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Onsoz

Bu projede, ilk defa, orta derecede 1siya direngli ve asidofilik ozellikte bir arkea olan
Thermoplasma volcanium’un  kiigik 1s1 soku proteinlerinin (SHSP/775 ve sHSP/984)
rekombinant olarak tiretimi ve farkli stress kosullarinda ekspresyon profillerindeki degisim
Nicel Gergek Zamanli PCR ve Western Aktarim/Hibritleme teknikleri ile incelenmistir.
Rekombinant SHSP/775 proteininin, in-vitro olarak, 6karyot kdkenli mezofilik enzimleri 1s1

sokundan korumasi ve ayrica kimyasal olarak denatiirlenmis enzimlerin yeniden
katlanmasinda etkili olmasi onun saperon aktivitesine sahip oldugunu gostermistir.
Fulorimetrik ve Transmisyon Elektron Mikroskopi ile yiiriitiilen yapisal analizler sHSP/775
proteinin oligomer yapisinin 1siya bagli nasil bir degisim gosterdigini ortaya koymustur. Bu
sonuglar, kiiciik 1s1 soku proteinlerinin  T. volcanium’un stres tepkisinde etkin roliine iliskin
sagladig1 Ozgiin bilgilerle literature 6nemli katikalarda bulunmustur. Proje verilerinden elde
edilen sonuglar bir Ulusal ve iki Uluslararas: Bilimsel Kongrede sunulmus, ayrica sonuglarin
bir kismin1 igeren bir makalemiz Process Biochemistry ‘de yayina kabul edilmis olup basim
asamasindadir (on-line erisimdedir). Bu projeden saglanan bursiyer destegi ile yiiriitiilen bir
Yiiksek Lisans tez ¢aligmasi tamamlanmigtir. Ayrica devam etmekte olan iki Y.Lisans tezi

icin de kismi bursiyer destegi saglamistir.

Projemize verdigi maddi destek dolayis1 ile TUBITAK’a ve idari konulardaki yardimlari
dolayis1 ile TUBITAK-TBAG grubu ile ODTU-TUBITAK/BAP c¢alisanlarma tesekkiir

ederim.
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Ozet

Arkea bakterilerde kiigiik 1s1 soku proteinlerinin (SHSP) fizyolojik rolleri ve mekanizmalarina
iliskin bilgiler hipertermofilik arkealarla sinirlidir ve diger arkea tiirlerinde sHSP’lerinin stres
tepkisindeki rolii heniiz bilinmemektedir. Bu projede, ilk defa model olarak orta derecede
1s1ya direngli asidofilik 6zellikteki Thermoplasma volcanium’un (optimum gelisme sicakligi
60 °C ve optimum pH 2.7) sHSP’lerinin yap1 ve saperon aktiviteleri incelenmistir. T.
volcanium genom dizi analizine gore mevcut iki sHSP geni, TVNO775 ve TVNO984,
E.coli’de klonlanmis ve ekspres edilmisler, ayrica klonlanan genlerin dizi ve restriksiyon
analizleri yapilmistir. Yiiksek diizeyde ekspres edilen rekombinant sHSP/775 proteini
(yaklasik 14 kDa) afinite kromotografisi ile izole edilmistir. Ancak SHSP/984 geninin
klonlama ve ekspresyonun basarili olmasina karsin, hem dogal hem de denatiirasyon
kosullarinda izolasyonu, muhtemelen proteinin stabilitesinin diisiik olmasi dolayist ile
miimkiin olamamistir. Bu nedenle yapisal/fonksiyonel analizler saflastirilmig sHSP/775
proteini ile yiritilmustir. Elde ettigimiz sonuclar, sHSP/775’nin mezofilik ve Okaryot
kokenli sitrat sentaz ve glutamat dehidrogenaz enzimlerinin hem yiiksek sicaklikta
aktivitelerini korudugu, hem de kimyasal olarak kismen denatiire edildiklerinde yeniden
katlanmalarina yardimcei oldugu i¢in saperon aktivitesine sahip oldugunu gostermistir. Isiya
bagli olarak sHSP/775 proteininin oligomerik yapisindaki degisim ve oligomer biiyiikliigliniin
artmast TEM analizi ve bis-ANS’e baglanma etkinligindeki artis ile gozlemlenmistir. Nicel
Gercek Zamanli PCR teknigi ile her iki sHSP geninin yaziliminin 1s1 soku ve oksidatif stres
kosullarinda arttig1 gosterilmistir. Ancak pH stresi ile sadece TVNO775 geninin uyarildigi
goriilmiistiir. Insan ve sigan kokenli SHSP20 proteinlerine 6zgiin antikorlar ile yiiriitiilen
Western aktarim/kros hibritleme analizleri, sHSP/ 775 geni anlatiminda transkripsiyon
diizeyinde strese bagl goriilen indiiklenmenin protein sentezi diizeyinde de oldugunu ortaya

koymustur.

Anahtar Kelimeler: Stres yaniti, molekiiler saperon, kii¢iik 1si-soku protein (SHSP),
Thermoplasma volcanium, arkeabakteri.



Abstract

Information about physiological roles and action mechanisms of small heat shock proteins
(SHSPs) in archea is only limited to hyperthermophilic species and there is no report on the
roles of sHSPs from other archea in stress response. In this project is, for the first time, we
investigated structural features and chaperone activities of sHSP’s from moderately
thermophilic and acidophilic Thermoplasma volcanium (optimum temperature 60 °C,
optimum pH 2.7), as the model. Two sHSP genes, TVNO775 ve TVNQO984 available in the
genome of T. volcanium were cloned and expressed in E.coli. Also, sequence and restriction
analyses of cloned genes were performed. Overexpressed recombinant sHSP/775 protein
(approx. 14 kDa) was purified by affinity chromatography. Although cloning and expression
of TVNO984 gene was successfull, possibly because of low stability, its purification could
not be possible neither in natural nor in denaturated form. Therefore, structural and functional
analyses were carried out with purified sHSP/775 protein. Our results showed that SHSP/775
had chaperone activity with its capacity of protecting eucaryotic, mesophilic citrate synthase
and glutamate dehydrogenase enzymes from heat denaturation and by inducing renaturation
of partially deanturated enzymes through chemical means. Temperature dependent alteration
of oligomeric structure and increase in oligomere size were observed by TEM analysis and by
increased bis-ANS binding capacity. Quantitative Real-Time PCR showed that transcription
of two SHSP genes increase under heat and oxidative stress conditions. However, pH stress
induced only transcrpition of TVNO775 gene. Western blotting/ cross hybridization studies
revealed that stress dependent increase in TVNO775 gene expression at transcriptional level

also occurred at translation level.

Keywords:

Stress response, molecular chaperone, small heat shock protein (sHSP), Thermoplasma
volcanium, archaeabacteria



1. Giris ve Genel Bilgiler

Hiicrede molekiiler saperon sistemi yeni sentezlenmis proteinlerin katlanmasina ve
oligomerik protein komplekslerinin montajina, proteinlerin membrandan transferine, yanlis
katlanmis ve kiimelesmis proteinlerin yeniden katlanmasi ve parcalanmasina yardimci olan
Ogelerdir. Saperonlarin 6nemli bir grubu olan “saperoninler”, hiicrede ¢ok farkli spektrumda
katlanmamis, yanlis katlanmis ya da kismen katlanmis proteinlerin ATP’ye bagimli dogru
katlanmalarimi saglayan biiyiik protein katlama kompleksleridir [Ranson, et al.,1998]. ki tip
(Grup I ve Grup II) saperonin tanimlanmistir: Grup I saperoninler bakterilerde (GroEL) ve
Okaryotlarin mitokondri ve kloroplastlarinda bulunurlar, ve bugiline dek genomu bilinen
archaea icerisinde yalniz Methanosarcina sp.’de saptanmustir. Grup II saperoninler karyotik
hiicre sitoplazmasinda ve archaea bakterilerde goriilmektedir. Grup I ve II saperoninlerin
genel yapist benzer olup, iki halkanin sirtsirta kenetlenmesinden olusan ve i¢ boslugunda
protein katlanmasinin meydana geldigi bir silindir seklindedir. Grup 1 saperoninlerde
silindirin acik ucu bir ko-saperonin olan Gro ES (kapak) tarafindan kapatilirken, Grup II
saperoninlerde boyle bir kapak bulunmamaktadir. Bugiline kadar genom dizileri belirlenen
archaea’larda en az iki Grup II saperonin homologu saptanmistir [MaederL et al., 2001].
Bunun yanisira tiim archaea’da kiigiik 1s1 soku proteinleri (sHSP) de baslica saperon sistemi
olarak yaygin bir sekilde bulunmaktadir. Diger saperon ailelerine ait protein genleri
termofilik arkea genomunda biiyiik Ol¢iide eksik oldugu igin, sHSP’lerinin Grup II
saperoninlerle birlikte  hipertermofilik arkeabakterilerin stres karsiti mekanizmalarinda
onemli rolleri oldugu diisiiniilmektedir [Glove and Lindquist, 1998]. sHSP’lerin protein
katlanmasinda molekiiler saperon olarak yeri, yapilar1 ve kazanilmis termal toleransta stres
karsit1 6geler olarak islevleri detayli olarak bir ¢cok derleme makalede, 6zellikle 6karyot odakli
olarak, ele alinmigtir [Laksanalamai, and Robb, 2004; Haslbeck, et al.,2005; Sun and
MacRae, 2005; Nakamoto and Vigh, 2007; Kocabiyik, 2009].

sHSP’ler ve onlarla ilgili olan o-kristalinler, C uglarina yakin konumlanmis olan 80-100
amino asit uzunlugundaki karakteristik bir “motife” sahip olan, bir saperon siiper ailesini
olusturmaktadirlar. Bu motif “o-kristalin domaini” olarak adlandiriimakta olup, sHSP’lerin
en tanimlayict yapisal Ozelligidir ve Okaryotlardan prokaryotlara kadar biyiik olgiide
korunmustur. Bu motifin iki yaninda ise kisa bir C ucu “domain”i ile, uzunlugu ve dizisi ¢ok
degisken olan bir N ucu “domain”i bulunmaktadir. Kii¢iik HSP’ler her birisi 12-42 kD olan,
9 ila 40 alt birimden olusan biiyiik, ¢ok birimli protein kompleksleridir (toplam mol. agirlig



200-1,000 kDa). Bu giine dek sHSP’lerin tigiinciil ve dordiinciil (oligomerik) yapis1t X-1s181
kristalografisi ile iki canlida (hipertermofilik bir metanojen olan Methanocaldococcus
jannaschii, Mj HSP16.5 ile bugday, HSP16.9) ayrintili olarak incelenmistir [Kim et al.,
1998; Van Montfort et al., 2001]. Son yillarda “cryo” elektron mikroskopisi ve 3-D goriintii
analizleri ile diger bazi1 sHSP’lerin de oligomerik yapis1 ve yapisal dinamiklerine iligkin ¢ok
yararl bilgiler elde edilmistir [Haslbeck et al., 2008; Haslbeck et al., 1999]. Mj HSP 16.5’1n
detayli yap1 analizi bu proteininin, 24 alt birimden olustugunu ve oktahedral simetrik, i¢i bos
bir kiire seklinde oldugunu ortaya koymustur. Benzer oligomerik yap1 diger hipertermofilik
archaea (Thermococcus spp KS-1, Archaeoglobus fulgidis ve Sulfolobus tokodaii strain 7)
sHSP’ lerinde de gozlenmistir [Haslbeck et al., 2008; Usui et al, 2001]. Bu yapi1, bugday
sHSP’ninin iki hekzamerik diskten olusan simetrik silindirik yapisindan farklidir, ancak S.
cerevisiea’nin sHSP yapisina ¢cok benzerlik gostermektedir [Montfort et al.,2001; Haslbeck et
al., 1999]. Yapisal galismalar sHSP’lerin dordiinciil yapilarinin son derece dinamik oldugunu,
bu durumun 1s1 gokuna bagli olarak sikca rastlanan oligomer biiytikliiklerindeki heterojenlik
ve hizli alt birim degisikligi seklinde kendini gosterdigini ortaya koymustur. Ornegin A.
fulgidus‘un sHSP 20.2 proteininin 1siyla regiile edilen iki farkli oligomerik formu
bulunmaktadir: 1. saperon aktivitesi yiiksek olan biiyiik oligomerik kompleks, 2. saperon
aktivitesi diisiik olan daha kii¢lik oligomerik kompleks. Bu farkli formlarin birbirine géreceli
miktar1 1s1ya bagh olup, saperon aktivitesi yliksek olan form 1s1 soku kosullarinda dominant
olan formdur [Haslbeck et al., 2008]. Bu gibi bulgulara dayanarak sHSP’lerin stresten
koruyucu oligomerik bilesikler olarak 6ngériilen islevleri, stres etmenlerinin etkisi ile yapisal
degisikliklere ugradiklar1 zaman ya kitlelerinin artmasi ya da daha kii¢iik birimlere (6rnegin
dimerlere) ayrigsmalart ve bdylece baskin konuma gecen aktiflestirilmis formlarinin
katlanmamis ya da yanlis katlanmis proteinlerle etkileserek yiiksek molekiiler agirlikta
kompleksler olusturmalar1 olarak aciklanmaktadir. Bu yolla sHSP’ler, yapisi kusurlu olan ya
da denatiire olmus proteinleri ¢oziinebilir fazda tutarak doniisiimsiiz agregasyonlarini
onlemektedirler. Aksi durumda, ¢6ziinmeyen protein kiimelerinin hiicrede birikimi hiicre
fonksiyonlarimi olumsuz etkileyecek ve toksik etki yapacaktir. Kosullar normale dondiigiinde
ise denatiire olmus proteinlerin kompleksten ayrilirdiklart ve  ATP’ye bagimli molekiiler
saperonlarin (HSP 104 ve/ve ya HSP70/HSP40 gibi) yardimi ile yeniden katlanmalarinin
gerceklestigi ileri siirlilmektedir. Bu nedenle sHSP’lerin 6zellikle okaryotlarda proteinlerin
yeniden katlanmasin1 katalizlemek yerine onlara baglanip, katlanmaya uygun, ¢6ziiniir formda

sakladiklar1 distliniilmektedir. sHSP’lerin saperon ya da saperon benzeri aktivitelerinde



ATP’nin pozitif ya da negatif etkisi olmadig1 bulunmustur [Muchowski and Clark, 1998].
sHSP ailesinin en ¢ok bilinen {iyesi, omurgalilarda goz lensinde bulunan o—Kristalin
proteinidir. Insanlarda iki alfa kristalin proteini bulunmaktadir: aA—Kristalin ve aB-kristalin.
Alfa kristalinler yaklasik 800 kDa biiyiikliiglinde heterojen yapida biiyiikk oligomerik
komplekslerdir. Bir ¢ok omurgali lensinde oA- alt birim geni yiiksek diizeyde ekspres
edilmekte olup, oA- altbiriminin aB-alt birimine orami 3:1 ‘dir. Gézde a-kristalin 15181
yansitmaktan sorumlu bir eleman olmanin yanisira, bir molekiiler saperon olarak denatiire
olmus proteinlerin agregasyonunu 6nlemek yolu ile lens seffafligin1 saglamada da kritik rol
tistlenmistir. Yaglanmaya bagli olarak goz proteinlerinin, ¢esitli fizyolojik, ¢cevresel ve genetik
etmenlerin de katkis1 ile agregasyona (kiimelesme yada biraraya toplanmaya) egilim
gostermesi katarakt olusumunda etkili olmaktadir [Horwitz, 1992]. a-kristalin genlerinde
mutasyon c¢alismalar1 ve yeni olusturulan aA- ve /ve ya aB-kristalin gen nakavti tagiyan
model hayvanlarla (ki erken yaglarda katarakt olusumu gozlenmistir) yiiriitiilen arastirmalar o-
kristalinin saperon islevinin fizyolojik ve patolojik Onemini desteklemektedir [Litt et
al.,1998]. Son yillarda yapilan arastirmalar, kiiciik 1s1 soku proteinlerinin ¢esitli kanser
tirlerinde, Alzheimer’s ve prionlarin etken oldugu Creutzfeld-Jakob hastaligi gibi tedavi
yontemleri tam olarak bilinmeyen hastaliklarin olusumunda 6nemli rollere sahip oludugu
ortaya konulmustur [Feder, M.E and Hofmann,1999]. Saperonlarin gesitli hastaliklarda sahip
olduklar kilit rollerinden dolayi, saperon terapisi yontemlerinin gelistirilmesi ¢aligmalar1 son
yillarda biiyiik bir ivme kazanmustir [Glove and Lindquist, 1998].

Archea’da sHSP’lerle ilgili g¢alismalar bazi hipertermofilik arkea tiirleri ile siirldir:
Methanocaldoccus janaschii‘den Mj 16.5 (alt birim Mw 16.5 kDa), Thermococcus sp. strain
KS-1’den T. sHSP (alt birim MW, 20 kDa), Archaeglobus fulgidus ‘dan HSP 20.2 (alt birim
MW 20.2 kDa), Sulfolobus tokodaii strain 7’den St HSP 14.0 ve St HSP 19.7 (alt birim MW
sirast ile 14 kDa ve 19.7 kDa) ve Pyrococcus furiosus ‘dan Pfu-sHSP (alt birim MW 20 kDa)
genleri E.coli’de klonalarak yiiksek diizeyde ekspres edilmislerdir [Kim, R.et al., 1998;
Laksanalamai, P et al., 2001: Usui et al, 2001; Haslbeck et al., 2008]. Bunlar igerisinde
ozellikle MjHsp 16.5 ‘in yapisal 6zellikleri ayrintili olarak ortaya konulmus olmakla birlikte
arkea sHSP’lerin saperon aktivitleri ve hiicrede protein katlanma siirecindeki rolleri, ayrica
termal stabilizasyon ve stres yanitindaki islevleri heniliz tam olarak anlasilamamugtir. S.
tokodaii, M. jannaschii ve P. furiosus ‘dan klonlanan rekombinant sHSP’lerin yiiksek
sicakliklarda ¢esitli protein substratlarin in-vitro termal kiimelesmesini 6nledigi, ancak diisiik

sicakliklarda, denatiire olmus protein agregasyonunu dnleyici etkilerinin yetersiz kaldig rapor



edilmistir [Kim, R.et al., 1998; Laksanalamai, P et al., 2001; Bova et al., 2001; Haslbeck et
al., 2008; Usui et al, 2001]. Genel olarak, sHSP’lerin etkilestikleri denatiire olmus proteinleri
yeniden katlama yani saperon aktivitelerinin ¢ok zayif oldugu ya da hi¢ bulunmadig kabul
edilmektedir ve protein katlama aktivitelerini dogrulayan ¢ok az sayida rapor bulunmaktadir.
Bu dogrultuda, archaea’da kimyasal olarak dentiirlenmis sitrat sentaz enzimi ile yesil
fuloresan proteinin (GFP) yiiksek sicakliklarda ve ancak ¢ok fazla mikarlarda sHSP
varliginda katlanmalarinin miimkiin olabildigi yani yeniden katlama aktivitesinin yetersiz
oldugu goriilmistiir [Usui et al, 2001; Haslbeck et al., 2008]. Hipertermofili archaea disinda,
soguga adapte olmus bir archea bakteri olan Methanococcoides butonii ‘de sHSP proteinin
geni de yakin gegmiste klonlanmis ve bu proteinin denatiire olmus substrat proteinlere giiclii
bir sekilde baglandigi, bu kompleksten proteinin ayirmada yine ayni organizmanin bir
saperonini olan Mb Cpn’nin etkili oldugu gosterilmistir [Laksanalamai et al., 2009].

Bu projede, ilk defa, 1siya orta diizeyde dayanikli bir asidofilik archaea bakteri olan
Thermoplasma volcanium’da (Tpv) sHSP’leri E.coli’de rekombinant olarak firetilmis ve
saperon (protein katlama) ve saperon benzeri (protein kiimlesmesini Onleme) aktivitleri
cesitli substrat proteinler kullanilarak calisilmistir. Projenin ikinci ayaginda ise Tpv sHSP’in
anti-stres siirecindeki yeri, farkli stres kosullarinda (1s1 soku, oksidatif stres ve pH stres)
gercek zamanli gen ekspresyonu (gen yazilimi ve protein sentezi) kinetigi calisilarak
arastirillmistir. Boylece, ilk defa bu calisma ile sHSP’lerin ¢esitli  stresorlere tepkileri
ekspresyon profillerindeki (mRNA ve protein diizeylerinde) degisim belirlenerek ortaya

konulmustur.
2. Gereg ve yontem

2.1.  Tpv sHSP genlerinin E.coli’de klonlanmasi, ekspresyonu, pozitif klonlarin

secilmesi ve karakterizasyonu :
sHSP/775 ve sHSP/984 genlerinin pDrive vektor ile klonlanmast:

Thermoplasma volcanium GSS1 genom DNAsi Kocabiyik ve Demirok (2009)’ a gore izole
edilmis, daha sonra RNAase uygulamasi ve fenol / kloroform ekstraksiyonu ile temizlenmis
ve iki kiiciik 1s1 soku protein geninin (locus tag: TVN 0775 ve TVN0984) PCR ile
cogaltilmasi icin kalip olarak kullanilmistir. Proteinlerin amino asit dizileri ve genlerin
niikleotit dizileri NCBI veri bankasindan elde edilmistir. Kiigiik 1s1 soku proteinlerinin

ekspresyonu i¢in kullanilan QIAGEN QIAexpressionist Kit’in protokoliine uygun olarak
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herbir gen icin translasyon baslangi¢ (ATG) kodonu icermeyecek sekilde birer ileri pirmer
tasarlanmistir. Geri primerler ise agik okuma cergevesinin 3’ ucunun sirast ile 72 bg ve 69 bg
asagisindaki dizilere tiimleyici olarak tasarlanmiglardir. DNA’sindan sHSP/775 ve sHSP/984
proteinini kodlayan genler PCR ile, >50°C hibridizasyon derecelerinde ¢ogaltilmiglardir.
Olas1 sHSP gen dizilerini igeren bu 6zgiin iki amplikon agaroz jelden BIO 101 Systems-Gene
Clean Kit (Q-BIOgene Corporation) araciligi ile izole edilmis ve pDrive klonlama vektoriine
Klonlama Kit (QIAGEN, Qiagen Inc., Valencia, USA) protokolii izlenerek baglanmistir.
Olusturulan rekombinant plazmitler kompetan E.coli TG-1 konukgu hiicrelerine
transformasyon ile aktarilmistir. Kompetan hiicrelerin hazirlanmasi ve transformasyon Chung
et al (1998)’ a gore yapilmistir. Transformasyondan sonra hiicreler, mavi/beyaz koloni
ayirimina gore rekombinantlart belirlemek tlizere, ampisilin, X-gal ve IPTG igeren LB agar
ortamina ekilmistir. Elde edilen beyaz koloniler (olasi rekombinant hiicreler) arasindan
tesadiifen secilen 20 ser tanesinden plazmit izolasyonu (SV Mini Preps, Promega) yapilmistir.
Klonlanan  genleri ve 3’ translasyon yapilmayan dizileri iceren DNA fragmentinin
“Restriction Mapper” programi araciligi ile restriksiyon haritas1 ¢ikarilmistir. Bu haritaya
gore secilen bazi kesim enzimleri ile plazmitlerin istenen gen bdlgesini icerip igermedigi

belirlenmistir.

SHSP/775 ve SHSP/984 genlerinin 6xHis fiizyon proteini olarak ekspresyonu:

Ekspresyon kiti (QIAGEN QIlAexpress Detection and Assay Kit) yardimi ile tiglii pQE vektor
seti kullanilarak sHSP proteinlerinin N-terminal 6xHis flizyonlar1 olusturulmustur.
Rekombinant pDrive/2-775 plazmitleri ve 3 farkli okuma gergevelerine sahip pQE 30-31-32
vektorleri Sal | ve Pst | enzimleri ile kesilmistir. Klonlanmis genler pDrive vektoriinden Pstl
ve Sall enzimleri ile rekombinant p-Drive vektorlerden ¢ikartilmistir. Gen fragmentleri agaroz
jelden Kit araciligi ile izole edilmistir (BIO 101 Systems-Gene Clean Kit, Q-BIOgene Corp.).
Gen uglarindaki ve pQE ekspresyon vektorlerindeki ayni yapiskan uglar sayesinde, pQE tiglii
vektor setine baglanmislardir. Boylece genlerin N terminal ucunun pQE vektorlerindeki
6xHis bolgesinin agagi (5°) kismina yerlesmesi saglanmistir. Rekombinant plazmitler daha
sonra kompetan E. coli TG1 konukgu hiicrelerine transformasyon ile aktarilmiglardir.
Rekombinant kolonilerin tanist igin immunolojik tarama temelli bir “koloni blot-
hibridizasyon” yontemi kullanilmistir. Bu yontemle tanima igin 6x His ucuna 6zgii Anti-His
HRP konjugatt (QIAGEN) kullanilmistir. Konjugat ‘Horse Raddish Peroxidase’ enzimi

icermektedir ve bu enzime 6zgii olan DAB (Roche) substrati kullanildiginda mavi renkli
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sinyal olusmaktadir. Pozitif klonlardan izole edilen rekombinant plazmitlerin yapisal analizi,

restriksiyon enzim kesimleri/haritalanmasi ile yapilmustir.

2.2. N-terminal 6xHis/sHSP-775 ve 6xHis/sHSP-984 fiizyon proteinlerinin Ni-NTA afinite

kromatografisi ile izolasyonu

Ekspresyonun basarili oldugu rekombinant pQE-31/775 ve pQE-30/984 vektorlerini tasiyan
E.coli klonlarinin gelistirilen kiiltiirlerinden hiicre 6ziiti sonikasyonla hazirlanmig ve
saflagtirma, Ni-NTA ilgi kolonu kullanilarak Kit (The QIA Expressionist, QIAGEN GmbH,
Germany) protokolii dogrultusunda “dogal ve/veya dentiirasyon formda izolasyon” stratejisi
izlenerek yapilmistir (Sekil 1). Saflastirilan proteinlerin - molekiiler agirliklart SDS-
Poliakrilamit Jel Elektroforez ile belirlenmistir.

Dogal kosulda Denatiirasyon
kosulunda
Tris veya fosfat tampon, pH
8 300 mMNacl a Lis o ~ F&S;%t tampon,
! ~ L - ) p X
10-20 mM imidazol ‘ Tre 8M
30-60 dak NiNTA baglanma 15-30 dak
kolon
Yikama
20-50 mM imidazol /l\ pH 6.3
Eliisyon

L

N\

100-250 mM imidazol pH 5.9 veya pH 4.5

R s

Saf 6xHis fiizyon protein

Sekil 1. QIAExpressionist Kiti kullanilark Ni-NTA kromatografisi ile saflagtirma stratejisi.
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Dogal kosullarda izolasyon ig¢in, rekombinant E.coli pQE-31/775 ve E.coli pQE-
30/sHSP/984 hiicrelerinin LB ortaminda kiiltiirleri logaritmik faza kadar 37 °C ‘de
gelistirilmis, protein ekspresyonu i¢in IPTG ile indiiklenmistir. Daha sonra hiicreler 4,000 xg
‘de santrifiijle ¢oktliriilmiistiir. Hiicre peleti 1/10 vol. lizis tamponunda ¢6ziiliip sonikasyon ile
pargalanmustir. Lizat 10,000 xg ‘de + 4 °C’de santrifiijlenmis ve slipernatant (hiicre 6ziitii) -20
°C‘de saklanmistir. Ni-NTA agaroz kolonda saflastirma i¢in Ni-NTA agaroz, hiicre 6ziitii ile
kanistirilip kolona dokiilmiistiir. Kolondan akan ornekler toplandiktan sonra, kolon yikama
tamponu ile yikanmis, ve eliisyon ¢esitli konsantrasyonlarda imidazol (50-250 mM) igeren
eliisyon tamponlari ile yapilmistir.

Rekombinant sHSP/984 proteininin denatiirasyon kosullarinda izolasyonu igin hiicreler, dogal
kosullarda saflagtirma i¢in izlenen protokolde oldugu gibi gelistirilmis, ancak hiicre lizat1 § M
iire iceren tamponda hazirlanmistir. Ni-NTA agaroz kolonun hazirlanmasi dogal kosullarda
izolasyon i¢in agiklandigi sekilde yapilmigtir. Ellisyon ise 8 M iire iceren tamponlar (pH 5.9

ve 4.5) ile yapilmustir. izolasyon siiregleri jel elektroforez ile izlenmistir

2.3. Eksprsyonu gergeklestirilen genlerin dizilerinin belirlenmesi:

Hizmet alim1 olarak MicrosynthAG firmasina yaptirilmigstir.

2.4. Saperon benzeri aktivite él¢giimii:

Substrat olarak domuz kalibi orijinli sitrat sentaz enzimi (Sigma) ve sigir glutamik
dehidrogenaz enzim (Sigma) kullanilmistir. Bu ¢alismalarda, her iki enzim 6rnegi (0.18 U)
SHSP/775 varliginda (100-200 pg/ml) ve yoklugunda (kontrol) 45-53 °C’de 10 dak 1sitilmig
ve bu orneklerin kalan aktiviteleri 6l¢iilmistiir. Sigir glutamat dehidrogenaz (boGDH) enzim
aktivite tayini Uiretici firma (Sigma) protokoliinde dnerildigi sekilde, 25 °C ‘de yapilmistir. Bu
yontemde aktivite ol¢iimii NADH oksidasyonunun 340 nm’de absorpsiyondaki azalmayi 1s1
kontrollii UV-Visible spektrofotometrede (Schimadzu) siirekli sekilde, 5 ila 10 dak boyunca
6lgmek yolu ile yapilmistir. Sitrat sentaz enzim aktivite 35 °C’de DTNB yontemi kullanilarak
[Srere et al.,1963] yapilmis olup, bunun i¢in 1s1 kontrollii spektrofotometrede 412 nm de
absorpsiyonda artis 5 ila 10 dak boyunca o6lgiilerek izlenmistir. Pozitif kontrol olarak 1s1

uygulamasi yapilmamis enzimin aktivitesi 6lgtilmiistiir.

Substrat proteinler ayrica kimyasal olarak (guanidinyum kloriir, GAnCl ile ) 60 dak boyunca

denatiire edilmistir. Cesitli konsantrasyonlarda sHSP varliginda ve yoklugunda aktivitenin
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tekrar kazanimi, denatiire edilmis enzim 100-kat seyreltilip 25 °C de 2 saat inkiibe edildikten
sonra, spektrofotometrik olarak yukarida agiklandigi sekilde belirlenmistir [Buchner et al.,
1998].

2.5. Rekombinant sHSP/775 proteininde strese bagl yapisal degisimin belirlenmesi:

Bu amagla iki farkli yaklasim izlenmistir:

2.5.1. sHSP/775’in oligomerik yapisinda isiya bagl konformasyonel degisimin fulorimetrik
analizi

Istya bagli sHSP/775 proteinindeki konformasyonel degisme (dimerlere ayrisma ya da
oligomer biyiikliigiiniin degismesi), bis-ANS’e (4,4-dianilino-1,1" —binapthyl-5,5’-disulfonic
acid, dipotassium salt) baglanma etkinligindeki degisme ile izlenmistir.  Bis-ANS
proteinlerin hidrofobik yiizeylerine baglanan bir fuloresan boyadir. Is1 indiiklenmesi ile
yapisal degisiklige ugrayan SHSP’lerin hidrofobik yiizeylerinin agiga g¢ikmasinin substrat
baglama kapasitelerini arttiracagi ongoriisii ile, farkli sicakliklarda 6n 1sitma uygulanan sHSP
orneklerine bis-ANS ilave edildikten sonra, 1s1 kontrollii bir spektrofulorimetre (Varian) ile

450-650 nm arasinda fuloresan spektra taramasi yapilmustir.

2.5.2. Transmisyon elektron mikroskopisi (TEM) ile yapisal incelemeler

Saflagtirilmis rekombinant sHSP 6rneklerinin oda sicakligi ve organizma igin sub-optimum
olan ve 1s1-soku etkisi gosteren 65 °C ‘de uranil asetat ( 2 %) ile negatif boyama sonrasi
goriintiileri TEM (FEI Technai 10 electron microscope ) ile 80 kV ve 2kx2k side-mounted

Veleta CCD kamera (Olympus Soft Imaging Solutions) ile alinmis ve analiz edilmistir.

2.6. sHSP’lerin Strese Baghh Gen Anlatim Kinetiginin Nicel Ger¢ek Zamanh PCR ile

Incelenmesi:

T. volcanium’dan total RNA izolasyonu:

T. volcanium kiiltiirleri ayr1 ayri 1s1 (65 °C ve 70 °C), pH (pH 4.0 ve 5.0) ve oksidatif stress
(0.01 mM ve 0.05 mM H,0,) de, iki saat boyunca strese maruz birakilip, 30 dak araliklarla
alinan Orneklerden RNA izolasyonu, RNeasy Mini Kit (QIAGEN GmbH, Germany)

kullanilarak yapilmistir. Ayrica, her bir deneyde, kontrol olarak, her bir zaman dilimi i¢in
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strese maruz birakilmayan kiiltiirlerden (60 °C gelisme sicakligi, pH 2.0) alinan 6rneklerden
de RNA izolasyonu yapilmistir.

Tiimleyici DNA (cDNA) sentezi:

Ayni miktarlarda kontrol ve test RNA oOrneklerinden cDNA iiretimi M-MuLV Reverse
Transcriptase (Roche Diagnostics GmbH) ile enzim protokoliinde belirtildigi sekilde ve
tasarlanan gene 6zgii geri primerler (RP) kullanilarak yapilmistir. Primeler, TIB, MOLBIOL,
Syntheselabor GmbH tarafindan sentezlenmistir. cDNA reaksiyon karisimi toplam 25 pul
hacim i¢erisinde :

0.4 uM geri primer, 400 uM dNTP karisima,

1 pg RNA,

5 ul MMuLV Reverse Transkriptaz tamponu ve

1 ul MMuLV Reverse Transkriptaz icerecek sekilde hazirlanmistir.

Tablo 1. cDNA sentezi i¢in kullanilan primerler

cDNA primerleri Primer Dizisi

TVNO775 primeri RP-775 5- CTAACTGTAAGTATGCCTTCAC-3’

TVN0984 primeri

RP-984 5°- GTATAGAGACCTTTCTGCCAC-3’

Nicel Gerecek Zamanli PCR:

Gergek zamanli PCR deneyleri, kontrol ve 1s1 soku kosullarinda izole edilen esit miktardaki
RNA oOrneklerinden hazirlanan ¢cDNA’lar kalip olarak kullanilarak, LightCycler FastStart
DNA Master SYBR Green I Kit’i (Roche Diagnostics GmbH, Germany) ile ve Kit protokolii
izlenerek, LighatCycler 1.5 (Roche) cihazinda yapilmistir. Bu deneylerdeki baslica adimlar

asagida verilmisti:

Pre inkiibasyon: 95°C 15dak
Amplifikasyon:

Denatiirasyon 95°C 10san
Hibridizasyon 60°C 10san
Sentez 72°C 10 san
“Melting” egrisi:

Denatiirasyon 95°C 0 san
Hibridizasyon 65 °C 15 san
“Melting” 72°C 10 san
Soguma: 40°C  30san
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RT-PCR‘da kullanilan ileri ve geri primerlerin dizileri, TIB, MOLBIOL, Syntheselabor
GmbH tarafindan sentezlenmistir (Tablo 2).

Deneylerin validasyonu denatiirasyon egrisi ya da “Tm analizi” ile yapilmistir. Her bir RNA
Ornegi icin deneyler optimize edilmis kosullarda en az 2-3 kez tekrarlanmistir.

RT-PCR sonuglari, bir goreceli kantitasyon metodu olan 27

yonteminin bir varyasyonu
kullanilarak analiz edilmistir [Livak and Schmittgen, 2001]. Bu yontemle kontrollere goreli
olarak testlerde gen ekspresyon diizeyinde kag kat degisiklik meydana geldigi bulunmus ve

sonuglar grafik olarak gdsterilmistir.

Tablo 2. Gergek zamanli PCR igin kullanilan primerler

cDNA primerleri Primer Dizisi

Geri primer

Rp- 5°- GCTTCCAATACCAGATCAGAGC -3’
TVNO775 primerleri

ileri primer

Fp-5- ACTGTGAAAGAGGTCTCATCCTTT-3

Geri primer

Rp-5- TGTAGTCGAAGTCAATGCTCTTG -3
TVNO0984 primerleri

ileri primer

Fp-5- TTACGCTTAACGTGGACGAA -3

2.7. Strese Bagh Protein Sentezindeki degisimin in Western Aktarim/Hibridizasyon
Teknigi ile Incelenmesi

Indiilenmenin belirlendigi stres kosullarinda gelistirlen T. volcanium hiicreleri 5,000 xg’de 10
dak santrifiijle ¢oktiiriiliip, hiicreler “50 mM Tris-HCI, pH 8.0, 0.1 mM EDTA” tamponda
¢oziiliip sonikasyonla pargalanmistir. 20, 000 xg’de 30 dak santrifiijjden sonra elde edilen
stipernatandaki proteinler SDS-PAGE ile ayristirtlmis ve 1 bir “semi-dry blotter” (BIO-RAD)
ile PVDF membrana transfer edilmistir. Millipore (Application Notes) ve BIO RAD
(TransBlot SD/Semi-Dry Electrophoretic Transfer Cell, BioRad, Instruction Manual) jel
transfer ve Western aktarim/ hibritleme protokolleri izlenmistir.

Ticari olarak archaea sHSP’ye 6zel antikor mevcut olmadigi i¢in insan ve sigan kokenli
sHSP20 proteinlerine &zgiin antikorlar  kullanilmigtir. Genel olarak kiigiik 1s1 soku
proteinlerinde alfa kristalin bolgelerinin korunmus olmast nedeni ile bu antikor ile “cross

immiin” tanimanin miimkiin olabilecegi distiniilmiistiir. Antikor biyotinle isartelenmis
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(Biotin Labelling Kit, Roche) ve hibridizasyondan sonra membranda pozitif sinyallerin
belirlenmesi Streptavidin-AP konjugat ile uygun kromojenik substrat (NBT/BCIP)/ belirtegler
kullanilarak yapilmistir. Bu deneylerde Kit protokolleri esas alinmustir. Kontrol olarak

saflastirdigimiz T. volcanium rekombinant SHSP/775 kullanilmustir.

3. Bulgular

3.1.  sHSP genlerinin klonlanmasi, ekspresyonu ve karakterizasyonu

SHSP/775 ve sHSP/984 genlerinin pDrive vektirde klonlanmast ve rekombinantlarin
karakterizasyonu:

Ileri ve geri primer setleri (FP2/RP-775 ve FP2/RP-984) kullanilarak, T. volcanium
kromozomal DNA’sindan sHSP/775 ve sHSP/984 proteinini kodlayan genler PCR ile,
sirasiyla 447 bp ve 618 bp biiytikliigiinde DNA pargalar1 olarak ¢ogaltilmiglardir. Olas1 sHSP
gen dizilerini igeren bu iki amplikon agaroz jelden izole edildikten sonra pDrive klonlama
vektoriine baglanmistir (Sekil 2).

Transformasyondan sonra elde edilen beyaz koloniler (olast rekombinant hiicreler),
rekombinantlar1 belirlemek iizere, plazmit izolasyonu yapilmis ve bu plazmitlerin bazilarinin

agaroz jel goriintiileri Sekil 3’ de verilmistir.
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Sekil 2. sHSP genlerinin pDrive vektére klonlanlama stratejisi. T. volcanium genom
DNA’sindan PCR ile ¢ogaltilmis gen fragmentleri TA baglama yontemi ile pDrive vektore
eklenmistir. M: Hind 111/ Eco RI ile kesilmis ADNAs1
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Klonlanan DNA fragmentlerinin restriksiyon haritas1 Tablo 3’de goriilmektedir. TVNQO775
geni icermemektedir. pDrive vektdrde ise ECORI kesim bolgesi MCS’1in bast ve sonunda
bulunmaktadir. Bu nedenle pDrive/2-775 plazmitinin EcoRI ile kesiminin 3851 bg (vektor) ve
447 bg (gen) biiylikliiglinde iki bant olusturmas1 beklenmektedir ve agaroz jeldeki kesim
profili bu beklentiyi dogrulamistir (Sekil 4).

Sekil 3. Olast TVNO775 (sira: 1 - 6) ve TVN 0984 (sira 8 - 10) rekombinant plazmitler

BamHI enzimi sadece pDrive vektoriiniin MCS i¢inde kesim bolgesine sahiptir ve bu enzim
ile kesim pDrive-1/775 ve pDrive-7/ 984rekombinant vektorlerini diizlestirmistir (Sekil 5).
Pst I/Sall kesimi geni vektorden ¢gikarmis, HincIl kesimi ise 255 bg ve 4,082 bg fragmentler
olusturmustur (Sekil 6). pDrive-7/ 984rekombinant vektoriin Eco311 ile kesimi 2040 ve 2360
b¢ biiylikligiinde 2 fragment olusturmustur (Sekil 6). Beklenen restriksiyon enzim kesim
profiline sahip olduklar1 i¢in p/Drive-1/775 ve p/Drive-7/985 plazmitlerini igeren
rekombinant E.coli klonlar1 ekspresyon i¢in alt klonlamada kullanilmak {izere segilmis ve bu

klonlardan yeni plazmit izolasyonlart yapilmistir.
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Tablo 3. pDrive vektorde klonlanan SHSP gen fragmentlerinin restriksiyon haritasi.

SHSP 775 SHSP 984
Restriksiyon enzimi | Kesim Kesim | Restriksiyon Kesim Kesim
bolgesi sayisi enzimi bolgesi sayisi
Hind ll(veya Hincll) | 243 1 EcoRV 362 1
Clal 230 Stul(veya 249 1
Ecol1471)
Eco31l 69, 168 2 Hphl 255 1
Pst | - EcoRlI 52,211 2
Sal | - Clal 74, 350 2
BamH | - Accl 308 1
Pst | -
Sal | -
BamH | -
HindI1I -
—ts

3.85kb
vektor

447 bg
SHSP/77

1253

Sekil 4. pDrive/775 olas1 rekombinant plazmitlerin (sira: 2, 5, 7) agaroz jel elektroforez

ile elde edilen EcoRI kesim profili. M: Hind I11/ Eco RI ile kesilmis ADNAs1
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TVNO984 TVNOT775

10B 11B 12B

3.85 kb+447 be

3.85 kb+685 be

Sekil 5. TVNO775 ve TVNO984 rekombinant plazmitlerin BamH I ile kesimi, M: Hind
[11/ EcoR I ile kesilmis A DNAs1

1 3 M1 M2 5 6
3.85 kb
3.85 kb
2040 kb
2429 kb
618 be
447 be
264 be
255 be

Sekil 6. pDrive-1/775 ve pDrive-7/984 rekombinant plazmitlerin gesitli restriksiyon enzimleri
il kesim profilleri. pDrive-1/ 775 plazmitin sira 1: Pstl/Sall, sira 3: Hincll ile kesim
profilleri. pDrive-7/ 984 plazmitin, sira 5: Eco31 I, ve sira 6: Pst | /Sal | ile kesim profilleri.
MZ1: Hind I11/ EcoRI ile kesilmis ADNAs1; M2: 100 bp DNA Ladder, Fermentas.
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Rekombinant SHSP/775 ve SHSP/984 genlerinin pQE iiclii vector setine alt klonlanmast,
rekombinantlarin segcimi ve karakterizasyonu:

Rekombinant pDrive/2-775 plazmitleri ve 3 farkli okuma ¢ergevelerine sahip pQE 30-31-32
vektorleri Sal | ve Pst | enzimleri ile enzimleriyle kesilmistir. Bu enzimlerle kesim sonucu,
diizlestirilmis pQE vektor DNAsit ve p-Drive vektorlerden c¢ikartilan klonlanmis gen
fragmentleri agaroz jelden izole edilmistir (Sekil 7). Daha sonra genler ekspresyon
vektorlerinde ayni yapiskan uglar ile baglanmislardir (Sekil 8). E. coli TGl konukgu
hiicrelerine transformasyon ile aktarimdan sonra rekombinant koloniler, “koloni blot-
hibridizasyon” yontemi ile, Anti-His HRP konjugatindaki enzime 6zgii olan DAB substrati
kullanildiginda renkli sinyal olusturmalar ile belirlenmistir. Rekombinant SHSP-775 geni ile
yapilan bu alt klonlama deneylerinde rekombinant pQE-31 vektoriinii igeren koloniler gii¢lii
ekspresyon sinyalleri vermistir (Sekil 9). Bu sonug¢, pQE31 anlatim vektoriinde klonlanan
SHSP-775 geninin dogru acik okuma ¢ercevesinde bulundugunu ve 6xHis grubunun ATG
kodunu kullanilarak bir flizyon proteini olarak sentezlendigini gostermistir.

Pozitif  klonlardan plazmit izolasyonu yapilmis (Sekil 10) ve bu olasi rekombinant
plazmitlerin (3.4 kbg¢ pQE + 447(+42bp)sHSP/775 geni= 3889 b¢ recombinant plazmit)
restriksiyon enzimleri ile kesilerek karakterizasyonu yapilmistir. Pstl ve Sall kesimi ile
klonlanmig TVNO775 geni 489 b¢ DNA fragmenti olarak vektorden ¢ikarilmistir (Sekil 11
A). Hincll/Hind III kesimi ile 237 b¢ ve 3652 bg biiyiikligiinde iki fragment elde edilmistir
(Sekil 11B). Bu kesimler TVNO775 geninin beklenilen yonde pQE vektore klonlanmis

oldugunu gostermektedir.

1 2 3 L 3 31 32

pQE vektdr DNAs1

SHSP-775 geni

Sekil 7 .pQE vektorlerin (30,31,32) ve pDrive-1/775 plazmitinden TVNO775 geninin (1,2,3)
jelden izolasyonu. L: GeneRuler 50bp DNA Ladder, Fermentas.
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TVNO775
Gen fragmenti

.30, pQE-31,
poe pGEEg
3.4kb

Sekil 8. pDrive/ 2-775 plazmitinden ¢ikarilan TVN0775 geninin pQE vektorlere Sal 1/Pst |
kesim bolgelerinde klonlanmasi.

Sekil 9. pQE/775 transformantlarin koloni hibritlemeden sonraki membran resimleri
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4-1 4-3 4-5 4-7 3-1 33 36 3-7 321 324

Sekil 10. pQE-31 vektoriine klonlanan TVNO775 genini iceren rekombinant plazmitlerin
izolasyonu.

33 36 37 L 33 L 37

3,442 be
vektor «

489 b¢
SHSP/775 <—
geni

600 be

—
—» 237D
500 b¢ —» ¢
400 he —>

(A) (B)

Sekil 11. pQE-31/775 rekombinant plazmitlerinin (A) Sall/Pst | (Sira: 3-3, 3-6, 3-7)
ve (B) Hinc II/Hind 11 ile kesim profilleri. L: GeneRuler 50 bp DNA Ladder, Fermentas.

Rekombinant sHSP-984 geninin pDrive/7-984 plazmitlerinden izolasyonu ve pQE figlii vektor
setine alt klonlamasi yukarida sHSP 775 geni i¢in aciklandigi sekilde yapilmistir. Bu
klonlama deneylerinde rekombinant pQE-30 vektoriinii i¢eren kolonilerden gii¢lii ekspresyon
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sinyalleri elde edilmistir (Sekil 12). Bu sonug, pQE-30 anlatim vektoriinde klonlanan sHSP-
984 geninin dogru acik okuma g¢ergevesinde bulundugunu ve 6xHis grubunun ATG kodunu
kullanilarak bir fiizyon proteini olarak sentezlendigini gostermektedir. Rekombinant pQE-
30/984 plazmitleri restriksiyon enzimleri ile karakterizasyon ig¢in izole edilmislerdir (Sekil
13). Pst | ve Sal I kesimi ile klonlanmigs TVNO984 geni 659 bg fragment olarak vektorden
cikarilmigtir (Sekil 14 A). Hind III ile kesim rekombinant plazmiti diizlestirmis (4,059 bg),
Hind 11/Stu I ¢ift kesimi ile ise 410 b¢ ve 3,649 bg¢ uzunlugunda iki fragment vermistir (Sekil

14 B). Bu kesim profilleri ile klonlama dogrulanmistir.

. pQE-30
» .!\
” " sy
4 R
- .
:' " »
"‘3.. ‘
s 4
- " —‘ B
pQE-31 TR 'é e pQE-32

Sekil 12. pQE/984 transformantlarin koloni hibritlemeden sonraki membran resimleri

-1 12 21 22 31 32 41 42 51 52

-

e . — — -—
-p..m!'_"." 1+ =

Sekil 13. pQE-30 vektoriine klonlanan TVNO984 genini igeren rekombinant plazmitlerin
izolasyonu
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3,649 be

4,059 be
3.4 kbe
vektor

659 be
—» TVNO984

(A) (B)

Sekil 14. pQE-30/984 rekombinant plazmitlerinin (A) Sall/Pst | (sira 2-6) ve (B) Hind 1l
(sira 1) ve Stu I (Eco 1471) / Hind III (sira 2) kesim profilleri, M: Hind 111/ EcoRl ile
kesilmis ADNAs1, Fermentas.

3.2. N-terminal 6xHis/sHSP-775 fiizyon proteinin dogal formda Ni-NTA afinite
kromatografi ile izolasyonu:

Rekombinant pQE-31/775 vektoriinii tagiyan klonlardan N-terminal 6xHis/ SHSP-775 fiizyon
proteini Ni-NTA affinite kromatografisi ile dogal formda izole edilmistir. Izolasyonda elde
edilen sHSP-775 protein 6rneklerinin SDS-PAGE ‘deki goriintiileri Sekil 15 *de verilmistir.
Eliisyon orneklerinde sHSP/775 proteinine ait 14 kDa civarinda beklenilen bant belirgin
olarak gozlenmistir. Ozellikle ikinci eliisyon fraksiyonunda SHSP-775 fiizyon proteinine ait
band en kalindir. Birinci ve iigiincii eliisyon fraksiyonlarinda ise ayni pozisyonda daha ince
ancak tek bant gézlenmistir. Bu sonug rekombinant SHSP-775 proteininin basarili bir sekilde

saflastirildigini gostermistir.

3.3. N-terminal 6xHis/sHSP-984 fiizyon proteininin Ni-NTA kromatografi ile izolasyonu
Rekombinant pQE-30/984 vektoriinii tasiyan klondan 6xHis/ sHSP-984 proteininin Ni-NTA
affinite kromatografisi ile dogal olarak izolasyonunda eliisyon standart protokolde oldugu

gibi, tek asamli olarak 250 mM imidazol varliginda yapilmistir. Ancak eliisyon 6rneklerinde
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sHSP/984 proteininin 21 kDa civarinda olmasi beklenilen bandi elde edilememistir. Ayni
kosullarda yiiriitiilen 3 farkli izolasyondan birisine ait jel fotografi Sekil 16°da goriilmektedir.

oS e gl 12 0348

\.,

.
laku R
L1 L]

|
|

LI

LELEILL
T

SHSP
1775

|

.

=
-

j

Sekil 15. sSHSP/775 proteininin izolasyonunun SDS-PAGE analizi. Sira 1: IPTG indiiklenmesi
oncesi, Sira 2: IPTG indiiklenmesi sonrasi, Sira 3: kolondan akan/ I, Sira 4: Kolandan akan/II,
Sira 5 ve 6: Birici asama yikamalar (II ve IV), Sira 7-9: Ikinci asama yikamalar (VI -VI1II),
Sira 10: Page Ruler Protein Ladder (unstained) (Fermentas), Sira 11: Eliisyon I, Sira 12:
Eliisyon II, Siral3: Eliisyon IV, Siral4: Eliisyon IV.

CE-B CE-A FT2 W1 W2 M E4 E3 E2 E1l

LU

?77?

I
n
S

Sekil 16. Rekombinant TVNQ0984 proteinin Ni-NTA kromatografi ile izolasyonu.

sHSP’nin beklenen bandinin pozisyonu ( 25-20 kDa aras1 ) okla gosterilmistir. CE-B: hiicre
0Oziiti, 1s1 islemi Oncesi, CE-A: hiicre 0ziitii 1s1 islemi sonrasi; FT: kolondan akan; W: yikama,;
M: protein standart; E: eliisyon. Standart protein: Presatined Ladder, Fermentas.

SHSP/984 proteininin izolasyonunun dogal kosullarda basarisiz olmasi olmasi tizerine

elisyonda kullanilan imidazol konsantrasyonun (250 mM) yetersiz olabilecegi diisiiniilerek
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300 mM ve 400 mM imidazol igeren elusyon tamponlari ile dogal kosullarda izolasyon tekrar
edilmistir. Saflagtirma stireci fraksiyonlarin jel elektroforezde verdigi bantlar yolu ile
izlenmistir (Sekil 17). Bant profilinden de goriilecegi iizere, beklenen pozisyonda bir bant
elde edilememesi, elusyon probleminin imidazol konsantrasyonundan kaynaklanmadigini
gostermektedir. Ayrica, hiicre oziitiinde de beklenen biiyiikliikte belirgin bir protein bandi
goriilmemistir. Bu sonuca gore, dogal formda sHSP/984 proteininin stabil olmadig1 ya da
agregat yaptigr (inclusion body) disiiniilmiistiir. Bu nedenle izolasyonun denatiirasyon

kosullarinda denenmesine karar verilmistir.

CE E24 E23 E22 E21 M E4 E3 E2 E1 CE W4 w3 wil FT4 FT3 FT1
- P
e
bt
[
S—
L
{
- -

i

-
Sek

il 17. Dogal olarak sHSP/984 proteinin Ni-NTA kolon ile izolasyonu. CE: hiicre 6ziitii, E1-4: 300
mM imidazol ile elisyon, E2.1-E2.4: 400 mM imidazol ile elisyon, W: yikama, FT: kolona yiikleme
sonras1 akan fraksiyonlar, M: Standart

Ancak denatiirasyon kosullarinda beklenilen pozisyonda hiicre 6ziitii, yiikleme sonrasi akan
fraksiyonlar, yikama fraksiyonlar1 ve eliisyon fraksiyonlarinda belirgin bir bant bulunmamasi
(Sekil 18) rekombinant SHSP/984 proteininin stabilitesinin diigiikk yada defektif / inaktif bir
protein olmasi olasiligini giiclendirmistir.

Diger organizmalarda sHSP’lerin “bir hiicrede birden fazla paralogunun bulunmasi
durumunda hepsinin aktif olamayabilcegine” iliskin sonuglar da goriisii desteklemektedir.
S6z konusu iki proteinin izolasyonu i¢in yola ¢ikis noktamiz tamamen organizmanin genom
dizisi, dizi analizi ve gen/protein annotation’ina dayali putative sHSP genlerinin
bulunmasidir. Gen/protein annotation’na dayali tahminler sHSP/984 proteini i¢in
karsilastigimiz durumda oldugu gibi herzaman aktif protein bulundugunu gostermemektedir.
Fonksiyonel, stabil bir sHSP protein izolasyonu miimkiin olamadig: i¢in sHSP/984 proteinine
iliskin yapisal/fonksiyonel analizlerinde yapilmasi miimkiin olamamis ve bu ¢aligmalar

saflastililan sHSP/775 proteini ile yiiriitilmiistiir.
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25 kDa--

15 kDa--

CE E23 E22 E21 M E4 E3 E2 EI W2 4W23W21M W4 W3 W1 FT4 FT3 FT1

Sek
il 18. sHSP/984 proteinin denatiirason kosullarinda Ni-NTA kolon ile izolasyonu. CE: hiicre &ziitii,
El-4: pH 5.9 tampon ile elisyon, E2.1-E2.4: pH 4.5 tampon ile eliisyon, W1:1. yikama, W2: 2.
yikama, FT: kolona yiikleme sonrasi akan fraksiyonlar, M: Standart

3.4.  sHSP/775 Proteininin Saperon Aktivitesi

sHSP/775’in L-Glutamat Dehidrogenaz enzimini yiiksek isinin etkisinden korumast
Rekombinant sHSP/775 saperon aktivite deneylerinde kullanilmak {izere yiiksek olgekte
enzim izolasyonu ve saflagtirmasi yapilmistir (Sekil 19). Saperon aktivite ¢aligmalari igin,
sigir glutamat dehidrogenaz (boGDH) enzim o6rnekleri SHSP varliginda (200 pg/ml) ve
yoklugunda (kontrol) 45°C, 50 °C ve 53 °C ‘de 10 dak 1sitilmis ve daha sonra bu 6rneklerin
GDH aktiviteleri 6lgtilmiistiir. boGDH mezofilik bir enzim olup 56 °C’de tamamen inaktive
olmaktadir. sHSP bulunmadiginda 45 °C de kalan enzim aktivitesi %59, sHSP ile birlikte
sitildiginda ise, %68.5’dur. Boylece 45 °C’de sSHSP/775’in sicakliktan koruma etkisinin 1.1
kat oldugu gortilmustiir (Sekil 20).
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SHSP/775 (14 kDa)
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Sekil 19. sHSP/775 proteininin Ni/NTA kolon kromatografisi ile izolasyonu.
E: Eliisyon, St. Presatined protein ladder, W: yikama, BH: 1s1 uygulamasindan &nce hiicre
Oziitli, AH: 1s1 uygulamasindan sonra hiicre oziitii
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Sekil 20. SHSP/775 proteinin boGDH enzimini 45 °C’de 1s1 etkisinden korumas.
— Is1 uygulamasindan sonra kalan aktivite , - SHSP, Is1 uygulamasindan sonra kalan
aktivite 1s1 uygulmasi, + sHSP; —— Pozitif kontrol, 1s1 uygulanmamis enzim aktivitesi

50 °C’de kalan enzim aktivitesi % 26.5, SHSP/775 ile birlikte 1sitildiginda ise %39.5dur.

Boylece 50 °C’de sSHSP/775’in sicakliktan koruma etkisi 1.5 kattir (Sekil 21).
53 °C’de kalan enzim aktivitesi % 8.3, sHSP/775 ile birlikte ise %18’dir. Boylece 53 °C’de

SHSP/775 nin sicakliktan koruma etkisi 2.2 kat kadardir (Sekil 22).

Bu sonuglar, arkea sHSP proteininin 1s1 ile aktive olmasi dolayist ile saperon aktivitesinin
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yiiksek sicakliklarda daha etkin oldugunu gostermektedir. boGDH 6rneginde 53 °C’de sHSP

varliginda kalan aktivite , sHSP/775 olmadig1 duruma gore 2.2 kat daha fazladir.
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Sekil 20. sHSP/775 proteinin boGDH enzimini 50 °C’de 1s1 etkisinden korumasi.

— Is1 uygulamasindan sonra kalan aktivite , - SHSP,

Is1 uygulamasindan sonra kalan

aktivite 1s1 uygulmasi, + SHSP; —— Pozitif kontrol, 1s1 uygulanmamis enzim aktivitesi
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Sekil 21. sHSP/775 proteinin boGDH enzimini 53 °C’de 1s1 etkisinden korumasi.

—— Is1 uygulamasindan sonra kalan aktivite , - SHSP,

Is1 uygulamasindan sonra kalan

aktivite 1s1 uygulmasi, + sHSP; —— Pozitif kontrol, 1s1 uygulanmamis enzim aktivitesi
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sHSP/775’in kimyasal olarak denatiire edilmis boGDH’in tekrar katlanmasi iizerine etkisi

Denatiirasyonun kismi oldugu guanidinium HCL (GdnCl) konsantrasyonunu bulmak igin
boGDH enzimi, farkli konsantrasyonlarda GdnCl igeren 0.1 M Na,PO4, (pH 7.5)
tamponunda, oda sicakliginda 30 dak inkiibe edilerek denatiire edilmistir. Kendiliginden
renatiirasyon i¢in ise ayni tamponda 100-kat seyreltme yapilmis ve 25 °C de 2 saat inkiibe
edilmistir. Kalan enzim aktivitesi yukarida aciklandig1 seklide spektrofotometrik olarak 340
nm“de Sl¢lilmistiir. Sonuglar, 3 M GdnCl konsantrasyonunda enzimin (aktivite: AA340/min:
4X10'4) ve 4 M (AA340/min: 1x10'3) hemen hemen geri doniisiimsiiz olarak denatiire
oldugunu gdstermistir. 1.5 M (AA340/min: 8x10?) ve 2 M (AA340/min: 3x10%) GdnCl ile
denatiirlenmede ise renetiirasyondan sonrast aktivitenin denatiirlenmemis enzime
(AA340/min: 1x10™) gére sirast ile 1.25 ve 3.3 kat daha azladigi bulunmustur (Sekil 23).
Denatiirasyon i¢in inkiibasyon siiresi 60 dak’ya cikarilarak deney tekrarlanmis ve benzer

sonug elde edilmistir.
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Sekil 23. Farkli GdnCl konsantrasyonda denatiirlenmis boGDH enziminin kalan aktivitesi

2.5M GdnCl ile kismen denatiirlenmis boGDH enziminin sHSP/775 yardimiyla renatiirasyon
icin ise, seyreltmeden sonra karigtma sHSP ilave edildikten sonra ayni kosullarda inkiibasyon
yapilmigtir. Kalan boGDH enzim aktivitesi spektrofotometrik olarak standart yontemle
Olclilmiistir. sHSP varliginda kazanilan aktivitenin kontrole gore (kendiliginden

renatiirasyon) 2.5 kat daha fazla oldugu goriilmiistiir (Sekil 24).
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Sekil 24. GdnCl ( 2.5M) ile denatiirlenmis boGDH enzim aktivitesinin yeniden kazanimi.
Denatiirasyon sonrasi (__), kendiliginden renatiirasyon sonrasi (__) ve sHSP varliginda ()
renatiirasyon sonrasi aktiviteler

Bu sonuglar, sHSP/775 proteininin, mezofilik boGDH enziminin hem yiiksek sicaklikta
inaktivasyonunu azaltmak, hem de kimyasal olarak kismen denatiire olmus enzimin yeniden

katlanmasina yardimci olmak suretiyle saperon aktivitesine sahip oldugunu gostermektedir.

SHSP/775 proteininin saperon Sitrat Sentaz enzimini yiiksek isinin etkisinden korumasi:

47 °C*de degisik konsantrasyonlarda (100-400 pg/ml) sHSP varliginda ve yoklugunda 10 dak
isitildiktan sonra kalan phCS enzim aktivitesi Ol¢lilmiistir. sHSP varliginda yapilan 1s1
uygulamasindan sonra kalan enzim aktivitesi, SHSP olmadan yapilan 1s1 uygulamasindan
sonra kalan enzim aktivitesinden (kontrol) daha yiiksek bulunmustur (Sekil 25). sHSP
konsantrasyonu arttikca 1s1 etkisinden koruma etkiside artmistir ve en yiiksek koruma (kalan

aktivite %41) sHSP konsantrasyonu 400 pg/ml iken elde edilmistir.

sHSP/775’in kimyasal olarak denatiire edilmis phCS enziminin tekrar katlanmast iizerine
etkisi

Enziminin denatiirasyonu ve renatiirasyonu boGDH enzimi i¢in agiklandigi sekilde
yapilmustir. Kimyasal olarak (GdnCl ile) denatiirlenmis phCS enziminin 1:100 seyreltmeden
sonra sHSP varliginda ( 200 pg/ml ) ve yoklugunda renatiirasyon i¢in oda sicakliginda inkiibe
edilmis ve kontrole gore (denatiirlenmemis CS aktivitesi) kalan enzim aktivitesi sirasi ile %

36 ve %17 olarak bulunmustur (Sekil 26).
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Sekil 25. Farkli derisimlerde SHSP/775 proteinin phCS enzimini 47 °C’de 1s1 etkisinden korumasi.
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Sekil 26 . GdnCl ile denatiirlenmis phCS enziminin sHSP/775 proteini ile renatiirasyonu.
o :pozitif kontrol ( denatiirlenmemis enzim),  : kendi kendine renatiirasyon (-SHSP),
m : sHSP/775 yardimu ile renatiirasyon

3.5. sHSP/775’in oligomerik yapisinda 1siya bagh konformasyonel degigimin florimetrik
analizi
Saflagtirilmis rekombinant sHSP/775’de 1siya bagli konformasyonel degisme (dimerlere

ayrisip, oligomer biiyilikliigiliniin artmas1) ve boylece aktif forma doniigiim, bis-ANS baglama
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etkinligindeki degismenin 1s1 kontrollii bir spektroflorimetre (Varian) ile 450-650 nm arasinda

fuloresan spektra taramasi yapilarak izlenmistir. Bis-ANS proteinlerin hidrofobik yiizeylerine

baglanan bir fuloresan boyadir. Is1 soku etkisiyle etkinlestirilmis sHSP’lerin agiga c¢ikan

hidrofobik gruplarina bis-ANS baglanmasindaki artig, yaklasik 525 nm’de gozlenen emisyon

peak’inin intensitesindeki artig ile gozlenmistir (Sekil 27). Bu sonug, sHSP/775%in yapisal

organizasyondaki degisikligin 65°C’den baslayarak 98 °C’ye kadar, muhtemelen sHSP’lerin

genel karakteri olarak altlinite degisimleri seklinde giderek arttifina isaret etmektedir.

Maksimum emisyon “peak” grafiginden goériilecegi iizere, sHSP/775’in termofilik 6zelligi

nedeni ile bu yapisal gegisim i¢in esik sicaklik derecesi 55 © C’dir (Sekil 28).
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Sekil 27. Farkli sicaklik derecelerinde TVNO775-sHSP proteinin bis-ANS baglama
kapasitesindeki degisim.

intensite (a.u)

A0 =11 a0 10

Sicaklik °C

Sekil 28. Sicakliga bagli maksimum floresan emisyon peak’inde degigimi.
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3.6. Transmisyon elektron mikroskopisi (TEM) ile yapisal incelemeler

Saflagtiritlmig rekombinant SHSP/775 orneklerinin oda sicakligi ve organizma igin sub-
optimum olan ve 1si-soku etkisi gosteren 65 °C ‘de uranil asetat ile negatif boyama (ns)
sonras1 gorlintiileri TEM ile analiz edilmistir. Isiya bagl olarak oligomerik yapida degisim
ve oligomer biyiikliglinin  artmas1 TEM g0oriintli analizlerinde acik bir sekilde
gozlemlenmistir. Oda sicakliginda dominant olan form yaklagik 10-20 nm (ortalama 13 nm)
capindaki kiiresel partikiiler yap1 iken, 65 °C ‘de partikiil boyutunun 11-43 nm arasinda
degistigi (ortalama 26 nm) goriilmistir (Sekil 29). nsTEM goriintiileme ile sSHSP/775
proteinlerin 25 °C ‘de oldukga tliniform kiiresel yapilar seklinde olduklar1 ve bir¢ogunun
merkezinde siyah nokta olarak dikkat ¢eken agiklik bulundugu goriilmistiir (Sekil 30°da okla

gosterilmigtir).

(B)

Sekil 29. Negatif boyanmis rekombinant sHSP/775 proteininin ile TEM ile goriintiilenmesi.
A.25°C’de, B.65°C’de goriintiileme
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Sekil 30. sHSP/775’nin TEM ile goriintiilenmis morfolojisi.

3.7. Stres kosulunda (1s1 ve pH soku ile oksidatif stres) Tpv sHSP proteinlerinin

ekspresyon profillerinin Nicel Ger¢ek Zamanh PCR teknigi ile incelenmesi

T. volcanium’dan total RNA izolasyonu:

Is1 soku kosulunda zamana bagli olarak TVNO 744 geni ve TVNO 984 geni ekspresyon
profillerindeki degisiklikleri Gergek Zamanli PCR (RT-PCR) ile kantitatif olarak belirlemek
igin ilk asamada T. volcanium kiiltiirleri 65 °C ve 70 °C’de, pH4.0 ve pH 5.0’te, ve 0.01 mM
H,0, ve 0.05 mM H,0, ilavesi ile 30 - 120 dak arasinda strese maruz birakmislar ve alinan
orneklerden RNA izolasyonu yapilmistir. Zamana bagl olarak 1s1 soku, pH sok ve oksidatif
stres kosullarinda izole edilen RNA &rneklerinin jel elektroforez resimleri sirasi ile Sekil 31
(A ve B), Sekil 32 ve Sekil 33‘de goriilmektedir. Elde edilen RNA &rnekleri pargalanmamis
olup nicel olarak cDNA elde etmek i¢in uygun olduklart ODyg/OD g9 Olglimleri ile de (>
1.8) dogrulanmustir.
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(A) (B)

Sekil 31. (A) 65 °C ‘de 1s1 soku uygulanmig (1. 30 dak, 2. 60 dak, 3. 90 dak, 4. 120 dak) ve
uygulanmamus (1. 30 dak, 2. 60 dak, 3. 90 dak, 4. 120 dak), ve (B) 70 °C ‘de 1s1 soku
uygulanmis (1. 30 dak, 2. 60 dak, 3. 90 dak, 4. 120 dak) T. volcanium hiicrelerinden RNA

izolasyonu.

---23S

---16S

Sekil 32. pH 4.0 ( sira 1,3,5,7 ) ve pH 5.0 (sira 2,4,6,8), sirasi ile 30 dak, 60 dak, 90 dak ve
120 dak siire ile pH soku uygulanmis T. volcanium hiicrelerinden RNA izolasyonu.

--23S

--16S
23S ---

16 S ---

Sekil 33. 0.01 mM ( sira 1-4 ) ve 0.05 mM (sira 2-8), sirasi ile 30 dak, 60 dak, 90 dak ve 120
dak siire ileH,0, soku uygulanmis T. volcanium hiicrelerinden RNA izolasyonu.
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Tpv sHSP775 ve sHSP984 genlerinin strese bagh transkripsiyon profillerinin degisimi

Ist Soku Etkisi

RT-PCR i¢in kullanilan cDNA’nin sentezinde 65 °C ve 70 °C’de 1s1 soku sonrasi izole edilen
RNA 6rnekleri kullanilmigtir.  Tablo 4 ve 5’de 65 °C ve 70 °C ‘de 1s1 sokuna tepki olarak
SHSP775 ve sHSP984 genlerinin ekspresyonunun RT- PCR ile analizine iliskin sonuglar
verilmigtir. TVNO775 geni anlatimi i¢in, 65 °C’de 1s1 sokunun uygulandigi 1.5 saatlik siirede
(30, 60 ve 90 dak), kontrol Cy degerlerinin (belirgin fuloresanin ilk goriildiigii dongii sayisi),
test degerlerine gore daha yiiksek olmasi nedeni ile genlerin anlatimini arttirici etkisi olmasi
gerekmektedir. Iki saat sonunda ise test ve kontrol Ct degerleri arasinda fark 6nemli olmadig
icin gen anlatim diizeyinde gozelenebilir bir artis olmamasi beklenir. Bu analizlere 6rnek
olarak, Sekil 34A ve B‘de sirasi ile 65 °C‘de, 30 dak ve 60 dak siirelerle 1s1 soku
uygulamasinin TVNO775 geninin anlatimina etkisini gosteren RT-PCR egrileri verilmistir.

70 °C’de 1 saat siiresince uygulanan 1s1 soku, kontrollere gore test Cy degerlerini
degistirmemis yada az bir diismeya neden olmus ve 2. saate kadar da benzer egilim
goriilmiistiir. Sekil 35 A ve B‘de 90 dak ve 120 dak siirelerle 70 °C’de 1s1 soku uygulamasinin
TVNO775 geninin anlatimina etkisi gosteren RT-PCR egrileri goériilmektedir. Her iki grup
deneyde amplifikasyon, DNA denatiirasyon egrilerinden goriilecegi iizere ¢ok homojen ve
spesifik olup TVNO775 geni igin Tm: 82-83°C’dir (Sekil 34C ve 35C). Bu sicaklik
derecelerinde  tek, Ozgiin bir amplifikasyon bandi elde edilmistir. Ozgiin c¢DNA
amplifikasyonu ayrica, jel elektroforez ile tek bir, 77 bp uzunlugunda bant elde edilmesi ile
de dogrulanmustir (Sekil 36)

Tablo 4. TVNO775 geninin 1s1 soku kosullarinda farklilagsmis gen ekspresyonuna
ait Ct and Tm degerleri

Is1 soku Zaman (dak) Ct Tm
30 Test 10,62 82,39
Kontrol 12,17 82,41
60 Test 13,46 82,86
65 °C Kontrol 14,97 82,74
90 Test 13,76 82,85
Kontrol 14,97 82,74
120 Test 11,64 82,67
Kontrol 11,75 82,31
30 Test 14,29 83,0
Kontrol 14,97 82,74
60 Test 14,49 82,98
70°C Kontrol 14,97 82,74
90 Test 12,50 81,98
Kontrol 12,07 82,04
120 Test 11,56 82,11
Kontrol 12,07 82,04
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Sekil 34. 65 °C’de 30 dak (A) ve 60 dak (B) 1s1 soku uygulamasinda TVNO775 geni anlatiminin
analizine iliskin RT-PCR egrileri. NC: negatif kontrol (- cDNA) (C) Denatiirasyon egrisi.
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Sekil 35. 70 °C’de 30 dak (A) ve 60 dak (B) 1s1 soku uygulamasinda TVNO775 geni anlatiminin
analizine iliskin RT-PCR egrileri.NC: negatif kontrol (- cDNA). (C) Denatiirasyon egrisi

77 bp

— 100 bp
— 50bp

Sekil 36. TVNO775 gen anlatimina ait RT-PCR iiriiniiniin agaroz jel electrophorez goriintiisii. S:
Cogaltilmis TVNO775¢cDNA fragment, L: 50 bp ladder ( O'GeneRuler™ 50 bp DNA Ladders
Fermentas UAB, Vilnuis, Lithuania).
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RT-PCR sonuglarl, bir goreceli kantitasyon yontemi olan 24" yontemi ile analiz edildiginde
kontrole goreceli olarak sHSP/775 geninin ekspresyon diizeylerinde goriilen farklilik Sekil
37°deki grafikte goriilmektedir.

Kat
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Sekil 37. Is1 sokunda sHSP/775 geninin ekspresyon diizeyindeki degisim.

TVNO0984 geni transkripsiyonunun, test Ct degerleri, kontrol Ct degerlerinden daha diisiik
oldugu i¢in, 65 °C ve 70 °C 1s1 soku ile 2 saatlik siire boyunca indiiklenmesi beklenir (Tablo
5). TVNO984 geni ekspresyonuna ait RT-PCR analizlerine o6rnek olarak, Sekil 38A ve B
‘de sirast ile 65 °C ‘de, 30 dak ve 60 dak siirelerle 1s1 soku uygulamasinin; Sekil 39 A ve
B’de sirast ile 70 °C ‘de, 90 dak ve 120 dak siirelerle 1s1 soku uygulamasimin etkisini
gosteren RT-PCR egrileri verilmistir.

Her iki 1s1 soku deneyinde amplifikasyon, DNA denatiirasyon egrilerinden goriilecegi lizere
¢ok homojen ve spesifik olup TVNO0984 geni igin yaklastk Tm: 84°C (Sekil 38C ve 39 C).
Bu sicaklik derecelerinde tek, dzgiin bir amplifikasyon bandi elde edilmistir. Ozgiin cDNA
amplifikasyonu ayrica, jel elektroforez ile 6zgiin 164 bp uzunlugunda bant elde edilmesi ile
de dogrulanmistir ( Sekil 40).

RT-PCR sonuglari, bir goreceli kantitasyon yontemi olan 24T

yontemi ile analiz edildiginde
kontrole goreceli olarak sHSP/984 geninin ekspresyon diizeylerinde goriilen farklilik Sekil

41°deki grafikte goriilmektedir.
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Tablo 5. TVN0984 geninin 1s1 soku kosullarinda farklilagsmis gen ekspresyonuna ait
Ctand Tm degerleri

Is1 soku Zaman (dak ) Ct | ™
30 Test 9,48 84,09
Kontrol 10,96 84,07
60 Test 8,78 84,16
65 °C Kontrol 10,96 84,07
90 Test 9,83 84,15
Kontrol 11,72 84,04
120 Test 8,88 84,02
Kontrol 9,92 84,36
30 Test 10,75 84,39
Kontrol 11,72 84,04
60 Test 9,74 84,36
70°C Kontrol 11,72 84,04
90 Test 9,26 84,69
Kontrol 11,15 84,29
120 Test 9,13 84,36
Kontrol 11,72 84,04
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Sekil 38. 65 °C’de 30 dak (A) ve 60 dak (B) 1s1 soku uygulamasinda TVNO984 geni anlatiminin
analizine iliskin RT-PCR egrileri.NC: negatif kontrol (- cDNA) (C) Denatiirasyon egrisi

(A) (B) (©)

184
Fluorescence History 17 36944
= 3.3444
30 = & & 50041
test g 2 ]
25 g 13 B 2644
8 o] IEIE test § 2204]
v B E 1984
g1 _NC i / 5 1504]
ﬁ ~ |
(L ! 2 | ontro 1

g kontrol &Y — £ 0394]
o 14 RETE

1 T T T T T T T T T T T T - - - - -

14 § 14 22 30 38 5 10 15 20 25 30 35 40 45 B5 70 75 &0 a5 an a5
G B Temperature (*C}

Sekil 39. 70 °C’de 90 dak (A) ve 120 dak (B) 1s1 soku uygulamasinda TVNO984 geni anlatiminin
analizine iliskin RT-PCR egrileri.NC: negatif kontrol (- cDNA) (C) Denatiirasyon egrisi.
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164 bp

Sekil 40. TVN(0984 geni anlatimina ait RT-PCR iiriiniiniin agaroz jel electrophorez goriintiisii. . S:
Cogaltilmis TVNO775¢DNA fragmentleri, L: 50 bp ladder ( O'GeneRuler™ 50 bp DNA Ladders
Fermentas UAB, Vilnuis, Lithuania).
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Sekil 41. Is1 sokunda sHSP/984 geninin ekspresyon diizeyindeki degisim.

pH Etkisi:

TVNO775 geninin pH stresi kosullar1 igin 6rnek Gergek Zamanli PCR deneylerine ait
amplifikasyon egerileri (pH: 4.0°’de 120 dak, ve pH:5.0’de 120 dak) Sekil 42 A ve 43 A da
verilmistir. pH 4.0 ve pH: 5.0’de Ct degerlerinin 2 saat boyunca, kontrol Ct degerinden daha
diisiik olmas1 bu kosullarda transkripsiyonun indiiklendigine isaret etmektedir (Tablo 6 ).

RT PCR deneylerinde 6zgiin amplifikasyon “melting curve” analizi ile dogrulamis olup,
TVNO775 geni cDNA‘s1 i¢in Tm 82,44°C ( £1,67 ) olarak bulunmustur ( Sekil 42 B ve 43 B).
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Tablo 6. TVNO775 geninin pH soku kosullarinda farklilagmis
gen ekspresyonuna ait Cp and Tm degerleri

pH Zaman(dak) | Ct m
pH: 4.0 30 12,86 82,63
60 12,67 82,36
90 11,68 82,79
120 11,55 82,84
Kontrol 13,01 82,51
30 11,17 82,73
60 11,0 82,62
pH: 5.0 90 10,49 82,49
120 10,73 82,47
Kontrol 12,66 81,84
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Sekil 42. A. pH: 4.0 ‘de 120 dak ( test) stress uygulamasinda ve uygulama olmadan (kontrol)
TVNO775 geni anlatiminin analizine iliskin RT-PCR egrileri. Test ——; Kontrol —— ;
— negatif kontrol (- cDNA), (B) Denatiirasyon egrisi
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Sekil 43. A. pH: 5.0 ‘de 120 dak stress uygulamasinda ve uygulama olmadan (kontrol)
TVNO775 geni anlatiminin analizine iligkin RT-PCR egrileri. Test ;  Kontrol

— negatif kontrol (- cDNA), (B) Denatiirasyon egrisi
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RT-PCR sonuglari, bir géreceli kantitasyon yontemi olan 22T yontemi ile analiz edildiginde
kontrole goreceli olarak sHSP/775 geninin ekspresyon diizeylerinde goriilen farklilik Sekil
44°deki grafikte goriilmektedir.
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Sekil 44. pH sokunda sHSP/775 geninin ekspresyon diizeyindeki degisim.

pH stress kosullarinda elde edilen RNA oOrneklerinden hazirlanan TVN0984 cDNA’lar ile
yiriitillen Gergek Zamanli PCR deneylerine ait Ct degerleri Tablo 7’de goriillemektedir. Bu
sonuglara gére pH’nin 4.0 ve 5.0 degerlerine yiikseltilmesi TVN(0984 gen ekspresyonunda
herhangi bir artisa neden olmamistir ve test Ct degerleri 2 saatlik stres kosulunda kontrolle
ayni yada diisiik bulunmustur. Gergek Zamanli PCR deneyleri Melting Curve analizleri ile
dogrulanmistir (Tm: 84,41°C +£2,08). TVN0984 cDNA‘sinin pH stresine iligskin
amplifikasyonuna ait iki 6rnek (pH: 4.0 — 120 dak ve pH: 5.0 — 90 ve 120 dak) Sekil 45 ve
46 ‘de goriilmektedir.

Tablo 7. TVN0984 geninin pH soku kosullarinda farklilagmig gen ekspresyonuna ait Ct
and Tm degerleri

Zaman(dak) | Ct m
30 10,28 84,74
60 10,58 84,57
pH: 4.0 90 9,92 84,46
120 9,64 84,51
Kontrol 9,83 84,49
30 10,86 83,95
60 11,12 84,03
pH: 5.0 90 10,58 83,9
120 9,94 83,82
Kontrol 9,82 83,87
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Sekil 45. A. pH:4.0 ‘de 120 dak ( test ) stress uygulamasinda ve uygulama olmadan (kontrol)

TVNO0984 geni anlatiminin analizine iligkin RT-PCR egrileri. Test ;
negatif kontrol (- cDNA), (B) Denatiirasyon egrisi
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Sekil 46. A. pH: 5.0 “de 90 dak
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egrileri.
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RT-PCR sonuglari, bir géreceli kantitasyon yontemi olan 22T yontemi ile analiz edildiginde

kontrole goreceli olarak sHSP/775 geninin ekspresyon diizeylerinde goriilen farklilik Sekil

47°deki grafikte goriilmektedir.
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Sekil 47. pH sokunda sHSP/984 geninin ekspresyon diizeyindeki degisim.

Oksidatif stres etkisi:

Logaritmik fazdaki Tp. volcanium kiiltiirii 0.01 mM ve 0.05 mM H,0,°e maruz birakildiginda
TVNO775 geni cogaltimi i¢in Ct degerleri 2 saatlik stress siiresince kontroliinkinden daha
diisiiktiir (Tablo 8). En yiiksek Ct 0.01 mM H,0, oksidatif stress kosulunda 90.dakika’da
elde edilmistir. Gergek zamanli PCR deneyleri “melting curve” analizleri ile dogrulanmistir
(ortalama Tm: 82,77°C) ( £1,52 ). TVNO775 cDNA’sina ait 6rnek amplifikasyon egrileri
(0.01 mM H,0; - 90 dak ve 0.05 mM H,0,— 60 dak) Sekil 48 ve 49°de goriilmektedir.

Tablo 8. TVNO0775 geninin oksidatif stres kosullarinda farklilasmig gen ekspresyonuna
ait Ct and Tm degerleri

H,0, derisimi Zaman (dak) Ct Tm
30 14,19 82,74

60 13,22 82,67

0,01mM 90 11,83 82,72
120 13,83 82,82

Kontrol 14,47 82,91

30 17,76 82,79

60 18,56 83,04

0,05mM 90 17,79 82,85
120 19,12 82,87

Kontrol 14,97 82,6

46



17 3764
155] — £ 3414}
LM 3 314} ‘
g 125 & 2714 ]
N E g |
© & 2364 |
§ ™ 2ms) ‘.
g |
b oo g 184 !
. - 1 ]
P o |
b = U304 {
35 |
05 U.2B4-£____ ; .
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
246 §101214161820 2224 2628 3032 34 36 35 40 42 44 i1 0 7 a0 89 a0 95
Cycles Temperature (°C)
A B

Sekil 48. A. 0.01 mM H,0; (90 dak)uygulamasinda ve uygulama olmadan (kontrol)
TVNO775 geni anlatiminin analizine iliskin RT-PCR egrileri. Test — ; Kontrol

;  negatif kontrol (- cDNA) — , (B) Denatiirasyon egrisi
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Sekil 49. 0.05 mM H,0, (60 dak) uygulamasinda ve uygulama olmadan (kontrol) TVNQO775
geni anlatiminin analizine iligkin RT-PCR egrileri. Test — ; Kontrol: —
negatif kontrol (- cDNA), (B) Denatiirasyon egrisi

-AAT
2

RT-PCR sonuglari, bir géreceli kantitasyon yontemi olan yontemi ile analiz edildiginde

kontrole goreceli olarak sHSP/775 geninin ekspresyon diizeylerinde goriilen farklilik Sekil
50’deki grafikte goriilmektedir.
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Sekil 50. Oksidatif stres kosulunda SHSP/775 geninin ekspresyon diizeyindeki degisim.

TVNO0984 geni ekspresyonu, Ct degerlerindeki degisime gore, 2 saat boyunca 0.01 mM H,0,
varhginda 90 dak disinda ya degismemis ya da diisme gostermis, 0.05 mM H,0O, ise
varhiginda azalma gostermistir. (Tablo 9). TVN0984 ¢cDNA orneklerinin oksidative stres
kosullarinda (0.01 mM H,0O; - 90 dak, ve 0.05 mM H,O0,— 90 dak) amplifikasyonuna ait 2
ornek egri Sekil 51 ve 52’de goriilmektedir. Gergek zamanli PCR deneyleri Melting curve
analizi ile dogrulanmis olup, TVN0984 geni i¢in Tm: 84,22 °C (+2,30) olarak bulunmustur.

Tablo 9. TVNO0984 geninin oksidatif stres kosullarinda farklilagmis gen ekspresyonuna ait
Ct and Tm degerleri

H,0, derigimi Zaman (dak) CP ™™
30 12,04 84,17
60 11,53 84,29
0,01mM 90 10,14 84,29
120 11,2 84,29
Kontrol 11,87 84,33
30 13,08 84,18
60 13,99 84,26
0,05mM 90 13,44 83,97
120 15,19 84,32
Kontrol 11,63 84,19
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Sekil 51. A. 0.01 mM H;0; uygulamasinda ve uygulama olmadan (kontrol) TVN0984 geni
anlatiminin analizine iliskin RT-PCR egrileri. Test — 90 min; Kontrol: P —

negatif kontrol (- cDNA), (B) Denatiirasyon egrisi
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Sekil 52. A. 0.05 mM H;0; uygulamasinda ve uygulama olmadan (kontrol) TVN0984 geni
anlatiminin analizine iliskin RT-PCR egrileri. Test —— 90 dak; Kontrol: —
negatif kontrol —— (- cDNA), (B) Denatiirasyon egrisi

RT-PCR sonuglari, bir goreceli kantitasyon yontemi olan 2747

yontemi ile analiz edildiginde
kontrole goreceli olarak sHSP/984 geninin ekspresyon diizeylerinde goriilen farklilik Sekil

53’deki grafikte goriilmektedir.
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Sekil 53. Oksidatif stres kosulunda SHSP/984 geninin ekspresyon diizeyindeki degisim.

3.8.  Western Aktarim / Hibritleme ve iImmiinolojik belirleme

Western aktarim/hibridizasyon deneylerinde kullanmak i¢in arkea kokenli sHSP antijenleri
icin spesifik ticari bir antikor bulunmadigi i¢in, kros hibritlenme diisiincesi ile insan alfa A
kristalin proteininin alfa kristalin domeni esas alinarak sentezlenmis bir sentetik peptite kars1
tavsandan elde edilen antikor ile sigan iskelet kas1 kokenli HSP20 ‘ye kars1 gelistirilen antikor
ayrt ayri denenmistir. S0z konusu antikorlar sHSP20 ile homolog antijenlere spesifik
olduklari i¢cin sHSP20 homlogu olan sHSP/775 proteininin ekspresyonunu incelemek i¢in
kullanilmislardir.

SHSP/775 geninin transkripsiyon diizeyindeki indiiklenmenin translasyon diizeyinde de
goriiliip goriilmedigini test etmek i¢in, her 3 stres kosulunda transkripsiyon diizeyinde belirgin
artiglarin oldugu durumlar icin Western Analizleri yapilmistir. Kontrol olarak saflastirilmig
rekombinant sHSP/775 6rnegi pozitif kontrol olarak kullanilmistir. Western analizi yapmak
lizere, transkripsiyon diizeyinde indiiklenmenin goriildiigii 65 °C’de 60 dak, pH 4.0 ve pH 5.0
‘de 60 dak, 70 °C’de ve 0.01 mM H,0O, 90 dak strese maruz kalmis hiicrelerin Oziitleri
kullanilmistir. Ayrica transkripsiyon diizeyinde ekspresyonun kontrole gore diigme gosterdigi
70 °C’de 90 dak ve 0.05 mM H;0, ‘de 60 dak sok uygulanan hiicrelerin oziitleri ve T.
volcanium i¢in optimum gelisme kosullarinda gelistirilen hiicrelerden elde edilen 6ziitler de
negatif kontrol olarak kullamilmustir. Insan alfa A kristalin proteinine spesifik antikorla
yapilan Western analizlere ait elde edilen tipik bir sonu¢ Sekil 54°de verilmistir. Bu
deneylerde immiinolojik gézlem “Goat antirabbit IgGpAb AP conjugate” ve alkali fosfat i¢in

kromojenik substrat kullanilarak yapilmistir. Her nekadar elde edilen bantlar negatif kontrole
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goreli olarak  Ger¢ek Zamanli PCR sonuglarin1 desteklemekte ise de, bu membran
fotografinda ve tekrar deneylerine ait membranlarda beklenen pozisyondaki bantlarin
yeterince belirgin degildir. Bunun kullanilan antikorun yeterince spesifik olmamasindan
kaynaklanacagi diisiiniilerek Western analizleri ayrica biyotinle isarctledigimiz “rat scelatal
muscle Hsp20” proteinine 0zgii antikor kullanilarak tekrarlanmistir.  Bu deneylerde
immiinolojik gézlem “AP-streptavidin “ konjugati ve alkali fosfat i¢in kromojenik substrat
kullanilarak yapilmistir ve iki deneye ait sonuglar Sekil 55 A ve B‘de verilmistir. Bu
antikorla tekrarli olarak yapilan deneylere ait memebranlarda gézlenen bantlar daha belirgin

olup, elde edilen bu sonuglar, ger¢ek zamanli PCR sonuglarini desteklemistir.

Sekil 54. sHSP/775 proteini ekspresyonunun insan alfa A kristalin proteinine spesifik antikor
kullanilarak Western aktarim/hibritleme teknigi ile analizi. Sira 1: pH 4.0; 2: pH 5.0; 3: 0.01
mM H,0;; 4: Negatif kontrol ; 5: Pozitif kontrol (antijen : saf SHSP/775) ; 6: 0.05 mM H,0y;
7: 70 °C; 8: 65° C orneklerine ait Western analiz sonucu.

(A)

8 9 10
kA — P . -
L E s T—— T

Sekil 53. sHSP/775 proteini ekspresyonunun sican iskelet kasi kokenli HSP20proteinine
spesifik antikor kullanilarak Western aktarim/hibritleme teknigi ile analizi. (A) sira 1: Pozitif
kontrol (antijen : saf SHSP/775); 2: 0.05 mM H,0,; 3: 0.01 mM H,0,; 4: 65° C; Negatif
kontrol ; 5: pH 4.0; 6: pH 5.0; 7: Kontrol (sok uygulanmamis) O6rneklerine ait Western analiz
sonucu. (B) sira 1: Kontrol (sok uygulanmamisg); 2:65° C ; 3: 70 °C ; 4: 0.01 mM H,0y; 5:
Pozitif kontrol (antijen : saf SHSP/775); 6: 0.05 mM H;0,; 7: 0.01 mM H,0;; 8: Kontrol (sok
uygulanmamisg); 9: 65° C drneklerine ait Western analiz sonucu.
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4. Tartisma/Sonug¢

Kiiclik 1s1 soku proteinleri tiim canli tiirlerinde yiiksek oranda korunmus olan molekiiler
saperonlardir. Insan dahil 6karyotik canlilarda ve hiicrede stres karsitt mekanizmalarda ve
protein kalite kontrol aglarindaki kritik rolleri bilinmektedir. Ancak sHSP’lerin normal
kosullarda yasiyan canlilar i¢in “stres” olarak kabul edilen yasam kosullarina adapte olmus
archaea bakterilerde fizyolojik rolleri ve etki mekanizmalarina iliskin mevcut bilgi sinirlidir
ve sadece bazi hipertermofilik archaea bakterilere iliskindir. Bu projenin amaci, archaea’da
molekiiler saperonlarin bu ilging grubunun saperon fonksiyonlarini aydinlatmak ve ayrica
bazi islevsel ve yapisal ozelliklerini arastirmaktir. Bu dogrultuda model sistem olarak orta
diizeyde termofilik ve asidofilik bir arkea olan Thermoplasma volcanium’un (Optimum
gelisme sicakligi 60 °C ve optimum pH 2.7) sHSP’lerin yap1 ve saperon etkinligi ilk defa
incelenmistir. T. volcanium genom dizi analizine gére mevcut iki sHSP geni, TVNO775 ve
TVNO984, E.coli’de klonlanmis ve ekspres edilmisler, ayrica klonlanan genlerin dizi ve
restriksiyon analizleri yapilmistir. Yiiksek diizeyde ekspres edilen rekombinant sHSP/775
proteini (yaklasik 14 kDa) afinite kromotografisi ile izole edilmistir. Ancak HSP/984 geninin
klonlama ve ekspresyon vektoriine yapilan alt klonlamasi restriksiyon analizi ve DNA dizi
belirlemesi ile dogrulanmasina karsin afinite kromatografi ile izolasyonu basarili olamamustir.
Denatiirasyon kosullarinda aktif enzim elde edilememesi, bu sorunun “inclusion body”
olusumundan kaynaklanmadigii gostermistir. Diger taraftan sHSP/984 geninin 1s1 soku
kosullarinda indiiklenmesi, transkripsiyonunun hala aktif olmasina ragmen genin defektif
olmast ya da proteinin stabilitesinin diisik olmas1 seklinde agiklanabilir. Diger
organizmalarda sHSP’lerin “bir hiicrede birden fazla paralogunun bulunmas: durumunda
hepsinin aktif olamayabilcegine” iliskin sonuglar da goriisii desteklemektedir. Bu projede
yola ¢ikis noktamiz tamamen organizmanin genom dizi analizi ve gen/protein “annotation”ia
dayali putative sHSP genlerinin bulunmasidir. Gen/protein annotation’ina dayali tahminler
sHSP/984 proteini i¢in karsilastigimiz durumda oldugu gibi herzaman aktif protein
bulundugunu anlamina gelemmektedir. Bu nedenle yapisal/fonksiyonel analizler saflagtirilmis

SHSP/775 proteini ile ylirtitilmistiir.

Mezofilik domuz kalbi sitrat sentaz enzimi aktivitesi, inaktif oldugu 41 °C’de SHSP/775
proteini varken kontrole (SHSP/775 bulunmadigl) gore yaklasik 10 kat fazla bulunmustur.
Kimyasal olarak denatiirlenmis sitrat sentaz enzimini ise, sHSP varken renatiirasyondan

sonra orijinal aktivitesinin %36’sin1 geri kazanmistir. Sigir glutamat dehidrogenaz enzimi
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substrat oalarak kullanilarak ile yiiriitiilen saperon aktivite deneylerinde ise enzimin 53 °C ‘de
SHSP/775 varliginda kalan aktivitesi , SHSP/775 bulunmadigi duruma goére 2.2 kat daha fazla
oladugu bulunmustur. GdnCl ile denatiirlenmis boGDH enzimi ise renetiirasyondan sonrasi
aktivite geri kazanimi kontrole gore (kendiliginden renatiirasyon) 2.5 kat daha fazla olmustur.
Bu sonuglar, sHSP/775’nin mezofilik ve Okarot kokenli model enzimlerin hem yiiksek
sicaklikta inaktivasyonunu azaltmak, hem de kimyasal olarak kismen denatiire olmus
enzimlerin yeniden katlanmasimna yardimci olmak suretiyle saperon aktivitesine sahip
oldugunu gostermektedir.

sHSP/775’nin 1siya bagli konformasyonel degisim bis-ANS’e  baglanma etkinligini
spektroflorimetrede 525 nm’de gbzlenen emisyon peak’inin intensitesini 6lgemek yolu ile
izlenmitir. Bu deney sonuclari, sHSP/775"in yapisal organizasyondaki degisikligin 65 °C’den
baslayarak 98 °C’ye kadar, muhtemelen sHSP*“lerin genel karakteri olarak altiinite degisimleri
seklinde giderek arttigin1 gdstermistir. Istya bagl olarak sHSP/775’in oligomerik yapisindaki
degisim ve oligomer biiylikliigiiniin artmas1 TEM analizi ile acik bir sekilde gozlemlenmis ve
goriintiilenmistir.

Her iki tpv sHSP’nin T. volcanium’un stres tepkisindeki yerini aydinlatmak ilizere genlerin
transkripsiyonlarinin strese bagli indiikklenmesi Gergek Zamanli PCR teknigi ile ¢alisilmigtir.
Elde ettigmiz sonuglar, TVNO775 ve TVNO984 genlerinin yazilimimin en fazla sirasi ile 65
°C’de ve 70 °C ‘de 1s1 sokunda indiiklendigini, pH sokunun (pH 4.0) TVNO775 gen
anlatimin1 uyarirken, pH 4.0 ve pH 5.0’de TVNO984 gen anlatimina etkisi olmadigini
gostermigtir. Her iki tpv sHSP geninin yazilimi 0.01 mM H,0, varliginda oksidatif stres
kosulunda arttirirken, 0.05 mM H,0; varliginda gen anlatiminda diisme gorilmiistiir (down
regulation). Bu sonuglar diger molekiiler saperonlarda oldugu gibi tpv SHSP/ 775
transkripsiyonunun arttigini géstermistir. Ayrica insan ve sigan kokenli sSHSP20 proteinlerine
kars1 gelistirilen antikorlar kullanilarak yiiriitiilen Western aktarim/Hibritleme analizleri,
Gercek Zamanli PCR ile strese bagl transkripsiyon diizeyinde goriilen sHSP/ 775 geni
anlatimdaki indiiklenmenin protein sentezi diizeyinde de oldugunu gostermistir.

Bu proje ile termoasidofilik arkea olan T. volcanium’da stres tepkisinde sHSP/775 proteinin
etkin rolii oldugunu gostermektedir. Bundan sonraki ¢alismalarimizin hedefi sHSP/775 stres
tepkisinde islevini yerine getirirken T. volcanium i¢in major saperon sistemi olan termozomla
nasil bir etkilesim i¢inde bulundugunu ortaya ¢ikarmaktir. Bu baglamda sHSP/984 proteinin

bu siirecteki muhtemel rolii de aydinlatilmaya ¢alisilacaktir.
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In this study we cloned and expressed a small heat shock protein, tpv-HSP 14.3, from thermoacidophilic
archaeon Thermoplasma volcanium. This novel recombinant small heat shock protein was purified to
homogeneity and produced a protein band of 14.3 kDa on SDS-polyacrylamide gel. Transmission elec-
tron microscopy images of the negatively stained tpv-HSP 14.3 samples showed spherical particles of
13 nm diameter. E. coli cells over expressing tpv-HSP 14.3 endowed the cells with some degree of ther-
motolerance. After exposure to 52°C for 120 min, survivability of the E. coli cells expressing tpv-HSP
14.3 was approximately 2.5-fold higher than the control cells. As a molecular chaperone tpv-HSP 14.3
enhanced the thermal stabilization of substrate proteins, pig heart citrate synthase and bovine L-glutamic
dehdyrogenase, considerably. The highest protection effect of tpv-HSP 14.3 was observed at 47 °C for pig
heart citrate synthase; the remaining activity was 5-fold higher than that of the sample without tpv-HSP
14.3. The tpv-sHSP 14.3 prevented inactivation of bovine L-glutamic dehdyrogenase the most effectively
at 53°C; the residual activity was approximately 2-fold higher than that of the sample heated without
tpv-HSP 14.3. However, refolding activity of the tpv-HSP 14.3 was relatively weak for the chemically
denatured substrate proteins.

Keywords:

Thermoplasma volcanium

Small heat-shock protein (sHSP)
Molecular chaperone
Heat-shock response

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

All living organisms adapt to adverse environmental conditions
by evolving several specific molecular responses. In particular, uni-
versally conserved heat-shock response occurs when the cells are
exposed to various stressors, resulting in the rapid and transient
over production of chaperones which are often called heat-shock
proteins (HSPs). Under stress, many cellular proteins lose their
native configuration and tend to aggregate. This could pose a seri-
ous threat to the cellular functionality. Chaperones provide the
essential assistance by promoting refolding of the stress-denatured
proteins and preventing their aggregation. The predominant HSPs
are classified by their molecular masses as HSP100, HSP90, HSP70,
HSP60, HSP40 and small HSPs (sHSPs) [1] Comprehensive genome
wide surveys for the molecular chaperone genes revealed that
homologues of HSP60 family called “chaperonins (group II)” (e.g.

Abbreviations: boGDH, bovine L-glutamic dehydrogenase; HSP, heat shock
protein; phCS, pig heart citrate synthase; SDS-PAGE, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis; sHSP, small heat shock protein; TEM,
transmission electron microscope; tpv-HSP 14.3, Thermoplasma volcanium small
heat shock protein 14.3.
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thermosome) are present in all archaea whose genomes have been
sequenced thus far [2]. Chaperonins possibly in cooperation with
the co-factor prefoldin and sHSPs constitute the major protein fold-
ing system of archaea.

The functions of sHSPs, as ATP independent molecular chap-
erones, in protein folding and, as antistressors, in acquired
thermotolerance have been well established and thoroughly cov-
ered in several reviews [3-7]. Upon heat-shock or exposure to
other stressors, sHSPs capture unfolded proteins and form high
molecular weight multimeric complexes, thus prevent their irre-
versible aggregation by holding them in a soluble and folding
competent state. Then, refolding of the captured proteins most
likely occur with the assistance of the ATP dependent molecular
chaperones, such as ClpB (or Hsp 104) and/or the DnaK/Dna]/GrpE
(or Hsp70/Hsp40) system [8-11].

Small heat shock proteins and the related a-crystallins of the
vertebrate eye lens, share a highly conserved “a-crystallin domain”
of 80-100 amino acids [12,13]. The monomeric molecular weight
of the sHSPs range from 12 to 43kDa and most of them form
oligomeric structures (200-1000 kDa) of 9-40 subunits [14,15].

Although the role of sHSPs in chaperoning process has been well
established in eucarya and bacteria, it largely remains to be estab-
lished in archaea. To date, sHSPs from strict aneorobic, methane
producing archaeon Methanococcus jannaschii (MjHsp 16.5), sul-
fur metabolizing archaeon Archaeoglobus fulgidus (sHSP20.2),
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thermoacidophilic archaeon Sulfolobus tokodaii strain 7 (St
Hsp14.0) and S. solfataricus (sHSP 14.1), and hyperthermophilic
archaeon Thermococcus sp.strain KS-1 (T.sHSP) have been charac-
terized [16-20]. Cryo-EM and/or X-ray crystallographic 3-D image
analyses revealed that all archaeal sHSPs exist as a well defined 24-
mer oligomeric complex with octahedral symmetry [16,17]. Each
subunit contains a disordered, variable N-terminal domain, a con-
served a-crystallin domain (which is composed of nine (3-strands
arranged into two anti-parallel 3-sheets) and a C-terminal exten-
sion [16,17]. The N-terminal region is thought to be important both
structurally and functionally, possibly in oligomer formation and
substrate binding. The a-crystallin domain is necessary for dimer-
ization and together with the flanking regions is also critical for
the higher-order oligomerization. The C-terminal domain, specif-
ically its consensus IXI/V motif, is involved in stabilization of the
oligomeric structure.

Increased understanding of the biochemical and chaperoning
properties of the archaeal sHSPs enables us not only to understand
the molecular mechanisms by which these protein families func-
tion in modulating stress response in Archaea, but also to use them
for improvement of the performances of enzymes as biocatalysts.
One of the most challenging tasks for the biotechnological applica-
tions are to enhance the utility and stability of enzymes, because
they are readily prone to heat and/or chemical denaturation. Excep-
tional protein binding capacity of the sHSPs that keep them in
the active conformation can be exploited to overcome instability
problems commonly encountered in the enzyme based technolo-
gies. Since proteins from extremophilic organisms could well resist
harsh conditions of industrial applications, their sHSPs might have
potential for stabilization and reactivation of the enzymes. There
are very limited examples of studies that extend and apply the
chaperone activity of archaeal sHSPs for enzyme improvement.
Most of the current information for the use of microbial sHSP to
control quality and quantity of recombinant proteins came from
the studies with E. coli sHSPs, Ibp and IbA [21,22].

This report describes the molecular cloning, over expression
and purification of a sHSP, tpv-HSP14.3, from thermoacidophilic
archaeon Thermoplasma volcanium GSS1 (DSM 4299) (a facultative
anaerobic heterotroph, which grows optimally at 60 °C and pH 2.0).
Also in vitro chaperone-like activity of the recombinant tpv-HSP
14.3 was investigated using pig heart citrate synthase (phCS) and
bovine L-glutamic dehydrogenase (boGDH) enzymes as the model
substrates.

2. Materials and methods
2.1. Microbial strains and culture conditions

T. volcanium GSS1 (type strain DSM 4299) was purchased from DSMZ
(Deutsche Sammlung von Microorganismen und Zellkulturen, GmbH, Braun-
schweig, Germany). Cells were grown in Volcanium medium at 60°C without
agitation as described previously [23].

E. coliTG1 strain (supE hsd A5 thiA (lac-proAB*) F [traD36proAB* lacilacZAM15])
was used in this study for molecular cloning and recombinant protein expression.

2.2. Cloning and subcloning of tpv-sHSP14.3 gene for expression

T. volcanium (tpv) genomic DNA was isolated as described by Kocabiyik and
Demirok [24]. The sHSP gene was amplified from T. volcanium genomic DNA by
PCR (Gene Cycler, Techne Inc., NJ, USA) using a forward primer (5'-G TAT ACA CCC
ATA AAG TTC TTT ACG AAT GAG-3'), which was designed by avoiding the ATG start
codon of the gene, and a reverse primer (5'-C ACC CAA TCA CAT CAA GCA TAC-3").
The primer sequences were obtained from the nucleotide sequences of the predicted
Hsp-20 related small heat shock protein, HSP 14.3 (locus name TVNOQ775, coordi-
nates 790978-791352) in the T. volcanium genome [25] and synthesized by Operon
Biotechnologies GmbH, Germany.

The PCR amplicons were purified (MinElute, PCR Purification Kit, QIAGEN Inc.,
Valencia, USA) and then cloned into pDrive vector using a PCR Cloning Kit (QIAGEN).
The competent E coli TG-1 cells were transformed with recombinant plasmid con-
structs according to Chung et al. [26] and the recombinant colonies were identified
through blue/white colony screening. A selected recombinant plasmid harboring

tpv-HSP14.3 gene was designated pDri/2-hsp14.3. The sequence of cloned DNA frag-
ment was confirmed by sequence analysis (Microsynth AG, Balgach, Switzerland).

Expression of the cloned tpv-HSP14.3 gene and purification of the heterolo-
gously expressed 6xHis-tagged protein were achieved by use of QIAexpressionist
Kit (QIAGEN Inc., Valencia, USA). In the Kit, high level expression of the 6xHis
tagged proteins using pQE vectors is based on an optimized translation system
consisting of an IPTG (isopropyl 3-D-1-thiogalactopyranoside) inducible phage T5
promoter/lac operator, an ATG start codon and a synthetic ribosome binding site,
RBSII. The cloned gene was excised from the recombinant plasmid pDri/2-hsp14.3,
by digestion with Sall and Pstl restriction enzymes and purified by use of a DNA
Extraction Kit (GeneClean Kit, BIO 101 Systems, USA). The pQE 30, 31 and 32 expres-
sion vectors were also double digested with the same restriction enzymes. The
linearized vector DNA, after gel purification, ligated with the purified sHSP gene
fragment. The recombinant pQE constructs were introduced into competent E. coli
TG-1 cells by transformation. The transformants which expressed N-terminally
6xHis tagged sHSP proteins were detected by colony-blotting and immunological
screening method using Anti-His HPR-conjugated antibody (Penta His HRP Conju-
gate Kit, QIAGEN). Staining, to detect the positive signals on the membrane blots, was
performed with DAB substrate (3,3'-diaminobenzidine tetrahydrochloride; metal
enhanced, Roche Diagnostics GmbH, Germany) that produced dark brown/black
precipitate in the presence of horseradish peroxidase. The positive clones that carry
the tpv-sHSP 14.3 upstream of and in frame with 6xHis tag were identified among
the E. coli cells transformed with the constructs prepared using pQE31. The one
named E. coli pQE31.tv14.3 was selected to be used for heterologous expression of
the tpv-HSP 14.3 in E. coli. The right orientation of the insert was checked by restric-
tion enzyme digestion analysis. The identities of all constructs were confirmed by
DNA sequencing.

2.3. Sequence analyses

Amino acid sequences of sHSPs from a group of Archaea species were
compared by using the ClustalW2.0.12 Program in the EMBL-EBI database
(http://www.ebi.ac.uk). The gene sequences were identified by BLAST
search of databases at National Center for Biotechnology Information (NCBI,
http://www.ncbi.nlm.nih.gov) and Comprehensive Microbial Resource (CMR;
http://cmr.jcvi.org). The secondary structure predictions were derived from Predict-
Protein Server (http://www.bork.embl-heidelberg.de/Alignment/consensus.htlm).
The deduced protein sequence of the tpv-sHSP 14.3 was analyzed for the func-
tionally important regions using Conserved Domain Search program (CDD v2.15,
NCBI).

2.4. Purification of the 6xHis tagged tpv-HSP 14.3 protein

The recombinant tpv-sHSP 14.3 protein was expressed in the soluble fraction
of E. coli cells and purification was performed under native conditions by Ni-NTA
affinity chromatography (QIAexpressionist Kit, QIAGEN) with some modifications.
The E. coli pQE31-tv 14.3 cells were grown in 50 ml LB broth (with 100 p.g/ml ampi-
cillin) at 37°C with shaking at 300 rpm to an ODggo of 0.5-0.7. The tpv-sHSP 14.3
expression of the cells was induced with IPTG (to a final concentration of 1 mM) and
the growth was continued for 4-5 h. The cells were harvested by centrifugation at
4000 x g for 20 min at 4°C (Sigma). The cell pellet was resuspended in 5 ml of lysis
buffer (50 mM NaH,PO4, 300 mM NacCl pH 8.0) containing 20 mM imidazole and
1 mg/ml lysozyme and incubated on ice for 30 min. After sonication (SonicatorVC
100, Sonics and Materials, CT, USA) the cell lysate was centrifuged at 10,000 x g at
4°C for 30 min (Sigma 3K30 Centrifuge, Sigma Chemical Co., St. Louis, USA). The
supernatant was heated at 65°C for 10 min to denature heat labile E. coli proteins
that were removed by centrifugation at 10,000 x g at4 °C for 1.5 h. The cleared lysate
was kept at —20°C until use.

For affinity chromatography, the mixture of lysate (4 ml) and Ni-NTA slurry
(1 ml) after gentle shaking at 4 °C for 60 min was loaded to an empty column. The
column was washed twice with 4 ml wash buffer (lysis buffer containing 30 mM
imidazole). Bound protein was eluted with the lysis buffer containing 250 mM imi-
dazole. The purity of the fractions were assesses by 12.5% SDS-PAGE [27]. The buffer
of the fraction that include His-tagged sHSP, was exchanged with the lysis buffer and
then concentrated by ultrafiltration using 5000 cut-off membrane (Microcetrifuge
filters, Ultrafree-Cl Filter Units, Millipore Ltd, Yonezawa). The chromatographic
purification steps were carried out at room temperature.

The protein concentration was determined according to Whitaker and Granum
[28].

2.5. Electron microscopy

Electron microscopic images were acquired and analyzed by VironovaAB (Stock-
holm, Sweden). Aliquots (3 wl) of the diluted samples were applied onto a glow
discharged carbon coated for 30 s at room temperature. Excess of buffer was blotted
off and the grids were washed with ultrapure water for 3 sec before negative stain-
ing with 2% uranyl acetate for 10 sec. Prior to TEM imaging the grids were left to air
dry. TEM imaging was done using a FEI Technai 10 electron microscope run at 80 kV
and a 2kx2k side-mounted Veleta CCD camera (Olympus Soft Imaging Solutions).
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2.6. Survivability at 52 °C of E. coli overexpressing tpv-sHSP14.3

For thermotolerance experiments, the recombinant E. coli cells (pQE-31
tpvHSP_14) and E. coli TG-1 cells transformed with the pQE_31 plasmid vector (as
a control) were grown in Luria-Bertani (LB) broth containing 100 pg/ml of ampi-
cillin at 37 °C overnight. Fresh LB broth with ampicillin (30 ml in 150 ml flask), was
inoculated with 1 ml of the overnight culture and the cells were grown at 37°C by
shaking (at 230 rpm) to mid-log phase (ODggg = ~0.6). For induction IPTG was added
to a final concentration of 1 mM and incubation was continued at 37°C for 2.5h.
The cells were diluted to ODggp = 0.5-0.6 with LB broth that was supplemented with
IPTG and ampicillin (total volume 12 ml in 50 ml flask) and the temperature was
shifted to 52°C. The samples (100 wl) were removed at 0, 20, 40, 60 and 120 min
after thermal stress and a series of 10-fold dilutions were plated in duplicates onto
ampicillin containing LB agar plates. Following the overnight incubation of the plates
at 37°C, the surviving colonies were quantified to determine the percentage of the
viable cells. During incubation the growth was followed by measuring the optical
density at 600 nm every 30 min, and growth curves were plotted. This experiment
was repeated three times.

2.7. Protection of pig heart citrate synthase and bovine L-glutamic dehydrogenase
from heat-denaturation by recombinant tpv-HSP 14.3

Pig heart citrate synthase (Sigma, St Louis, MO) (phCS) (EC 4.1.3.7, Sigma) and
L-glutamic dehydrogenase from bovine liver (boGDH) (EC 1.4.1.3, Sigma) were
used as model substrates in the heat-protection assays and chemical denatura-
tion/renaturation experiments. Citrate synthase was diluted in Buffer A (20 mM Tris,
1 mM EDTA pH 8.0) to a final concentration of 0.14 U (equivalent to 0.9 p.g/ml) and
boGDH was diluted in the Buffer B (0.1 M NaP04, pH 7.5) to a final concentration
of 0.18 U (equivalent to 0.4 wg/ml). The enzyme samples were heated at indicated
temperatures, in the presence of excess amounts of purified tpv-HSP 14.3 for 10 min.
The mixtures were rapidly cooled down on ice and subsequently assayed for the
remaining activities, as described below. Control reactions without tpv-HSP were
also performed with addition of buffer to adjust the total reaction volume.

Three independent experiments were run for each substrate enzyme.

2.8. Chemical denaturation of the substrate proteins and renaturation assays

The phCS (15U, equivalent to 1 mg/ml) was denatured by incubating the enzyme
in the Buffer A containing 5.3 M Guanidinium hydrochloride, GdnCl (Sigma) and
20 mM Dithiothreitol, DTT (Fermentas, UAB, Vilnius, Lithuania) for 60 min at room
temperature.

The boGDH (44 U equivalents to 1.25 mg/ml) was denatured by incubating the
enzyme in Buffer B containing GdnHCl (1.5-5.3 M) at room temperature for 30 min.

For spontaneous refolding, denatured phCS and boGDH enzyme samples were
diluted 100-fold in the Buffer A and B, respectively, and incubated at room temper-
ature for 2 h. For chaperone assisted refolding, GdnCl denatured phCS and boGDH
enzyme samples in the refolding mixtures containing excess amounts of purified
tpv-HSP 14.3, were incubated at the 25 °C for 2 h. Assays for the recovered activity
were performed as described below.

Experiments for the model substrates were repeated at least three times.

2.9. Activity assays

Citrate synthase activity assay was performed at 35°C according to DTNB
method of Srere et al. [29]. The reaction is based on enzymatic condensation of
OAA and acetyl-CoA. The resulting co-enzyme reduces Ellman’s reagent (dithio-1.4.-
nitrobenzoic acid; DTNB). This stoichiometric reaction was continuously monitored
by the associated increase in absorption at 412 nm, in a thermostatically controlled
spectrophotometer (Schimadzu UV-1601A Spectrophotometer, Kyoto, Japan). The
final enzyme concentration was about 5x 10~4 mg/ml (equivalent to approx.
0.07 U/ml) in the reaction mixture.

The assay of boGDH was performed at 25 °C, essentially by following the man-
ufacturer’s protocol. The activities were measured by continuous monitoring the
NADH oxidation at 340 nm for 5-10 min, in a thermostatically controlled UV-Visible
spectrophotometer (Schimadzu). The buffer was 0.1 M sodium phosphate buffer,
pH 7.5. The reaction was initiated by adding enzyme sufficient to provide a final
concentration of about 4 x 104 mg/ml (equivalent to approx. 0.02 U).

For both enzyme assays the absorbance was measured at the indicated wave-
length (A412nm OT As40nm) OVer 5-10 min to obtain activity trajectories, from which
initial rates were calculated.

2.10. Statistical analysis

The heat survivability experiments were repeated three times and data pre-
sented were the mean value of the three replicates in each case with the standard
deviation (i.e. means £ SD).

The initial reaction rates obtained from triplicate continues enzyme assays were
subjected to the Student’s t-test.

3. Results and discussion
3.1. Overexpression and purification of the tpv-HSP14.3

The E. coli cells overexpressing tpv-HSP 14.3 were disrupted by
sonication and after centrifugation, the tpv-HSP 14.3 remained in
the supernatant fraction (i.e. cell free extract). Then, heat-treatment
of the extract and subsequent centrifugation removed majority of
the heat labile E. coli proteins while tpv-sHSP 14.3 remained sol-
uble (Fig. 1) and fully functional as verified by heat protection
assays discussed below. This result implies that heat resistance of
the tpv-HSP14.3 protein may contribute to its enzyme stabilizing
capacity at higher operational temperatures. Heat stability is a typ-
ical feature for the other recombinant proteins we cloned from T.
volcanium, as well (i.e. citrate synthase, signal peptide peptidase,
20S proteasome) [24,30].

The heat-treated cell-free extract containing tpv-HSP 14.3 was
further purified by affinity chromatography to homogeneity as
revealed by SDS-PAGE (Fig. 1). The purified sample produced a pro-
tein band of about 14.5 kDa on the gel, which corresponds to the
protein molecular weight deduced from the predicted amino acid
sequence.

TEM images of the negatively stained tpv-HSP 14.3 at 25°C
showed that it exists as a relatively uniform spherical particles
within size range 10-20nm in diameter (mean 13nm, SD=2)

(Fig. 2).

3.2. Sequence analysis of tpv-Hsp14.3 and sequence alignment
with other representative archaeal SHSPs

As in several other archaea, the protein folding system of the
T. volcanium has restricted set of molecular chaperones. In the
genome sequence of T. volcanium there are two group II chap-
eronin (thermosome) subunit genes (annotated as thermosome
subunit-a and subunit-3), two sHSP genes, and two prefoldin
(a chaperonin co-factor) subunit genes (annotated as prefoldin
subunit-a and subunit-f). Two sHSP homologs of T. volcanium
(locus names: TVNO775 and TVNQ987) are 124 amino acid long
tpv-HSP14.3 (pI 9.2, MW 14.33) and 182 amino acid long tpv-
Hsp21.1 (pl 4.5 MW 21.062 kDa), respectively. The existence of
genes for multiple sHSP paralogs with acidic pl and/or basic pl in
the genomes of extremophiles is a common feature of the mem-
bers of this domain [4]. In this study the cloning and expression
of the low molecular weight ship of T. volcanium, tpv-HSP14.3
was undertaken. The nucleotide sequence of the cloned tpv-HSP
14.3 gene together with its untranslated upstream and down-
stream sequences were verified by DNA sequencing. The coding
sequences of tpv-HSP 14.3 (375 nucleotides) were identical to the
sequences available in GenBank (locus tag TVNQO775, accession no.
NP_111294). The DNA sequence data reported here is deposited
in the EMBL/GenBank/DDBJ nucleotide sequence databases with
accession no. FR745403. The polypeptide sequence of the tpv-sHSP
14.3 protein (calculated MW 14.33 kDa) identified from the gene
sequence consists of 124 amino acids. Interproscan (EMBL-EBI)
identified two related domains: IPR002068, Hsp20/alpha crys-
talline family; IPRO00978, Hsp20-like chaperone). In parallel to this
identification, a BLAST conserved domain search classified the tpv-
HSP 14.3 protein in the functional category of COG0071 (which
is related to posttranslational modifications, protein turnover and
chaperones). In this search the a-crystallin domain which is a com-
mon signature of the a-crystallin type small heat-shock proteins
was mapped between position 33 and 114 in the tpv-HSP 14.3
sequence.

The secondary structure prediction obtained from the output of
the PredictProtein Server, suggested that monomeric folding mod-
ule is exclusively beta-strands (% 10.48 helix, % 38.71 beta sheets,
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Fig. 1. SDS-PAGE (12.5%) of tpv-HSP 14.3 during purification by affinity chromatography. Lane 1, cell-free extract before heat-treatment; lane 2, cell-free extract after heat-
treatment at 65°C for 10 min; lanes 3 and 4, first and second wash, respectively; lane 5, Prestained Protein Ladder (170-10kDa Fermentas); lanes 6-8, three successive

elution fractions containing purified sHSP.

50.81% loops). The folded elements of tpv-HSP 14.3 are found at
similar positions as the beta-strands of other archaeal sHSPs char-
acterized so far (Fig. 3).

Highly conserved domains which are widespread in the sHSP
sequences, such as WDPF motif in the N-terminal part, and

Fig. 2. Electron micrograph of negatively stained tpv-HSP 14.3 particles. The scale
bar corresponds to 200 nm.

AxxxGVL motif and the binding motif (IXI/V motif) in the C-terminal
region are also observed in the selected archaeal sHSPs (Fig. 3). In
particular this C-terminal region has been shown to be involved
in the stabilization of the oligomeric assembly and maintenance of
functionally essential hydrophobicity in the sHSPs from S. tokodaii
strain 7 [31].

Comparison of the amino acid sequences of tpv-HSP 14.3 with
other archaeal sHSP sequences by multiple sequence alignment
revealed that the tpv-HSP 14.3 is significantly homologous to sHSP
from closely related species T. acidophilum (identity score 75.8%;
similarity 91%). The putative small heat shock protein from another
member of the same class (Thermoplasmata), Picrophilus torridus,
also exhibited relatively high sequence identity (identity score
35.5%;) with the tpv-HSP 14.3. However, tpv-HSP 14.3 showed
low degree of sequence similarity to that of sHSP orthologs from
hyperthermophilic (identity scores 16-22%) and halophilic (iden-
tity score 22.7%) archaea. This result supports the previous reports
on the significantly higher diversities in amino acid sequences of
low-molecular weight sHSPs [32].

3.3. Thermotolerance of E. coli overexpressing tpv-HSP 14.3

Based on our experiences and others we know that E. coli cells
lose viability at temperatures higher than optimum (i.e. >50°C)
[33]. There are a few reports suggesting that overexpression of
archaeal sHSPs enhances thermotolerance of the mesophilic host,
such as E. coli [34,35]. In this study, we showed that expres-
sion of recombinant tpv-HSP 14.3 slightly reduced the lysis of
E. coli cells upon exposure to 52°C and the cells are endowed
with some thermotolerance. As revealed by time dependent ODggg
measurements, there was a detectable decline in the growth of
the cultures, both with and without overexpression of tpv-sHSP
14.3 (control), after 20 min exposure to 52 °C (Fig. 4A). However,
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Fig. 3. Multiple amino acid sequence alignments of archaeal putative sHSP proteins. The sequences were aligned using the ClustalW 2.0.12 program with default settings.
Identical residues (*), conserved substitutions (:), and semi-conservative substitutions (.) are indicated. Predicted secondary structures of the tpv-HSP 14.3 are indicated at
the top and the alpha crystallin domain (ACD) is shown by the arrow. Conserved WDPF, AxxxGVL and IXI/V motifs within the sequnces are boxed. H represents an a-helix and
E represents a 3-strand. The alignment includes heat-shock protein sequences from Tvo:Thermoplasma volcanium (TVNO775); Afl: Archaeaglobus fulgidus (AAB89284); Pfu:
Pyrocuccus furiosus (AAF71367); Tac: Thermoplasma acidophlilum (CAC11993); Pto: Picrophlius torridus (AAT43324); Sst: Sulfolobus solfataricus (AAK42725); Hlb: Halobacterium

(VNG6201G); Mja: Methanococcus jannaschii (1SHS_B).

the cell viability was stabilized at higher levels in the culture
expressing tpv-sHSP 14.3 than the control culture without tpv-
HSP 14.3. These results were also supported by viable cell counts
(Fig. 4B). The growth curves based on colony counts exhibited a
sharp decline in the initial 20 min of the heat-shock, and after-
wards the viable cell counts remained almost constant. By the
end of a 120 min exposure to 52 °C survivability of the E. coli cells
expressing tpv-HSP 14.3 (1000 4+ 130, mean viable cell count =+ SE;
n=3), was approximately 2.5-fold*** (***p <0.004, unpaired Stu-
dent’s t-test) higher than that of the control cells (4004 110, mean
viable cell count + SE; n=3). Previously it was reported that after
a 120 min exposure to 50°C, the viability of E. coli cells overex-
pressing pfu sHSP from hyperthermophilic archaeon P. furiosus was
about 50-fold higher than that of the unprotected cells [34]. In
accordance with this result pfu-sHSP and Mj-sHSP could protect
E. coli cellular proteins in the lysates from thermal denatura-
tion above 100°C [34,35]. In contrast to these observations, any
protection of the E. coli proteins from thermal denaturation at
75°C after 30 min by sHSP from Thermococcus sp. KS-1 was not
observed [19]. These results indicate that the degree of thermo-
tolerance conferred by recombinant sHSPs can be related to their
source organism and sHSPs from hyperthermophilic archaea might
have higher protection efficacy than moderately thermophilic
ones.

3.4. Protection of mesophilic enzymes from heat inactivation by
tpv-HSP 14.3

Chaperone activity of tpv-HSP 14.3 was studied using phCS
and boGDH as model substrate proteins. To investigate the heat-
protection potency of tpv-sHSP 14.3, phCS (9 pg/ml) was incubated
in the Buffer A at different temperatures for 10 min, in the pres-
ence (200 pg/ml) and absence of tpv-HSP 14.3 (Fig. 5). When heated
at 65°C, the enzyme activity was almost lost, and the presence of
sHSP did not provide any protection. Enzyme activity also signif-
icantly reduced at 50°C and 47 °C, the remaining activities being
1.2% and 2.4% of the unheated sample, respectively. The activity
loss was relatively low at 45°C and approx. 33% of the original
activity remained after heat-treatment. These results are expected
since phCS is inactivated and aggregates irreversibly at tempera-
tures above 40 °C. When heat treatments were performed at 50°C,
47°C and 45 °C in the presence of tpv-HSP 14.3, the residual activ-
ities increased up to 1.6%, 14% and 56%, respectively. The highest
protection effect of tpv-HSP 14.3 was observed at 47 °C; the remain-
ing activity was 5-fold*** higher than that of the sample without
SHSP (***p 0.0056, paired Student’s t-test, n=3).

Also, the protective effect of tpv-sHSP14.3 at different concen-
trations (100-400 pg/ml) was studied with the model enzyme
phCS at 47°C as described in Section 2. These studies revealed
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Fig. 4. (A) Growth of E. coli TG-1 cells with and without tpv-HSP 14.3 gene. After
temperature was shifted to 52°C, samples were taken at the indicated time and
the optical densities at 600 nm were measured. a: Cells with pQE31_tpv-HSP14.3
plasmid, @: cells with pQE31 plasmid. Each bar represents the mean + SD of results
obtained in three independent experiments. (B) Survival of E. coli transformants with
and without tpv-HSP 14.3 at 52 °C. E. coli transformants were cultured as described in
Section 2 and subjected to 52 °C treatment for 120 min. After heat treatment samples
were taken at the time indicated, diluted and plated on LB plus ampicillin medium.
The plot of log.viable cell counts versus time is shown. a: Cells with pQE31_tpv-
HSP14.3 plasmid, @: cells with pQE31 plasmid. Each bar represents the mean + SD
of results obtained in three independent experiments.
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Fig. 5. Protection of phCS from thermal inactivation by tpv-HSP14.3. The phCS was
incubated at 65 °C (M, in the presence and [J, in the absence of tpv-HSP14.3),50°C (a,
in the presence and 4, in the absence of tpv-HSP14.3), 47 °C (@, in the presence and
O, in the absence of tpv-HSP14.3) and 45 °C (4, in the presence and ¢, in the absence
of tpv-HSP14.3) for 10 min. Final concentration of tpv-HSP14.3 was 200 pg/ml. The
remaining phCS activity was measured at the time points as described in Section 2.
Error bars show the mean + SD of the triplicate independent determinations.
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Fig. 6. Effect of tpv-HSP14.3 concentration on protection of phCS from heat inac-
tivation at 47 °C. The pig heart citrate synthase was incubated at 47°C for 10 min
in the absence (O) and in the presence of 100 p.g/ml (H), 200 pg/ml (a), 300 pg/ml
(#) and 400 pg/ml (@) tpv-HSP 14.3 as described in Section 2. The heat protection
was monitored by measuring there remaining phCS activity. Error bars show the
mean =+ SD of the triplicate independent determinations.

that as the concentration of tpv-sHSP 14.3 increased, the remain-
ing activity of the phCS also increased after heat treatment at 47 °C
for 10 min (Fig. 6). The highest enzyme activity (about 41%) was
recovered when the treatment was carried out in the presence
of 400 p.g/ml tpv-HSP 14.3. Together, these results suggest that
at elevated temperatures (i.e. >45°C), excess of tpv-HSP 14.3 dis-
plays chaperone-like activity by preventing thermal inactivation of
the mesophilic phCS. The highest chaperone activity was obtained
at 47°C which is below the optimum temperature of the source
organism.

The second model substrate we used in the thermal unfold-
ing/recovery assays was boGDH. The boGDH is a mesophilicenzyme
with an optimal assay temperature of 25 °C and inactivated rapidly
at 56°C. Fig. 7 shows the time-course inactivation of the boGDH
at 45°C, 50°C and 53°C, in the presence and absence of tpv-HSP
14.3. After heat-treatments at 45°C and 50°C for 10 min, in the
absence of tpv-HSP 14.3, the remaining activities were 70% and
40%, respectively. When the enzyme samples together with the
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Fig. 7. Protection of boGDH from thermal inactivation by tpv-HSP14.3. Bovine GDH
(0.4 pg/ml) was incubated at 53°C (@, in the presence and (), in the absence of
tpv-HSP14.3), 50°C (M, in the presence and 0, in the absence of tpv-HSP14.3), and
45°C (a, in the presence and A, in the absence of tpv-HSP14.3) for 10 min. Final
concentration of tpv-HSP14.3 was 200 pwg/ml. The remaining boBDH activity was
measured at the time points as described in the text. The activity was also monitored
before heat treatment (4), as a positive control. Error bars show the mean + SD of
the triplicate independent determinations.
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tpv-HSP 14.3 were subjected to heat-treatment at 45 °C and 50 °C,
1.1-fold* (*p 0.0125, paired Student’s t-test, n=3) and 1.5-fold***
(***p 0.0005, paired Student’s t-test, n=3) increase in the remain-
ing activities compared to the samples heated without tpv-SHP 14.3
could be attained, respectively. Although boGDH activity was dras-
tically reduced (up to 8.3%) after heating at 53 °C, the tpv-sHSP 14.3
prevented inactivation of boGDH the most effectively at this tem-
perature. The residual activity was approx. 2-fold *** higher (***p
0.0036 paired Student’s t-test, n = 3) than that of the sample heated
without sHSP at 53 °C under the experimental conditions.

In this study, in order to characterize possible chaperone func-
tion of the tpv-s HSP 14.3, we examined its ability to maintain
phCS and boGDH in enzymatically active state under heat stress.
Previously, chaperone activities of purified sHSPs from a number
of hyperthermophilic archaea were also demonstrated in in vitro
settings, mostly by spectral analysis (e.g. by monitoring light scat-
tering) of aggregation or denaturation behavior of model proteins
[16,19,34,35]. The results of these studies suggested that excess
concentrations of archaeal sHSPs conferred thermal protection of
mesophilic enzymes by protecting them from thermal aggregation.
However, pfu-sHSP (0.9 mg/ml) from P. furiosus was able to pre-
vent boGDH (2.25 mg/ml) from aggregating, but did not stabilize
the activity of the enzyme at 56 °C for 2 min [34].

There are several lines of evidence suggesting that the chap-
erone activity of sHSPs from hyperthermophilic archaea could
be more effective at higher temperatures [3,4,20]. However, our
results showed tpv-HSP 14.3 could endow thermal protection to
phCS at temperatures lower than optimum growth temperature of
the T. volcanium (47 °C). Similarly, Hsp20.2 from A. fulgidus showed
chaperone activity by inhibiting CS aggregation at temperatures
far below the physiological temperature (43 °C) [16]. On the other
hand, tpv-HSP 14.3 mediated thermal protection of boGDH more
effective at higher temperatures (i.e. 53 °C) compared to phCS. All
together these results might indicate that heat-protection abilities
of archaeal sHSPs are not necessarily correlated with the increased
temperature for all substrate proteins, even at markedly high tpv-
HSP 14.3: substrate ratio.

3.5. Refolding of chemical denaturated phCS and boGDH by
tpv-HSP 14.3

There are a few reports on protein refolding activities of
sHSPs from hyperthermophilic archaea. For example, heat acti-
vated Hsp20.2 and HSP16.5 significantly enhanced the refolding of
the chemically denatured CS as monitored by light scattering [16].
Refolding activity of the T. sHSP was also shown due to the recov-
ery of the acid denatured green fluorescent protein (GFP) at higher
temperatures (i.e. at 60°C) when excess of T. SHSP was present
[19]. In this study, refolding of the chemically denatured phCS after
1:100 dilution in the renaturation buffer, in the absence and in the
presence of tpv-HSP 14.3 at various concentrations was followed
by measuring the remaining enzyme activity (Fig. 8). Only 1% of
the phCS activity was recovered by spontaneous refolding. When
excess of tpv-HSP 14.3 (400 pg/ml) was included in the renatura-
tion buffer the recovered phCS activity was not more than 15% of
the original activity. The efficacy in promoting the reactivation of
unfolded phCS did not increase when tpv HSP was heated at 65°C
for 15 min before use in refolding assay (data not shown).

Our results showed that, refolding of the chemically denatured
boGDH is dependent on the concentration of GAnCl used for denat-
uration or denaturation state of the enzyme. Reversibility of the
inactivation of boGDH that was denatured by GdnCl at concen-
trations between 1.5M and 4.0M for 30 min, in the absence of
tpv-HSP14.3, is shown in Fig. 9. The result indicated that boGDH
was irreversibly inactivated with GdnCl at concentrations more
than 3.0 M and under these conditions, any residual activity could
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Fig. 8. Renaturation of chemically denaturated phCS by tpv-HSP14.3. The phCS
(0.9 mg/ml) was denatured with 5.3M GdnCl and diluted 1:100 in renaturation
buffer to start refolding, as described in the text. The activities regained after 2 hincu-
bation at room temperature in the absence (®) and in the presence of 200 j.g/ml (¢),
300 pg/ml (W) and 400 pg/ml (a) tpv-HSP14.3 were measured spectrophotometri-
cally. Error bars show the mean =+ SD of the triplicate independent determinations.

not be gained spontaneously. However, detectable activity was
restored when denaturation was performed at lower GdnCl con-
centrations (<3.0 M). This may imply for a critical GdnCl threshold
concentration above which spontaneous reactivation rate declines
rapidly [36]. For the tpv-HSP 14.3 assisted refolding assays, the
boGDH was denatured at lower concentrations of GdnCl (i.e. 2.5 M).
In the presence of excess tpv-HSP14.3 (400 p.g/ml), the recovered
boGDH activity (AmAbsyg/min: —4.44+0.9, n=3) was not statisti-
cally significant (p 0.2, paired Student test) than that of the control
(AmAbsy/min: —3.0 + 1.5, n=3) (Fig. 10).

As a conclusion, in this study the substantial chaperone function
perfomed by the tpv-HSP 14.3 in vitro, seemed to occur through
preventing the substrate proteins from irreversible heat inactiva-
tion. Our results also suggest that excess of tpv-sHSP is necessary
to accomplish limited refolding of chemically unfolded model
enzymes. Since, tpv-HSP 14.3 as a molecular chaperone, markedly
enhanced the thermal stabilization of the substrate proteins at ele-
vated temperatures, it can potentially be employed for improving
the utility and stability of enzymes in various applications such as
biochips, bioseparation or diagnostic immunological assays.

0 1 2 3 4 5
Time (min)

Fig. 9. Spontaneous reactivation of chemically denaturated boGDH. The enzyme
(1.25 mg/ml) was incubated in the denaturation buffer containing different concen-
trations of GdnCl at 25 °C for 30 min. After 100-fold dilution, bo GDH activity was
monitored as described in the text. ¢, 1.5M; 00, 2.0M; @, 2.5M; A, 3.0M; a, 4.0M.
Error bars show the mean + SD of the triplicate independent determinations.
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Fig. 10. Reactivation of GdnCl (2.5M) denatured boGDH by tpv-HSP 14.3. The
enzyme was incubated in the denaturation buffer in the presence (test, O) and
absence (negative control, A) of tpv-HSP14.3 at 25 °C for 30 min. After 100-fold dilu-
tion, GDH activity was monitored as described in the text. The enzyme activity of
the undenatured enzyme was measured as a positive control (OJ). Error bars show
the mean + SD of the triplicate independent determinations.

Acknowledgements

We thank Bilsev Koyuncu for her technical assistance and Dr.
Josefina Nilsson for TEM imaging and image analysis. This work
was supported by Turkish Scientific and Technical Research Council
grant TBAG109T946.

References

[1] Feder ME, Hofmann GE. Heat-shock proteins, molecular chaperones, and the
stress response: evolutionary and ecological physiology. Annu Rev Physiol
1999;61:243-82.

[2] Maeder DL, Macario AJL, Conway de Macario EC. Novel chaperonins in a
prokaryote. ] Mol Evol 2005;60:409-16.

[3] Kocabiyik S. Essential structural and functional features of small heat-
shock proteins in molecular chaperoning process. Protein Peptide Lett
2009;16:613-22.

[4] Laksanalamai P, Robb FT. Small heat-shock proteins from extremophiles: a
review. Extremophiles 2004;8:1-11.

[5] Haslbeck M, Franzmann T, Weinfurtner D, Buchner ]. Soma like it hot: the
structure and function of small heat-shock proteins. Nat Struct Mol Biol
2005;12:842-6.

[6] Nakamoto H, Vigh L. The small heat shock proteins and their clients. Cell Mol
Life Sci 2007;64:294-306.

[7] Haselback M. sHsps and their role in the chaperone network. Cell Mol Life Sci
2002;59:1649-57.

[8] van Montfort R, Slingsby C, Vieling E. Structure and function of the small heat
shock protein/alpha-crystallin family of molecular chaperones. Adv Protein
Chem 2002;59:105-56.

[9] Haselbeck M, Miess A, Stromer T, Walter S, Buchner ]J. Disassembling protein
aggregates in the yeast cytosol: the cooperation of Hsp26 with Ssa 1 and Hsp
104. ] Biol Chem 2005;280:23861-8.

[10] Cashikar AG, Duennwald ML, Lindquist SL. A chaperone pathway in protein
disaggregation: Hsp26 alters the nature of protein aggregates to facilitate reac-
tivation by Hsp104. ] Biol Chem 2005;280:23869-75.

[11] Mogk A, Schlieker C, Friedrich KL, Schonfeld H, Vierling E, Bukau B. Refolding
of substrates bound to small Hsps relies on a disaggregation reaction mediated
most efficiently by ClpB/DnaK. ] Biol Chem 2003;278:31033-42.

[12] JiaoW, Li P,Zhang], Zhang H, Chang Z. Small heat-shock proteins function in the
insoluble protein complex. Biochem Biophys Res Commun 2005;335:227-31.

[13] de Jong WW, Caspers GJ, Leunissen JAM. Genealogy of the alpha-crystalline-
small heat-shock protein superfamily. Int ] Biol Macromol 1998;22:151-62.

[14] Waters ER, Lee GJ, Vieling E. Evolution, structure and function of the small heat
shock proteins in plants. ] Exp Bot 1996;47:325-38.

[15] Narberhaus F. Alpha-crystalline-type heat shock proteins: socializing mini
chaperones in the context of a multichaperone network. Microbiol Mol Biol
Rev 2002;66:64-93.

[16] Haslbeck M, Kastenmiiller A, Buchner ], Weinkauf S, Braun N. Structural dynam-
ics of archaeal small heat shock proteins. ] Mol Biol 2008;378:362-74.

[17] Kim KK, Kim R, Kim S-H. Crystal structure of a small heat-shock protein. Nature
1998;394:595-9.

[18] Wang Y, Xu X, Wen Z, Li W, Yang B, Whiteley C. Isolation, purification and
properties of a novel small heat shock protein from the hyperthermophilic
Sulfolobus solfataricus. Appl Biochem Biotechnol 2010;162:476-85.

[19] Usui K, Yoshida T, Maruyama T, Yohda M. Small heat shock protein of a hyper-
thermophilic archaeum, Thermocuccus sp. strain KS-1, exists as a spherical 24
mer and its expression is highly induced under heat-stress conditions. ] Biosci
Bioeng 2001;92:161-6.

[20] Usui K, Ishii N, Kawarabayasi Y, Yohda M. Expression and biochemical
characterization of a small heat shock proteins from the thermoacidophilic
crenarchaeon Sulfolobus tokodaii strain 7. Protein Sci 2004;13:134-44,

[21] Carrio MM, Villaverde A. Protein aggregation as bacterial inclusion bodies is
reversible. FEBS Lett 2001;489:29-33.

[22] Han M]J, Park SJ, Park TJ, Lee SY. Roles and applications of small heat-shock pro-
teins in the production of recombinant proteins in Escherichia coli. Biotechnol
Bioeng 2004;88:426-36.

[23] Robb FT, Place AR. Molecular cloning, a laboratory manual. Cold Spring Harbor:
Cold Spring Harbor Laboratory Press; 1995.

[24] Kocabiyik S, Demirok B. Cloning and over expression of a thermostable sig-
nal peptide peptidase (SppA) from Thermoplasma volcanium GSS1 in E. coli.
Biotechnol ] 2009;4:1055-65.

[25] Kawashima T, Amano N, Koike H, Makino S, Higuchi S, Kawashima-Ohya Y.
Archaeal adaptation to higher temperatures revealed by genomic sequence of
Thermoplasma volcanium. Proc Natl Acad Sci U S A 2000;97:14257-62.

[26] Chung CT, Niemela SL, Miller RH. One-step preparation of competent
Escherichia coli: transformation and storage of bacterial cells in the same solu-
tion. Proc Natl Acad Sci U S A 1998;86:2172-5.

[27] Laemmli UK. Cleavage of structural proteins during assembly of the head of
bacteriophage T4. Nature 1970;227:680-5.

[28] Whitaker JR, Granum PE. An absolute method for protein determination
based on differences in absorbance at 235 and 280nm. Anal Biochem
1980;109:56-159.

[29] Srere PA, Brazil H, Gonen L. The citrate - condensing enzyme of pigeon breast
muscle and moth flight muscle. Acta Chem Scand 1963;17:129-34.

[30] Kocabiyik S, Ozdemir i, Zwickl P, Ozdogan S. Molecular cloning and co-
expression of Thermoplasma volcanium proteasome subunit genes. Protein Expr
Purif 2010;73:223-30.

[31] Saji H, lizuka R, Yoshida T, Abe T, Kidokoro S-I, Ishii N, et al. Role of the IXI/V
motif in oligomer assembly and function of StHsp 14.0, a small heat shock pro-
tein from the acidothermophilic archaeon, Sulfolobus tokodaii strain 7. Proteins
2008;71:771-82.

[32] Nagao R, Czernecka WB, Gurley WB, Schoffl F, Key JL. Genes for low-molecular
weight heat-shock proteins of soybeans: sequence analysis of a multigene fam-
ily. Mol Cell Biol 1985;5:3417-28.

[33] Soto A, Allona I, Collada C, Guevara ThornM.A. Casado R, Rodriguez-Cerezo E,
Argoncillo C, et al. Heterologous expression of a plant small heat-shock pro-
tein enhances Escherichia coli viability under heat and cold stress. Plant Physiol
1999;120:521-8.

[34] Laksanalamai P, Meader DL, Robb FT. Regulation of mechanisms of action of
the small heat shock protein from the hyperthermophilic archaeon Pyrococcus
furiosus. ] Bacteriol 2001;183:5198-202.

[35] Kim R, Kim KK, Yokota H, Kim S-H. Small heat shock protein of Methanococcus
Jjannashii. Proc Natl Acad Sci U S A 1998;95:9129-33.

[36] West SM, Price NC. The unfolding and refolding of glutamate dehydroge-
nase from bovine liver, baker’s yeast and Clostridium symbosium. Biochem ]
1988;251:135-9.

Please cite this article in press as: Kocabiyik S, Aygar S. Improvement of protein stability and enzyme recovery under stress conditions
by using a small HSP (tpv-HSP 14.3) from Thermoplasma volcanium. Process Biochem (2011), doi:10.1016/j.procbio.2011.11.014



dx.doi.org/10.1016/j.procbio.2011.11.014

	109T946_revize_ semra kocabiyik
	Improvement-of-protein-stability-and-enzyme-recovery-under-stress-conditions-by-using-a-small-HSP
	Improvement of protein stability and enzyme recovery under stress conditions by using a small HSP (tpv-HSP 14.3) from Ther...
	1 Introduction
	2 Materials and methods
	2.1 Microbial strains and culture conditions
	2.2 Cloning and subcloning of tpv-sHSP14.3 gene for expression
	2.3 Sequence analyses
	2.4 Purification of the 6xHis tagged tpv-HSP 14.3 protein
	2.5 Electron microscopy
	2.6 Survivability at 52°C of E. coli overexpressing tpv-sHSP14.3
	2.7 Protection of pig heart citrate synthase and bovine l-glutamic dehydrogenase from heat-denaturation by recombinant tpv...
	2.8 Chemical denaturation of the substrate proteins and renaturation assays
	2.9 Activity assays
	2.10 Statistical analysis

	3 Results and discussion
	3.1 Overexpression and purification of the tpv-HSP14.3
	3.2 Sequence analysis of tpv-Hsp14.3 and sequence alignment with other representative archaeal sHSPs
	3.3 Thermotolerance of E. coli overexpressing tpv-HSP 14.3
	3.4 Protection of mesophilic enzymes from heat inactivation by tpv-HSP 14.3
	3.5 Refolding of chemical denaturated phCS and boGDH by tpv-HSP 14.3

	Acknowledgements
	References



