et al. 2002).

The prolactin receptor (PRLR) gene was studied as a candidate gene for the prolificacy
of Jining Grey goats. Five pairs of primers were designed to detect single nucleotide
polymorphisms of exon 10 by PCR-SSCP. Only the products amplified by primers P1, P2, P4
displayed polymorphisms. For primer P1 and primer P2 sequencing revealed two mutations
(9.186G>A and g.220T>C; g.52G>A and g.122G>A, respectively ) and for primer P4, sequencing
revealed one mutation (9.143A>G) of the PRLR gene (Zhang et al. 2007).

The sheep PRLR gene has been screened for polymorphisms by PCR-SSCP (Mu et al. 2006).
Three genotypes (AA, AB and BB) were detected by three primer pairs. Chu et al. (2007) had
detected ovine PRLR gene polymorphism by PCR-SSCP. Three primer pairs were designed for
PCR amplification within intron 1 and exon 10 of the PRLR gene in sheep.

The mutations we noticed (g.272 C>T) were identical for each breed to those reported by
Chu et al. (2007) who found position g.84 T>C in intron 1. These investigators had used two
primer pairs (termed primer 1 and primer 2) for intron 1 of the ovine PRLR gene amplification.
In the present study, we used one primer pair (391bp) for intron 1 PRLR gene amplification.

Iso-Touru et al. (2009) sequenced PRLR gene exon 10 (891bp), coding for the major part
of cytoplasmic domain, from 6 different sheep breeds (Romanov breed, Wrzosowka breed,
Dagestan local, Andi, sheep from Komivillage, Finnsheep and Alandsheep). These researchers
were found 6 different haplotypes, which is OVIS_PRLR1-OVIS_PRLR6 (GenBank acc. no.:
FJ901296-FJ901301).

For exon 10, network analysis was performed with Iso-Touru et al. (2009) haplotypes
(Figure 4). Accordingly, these haplotypes [H1 (FJ901299), H9 (FJ901301), H10 (FJ901296;
FJ901297; FJ901300), H11 (FJ901298)] differ from H2 by g.2A>T variation. H2 appeared in
the White Karaman and Awassi breeds. Moreover, g.81A>G, g.138A>G and g.166G>A were
determined in the White Karaman and Awassi breeds, as reported for the Russian, Finnish
and Polish sheep breeds, which appeared to be the same group based on Haplotype 2 and 3.
The Chios breed differs from the White Karaman, Awassi, Russian, Polish and Finnish breeds.

As aresult, this suggests that population expansion can be based on the negative neutrality
test values obtained in intron 1 group B and exon 10 groups A and B. Under positive selection
there is an excess of rare polymorphisms and Tajima’s D, Fu and Li's D and F values and Fu's Fs
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values are negative. Both population and subpopulation variations for intron 1 and exon 10 of
the PRLR gene polymorphisms were found in Chios, White Karaman and Awassi ewes. It was
interesting to note that White Karaman and Awassi sheep were similar to each other in terms
of both intron 1 and exon 10 haplotypes, whereas the Chios breed had different variations.

The Chios breed showed greater and different haplotype diversity and different variations
in comparison with White Karaman and Awassi. Whether other gene(s) or quantitative trait
loci (QTL) regulating ovulation are also present requires further research. We propose that
this difference is probably the consequence of different environmental conditions, selection
and possibly even QTL or gene(s) regulating ovulation rate.

In the present study, intron 1 and exon 10 of the ovine PRLR gene polymorphisms were
screened by the sequencing technique. We have reported here for the first time single
nucleotide polymorphisms of the PRLR gene for both intron 1 and exon 10 in Turkish sheep
breeds. We concluded that the identified SNPs lend themselves readily for further research
regarding physiological impacts such as milk production and reproductive traits in livestock.
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Alkaline protease production of Bacillus cohnii APT5
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Abstract: An obligate alkaliphilic Bacillus strain was isolated from a soil sample and identified as Bacillus cohnii APT5
based upon phylogenetic and phenotypic analyses. The optimum growth pH of B. cohnii APT5 was 10.0. B. cohnii APT5
was also found capable of producing an extracellular alkaline protease that showed optimum activity (693,318 U/min) at
50 °C and pH 11.0 when grown in a medium containing casein. The enzyme was partially purified 3.22-fold with a yield
of 78.74% after acetone precipitation and cation exchange column chromatography, respectively. The partially purified
enzyme maintained its activity when incubated at 50 °C for 2 h. It was stable at pH 11.0 at room temperature for 72 h.
Furthermore, the alkaline protease activity was not completely inactivated by the specific inhibitors of serine alkaline
proteases and metalloproteases such as PMSF and EDTA. While 1 mM PMSF had no effect on the enzyme activity, a 10
mM concentration of PMSF slightly decreased the activity, producing a relative activity of 76%. In addition, the enzyme
was found to be very stable toward surface active agents such as SDS, Tween 20, Tween 80, and Triton X-100. None of
the metal ions used (Ca?*, Mg?*, Zn?*, Fe*", and Mn?*) showed an inhibitory effect on enzyme activity. On the contrary,
APTS5 alkaline protease activity increased 53% when treated with Mn*2. It was concluded that the active center of APT5
alkaline protease required Mn*? as a cofactor. Based on the thermostability, pH stability, and resistance of B. cohnii
APTS5 alkaline protease against inhibitors, this enzyme may be very useful in commercial applications, particularly in
the detergent industry.

Key words: Alkaliphilic Bacillus, alkaline protease, enzyme purification, 16S rRNA gene sequence, phylogenetic analysis

Introduction

Proteolytic enzymes play a specific catalytic role in
the hydrolysis of proteins. They are widespread in all
living organisms as they are essential for cell growth
and differentiation (1). Proteases are categorized
as serine proteases, aspartic proteases, cysteine
proteases, and metalloproteases depending on their
catalytic mechanism. They are also classified into
different families and clans depending on their amino
acid sequences and evolutionary relationships. Based

430

on their optimal pH activity, they are referred to as
acidic, neutral, or alkaline proteases (2). Moreover,
bacterial proteases are now among the largest classes
of industrial enzymes, accounting for 60% of total
worldwide enzyme sales (2).

Among proteases, alkaline proteases (EC 3.4.21-
24) are defined as enzymes that are active from the
neutral to the alkaline pH range (1). These enzymes
are generally active between pH 9.0 and 11.0, with
the exception of a few higher pH values of about 12.0
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and 13.0 (3). Alkaline proteases are a physiologically
and commercially important group of enzymes used
in various branches of industry, such as the detergent,
food, leather tanning, pharmaceutical, and textile
industries (3,4).

Alkaliphilic Bacillus strains constitute an
important source of extracellular enzymes that are
useful for numerous industrial processes (5,6). This
group includes facultative and obligate alkaliphilic
species that grow well at pH values higher than 9.0.
Alkaliphilic Bacillus strains secrete large amounts of
alkaline proteases with a high stability at elevated
pH and temperature values. In the 1960s, the first
detergent containing a bacterial protease appeared
on the market. This enzyme, subtilisin Carlsberg,
is one of the validly characterized subtilisins from
Bacillus licheniformis (7). Because of the extreme
properties of bacterial - alkaline proteases produced
by Bacillus strains in particular are considered
as compatible additives for laundry detergents
(2,8). Some examples of industrially important
alkaliphilic Bacillus strains were also studied,
including a protease-producing strain, Bacillus
sp. D-6 (JCM 9154) (9); a cyclomaltodextrinase
producer strain, Bacillus sp. 199 (10); a serine
protease-producing strain, Bacillus sp. Y (11); an
oxidatively ~stable alkaline protease-producing
strain, Bacillus sp. SD 521 (12); an alkaline protease-
producing strain, Bacillus pumilus (13); an alkaline
protease-producing strain, Bacillus cereus (14); an
alkaline serine protease-producing strain, Bacillus
licheniformis BA17 (15); and an alkaline serine
protease-producing strain, Bacillus clausii GMBE
22 (16). Among the above-mentioned enzymes, the
alkaline protease from Bacillus sp. SD 521 was also
patented (US 7.371.839.B2).

Here we report the physiologic and phylogenetic
characters of an obligate alkaliphilic, Bacillus
cohnii APT5, as well as the partial purification and
characterization results from its novel, extremely
stable alkaline protease. Data including thermal
and pH activity and stability and the effect of some
inhibitors, metal ions, surface active agents, and
oxidizing agents on APT5 alkaline protease are also
reported. Results show that enzymatic properties
distinct from other characterized alkaliphilic bacilli
alkaline proteases were produced.

Materials and methods

Bacterial strains: In this study, a total of 57 bacterial
isolates were screened for alkaline protease activity.
Of these isolates, 46 thermophilic and 2 halophilic
isolates were obtained from our microbiology
research laboratory culture stocks. In addition, 9
isolates from APT1 to APT9, including APT5, were
newly isolated from a soil sample taken at a car wash
in the Besevler area of Ankara, Turkey. The protease-
producing standard strain, Bacillus licheniformis
DSM 137, was obtained from the DSMZ (the German
Collection of Microorganisms and Cell Cultures).

Isolation and the screening for protease
production: The soil samples (0.2-0.4 g) were
inoculated in nutrient broth for all isolation and
enrichment procedures. The pH of the medium
was adjusted to 10.0 by adding 1 N NaOH solution
aseptically after sterilization. Inoculated samples
were cultivated at 37 °C by shaking at 200 rpm for
48 h. The turbid cultures were diluted with saline
solution and transferred onto skim-milk agar (pH
10.0) plates (17). Skim-milk agar medium (pH 10.0)
was also used for purification and screening isolates
for protease production. The inoculated plates were
incubated for 72 h at 37 °C for mesophilic isolates
and at 55 °C for thermophilic isolates. Protease-
producing strains, which gave a clear zone around
colonies due to the hydrolysis of skim milk, were
selected. The zone diameters were also compared
with standard strain B. licheniformis DSM 13™.

Culture conditions for alkaline protease
production and determination of alkaline protease
activity: Medium containing 0.5% casein was used
for enzyme production as described by Gessesse and
Gashe (18). The pH of the medium was adjusted to
pH 7.0 and 9.0 by adding sterile 10% Na,CO, solution
after sterilization. Actively growing cells were
suspended in 0.85% sterile NaCl to an absorbance
value of 0.2-0.4 at 660 nm, and then 500 pL of the
resulting suspension was inoculated into 5 mL of
enzyme production medium and cultivated at 37 °C
for mesophilic isolates and at 55 °C for thermophilic
isolates by shaking at 200 rpm for 72 h. The cells were
removed from the culture medium by centrifugation
at 5000 rpm for 20 min at 4 °C, and the wet weights of
the cells were determined. The resulting supernatants
were used for the extracellular enzyme source. In
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addition, alkaline protease activity was measured
as described by Takami et al. (19), by using casein
(Sigma C7078) as a substrate. One unit of alkaline
protease activity was defined as the amount of the
enzyme capable of producing 1 pg of tyrosine in 1
min under standard assay conditions. All enzyme
activity assays were carried out in triplicate.

Morphologic and physiologic characterization
analysis: Cells actively growing on nutrient agar pla-
tes (pH 7.0 and 9.0) were used for cell and colony
morphology. The formation of spores was tested by
using nutrient broth cultures of 18-24 h supplemen-
ted with 5 mg/L of MnSO, 4H,0 and observed under
a phase-contrast microscope. Temperature (15-60
°C), pH (6.5-12.5), and salinity (2%-10% NaCl) ran-
ges for growth were tested in nutrient broth, and after
24 h of incubation at 37 °C the optic density of the
cells at 600 nm was measured. Physiological chara-
cterization tests including Gram staining; anaerobic
growth; catalase and amylase activities; casein, citra-
te, starch, tyrosine, gelatin, and urea utilization; re-
duction of nitrate to nitrite; N, gas production from
nitrate; acid production from sugars; the methyl red
test; the Voges-Proskauer test; indole and H,S produ-
ction; and susceptibility to lysozyme were carried out
according to the methods of Claus and Berkeley (20),
as previously described. A disk diffusion test was per-
formed using nutrient agar plates for antimicrobial
susceptibility testing. The disks (Oxoid) and their
contents were as follows: vancomycin (30 pg), bacit-
racin (10 pg), chloramphenicol (30 pg), rifampicin
(30 pg), tetracycline (30 ug), penicillin G (10 U), ne-
omycin (30 pg), novobiocin (30 pg), kanamycin (30
ug), and azithromycin (15 pg). Plasmid DNA isolati-
on was carried out according to the method of An-
derson and McKay (21). All assays were performed
with pure cultures in triplicate.

16S rRNA gene amplification and sequenc-
ing: Genomic DNA was extracted from the cultures
growing in nutrient broth for 18 h at 37 °C using a
genomic DNA purification kit (Fermentas). The gene
encoding 16S rRNA was amplified by polymerase
chain reaction (PCR) with the 16S bacteria-specific
primers of 27F forward and the 1492R reverse pri-
mer (22). The reaction mixture contained 1X Taq
buffer with (NH4),S04, 0.2 mM dNTP mix, 0.25
uM forward and 0.25 uM reverse primer, 1.25 U Taq
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polymerase (Fermentas), 200 ng genomic DNA, and
1 mM MgCl, for a total volume of 50 uL. The reaction
conditions were as follows: after initial denaturation
at 94 °C for 2 min, 30 cycles were carried out with
a denaturation step at 94 °C for 45 s, an annealing
step at 55 °C for 45 s, and an elongation step at 72 °C
for 1.5 min. Amplification was completed with a final
extension step at 72 °C for 7 min. The amplification
products were purified with a PCR purification kit
(Promega, Wizard SV Gel and PCR Clean-Up Sys-
tem). The sequence of the PCR-amplified 16S rRNA
gene (1420 bp) was determined with the Beckman
Coulter CEQ Genetic Analyzer.

Phylogenetic analysis: Evolutionary history was
designated using the neighbor-joining method (23).
The bootstrap consensus tree inferred from 1000
replicates was taken into the evolutionary history of
the taxa analyzed (24). Branches corresponding to
partitions reproduced in less than 50% of bootstrap
replicates were collapsed. Evolutionary distances were
computed using the maximum composite likelihood
method (25) and are given in the units of the number
of base substitutions per site. The phylogenetic tree
was constructed with the MEGA package, version 4
(26).

Partial purification of the enzyme: Alkaline
protease production was carried out using medium
(pH 10.0) containing 0.5% casein as described by
Gessesse and Gashe (18). Erlenmeyer flasks (500 mL)
containing 100 mL of medium were inoculated by a
culture of 18 h old with a 1% v/v ratio and cultivated
at 37 °C by shaking at 200 rpm for 72 h. After
cultivation, the culture was centrifuged (5000 rpm, 20
min, 4 °C), and the resulting supernatant was used as
an enzyme source for further purification procedures,
which were carried out at 4 °C. The supernatant was
precipitated by the addition of cold acetone (-20
°C) with a saturation of 85% and stored at —20 °C
overnight. The protein aggregates were collected by
centrifugation, washed with 100% acetone, dried at
room temperature, and then dissolved in 4.7 mL of 50
mM glycine-NaOH buffer (pH 10.0). This sample was
applied to a Bio-Rad UNO S column (Bio-Rad Duo
Flow System) for cation exchange chromatography.
The loading buffer of 50 mM glycine-NaOH buffer
(pH 9.0) was used with a flow rate of 1.0 m/min.
The column was eluted with a linear gradient of the
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same buffer containing 1 M NaCl with a flow rate of
1.0 mL/min. The fractions (0.4 mL) were collected
using a fraction collector (Bio-Rad BioFrac Fraction
Collector). The protein content and the proteolytic
activity of the fractions were measured, and those
showing proteolytic activity were pooled and used
for enzyme characterization.

Electrophoretic analysis: Nondenaturing
polyacrylamide gel electrophoresis (native PAGE)
was carried out according to the modified method
of Kazan et al. (27). A 10% (w/v) concentration of
resolving gel containing 1% skim milk was used in
electrophoresis, which was run in duplicate. One
side of the gel was stained using silver staining
according to the manufacturer’s instructions (Bio-
Rad Silver Stain Plus Kit, 161-0449), while the other
was developed for activity staining. The gel used for
activity staining was stained with 0.2% Coomassie
blue G250 solution as described by Kazan et al. (27),
and a clear zone on the gel indicated the presence of
alkaline protease activity.

Effect of temperature and pH on enzyme
activity: Experiments on the effect of temperature
and pH on purified enzyme activity were performed
as described for the standard protease assay by using
casein as a substrate. The temperature profile of the
enzyme activity was measured from 30 to 85 °C using
50 mM glycine-NaOH buffer at pH 10.0. The effect
of pH on the activity was studied over a range of pH
levels, from 7.0 to 13.0, at 50 °C. When determining
the pH profile, casein was dissolved in 50 mM
glycine-NaOH buffer at pH values from 8.0 to 12.0,
whereas 200 mM glycine-NaOH buffer was used for
testing the activity at pH 12.5 and 13.0 (27).

Temperature and pH stability of enzyme:
Thermal stability was determined by incubating the
purified enzyme at its optimum temperature for 20
min and 4 h at 30 °C for 3 days. The pH stability of
the enzyme was tested by treating the enzyme with
50 mM glycine-NaOH buffer at its optimum pH for
3 days at room temperature. The residual activities
of the enzyme were then measured. The activity of
the nonheated and non-pH-treated enzyme was
expressed as 100% (27).

Effects of metal ions on enzyme activity: To
determine the effect of metal ions on enzyme activity,
CaClZ, MgSO,, ZnSO,, FeSO,, and MnSO, were

used by adding these ions to the assay mixture at a
concentration of 5 mM. Relative enzyme activities
were measured at optimum temperature. The activity
under these conditions in the absence of metal ions
was expressed as 100%.

Effect of inhibitors, surfactants, and hydrogen
peroxide on enzyme activity: Inhibitors such as
phenylmethylsulfonyl fluoride (PMSE 1 and 10
mM), ethylenediamine tetra acetic acid (EDTA, 2.5
mM), and urea (1 M); surfactants such as sodium
dodecyl sulfate (SDS, 0.5% and 1%), Tween 20
(1%), Tween 80 (1%), and Triton X-100 (1%); and
oxidizing agent H,O, (1% and 5%) were used for
sensitivity experiments. The proteases of Bacillus sp.
(Sigma P5985) and B. licheniformis (Sigma P4860)
were also treated with a 10 mM concentration of
PMSE. When determining sensitivity to inhibitors,
the purified protease was preincubated with the stock
solutions of each reagent at a ratio of 1:1 at 30 °C for 2
h in 50 mM glycine-NaOH buffer (pH 10.5), and the
protease activity was assayed as described previously
in the standard assay. The residual activities were then
determined, and activity under these conditions in
the absence of these reagents was expressed as 100%.

Results and discussion

Alkaline protease producer isolates: Of the 57
thermophilic, halophilic, and alkaliphilic bacterial
isolates, 14 isolates were found to grow and produce
a proteolytic zone on skim-milk agar plates at pH
9.0 and 10.0, as in the case of reference strain B.
licheniformis DSM 13. These isolates were selected
for further spectrophotometric protease assays.
When determining the alkaline protease production
capacities of these 14 isolates, enzyme activity values
per pellet wet weight (U/mg) were determined, and it
was revealed that an obligate alkaliphilic bacterium,
APTS5, produced higher amounts of alkaline protease
(1555 U/mg) than reference strain B. licheniformis
DSM 13 (1197 U/mg) at 37 °C and at pH 10.0
when their 48-h-old cultures were used. As a result,
further purification and enzyme characterization
experiments were carried out using strain APT5.

Phenotypic characteristics of strain APT5: Cells
of isolate APT5 were gram-positive, motile, and
rod-shaped with terminal, ellipsoidal endospores
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occurring in a swollen sporangia. The APT5 strain
was aerobic and obligate alkaliphilic. Growth was
observed at 25-55 °C (optimum: 37 °C) and pH 9.0-
12.0 (optimum pH 10.0), but the strain could not be
grown below pH 9.0. Growth occurred under 2%-
10% concentrations of NaCl. Isolate APT5 utilized
a wide range of carbon sources including maltose,
D-fructose, D-glucose, saccharose, and D-mannitol,
but was not able to ferment lactose, D-xylose,
raffinose, D-(+)-galactose, D-sorbitol, or L-arabinose.
Casein, gelatin, starch, citrate utilizations and
amylase and catalase activities were all positive, but
urea and tyrosine could not be utilized. It was able to
reduce nitrate to nitrite, but gas production was not
observed from nitrate. The methyl red and Voges-
Proskauer tests were negative. Indole and H.S were
not produced. Isolate APT5 was found to be sensitive
to lysozyme and all of the antibiotics tested.

Phylogenetic analysis: The 16S rRNA gene sequ-
ence of strain APT5 was analyzed to determine its
phylogenetic position. The 16S rRNA gene sequen-
ce data of strain APT5 were deposited in the Gen-
Bank (accession number: JF689927). A 1406-bp 16S
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rRNA gene sequence was compared with those of ot-
her related bacteria. The phylogenetic tree is shown
in Figure 1. The 16S rRNA gene sequence similarity
demonstrated that strain APT5 was a member of the
genus Bacillus. A 100% 16S rRNA gene sequence si-
milarity value with B. cohnii DSM 6307" and nonva-
lidly published strains of Bacillus sp. D6 (JCM 9154),
Bacillus sp. 199 (JCM 9163), Bacillus sp. Y, Bacillus
sp. SD521, and Bacillus sp. 12-1 was observed. In the
16S rRNA gene sequence analysis, strain APT5 was
clustered within these industrially important alkalip-
hilic strains, and thus strain APT5 was identified as a
species of B. cohnii.

Partial purification of alkaline protease: After
cation exchange chromatography, alkaline protease
activity was measured in the first 2 major protein pe-
aks that came with the NaCl gradient in the elution
activity profile. Fractions showing alkaline protease
activity from fraction numbers 16 to 30 and 31 to 40
of peak 1 and peak 2, respectively, were pooled for
anionic Bacillus cohnii APT5 enzyme. The elution
profile of B. cohnii APT5 alkaline protease after ca-
tion exchange chromatography is shown in Figure 2.

Bacillus sp. KSM -LD1
—Bacillus sp. 12-1
Bacillus sp. 199
Bacillus sp. D6

Bacillus sp. Y
10

Bacillus sp. SD521

Bacillus cohnii APT5

L B. cohnii DSM 6307 |
B. horikoshii DSM 8719"
Bacillus sp. KSM - KP43

8 B. halmapalus DSM 8723"

B. licheniformis DSM 137

B. clausii DSM 8716 ©

0.01

Paenibacillus polymyxa DSM 367

Figure 1. Phylogenetic tree of Bacillus cohnii APT5 associated with the other members
of the genus Bacillus. Bootstrap values (%) are based on 1000 replicates and
shown for branches with more than 50% bootstrap support. Bar indicates
0.01 substitutions per nucleotide position. The 16S rRNA gene sequence of
Paenibacillus polymyxa DSM 36" was chosen arbitrarily as an outgroup.
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Figure 2. The elution profile of Bacillus cohnii APT5 alkaline protease after cation exchange chromatography. The first 2
major protein peaks show enzyme activity (peak 1: fractions showing alkaline protease activity from fraction
numbers 16 to 30; peak 2: fractions showing alkaline protease activity from fraction numbers 31 to 40).

A 3.22-fold purification was achieved from the crude
culture broth, with a recovery of 78.74% activity. The
specific activity of the partially purified enzyme was
1342.17 U/mg (enzyme activity measured in glycine-
NaOH buffer, pH 10.0, at 37 °C).

The partially purified fractions from each purifi-
cation step were loaded onto native PAGE; activity-
stained and silver-stained gel electrophoresis results
are shown in Figures 3a and 3b, respectively. The
culture supernatant, the acetone-precipitated enzy-
me sample, and the cation exchange-subjected en-
zyme fraction of B. cohnii APT5 all showed 4 bands
with proteolytic activity on the skim milk-containing
native gel developed at pH 10. The protease activity
bands were visualized as clear colorless bands against
a blue background on the destained side of the native
PAGE (Figure 3a). The other side of the gel, which
was silver-stained, also confirmed the presence of 4
bands, as shown in Figure 3b. In conclusion, the ca-
tion exchange chromatography profile was in cong-
ruence with the native PAGE results. These bands
may belong to different proteases, may be different
isomers of the same enzyme, or may be the protease
artifacts of the same enzyme.

Rai and Mukherjee reported that a bacterium may
produce arrays of extracellular protease isoenzymes
for its survival and growth in a particular habitat (28).
In relation to these findings, there are only a limited
number of studies dealing with the isoenzymes of al-
kaline proteases produced by genus Bacillus. Among
these studies, Mala and Srividya reported isolating
2 different isoenzymes with molecular weights of
66 kDa and 18 kDa from Bacillus sp. Y, which had a
close homology with Bacillus cohnii YN-2000 prote-
ase (29).

Effect of temperature on enzyme activity and
stability: Alkaline protease from B. cohnii APT5 was
found to be active at a wide range of temperatures,
between 30 and 75 °C. B. cohnii APT5 alkaline
protease showed optimal activity at 50 °C and pH
10.0 (Figure 4). The enzyme was found to be stable
from 40 to 75 °C and had a half-life of 4 h at 75 °C. It
also showed 100% stability for up to 4 h at 50 °C as
its optimal temperature and retained all of its activity
and stability after 72 h at 30 °C.

In general, most of the commercially available
alkaline proteases show optimum activity at
temperatures ranging from 50 to 70 °C (1,3). The
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Figure 3. Native PAGE of partially purified Bacillus cohnii APT5
alkaline protease. Arrows I, II, III, and IV show 4
different proteolytic activity bands. a) Samples stained
with Coomassie brilliant blue R-250, b) samples
stained with silver native gel. Lane 1, crude extract;
lane 2, acetone precipitation of crude extract; lane
3, partially purified enzyme from cation exchange
chromatography.

alkaline protease of Bacillus sp. B18 is the enzyme with
the highest optimal temperature value (85 °C) among
alkaline protease-producing species from the genus
Bacillus (3). Ferrero et al. reported an alkaline protease
from B. licheniformis with optimum activity at 60 °C
and stability for 10 min between 30 and 60 °C (30).
A serine alkaline protease from B. pumilus was found
to be most active at 55 °C; nevertheless, it retained
only 50% of its activity after 30 min of incubation at
50 °C (31). Other studies of serine alkaline proteases
from 2 different B. clausii strains revealed that both of
their enzymes had optimum activity at 60 °C, but that
they had different thermostability profiles. While B.
clausii 1-52 was found to be stable for 1 h at 55 °C, B.
clausii GMBAE 42 showed 55% activity after 30 min
of incubation at 60 °C and lost all its activity after 2 h
of incubation (27,32). Therefore, it can be concluded
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Figure 4. Effect of temperature on Bacillus cohnii APT5 alkaline
protease.

that the alkaline protease of B. cohnii APT5 differs
from the above-mentioned proteases of the Bacillus
species due to its high thermostability at its optimal
temperature.

Effect of pH on enzyme activity and stability: The
effect of pH on enzyme activity is shown in Figure 5.
The enzyme was active over a broad pH range, from
8.0 to 13.0, with an optimum of pH 11.0. Enzyme
activity decreased below pH 8.0, and relative activity
was measured as 9% at pH 7.0. On the other hand,
relative activity began to increase at pH 8 (Figure 5).
The highest enzyme activity was between pH 10.0
and 12.0, and at these pH values, the relative activity
was 92% and 87%, respectively. The enzyme retained
100% of its activity after incubation at its optimum
pH of 11.0 at 30 °C for up to 72 h.

The pH range for alkaline proteases were usually
between pH 8.0 and 12.0, and the optimum pH
values of various Bacillus species differed within the
pH ranges from pH 10.0 to 11.0 (1). Nevertheless
Nilegaonkar et al. reported that the dehairing

120
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Figure 5. Effect of pH on the activity of Bacillus cohnii APT5
alkaline protease.
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protease of B. cereus MCM B-326 had an optimum
pH of 9.0 (33). Apart from this exception, optimal
pH values for alkaline proteases from Bacillus sp.
and B. licheniformis were in the range of pH 12.0-
13.0 (30,34). On the other hand, the pH stabilities
of Bacillus alkaline proteases were measured at
temperatures varying from 25 to 40 °C for 60 min
(34-36). Joo et al. reported a serine alkaline protease
from B. clausii 1-52, which was stable from pH 5.0
to 12.0 after incubation at 30 °C for 3 days (32). An
alkaline protease from B. mojavensis was found to
be stable at pH values ranging from 7.0 to 11.5 at 25
°C for 2 days (37). In addition, the pH stability of a
serine alkaline protease from B. clausii GMBAE 42
was determined within the pH range of 9.0-11.5 after
incubation at room temperature (27). The optimum
pH of alkaline protease from B. cohnii APT5 was
in the range of other bacilli proteases and was also
found to be very stable at its optimal pH, which offers
great potential, especially in the detergent industry.

Effect of metal ions on enzyme activity: The effect
of metal ions on B. cohnii APT5 alkaline protease
activity is presented in Table 1. The ion Ca®* is known
to play a major role in enzyme stability by increasing
the activity and thermal stability of alkaline proteases
(38,39). In contrast to this finding, there was no effect
of the metal ions Ca’* and Zn*" on B. cohnii APT5
alkaline protease. In addition, the ions Mg**and Fe**
showed only a slight inhibitory effect on enzyme
activity (4% and 3%, respectively). On the other
hand, Mn?* increased enzyme activity by up to 53%.
As in previous reports on alkaline proteases from
Bacillus sp. RGR-14 and B. clausii GMBAE 42, B.
cohnii APT5 alkaline protease activity was stimulated

Table 1. The effect of metal ions on Bacillus cohnii APT5 alkaline
protease activity.

Metal ions Relative activity (%)
Ca* 101
Mg 96
Zn* 100
Fe?* 97
Mn* 153

when treated with Mn?" ion, and therefore it was
revealed that the enzyme had a requirement for Mn**
as a cofactor (27,40).

Effect of inhibitors, surfactants, and hydrogen
peroxide on enzyme activity: Inhibitors known to
be specific to the different classes of proteases were
used to determine the nature of protease produced by
B. cohnii APT5. The effects of inhibitors, surfactants,
and hydrogen peroxide on enzyme activity are shown
in Table 2. Serine alkaline proteases are known to
be completely inhibited by PMSF (41). Most of the
earliest studies reported that 1-5 mM concentrations
of PMSF generally completely inactivated serine
alkaline proteases (31,34,36,42).

Table 2. The effect of some inhibitors, surfactants, and hydrogen
peroxide on Bacillus cohnii APT5 alkaline protease

activity.
Relative
Additives activity
(%)
Oxidizing agent
1% H,0, 113
5% H,0, 102
Surface active agents
0.5% (w/v) SDS 105
1% (w/v) SDS 107
1% (w/v) Tween 20 100
1% (w/v) Tween 80 108
1% (w/v) Triton X-100 116
Inhibitors
2.5M EDTA 105
1 M Urea 108
1 mM PMSF 100
10 mM PMSF 76
Bacillus sp. (Sigma P5985) + 10 mM PMSF 23

Bacillus licheniformis (Sigma P4860) + 10 mM PMSF 62
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However, when the alkaline protease of B. cohnii
APT5 was treated with 1 and 10 mM concentrations
of PMSE the 1 mM PMSF concentration had no
effect on enzyme activity, whereas 10 mM PMSF
slightly inhibited the activity with a relative enzyme
activity value of 76%. Protease from Bacillus sp.
(Sigma P5985) and protease from B. licheniformis
(Sigma P4860) were also subjected to a 10 mM
concentration of PMSE, and residual activities were
measured at 23% and 62%, respectively (Table 2).
Based on previous reports and findings, including
the effect of PMSF on alkaline protease from B. cohnii
APTS5, we suggest that APT5 alkaline protease does
not belong to the family of serine proteases because
of its resistance to high concentrations of PMSE.

Some of the alkaline proteases were found to be
metal ion-dependent in view of their sensitivity to
chelating agents such as EDTA (43,44). No inhibition
was detected when the metalloprotease inhibitor
EDTA was added to the alkaline protease of B. cohnii
APT5. The enzyme was also not inactivated with a
1 M concentration of urea. On the contrary, EDTA
and urea activated the alkaline protease, producing
relative activity values of 5% and 8%, respectively
(Table 2). According to these results, the alkaline
protease of B. cohnii APT5 does not seem to belong
to the metalloproteases.

In addition to temperature and pH stability, a
good detergent protease should be stable against
various surface active agents and oxidizing agents
used as detergent components (27). Investigations
of Bacillus sp. alkaline protease revealed that a 0.5%
concentration of SDS completely inhibited its activity
(34). As in the case of Bacillus sp. alkaline protease
(34), Bacillus sp. RKY3 protease was found to be
inactivated by 23% with 1% SDS (42). On the other
hand, Joo et al. reported a serine alkaline protease
from Bacillus clausii I-52 that was stable under 1%
SDS and could protect 78% of its activity when
treated with 5% SDS (32). The enzyme of B. cohnii
APT5 was treated with up to 1% concentrations of
SDS and retained 93% of its activity (Table 2). It is
obvious that the alkaline protease of B. cohnii APT5
is more resistant to SDS than most of the other bacilli
proteases.
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When the alkaline protease was subjected to
Triton X-100 and the nonionic surfactants Tween
20 and Tween 80, no loss of enzyme activity was
detected. Triton X-100 and Tween 80 activated the
enzyme, producing relative activity of 16% and
8%, respectively (Table 2). This increase in enzyme
activity may be due to the effect of surfactants on
the unfolding of the substrate moiety as reported
previously (45,46).

The oxidizing agent HO, in 1% and 5%
concentrations showed no inhibitory effect on
enzyme activity. By contrast, the enzyme activated
2% and 13% with these H,O, concentrations (Table
2). A previous investigation of alkaline protease from
Bacillus sp. RGR-14 by Oberoi et al. (40), which was
incongruous with our findings, showed a 40% activity
loss with 1% H,O, after 1 h of incubation.

In this study, we partially purified and
characterized the alkaline protease from a newly
isolated B. cohnii APT5 strain that was found to be
resistant to inhibitors, surfactants, and H,O,. It also
possesses high pH stability, thermostability, and
laundry detergent compatibility. All of these results
make B. cohnii APT5 alkaline protease suitable for
use in the detergent industry as a potential additive.
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