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ONSOz

Rhodobacter capsulatus oksijensiz fotoheterotrofik kogullarda ve nitrojen kitliginda hidrojen Uretebilen mor
kikUrtsUz bir bakteridir. Nitrojenaz enzimi ile basit organik molekuillerden ylksek verimde hidrojen
Uretebilir. Yapilan galismalarda R. capsulatus bakterisinin kontrollii kosullar (sabit sicaklik ve i1sik) altinda
asetik asit kullanarak fotobiyoreaktorlerde yiksek verimde hidrojen Uretebildigi g6zlenmigstir. Ancak,
glnes enerjisinden optimum vyararlanmak Uzere tasarlanmis fotobiyorektérler dogal kosullar altinda
calistirildiginda gece-gundiz sicaklik degisimi hidrojen Uretim verimini ciddi 6lgtide etkilemektedir. Bu
¢alisma kapsaminda hidrojen uretim kosullar altinda farkli sicaklik streslerine maruz birakilan bakterilerin
metabolik degisimleri mikrodizin ve proteomik yontemleriyle arastiriimig, degisen sicaklik stresi etkisinin
hidrojen Uretim metabolizmasina olan etkileri incelenmistir. Calismanin ilk asamasinda literatiirdeki
verilerden faydalanarak R. capsulatus igin ekspresyon ¢ipi tasarimi gergeklestiriimistir. Soguk ve sicaklik
stresine maruz birakilmis bakterilerden belli zaman araliklarinda 6rnekler alinmis ve RNA ve protein
izolasyonlarinin ardindan mikrodizin ve proteomik analizleri gergeklestiriimistir. Mikrodizin ¢alismalari
ODTU Merkez Laboratuvarinda bulunan mikrodizin sistemi kullanilarak, proteomik galismalar ise
TUBITAK-MAM-GMBE biinyesinde bulunan LC-MS-MS kullanilarak gergeklestiriimistir. Proje ODTU
Hidrojen Arastirma Laboratuvari, Kimya Muhendisligi, Biyoloji Bélumu Bitki Biyoteknolojisi Arastirma
Laboratuvari, ODTU Merkez Laboratuvari Molekiler Biyoloji ve Biyoteknoloji AR-GE Merkezi ve
TUBITAK-MAM-GMBE ekip ve ekipmanlari kullanilarak gergeklestirilmistir.

Bu proje TUBITAK tarafindan 108T455 kodlu TBAG projesi lizerinden desteklenmistir. Proje siiresince 2
yuksek lisans, 1 doktora 6grencisi bursiyer olarak desteklenmistir.

Projede emegi gegen tim arastirmacilar adina TUBITAK'a saglamis oldugu destekten dolayi tesekkir
ederim,

Saygilarimla,

Prof. Dr. Ayse Meral Ycel
ODTU Biyolojik Bilimler Balimii
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OzZET

Dinyadaki enerji kaynaklarinin hizla tikenmesi ve fosil yakitlarinin gevre kirliligine yol agmasi, yeni enerji
kaynaklarinin arastirlmasina neden olmustur. Bunlar arasinda ¢evre glvenligi agisindan temiz ve ucuz
olan hidrojen énemli bir alternatif olusturmaktadir. Biyolojik yolla hidrojen Uretimi ile alternatif enerji elde
edilebilmesi ¢alismalari son yillarda buyik énem kazanmistir. Organik maddelerin fotosentetik bakteriler
tarafindan kullanilarak hidrojene doénustirilmesi temiz ve ucuz enerji elde edilmesi agisindan oldugu
kadar fabrika atiklarinin etkin sekilde arindiriimasi acisindan da ¢ok 6nemlidir. Rhodobacter capsulatus
oksijensiz ortamlarda ve 1sik varlidinda hidrojen uretebilen fotosentetik, zararsiz, Gram negatif bir toprak
bakterisidir. R. capsulatus bakterisinin kontrolli kosullar (sabit sicaklik ve 1sik) altinda asetat kullanarak
fotobiyoreaktorlerde ylksek verimde hidrojen Uretebildigi gozlenmistir. Ancak, dogal kosullar altinda gece-
glinduz sicaklik degisimi hidrojen Utretim verimini ciddi élglide etkilemektedir.

Bu calismada R. capsulatus bakterisinin soguk ve sicaklik stresi kosullarinda gen ve protein ifadelerindeki
degisim mikrodizin ve proteomik metotlariyla analiz edilmistir. Kontrol (30 °C) kosullarinda 48 saat slreyle
biyutilen bakteriler daha sonra soguk (4°C) ve sicak (42°C) stresine maruz birakilarak belli araliklarla
RNA ve protein ornekleri saflastiriimis, gen ve protein ifadelerindeki degisim sirasiyla mikrodizin ve LC-
MS/MS yontemleri ile arastiriimigtir. Bunun yani sira, sicak ve soguk stresinin hidrojen tretimi, blyliime ve
organik asit tiketimine etkisi ayrica olusturulan bir deney diizenegi ile arastiriimigtir.

Yapilan fizyolojik testler, sicak stresi uygulamasinin bakteri bliyiimesini tamamen durdurdugunu, soduk
stresi altinda ise bakterilerin daha diisik bir biyime hizinda biiyimeye devam ettigini gostermistir. Sicak
ve soguk stresi hidrojen dretiminin durmasina yol agmistir. Buna paralel olarak, organik asit (asetik asit)
tiketim hizi soduk stresinde yavaslama gdsterirken, sicak stresine asetik asidin tamamen tiketilemedigi
go6zlenmisgtir.

Mikrodizin analizlerinin gergeklestirilebilmesi igin GeneChip® Rhodobacter capsulatus Whole Genome
Expression Array 6zel olarak ilk defa bu g¢alismada tasarlanmis ve Affymetrix firmasina Urettirilmistir.
Toplamda mikrodizin Uzerine 4052 prob seti yerlestirilmistir. Cip ismi
Affymetrix.GeneChip®.TR_RCH2a520699F olarak belirlenmistir. R. capsulatus bakterisinden ylUksek
konsantrasyon ve saflikta RNA saflastirma protokoll optimize edilmis, mikrodizin analizinde kullanilabilir
nitelikte RNA saflastirma protokoll gelistiriimistir. RNA safligi spektrofotometrik olarak (260/280 orani),
kalitesi ise elektroforetik olarak (Agilent Bioanalyzer 2100) test edilmis, mikrodizin analizinde
kullanilabilecek nitelikte olduklari anlasildiktan sonra analize devam edilmistir. Mikrodizin analizi
sonucunda elde edilen veriler istatistiksel olarak analiz edildikten sonra 2 kat ve Ustl degisim godsteren
genler, bagh olduklari metabolik yolaklara gére kategorize edilerek, soguk ve sicaklik stresinin yol agtidi
metabolik degisimler incelenmistir. Buna gdre sicak stresinin en ¢ok fotosentetik, elektron tasima ve
nitrojen metabolizmalarinda gorevli genlerin ekspresyonunu etkiledigi gortlmektedir. Bu metabolik yolaklar
hidrojen Uretiminde birincil derecede 6neme sahiptir. Sicaklik stresi altinda hidrojen Gretiminin durmasinin
ilgili genlerin ifadelerindeki azalmayla baglantili oldugu goérdlmustir. Bunun yani sira, hiicre zar
fonksiyonlarinin korunmasinda ve butinligunin saglanmasinda ve hicre zari onariminda rol alan
genlerin ifadelerinin de sicak stresi altinda arttigi gézlenmistir. Nikleik asit metabolizmasi da sicaklik
stresinden en c¢ok etkilenen metabolizmalardan biri olarak goériimektedir. Proteomik analizinden elde
edilen veriler mikrodizin sonuglarini dogrular niteliktedir.

Soguk stresi bakteride daha genel bir stres tepkisi yaratmistir. Sicak stresi altinda daha ¢ok zar yapisi ve
fonksiyonu ile ilgili proteinlerin ve sicak soku proteinlerinin ekspresyonunda degisim goézlenirken, soguk
stresi altinda enerji metabolizmasi, nukleik asit metabolizmasi, soguk soku proteinleri, global stres
proteinleri, hiicre zari metabolizmasinda yer alan proteinlerde ve daha birgcok metabolik yolakta édnemli



degisimler gdézlenmistir.

Proteomik ve mikrodizin analizleri paralel bir sekilde tamamlanmistir. Bu proje sonucunda edinilen bilgiler,
proje onerisinde belirlenen hedeflere ulasildigini géstermektedir. Rhodobacter capsulatus bakterisinde
soguk ve sicaklik stresinin hidrojen Uretim metabolizmasina etkilerinin incelenmesini amaglayan bu
projede oldukga fazla bilgi birikimi elde edilmistir. Analiz sonuglarinin daha detayli yorumlanmasi ve
dogrulanmasi yoniinde ¢alismalarin sonuglanmasindan sonra, bu bilgiler literatiire kazandirilacaktir.

Anahtar kelimeler: Rhodobacter capsulatus, hidrojen, soduk stresi, sicak stresi, mikrodizin, proteomik
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ABSTRACT

The depleting world’s energy sources and environmental pollution caused by fossil fuels led to search for
new energy sources. Among them, hydrogen is an important alternative being cheap and clean in terms of
environmental safety. Resarches about obtaining alternative energy by biological hydrogen production has
gained great importance. Conversion of organic substrates into hydrogen by photosynthetic bacteria is
important not only for clean and cheap energy production, but also for remediation of factory wastes
efficiently. Rhodobacter capsulatus is a Gram -, non-pathogenic, photosynthetic soil bacterium that can
produce hydrogen in anaerobic conditions in the presence of light. It has been observed that Rhodobacter
capsulatus can produce hydrogen in photobioreactors under controlled conditions (constant temperature
and light intensity) using acetate with high productivity. However, differences in day and night
temperatures under natural conditions seriously affect hydrogen yield and productivity.

In this study, the analyses of changes in gene and protein expressions of Rhodobacter capsulatus under
cold and heat stress were achieved by microarray and proteomics methods. Bacteria that were grown in
control (30 °C) for 48 hours were then exposed to cold (4 °C) and heat (42 °C) stress. RNA and protein
samples were isolated at certain intervals and changes in gene and protein expressions were analyzed by
microarray and LC-MS/MS. Moreoever, the effects of cold and heat stress on hidrogen production,
bacterial growth and organic acid consumtion were studied by an independent experimental set-up.

Physiological tests showed that heat stress application totally stopped bacterial growth and under cold
stress bacteria continued to grow at a slower rate. Both cold and heat stress ceased hydrogen production.
Similarly, acetate consumption rate decrased under cold stress, but under heat stress acetate
consumption was not complete.

In order to make microarray analysis GeneChip® Rhodobacter capsulatus Whole Genome Expression
Array was specially designed for the first time in this study and the microarray chips were manufactured
by Affymetrix company. Totally 4052 probe sets were placed onto the microarray chips. The chip name
was determined to be Affymetrix.GeneChip®.TR_RCH2a520699F. RNA isolation protocol for high yield
and quality RNA from Rhodobacter capsulatus was optimized and an RNA isolation method for RNA
having quality to be used in microarray studies was developed. The purity and quality of RNA were tested
spectrophotometrically (260/280 ratio) and electrophoretically (Agilent Bioanalyzer 2100), respectively.
After proving that RNAs were in a quality to be used in microarray studies, analyses were carried on. The
data obtained from microarray was analysed statistically, then genes showing fold change of 2 and more
were categorized according to the metabolic pathways they take place. Afterwards the metabolic changes
caused by cold and heat stress were analyzed. According to the results, it was observed that heat stress
affects the expressions of genes functioning in photosynthesis, electron transport and nitrogen
metabolism at most. These metabolic pathways carry vital importance for hydrogen production. The cease
of hydrogen production under heat stress was found to be correlated with the decrease in expression of
related genes. Additionally, the expressions of the genes responsible for maintaining cell membrane
functionality and integrity and cell membrane repair were observed to increase with heat stress. Data form
proteomics analysis confirms these results.

Cold stress generated a more general stress repsonse in bacteria. Under heat stress the expressions of
genes related to cell membrane structure and function, and heat shock proteins changed, while under cold
stres changes in the expression of genes related to energy metabolism, nucleic acid metabolism, cold
shock proteins, global stress proteins, cell membrane metabolism and many important metabolic
pathways were observed.
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Proteomics and microarray analyses were compeleted in a parallel manner. The results obtained at the
end of the project show that the goals at the beginning of the project were achieved successfully. A lot of
information were obtained from this project which aimed to analyse the effects of cold and heat stress on
the hydrogen production metabolism of Rhodobacter capsulatus. These information will be shared with
the literature after studies towards validation and more detailed evaluations of the analysis results

Key words: Rhodobacter capsulatus, hydrogen, cold stress, heat stress, microarray, proteomics
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1. GIRIS

Enerji gereksiniminin kargilanmasinda fosil yakitlarin kullanilmasi, sera gazlarinin emisyonunu arttirmakta
ve kiresel 1sinmaya yol agmaktadir. Bu nedenle, son yillarda tim diinyay! yenilenebilir ve temiz enerji
kaynaklarina ydneltmis, bu konudaki arastirma ve uygulamalar hiz kazanmistir. Hidrojen, yakildiginda
sadece su acgiga cikaran temiz bir enerji tasiyicisidir. Ginimizde hidrojen ¢cogunlukla fosil yakitlardan
elde edilmektedir (Sekil 1).
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30%
-*l‘“x.__
! \q_
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48%

Sekil 1. Ginumuz hidrojen uretiminde kullanilan kaynaklar (KOTHARI, 2008)

Ancak hidrojenin surdurulebilir olabilmesi igin temiz ve yenilenebilir bir sekilde Uretilmesi gerekmektedir.
Biyohidrojen, biyolojik yollardan yenilenebilir kaynaklar kullanilarak hidrojen dretimi, bu anlamda gelecek
vadeden bir hidrojen Uretim ydntemi olarak goérilmektedir. Biyolojik hidrojen uretiminde kullanilan
yontemler asagidaki gibi gruplandirilabilir:

i. Mikroalg ve siyanobakteriler kullanilarak suyun biyofotolizi ile hidrojen uretimi (direk veya dolayh
biyofotoliz)
ii. Karanlik fermentasyon ile fermentatif bakteriler kullanilarak organik maddelerden biyohidrojen
uretimi (fermentatif biyohidrojen)
iii. Fotofermentatif bakteriler kullanilarak 1sik varliinda organik maddelerden biyohidrojen uUretimi
(fotofermentatif biyohidrojen)
iv. Hibrid sistemler (fermentatif ve fotofermentatif yollarin ardisik olarak kullaniimasi)

Fermentatif bakteriler 1s1ga gerek duymadan, oksijensiz ortamlarda karanlik fermantasyon ile kompleks
organik maddeleri (seker, seliiloz, nisasta gibi) basit organik bilesiklere (asetat, propionat, bdtirat gibi)
indirgeyerek yuksek hizda hidrojen Uretimi saglayabilmektedirler. Ancak bu yolla basit organik bilesiklerde
bulunan enerji tam olarak hidrojene dénusturilemez. Fotosentetik bakteriler ise i1siksiz ortamda olugsan bu
tir organik asit molekillerini fotoheterotrofik kosullarda kullanarak hidrojene doéndstirirler. Bu nedenle
hibrid sistemler, fermentatif ve fotofermentatif sistemlerin ardisik olarak kullaniimasi, yiksek hidrojen
verimi eldesi vadetmektedir. Boyle bir sistemde, karanlik fermentasyon asamasinda elde edilen basit
organik asitler fotofermentasyon ile CO,’e kadar indirgenerek hidrojen tretim verimi arttirilabilir.
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Rhodobacter capsulatus oksijensiz foroheterotrofik ortamlarda ve azot kithginda hidrojen Uretebilen
fotosentetik, gram negatif, mor-kikurtstz bir bakteridir. R. capsulatus’un hidrojen metabolizmasinda gérev
alan iki temel enzim vardir bunlar; nitrojenaz ve hidrojenaz enzimleridir. R. capsulatus, fotosentetik
kosullarda ve azot kitliginda, nitrojenaz enzimi ile basit organik asitleri kullanarak hidrojen Uretir.

Fotosentetik hidrojen uretiminin temel avantaji, hidrojen Uretimde glines enerjisinden faydalaniimasidir.
Bu nedenle gelistirilen fotobiyoreaktérler, giines enerjisinden optimal o6l¢lide faydalanacak sekilde
tasarlanmali ve dis ortam kosullari altinda calistinlmalidir. Yapilan ¢alismalarda R. capsulatus bakterisinin
kontrolli kosullar (sabit sicaklik ve isik) altinda asetik asit kullanarak fotobiyoreaktdrlerde ylksek
verimde hidrojen Uretebildigini gosterilmistir. Ancak, dis ortam kosullari altinda yapilan ¢alismalar gece-
glindtz sicakhk degisiminin hidrojen Gretim verimini ciddi dlglde etkiledigini gostermektedir. Bu nedenle
reaktorlerin sogutulmasi veya isitiimasi gerekebilmekte, bu da fazladan enerji sarfiyatina yol agmaktadir.
R. capsulatus’'un optimal hidrojen uretimi sicakhgi 30-32 °C’dir. Ancak dis ortam kosullarda reaktor
sicakli§i yaz aylarinda giindiz 40 °C’nin (zerine c¢ikabilmekte, soguk havalarda ise 10 °C’nin altina
disebilmektedir. Sicaklik degisiminin hidrojen Uretim verimi Gzerine etkileri daha énceki ¢alismalarda
gosterilmistir (OZGUR, 2010). Buna goére, giin icinde 15 °C ile 40 °C arasindaki bir sicaklik degisimi
(Ankara'da ¢ok daha ciddi gunlik sicaklik degisimleri gdzlenebilmektedir) hidrojen Uretim verimini %50
azaltmistir.

Bu calismanin amaci hidrojen tretim kosullar altinda farkli sicaklik streslerine maruz birakilan bakterilerin
metabolik degisimlerinin mikrodizin ve proteomik yontemleriyle arastirilarak degisen sicaklik stresi
etkisinin hidrojen metabolizmasina olan etkilerinin incelenmesidir. Mikrodizin ¢aligsmalarinda kullaniimak
Uzere R. capsulatus bakterisi i¢in, internet veritabalarinda mevcut olan genome sekansi kullanilarak
“‘whole genome expression GeneChip” tasarlanmis ve Affymetrix firmasina Urettirilmistir. Farkh sicaklhk
streslerine maruz birakilan bakteri kiltlrlerinden belli zaman araliklarinda érnekler alinmis ve RNA ve
protein saflastirmalari uzun optimizasyon calismalarinin ardindan basari ile gergeklestiriimistir. Proje
stiresince ODTU Hidrojen Arastirma Laboratuvari, ODTU Kimya Miihendisligi, ODTU Biyoloji Bélimi Bitki
Biyoteknolojisi Arastirma Laboratuvari, ODTU Merkez Laboratuvari Molekiiler Biyoloji ve Biyoteknoloji AR-
GE Merkezi ve TUBITAK MAM GMBE’nin altyapi olanaklarindan faydalaniimigtir.

Calisma sonucunda elde edilen veriler, soduk ve sicaklik stresine dayanikli suslarin gelistiriimesine
yonelik yapilacak calismalara isik tutacaktir.

2. GENEL BILGILER

Dinyadaki enerji kaynaklarinin hizla tikenmesi ve fosil yakitlarinin gevre kirliligine yol agmasi, yeni ener;ji
kaynaklarinin arastiriimasina neden olmustur (BOCKRIS, 2002). Bunlar arasinda c¢evre givenligi
acisindan temiz, ve ucuz olan hidrojen dnemli bir alternatif olusturmaktadir (GOLTSOV ve VEZIROGLU,
2001). Organik maddelerin fotosentetik bakteriler tarafindan kullanilarak hidrojene dénustirilmesi temiz
ve ucuz enerji elde edilmesi acisindan oldugu kadar fabrika atiklarinin etkin sekilde arindiriimasi
agisindan da c¢ok o6nemlidir (TURKARSLAN, 1998; ARIK, 1996; EROGLU, 1998). Yenilenebilir
kaynaklardan, surdudrulebilir hidrojen Uretimi amaciyla farkli biyolojik hidrojen Uretim metotlari
uygulanmaktadir. Bunlar biyo-fotoliz, karanlik fermentasyon ve foto-fermentasyon olarak ayrilabilir (DAS
ve VEZIROGLU, 2001; HALLENBECK ve BENEMANN, 2002). Biyo-fotoliz yontemi ile hidrojen tretim hizi
disik oldugundan, diger iki yontem olan karanhk-fermentasyon ve foto-fermentasyon daha umut verici
gorulmektedir (HALL, 1995). Bu iki sistemin birlikte kullaniimasi hidrojen Uretim verimini biylk Olglide
arttirmaktadir. Gida Uretimi yapan fabrikalarin yan Grinleri veya atik sulari hidrojen tretiminde hammadde
olarak kullanildiginda, sistem atik rejenerasyonu yolu ile temiz enerji elde edilmesini saglayabilir.
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2.1 Rhodobacter capsulatus’un Hidrojen Uretim Metabolizmasi

Fakultatif fotosentetik bir bakteri olan Rhodobacter capsulatus degdisik c¢evre kosullarina uyum
saglayabilmekte olup fotosentez, oksijenli solunum, oksijensiz solunum veya fermentasyon gibi ener;ji
dénusum yollarini kullanabilmektedir (IMHOFF, 1995). Enerji dénisimunde gorev alan elektron transfer
zinciri, hiicre i¢ zarina bagli protein kompleksleri ve bunlar arasindaki elektron tasiyici sitokromlar araciligi
ile olmaktadir (DALDAL, 1994; OZTURK, 2008). R. capsulatus bakterisinde hidrojen uretilmesini saglayan
temel enzimler nitrojenaz ve hidrojenazdir (TAKAKUVA, 1980) (Sekil 2). Bakterinin sahip oldugu
hidrojenaz enzimi, hiicre zarina baghdir, [NiFe] icerir, dogrudan elektron transfer zinciri ile baglantihdir ve
hupSLC genleri tarafindan Uretilir ve hidrojenin geri tiketimini katalize eder (PAUL, 1979; LECLERC,
1989).

)

* Nitrojenaz

N+ 8H + 8e +16ATP — 2 NH, + H, + 16 ADP + 16 P, s
Nitrojen yoklugunda - >
2H ¢ 2¢°+ AATP — H, + AADP + 4P .

* Gen kullanam hedrojenan

H, - 2H* + 2e

Sekil 2. Elektron tasima zinciri ve hidrojen metabolizmasinda gorev alan Nitrojenaz ve Hidrojenaz enzimi

Nitrojenaz enzimi N, fiksasyonunun yani sira azot kithiginda ve fotoheterotrofik kosullarda redoks
dengesini saglamada goérev alir (JOSHI ve TABITA, 1996). Bu kosullar altinda nitrojenaz sistemi aktive
olarak organik asitlerin (malat, asetat, laktat) oksitlenmesinden dolayi olugsan asiri elektron yikinu
fotonlar indirgemede kullanarak yani hidrojene donusturerek uzaklastinr (VIGNAIS, 1985). Bu yol ile
birgok organik asitin fotosentetik ve azot kithgi altinda hidrojene donistirildigua litaratiirde gosterilmistir
(HILLMER ve GEST, 1977). Diger fotosentetik bakteriler gibi R.capsulatus bakterisi de membrana bagl
geri kullanim hidrojenaz (uptake hydrogenase) enzimi sayesinde nitrojenaz enzimi tarafindan dretilen H'i
geri kullanarak bakterinin foto-ototrofik ve kemo-ototrofik (CO, karbon kaynagi, H, enerji kaynagdi)
bldyumesini saglamaktadir (VIGNAIS, 2001). Hidrojenaz enziminin Uretilmesinin baskilanmasi ya da
kromozomal mutasyon ile ortadan kaldiriimasi, elde edilen mutant bakterilere fotoheteretrofik kogullarda
daha fazla hidrojen Uretebilme kabiliyeti saglamistir. Yapilan bazi ¢alismalarda hup™ (hidrojenazi silinmis)
R. capsulatus B10 soyunun laktat ve glutamat ortaminda fotofermentasyon ile H, retimleri test edilmigtir
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(ZORIN, 1996). ODTU Biyohidrojen Grubu biinyesine yapilan benzer genetik manipulasyonlar ile (elektron
tasima zinciri ve hidrojen metabolizmasi Uzerine) R.capsulatus MT1131 soyunun farkli mutantlari elde
edilerek test edilmig, ayrica yaban tipi ve sitokrom cbb; oksidazi olmayan soylarin hidrojenaz enzimi
kromozomdan silinerek daha fazla hidrojen Ureten YO3 ve YO4 mutant bakterileri elde edilmistir
(OZTURK, 2006). Mor kiikiirtsiiz bakterilerin hidrojen iretim metbolizmasinin genel semasi ve diger
metabolik dongulerle iligkisi Sekil 3’te gosterilmistir.

—" e +H*+CO,
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Sekil 3. Mor kukurtstuz bakterilerde hidrojen dretim metabolizmasi ve diger metabolik déngtilerle iligkisi.

2.2 Gesitli Stres Kosullarinin Hidrojen Uretimine Etkisi

Mor kikulrtstiz bakterilerin hidrojen Uretiminde kullanilmasi Uzerine literatirde bir¢gok ¢alisma mevcuttur.
Sicakh@in hidrojen uretimi Gzerine etkilerinin molekdiler diizeyde incelendigi bir calisma mevcut olmasa
da, mor kukurtstiz bakterilerde farkli metabolik kosullar altinda ifade edilen cesitli sicak stres (heat-shock,
HSPs) ve soguk stres (cold-shock, CSPs) proteinleri saptanmistir. Diger toprak bakterleri gibi
Rhodobacter turleri de dogdal ortamlarinda gesitli cevresel degisimlere maruz kalirlar. Bakterilerde sigma
faktdér denen stres proteinlerinin ¢evresel degisimlere adapte olmakta buylk roll oldugu bilinmektedir.
Cesitli sigma faktorler farkh ¢evresel kosullarda (sicaklik degisimi, besi yeri dedisimi gibi) hizli bir sekilde
ifade edilerek bakterilerin bu degisime adapte olmasini saglarlar. R. sphaeroides’te sicaklik stresi altinda
RpoH, ve RpoH, denen sigma faktorlerinin ifadelerinin arttiyi Green ve Donohue (2006) tarafindan
gosterilmistir. R. capsulatus’da yine RpoH ifadesinin sicaklik stresi ile arttigi gézlenmistir (EMETZ ve
KLUG, 1998). Sigma faktor transkripsiyon regulatorii olarak GroESL ailesine ait heat-shock protein
(chaperonin) genlerinin transkripsiyonunu saglar. Sigma faktor pozitif reglilasyonu saglarken, CIRCLE
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element negatif reglilasyonu saglayarak normal sicakliklara donuldiginde stres proteinlerinin
inaktivasyonunu saglamaktadir. Ancak yapilan ¢alismalarda CIRCLE elementin R. capsulatus’da sicaklik
stresi reglilasyonunda rol almadigi gézlenmistir (JAGER, 2004). Soduk stresi altinda ise bakterilerde farkl
bir reglilasyon sisteminden bahsedilmektedir. Bakteriler soduk stresine cesitli metabolik degisimlerle
adapte olurlar. Bunlar, i) hucre zar akigkanliginin azalmasi, ii) RNA ve DNA ikincil yapilarinin
stabilizasyonu, iii) protein katlanmasinin yavaslamasi ve iv) ribozomal fonksiyonlarin engellenmesi olarak
siralanabilir (PHADTARE, 2004). Bakterilerde soguk stresi altinda iki farkli protein ailesinin ifadesinin
arttigi bilinmektedir. Cold shock proteinler (CSPs) soguk stresine maruz birakildiktan kisa bir sire sonra
ortaya ¢ikar. Stres suresinin uzamasi soguk aklimasyon proteinlerinin (cold acclimation proteins, CAPS)
sentezlenmesine neden olur (PANOFF, 1998). CSP’ler kiigiik proteinler olup genellikle RNA’'ya baglanirlar
ve boylece RNA stabilitesinin artmasini saglarlar. Sicaklik stresi ile ilgili ¢esitli regilator proteinlerin ve
transkripsiyon faktérlerinin belilenmesine ragmen, soguk stresi ile ilgili Rhodobacter tirlerinde literatur
bilgisi oldukga sinirlidir. R. capsulatus ile yapilan bir galismada sogduk stresi ile alakali oldugu bilinen cypA
mRNA’sInIn stabilitesinin soduk stresi ile arttigi gézlenmistir (JAGER, 2004).

Literatirde simdiye kadar Rhodobacter tirleri (R. capsulatus ve ayni aileden olana R. sphaeroides)
lizerine birgok proteomik aragtirma yapilmistir. Ornegin mavi 1s1§a maruz birakilan ve disik oksijenli
ortamda buydltilen mavi 1s1§in genome (zerindeki tim gen ifadelerine olan etkisini ve fotosensotr
mekanizmasini agiga ¢ikarmak i¢cin R. sphaeroides’ in transcriptom profili mavi 1sik irradiasyonu altinda
incelenmis ve R. sphaeroides bakterisinde, fotosistem olusmasindan sorumlu puc and puf operonlarinin
baskilandigi gorilmistir. Fakat fotooksidatif hasar diizeltme mekanizmasinda goérev alan bazi genlerin,
ornegin deoxypyrimidine photolyase, glutathione peroxidase, ve quinol oxidoreductases gibi, ifadelerinde
artis oldugu goézlenmistir (BRAATSCH, 2004). Diger bir galismada Mass and Time (AMT) Tag proteomik
yaklagimi kullanilarak Rhodobacter sphaeroides 2.4.1. soyuna ait aerobik ve fotosentetik kiltlrlerden
sitoplazma, sitoplazmik hiicre zari, periplazma ve dis hlicre zar proteinleri fraksiyonlari incelenerek
yaklasik 8300 peptit tanimlanmis ve proteinlerin lokalizasyonu hakkinda énemli bilgiler elde edilmistir
(CALLISTER, 2006). Yine R. sphaeroides 2.4.1. soyunda yapilan benzer bir calismada aerobik ve
fotosentetik klltlrlere ait proteomlar sivi kromotograf-kutle spektrometri ile analiz edilerek yaklasik 6,500
peptid yaklagik 1,675 gen Grind (%39 tahmini protein) belirlenmigtir. Oksijenli solunum ve fotosentetik
ortamda buyutilen kaltirlerde gézlenen proteinlerin karsilastiriimalari her iki biyime sekline biyoenerjitik
model olarak yeni bilgi ve ac¢iklama olanagi sunmustur (CALLISTER, 2006). Yapilan bir baska calismada
R. capsulatus DsbA mutant bakterisinin 35 °C de solunumla buyimede yetersiz kalmasinin nedeninin
asirni miktarda periplazmik proteaz DegP’nin Uretilerek bakteriyi sicaklia hassas hale getirdigi
gosterilmistir (ONDER, 2008).  Biyoteknoloji dergisinde (Biotechnology Journal) yayinlaman baska bir
derlemede genel olarak ekonomik degeri ylksek mikroorganizmalarin genomlari bilinmesine ragmen
litaratirde sadece birkag 0Ornek dogrudan proteomik vyaklasim kullanilarak Grin prosesinin
optimizasyonunu saglamada kullanildigini gostermistir (JOSIC ve KOVAC, 2008). Bahsedilen derleme
makalede, proteomik yaklasimin simdiki ve gelecegdin biyoproses tasarimina ve optimizasyonuna olan
etkisi tartisilarak mikroorganizmanin veriminin artirilmasina ya da hedeflenen trind etkilemeye ydnelik
iyilestirmesine olan katkisi vurgulanmistir. Mikroorganizmaya ait proteomik bilgisinin, ¢evresel faktorlerin
degdisimine (sicaklik ve besin ortami gibi) olan tepkisi ve adaptasyonu tahmin etmede biyik yardimi
olacagi vurgulanmistir.

Literatlirdeki calismalardan da anlasilacadi tzere Rhodobacter turlerinde transkriptomik ve proteomik
yaklasimlar uygunalanarak farkli gevresel kosullarda (oksijenli solunum, fotosentetik kosullar gibi)
blyatulen kulttrler Gzerine arastirmalar yapilarak bu kosullarin bakterinin enerji metabolizmasina etkileri
aydinlatiimaya g¢alisilmigtir. Ayrica mikroorganizmalara ait proteomik bilgisinin hedeflenen Urlnun
eldesindeki verimliligi artirmasina ve gevresel faktorlerin olumsuz etkilerini dnlemeye yonelik optimizasyon
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calismalarina olan biylk katkisi vurgulamistir. Bu proje kapsaminda gergelestirilen calismalardan elde
edilen veriler de bu baglamda litaratlire biylk katki saglayacak ve R. capsulatus bakterisine ait elde
edilen transkriptom ve proteomik bilgilerin fotofermantatif kosullarda ve basit organik asitler varliginda
(asetat gibi) cevresel faktorlerin biyolojik hidrojen Uretim metabolizmasina olan olumlu ve olumsuz etkileri
aci§a cikarilarak proses optimizasyonunda ve genetik yéntemlerle soy gelistiriimesine (OZTURK, 2006)
blylk yarari dokunacaktir.

Bu projede R. capsulatus (DSM1710) susunun soguk ve sicaklik stresi uygulanarak hidrojen Uretim
kosullari altinda metabolik dedisimlerinin molekiller dizeyde mikrodizin ve proteomik ydntemleri
kullanilarak incelenmesi amacglanmistir. Bu hedefe ulagsmak igin asadida siralanan c¢alismalar
gerceklestiriimistir.

1. R. capsulatus icin ekspresyon ¢ipi tasarimi

2. Bakterilerin buyutilmesi ve stres uygulamasi (Fizyolojik ¢calismalar)

3. Mikrodizin analizi (RNA saflastirma ve karakterizasyonlari, cDNA sentezi optimizasyonlari,
mikrodizin veri analizi)

4. Proteomik analizi (LC-MS-MS)

3. GEREG VE YONTEMLER
3.1 Mikroorganizma

Rhodobater capsulatus DMS1710 susu Deutsche Sammlung von Mikroorganismen und Zellkulturen
(DSMZ, Alman Mikroorganizma Hucre Kulturd Koleksiyonu)'dan temin edildi.

3.2 Bakteri Aktivasyonu Besi Yeri

Rhodobacter capsulatus’un aktivasyonunda Tablo 1°de verilen MPYE (minimal peptone yeast extract) besi
yeri kullanildi. Kati besi yeri icin MPYE besi yerine %1.5 oraninda agar ilave edildi. Derin dondurucuda (-
80 °C) gliserol stok olarak mufaza edilen bakteriler MPYE-agar kati besiyerine ekilerek 37 °C’de koloni
olusuncaya kadar inkiibe edildi. Olusan koloniler MPYE sivi beri yerine aktarildi ve 37°C, bakteri derigimi
OD660nm’de 1.0’a ulasincaya kadar buyutalda.

Tablo 1. MPYE Besi yeri igerigi (1 L igin)

Madde Miktar

Baktopepton 39

Yeast extract 39

MgCI 1.6 ml (1M stok solusyonundan)
CacCl 1ml (1M stok solusyonundan)

Tum bilesenler distile suda ¢ézuldr, pH 7.0’ye ayarlanir ve otoklavlanarak sterilize edilir.
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3.3 Bakteri Biiyiime ve Hidrojen Uretim Besi Yeri

Aktive edilen bakteriler 20 mM asetat, 10 mM glutamat iceren Bieble-Phennig bliylime ortamina (Tablo 2)
%10 (v/v) inokllasyonla aktarildi. Buylime igin 50 ml'lik sise reaktorler kullanildi. Ortamdaki oksijen argon
kullanilarak uzaklastiriidi. Bakteriler 30 °C’de 2000 lux isik siddeti altinda, oksijensiz kosullarda buyatalda.
Biylyen bakteriler (ODggo deg@eri 1.-1.5 araliginda iken) 30 mM asetat, 2 mM glutamat igeren Bieble-
Phennig hidrojen uretim ortami (Tablo 2) igeren 150 ml'lik sise reaktorlere inokile edildi (%10 v/v). Argon
kullanilarak oksijensiz ortam saglandiktan sonra, reaktorler 30°C’de, 200 lux 1sik siddeti altinda inkibe
edildi. Uretilen hidrojen 6lgeklendirilmis gaz toplama tiipleri kullanilarak sivi degisim ydntemi ile toplandi
(Sekil 4). Hidrojen Uretimi suresince ginlik pH, blyime ve organic asit analizleri i¢in érnekler alindi.
Uretilen gazdaki hidrojen orani gaz kromatografisi élctimleri ile takip edildi.

Tablo 2. Buyume ve hidrojen Uretim besi yerleri icerigi (1 L igin)

Besi Yeri Bilesenleri Biyiime Hidrojen Uretimi
20mM/10mM A/G 30 mM/2 mM A/G

KH,PO, 39 39

MgS0,4.7H,O 05¢g 05¢g

CaCl,.2H,0 0.05¢g 0.05¢g

Acetic acid 1.15 ml 2.29 mi

Na-Glutamate 1.85¢ 0.36 g

Vitamin Solution (10x) * 0.1ml 0.1ml

Mikro Element Sollsyonu (10x) 0.1 ml 0.1 ml

*%*

Fe-citrate (50x) *** 0.5 ml 0.5ml

Vitamin solisyonu disindaki bilesenler ¢ézdurulip pH 6.8’e ayarlandiktan sonra hacim 1 L'ye tamamlanir.
121°C’de 20 dakika otoklavlanarak sterilize edilir. Filtre sterilizasyonu yapilmig vitamin sollisyonu steril

kosullarda eklenir.

*Vitamin Solusyonu (100 ml, 10X): Tiamin (500 mg), Niacin (500 mg), Biotin (15 mg). 0.45 ym filtre ile

sterilize edilir.

** Mikro Element Solusyonu Bilesenleri (100 ml, 10X)

Tablo 3. Mikro element sollsyonlari bilesenleri (100 ml, 10X)

icerik Miktar
ZnCl, 70 mg
MnCl,.4H,0 100 mg
H3;BO; 60 mg
CoCl,.6H,0 200 mg
CuCl,.2H,0 20 mg
NiCl,.6H,0 20 mg
NaMoO,4.2H,0 40 mg
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| HCI (25% viv) | 1ml |

TUm bilesenler distile suda ¢6zillr ve otoklavlanarak sterilize edildikten sonar 4 °C’de saklanir.

*** Demir Sitrat Solusonu (50X): 5 g demir sitrat 100 ml distile suda ¢6zdllr, otoklavlanarak sterilize edilir.

Gaz toplama kolonu

Gaz girisi
. Su gikisi

Gaz gikigi

\
o @Q)))
=54
Isik kaynagi

Fotobiyoreaktor

Sekil 4. Reaktor ve hidrojen Uretim dizeneginin sematik gosterimi

3.4 Analitik Olgiimler

Kaltarlerdeki pH degisimi, blyime, organik asit ve gaz kompozisyonu degisimi 7 gln sureyle gunlik
olarak takip edildi. Bakteri biiyiimesi spektrofotometrik olarak OD 660nm’de dlguldi (Shimadzu UV-1201).
pH degdisimi pH metre (Mettler Toledo 3311) ile takip edildi. Organik asit analizi HPLC (Shimadzu 10A
series) olglimleri ile takip edildi. Bunun igin, 6érnekler 45 uym naylon filtrelerden (Millipore, 13 mm) suizildi
ve Alltech 10-1000 (300 mm x 7.8 mm) HPLC kolonu ile analiz edildi. Mobil faz olarak 0.085 M H2S04,
0.4 ml/dk akis hizinda kullanildi, basing 66 psi’de sabit tutuldu. UV dedektori (Shimatzu FCV-10T) ile 210
nm’'de olgimler alindi. Uretilen gazin kompozisyonu termal kondaktivite dedektdrii bulunan gaz
kromatografi (Agilent Technologies, 6890N) ile Supelco Carboxen 1010 kolonu kullanilarak tayin edildi.
Argon 26ml/dk akis hizinda tasiyici gaz olarak kullanildi. Firin, enjeksiyon ve dedektér sicakliklar
sirastyla 140, 160 ve 170 °C’de tutuldu.

3.5. Stres Uygulamasi, Mikrodizin ve Proteomik Orneklerinin Toplanmasi

RNA saflastirmasi igin, 48 saat suresince 30°C’de hidrojen uretim kosullari altinda buyutilen bakteriler,
soguk stresi icin 4 °C’ye, sicak stresi igin ise 42 °C’ye ayarlanmis inklbatdrlere alindi. Kontrol kdiltirleri 30
°C’de buyutilmeye devam edildi. Stresin verilmeye baglandidi saatte (0. saat), 2. ve 6. saatlerde RNA ve
protein saflastirmasi icin érnekler alindi. Ornek alimlarinda takip edilen deneysel dizenek Sekil 5'te
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gosterilmistir. Deney 3 biyolojik tekrar olacak sekilde yapildi. RNA izolasyonu igin reaktérlerden alinan
bakteri 6rnekleri OD660 nm’de spektrofotometre ile digiilerek hiicre sayisi belirlendi. Herbir drnekte 1x10°
hicre/ml olacak sekilde 2 mI'lik eppendorf tlplerine konuldu. 12,000 g’de sentriflijlendikten sonra sivi azot
icerisinde dondurularak -80 °C’de muhafaza edildi. Proteomik 6rnekleri mikrodizin analizi i¢in toplanan
orneklerle es-zamanli olarak ayni kiltirlerden toplandi. 1 ml R.capsulatus kiltiri en yiksek devirde
(14.000 rpm) bir dakika dondurilerek ¢oktirildi; sipernatan uzaklastirildi ve pelet 1 ml 50 mM NH4HCO;
ile yikandi. Pelet iki kez daha yikanip uzun sireli saklama i¢in -80 °C muhafaza edildi.

30 °C’de 48 saat buyiutme
(30/2 AIG)
| |
4 °C’de soguk stresi 30 °C (kontrol) 42 °C ‘de sicak stresi
(2 ve 6. saatte 6rnek) (2 ve 6. saatte 6rnek) (2 ve 6. saatte 6rnek)
RNA ve Protein RNA ve Protein RNA ve Protein
Saflastirmasi Saflastirmasi Saflastirmasi

Sekil 5. RNA ve protein drneklerinin toplanmasi igin uygulanan deneysel diizenek (A: Asetat; G:
Glutamat)

3.6 RNA Saflagtirmasi ve Karakterizasyonu

Affymetrix firmasinin prokaryotik ¢ip hibridizasyonu protokolinde énerdigi minimum RNA miktari 10 pg
olarak belirtiimistir. Cipe yuklenebilecek maksimum RNA solisyonu miktari ise 18 ul ile sinirhidir. Bu
durumda, RNA saflastirmasinda erisilmesi gereken minimum RNA miktari 555 ng/pl'dir (10/18 = 0.555).
Bir diger dnemli husus ise elde edilen RNA'nin yuksek saflikta olmasidir, ki bu OD,gg280 Oraninin 1.8 ile
2.1 arasinda olmasi ile deneysel olarak ispatlanir.

RNA saflastirmasi i¢in, yaygin olarak kullanilan TRIZOL metodu takip edilmistir. Protokol olarak
Invitrogen’in TRIzol®  Max. Bacterial RNA Isolation Kit igin onerdigi protokol
(http://tools.invitrogen.com/content/sfs/manuals/trizolmax_man.pdf) baz alinmistir.

RNA saflastirmasi igin 2x10° bakteri icerdigi hesaplanan hiicre hacmi eppendorflara koyuldu. Uzerine
200uL 5mg/mL lizozim eklendi ve pipet kullanarak karistirildi. 10 dakika her 5 dakikada bir vorteksleyecek
sekilde 37 °C’de inkiube edildi. 1 ml Trizol eklenip 5 dakika vortekslendi. 0.2 ml kloroform eklenip ve 15 sn
calkalanarak karistirildi. 3 dakika oda sicakliginda inkiibe edildikten sonra 6rnekler 15 dakika 12000 g'de
4 °C’de santrifiijlendi. Santrifijden sonra elde edilen 3 fazin (altta kirmizi- fenol/klorofom fazi, orta faz ve
ustte RNA igeren renksiz sivi faz) en Ust fazi dikkatlice yeni bir ependorfa aktarildi. RNA’y1 ¢oktlirmek igin
0.5 ml soguk izopropanol eklenip oda sicakliginda 10 dakika inkiibe edildi. Ornekler 10 dakika 15000 g'de
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4 °C’de santrifiijlendi ve supernatani atildi. Olusan pellet 1 ml %75’lik soguk etanolle tekrar ¢6zuldu.
Ornekler 5 dakika 7500 g'de 4 °C’de santrifiijlenip peletin lzerindeki fazla etanol alindi ve havada
kurumaya birakildi. Pelet 20-50 pyl RNaz icermeyen suda pipetleme islemi yaparak ¢6zuldi ve 60°C’de 10
dakika inkibe edildi.

Alinan drneklerden mikrodizin sistemi igin gerekli olan yiksek miktar (= 550 ng/ul) ve safliktaki (260/280 :
1.8-2.1) RNA’lar belirtilen kosullarda basari ile saflastinldi. RNA miktari NanoDrop™ ND100
spektrofotometre ile tayin edildi. Saflastirilan RNA’larin saflik ve kalitesinin belirlenmesi Agilent 2100
Bioanalyzer (Expert_Prokaryote Total RNA Nano Cip) kullanilarak Agilent RNA 6000 Nano Kit Quick Start
Guide’'da belirtildigi Gzere yapildi.

3.7. Rhodobacter capsulatus igin Mikrodizin Ekspresyon Cipinin Tasarlanmasi

Rhodobacter capsulatus bakterisinin tim genomunun fiziksel haritasi Prof. Dr. Robert Haselkorn ve ekibi
tarafindan c¢ikarilmis ve http://rhodo.img.cas.cz internet sitesine ylUklenmistir (HASELKORN, 2001,
STRNADL, 2010). Mikrodizin giplerinin hazirlanmasinda bu sitede yer alan genom sekansi kullaniimistir.
R. capsulatus’un genomu dairesel bir kromozom ve bir adet plazmidden olugsmaktadir. Kromozom ve
plazmidin uzunluklari sirasiyla 3.738.958 ve 132.962 baz ciftidir. Kromozom (izerinde 3531, plazmid
Uzerinde ise 154 acik okuma alani mevcuttur. Ayrica, 53 tRNA ve 4 rRNA operonu vardir. Bu agik okuma
alanlarindan 3100 tanesinin fonksiyonu belirlenmistir, 610 tanesinin veritabanlarindaki hipotetik genlerle
benzerlikleri oldugu bulunmustur. Geriye kalan agik okuma alanlarinin veritabanlarinda herhangi bir
homologu bulunmamaktadir. Bakterinin nukleotid sekansi kromozom igin CP001312 ve plasmid igin
CP001313 erisim numaralariyla GenBank’ta mevcuttur (Strnadl, 2010).

R. capsulatus genomunun bu o6zellikleri gbz Onune alinarak tim genom ekspresyon ¢ipi tasarlandi.
Oncelikle GeneChip® CustomExpress™ Array Design Guide'da belirtildigi tUzere FASTA formatinda
sekans dosyas! hazirlandi. Bunun yaninda prob setlerinin isimlerinin, Grtnlerinin ve fonksiyonlarinin
belirtildigi bir talimat dosyasi hazirlandi. Genomda belirlenen tim genlerin yani sira bazi intergenik
bdlgelerin de ¢ip Uzerinde bulunmasi istendi. Ekspresyon ciplerini Uretecek olan Affymetrix firmasi ile
gOrismelerin sonucunda ¢ip kapasitesi g6z Oniine alinarak uzunlugu 300 baz giftinden fazla olan
intergenik bélgeler Sanger Enstitiisii (ingiltere) tarafindan geligtirilen ARTEMIS programi kullanilarak
belirlendi. Sekil 6'da ARTEMIS programinin ana penceresinden gérinimii verilmektedir.
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Sekil 6. ARTEMIS programinin ana penceresinin goruntusu

Affymetrix Custom Array Design ekibine gdénderilen sekans dosyasina 200 intergenik bdlge ve bunlarin
komplementer bolgelerinin sekanslari da eklenmistir. Ayni zamanda cipler Uzerine hedef hazirlama,
hibridizasyon kontroll, hiza kontroli ve kalite kontroll icin de problar yerlestiriimistir. Hedef hazirlama
kontrolleri B. subtilis'ten gelen ve Poly-A kontrolleri olan dap, lys, phe, thr, trp genleridir. Hibridizasyon
kontrolleri ise E. coli'den gelen bioB, bioC, bioD ve P1 bakteriofajindan gelen cre genidir. Hiza ve ¢ip
kalite kontrolleri igin ¢ip Uzerine désenen kenarlarda, kdselerdeki bloklar, ¢ipin ortasinda birakilan bos blok
ve ¢ip ismi kullaniimaktadir.

R. capsulatus bakterisi icin tasarlanan GeneChip’ler antisense DNA dizinleridir. Problar tasiyan her bir
noktanin boyutu 11 mikron ve c¢ip formati 100-3660’dir. Problar genlerin ve genler arasi bélgelerin 3’
ucundaki 600 bazdan secilmistir. Her dizi (sekans) igin tam eslesen/eslesmeyen prob (ortadaki bazda tek
bir baz degisikligi) stratejisi ile 13 prob cifti Gretilmistir. Tim sekanslar birbirleri ile karsilastirilarak
budanmistir. Toplamda mikrodizin Gzerine 4052 prob seti yerlestiriimistir (Sekil 7). Cip ismi
Affymetrix.GeneChip®.TR_RCH2a520699F olarak belirlendi.
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Sekil 7. Affymetrix GeneChip®

3.8 Mikrodizin Analizi

Saflastinlan  RNA’larin  hibridizasyon o6ncesi cDNA sentezi donUstlrilmesi, saflastinimasi ve
hibridizasyonunda Affymetrix firmasinin dnerdigi “Affymetrix Expression Analysis Technical Manual for
Prokaryotic Target Preparation” protokoli takip edildi. cDNA sentezi,, fragmantasyon ve biyotin ile
isaretleme asamalari sematik olarak Sekil 8'de gosterilmigtir.

Biyotin ile isaretlenen fragmanlar ODTU Merkez Laboratuvar Molekiiler Biyoloji ve Biyoteknoloji AR-GE
Merkezi’'nde bulunan Affymetrix Fluidics Station cihazi kullanilarak hibridizasyon, yikama ve tarama
asamalar tamamlanmistir. Bu agsamalar “Affymetrix GeneCeneChip Expression Analysis Technical
Manual’ da (Ek 1) belirtilen metodlar kullanilarak gergeklestirimistir. Orneklerin hibridizasyon igin
hazirlanmasinda ve hibridizasyon sirasinda kullanilan ybéntemde, Affymetrix tarafindan yiksek GC
oranina sahip organizmalar igin énerdigi protokol uygulanmistir (Flex FS450_0002).

3.8.1 Veri Analizi

Mikrodizin veri analizi GeneChip Operating Software (GCOS) 1.4 (Affymetrix) kullanilarak yapildi. Cipler
GCOS ile tarandiktan sonra elde edilen data dosyalari GeneSpring GX 11 (Agilent) programi kullanilarak
ileri veri analizi yapild1.
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Sekil 8. Prokaryotik 6rnek hazilama semasi (Affymetrix Expression Analysis Technical Manual for
Prokaryotic Target Preparation).

3.9 Proteom Analizi

3.9.1 Orneklerin Hazirlanmasi

Proteom analizi TUBITAK MAM-GMBE’'de bulunan LC-MS-MS cihazi kullanilarak gerceklestirildi.
Analizlerin yapilmasina yakin, érnekler -80 °C’den gikarilarak buz (izerine alindi ve ¢6ziinmesi beklendi.
Orneklerin (izerine 200 pl SDS (%4) eklendi ve hiicre pargalanmasi baslatildi. SDS eklendikten sonra
hicreler buz Gzerinde sonike edildi (6 saniye acgik, 4 saniye kapall ve 6 déngu olacak sekilde). Hucreler
tamamen pargalanana kadar sonikasyon stiresi arttirilabilir. Hiicreler parcalandiktan sonra olusan protein
¢Ozeltisini, buyik membran yapilari ve hiicre duvari ve pargalanmamis hicrelerden ayirmak icin en
yuksek devirde (14,000 rpm) 15 dakika boyunca santriflj edildi. Protein ¢dzeltisinde bulunan SDS’ i
tamamen uzaklastirmak igin, protein ¢ézeltisi gece boyu -20 °C’ de kendi hacminin en az iki kati kadar
Onceden sogutulmus aseton (%100) icerisinde bekletildi. Cékelme durumuna gelmis olan proteinlerin
tamamen pelet haline gelmeleri i¢cin 14,000 rpm hizda 15 dakika cevrildi, sUpernatant aspiratorle
uzaklastirildi. Olusan pelet 10 dakika boyunca vakumlu kurutucuda kurutuldu. Kurutma iglemi bitince,
pelet 200 yl RapiGest (1 mg/ml) deterjani igerisinde ¢6zildi ve 6nceden bahsedildigi gibi sonike edildi.
Sonike olmus olan soliisyon 15 dakika santriflij edilerek, stipernatani protein miktar analizi igin saklandi.
Protein miktar analizi Bradford metoduna goére yapildi. Protein érnekleri derisimleri 50 ng/ul olacak sekilde
HPLC derece suyla seyreltildi. 50 yl 6érnek alinarak Uzerine 5.5 pyl DTT eklendi ve 6rnek 15 dakika
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boyunca 60 °C sicaklikta inkilibe edildi (bu islem proteinlere tglncil seklini almasinda yardimci olan SH
baglarinin kirlimasini ve Gglncil yapinin bozulmasini saglar). Daha sonra 6.1 pl IAA 6rnekler izerine
eklendi ve 6rnekler 30 dakika karanlik ortamda inklibe edildi (bu islem DTT ile agilmis olan Uglnciil
yapinin tekrar kazaniimasini SH gruplarini metilleyerek 6nlemektedir). 50 ul tripsin (1 mg/ml) eklenerek
ornekler gece boyu 37 °C’ de inkiibasyona birakildi. Gece boyu inkiibasyon sonucunda spesifik amino asit
dizilerinde peptid baglari kirildi. Tripsin ile muamele gérmis olan &rneklerin Uzerine, 3 uyl TFA, 2 pl
Asetonitril ve 5 pl phosphorylase B (kalibrant) eklendi ve hacimleri 200 pl olacak sekilde Uzerleri 50 mM
NH,HCO:; kullanilarak tamamlandi. Ornekler 2 saat boyunca 60 °C sicaklikta 600 rpm hizda galkalandi ve
drneklerin 20 pl’'si LC-MS-MS viyallerine koyularak cihaza yuklendi.

3.9.2 Veri Analizleri

3.9.2.1 Protein ifade farkliliklari analizi

Bakteri protein ifade farkliliklarinin ve metabolit miktarlarinin belirlenmesinde takip edilecek 6rnek
hazirlama protokolleri, ileri dizey kromatografik ayristirma yontemleri, kitle spektroskopisi analiz
protokolleri ve ham verilerin islenebilmesi icin kullanilacak biyoinformatik yazilimlar hakkinda ayrintili
metot tanimlamalari asagida belirtilmistir. Farkh sicaklik ve zaman aralikalarinda 6rneklenen bakteri
kiltirlerinden tim protein (total protein) ekstrakte edilerek, ardindan tuzlardan temizlendi ve sonra
tripsinizasyon ile triptik peptitler elde edildi. Peptitlerin ve metabolitlerin kitle spektrometresi ile LC-MSF
temelli analizlerinden sonra da gesitli biyoinformatik yazilimlar ile protein ifade farkliliklari ve metabolit
dlzeyleri hesaplandi.

3.9.2.2 MS ve MS/MS Deney kurulumu

MS analizi kutle spektrometresi peptitlerin butinu hakkinda bilgi toplamak icin gerceklestirilir, MS/MS
analizi ise peptitlerin amino asit dizisi hakkinda bilgi toplamak igin gerceklestirilir. Peptitlerin analizi i¢in
kullanilan yéntem Waters’in MSE sistemi diye adlandirilan SYNAPT-HDMS sisteminde 6nce 5 eV daha
sonra 25-40 eV g¢arpigsma enerjisindeki analiz yontemidir. Bu yontemde her bir ¢garpisma enerjisinde 1.5 s
kadar veri toplanip ve belirli m/z araliginda olan yukli pargaciklar taranir. Bu sekilde hem molekiliin
bltiniu hakkinda hem de onu olusturan pargalar hakkinda daha fazla bilgi alinabilmektedir. Yéntemin
sagladigi avantajlar sunlardir: i) Teorik olarak tripsin ile bir proteinin pargalanmasindan sonra elde
edilebilecek triptik peptitlerin gergekte kag tanesinin gorildigu % sekans tanimlamasini belirler, yani daha
fazla peptit tanimlanmis ise protein tanimlamasi daha gugladdr. ii) Her bir peptitde pargcalanma sonrasinda
olusan b ve y iyon serileri olarak adlandirilan pargaciklarin sayisinin fazlaligi amino asit dizisinin daha
dogru ve guvenilir bir sekilde belirlenmesini saglar. Sonug olarak MSE yontemi ile daha dogru ve daha
fazla sayida proteinin tanimlamasi gerceklestirilecektir.

Metabolit tanimlamalari icin MarkerLynx yazilimi kullanildi. Kromatografik ayristirmanin ardindan kutle
spektrometresine giren metabolit pargalanir ve pargalanma sablonuna goére de standart metabolit
kutiphaneleri ile kargilastirilarak metabolit tanimlamasi gergeklestirilir.

3.9.2.3 Karsilastirmali grup analizi

Karmasik protein érneklerinden elde edilen triptik peptitlerin analizi esnasinda binlerce kitle spektrasi elde
edilmektedir. Bu ham verilerden baslayarak protein miktarlarindaki degisimlerin hesaplanabilmesi igin
gesitli yaziimlarin kullaniimasi gerekmektedir. Projede bakteri érneklerinden izole edilen proteinlerdeki
ekspresyon farkliliklarinin analizi igin PLGS-Expression® modiilii ve alternatif bir yontem olarak da
“Insilicos Proteomics Pipeline” (IPP) platformu kullanildi. Bu biyoinformatik yazilimlar ile her bir érnek
gurubundaki protein farkliliklar hesaplandi.
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3.9.24 PLGS Express:ionE protein ekspresyon analizi

Protein miktarlarindaki degisimlerin hesaplanmasi igin PLGS-ExpressionE modul kullanildi. Bu modil XML
tabanli informatik bilesenleri ile kalitatif ve kantitatif hesaplamalarin gergeklestirildigi protein biyobelirte¢
kesif platformudur. Bu analiz yénteminde her bir bakteri protein karisim 6rnegi ¢ defa analiz edildi ve ¢
analizden en az iki tanesinde tanimlanan peptitler hesaplamalara dahil edildi. Yéntemde ayni bakteriden
farkli sicaklik ve zaman araliklarinda alinan &rnekler grup olarak karsilastirilarak gruplar birbirinden
ayiran proteinler tanimlandi. Expression® modiilii ile elde edilen veriler t-test filtrelemelerine tabi tutularak
istatistiksel olarak anlam ifade eden protein farkliliklarinin listelenmesi gergeklestirildi.

4. BULGULAR

4.1 Fizyolojik Bulgular

Soguk ve sicaklik stresinin fizyolojik etkilerini gézlemlemek amaciyla, optimum kosullarda (30°C, 2000 lux,
hidrojen Uretim besi yeri) 48 saat boyunca buyitilen R. capsulatus bakterileri, bu sire sonunda soguk (4
°C) ve sicaklik (42 °C) streslerine maruz birakildi. Bliyime, pH degisimi ve organik asit tiketimi 7 gin

boyunca glnluk érnekler alinarak takip edildi.

R. capsulatus’un farkl sicakliklardaki (4 °C, 30 °C ve 42 °C) zamana bagh bakteri biiyimesi, pH degisimi

ve asetik asit tiketim grafikleri Sekil 9’da gdsterilmigtir.
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Sekil 9. Hidrojen Uretim ortaminda sicaklik stresi altinda bakteri biiyiimesi (A), pH degisimi (B), organik
asit tiiketimi (C) ve hidrojen Uretimi (D). Kesikli gizgi stres uygulama zamanini géstermektedir.
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R. capsulatus mezofilik bir bakteridir ve mezofilik bakteriler igin optimum biyime 20 °C ile 40 °C
arasindadir. Sicaklk degerleri bu araligi astiginda bakteri biyimesi durur ve Sekil 9 ‘da da gorildigu gibi
bakteriler 6lme fazina girerler. Yiksek sicakliklar proteinleri denature ettiginden, blyime ve diger
metabolizmalar icin gerekli olan reaksiyonlar gergeklesemez. Bu galismada inklbator sicakligi 42 °C’ye
ayarlanmigtir ancak isiklandirmadan dolayi kultir sicakligi 43-44 °C’ye gikmistir. Soduk stresi altinda ise
incubator sicakhgi 4 °C’ye ayarlanmis fakat kiiltiir sicakliklari 7-8 °C élgllmistiir. inkiibator sicakligi 0
°C’ye ayarlandiginda bile kdltir sicakligi 7 °C’nin altina dismemistir. Soguk stresi altinda bakteriler kontrol
kosuluna goére daha fazla bliylime gostermistir. Corner ve Kotrola (1995) tarafindan yapilan bir galismada
ortamda asetik asit, sitrik asit ve laktik asit gibi organik asitlerin varliginda, E. coli bakterisinin 4 °C’'de
yasamasl bu asitlerin olmadigi ortamla karsilastirildiginda artmistir. Bu ¢alismada ortamda asetik asitin
bulunmasi R. capsulatus’un bu sekilde bir bliylime sekli gdstermesinin nedeni olabilir.

Stres uygulamaya baslangic saati olan 48. saate kadar ortamin pH’sI yikselmis ancak kabul edilebilir
aralikta kalmistir. Bu artisin nedeni ortamdaki asetik asitin bakteriler tarafindan tiiketilmesidir. Sicak stresi
pH’y1 anlamli bigimde etkilememistir, ancak soguk stresi altinda ortam pH’si 7.4’e kadar artmistir. Sicak
stresi altinda asetik asitin kullanimi durmus ancak soduk stresi uygulanmis bakteriler asetik asit
kullanmaya devam etmistir, bu durum soguk stresine maruz kalan bakteri kuiltlrlerinde pH artiginin
nedenidir.

Ortamdaki asetatin baslangi¢ derisimi 30 mM’dir. Bu asetatin timi kontrol ve soduk stresi altinda
tamamen tuketilirken, sicak stresi altinda ortamda 5mM asetat kalmistir. Sicak stresinin hticre tzerindeki
baslica etkisinin hiicre zari Gzerinde oldudu bilinmektedir. Hiicre zarina verilen bir hasar substratlarin
hicre icine alinmasini etkiler. Doymamis yag asit zincirinin doymus yag asit zincirine orani E. coli ve
bircok diger bakteride artan sicaklikla birlikte azalir ve bu da hicre zarinin akiskanhigini artirir (MEJIA,
1995). R.capsulatus bakteri hicrelerinin sicak stresi altinda asetati hicre icine alamamalari, yiksek
sicakligin hlcre zarina zarar vermesinden kaynaklanabilir. Hicre zari akigskanhgdi soduk stresinden de
etkilenmektedir, bdylece substat alimi yavaglayabilir (PHADTARE, 2004). Sekil 9'da da goérulduga dzere
soguk stresi altinda asetat tiketim hizi optimum sicakliktakinden daha yavastir. Asetat ddnustirme
verimliligi hesaplanmis ve Tablo 4’te gOsterilmisgtir.

Molar hidrojen uUretimi ideal gas kanununa, PV=nRT formiline gdre hesaplanmistir. Bu formulde P
atmosfer basincini gdsterir ve 1 atm olarak alinmistir. V, Uretilen hidrojeni litre cinsinden gosterirken, n
Uretilen hidrojenin molini goésterir. R molar gaz sabitidir ve 0.082 L.atm.mol™.K™* ye esittir. Sicaklik Kelvin
cinsinde alinmistir ve T ile gdsterilmistir. Uretilen hidrojenin miktari gaz kromatografisi ile dlgtimistir. Tim
reaktdrlerde Uretilen gazin %85’i hidrojen %15’i ise CO.'tir. Hidrojen Uretimi hem soguk hem sicak stresi
altinda durmustur. Hidrojen Uretimi reaksiyonlari enzimlerle katalizlendiginden optimum sicakligin
disindaki sicakliklarda hidrojen uretimi beklenmemektedir. Anayrobik bakterilerden olusan karisik kdltirle
karanlik fermentasyon ile hidrojen Uretimi Uzerinde sicakligin etkisinin arastinldigi bir c¢alismada,
hidrojenaz ve nitrojenaz enzimlerine sahip karisik kultir bakterilerinin hidrojen Uretmesi icin optimum
sicaklik 35 °C bulunmustur ve sicaklik 45 °C iken hidrojen uretimi belirgin sekilde azalmistir (ZHANG ve
SHEN, 2006). Arastimacilar bu azalmanin nedeninin enzim aktivitesi icin gerekli olan sicakhgin disina
¢ikilmasi oldugu sonucuna varmiglardir.

Hidrojen Uretimi analizi i¢in bazi 6nemli parametreler vardir. Kimulatif hidrojen Gretiminin yaninda hidrojen
Uretim hizi, substrat dondstirme verimliligi, molar verim, 1sik dénlstirme verimliligi ve Grtn verim faktori
(1 gram bakteri kuru agirhgindan Uretilen toplam hidrojen) hidrojen Uretimi analizinde ele alinmasi gereken
parametrelerdir. Bu parametreler hesaplanmis ve Tablo 4’te gdsterilmigtir.
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Tablo 4. Kontrol, soguk ve sicak stresi kogullarinda Uretilen toplam hidrojen, hidrojen Uretim hizi, substrat

dondstirme verimliligi, molar verim, i1sik dontstirme verimliligi ve Griin verim faktori

Toplam Hidrojen Uretim Substrat Verim Isik Uriin
hidrojen (mmol) hizi (mmol/L.h) dondstirme donustirme verim
verimliligi (MOlyo/MOlaserar) verimliligi faktoru
48. 48.
(%) (%) (mmol
saatten | saatten H2/gdcw)
once sonra
Kontrol 2.29 0.574 0.230 44.4 1.775 0.400 75.02
(30°C)
Soguk 1.38 0.574 0 26.7 1.077 0.242 40.63
stresi
(4°C)
Sicak 1.54 0.574 0.029 29.8 1.430 0.269 54.37
stresi
(42°C)

Hidrojen Uretim hizi, hidrojen Uretiminin zamana bagl degdisimini gdsteren grafikteki dogrusal bdlge
dikkate alinarak hesaplandi. Hidrojen Uretimi ilk 48 saatte tim kdltirlerde ayni hizda devam ederken stres
(4 °C ve 42 °C) uygulamasinin ardindan hiz sifira distl. Kontrol kiltirinde ise 48 saatten sonra daha
diusuk bir hizda devam etti.

Substrat (asetik asit) doniisim verimliligi,

Substrat degisim verimliligi = (Uretilen toplam H, (mol) / toplam asetik asitten elde edilebilecek hidrojen
(mol) ) *100

formuline gdre hesaplandi. Bir mol asetik asitten uretilebilecek toplam hidrojen asagidaki stokiometrik
doénisime goére 4 mol’'dir.

C2H402 + 2H20 —4 H2 + 2 C02
Buna gore, kontrol kosullarda substrat déntsim verimi stres kosullarindan daha yiksektir. Benzer sekilde,
molar verim (Uretilen toplam hidrojen (mol)/ tiketilen toplam asetik asit (mol)) kontrol kosullarinda daha
yuksektir.
Isik donlisim verimliligi (sarf edilen 1sik enerijisinin Uretilen toplam hidrojen enerjisine orani) fotofermentatif

hidrojen Uretiminde incelenmesi gereken 6nemli parametrelerden biridir. Bu parametre bakterilerin 1s1k
enerjisini ne kadar verimlilikle hidrojen enerjisine donlstirdiguni gosteren bir veridir. Reaktér hacimleri
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ve her bir reaktoriin Gizerine yansiyan toplam foton sayisi sabit oldugundan, en ylksek hidrojen Gretiminin
g6zlendigi kontrol kiltlrlerinde 1sik dontsum verimliligi en yUksektir. Isik dontdsim verimliligi asagidaki
formile goére hesaplanmistir.
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Bu fomilde 33.6 hidrojenin enerji yogunlugunu (Watt.sa/g), py. hidrojenin 6zgul agirhgini (0.089 g/L), Vu»
Uretilen toplam hidrojen miktarini (L), 1 1sik siddetini (114.286 Watt/mz), A isiklandirlan yiizey alanini (55
ml reaktdr i¢in 0.002 mz), t hidrojen Uretim zamanini (saat) gdstermektedir.

Uriin verim faktori (retilen toplam hidrojenin bakteri kuru agirhgina orani) bakterinin hidrojen tretim
aktivitesini gosteren 6nemli bir degerdir. Reaktdr igindeki toplam bakteri miktarinin ne kadar verimle
hidrojen Urettigini saptamada kullanilir. YUlksek bakteri miktari her zaman yiksek hidrojen verimi
saglanacagl anlamina gelmez. Onemli olan, bakterilerin substrati ve 1s1§1 hidrojen Uretimi icin ne kadar
verimle kullandigidir. Diger verilerde oldugu gibi Griin verim faktori de kontrol kosullarinda daha yiiksek
bulunmustur.

Bu sonuglar, soguk ve sicaklik stresinin hidrojen uretimini dnemli miktarda etkiledigini gostermektedir.
Dolayisiyla, yurGtilen bu 6n calismalar, mikrodizin ve proteomik g¢alismalarinda RNA ve protein
ifadelerindeki degisimlerin belirtilen stres kosullarinda rahatlikla gbzlenebilecegini gdstermistir.

4.2 Mikrodizin Analizi

Mikrodizin analizi i¢in bakteriler kontrol kosullarinda (30 °C)’de buyatuldikten sonra 4 °C ve 42 °C’ye
ayarlanmig inkUbatorlere alindi ve 2. ve 6. saatlerde o6rnekler toplanarak RNA saflastirmasi
gerceklestirildi. Saflastirilan RNA’lar d6lgimu ve karakterizasyonlarinin ardindan mikrodizin analizi igin
kullanildi.

4.2.1 RNA Saflastirmasi Karakterizasyonu

Affymetrix Expression Analysis Technical Manual'a godre prokaryotik mikrodizin analizinde cDNA
sentezine baslamak igin gerekli RNA miktari 10 pg olmalidir. Bu da, cDNA sentezi protokoliine gére
kullanilabilen maksimum reaksiyon hacmi olan 18 pl'de 555 ng/ul RNA derisimine denk gelmektedir.
Yuksek saflikta ve konsantrasyonda RNA elde edebilmek igin ¢esitli RNA saflastirma metodlari (ticari RNA
saflastirma kitleri) denenmistir. Ancak, bu kitlerden yiksek miktarda RNA eldesi saglanamamistir. Daha
sonra RNA saflastrmasi igin sikga kullanilan TRizol metodu ile denemeler yapiimis ve uzun optimizasyon
¢alismalarinin ardindan TRizol (Invitrogen) kullanilarak yiksek saflikta ve miktarda Rhodobacter
capsulatus igin RNA saflastirma protokolU gelistirilmigtir.

Kontrol ve stres kosullarinda 0, 2 ve 6. Saatlerde alinan 6rneklerden elde edilen RNA derisimleri ve

safliklar (260/280 orani 1.8-2.1 araliginda olmali) Tablo 5'te gosterilmistir. Gortldugi gibi, tim ornekler
gereken RNA derisiminde ve safliginda elde edilebilmigtir.
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Tablo 5. R. capsulatus bakterisinin saflastirilan total RNA derisimi ve safligi. Deneyler 3 tekrar halinde
yapilmistir.

0. saat 2. saat 6. saat
260/280 260/280 260/280
(ng/pl) (ng/pl) (ng/pl)
Kontrol 661.2 1.89 744.8 1.87 1035.8 1.9
(30°C) 745.2 1.92 708.2 1.95 840.6 1.91
739 1.79 738.4 1.81 764.9 1.79
Soguk 787.8 1.88 806.6 1.94 740 1.98
stresi 1138.2 1.89 1138.2 1.81 943.2 1.97
(4°C) 562.8 1.87 597.8 1.86 522.7 1.9
Sicak 1006.8 1.95 960.2 1.96 923.8 1.94
stresi 907 1.87 862 1.9 1005.4 1.93
(42°C) 650.4 1.86 633.4 1.88 744.8 1.87

RNA kalitesi ve butinligu ayrica Agilent 2100 Bioanalyzer cihazi kullanilarak elektroforetik olarak da test
edilmistir. Sekil 10 ve 11, sirasiyla Bioanalyzer analizi sonucunda elde edilen érnek jel goriintisini ve
elektroferogrami gostermektedir. Buna gére RNA’larda herhangi bir kirllma veya DNA kontaminasyonu
g6zlenmemistir ve drnekler mikrodizin analizi igin kullanilabilir.
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Sekil 10. Rhodobacter capsulatus total RNA saflastirmasi sonrasinda elde edilen Bioanalyzer jel
goruntisu. 25. Hiza 5S rRNA, 38. Hiza 16S rRNA, 40. Hiza 23S rRNA bantlarini géstermektedir.
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Sekil 11. Rhodobacter capsulatus total RNA’sindan elde edilen Bioanalyzer elektroferogrami. 25. pik 5S
rRNA, 38. pik 16S rRNA, 40. pik 23S rRNA bantlarini géstermektedir.

4.2.2 Mikrodizin Verisi Kalite Kontrolii

Mikrodizin hibridizasyon sonuglarinin GCOS programi ile taranmasi sonucunda elde edilen dosyalar, veri
guvenirliligi agisindan incelenmistir. .DAT dosyasindan (mikrodizin tarama gorintisi) elde edilen bir
goruntu sekil 12°de gdsterilmistir. Kalite kontrol parametreleri (kbselerdeki satrang tahtasi géruntisa,
kenarlardaki degisken parlaklik cercevesi ve sol Ust késedeki ¢ip ismi, vs) incelenmis ve ¢ip gorintisinde
herhangi bir anormallige rastlanmamistir. Rapor dosyalari (.RPT) incelendiginde (her bir ¢ip igin
background, noise, percent presence, Poly-A ve hibridizasyon kontrolleri bilgilerini analiz eder),
tekrarlardan birinin (toplam 3 tekrar yapilmigstir) digerlerinden farklilik gbsterdigi saptanmis ve bu deney
seti ileri analize dahil edilmemisgtir.

Sekil 12. Rhodobacter capsulatus Affymetrix GeneChip tarama dosyasindan (.DAT) elde edilen gorintu.
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GeneSpring GX11 GeneChip Mikrodizin veri analizinde kullaniimistir. Bunu igcin GCOS’'tan elde edilen
.CEL dosyalari programa yulklenmis ve soguk ve sicak stresi icin ayri projeler olusturulmustur. Veriler
uygun sekilde gruplandiriimis ve analiz sonuglari kiyaslanmistir. Kiyaslama sonucunda, en az 2 kat
degisim go6steren verilerden bir liste elde edilmis ve signifikans analizi bu veriler (zerinden
gerceklestiriimistir. Verilerin yorumlanmasinda One-way ANOVA kullaniimistir (p < 0.1). Soguk ve sicak
stresinin kontrole gére degisimleri ayri ayri analiz edilmis, degisim gdsteren genler metabolik yolaklara
gore gruplandirilarak yorumlanmigtir.

4.2.3 Soguk Stresi Altinda Kontrole Gére Gen ifadesi Degisimi

Kalite kontrol analizini takiben veriler GeneSpring programina yiklenmis ve gruplandiriimistir. Veriler
arasindaki korelasyon katsayilari Pearson korelasyonuna gore hesaplanmistir (Tablo 6). Veriler
arasindaki korelasyon katsayilari yiksek bulunmus ve ileri veri analizine gegilmstir. Buna goére 328 genin
(4052 prob uzerinden) soguk stresi altinda kontrole gore istatistiksel olarak (p < 0.1) farhlik gosterdigi
belirlenmistir. Bu genlerin normalize edilmig verilerinin profil grafigi Sekil 13’de gdsterilmektedir.

Tablo 6. Soguk stresinin (2. saat ve 6. saat) kontolle karsilastinimasindan olusturulan korelasyon
katsayisi matrisi

Array Name | 0h30-1.CEL | 0h30-2.CEL | 6 h4-1.CEL | 6 h4-2.CEL | 2h4- 1.CEL | 2 h4- 2.CEL | Cold Stress
0h30-1.CEL 1.0 0.9742222 0.9519176 0.9649935 0.82934517 08572263 Control (30°C)
0h30-2.CEL 0.9744222 10 096643746 0.9853015% 0.8729336 0.3003339|Control (30°C)
&h4-1.CEL 0.9519176)  0.96642746 10 0.9849007 0.9155422 0.9072018|Cold Stress (&h)
& hd4-2.CEL 0.9649935 098530155 0.9849007 1.0 0.9000022 0.9197164|Cold 5tress (Eh)
2h4- 1CEL 082924517 08729336 0.9155422 0.9000022 10 0.9606503 | Cold Stress (2h)
2h4-2.CEL 0.8574263 09003339 09072018 0.9197164 09606503 1.0[Cold Stress (2h)
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Sekil 13. 2 ve 6. saatlerde soguk stresinin kontrole gére degdisimini gésteren profil grafigi.
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Profil grafigine gore, 2 saat soduk stresi sonrasinda genlerde goriilen degisim 6 saate gére daha fazladir.
Bu durum bakterilerin soguk sterine gabuk tepki géstermesi ve daha sonra adaptasyon saglamasinin bir
sonucudur. Bakteriler gevresel degisimlere kisa slirede adapte olabilmektedirler. Sekil 14’te de gorilecegi
gibi, 2 saat soguk stresi sonrasinda anlamli degisim gdsteren gen sayisi, 6 saat soguk stresi
sonrasindakine goére ¢ok daha fazladir. Bu durum bakterilerin soguk stresine 6 saat sonra adapte olmaya
basladigini géstermektedir.
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Sekil 14. 2 ve 6 saat stress uygulamasi sonrasinda kontrole gére anlamh degisim gdsteren genlerin
dagilim grafigi

4.2.3 Sicak Stresi Altinda Kontrole Gére Gen ifadesi Degisimi

Sicak stresi uygulamasi sonucunda elde edilen veriler, soguk stresi verilerinde oldugu gibi, kalite kontroli
acisindan incelendikten sonra GeneSpring programina yiklenmis ve benzer istatistiksel analizler
yapilmigtir. Tablo 7 Pearson korelasyon analizi sonucunu gostermektedir. Buna gore, veriler arasindaki
korelasyon oldukca yuksektir ve mikrodizin ileri analizi i¢in kullanilabilir.

Tablo 7. Sicak stresinin (2. saat ve 6. saat) kontolle kargilastirimasindan olusturulan korelasyon katsayisi
matrisi

Array Mame 2 h42- LOFL 2 h42- 0P Oh30-LOEL| 0 h30-20FL | §mA-LOEL | B42-20EL  Hest Soress
Eh4l- 1EL | LO] OUGSI744] 00057586 0 3A0GE454)  Q.ITIRGEES) 034551707 Hea Sress [Zh)
2h41-10E | 0SR 1744 1o 040600577 09198543 09ETZETS|  0STTYELEHed Gress 2h)
OhI0-LCEL | 0.52057SBE|  0.90R02577 Lo 097334R53 9F265TS4] D.B3ST4365(Comnal 0%
h30-2CEL | 0590E0d54) 0010843 007339853 L6 G0dn07Er G #436911 oniml 300
Eh42-1CEL | 0571886R5| 09667275 0.93265754] 09404767 10 0583541 He Sress [Bh)
Rh4l-2.CEL | 094591707 095779616 093074365 09436911  0.90R9541 1.0He ! Sress (G
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Sekil 15. 2 ve 6. saatlerde sicak stresinin kontrole gére degisimini gdsteren profil grafigi.

istatistiksel analizler sonucunda, sicaklik stresinin R. capsulatus genomunda 293 gende anlamli degisime
neden oldugu saptanmistir (one-way ANOVA, p< 0.1). Bu genlerin normalize edilmis intensite degerleri
g6z 6niinde bulundurularak olusturulmus profil grafigi Sekil 15°te gosterilmistir.
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Sekil 16. 2 ve 6 saat stress uygulamasi sonrasinda kontrole gére anlamh degisim gdsteren genlerin
dagilim grafigi
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Sekil 16’da 2 ve 6 saat sicaklik stresine maruz birakilan bakterilerdeki gen degisiminin dagiim grafigi
(Scatter Plot) verilmistir. Bu grafiklerden de anlasilacagi gibi, kontrol ile karsilastirildijinda, 2 saat sicaklik
stresi sonrasinda degisim gosteren gen miktari 6 saatekine yakindir. Soduk stresindeki gibi bir
adaptasyon sicak stresi uygulanan bakterilerde gérilmemistir.

Elde edilen bu sonuglardan sonra, 12 ve 24. saatlerde bakteri 6rnekleri alinmamistir, ¢linkli, zaman
gectikge gen ifadelerindeki degisimler azalmaktadir. Bu nedenle, stres faktérlerinin gen ifadesi lzerine
etkilerinin en yogun olarak gézlendigi 2 ve 6. saatler analiz edilmistir.

4.2.4 Soguk ve Sicaklik Stresinde Degisim Gosteren Genlerin incelenmesi

Stres kosullari altinda degisim gosteren genler bagl olduklari metabolik yolaklara gére gruplandiriimis ve
stresin metabolik etkisi bu yolla incelenmistir. Sekil 17 ve 18, sirasiyla soguk ve sicak stresleri altinda
degisim goOsteren genlerin metabolik yolaklara gére ayriimasi ve bunlarin toplam degisime oraninin (%)
hesaplanmasi sonucunda elde edilen grafikleri géstermektedir. Buna goére, soduk ve sicaklik streslerinden
en cok etkilenen genler azot, fotosentez ve elektron tagsima yolaklarinda fonksiyon gdsterenlerdir. Bu
metabolik yolaklarin hidrojen Uretimine énemli etkileri vardir. Mor-kikurtsiiz bakterilerde hidrojen Uretimi
nitrojen metabolizmasi ile birinci dereceden baglantilidir, ¢lnklU hidrojen Uretimi nitrojenaz enzimi
tarafindan katalizlenir.

Ayrica, isisal streste genel olarak gézlenmesi beklenen hiicre zari sentezinde rol alan genlerin ifadesinde
ve hicre zarinda yer alan tasiyici veya bagdlanma proteinlerini sentezleyen genlerin ifadelerinde ciddi
oranda degisim gorulmektedir. Bu durum, isisal stresin ilk olarak hiicre zarini etkilemesinden ve hiicre zari
akiskanliginda degisime yol agmasindan kaynaklanir.

R. capsulatus genom adlandirmasinin (annotation) %100 tamamlanmadigi igin, degisim gosteren genlerin
Onemli bir kisminin fonksiyonu bilinememekte veya hipotetik fonksiyonlari bilinebilmektedir.

Soguk ve sicak stresi karsilastirildiginda, iki stres arasindaki farklihik daha ¢ok azot, fotosentez ve
elektron tasima zincirlerindeki proteinlerin sentezinde fonksiyon gdsteren genlerin ifadesinde gdéze
carpmaktadir. Soguk stresi sonrasinda azot metabolizmasinda daha ¢ok degisim gézlenirken, sicak stresi
sonrasinda elektron tagima zinciri ve fotosentetik genlerde daha fazla degisim gézlenmigtir. Bu durum
sicak stresinin zar yapisini daha fazla etkiledigi seklinde yorumlanabilir, ¢linkii fotosentez ve elektron
tasimada gorevli proteinler gogunlukla R. capsulatus hicre i¢ zarlarina entegredir.

Raporun bundan sonraki kisminda, her bir metabolik yolaga bagli degisimler ayri ayri incelenecek ve
detayl analiz degerlendirmesi yapilacaktir. Burada yer alan degerlerin kontrole gére goreceli degisimler
oldugu, dolayisiyla kantitatif degisimleri degil, goreceli olarak kat degisimlerini (fold change) ifade ettigi
unutulmamalidir. Degisim gosteren dnemli genlerin listesi Ek-2’de verilmistir.
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Sekil 17. Soguk stresi altinda anlamh degisim gdsteren genlerin metabolik dagilimi
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Sekil 18. Sicak stresi altinda anlamli degisim gdsteren genlerin metabolik dagilimi
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4.2.5 Isisal Stresin Azot Metabolizmasina Etkisi

Azot metabolizmasi, hidrojen Uretimini birinci derecede etkileyen metabolik yolaklardan biridir, ¢linkt, mor
kikurtsiz bakterilerde hidrojen Uretimi azot fiksasyonunda goérev alan nitrojenaz enzimi tarafindan
katalizlenir. Sekil 19'da soguk ve sicak streslerinde anlamli Olglide degisim gosteren nitrojen
metabolizmasinda gorevli genlerin sayisi gosteriimektedir. Buna gore, 2 ve 6. Saatler sonunda soduk
stresi sonrasinda artis gosteren gen sayisi oldukga fazla iken sicak stresinde bu genlerde belirgin bir
degdisim gdzlenmemistir. Soduk stresi azot metabolizmasinda gérev alan nif genlerinin ifadesinde kontrole
gOre 6nemli derecede (99 kata kadar) artisa neden olmustur. Hidrojen Uretiminin soguk stresi altinda
durmasi, nitrojenaz enzimin soguk stresi adaptasyonunda farkli bir rol Gstlendigi seklinde yorumlanabilir.
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Sekil 19. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) azot metabolizmasinda degisim gosteren
(artan/azalan) genlerin sayisi.

4.2.6. Isisal Stresin Elektron Tagima Zincirine Etkisi

Stres kosullari altinda elektron tagima zinciri proteinlerin sentezinde gdrevli genlerin sayisindaki degisim
Sekil 20’de verilmistir. Sicak stresi genel olarak gen ifadesinde dustse yol acarken, soguk stresinde
ifadesi artan genlerin sayisi daha fazladir. Artis gdsteren gen sayisi, 2. saatte 6. saate gére daha fazladir.
Degisim gdsteren genler incelendiginde, ferrodoksin genlerinin soguk stresi altinda arttigi ancak sicak
stresi altinda ferrodoksin V’in azaldigi gorilmektedir. Elektron tasima kompleksi proteinlerinin sentezinde
glrev alan rnf genlerinin soguk stresi altinda ciddi dlgtide arttigi gézlenmistir. Ferrodoksin ve flovodoksin
nitrojenaz enzimine elektron tasiyan proteinlerdir. Rnf proteinleri de fotosentetik kosullarda nitrojenaza
elektron transferi yaparlar. Dolayisiyla bu proteinler elektron tasima zincirini nitrojenaza
baglarlar.Nitrojenaz genlerinde goérilen artigla paralel olarak elektron tasima zincirindeki gorevli bu
genlerin ifadesinde artis anlamli bir degdisim olarak degerlendirilebilir.
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Sekil 20. Soduk ve sicak stresi sonrasinda (2 ve 6 saat) elektron tasima metabolizmasinda degisim
gosteren (artan/azalan) genlerin sayisi.

4.2.7. Isisal Stresin Fotosentez Metabolizmasina Etkisi

Sekil 21 sicak ve soguk stresi altinda fotosentez metabolizmasinda anlamli degisim gdsteren genleri
gOstermektedir. Soguk stresi genel olarak gen ifadesinde artisa neden olurken, sicak stresinde bu degisim
disus yoninde olmustur. Sicak stresi LH | ve LH 1l proteinlerinin sentezinde rol alan pufL, pufM, pucA ve
pucC genlerinin ifadesinde dusise neden olmustur. Bazi trikarboksilik asit déngustinde rol alan
transkriptlerde de dusus gdzlenmistir.
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Sekil 21. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) fotosentez metabolizmasinda degisim gdsteren

(artan/azalan) genlerin sayisi.
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4.2.8. Isisal Stresin Protein Sentezine Etkisi

Sekil 22'de de goruldugi gibi, 2 saat soguk stresi sonrasinda protein metabolizmasindaki genlerin ¢cogu
disUs gostermistir. Bu genlerden bazilari proteazlar (hslU, hslV, clpA, clpP, clpS, lon), saperonlar (GroS,
GroL, DnaK ve DnaJ)) ve saperoninlerdir. Sicak stresi proteinleri olan saperonlar protein katlanmasinda,
onariminda ve parcalanmasinda goérev alirlar. ClpB saperonunun soguk stresi altinda 12 kat dusls
gOsterdigi, sicak sok proteini geni ibpA'nin da benzer sekilde 13 kat duslis gOsterdigi anlasiimaktadir.
Sicak stresinde de soguk stresinde oldiugu gibi proteaz generinin ve bazi saperonin (HslO) ve
saperonlarin (clpB) ifadesinde disis gozlenmistir. Ancaki 30S ve 50S ribozomal protein genlerinin
ifadesinde her iki stres kosulunda da artis gézlenmistir.
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Sekil 22. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) protein sentezinde degisim gdsteren
(artan/azalan) genlerin sayisi

4.2.9. Isisal Stresin Hiicre Zari ve Duvar Biyosentezine Etkisi

Hucre zari ve duvari biyosentezinde gdrevli genlerin ifadesinde 2 saat soduk stresi sonunda degisim
gOsteren genlerin gojunda azalma goriilmus, fakat 6 saat sonrasinda birgok genin iadesi kontrol diizeyine
yukselmistir (Sekil 23). Bu durum bakterilerin hiicre zari ve duvari yapisini belirleyen genlerin ifadelerini
soguk/sicak adaptasyonunu saglamak i¢in hizlica degistirdigini, 6 saat sonunda gen adaptasyonun buyuk
Olgliide saglandigini ve gen ifadelerinin normal seviyelere dondiguni gostermektedir. Isisal stresten ilk
etkilenen hucre zari ve duvarinin yapisini belirleyen bu degisim, bakterilerin strese maruz kaldiginda buna
hizli bir sekilde adapte olmak igin gelistirdikleri bir mekanizma olabilir. Degisen genlerin birgogunun hicre
zari proteinlerini sentezlemede rol aldigi ve bazilarinin soguk ve sicak sterinde goérev aldigi gérulmastar.
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Sekil 23. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) hiicre zari ve duvari biyosentezinde degisim
gbsteren (artan/azalan) genlerin sayisi.

4.2.10. Isisal Stresin Lipit Metabolizmasina Etkisi

Yag asitlerinin yapisi sicaklik degisimine oldukga duyarhdir. Sicaklik stresinin lipit metabolizmasina etkisi
lipitlerin en ¢ok yer aldigi hucre zari yapisina direk etki eder. Hiicre zari batinliginin saglanmasi bakteri
acisindan yagsamsal 6neme sahiptir; ¢unkd besinlerin hicre igerisine tagsinmasinda htcre zari birincil
Oneme sahiptir. Soduk stresi ilk iki saate lipit metabolizmasinda yer alan gen ifadelerinde artis ve azalis
yonunde degisime neden olurken, 6 saat sonunda hemen hepsi kontrol diizeyine dénmustir. Sicakhk
stresi ilk 2 saat sonunda artis gOsteren genlerin sayisi daha fazla iken, 6 saat hem artis hem azalis
gOsteren genlerde kontrol seviyesine geri donus gozlenmistir (Sekil 24). Bu bakteriler 1sisal strese
adaptasyonunun bir sonucu olarak yorumlanabilir.
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Sekil 24. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) lipit metabolizmasinda degisim gdsteren
(artan/azalan) genlerin sayisi.
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Yag asiti sentezinde kritik role sahip olan asil tasiyici proteini, sicak ve soduk stresi altinda ilk 2 saatte
artis gostermistir. Soguk stresi asetil-CoA karboksilaz karboksil transferaz a ve B genlerinin ifadesinde
dislise neden olmustur. Yag asidi sentezinin ilk reaksiyonunu katalize eden asetil-CoA karboksilaz
geninin ifadesinde her iki stres kosulunda da azalma gdzlenmistir. Fosfotidilkolin sentezinde gérev alan
fosfotodiletanolamin N-metiltransferaz geni sicaklik stresi altinda azalma géstermistir. Ayrica izoprenoid
sentezinde rol alan izopentil difosfat 8-izomeraz geni ifadesinde de artis gézlenmistir. Bu veriler, bakterinin
Isisal stres altinda zarar goéren hicre zarinin batinliglind saglamak ve yenilemek igin lipit
metabolizmasinda rol alan genleri aktive ettigini gdstermektedir.

4.2.11. Isisal Stresin Niikleik Asit Metabolizmasina Etkisi

DNA sentezi, rekombinasyonu, transkripsiyon regilatorleri ve transkripsiyon faktdrlerinin sentezinden
sorumlu genlerin bircogunda stres kosullari altinda ciddi degisimler gdézlenmistir (Sekil 25). Diger
metabolik yolaklardaki degisimlere benzer olarak, nikleik asit metabolizmasi genlerinin birgogu 6 saat
sonrasinda kontrol seviyesine donmusgtir.
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Sekil 25. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) nikleik asit metabolizmasinda degisim gosteren
(artan/azalan) genlerin sayisi.

RNA parcalanmasinda ve RNA dizeyinin kontrolinde yer alan Ribonikleaz E, RNA saperon Hfg ve
poliribonlkleotidil transferaz genlerinin ifadelerinde soguk stresi altinda artis gézlenmistir. Alernatif sigma
faktor RpoN, o™ faktori soguk stresi altinda 2 saat sonrasinda 6 kat artis gOstermistir. Bu protein nifA
genini taniyarak nitrojenaz ve diger nif genlerinin sentezinde rol alir. Bu artis, nitrojenaz genlerinde
gOzlenen artis ile paralellik gostermektedir.

RNA polimeraz sentezini tetikleyen transkripsiyon faktéri NusG ifadesinde ve tRNA olgunlasmasinda
gorev alan ribonukleaz P ifadesinde sicaklik stresi altinda artis gézlenmistir.

DNA onariminda goérev alan uvrB geninde sicaklik stresi altinda dislis gézlenirken, yine DNA onariminda
rol aldigi diigtinlilen recA geni ifadesinde artis gézlenmistir. Ayrica DNA metilasyonunda rol alan DNA
metiltransferaz geni her iki stres kosulunda da artis gostermigtir. Dolayisiyla, R. Capsulatus’ta sicaklik
stresi altinda DNA metilasyonu ve recA ifadesi DNA onariminda rol aliyor olabilir.
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4.2.12. Isisal Stresin Tasiyici ve Baglayici Protein Biyosentezine Etkisi

Sekil 26’dan da anlasilacadi gibi i1sisal stres altinda tasiyici ve baglayici protein biyosentezinde gdrev alan
birgok genin ifadesinde azalma gozlenmistir. Sicak stresinin soguk stresine gére bu gruptaki genlerin
ifadesini daha fazla etkiledigi gortulmektedir. Disus gozlemlenen genlerin birgogu amino asit ve peptit
tasimasinda goérev alan ve poliamin ABC transporters olarak adlandirilan proteinlerin sentezinden sorumlu
genlerde gorulmugstir. Ayrica spermidin/putresin ABC transporter (potD, potF, potG, potH) genlerinin
ifadesinde belirgin disusler goriimuistir. Spermidin ve putresinler, niikleik asit ve protein sentezi igin
gerekli oldugu gibi, RNA ve DNA'In ikincil yapilarinin korunmasinda ve hiicre zarinin stabilizasyonunda da
gobrev alirlar. Bu sonuglar, sicaklik stresinde R. capsulatus’un blylyememesinin dnemli nedenlerinden biri
olabilir. Karbonhidrat ve organik asit tasiyicilarindan sorumlu genlerin ifadelerinde sicak stresi altinda
disus gbzlenmesi, asetik asitin sicak stresinde tamamen tiiketilememesinin bir nedeni olabilir.

Soguk stresi amino asit ve peptid tasiyicilarindan sorumlu genlerin bazilarinda artis bazilarinda ise
azalisa neden olmustur. Fe ve Mo tasiyici proteinlerinden sorumlu genlerin ifadesinde 2 kat artis
go6zlenmistir. Nitrojenaz enziminin kofaktéri olan bu iki katyonun hicre igine alinmasini saglayan genlerin
ifadelerindeki artig, nitrojenaz genlerinin ifadelerinde artigla paralellik géstermistir.
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Sekil 26. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) tasiyici ve baglayici protein biyosentezinde
degdisim gdsteren (artan/azalan) genlerin sayisi.

4.2.13. Isisal Stresin Kofaktor, Prostetik Grup ve Tasgiycilarin Biyosentezine Etkisi

Sicak ve soguk stresi iki saat sonunda kofaktor, prosetik grup ve tasiyicilarin sentezinden sorumiu
genlerde de degisime neden olmustur (Sekil 27). Yagda ¢ézliinen ve elektron tasima zincirinde rol alan
ubiquinon ve menaquinonun sentezinden sorumlu genlerde soduk stresi altinda azalis gézlenmistir. Folik
asit biyosentezinden sorumlu genlerde soguk ve sicaklik stresleri distse yol agmistir. Folik asit hiicrede
ndkleik asit biyosentezi da dahil olmak Uzere cesitli reaksiyonlarda kofaktdr veya koenzim olarak yer alir.
Folik asit biyosentezindeki disls buyime ve DNA onarim iglevlerinde yavaslamaya yol agmis olabilir.
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Sicaklik stresi asil tasiyicisi olarak gérev alan pantotenat ve koenzim A genlerinin ifadelerinde sicaklik
stresi altinda dlsuse neden olmustur. Asil tasiyicit koenzimler 6zellikle yag asitlerinin sentezinde kritik rol
oynamaktadir.
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Sekil 27. Soguk ve sicak stresi sonrasinda (2 ve 6 saat) kofaktdr, prostetik grup ve tasiyicilarin
biyosentizinde degisim gosteren (artan/azalan) genlerin sayisi.

Fel/S proteinlerini kodlayan sufC ve sufD genlerinin ifadeleri sicaklik stresi altinda 4 — 6 kat azalmigtir.
Fe/S proteinlerinin hiicre iginde énemli fonksiyonlari vardir. Ornegin nitrojenaz ve fotosistem | arasinda
kopri gorevi goérurler. SufC proteini ATPaz olarak fonksiyon gosterirken, SufD proteini demirin
asimilasyonunda énemli role sahiptir. Bu genlerdeki duslgle fotosentez ve elektron tasimadan sorumiu
genlerde gbzlenen dusus paralellik gdostermektedir.

4.3. Proteomik Analizi

Bu kisimda, sicak ve soguk stresine maruz birakilmis olan R. capsulatus hucrelerinin detayl proteomik
analizleri yer almaktadir. Ornek hazirlama asamasi sonrasi LC-MS/MS cihazina verilen niimunelerden
bazilari i¢in elde edilen kromotogram drnekleri Sekil 28 ve Sekil 29°da gérilmektedir. Burada sicak ve
soguk streslerinin 2. ve 6. saatlerde protein ifadesine etkileri kontrol kosullarindaki protein ifadeleri ile
karsilastinimis, en az 1.5 kat degisim gdsteren proteinler dikkate alinarak veriler analiz edilmistir.

44



30C_2h 1 1

1: TOF MS ES+
587 _ BRI
1001 6658848 i
4180 101.25
4152657 636,538
15
252 4452889 90
28083 | 507.6383
] ' J (19374142800
%3 | ﬁ ‘ Ytk
4115977 |
i ‘ [|1 5502 6ggp
- H ‘ ‘ | “ [ 7449249 054343
. - | [
102,
5308047 H I ‘ ‘ l w8 | 0
76 207 _ .» ,‘ L sty 63084
2010658 4347032 | ) J h l, |
e X

D -I—-.'\..-....,,_H\_I‘l f

sarsorg 149
N
—
200

|Ll~’JL..Jx.J *-._JL I
—_ .

— T Time
4U.EIJ EU.[IJ 8JEIJ 100.00

Sekil 28. 30°C iki saat birinci biyolojik tekrarin ilk teknik tekrar kromatogrami
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Sekil 29. 30°C iki saat birinci tekrarinin (i¢ teknik tekrarinin timi. Ug teknik tekrar incelendiginde piklerin
birbirleriyle ortlstikleri gérilmektedir. Bu analizlerimizin tekrarlanabilir oldugunun géstergesidir
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4.3.1 Sicak Stresinin Protein Ekspresyonuna Etkisi — 2. Saat

Sicak stresine (42 °C) maruz kalmis hicrelerin protein ekspresyon seviyeleri optimum blylime
kosullarinda (30 °C) buylyen hicrelerin profilleriyle karsilastirildiginda, Tablo 8’de listelenen 36 proteinin
ekspresyon seviyelerinin 1,5 kat veya daha fazla miktarda degisiklik gosterdigi gortulmustir. 16 adet
proteinin ekspresyon seviyesi sicak stresi kosullarinda artarken, 20 proteinin ekspresyonunun optimum
blylime kosullarinda sicak stresi kosullarindan daha yuksek oldugu gérilmustir. Sicak stresi kosullarinda
ekspresyonu artan proteinler arasinda elektron transfer zincirinde gorevli “cytochrome c, ferrodoxin I,
thioredoxin, cytochrome ¢ oxidase and light harvesting protein B870” gibi sitokrom proteinleri ve isik
enerjisini kullanilabilir kilmakta yararlanilan proteinlerin ekspresyonlari artis géstermistir. Ayrica, saperon
gorevi goren “dnaK, 60 kDa chaperonin and 10 kDa chaperonin” gibi is1 stresi proteinlerinin (isp) (heat
shock proteins) ekspresyonlari da artis gostermistir. Ekspresyonu sicak stresi kosullarinda artis gosteren
bir diger protein grubuda ribozom alt birimleridir; “30S ribosomal protein S5, 30S ribosomal protein S15
and 30S ribosomal protein S10” gibi ribozom alt birimlerinin ekspresyonlari sicak stresiyle ilintili olarak
artis gostermistir. Bir membran tasima proteini olan “ABC transporter” ve bir salgi proteini olan “HIyD
family protein” ekspresyonlarininda sicak stresi uygulandiginda, artis gosterdigi proteome analizleri
sonucunda anlasiimistir. Sicak stresi kosullarinda ekspresyonu en fazla artis gdsteren proteinin, bir
membran proteini kabul edilen bir lipoprotein (lipoprotein putative) oldugu goérilmustir.

Sicak stresi kosullarinda ekspresyonu azalan proteinler icerisinde transkripsiyon mekanizmasinda gorevli
olan “DNA directed RNA polymerase subunit, autoinducer binding elongation factor Ts and
Polyribonucleotide nucleotidyl transferase” gibi proteinler bulunmaktadir. Transkripsiyon mekanizmasinin
yani sira translasyon mekanizmasi da sicak stresinden etkilenmistir, bazi translasyon proteinlerinin
ekspresyonu azalma gostermistir. Ribozomal proteinler; 50S ribosomal protein L4, 30S ribosomal protein
S16, 50S ribosomal protein L13, 50S ribosomal protein L24”, sicak stresine maruz kaldiklarinda
ekspresyonlari optimum sicakliktaki ekspresyonlarina gbére daha azdir. Ayrica amino asit
metabolizmasinda gdrevli “adenosylhomocysteinase, arginine biosynthesis bifunctional protein” gibi
proteinler ve nikleotid metabolizmasi igerisinde gdrev alan “polyribonucleotide nucleotidyl transferase ve
nucleoside diphosphate kinase” proteinlerinin ekspresyonlari da sicak stresi uygulandiginda azalmistir.
Sicak stresi uygulandiginda ekpresyonu en fazla diusen protein DNA kontolli RNA polimeraz enzimidir.

Tablo 8. Sicak stresi kosullarinda iki saat tutulan hucrelerde, ekspresyonu 1,5 kat degisen proteinlerin
listesi

Erisim Tanim Proteinlerin ekspresyon Orani | Yiksek Ekspresyonun oldugu
Numarasi (42°C-2. saat/30°C-2. Saat) sicaklik ve saat
D5AQ86 | Lipoprotein putative - Sadece 42°C-2. saat te

Uretiliyor
D5ANC2 | Cytochrome ¢ 2.72
D5ALD3 | Chaperone protein dnakK 2.59
D5AMD?2 | 60 kDa chaperonin 2.16
D5AM12 | 30S ribosomal protein S5 2.08
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D5AMD1 | 10 kDa chaperonin 1.95
D5AMF5 | Cytochrome c class | 1.95
D5ARY6 | Ferredoxin | 1.86
D5AMH5 | Pyrimidine ABC transporter 1.82
periplasmic pyrimi
D5AKF9 | Thioredoxin 1 1.82
D5AP85 | Light harvesting protein B 1.73
870 alpha subunit
D5ALX6 | 30S ribosomal protein S15 1.63
D5ALZ3 | 30S ribosomal protein S10 1.62
D5AQ91 | Bacterioferritin 1.55
D5ARP7 | Cytochrome c oxidase 1.54
Cbb3 type subunit llI
D5ANMS8 | Secretion protein HlyD 1.54
family
D5ALX9 | Polyribonucleotide 0.64
nucleotidyltransferase
D5ALZ5 | 50S ribosomal protein L4 0.62
D5AUCS | Elongation factor Ts 0.52
D5ARP3 | UspA domain protein 0.49
D5AM62 | 30S ribosomal protein S16 - Sadece 30°C-2. saat te
Uretiliyor
D5AQ41 | 50S ribosomal protein L13 - Sadece 30°C-2. saat te
Uretiliyor
D5AMO06 | 50S ribosomal protein L24 - Sadece 30°C-2. saat te
Uretiliyor
D5AKH2 | Adenosylhomocysteinase - Sadece 30°C-2. saat te
Uretiliyor
D5AP86 | Photosynthetic reaction - Sadece 30°C-2. saat te
center L subunit Uretiliyor
D5ANH3 | Molybdenum ABC - Sadece 30°C-2. saat te
transporter periplasmic Uretiliyor
molybd
D5ALY9 |30S ribosomal protein S12 - Sadece 30°C-2. saat te

Uretiliyor
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D5AMDO

Inorganic pyrophosphatase

Sadece 30°C-2. saat te
Uretiliyor

D5ALS1

Protease Do

Sadece 30°C-2. saat te
Uretiliyor

D5AM23

Autoinducer binding
transcriptional regulator

Sadece 30°C-2. saat te
Uretiliyor

D5APG1

Hydrogenase large subunit

Sadece 30°C-2. saat te
Uretiliyor

D5ALCY

Arginine biosynthesis
bifunctional protein Arg

Sadece 30°C-2. saat te
Uretiliyor

D5AU26

Nucleoside diphosphate
kinase

Sadece 30°C-2. saat te
Uretiliyor

D5ARX4

HesB YadR YfhF family
protein

Sadece 30°C-2. saat te
Uretiliyor

D5APBS

Dihydrolipoyllysine residue
succinyltransferas

Sadece 30°C-2. saat te
Uretiliyor

D5AM21

DNA directed RNA
polymerase subunit alpha

Sadece 30°C-2. saat te
Uretiliyor

4.3.2 Sicak Stresinin Protein Ekspresyonuna Etkisi — 6. Saat

Alti saat sureyle 42 °C’ de sicak stresi uygulanmis olan drneklerin, optimum sicaklikta biyimus olan (6.
saat drnegi) ornekle karsilastirimasi sonucunda Tablo 9'da listelenmis olan 28 proteinin ekspresyon

seviyelerinin degistigi gozlenlendi. Bu 28 proteinin 16 adetinin ekspresyon seviyeleri sicak stresi
kosullarinda, 12 proteinin ekspresyonuysa optimum kosullarda daha yiiksek olarak bulundu.

Ekspresyonu sicak stresi kosullarinda en fazla ylikselen protein, elektron tasima zinciri elemanlarindan
biri olan “Electron transfer flavoprotein beta subunit protein” olarak belirlendi. Bu proteinin optimum
kosullarindaki ekspresyonu sicak stresi kosullardakiyle karsilastirilinca ¢ok dislk (bazal seviye) hatta hic
denebilecek duzeydedir. Flavoproteinlerin yani sira “ Light harvesting protein B800- 850 beta chain ve
succinate dehydrogenase flavoprotein subunit” gibi elektron tasima sisteminde goérevli diger proteinlerin
ekspresyonunun sicak stresi kosullarinda arttigi gdzlenmistir.

Lipoproteinlerin ekspresyonu 6 saat sicak stresine maruz kalmis 6rneklerde de ortaya ¢ikmistir. Ayrica
membran tasima (HIyD family secretion protein ve ABC transporter subunit) ve hareketlilikle ilgili (OmpA-
MotB) proteinlerin ekspresyonun sicak stresine bir cevap olarak 6. saat o6rneklerinde yikseldigi
gorulmastir. Isi soku protein ailesine mensup saperon ve saperoninlerin ekspresyonlari sicak stresi
uygulanmasiyla artmistir. Aminoasit ve peptid sentezinden sorumlu “citrate synthetase” ve ribozomal alt
birimlerin (L3, L27, S5) ekspresyonlarida artan sicaklikla optimum seviyeye gore yikselmistir.
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Alti saat slreyle uygulanan sicak stresi sonrasinda ekspresyonu azalan proteinler, farkli metabolik
yolaklarda goérevlidirler. Transkripsiyonda goérevli olan “DNA directed RNA polymerase subunit” and
“Elongation factor Ts”, elektron tagima sistemi elemanlarindan “cytochrome c2” , “Trimethylamine N oxide
reductase” ve “Light harvesting protein B800-850 gamma chain”, ligasyonda gorevli
“Phosphoribosylformylglycinamidin synthatase”, demir-sulfur baglanmasinda goérevli “HesB YarD YthF
family protein”, soguk soku proteini “CspA2” ve ribozom birlesmesinde goérevli ribozom alt birimleri “50S
L1, 30S S12” proteinlerinin ekspresyonlari sicak soku uygulandiginda azalmistir.

Tablo 9. Sicak stresi kosullarinda iki saat tutulan hiicrelerde, ekspresyonu 1,5 kat dedisen proteinlerin
listesi (6. Saat)

Erisim Tanim Proteinlerin ekspresyon Orani Yiiksek Ekspresyonun
Numarasi (42°C-6. saat/30°C-6. Saat) oldugu sicaklik ve saat
D5AL53 | Electron transfer flavoprotein beta - Sadece 42°C-6. saat te
subunit Uretiliyor
D5ALZ4 | 50S ribosomal protein L3 - Sadece 42°C-6. saat te
Uretiliyor
D5ANL7 | Lipoprotein putative - Sadece 42°C-6. saat te
Uretiliyor
D5AL39 | 50S ribosomal protein L27 - Sadece 42°C-6. saat te
Uretiliyor
D5ANMS | Secretion protein HlyD family - Sadece 42°C-6. saat te
Uretiliyor
D5ATO08 | ABC transporter periplasmic - Sadece 42°C-6. saat te
substrate binding Uretiliyor
D5ARB4 | OmpA MotB domain protein - Sadece 42°C-6. saat te
Uretiliyor
D5AU14 | Phosphoglycerate kinase - Sadece 42°C-6. saat te
Uretiliyor
D5ALD3 | Chaperone protein dnakK 2.59
D5AMD1 | 10 kDa chaperonin 1.73
D5AMD?2 | 60 kDa chaperonin 1.72
D5AM12 | 30S ribosomal protein S5 1.58
D5ASMO | Nitrogen regulatory protein P 11 2 1.54
D5ALNS3 | Citrate synthase 1.54
D5APC6 | Succinate dehydrogenase 151
flavoprotein subunit
D5AU15 | Peptidyl prolyl cis trans isomerase 0.66
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D5AMI7 | Light harvesting protein B 800 850 0.64
gamma chai
D5ASAG6 | Cytochrome c2 1 0.64
D5AMI3 | Pyridine nucleotide disulfide 0.58
oxidoreductase f
D5ALY3 |50S ribosomal protein L1 0.58
D5AMB4 | Cold shock protein CspA 2 - Sadece 30°C-6. saat te
Uretiliyor
D5AP69 | Trimethylamine N oxide reductase - Sadece 30°C-6. saat te
Uretiliyor
D5AUCS | Elongation factor Ts - Sadece 30°C-6. saat te
uretiliyor
D5ALY9 | 30S ribosomal protein S12 - Sadece 30°C-6. saat te
Uretiliyor
D5AVB7 | Phosphoribosylformylglycinamidine - Sadece 30°C-6. saat te
synthase Pu Uretiliyor
D5ARX4 |HesB YadR YfhF family protein - Sadece 30°C-6. saat te
Uretiliyor
D5AM21 | DNA directed RNA polymerase - Sadece 30°C-6. saat te
subunit alpha Uretiliyor

4.3.3 Sicak Stresi Kogullarinda Ekspresyonu Artan ve Azalan Proteinler

Sicak soku kosullarinda ekspresyonu artan, Sekil 30’da pasta grafidi ile ifade edilen, birbirinden farkh 26
tane protein tespit edilmigtir. Yiksek miktarda ifadelenen proteinler farkli hiicresel fonksiyonlari yerine
getirmektedirler. Sekiz protein farkli elektron transfer zincirlerinde (fotosentetik ve solunumsal), bes
protein ribozom yapisinda, dort protein membran tasimasinda (hem hicre disi hem de periplasmik
bosluga), dort protein sicak stresi proteinleri ailesine mensup saperonlar, iki protein ener;ji
metabolizmasinda, bir protein aminoasit biyosentezinde ve bir protein nitrojen metabolizmasinin
regulasyonunda goérev almaktadir.
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B Electron Transfer Chain
B Ribonucleoprotein

m Chaperone

B Membrane Transport
B Energy Metabolism

m Aminoacid Biosynthesis

H Nitrogen Utilization

Sekil 30 Pasta grafigi sicak stresi durumda ekspresyonu artan proteinlerin hicresel islevlerine gore
dagilimi

Sekil 31'de dagilimlari gosterilen 24 proteinin ekspresyonu sicak stresine tepki olarak azalmaktadir.
Ekspresyonu azalan proteinler hiicresel islevierine gore cesitlidirler. Ekspresyonu azalan 6 protein,
ribozom yapisinda goérev alan ribonukleoproteinlerdir. Ayica bes adet elektron transfer zinciri elemani
proteinin, enerji metabolizmasinda gdrevli iki proteinin, amino asit biyosentezi ve transkripsiyonda goérevli
ikiser proteinin ekspresyonu optimum kosullardaki ekspresyonlarindan daha dusuk seviyededir. Bu
proteinlere ek olarak, bir protein katlanmasina yardimci proteinle ve nikleotid metabolizmasinda gorevli
bir proteinin ekspresyonlari da optimum kosullarda sicak stresi kosullarindan daha yiksek bulunmustur.

H Ribonucleoprotein

B Electron Transfer Chain
B Aminoacid Biosythesis

M Transcription Mechinary
B Energy Metabolism

M Ligase

B Cold Shock Protein

M Protease

M Nucleotide Biosynthesis

B Fe-S Cluster Biogenesis

Sekil 31. Pasta grafigi sicak stresi durumda ekspresyonu azalan proteinlerin hiicresel iglevlerine goére
dagilimi
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4.3.4 Soguk Stresinin Protein Ekspresyonuna Etkisi — 2. Saat

Tablo 10’da listelenmis olan 34 proteinin ekspresyonu optimum kosullarda bly(tilen hiicrelerin protein
ekspresyon seviyeleri, soguk stresine maruz birakilan hucrelerle karsilastirildiginda 1.5 kat veya daha
fazla degisim gostermistir. Alti proteinin ekspresyonu sicak stresi kosullarinda artarken, 28 proteinin
ekspresyon seviyesi optimum kosullarda daha ylksek bulunmustur.

Membran yapisinda bulunan lipoproteinlerin ekspresyonu soguk stresi kosullarinda optimum kosullara
gbre daha yuksektir. Elektron tasima zinciri proteinleri olan sitokromlarin ekspresyonuda soguk stresi
uygulandiinda artis gostermistir. Sitokrom ¢’ nin ekspresyonu soguk stresi kosullarinda optimum
kosullardaki ekspresyonun 1,58 katidir. Soguk stresine karsi ekspresyonu artis gosteren proteinler,
elektron tasima zinciri proteinin sitokrom ¢, DNA organizasyonunda gorevli “HU-1", ligasyonda gorevli
“Phosphoribosylformylglycinamidine synthase” ve soguk soku proteini CspD’ dir.

Sogduk stresiyle birlikte ekspresyonu azalan proteinler hicresel 6devlerine gore cok cesitlidirler.
Ekspresyonu azalan proteinler, ribozom olusumu, aminoasit biyosentezi, periplazmik ve membran
tasinimi, genel stres cevabi, glikoliz, TCA dongusu, klorofil sentezi, transkripsiyon regililasyonu, elektron
transferi gibi kritik metabolik yolaklarda gorevlidirler. DNA kontrolindeki RNA polimeraz ekspresyonu
soguk stresi uygulanmasiyla dramatik bir disls gostermektedir. Soguk soku proteini “Csp A” nin
ekspresyonu soguk stresi kosullarinda azalmigtir. Bir diger stres proteini “UspA doamin protein”in
ekspresyonu da sicak stresine tepki olarak azalma gostermistir. Ribozom olusumu ve protein
biyosentezinde goérevli olan, 50S L1 and L24 and 30S S18,S17 ve S8 proteinlerinin ekspresyonlari
optimum kosullardaki ekspresyon seviyeleriyle kargilastirilinca, soguk stresi kosullarinda daha dusuktir.
Benzer sekilde, aminoasit biyosentezinde goérev alan proteinlerin ekspresyonlari da soguk stresi
kosullarinda dasmustur. “S adenosylmethionine synthase” ve “Adenosylhomocysteinase” gibi aminoasit
biyosentezinden sorumlu enzimlerin miktari soduk stresi kosullarinda yariya digmustur. Elektron tagima
zinciri proteinleri olan “pyridine nucleotide transhydrogenase alpha”, “photosynthetic reaction center L
subunit” ve “succinate dehydrogenase flavoprotein subunit” proteinlerinin ekspresyon seviyelerinin soguk
stresi kosullarinda daha disik oldugu tespit edilmistir. Enerji metabolizmasinda goérevli olan
“phosphoglycerate kinase”, “Dihydrolipoyllysine residue succinyl transferase”, “Pyridine nucleotide
transhydrogenase alpha” proteinleri daha az ekpres olmustur. “Inorganic pyrophosphotase” ekspresyonu
en dramtaik duslusi gostermistir, soguk stresi kosullarinda ekspresyonu nerdeyse sifirdir.

Tablo 10. Soguk stresi kosullarinda 2 saat birakiimis olan 6rneklerde ekspresyonu en az 1,5 kat degisim
gOsteren proteinlerin listesi

Erigsim Proteinlerin ekspresyon Orani | Yiksek Ekspresyonun
Numarasi Tanim (4°C-2. saat/30°C-2. Saat) oldugu sicaklik ve saat

Sadece 4°C-2. saat te

D5AQ86 | Lipoprotein putative - Uretiliyor
Sadece 4°C-2. saat te

D5ASK4 | Pirin domain protein - Uretiliyor
Phosphoribosylformylglycinamidine Sadece 4°C-2. saat te

D5AVB7 |synthase Pu - Uretiliyor
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D5ANC2 | Cytochrome ¢ 1.58
D5AR60 | Cold shock like protein CspD 1.52
D5ALF8 | DNA binding protein HU 1 1.52
D5ARKY7 | S adenosylmethionine synthase 0.59
D5AMB4 | Cold shock protein CspA 2 0.58
D5AUWS | 30S ribosomal protein S18 0.53
D5ARRO0 | Porphobilinogen deaminase 0.53
ABC transporter periplasmic
D5ATO08 | substrate binding 0.48
Light harvesting protein B 800 850
D5AMI4 | beta chain 0.39
Molybdenum ABC transporter
D5ANH3 | periplasmic molybd 0.3
Sigma 54 modulation protein Sadece 30°C-2. saat te
D5AKP1 |ribosomal protein - Uretiliyor
Sadece 30°C-2. saat te
D5AMOQ9 | 30S ribosomal protein S8 - Uretiliyor
Sadece 30°C-2. saat te
D5ALY3 | 50S ribosomal protein L1 - uretiliyor
Polyribonucleotide Sadece 30°C-2. saat te
D5ALX9 | nucleotidyltransferase - uretiliyor
Sadece 30°C-2. saat te
D5AMO06 | 50S ribosomal protein L24 - uretiliyor
Sadece 30°C-2. saat te
D5AKH2 | Adenosylhomocysteinase - uretiliyor
Sadece 30°C-2. saat te
D5AP69 | Trimethylamine N oxide reductase - uretiliyor
Photosynthetic reaction center L Sadece 30°C-2. saat te
D5AP86 | subunit - Uretiliyor
Succinate dehydrogenase Sadece 30°C-2. saat te
D5APCG6 | flavoprotein subunit - Uretiliyor
D5ARP3 | UspA domain protein -

Sadece 30°C-2. saat te
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Uretiliyor

Sadece 30°C-2. saat te

D5AMDO | Inorganic pyrophosphatase - Uretiliyor
Sadece 30°C-2. saat te

D5AMO04 | 30S ribosomal protein S17 - Uretiliyor
Sadece 30°C-2. saat te

D5ALS1 | Protease Do - Uretiliyor
Autoinducer binding transcriptional Sadece 30°C-2. saat te

D5AM23 | regulator - Uretiliyor
Sadece 30°C-2. saat te

D5APG1 |Hydrogenase large subunit - uretiliyor
Pyridine nucleotide Sadece 30°C-2. saat te

D5APAS8 | transhydrogenase alpha su - uretiliyor
Arginine biosynthesis bifunctional Sadece 30°C-2. saat te

D5ALC7 | protein Arg - uretiliyor

Sadece 30°C-2. saat te

D5AU26 | Nucleoside diphosphate kinase - uretiliyor
Dihydrolipoyllysine residue Sadece 30°C-2. saat te
D5APB8 | succinyltransferas - uretiliyor

Sadece 30°C-2. saat te

D5AU14 | Phosphoglycerate kinase - uretiliyor
DNA directed RNA polymerase Sadece 30°C-2. saat te
D5AM21 | subunit alpha - uretiliyor

4.3.5 Soguk Stresinin Protein Ekspresyonuna Etkisi — 6. Saat

Tablo 11’de listelenmis olan 24 proteinin ekspresyonlari soguk stresi durumunda optimum kosullardaki
ekspresyon seviyelerinden en az 1,5 kat veya daha fazla farklilik géstermistir. Soguk stresi kosullarinda
18 proteinin ekspresyonu artarken, 6 proteinin ekspresyonunun optimum kosullarda daha yuksek oldugu
bulunmustur.

Soguk stresi kosullarinda ekspresyonu artan proteinler, “Sigma 54 modulation protein ribosomal protein,
Cold shock like protein CspD, OmpA-MotB domain protein, UspA domain protein” gibi soduk stresi
proteinleri, “Secretion protein HlyD family, Lipoprotein putative” gibi membran yapi ve tasima proteinleri,
“Light harvesting protein B 800 850 beta chain, electron transfer flavoprotein beta subunit and cytochrome
¢ oxidase Cbb3 type subunit 1lI” elektron transfer zinciri proteinleridir. “ABC transporter periplasmic

54



substrate binding” membran tasima proteininin normal kosullardaki ekspresyonu, soguk kosullardaki
ekspresyonundan ¢ok daha dusuktir. Nikleotid biyosentezinde gorevli olan “Nucleoside diphosphate
kinase ve Pyridine nucleotide transhydrogenase alpha” proteinlerinin ekspresyonu, 6te yandan, soguk
stresi kosullarinda artmistir.

“DNA directed RNA polymerase subunit, autoinducer binding elongation factor “Ts” ve Polyribonucleotide
nucleotidyl transferase” gibi transkripsiyon mekanizmasinda goérevli proteinlerin ekspresyonu azalmistir.
Transkripsiyon mekanizmasiyla beraber translasyon mekanizmasinda goérevli proteinlerin ekspresyonlari
da dusmistir. Ribozomal proteinler, “50S ribosomal protein L4, 30S ribosomal protein S16, 50S
ribosomal protein L13, 50S ribosomal protein L24”, optimum kosullarda soduk stresi uygulandigi
durumdan daha fazla sentezlenmektedirler. Ayrica aminoasit metabolizmasinda gérev alan
“adenosylhomocysteinase, arginine biosynthesis bifunctional protein” proteinleri soguk stresi kosullarinda
daha az sentezlenirler.

Tablo 11. Alti saat slresince soduk stresine maruz birakilan érneklerde ekspresyonu en az 1,5 kat
degdisim gosteren proteinlerin listesi

Erigsim Tanim Proteinlerin ekspresyon Yiiksek Ekspresyonun
Numarasi Orani (4°C-6. saat/30°C-6. oldugu sicaklik ve saat
Saat)

D5AKUS8 | Propanediol utilization protein - Sadece 4°C-6. saat te
PduB Uretiliyor

D5AKP1 | Sigma 54 modulation protein - Sadece 4°C-6. saat te
ribosomal protein uretiliyor

D5AL53 | Electron transfer flavoprotein beta - Sadece 4°C-6. saat te
subunit Uretiliyor

D5ALX9 | Polyribonucleotide - Sadece 4°C-6. saat te
nucleotidyltransferase uretiliyor

D5ARP7 | Cytochrome ¢ oxidase Cbb3 type - Sadece 4°C-6. saat te
subunit Il Uretiliyor

D5ARP3 | UspA domain protein - Sadece 4°C-6. saat te
Uretiliyor

D5AL39 |50S ribosomal protein L27 - Sadece 4°C-6. saat te
uretiliyor

D5AUJ3 | Isocitrate dehydrogenase NADP - Sadece 4°C-6. saat te
Uretiliyor

D5ALG7 | Lipoprotein putative - Sadece 4°C-6. saat te
Uretiliyor

D5ANMS8 | Secretion protein HlyD family - Sadece 4°C-6. saat te
Uretiliyor
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D5ATO08 | ABC transporter periplasmic - Sadece 4°C-6. saat te

substrate binding Uretiliyor
D5ARB4 | OmpA MotB domain protein - Sadece 4°C-6. saat te
Uretiliyor
D5APGL1 | Hydrogenase large subunit - Sadece 4°C-6. saat te
Uretiliyor
D5APAS8 | Pyridine nucleotide - Sadece 4°C-6. saat te
transhydrogenase alpha su Uretiliyor
D5AU26 | Nucleoside diphosphate kinase - Sadece 4°C-6. saat te
Uretiliyor
D5AU14 | Phosphoglycerate kinase - Sadece 4°C-6. saat te
Uretiliyor
D5AMI4 | Light harvesting protein B 800 850 2.8
beta chain
D5AR60 | Cold shock like protein CspD 1.86
D5AUD7 | Glyceraldehyde 3 phosphate 0.58
dehydrogenase 1
D5AQ86 | Lipoprotein putative 0.49
D5AMO09 | 30S ribosomal protein S8 - Sadece 30°C-6. saat te
Uretiliyor
D5AMO06 | 50S ribosomal protein L24 - Sadece 30°C-6. saat te
Uretiliyor
D5AU15 | Peptidyl prolyl cis trans isomerase - Sadece 30°C-6. saat te
Uretiliyor
D5AVB7 | Phosphoribosylformylglycinamidine - Sadece 30°C-6. saat te
synthase Pu Uretiliyor

4.3.6 Soguk Stresi Altinda Ekspresyonu Artan ve Azalan Proteinler

Sekil 32’de dagihmlari gosterilen 22 protein, soguk stresi uygulanmis R.capsulatus kdltirlerinde artig
gOsteren proteinlerdir. Ekspresyonu artan proteinlerin dérdl elektron tasima zinciri proteini, Ggli membran
proteini (membran integral protein veya membrana bagh protein), ikisi membran tasimasinda gorevli
protein, U¢ proteinden olusan diger bir grubun enerji metabolizmasinda gorevli protein, ikisinin ribozomal
protein (bir sigma faktori ve bir ribonikleoprotein) oldugu proteomik analizler sonucunda belirlenmistir. Bu
proteinlere ek olarak bir ligaz, bir soguk soku proteini, bir DNA’ ya baglanan protein, bir global stres
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faktorl, bir salgi proteini, hidrojen metabolizmasinda goérevli bir enzimin altbirimi ve nikleotid
metabolizmasinda gorevli bir enzimin ekspresyonu da soguk stresi kosullarinda artis géstermistir.

M Electron Transfer Chain

B Membrane Protein

M Energy Metabolism

B Membrane Transport Protein
M Ribosomal Protein

m Ligase

m Cold Shock Protein

B DNAOrganization

m Stimulus Response Protein

M Global Stress Protein

M Secretion Protein
Hydrogen Metabolism

Nucleotide Metabolism

Sekil 32. Pasta grafigi soguk stresi kosullarinda yiksek miktarda sentezlenen proteinlerin hiicresel
islevlerine gore yuzde dagilimlarini géstermektedir

Sekil 33'de sicak stresine tepki olarak miktari azalan 30 proteinin hicresel islevlerine gore dagilimlari
gorulmektedir. Azalan proteinler, ribonukleoprotein (alti protein), enerji metabolizmasi proteinleri (dort
protein), elektron tasima zinciri proteinleri (li¢ protein), aminoasit biyosentezi proteinleri (i¢ protein),
transkripsiyon faktorleri (iki proein), niikleotid biyosentezinde gorevli enzimler (iki protein), bir soguk stresi
proteini, klorofil biyosentezinde gorevli bir enzim, mRNA degredasyonunda gorevli bir enzim, bir proteaz,
bir integral membran proteini, bir protein katlanma proteini, bir lipaz ve hidrojen metabolizmasinda goérevli
bir enzimdir.
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H Ribonucleoprotein

B Energy Metabolism

® Aminoacid Biosynthesis
39 3% 3% 3% B Electron Transfer Chain
B Membrane Transport
B Transcription
B Nucleotide Metabolism
m Cold Shock Response

Chleorophyll Biogenesis

B mRNA Degredation

M Protease

Ligase
Protein Folding
Hydrogen Metaholism

Membrane Structure

Sekil 33. Pasta grafigi soguk stresi kosullarinda miktari azalan proteinlerin hiicresel iglevlerine gore ylizde
dagilimlarini gostermektedir

5. TARTISMA VE SONUC

Bu calismada fotosentetik biyohidrojen Uretiminde kullanilan R. capsulatus bakterisinin soguk ve sicaklik
stresi kosullarinda gen ve protein ifadelerindeki degisim mikrodizin ve proteomik metotlariyla analiz
edilmistir. Kontrol (30 °C) kosullarinda 48 saat slireyle buydtilen bakteriler daha sonra soduk (4°C) ve
sicak (42°C) stresine maruz birakilarak RNA ve protein o6rnekleri saflastirimig, gen ve protein
ifadelerindeki degisim sirasiyla mikrodizin ve LC-MS/MS ydntemleri ile arastiriimigtir. Bunun yani sira,
sicak ve soguk stresinin hidrojen Uretimi, blylime ve organik asit tliketimine etkisi ayrica olusturulan bir
deney dizenedi ile arastinimistir.

Yapilan fizyolojik testler, sicak stresi uygulamasinin bakteri bliyimesini tamamen durdurdugunu, soguk
stresi altinda ise bakterilerin daha dusuk bir bliyime hizinda biyimeye devam ettigini gostermistir. Sicak
ve soguk stresi hidrojen dretiminin durmasina yol agmistir. Buna paralel olarak, organik asit (asetik asit)
tuketim hizi soguk stresinde yavaslama gdsterirken, sicak stresine asetik asidin tamamen tiketilemedigi
g6zlenmisgtir.

Mikrodizin analizlerinin gerceklestirilebilmesi igin GeneChip® Rhodobacter capsulatus Whole Genome
Expression Array 6zel olarak ilk defa bu calismada tasarlanmis ve Affymetrix firmasina Urettirilmistir.
Toplamda mikrodizin Uzerine 4052 prob seti yerlestirilmistir. Cip ismi
Affymetrix. GeneChip®.TR_RCH2a520699F olarak belirlenmistir. R. capsulatus bakterisinden yiksek
konsantrasyon ve saflikta RNA saflastirma protokoli TRizol (Invitrogen) kullanilarak basari ile optimize
edilmis, mikrodizin analizinde kullanilabilir nitelikte RNA saflastirma protokolu gelistiriimistir. RNA safligi
spektrofotometrik olarak (260/280 orani), kalitesi ise elektroforetik olarak (Agilent Bioanalyzer 2100) test
edilmis, mikrodizin analizinde kullanilabilecek nitelikte olduklari anlasildiktan sonra analize devam
edilmistir. Mikrodizin analizi sonucunda elde edilen veriler istatistiksel olarak analiz edildikten sonra 2 kat
ve Ustl degisim gosteren genler, bagl olduklari metabolik yolaklara gore kategorize edilerek, soguk ve
sicaklik stresinin yol actigi metabolik degisimler incelenmistir. Buna goére sicak stresinin en c¢ok
fotosentetik, elektron tagsima ve nitrojen metabolizmalarinda goérevli genlerin ekspresyonunu etkiledigi
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gorilmektedir. Bu metabolik yolaklar hidrojen Gretiminde birincil derecede 6neme sahiptir. Sicaklik stresi
altinda hidrojen Gretiminin durmasinin ilgili genlerin ifadelerindeki azalmayla baglantili oldugu goérilmustir.
Bunun yani sira, hiicre zari fonksiyonlarinin korunmasinda ve butinliginin saglanmasinda ve hiicre zari
onariminda rol alan genlerin de sicak stresi altinda artti§i gozlenmistir. Nikleik asit metabolizmasi da
sicaklik stresinden en cok etkilenen metabolizmalardan biri olarak gérilmektedir. Proteomik analizinden
elde edilen veriler mikrodizin sonuglarini dogrular niteliktedir. Ornegin, sicak stresi altinda elektron tasima
zincirinde yer alan proteinlerin, hiicre zari tasiyici proteinlerinin ve nukleik asit metabolizmasinda yer alan
proteinlerin ekspresyonlarinda artis gézlenmektedir. DNA sentezi ve onariminda rol alan proteinlerde ve
bunlara bagli genlerin ekspresyon seviyelerinde artis goérilmektedir. Sicaklik stresinin sicak sok
proteinlerinin (saperon ve saperoninler) ekspresyonunda artisa neden oldugu gorilmus, bu degisim gen
ekspresyonu seviyesinde de goézlenmistir. Sicak soku kosullarinda; saperon sentezinin yani sira hiicre
bolinmesiyle ilgili proteinlerin ekspresyonlarinin da artigi bilinmektedir (NEPPLE ve BACHOFEN, 1997).
ZapA protein ailesi gibi hiicre bdlinme protein ailelerinin ekspresyonlarinin sicaklik stresisnde arttiklari
g6zlemlenmigtir. Sicak soku, soguk soku gibi hiicrenin protein profilini dramatik sekilde etkilemektedir
(YURAve NAKAHIGASHI, 2001). Protein profilini degistirmek i¢cin hem proteazlar (dnaK) hem de ribozom
alt yapilarinin sentezi artmaktadir sicaklik stresinde artmaktadir.

Taslyicl ve baglayici proteinlerin sentezinden sorumlu genlerinde, kofaktor biyosentezi genlerinde,
prostetik gruplarin taginmasinda rol alan proteinlerin sentezinden sorumlu genlerde de soduk ve sicaklik
stres altinda degisimler gézlenmistir.

Soguk stresi bakteride daha genel bir stres tepkisi yaratmistir. Sicak stresi altinda daha ¢ok zar yapisi ve
fonksiyonu ile ilgili proteinlerin ekspresyonunda ve sicak sok proteinlerinin ekspresyonunda degisim
gOzlenirken, soguk stresi altinda enerji metabolizmasi, nikleik asit metabolizmasi, sojuk sok proteinleri,
global stres proteinleri, hiicre zari metabolizmasinda ye alan proteinler ve daha birgok metabolik yolakta
Onemli degisimler gdzlenmisgtir.

Nitrojen metabolizmasi ve nitrojenaz genlerinin ekspresyonunda soduk stresi altinda gérllen artis,
proteomik analizlerde de gézlemlenmistir. Ozellikle azot metabolizmasinda gérev alan sigma 54 faktéri ve
“Nitrogenase iron protein 2” nin ekspresyonu seviyesinde artislar proteomik analizlerle de gézlenmistir.
Nitrojenaz enzimi amino asitler igin gerekli olan azot fiksasyonunda gorev almaktadir. Stres kosullarinda
nitrojen metabolismasina yonelik proteinlerdeki artis savunma mekanizmasi olarak gelistiriimis olabilir.
Sogduk stresinde ayrica geri kullanim hizrojenaz (uptake hydrogenase) enzimi ve elektron transfer
zincirinde goérev alan bazi proteinlerde artiglar gézlemlenmistir. Soguk stresinde hidrojen Uretiminin
azalmasi ve tamamen durmasi bu bulgularla desteklenmektedir.

Bu proje kapsaminda gergeklestirilen ¢calismalardan elde edilen verilerin oldukga fazla olmasi, uzun sireli
bir metabolik analiz gerektirmektedir. Bu nedenle, verilerin kiyaslanmasi ve yorumlanmasi ile ilgili
g¢alismalar halen devam etmektedir.

Ayrica, elde edilen verilerin diger yontemlerle dogrulanmasi gerekebilmektedir, ¢unki bu metotlar,
Ozellikle mikrodizin analizi, “high throughput” vyani ylUksek miktarda ciktisi olan fakat gavenilirligi
sorgulanabilen metotlardir. Bu nedenle, mikrodizin analizinden elde edilen bazi verilerin, kantitatif PZR (Q-
PCR) gibi guvenilirligi daha ylksek olan bir baska molekiler metot ile dogrulanmasi gerekmektedir. Bu
konudaki calismalar laboratuvarimizda devam etmektedir. Benzer sekilde, LC-MS-MS sistemi ile elde
edilen verilerin, biyokimyasal yontemler ile, érnedin enzim aktivitesi élcimleri yapilarak, dogrulanmasi
verilerin guvenilirligini arttiracaktir.

Bu proje sonunda edinilen bilgiler, proje Onerisinde belirlenen hedeflere ulasildigini gdstermektedir.
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Rhodobacter capsulatus bakterisinde soduk ve sicaklik stresinin hidrojen Uretim metabolizmasina
etkilerinin incelenmesini amaglayan bu projede oldukga fazla bilgi birikimi elde edilmigtir. Literatirde ilk
kez R. capsulatus icin 6zel bir GeneChip Ekspresyon mikrodizini bu ¢alisma kapsaminda tasarlanmistir.
Tasarlanan ¢ip uygulamada basarili sonuglar vermistir. Proteomik ve mikrodizin analizleri paralel bir
sekilde tamamlanmistir. Analiz sonuglarinin yorumlanmasi ve dogrulanmasi yéninde c¢alismalarimiz
devam etmektedir. Caligmalardan elde edilen verilerle iki yiksek lisans tezi tamamlanmistir. Ayrica, bu
calisma kapsaminda gelistirilen ciplerle bir doktora 6grencisi mikdodizin kullanarak R. capsulatus asetik
asit metabolizmasi ile ilgili galismalar yuritmektedir. Yine bu proje destegi alan bursiyer 6grencilerden biri,
R. capsulatus’un farkli bliiyiime kosullarindaki protein degisimlerini proteom analizleri ile galismaktadir.
Elde edilen verilerin yiksek nitelikli uluslararasi bilimsel dergilerde yayinlanmasi igin c¢alismalarimiz
devam etmektedir.
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This Chapter Contains:
* An overview of GeneChip® Expression Analysis.

* A summary of the procedures covered in the remainder of the
manual.
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Introduction and Objectives

Welcome to the Affymetrix GeneChip® Expression Analysis Technical
Manual. This manual is a technical guide for using GeneChip
expression analysis probe arrays. All protocols included in this manual
have been used successfully by scientists at Affymetrix, or have been
recommended by our collaborators during the development of
particular products. The field of mRNA gene expression monitoring
is rapidly evolving and periodic technical updates to this manual will
reflect the newest protocols and information for using GeneChip probe
arrays. This manual applies to all GeneChip 3’ eukaryotic arrays in
cartridge format and GeneChip prokaryotic arrays in cartridge format.

As an Affymetrix GeneChip user, your feedback is welcome. Please
contact our technical support team with any input on how we can
improve this resource.

Explanation of GeneChip® Probe Arrays

GeneChip probe arrays are manufactured using technology that
combines photolithography and combinatorial chemistry.l’2 Up to
1.3 million different oligonucleotide probes are synthesized on each
array. Each oligonucleotide is located in a specific area on the array
called a probe cell. Each probe cell contains hundreds of thousands to
millions of copies of a given oligonucleotide.

Probe arrays are manufactured in a series of cycles. Initially, a glass
substrate is coated with linkers containing photolabile protecting
groups. Then, a mask is applied that exposes selected portions of the
probe array to ultraviolet light. Illumination removes the photolabile
protecting groups enabling selective nucleoside phosphoramidite
addition only at the previously exposed sites. Next, a different mask is
applied and the cycle of illumination and chemical coupling is
performed again. By repeating this cycle, a specific set of
oligonucleotide probes is synthesized with each probe type in a known
location. The completed probe arrays are packaged into cartridges.

During the laboratory procedure described in this manual, biotin-
labeled RNA or DNA fragments referred to as the “target” are
hybridized to the probe array. The hybridized probe array is stained
with streptavidin phycoerythrin conjugate and scanned by the
GeneArray® Scanner or the GeneChip® Scanner 3000. The amount of

1 Sambrook, J., Fritsch, E.F., Maniatis, T. Molecular Cloning: A Laboratory Manual, v.1 Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, NY p 21-52 (1989).

2 See www.affymetrix.com for current GeneChip technology references.
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light emitted at 570 nm is proportional to the bound target at each
location on the probe array.

GeneChip® Expression Analysis Overview

The following major steps outline GeneChip expression analysis:
Target Preparation

Target Hybridization

Fluidics Station Setup

Probe Array Washing and Staining

Probe Array Scan

o g w D=

Data Analysis

Due to the differences in the RNA species between eukaryotic and
prokaryotic organisms, different target labeling protocols have been
optimized. Chapters 2 through 6 provide detailed protocols for target
preparation, hybridization, array washing, and staining for eukaryotic
and prokaryotic arrays, respectively. Please refer to the sections in this
manual for detailed protocols appropriate for your arrays.

STEP 1: TARGET PREPARATION

This manual describes procedures using GeneChip® reagent kits for
preparing biotinylated target from purified eukaryotic and
prokaryotic RNA samples suitable for hybridization to GeneChip
expression probe arrays. For more information on these procedures,
please contact Affymetrix Technical Support at 1-888-DNA-CHIP,
+44 (0)1628 552550 in Europe, or +81-(0)3-5730-8200 in Japan.

For eukaryotic samples, using protocols referenced in Chapter 2,
double-stranded cDNA is synthesized from total RNA or purified
poly-A messenger RNA isolated from tissue or cells. An iz vitro
transcription (IVT) reaction is then done to produce biotin-labeled
cRNA from the cDNA. The cRNA is fragmented before
hybridization.

For prokaryotic samples, Chapter 4 describes a detailed protocol to
isolate total RNA followed by reverse transcription with random
hexamers to produce cDNA. After fragmentation by DNase I, the
cDNA is end-labeled with biotin by terminal transferase.
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STEP 2: TARGET HYBRIDIZATION

A hybridization cocktail is prepared, including the fragmented target,
and probe array controls. It is then hybridized to the probe array
during a 16-hour incubation. The hybridization process is described in
the respective sections for the different probe array types. Refer to
Chapter 3 for hybridization of eukaryotic samples, and Chapter 5 for
prokaryotic samples.

STEP 3: FLUIDICS STATION SETUP

Specific experimental information is defined using Affymetrix®
Microarray Suite or GeneChip Operating Software (GCOS) on a PC-
compatible workstation. The probe array type, sample description,
and comments are entered and saved with a unique experiment name.
The fluidics station is then prepared for use by priming with the
appropriate buffers. Refer to the GeneChip® Expression Wash, Stain and
Scan User Manual, P/N 702731 for information on fluidics station
setup for eukaryotic samples, and Chapter 6 for prokaryotic samples.
For more information on the fluidics station, refer to the GeneChip®
Fluidics Station User's Guide.

STEP 4: PROBE ARRAY WASHING AND STAINING

Immediately following hybridization, the probe array undergoes an
automated washing and staining protocol on the fluidics station. The
GeneChip® Expression Wash, Stain and Scan User Manual, P/N 702731
provides information for eukaryotic samples, and Chapter 6 provides
information for prokaryotic samples.

STEP 5: PROBE ARRAY SCAN

Once the probe array has been hybridized, washed, and stained, it is
scanned. Each workstation running Affymetrix Microarray Suite or

GCOS can control one scanner. The software defines the probe cells
and computes an intensity for each cell.

Each complete probe array image is stored in a separate data file
identified by the experiment name and is saved with a data image file
(.dat) extension.

Review the scanner user’s manual for safety precautions and for more
information on using the scanner.
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STEP 6: DATA ANALYSIS

Precautions

The .dat image is analyzed for probe intensities; results are reported in
tabular and graphical formats. Information on data analysis is
provided in the enclosed GeneChip® Expression Analysis: Data Analysis
Fundamentals booklet (P/N 701190).

1. FOR RESEARCH USE ONLY; NOT FOR USE IN
DIAGNOSTIC PROCEDURES.

2. Avoid microbial contamination, which may cause erroneous
results.

All biological specimens and materials with which they come into
contact should be handled as if capable of transmitting infection
and disposed of with proper precautions in accordance with
federal, state, and local regulations. This includes adherence to the
OSHA Bloodborne Pathogens Standard (29 CFR 1910.1030) for
blood-derived and other samples governed by this act. Never pipet
by mouth. Avoid specimen contact with skin and mucous
membranes.

3. Exercise standard precautions when obtaining, handling, and
disposing of potentially carcinogenic reagents.

4. Exercise care to avoid cross contamination of samples during all
steps of this procedure, as this may lead to erroneous results.

5. Use powder-free gloves whenever possible to minimize
introduction of powder particles into sample or probe array
cartridges.
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Probes The oligonucleotides on the surface of the probe
arrays are called probes because they probe, or
interrogate, the sample.

Target The target is the labeled nucleic acid that is being
interrogated. It is hybridized to the probes on the
array.

Probe Cell Specific areas on the probe array that contain
oligonucleotides of a specific sequence.

Interfering Conditions

CAUTION

Instruments

References

Wear powder-free gloves throughout procedure. Take steps to
minimize the introduction of exogenous nucleases. Water used in
the protocols below is molecular biology grade (nuclease free).

Proper storage and handling of reagents and samples is essential for
robust performance.

All laboratory equipment used to prepare the target during this
procedure should be calibrated and carefully maintained to ensure
accuracy, as incorrect measurement of reagents may affect the outcome
of the procedure.

The GeneChip Expression Analysis Technical Manual is designed for use
ina system consisting of a Fluidics Station, a Hybridization Oven 640,
and a Scanner.

1. Sambrook, J., Fritsch, E.F., Maniatis, T. Molecular Cloning: A
Laboratory Manual, v.1 Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY p 21-52 (1989).

2. See www.affymetrix.com for current GeneChip technology
references.
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Limitations

® The results of the assay are dependent upon the quality of the input
RNA, subsequent proper handling of nucleic acids and other
reagents.

® The results should be evaluated by a qualified individual.

IMPORTANT n Do not store enzymes in a frost-free freezer.
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This Chapter Contains:

* Complete One-Cycle Target Labeling Assay with 1 to 15 pg of total
RNA or 0.2 to 2 pg of poly-A mRNA

e Complete Two-Cycle Target Labeling Assay with 10 to 100 ng of
total RNA

This chapter describes the assay procedures recommended for
eukaryotic target labeling in expression analysis using GeneChip®
brand probe arrays. Following the protocols and using high-quality
starting materials, a sufficient amount of biotin-labeled cRNA target
can be obtained for hybridization to at least two arrays in parallel. The
reagents and protocols have been developed and optimized specifically
for use with the GeneChip system.

Depending on the amount of starting material, two procedures are
described in detail in this manual. Use the following table to select the
most appropriate labeling protocol for your samples:

Table 2.1
Total RNA as mRNA as Protocol
Starting Material Starting Material
1ug-15ug 0.2pug-2pg One-Cycle Target Labeling
10 ng - 100 ng N/A Two-Cycle Target Labeling

The One-Cycle Eukaryotic Target Labeling Assay experimental
outline is represented in Figure 2.1. Total RNA (1 pg to 15 pg) or
mRNA (0.2 pg to 2 pg) is first reverse transcribed using a T7-
Oligo(dT) Promoter Primer in the first-strand cDNA synthesis
reaction. Following RNase H-mediated second-strand cDNA
synthesis, the double-stranded cDNA is purified and serves as a
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template in the subsequent 7z vitro transcription (IVT) reaction. The
IVT reaction is carried out in the presence of T7 RNA Polymerase and
a biotinylated nucleotide analog/ribonucleotide mix for
complementary RNA (cCRNA) amplification and biotin labeling. The
biotinylated cCRNA targets are then cleaned up, fragmented, and
hybridized to GeneChip expression arrays.

For smaller amounts of starting total RNA, in the range of 10 ng to
100 ng, an additional cycle of cDNA synthesis and IVT amplification
is required to obtain sufficient amounts of labeled cRNA target for
analysis with arrays. The Two-Cycle Eukaryotic Target Labeling Assay
experimental outline is also represented in Figure 2.1. After cDNA
synthesis in the first cycle, an unlabeled ribonucleotide mix is used in
the first cycle of IVT amplification. The unlabeled cRNA is then
reverse transcribed in the first-strand cDNA synthesis step of the
second cycle using random primers. Subsequently, the T7-Oligo(dT)
Promoter Primer is used in the second-strand cDNA synthesis to
generate double-stranded cDNA template containing T7 promoter
sequences. The resulting double-stranded cDNA is then amplified and
labeled using a biotinylated nucleotide analog/ribonucleotide mix in
the second IVT reaction. The labeled cRNA is then cleaned up,
fragmented, and hybridized to GeneChip expression arrays.
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One-Cycle Target Labeling
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GeneChip® Eukaryotic Labeling Assays for Expression Analysis
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Reagents and Materials Required

IMPORTANT n

The following reagents and materials are recommendations and have
been tested and evaluated by Affymetrix scientists. Information and
part numbers listed are based on U.S. catalog information. For
supplier information, please refer to the Supplier Reference List in
Appendix G of this manual.

Do not store enzymes in a frost-free freezer.

Total RNA Isolation

e TRIzol Reagent: Invitrogen Life Technologies, P/N 15596-018, or
QIAzol™ Lysis Reagent: QTAGEN, P/N 79306

* RNeasy Mini Kit: QIAGEN, P/N 74104

Poly-A mRNA Isolation

e Oligotex Direct mRNA Kit (isolation of mRNA from whole cells):
QIAGEN, P/N 72012, 72022, or 72041

* Oligotex mRNA Kit (isolation of mRNA from total RNA):
QIAGEN, P/N 70022, 70042, or 70061

* QIAshredder: QIAGEN, P/N 79654 (Required only for use with
QIAGEN Oligotex Direct Kit)

e DEPC-Treated Water: Ambion, P/N 9920
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One-Cycle Target Labeling

* GeneChip® One-Cycle Target Labeling and Control Reagents:
Affymetrix, P/N 900493. A convenient package containing all
required labeling and control reagents to perform 30 one-cycle
labeling reactions. Each of these components may be ordered
individually (described below) as well as in this complete kit.
Contains:

- 1 GeneChip® IVT Labeling Kit (Affymetrix, P/N 900449)

1 GeneChip® One-Cycle cDNA Synthesis Kit (Affymetrix,
P/N 900431)

1 GeneChip® Sample Cleanup Module (Affymetrix, P/N 900371)

1 GeneChip® Poly-A RNA Control Kit (Affymetrix,
P/N 900433)

1 GeneChip® Hybridization Control Kit (Affymetrix, P/N
900454)

Two-Cycle Target Labeling

* GeneChip® Two-Cycle Target Labeling and Control Reagents:
Affymetrix, P/N 900494. A convenient package containing
required labeling and control reagents to perform 30 two-cycle
labeling reactions. Each of these components may be ordered
individually (described below) as well as in this complete kit.
Contains:

- 1 GeneChip® IVT Labeling Kit (Affymetrix, P/N 900449)

1 GeneChip® Two-Cycle cDNA Synthesis Kit (Affymetrix,
P/N 900432)

1 GeneChip® Sample Cleanup Module (Affymetrix, P/N 900371)
1 GeneChip® IVT cRNA Cleanup Kit (Affymetrix, 900547)

1 GeneChip® Poly-A RNA Control Kit (Affymetrix,
P/N 900433)

1 GeneChip® Hybridization Control Kit (Affymetrix, P/N
900454)

* MEGAscript® High Yield Transcription Kit: Ambion Inc,
P/N 1334 Purchased separately from Ambion, Inc. (2 kits required
to complete 30 reactions)
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Miscellaneous Reagents
¢ 10X TBE: Cambrex, P/N 50843

e Absolute ethanol (stored at —20°C for RNA precipitation; store

ethanol at room temperature for use with the GeneChip Sample
Cleanup Module and IVT cRNA Kit)

* 80% ethanol (stored at —20°C for RNA precipitation; store ethanol
at room temperature for use with the GeneChip Sample Cleanup
Module)

¢ SYBR Green II: Cambrex, P/N 50523; or Molecular Probes,
P/N S7586 (optional)

® Pellet Paint: Novagen, P/N 69049-3 (optional)

® Glycogen: Ambion, P/N 9510 (optional)

* 3M Sodium Acetate (NaOAc): Sigma-Aldrich, P/N §7899
¢ Ethidium Bromide: Sigma-Aldrich, P/N E8751

e 1N NaOH

e IN HCI

Miscellaneous Supplies

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL: USA Scientific,
P/N 1415-2600 (or equivalent)

® Micropipettors, (P-2, P-20, P-200, P-1000): Rainin Pipetman or
equivalent

e Sterile-barrier, RNase-free pipette tips (Tips must be pointed, not
rounded, for efficient use with the probe arrays) Beveled pipette tips
may cause damage to the array septa and cause leakage.

* Mini agarose gel electrophoresis unit with appropriate buffers
* UV spectrophotometer
* Bioanalyzer

® Non-stick RNase-free microfuge tubes, 0.5 mL and 1.5 mL:
Ambion, P/N12350 and P/N 12450, respectively
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Total RNA and mRNA Isolation for
One-Cycle Target Labeling Assay

IMPORTANT n

Protocols are provided for preparing labeled cRNA from either total
RNA or purified poly-A mRNA. It was found that results obtained
from samples prepared by both of these methods are similar, but not
identical. Therefore, to get the best results, it is suggested to only
compare samples prepared using the same type of RNA material.

Please review precautions and interfering conditions in Chapter 1.

The quality of the RNA is essential to the overall success of the
analysis. Since the most appropriate protocol for the isolation of
RNA can be source dependent, we recommend using a protocol
that has been established for the tissues or cells being used. In the
absence of an established protocol, using one of the commercially
available kits designed for RNA isolation is suggested.

When using a commercial kit, follow the manufacturer’s instructions
for RNA isolation.

ISOLATION OF RNA FROM YEAST

Total RNA

Good-quality total RNA has been isolated successfully from yeast cells
using a hot phenol protocol described by Schmitt, ez a/. Nucl Acids Res
18:3091-3092 (1990).

Poly-A mRNA

Affymetrix recommends first purifying total RNA from yeast cells
before isolating poly-A mRNA from total RNA. Good-quality
mRNA has been successfully isolated from total RNA using
QIAGEN'’s Oligotex mRNA Kit. A single round of poly-A mRNA
selection provides mRNA of sufficient purity and yield to use as a
template for cDNA synthesis. Two rounds of poly-A mRNA selection
will result in significantly reduced yield and are not generally
recommended.
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ISOLATION OF RNA FROM ARABIDOPSIS

Total RNA

TRIzol Reagent from Invitrogen Life Technologies has been used to

isolate total RNA from Arabidopsis. Follow the instructions provided
by the supplier and, when necessary, use the steps outlined specifically
for samples with high starch and/or high lipid content. QIAzol Lysis
Reagent from QIAGEN can also be used.

Poly-A mRNA

Arabidopsis poly-A mRINA has been successfully isolated using
QIAGEN's Oligotex products. However, other standard isolation
products are likely to be adequate.

ISOLATION OF RNA FROM MAMMALIAN CELLS OR TISSUES

IMPORTANT n

Total RNA

High-quality total RNA has been successfully isolated from
mammalian cells (such as cultured cells and lymphocytes) using the
RNeasy Mini Kit from QIAGEN.

If mammalian tissue is used as the source of RNA, it is recommended
to isolate total RNA with a commercial reagent, such as TRIzol or
QIAzol reagents.

If going directly from TRIzol-isolated total RNA to cDNA synthesis,
it may be beneficial to perform a second cleanup on the total RNA
before starting. After the ethanol precipitation step in the TRIzol
extraction procedure, perform a cleanup using the QIAGEN RNeasy
Mini Kit. Much better yields of labeled cRNA are obtained from the
in vitro transcription-labeling reaction when this second cleanup is
performed.

Poly-A mRNA

Good-quality mRNA has been successfully isolated from mammalian
cells (such as cultured cells and lymphocytes) using QIAGEN’s

Oligotex Direct mRNA kit and from total RNA using the Oligotex
mRNA kit. If mammalian tissue is used as the source of mRNA, total
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RNA should be first purified using a commercial reagent, such as
TRIzol, and then using a poly-A mRNA isolation procedure or a
commercial kit. QIAzol™ Lysis Reagent from QIAGEN can also be
used.

PRECIPITATION OF RNA

Total RNA

It is not necessary to precipitate total RNA following isolation or
cleanup with the RNeasy Mini Kit. Adjust elution volumes from the
RNeasy column to prepare for cDNA synthesis based upon expected
RNA yields from your experiment. Ethanol precipitation is required
following TRIzol or QIAzol reagent isolation and hot phenol
extraction methods; see methods on page 23 for details.

Poly-A mRNA

Most poly-A mRNA isolation procedures will result in dilution of
RNA. It is necessary to concentrate mRINA prior to the cDNA
synthesis.

Precipitation Procedure

1. Add 1/10 volume 3M NaOAc, pH 5.2, and 2.5 volumes ethanol.*
2. Mix and incubate at —20°C for at least 1 hour.

3. Centrifuge at 2 12,000 x g in a microcentrifuge for 20 minutes at
4°C.

4. Wash pellet twice with 80% ethanol.
5. Air dry pellet. Check for dryness before proceeding.

6. Resuspend pellet in DEPC-treated H,O. The appropriate volume
for resuspension depends on the expected yield and the amount of
RNA required for the cDNA synthesis. Please read ahead to the
c¢DNA synthesis protocol in order to determine the appropriate
resuspension volume at this step.
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*Addition of Carrier to Ethanol Precipitations

Adding carrier material has been shown to improve the RNA yield of
precipitation reactions.

¢ Pellet Paint
Addition of 0.5 pL of Pellet Paint per tube to nucleic acid
precipitations makes the nucleic acid pellet easier to visualize and
helps reduce the chance of losing the pellet during washing steps.
The pellet paint does not appear to affect the outcome of subsequent
steps in this protocol; however, it can contribute to the absorbance
at 260 nm when quantifying the mRNA.

* Glycogen
Addition of 0.5 to 1 pL of glycogen (5 mg/mL) to nucleic acid
precipitations aids in visualization of the pellet and may increase
recovery. The glycogen does not appear to affect the outcome of
subsequent steps in this protocol.

QUANTIFICATION OF RNA

Quantify RNA yield by spectrophotometric analysis using the
convention that 1 absorbance unit at 260 nm equals 40 pg/mL RNA.

* The absorbance should be checked at 260 and 280 nm for
determination of sample concentration and purity.

* The A,4)/Ag ratio should be close to 2.0 for pure RNA (ratios
between 1.9 and 2.1 are acceptable).

e Integrity of total RNA samples can also be assessed qualitatively on
an Agilent 2100 Bioanalyzer. Refer to Figure 2.2 for an example of
good-quality total RNA sample.
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Figure 2.2

Electropherogram (from the Agilent 2100 Bioanalyzer) for HeLa Total RNA. For a high-quality total RNA
sample, two well-defined peaks corresponding to the 18S and 28S ribosomal RNAs should be observed,
similar to a denaturing agarose gel, with ratios approaching 2:1 for the 28S to 18S bands.

Total RNA Isolation for Two-Cycle Target Labeling Assay

Several commercial kits and protocols are currently available for total
RNA isolation from small samples (tissues, biopsies, LCM samples,
etc.). Select the one that is suitable for processing of your samples and
follow the vendor-recommended procedures closely since high-quality
and high-integrity starting material is essential for the success of the
assay.
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One-Cycle cDNA Synthesis’

STEP 1: PREPARATION OF POLY-A RNA CONTROLS FOR ONE-CYCLE cDNA
SYNTHESIS (SPIKE-IN CONTROLS)

Eukaryotic Poly-A RNA Control Kit is used for this step.

Designed specifically to provide exogenous positive controls to
monitor the entire eukaryotic target labeling process, a set of poly-A
RNA controls is supplied in the GeneChip Eukaryotic Poly-A RNA
Control Kit.

Each eukaryotic GeneChip probe array contains probe sets for several
B. subtilis genes that are absent in eukaryotic samples (/ys, pbe, thr, and
dap). These poly-A RNA controls are 7z vitro synthesized, and the
polyadenylated transcripts for the B. subtilis genes are pre-mixed at
staggered dilutions. The concentrated Poly-A Control Stock can be
diluted with the Poly-A Control Dil Buffer and spiked directly into
RNA samples to achieve the final dilutions (referred to as a ratio of
copy number) summarized in Table 2.2.

Table 2.2
Final Dilutions of Poly-A RNA Controls in Samples

Poly-A RNA Spike Final Dilution
(estimated ratio of copy number)
lys 1:100,000
phe 1:50,000
thr 1:25,000
dap 1:6,667

The controls are then amplified and labeled together with the samples.
Examining the hybridization intensities of these controls on
GeneChip arrays helps to monitor the labeling process independently
from the quality of the starting RNA samples. Anticipated relative
signal strength follows the order of Jys < phe < thr< dap.

The Poly-A RNA Control Stock and Poly-A Control Dil Buffer are
provided with the kit to prepare the appropriate serial dilutions based

1 Users who do not purchase this Kit may be required to obtain a license under U.S. Patent Nos. 5,716,785,
5,891,636, 6,291,170, and 5,545,522 or to purchase another licensed kit.
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on Table 2.3. This is a guideline when 1, 5, or 10 pg of total RNA or
0.2 pg of mRNA is used as starting material. For starting sample
amounts other than those listed here, calculations are needed in order
to perform the appropriate dilutions to arrive at the same
proportionate final dilution of the spike-in controls in the samples.

Use non-stick RNase-free microfuge tubes to prepare all of the
dilutions.

Table 2.3
Serial Dilutions of Poly-A RNA Control Stock

Starting Amount Serial Dilutions Spike-in Volume
Total RNA mRNA Second Third
1ug 1:20 1:50 1:50 2L
5 pg 1:20 1:50 1:10 2L
10 pg 0.2 ug 1:20 1:50 1:5 2L

Avoid pipetting solutions less than 2 pL in volume to maintain
precision and consistency when preparing the dilutions.
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For example, to prepare the poly-A RNA dilutions for
5 ug of total RNA:

1.

Add 2 pL of the Poly-A Control Stock to 38 pL of Poly-A
Control Dil Buffer for the First Dilution (1:20).

Mix thoroughly and spin down to collect the liquid at the bottom
of the tube.

Add 2 pL of the First Dilution to 98 pL of Poly-A Control Dil
Buffer to prepare the Second Dilution (1:50).

Mix thoroughly and spin down to collect the liquid at the bottom
of the tube.

Add 2 pL of the Second Dilution to 18 pL of Poly-A Control Dil
Buffer to prepare the Third Dilution (1:10).

Mix thoroughly and spin down to collect the liquid at the bottom
of the tube.

Add 2 pL of this Third Dilution to 5 pg of sample total RNA.

The First Dilution of the poly-A RNA controls can be stored up to six
weeks in a non-frost-free freezer at -20°C and frozen-thawed up to
eight times.
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STEP 2: FIRST-STRAND cDNA SYNTHESIS
One-Cycle cDNA Synthesis Kit is used for this step.

NOTE 1. Briefly spin down all tubes in the Kit before using the reagents.

2. Perform all of the incubations in thermal cyclers. The following
program can be used as a reference to perform the first-strand
cDNA synthesis reaction in a thermal cycler; the 4°C holds are for
reagent addition steps:

70°C 10 minutes
4°C hold
42°C 2 minutes
42°C 1 hour
4°C hold

1. Mix RNA sample, diluted poly-A RNA controls, and T7-
Oligo(dT) Primer.

Table 2.4
RNA/T7-Oligo(dT) Primer Mix Preparation for 1 to 8 ug of total RNA, or
0.2 to 1 uyg of mMRNA

Component Volume

Sample RNA variable
Diluted poly-A RNA controls 2 L
T7-Oligo(dT) Primer, 50 yM 2 yL
RNase-free Water variable
Total Volume 12 uL




chapter 2 | Eukaryotic Target Preparation 29

Table 2.5
RNA/T7-Oligo(dT) Primer Mix Preparation for 8.1 to 15 ug of total RNA,
or>1 ug of mMRNA

Component Volume

Sample RNA variable
Diluted poly-A RNA controls 2 L
T7-Oligo(dT) Primer, 50 yM 2 yL
RNase-free Water variable
Total Volume 11 L

A. Place total RNA (1 pg to 15 pg) or mRINA sample (0.2 pg to
2 pg)ina 0.2 mL PCR tube.

. Add 2 pL of the appropriately diluted poly-A RNA controls
(See Step 1: Preparation of Poly-A RNA Controls for One-Cycle
CDNA Synthesis (Spike-in Controls) on page 25).

C. Add 2 pL of 50 pM T7-Oligo(dT) Primer.

D. Add RNase-free Water to a final volume of 11 or 12 pL (see
Table 2.4 and Table 2.5).

Gently flick the tube a few times to mix, and then centrifuge briefly
(~5 seconds) to collect the reaction at the bottom of the tube.

m

F. Incubate the reaction for 10 minutes at 70°C.
G. Cool the sample at 4°C for at least 2 minutes.

H. Centrifuge the tube briefly (~5 seconds) to collect the sample at
the bottom of the tube.

2. In aseparate tube, assemble the First-Strand Master Mix.

A. Prepare sufficient First-Strand Master Mix for all of the RNA
samples. When there are more than 2 samples, it is prudent to
include additional material to compensate for potential
pipetting inaccuracy or solution lost during the process. The
following recipe, in Table 2.0, is for a single reaction.
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Table 2.6
Preparation of First-Strand Master Mix

Component Volume

5X 1%t Strand Reaction Mix 4 uL
DTT, 0.1M 2L
dNTP, 10 mM 1L
Total Volume 7 L

B. Mix well by flicking the tube a few times. Centrifuge briefly
(~5 seconds) to collect the master mix at the bottom of the
tube.

3. Transfer 7 pL of First-Strand Master Mix to each RNA/T7-
Oligo(dT) Primer mix for a final volume of 18 or 19 pL. Mix
thoroughly by flicking the tube a few times. Centrifuge briefly (~5
seconds) to collect the reaction at the bottom of the tube, and
immediately place the tubes at 42°C.

4. Incubate for 2 minutes at 42°C.
5. Add the appropriate amount of SuperScript II to each RNA
sample for a final volume of 20 pL.
e For 1 to 8 pg of total RNA: 1 pL SuperScript 11
e For 8.1 to 15 pg of total RNA: 2 pL SuperScript I1
e For every pg of mRNA add 1 pL SuperScript II.
* For mRNA quantity less than 1 pg, use 1 pL SuperScript I1.

Mix thoroughly by flicking the tube a few times. Centrifuge
briefly (~5 seconds) to collect the reaction at the bottom of the
tube, and immediately place the tubes at 42°C.

6. Incubate for 1 hour at 42°C; then cool the sample for at least 2
minutes at 4°C.

Cooling the samples at 4°C is required before proceeding to the
next step. Adding the Second-Strand Master Mix directly to
solutions that are at 42°C will compromise enzyme activity.

After incubation at 4°C, centrifuge the tube briefly (~5 seconds) to
collect the reaction at the bottom of the tube and immediately proceed
to Step 3: Second-Strand CDNA Synthesis.
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STEP 3: SECOND-STRAND cDNA SYNTHESIS
One-Cycle cDNA Synthesis Kit is used for this step.

NOTE The following program can be used as a reference to perform the
second-strand cDNA synthesis reaction in a thermal cycler.

16°C 2 hours

4°C hold
16°C 5 minutes
4°C hold

1. In a separate tube, assemble Second-Strand Master Mix.

NOTE f=x It is recommended to prepare Second-Strand Master Mix
immediately before use.

A. Prepare sufficient Second-Strand Master Mix for all of the
samples. When there are more than 2 samples, it is prudent to
include additional material to compensate for potential
pipetting inaccuracy or solution lost during the process. The
following recipe, in Table 2.7, is for a single reaction.

Table 2.7
Preparation of Second-Strand Master Mix

Component Volume

RNase-free Water 91 pL
5X 2 Strand Reaction Mix 30 uL
dNTP, 10 mM 3uL
E. coliDNA ligase 1L
E. coliDNA Polymerase | 4 uL
RNase H 1L
Total Volume 130 pL

B. Mix well by gently flicking the tube a few times. Centrifuge
briefly (~5 seconds) to collect the solution at the bottom of the
tube.
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Add 130 pL of Second-Strand Master Mix to each first-strand
synthesis sample from Step 2: First-Strand CDNA Synthesis for a
total volume of 150 pL.

Gently flick the tube a few times to mix, and then centrifuge
briefly (~5 seconds) to collect the reaction at the bottom of the
tube.

3. Incubate for 2 hours at 16°C.

4. Add 2 pL of T4 DNA Polymerase to each sample and incubate

for 5 minutes at 16°C.

After incubation with T4 DNA Polymerase add 10 pL of EDTA,
0.5M and proceed to Cleanup of Double-Stranded cDNA for Both the
One-Cycle and Two-Cycle Targer Labeling Assays on page 48.

Do not leave the reactions at 4°C for long periods of time.
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Two-Cycle cDNA Synthesis’

STEP 1: PREPARATION OF POLY-A RNA CONTROLS FOR TWO-CYCLE cDNA
SYNTHESIS (SPIKE-IN CONTROLS)

Eukaryotic Poly-A RNA Control Kit is used for this step.

Designed specifically to provide exogenous positive controls to
monitor the entire eukaryotic target labeling process, a set of poly-A
RNA controls are supplied in the GeneChip Eukaryotic Poly-A RNA
Control Kit.

Each eukaryotic GeneChip probe array contains probe sets for several
B. subtilis genes that are absent in eukaryotic samples (/ys, pbe, thr, and
dap). These poly-A RNA controls are 7z vitro synthesized, and the
polyadenylated transcripts for these B. subtilis genes are pre-mixed at
staggered dilutions. The concentrated Poly-A Control Stock can be
diluted with the Poly-A Control Dil Buffer and spiked directly into
the RNA samples to achieve the final dilutions (referred to as a ratio
of copy number) summarized below:

Table 2.8
Final Dilutions of Poly-A RNA Controls in Samples

Poly-A RNA Spike Final Dilution
(estimated ratio of copy number)
lys 1:100,000
phe 1:50,000
thr 1:25,000
dap 1:6,667

The controls are then amplified and labeled together with the samples.
Examining the hybridization intensities of these controls on
GeneChip arrays helps to monitor the labeling process independently
from the quality of the starting RNA samples. Anticipated relative
signal strength follows the order of Jys < phe < thr< dap.

The Poly-A RNA Control Stock and Poly-A Control Dil Buffer are
provided with the kit to prepare the appropriate serial dilutions based
on Table 2.9. This is a guideline when 10, 50, or 100 ng of total RNA

1 Users who do not purchase this Kit may be required to obtain a license under U.S. Patent Nos. 5,716,785,
5,891,636, 6,291,170, and 5,545,522 or to purchase another licensed kit.
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is used as starting material. For other intermediate starting sample
amounts, calculations are needed in order to perform the appropriate
dilutions to arrive at the same proportionate final concentration of the
spike-in controls in the samples.

¢ The dilution scheme outlined below is different from the previous
protocol developed for the Small Sample Target Labeling vil.
Closely adhere to the recommendation below to obtain the
desired final concentrations of the controls.

e Use non-stick RNase-free microfuge tubes to prepare the
dilutions.

Table 2.9
Serial Dilutions of Poly-A RNA Control Stock

Starting Serial Dilutions Volume to Add
Amount of i s d Third E h into 50 pM T7-
Total RNA s SR Ir ourth  5jigo(dT) Primer

10 ng 1:20 1:50 1:50 1:10 2 uL

50 ng 1:20 1:50 1:50 1:2 2L

100 ng 1:20 1:50 1:50 2L

Avoid pipetting solutions less than 2 pL in volume to maintain
precision and consistency when preparing the dilutions.
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For example, to prepare the poly-A RNA dilutions for
10 ng of total RNA:

1. Add 2 pL of the Poly-A Control Stock to 38 pL of Poly-A
Control Dil Buffer to prepare the First Dilution (1:20).

2. Mix thoroughly and spin down to collect the liquid at the bottom
of the tube.

3. Add 2 pL of the First Dilution to 98 pL of Poly-A Control Dil
Buffer to prepare the Second Dilution (1:50).

4. Mix thoroughly and spin down to collect the liquid at the bottom
of the tube.

5. Add 2 pL of the Second Dilution to 98 pL of Poly-A Control Dil
Buffer to prepare the Third Dilution (1:50).

6. Mix thoroughly and spin down to collect the liquid at the bottom
of the tube.

7. Add 2 pL of the Third Dilution to 18 pL of Poly-A Control Dil
Buffer to prepare the Fourth Dilution (1:10).

8. Use the Fourth Dilution to prepare the solution described next.

The first dilution of the poly-A RNA controls (1:20) can be stored in
a non-frost-free freezer at —20°C up to six weeks and frozen-thawed
up to eight times.

Preparation of T7-Oligo(dT) Primer/Poly-A Controls Mix

Prepare a fresh dilution of the T7-Oligo(dT) Primer from 50 pM to
5 pM. The diluted poly-A RNA controls should be added to the
concentrated T7-Oligo(dT) Primer as follows, using a non-stick
RNase-free microfuge tube. The following recipe is sufficient for 10
samples.

Table 2.10
Preparation of T7-Oligo(dT) Primer/Poly-A Controls Mix

Component Volume

T7-Oligo(dT) Primer, 50 uM 2 uL
Diluted Poly-A RNA controls (Table 2.9) 2 uL
RNase-free Water 16 uL
Total Volume 20 yL
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STEP 2: FIRST-CYCLE, FIRST-STRAND c¢cDNA SYNTHESIS

NOTE

Two-Cycle cDNA Synthesis Kit is used for this step.

1. Briefly spin down all tubes in the Kit before using the reagents.
2. Perform all of the incubations in thermal cyclers. The following
program can be used as a reference to perform the First-Cycle, First-
Strand cDNA synthesis reaction in a thermal cycler; the 4°C holds
are for reagent addition steps:

70°C 6 minutes

4°C hold
42°C 1 hour
70°C 10 minutes
4°C  hold

1. Mix total RNA sample and the T7-Oligo(dT) Primer/Poly-A
Controls Mix.

Table 2.11
Preparation of Total RNA Sample/T7-Oligo(dT) Primer/Poly-A Controls Mix

Component Volume

Total RNA sample variable (10 — 100 ng)
T7-Oligo(dT) Primer/Poly-A Controls Mix 2 uL
RNase-free Water variable

Total Volume 5puL

A. Place total RNA sample (10 to 100 ng) in a 0.2 mL PCR tube.

B. Add 2 pL of the T7-Oligo(dT) Primer/Poly-A Controls Mix
(See Step 1: Preparation of Poly-A RNA Controls for Two-Cycle
CDNA Synthesis (Spike-in Controls) on page 33).

C. Add RNase-free Water to a final volume of 5 pL.

D. Gently flick the tube a few times to mix, then centrifuge the
tubes briefly (~5 seconds) to collect the solution at the bottom
of the tube.

E. Incubate for 6 minutes at 70°C.

F. Cool the sample at 4°C for at least 2 minutes. Centrifuge briefly
(~5 seconds) to collect the sample at the bottom of the tube.
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2. Inaseparate tube, assemble the First-Cycle, First-Strand Master Mix.

A. Prepare sufficient First-Cycle, First-Strand Master Mix for all
of the total RNA samples. When there are more than 2 samples,
it is prudent to include additional material to compensate for
potential pipetting inaccuracy or solution lost during the process.
The following recipe, in Table 2.12, is for a single reaction.

Table 2.12
Preparation of First-Cycle, First-Strand Master Mix

Component Volume

5X 18t Strand Reaction Mix 2.0 uL
DTT, 0.1M 1.0 uL
RNase Inhibitor 0.5 uL
dNTP, 10 mM 0.5 uL
SuperScript Il 1.0 yL
Total Volume 5.0 uL

B. Mix well by gently flicking the tube a few times. Centrifuge briefly
(~5 seconds) to collect the solution at the bottom of the tube.

3. Transfer 5 pL of First-Cycle, First-Strand Master Mix to each
total RNA sample/T7-Oligo(dT) Primer/Poly-A Controls Mix (as
in Table 2.11) from the previous step for a final volume of 10 pL.

Mix thoroughly by gently flicking the tube a few times.

Centrifuge briefly (~5 seconds) to collect the reaction at the
bottom of the tube, and immediately place the tubes at 42°C.

4. Incubate for 1 hour at 42°C.
Heat the sample at 70°C for 10 minutes to inactivate the RT
enzyme, then cool the sample for at least 2 minutes at 4°C.

After the 2 minute incubation at 4°C, centrifuge the tube briefly
(~95 seconds) to collect the reaction at the bottom of the tube and
immediately proceed to Step 3: First-Cycle, Second-Strand CDNA
Synthesis on page 38.

IMPORTANT n Cooling the sample at 4°C is required before proceeding to the next
step. Adding the First-Cycle, Second-Strand Master Mix directly to
solutions that are at 70°C will compromise enzyme activity.
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STEP 3: FIRST-CYCLE, SECOND-STRAND cDNA SYNTHESIS

NOTE

Two-Cycle cDNA Synthesis Kit is used for this step.

The following program can be used as a reference to perform the
First-cycle, Second-strand cDNA synthesis reaction in a thermal
cycler. For the 16°C incubation, turn the heated lid function off. If
the heated lid function cannot be turned off, leave the lid open. Use
the heated lid for the 75°C incubation.

16°C 2 hours
75°C 10 minutes
4°C hold

1. Inaseparate tube, assemble the First-Cycle, Second-Strand Master
Mix.

It is recommended to prepare this First-Cycle, Second-Strand
Master Mix immediately before use. Prepare this First-Cycle,
Second-Strand Master Mix for at least 4 reactions at one time for
easier and more accurate pipetting.

A. Prepare sufficient First-Cycle, Second-Strand Master Mix for
all samples. When there are more than 2 samples, it is prudent
to include additional material to compensate for potential
pipetting inaccuracy or solution lost during the process. The
following recipe, in Table 2.13, is for a single reaction.

Table 2.13
Preparation of First-Cycle, Second-Strand Master Mix

Component Volume

RNase-free Water 4.8 uL
Freshly diluted MgCl,, 17.6 mM* 4.0 yL
dNTP, 10 mM 0.4 pL
E. coliDNA Polymerase | 0.6 pL
RNase H 0.2 yL
Total Volume 10.0 yL

* Make a fresh dilution of the MgCl, each time. Mix 2 uL of MgCl,, TM with 112 uL of RNase-free Water.
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B. Mix well by gently flicking the tube a few times. Centrifuge
briefly (~5 seconds) to collect the solution at the bottom of the
tube.

2. Add 10 pL of the First-Cycle, Second-Strand Master Mix to
each sample from Step 2: First-Cycle, First-Strand CDNA Synthesis
reaction for a total volume of 20 pL.

Gently flick the tube a few times to mix, and then centrifuge
briefly (~5 seconds) to collect the reaction at the bottom of the
tube.

3. Incubate for 2 hours at 16°C, then 10 minutes at 75°C and cool
the sample at least 2 minutes at 4°C. Turn the heated lid function
off only for the 16°C incubation.

After the 2 minute incubation at 4°C, centrifuge the tube briefly
(~5 seconds) to collect the reaction at the bottom of the tube.
Proceed to Step 4: First-Cycle, IVT Amplification of CRNA on

page 40.

NOTE No cDNA cleanup is required at this step.
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STEP 4: FIRST-CYCLE, IVT AMPLIFICATION OF cRNA

NOTE

MEGAscript® T7 Kit (purchased separately from Ambion, Inc.)
is used for this step.

The following program can be used as a reference to perform the
First-cycle, IVT Amplification of cRNA reaction in a thermal cycler.

37°C 16 hours
4°C hold

1. In a separate tube, assemble the First-Cycle, IVT Master Mix at
room temperature.

A. Prepare sufficient First-Cycle, IVT Master Mix for all of the
samples. When there are more than 2 samples, it is prudent to
include additional material to compensate for potential
pipetting inaccuracy or solution lost during the process. The
following recipe, in Table 2.14, is for a single reaction.

Table 2.14
Preparation of First-Cycle, IVT Master Mix

Component Volume

10X Reaction Buffer 5puL
ATP Solution 5uL
CTP Solution 5puL
UTP Solution 5L
GTP Solution 5L
Enzyme Mix 5L
Total Volume 30 pL

B. Mix well by gently flicking the tube a few times. Centrifuge
briefly (~5 seconds) to collect the solution at the bottom of the
tube.

2. Transfer 30 pL of First-Cycle, IVT Master Mix to each cDNA
sample.

At room temperature, add 30 pL of the First-Cycle, IVT Master
Mix to each 20 pL of cDNA sample from Szep 3: First-Cycle, Second-
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Strand CDNA Synthesis on page 38 for a final volume of 50 pL.

Gently flick the tube a few times to mix, then centrifuge briefly
(~5 seconds) to collect the reaction at the bottom of the tube.

. Incubate for 16 hours at 37°C.

After the 16 hour incubation at 37°C, centrifuge the tube briefly
(~5 seconds) to collect the reaction at the bottom of the tube.
The sample is now ready to be purified in Step 5: First-Cycle,
Cleanup of CRNA on page 42. Alternatively, samples may be stored
at —20°C for later use.
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STEP 5: FIRST-CYCLE, CLEANUP OF cRNA

IMPORTANT n

IVT cRNA Cleanup Kit is used for this step.

Reagents to be Supplied by User
e Ethanol, 96-100% (v/v)
e Ethanol, 80% (v/v)

All other components needed for cleanup of cRNA are supplied with
the GeneChip® IVT cRNA Cleanup Kit.

BEFORE STARTING please note:

¢ |[VT cRNA Wash Buffer is supplied as a concentrate. Before using
for the first time, add 20 mL of ethanol (96-100%), as indicated on
the bottle, to obtain a working solution, and checkmark the box
on the left-hand side of the bottle label to avoid confusion.

¢ VT cRNA Binding Buffer may form a precipitate upon storage. If
necessary, redissolve by warming in a water bath at 30°C, and
then place the buffer at room temperature.

e All steps of the protocol should be performed at room
temperature. During the procedure, work without interruption.

1. Add 50 pL of RNase-free Water to the IVT reaction and mix by
vortexing for 3 seconds.

2. Add 350 pL IVT cRNA Binding Buffer to the sample and mix
by vortexing for 3 seconds.

3. Add 250 pL ethanol (96-100%) to the lysate, and mix well by
pipetting. Do not centrifuge.

4. Apply sample (700 pL) to the IVT cRNA Cleanup Spin Column
sitting in a 2 mL Collection Tube. Centrifuge for 15 seconds at
28,000 x g (2 10,000 rpm). Discard flow-through and Collection
Tube.

5. Transfer the spin column into a new 2 mL Collection Tube
(supplied). Pipet 500 pL IVT cRNA Wash Buffer onto the spin
column. Centrifuge for 15 seconds at = 8,000 x g (= 10,000 rpm)
to wash. Discard flow-through.
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IVT cRNA Wash Buffer is supplied as a concentrate. Ensure that
ethanol is added to the IVT cRNA Wash Buffer before use (see
IMPORTANT note above before starting).

6. Pipet 500 pL 80% (v/v) ethanol onto the spin column and

centrifuge for 15 seconds at = 8,000 x g (= 10,000 rpm). Discard
flow-through.

7. Open the cap of the spin column and centrifuge for 5 minutes at

maximum speed (£ 25,000 x g). Discard flow-through and
Collection Tube.

Place columns into the centrifuge using every second bucket.
Position caps over the adjoining bucket so that they are oriented in
the opposite direction to the rotation (i.e., if the microcentrifuge
rotates in a clockwise direction, orient the caps in a
counterclockwise direction). This avoids damage of the caps.

Label the collection tubes with the sample name. During
centrifugation some column caps may break, resulting in loss of
sample information.

Centrifugation with open caps allows complete drying of the
membrane.

8. Transfer spin column into a new 1.5 mL Collection Tube

(supplied), and pipet 13 pL of RNase-free Water directly onto
the spin column membrane. Ensure that the water is dispensed
directly onto the membrane. Centrifuge 1 minute at maximum
speed (£ 25,000 x g) to elute. The average volume of eluate is 11
pL from 13 pL RNase-free Water.

9. To determine cRNA yield for samples starting with 50 ng or
higher, remove 2 pL of the cRNA, and add 78 pL of water to
measure the absorbance at 260 nm. Use 600 ng of cRNA in the
following Step 6: Second-Cycle, First-Strand CDNA Synthesis.

For starting material less than 50 ng, or if the yield is less than 600
ng, use the entire eluate for the Second-Cycle, First-Strand cDNA
Synthesis Reaction.

Samples can be stored at —20°C for later use, or proceed to Szep 6:
Second-Cycle, First-Strand CDNA Synthesis described next.
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STEP 6: SECOND-CYCLE, FIRST-STRAND cDNA SYNTHESIS
Two-Cycle cDNA Synthesis Kit is used for this step.

NOTE

The following program can be used as a reference to perform the
Second-Cycle, First-Strand cDNA synthesis reaction in a thermal
cycler; the 4°C holds are for reagent addition steps:

70°C 10 minutes

4°C hold
42°C 1 hour
4°C  hold

37°C 20 minutes
95°C 5 minutes

4°C  hold

1. Mix cRNA and diluted random primers.

A.

C.
D.

Make a fresh dilution of the Random Primers (final
concentration 0.2 pg/pL). Mix 2 pL of Random Primers,
3 pg/pL, with 28 pL RNase-free Water.

. Add 2 pL of diluted random primers to purified cRNA from

Step 5: First-Cycle, Cleanup of CRNA, substep 9 on page 43 and
add RNase-free Water for a final volume of 11 pL.

Incubate for 10 minutes at 70°C.

Cool the sample at 4°C for at least 2 minutes. Centrifuge briefly
(~5 seconds) to collect the sample at the bottom of the tube.

2. Inaseparate tube, assemble the Second-Cycle, First-Strand Master
Mix.

A. Prepare sufficient Second-Cycle, First-Strand Master Mix for

all of the samples. When there are more than two samples, it is
prudent to include additional material to compensate for
potential pipetting inaccuracy or solution lost during the
process. The following recipe, in Table 2.15, is for a single
reaction.
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Table 2.15
Preparation of Second-Cycle, First-Strand Master Mix

Component Volume

5X 1st Strand Reaction Mix 4 uL
DTT, 0.1M 2L
RNase Inhibitor 1L
dNTP, 10 mM 1L
SuperScript Il 1L
Total Volume 9L

B. Mix well by gently flicking the tube a few times. Centrifuge
briefly (~5 seconds) to collect the solution at the bottom of the
tube.

3. Transfer 9 pL of Second-Cycle, First-Strand Master Mix to each
cRNA/random primer sample from Step 6: Second-Cycle, First-
Strand CDNA Synthesis, substep 1 on page 44, for a final volume of
20 pnL.

Mix thoroughly by gently flicking the tube a few times.

Centrifuge briefly (~5 seconds) to collect the reaction at the
bottom of the tube and place the tubes at 42°C immediately.

4. Incubate for 1 hour at 42°C, then cool the sample for at least 2
minutes at 4°C.

After the incubation at 4°C, centrifuge briefly (~5 seconds) to
collect the reaction at the bottom of the tube.

5. Add 1 pL of RNase H to each sample for a final volume of 21 pL.

Mix thoroughly by gently flicking the tube a few times.
Centrifuge briefly (~5 seconds) to collect the reaction at the
bottom of the tube and incubate for 20 minutes at 37°C.

6. Heat the sample at 95°C for 5 minutes. Cool the sample for at least
2 minutes at 4°C; then, proceed directly to Step 7: Second-Cycle,
Second-Strand CDNA Synthesis on page 46.
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STEP 7: SECOND-CYCLE, SECOND-STRAND cDNA SYNTHESIS

NOTE

IMPORTANT n

.o

Two-Cycle cDNA Synthesis Kit is used for this step.

The following program can be used as a reference to perform the
Second-Cycle, Second-Strand cDNA Synthesis reaction in a thermal
cycler. For the 16°C incubations turn the heated lid function off. If
the heated lid function cannot be turned off, leave the lid open. The
4°C holds are for reagent addition steps:

70°C 6 minutes

4°C hold
16°C 2 hours
4°C  hold

16°C 10 minutes
4°C  hold

1. Add 4 pL of diluted T7-Oligo(dT) Primer to each sample.

A. Make a fresh dilution of the T7-Oligo(dT) Primer (final
concentration 5 pM). Mix 2 pL of T7-Oligo(dT) Primer,
50 pM, with 18 pL of RNase-free Water.

B. Add 4 pL of diluted T7-Oligo(dT) Primer to the sample from
Step 6: Second-Cycle, First-Strand CDNA Synthesis, substep 6 on
page 45 for a final volume of 25 pL.

C. Gently flick the tube a few times to mix, and then centrifuge briefly
(~5 seconds) to collect the reaction at the bottom of the tube.

D. Incubate for 6 minutes at 70°C.

E. Cool the sample at 4°C for at least 2 minutes. Centrifuge briefly
(~5 seconds) to collect sample at the bottom of the tube.

Cooling the samples at 4°C is required before proceeding to the
next step. Adding the Second-Strand Master Mix directly to
solutions that are at 70°C will compromise enzyme activity.

It is recommended to prepare the Second-Cycle, Second-Strand
Master Mix immediately before use.

2. In a separate tube, assemble the Second-Cycle, Second-Strand
Master Mix.
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A. Prepare sufficient Second-Cycle, Second-Strand Master Mix
for all of the samples. When there are more than two samples,
it is prudent to include additional material to compensate for
potential pipetting inaccuracy or solution lost during the
process. The following recipe, in Table 2.16, is for a single
reaction.

Table 2.16
Preparation of Second-Cycle, Second-Strand Master Mix

Component Volume

RNase-free Water 88 L
5X 2" Strand Reaction Mix 30 L
dNTP, 10 mM 3uL
E. coliDNA Polymerase | 4 uL
Total Volume 125 pL

B. Mix well by gently flicking the tube a few times. Centrifuge
briefly (~5 seconds) to collect the master mix at the bottom of
the tube.

3. Add 125 pL of the Second-Cycle, Second-Strand Master Mix to
each sample from Szep 7: Second-Cycle, Second-Strand CDNA
Synthesis, substep 1 on page 46, for a total volume of 150 pL.

Gently flick the tube a few times to mix, then centrifuge briefly
(~5 seconds) to collect the reaction at the bottom of tube.

4. Incubate for 2 hours at 16°C.

Add 2 pL of T4 DNA Polymerase to the samples for a final
volume of 152 pL. Gently flick the tube a few times to mix, and
then centrifuge briefly (~5 seconds) to collect the reaction at the
bottom of the tube.

6. Incubate for 10 minutes at 16°C, then cool the sample at 4°C for
at least 2 minutes. Centrifuge briefly (~5 seconds) to collect
sample at the bottom of the tube.

After the incubation at 4°C, centrifuge the tube briefly (~5
seconds) to collect the reaction at the bottom of the tube. Proceed
to Cleanup of Double-Stranded cDNA for Both the One-Cycle and Two-
Cycle Target Labeling Assays on page 48. Alternatively,
immediately freeze the sample at —20°C for later use. Do not leave
the reaction at 4°C for long periods of time.
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Cleanup of Double-Stranded cDNA for Both the One-
Cycle and Two-Cycle Target Labeling Assays

IMPORTANT n

Sample Cleanup Module is used for cleaning up the double-
stranded cDNA.

Reagents to be Supplied by User
e Ethanol, 96-100% (v/v)

All other components needed for cleanup of double-stranded cDNA
are supplied with the GeneChip Sample Cleanup Module.

BEFORE STARTING, please note:

e cDNA Wash Buffer is supplied as a concentrate. Before using for
the first time, add 24 mL of ethanol (96-100%), as indicated on the
bottle, to obtain a working solution, and checkmark the box on
the left-hand side of the bottle label to avoid confusion.

e All steps of the protocol should be performed at room
temperature. During the procedure, work without interruption.

¢ If cDNA synthesis was performed in a reaction tube smaller than
1.5 mL, transfer the reaction mixture into a 1.5 or 2 mL microfuge
tube (not supplied) prior to addition of cDNA Binding Buffer.

1. Add 600 pL of cDNA Binding Buffer to the double-stranded
c¢DNA synthesis preparation. Mix by vortexing for 3 seconds.

2. Check that the color of the mixture is yellow (similar to cDNA
Binding Buffer without the cDNA synthesis reaction).

If the color of the mixture is orange or violet, add 10 pL of 3M
sodium acetate, pH 5.0, and mix. The color of the mixture will turn
to yellow.

3. Apply 500 pL of the sample to the cDNA Cleanup Spin Column
sitting in a 2 mL Collection Tube (supplied), and centrifuge for
1 minute at = 8,000 x g (= 10,000 rpm). Discard flow-through.

4. Reload the spin column with the remaining mixture and
centrifuge as above. Discard flow-through and Collection Tube.

5. Transfer spin column into a new 2 mL Collection Tube
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(supplied). Pipet 750 pL of the cDNA Wash Buffer onto the spin
column. Centrifuge for 1 minute at = 8,000 x g (= 10,000 rpm).
Discard flow-through.

cDNA Wash Buffer is supplied as a concentrate. Ensure that ethanol
is added to the cDNA Wash Buffer before use (see IMPORTANT note
on page 48 before starting).

6. Open the cap of the spin column and centrifuge for 5 minutes at
maximum speed (£ 25,000 x g). Discard flow-through and
Collection Tube.

Label the collection tubes with the sample name. During
centrifugation some column caps may break, resulting in loss of
sample information.

Place columns into the centrifuge using every second bucket.
Position caps over the adjoining bucket so that they are oriented in
the opposite direction to the rotation (i.e., if the microcentrifuge
rotates in a clockwise direction, orient the caps in a
counterclockwise direction). This avoids damage of the caps.

Centrifugation with open caps allows complete drying of the
membrane.

7. Transfer spin column into a 1.5 mL Collection Tube, and pipet
14 pL of cDNA Elution Buffer directly onto the spin column
membrane. Incubate for 1 minute at room temperature and
centrifuge 1 minute at maximum speed (£ 25,000 x g) to elute.
Ensure that the cDNA Elution Buffer is dispensed directly onto

the membrane. The average volume of eluate is 12 pL recovered
from the 14 pL of Elution Buffer.

We do not recommend RNase treatment of the cDNA prior to the
in vitro transcription and labeling reaction; the carry-over
ribosomal RNA does not seem to inhibit the reaction.

We do not recommend gel analysis or spectrophotometric
quantitation for cDNA prepared from total RNA. This is due to the
presence of other nucleic acid species in the sample that can
interfere with the results.

8. After cleanup, please proceed to Synthesis of Biotin-Labeled cRNA for
Both the One-Cycle and Two-Cycle Target Labeling Assays on page 50.
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Synthesis of Biotin-Labeled cRNA for Both the One-Cycle
and Two-Cycle Target Labeling Assays

NOTE

IMPORTANT n

GeneChip IVT Labeling Kit is used for this step.

This kit is only used for the IVT labeling step for generating biotin-
labeled cRNA. For the IVT amplification step using unlabeled
ribonucleotides in the First Cycle of the Two-Cycle cDNA Synthesis
Procedure, a separate kit is recommended (MEGAscript® T7 Kit,
Ambion, Inc.). Use only nuclease-free water, buffers, and pipette
tips.

Store all reagents in a -20°C freezer that is not self-defrosting. Prior
to use, centrifuge all reagents briefly to ensure that the solution is
collected at the bottom of the tube.

The Target Hybridizations and Array Washing protocols have been
optimized specifically for this IVT Labeling Protocol. Closely follow
the recommendations described below for maximum array
performance.

1. Use the following table to determine the amount of cDNA used for
each IVT reaction following the cDNA cleanup step.

Table 2.17
IVT Reaction Set Up

Starting Material Volume of cDNA to use in IVT

Total RNA

10 to 100 ng all (~12 pL)
1.0 to 8.0 pg all (~12 pL)
8.1to 15 ug 6 uL
mRNA

0.2t0 0.5 ug all (~12 pL)
0.6 to 1.0 ug 9 uL
110 2.0 ug 6 uL

2. Transfer the needed amount of template cDNA to RNase-free
microfuge tubes and add the following reaction components in the
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order indicated in the table below. If more than one IVT reaction
is to be performed, a master mix can be prepared by multiplying
the reagent volumes by the number of reactions. Do not assemble
the reaction on ice, since spermidine in the 10X IVT Labeling
Buffer can lead to precipitation of the template cDNA.

Table 2.18
Template cDNA* variable (see Table 2.17)
RNase-free Water variable
(to give a final reaction volume of 40 pL)

10X IVT Labeling Buffer 4 uL

IVT Labeling NTP Mix 12 L

IVT Labeling Enzyme Mix 4 uL

Total Volume 40 pL

*0.5 to 1 ug of the 3’-Labeling Control can be used in place of the template cDNA sample in this reaction
as a positive control for the IVT components in the kit.

3. Carefully mix the reagents and collect the mixture at the bottom
of the tube by brief (~5 seconds) microcentrifugation.

4. Incubate at 37°C for 16 hours. To prevent condensation that may
result from water bath-style incubators, incubations are best
performed in oven incubators for even temperature distribution, or
in a thermal cycler.

Overnight IVT reaction time has been shown to maximize the
labeled cRNA yield with high-quality array results. Alternatively, if
a shorter incubation time (4 hours) is desired, 1 pL (200 units) of
cloned T7 RNA polymerase (can be purchased directly from
Ambion, P/N 2085) can be added to each reaction and has been
shown to produce adequate labeled cRNA yield within 4 hours. The
two different incubation protocols generate comparable array
results, and users are encouraged to choose the procedure that best
fits their experimental schedule and process flow.

5. Store labeled cRNA at —20°C, or —70°C if not purifying

immediately. Alternatively, proceed to Cleanup and Quantification
of Biotin-Labeled cRNA on page 52.
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Cleanup and Quantification of Biotin-Labeled cRNA

Sample Cleanup Module is used for cleaning up the biotin-
labeled cRNA.

Reagents to be Supplied by User
e Ethanol, 96-100% (v/v)
e Ethanol, 80% (v/v)

All other components needed for cleanup of biotin-labeled cRNA are
supplied with the GeneChip Sample Cleanup Module.

STEP 1: CLEANUP OF BIOTIN-LABELED cRNA

IMPORTANT n

BEFORE STARTING please note:

e [t is essential to remove unincorporated NTPs, so that the
concentration and purity of cRNA can be accurately determined
by 260 nm absorbance.

e DO NOT extract biotin-labeled RNA with phenol-chloroform. The
biotin will cause some of the RNA to partition into the organic
phase. This will result in low yields.

e Save an aliquot of the unpurified IVT product for analysis by gel
electrophoresis.

¢ |[VT cRNA Wash Buffer is supplied as a concentrate. Before using
for the first time, add 20 mL of ethanol (96-100%), as indicated on
the bottle, to obtain a working solution, and checkmark the box
on the left-hand side of the bottle label to avoid confusion.

¢ |[VT cRNA Binding Buffer may form a precipitate upon storage. If
necessary, redissolve by warming in a water bath at 30°C, and
then place the buffer at room temperature.

e All steps of the protocol should be performed at room
temperature. During the procedure, work without interruption.

1. Add 60 pL of RNase-free Water to the IVT reaction and mix by
vortexing for 3 seconds.

2. Add 350 pL IVT cRNA Binding Buffer to the sample and mix
by vortexing for 3 seconds.

3. Add 250 pL ethanol (96-100%) to the mixture, and mix well by
pipetting. Do not centrifuge.



chapter 2 | Eukaryotic Target Preparation 53

4. Apply sample (700 pL) to the IVT cRNA Cleanup Spin Column
sitting in a 2 mL Collection Tube. Centrifuge for 15 seconds at
28,000 x g (= 10,000 rpm). Discard flow-through and Collection
Tube.

5. Transfer the spin column into a new 2 mL Collection Tube
(supplied). Pipet 500 pL IVT cRNA Wash Buffer onto the spin
column. Centrifuge for 15 seconds at = 8,000 x g (= 10,000 rpm)
to wash. Discard flow-through.

IVT cRNA Wash Buffer is supplied as a concentrate. Ensure that
ethanol is added to the IVT cRNA Wash Buffer before use (see
IMPORTANT note on page 52 before starting).

6. Pipet 500 nL 80% (v/v) ethanol onto the spin column and centrifuge
for 15 seconds at = 8,000 x g (= 10,000 rpm). Discard flow-through.

7. Open the cap of the spin column and centrifuge for 5 minutes at
maximum speed (£ 25,000 x g). Discard flow-through and
Collection Tube.

Place columns into the centrifuge using every second bucket.
Position caps over the adjoining bucket so that they are oriented in
the opposite direction to the rotation (i.e., if the microcentrifuge
rotates in a clockwise direction, orient the caps in a
counterclockwise direction). This avoids damage of the caps.

Label the collection tubes with the sample name. During
centrifugation some column caps may break, resulting in loss of
sample information.

Centrifugation with open caps allows complete drying of the
membrane.

8. Transfer spin column into a new 1.5 mL Collection Tube
(supplied), and pipet 11 pL of RNase-free Water directly onto
the spin column membrane. Ensure that the water is dispensed
directly onto the membrane. Centrifuge 1 minute at maximum
speed (£ 25,000 x g) to elute.

9. Pipet 10 pL of RNase-free Water directly onto the spin column
membrane. Ensure that the water is dispensed directly onto the
membrane. Centrifuge 1 minute at maximum speed (< 25,000 x g)
to elute.
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10. For subsequent photometric quantification of the purified cRNA,
we recommend dilution of the eluate between 1:100 fold and
1:200 fold.

11. Store cRNA at —20°C, or —70°C if not quantitated immediately.
Alternatively, proceed to Step 2: Quantification of the CRNA.

STEP 2: QUANTIFICATION OF THE cRNA

Use spectrophotometric analysis to determine the cRNA yield. Apply
the convention that 1 absorbance unit at 260 nm equals 40 pg/mL
RNA.

* Check the absorbance at 260 nm and 280 nm to determine sample
concentration and purity.

* Maintain the A,4/A,g, ratio close to 2.0 for pure RNA (ratios
between 1.9 and 2.1 are acceptable).

For quantification of cRNA when using total RNA as starting
material, an adjusted cRNA yield must be calculated to reflect
carryover of unlabeled total RNA. Using an estimate of 100%
carryover, use the formula below to determine adjusted cRNA yield:

adjusted cRNA yield = RNAm - (total RNAI) (y)

RNAm = amount of cRNA measured after IVT (pg)
total RNAI = starting amount of total RNA (pg)
y = fraction of cDNA reaction used in IVT

Example: Starting with 10 pg total RNA, 50% of the cDNA reaction
isadded to the IVT, giving a yield of 50 pg cRNA. Therefore, adjusted
cRNA yield = 50 pg cRNA - (10 pg total RNA) (0.5 cDNA reaction)
= 45.0 pg.

Use adjusted yield in Fragmenting the cRNA for Target Preparation on
page 57.

Please refer to Chapter 3 Eukaryotic Target Hybridization for the
amount of cRNA required for one array hybridization experiment.
The amount varies depending on the array format. Please refer to
the specific probe array package insert for information on the array
format.
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STEP 3: CHECKING UNFRAGMENTED SAMPLES BY GEL
ELECTROPHORESIS

Gel electrophoresis of the IVT product is done to estimate the
yield and size distribution of labeled transcripts. The following are
examples of typical cCRNA products examined on an Agilent 2100
Bioanalyzer.
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Figure 2.3

Biotin-labeled cRNA from One-Cycle cDNA Synthesis Kit. Bioanalyzer electropherogram for labeled cRNA
from HelLa total RNA using the One-Cycle Kit. This electropherogram displays the nucleotide size distribution
for 400 ng of labeled cRNA resulting from one round of amplification. The average size is approximately
1580 nt.
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Figure 2.4

Biotin-labeled cRNA from Two-Cycle cDNA Synthesis Kit. Bioanalyzer electropherogram for labeled cRNA
from Hela total RNA using the Two-Cycle Kit. This electropherogram displays the nucleotide size distribution
for 400 ng of labeled cRNA resulting from two rounds of amplification. The average size is approximately
850 nt.
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Fragmenting the cRNA for Target Preparation
Sample Cleanup Module is used for this step.

Fragmentation of cRNA target before hybridization onto GeneChip
probe arrays has been shown to be critical in obtaining optimal assay
sensitivity.

Affymetrix recommends that the cRNA used in the fragmentation
procedure be sufficiently concentrated to maintain a small volume
during the procedure. This will minimize the amount of magnesium
in the final hybridization cocktail. Fragment an appropriate amount of
cRNA for hybridization cocktail preparation and gel analysis (refer to
Chapter 3, Eukaryotic Target Hybridization).

1. The Fragmentation Buffer has been optimized to break down full-
length cRNA to 35 to 200 base fragments by metal-induced
hydrolysis.

The following table shows suggested fragmentation reaction mix
for cRNA samples at a final concentration of 0.5 pg/pL. Use
adjusted cRNA concentration, as described in Step 2: Quantification
of the CRNA on page 54. The total volume of the reaction may be
scaled up or down dependent on the amount of cRNA to be

fragmented.
Table 2.19 .
Sample Fragmentation Reaction by Array Format
Component 49/64 Format 100 Format
cRNA 20 pg (1to 21 L) 15 pg (1 to 21 pL)
5X Fragmentation Buffer 8 uL 6 uL

RNase-free Water (variable)  to 40 pL final volume  to 30 pL final volume

Total Volume 40 pL 30 yL

*Please refer to specific probe array package insert for information on array format.

2. Incubate at 94°C for 35 minutes. Put on ice following the
incubation.

3. Save an aliquot for analysis on the Bioanalyzer. A typical
fragmented target is shown in Figure 2.5.

The standard fragmentation procedure should produce a
distribution of RNA fragment sizes from approximately 35 to 200
bases.
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4. Store undiluted, fragmented sample cRNA at —20°C (or —70°C for
longer-term storage) until ready to perform the hybridization, as
described in Chapter 3, Enkaryotic Target Hybridization.
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Figure 2.5

Fragmented cRNA. Bioanalyzer electropherogram for fragmented labeled cRNA from HelLa total RNA. This
electropherogram displays the nucleotide size distribution for 150 ng of fragmented labeled cRNA resulting
from one round of amplification. The average size is approximately 100 nt.
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Chapter Contents

Reagents and Materials Required . . . . . . . . .. . ... ... 62
Eukaryotic Target Hybridization . . . . . . . . ... ... ... 63

This Chapter Contains:

* Detailed steps for preparing the eukaryotic hybridization mix
containing labeled target and control cRNA.

e Instructions for hybridizing the target mix to a eukaryotic
GeneChip® probe array.

After completing the procedures described in this chapter, the
hybridized probe array is ready for washing, staining, and scanning,
as detailed in the GeneChip® Expression Wash, Stain and Scan User
Manual, PIN 702731.
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Reagents and Materials Required

The following reagents and materials have been tested and evaluated
by Affymetrix scientists. Information and part numbers listed are
based on U.S. catalog information. For supplier information, please
refer to the Supplier Reference List in Appendix G of this manual.

* GeneChip® Hybridization, Wash and Stain Kit: Affymetrix,
P/N 900720 (30 reactions)

Hybridization Module from Box 1:
* Pre-Hybridization Mix
e 2X Hybridization Mix
e DMSO

e Nuclease-free Water

* GeneChip Eukaryotic Hybridization Control Kit: Affymetrix,
P/N 900454 (30 reactions) or P/N 900457 (150 reactions), both
contain Control cRNA and Control Oligo B2

e Control Oligo B2, 3 nM: Affymetrix, P/N 900301

Miscellaneous Supplies

e Hybridization Oven 640: Affymetrix, P/N 800138 (110V) or
800139 (220V)

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL: USA Scientific,
P/N 1415-2600 (or equivalent)

® Micropipettors, (P-2, P-20, P-200, P-1000): Rainin Pipetman (or
equivalent)

e Sterile-barrier pipette tips and non-barrier pipette tips
* Heatblock
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Eukaryotic Target Hybridization

Please refer to the table below for the necessary amount of cRNA
required for the specific probe array format used. These preparations take
into account that it is necessary to make extra hybridization cocktail due
to a small loss of volume (10-20 pL) during each hybridization.

1. Mix the following for each target, scaling up volumes if necessary
for hybridization to multiple probe arrays.

IMPORTANT n If using the GeneChip IVT Labeling Kit to prepare the target, a final
concentration of 10% DMSO needs to be added in the hybridization
cocktail for optimal results.

NOTE DMSO will solidify when stored at 4°C. Please ensure that the
reagent is completely thawed prior to use. After the first use, it is
recommended to store DMSO at room temperature.

Table 3.1

Hybridization Cocktail for Single Probe Array*

Component 49 Format 100 Format 169 Format (Mini) Final Dilution
(Standard) / (Midi) Array  Array /400 Format
64 Format Array (Micro) Array
Fragmented and Labeled cRNAT 15 pg 10 ug 5 ug 0.05 pg/pL
Control Oligonucleotide B2 (3 nM) 5 pL 3.3uL 1.7 L 50 pM
20X Eukaryotic Hybridization 15 uL 10 uL 5L 1.5, 5, 25, and
Controls (bioB, bioC, bioD, cre) 100 pM respectively
2X Hybridization Mix 150 pL 100 pL 50 puL 1X
DMSO 30 pL 20 yL 10 L 10%
Nuclease-free Water to final volume tofinalvolume to final volume
of 300 pL of 200 pL of 100 pL
Total Volume 300 pL 200 pL 100 pL

*Please refer to specific probe array package insert for information on array format.
*Please see Chapter 2 for the amount of adjusted fragmented cRNA to use when starting from total RNA.

IMPORTANT n It is imperative that frozen stocks of 20X GeneChip Eukaryotic
Hybridization Controls are heated to 65°C for 5 minutes to
completely resuspend the cRNA before aliquoting.
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2. Equilibrate probe array to room temperature immediately before
use.

It is important to allow the arrays to equilibrate to room
temperature completely. Specifically, if the rubber septa are not
equilibrated to room temperature, they may be prone to cracking,
which can lead to leaks.

3. Heat the hybridization cocktail to 99°C for 5 minutes in a heat
block.

4. Meanwhile, wet the array with an appropriate volume of Pre-
Hybridization Mix (see Table 3.2) by filling it through one of the
septa.

Table 3.2
Probe Array Cartridge Volumes for Pre-Hybridization Mix and Hybridization
Cocktail

Array Volume

49 Format (Standard) 200 pL
64 Format 200 L
100 Format (Midi) 130 pL
169 Format (Mini) 80 uL
400 Format (Micro) 80 uL

Each array has two septa (see Figure 3.1 for location of the probe
array septa). In order to fill the array, first vent the array chamber by
inserting a clean, unused pipette tip into one of the septa; then
insert the pipette tip of a micropipettor into the remaining septum
to fill.
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Plastic cartridge

Front

Probe array on
glass substrate

Figure 3.1

GeneChip® Probe Array

5. Incubate the probe array filled with Pre-Hybridization Mix at
45°C for 10 minutes with rotation.

6. Transfer the hybridization cocktail that has been heated at 99°C,
in Step 3, to a 45°C heat block for 5 minutes.

7. Spin the hybridization cocktail at maximum speed in a
microcentrifuge for S minutes to collect any insoluble material
from the hybridization mixture.

8. Remove the array from the hybridization oven. Vent the array with
a clean pipette tip and extract the Pre-Hybridization Mix from the
array with a micropipettor. Refill the array with the appropriate
volume of the clarified hybridization cocktail, avoiding any
insoluble matter at the bottom of the tube (see Table 3.2).

9. Place probe array into the hybridization oven, set to 45°C.

10. To avoid stress to the motor, load probe arrays in a balanced
configuration around the axis. Rotate at 60 rpm.

11. Hybridize for 16 hours.

During the latter part of the 16-hour hybridization, proceed to the
GeneChip® Expression Wash, Stain and Scan User Manual, P/IN
702731, to prepare reagents for the washing and staining steps
required immediately after completion of hybridization.
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Chapter Contents

Reagents and Materials Required . . . . . . . . .. . ... ... 71
Reagent Preparation . . . . . . . . . . ... ... ... ... 72
Total RNA Isolation . . . . . . .. . ... ... ... ..... 72
cDNA Synthesis . . . . . .. . ... 74
Step 1: Preparation of Poly-A RNA Controls . . . . . . . ... 74
Step 2: CDNA Synthesis . . . . . .. ... ... .. ..... 76
Step 3: Removal of RNA . . . . . . ... ... ... ..... 77
Step 4: Purification and Quantitation of CDNA. . . . . . . . . 78
cDNA Fragmentation. . . . . . . . . ... ... ... ... .. 79
Terminal Labeling . . . . . . . ... ... ... ... ... 80

This Chapter Contains:

This chapter describes the assay procedures recommended for use with
the GeneChip® P. aeruginosa Genome Array and the GeneChip® E. co/;
arrays. The assay utilizes reverse transcriptase and random hexamer
primers to produce DNA complementary to the RNA. The cDNA
products are then fragmented by DNase I and labeled with terminal
transferase and biotinylated GeneChip® DNA Labeling Reagent at the
3' termini.

This protocol is presented as a recommendation only, and has not been
validated by Affymetrix.
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1. RNA Extraction

2. Random priming
cDNA synthesis

3. RNA degradation
with NaOH

4. cDNA column
purification

5. cDNA fragmentation and
terminal labeling with
biotinylated GeneChip®
DNA Labeling Reagent
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Figure 4.1

Target Labeling for Prokaryotic GeneChip® Antisense Arrays
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Reagents and Materials Required

The following reagents and materials are recommendations and have
been tested and evaluated by Affymetrix scientists. Information and
part numbers listed are based on U.S. catalog information. For
supplier information, please refer to the Supplier Reference List in
Appendix G of this manual.

Labeling
e ANTP: Invitrogen Life Technologies, P/N 18427-013

* Random Primers, 3 pg/pL: Invitrogen Life Technologies,
P/N 48190-011

* GeneChip® Eukaryotic Poly-A RNA Control Kit: Affymetrix,
P/N 900433

* SuperScript II"™ Reverse Transcriptase: Invitrogen Life
Technologies, P/N 18064-071

e SUPERase*In™: Ambion, P/N 2696

¢ Nuclease-free Water: Ambion, P/N 9930

e NaOH, 1N solution: VWR Scientific Products, P/N MK469360
e HCI, 1N solution: VWR Scientific Products, P/N MK638860

® MinElute PCR Purification Kit: QIAGEN, P/N 28004

¢ 10X DNase I Buffer: USB, P/N 78331

* Deoxyribonuclease I (DNase I): Pierce, P/N 89835

* GeneChip® DNA Labeling Reagent: Affymetrix, P/N 900542

® Terminal Deoxynucleotidyl Transferase: Promega, P/N M1875

e EDTA, 0.5M, pH 8.0: Invitrogen Life Technologies, P/N 15575-
020

* Non-stick RNase-free microfuge tubes, 0.5 mL and 1.5 mL:
Ambion, P/N 12350 and P/N 12450, respectively
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Gel-Shift Assay

* Novex XCell SureLock™ Mini-Cell: Invitrogen Life Technologies,
P/N EI0001

® 4-20% TBE Gel, 1.0 mm, 12 well: Invitrogen Life Technologies,
P/N EC62252

* Sucrose Gel Loading Dye, 5X: Amresco, P/N E-274
e 10X TBE Running Buffer
¢ SYBR Gold: Molecular Probes, P/N S-11494

* 10 bp and 100 bp DNA ladder: Invitrogen Life Technologies,
P/N 10821-015 and 15628-019, respectively

¢ ImmunoPure NeutrAvidin: Pierce Chemical, P/N 31000
® 1M Tris, pH 7.0: Ambion, P/N 9850G
e PBS, pH 7.2: Invitrogen Life Technologies, P/N 20012-027

Reagent Preparation

75 ng/pL Random Primers

For 1000 pL:
25 pL of 3 pg/pL Random Primers
975 pL of Nuclease-free H,O

Store at —20°C in a non-frost-free freezer.

2 mg/mL NeutrAvidin

Resuspend 10 mg NeutrAvidin in 5 mL PBS solution. Store at
4°C.

Total RNA Isolation

As starting material for the cDNA synthesis procedure, total RNA can
be isolated by using standard procedures for bacterial RNA isolation
or various commercial RNA isolation kits.

For Pseudomonas aeruginosa and E. coli, we have successfully used the

QIAGEN® RNeasy Mini Purification Kit. Caution should be used to
minimize chromosomal DNA contamination during the isolation, due
to the high sensitivity of the assay. It is suggested that no more than
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1 X 107 cells are applied to a single purification column. Also, use the
lysozyme at a concentration of 1 mg/mL, and not the recommended
400 pg/mL. Additional DNase I treatment may be required to
eliminate DNA contamination when the bacterial culture is grown at
high density.

After purification, RNA concentration is determined by absorbance at
260 nm on a spectrophotometer (1 absorbance unit = 40 pg/mL
RNA). The A,4/A,g, ratio should be approximately 2.0, with ranges
between 1.8 to 2.1 considered acceptable. We recommend checking
the quality of RNA by running it on an agarose gel prior to starting
the assay. The 23S and 16S rRNA bands should be clear without any
obvious smears. Any indication of the presence of chromosomal DNA
contamination (high molecular weight bands or smears on the gel)
would require additional DNase treatment before proceeding to
cDNA synthesis.

Lane 1- 1 ug Sample 1
Lane 2 - 1 ug Sample 2
Lane 3- 1 ug Sample 3

Lane 4 - RNA Size
Markers

23S rRNA —»
16S rRNA —»

Figure 4.2
Typical RNA preparation from E. coli
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cDNA Synthesis

NOTE

The following protocol starts with 10 pg of total RNA. Incubations
are performed in a thermal cycler.

The integrity of total RNA is essential for the success of the assay.
Exercise precautions and follow standard laboratory procedures
when handling RNA samples.

STEP 1: PREPARATION OF POLY-A RNA CONTROLS

The Poly-A RNA Control Stock and Poly-A Control Dil Buffer are
provided with the Poly-A RNA Control Kit (P/N 900433) to prepare
the appropriate serial dilutions based on the following recommendation:

Table 4.1
Serial Dilutions of Poly-A RNA Control Stock

Array Format” Serial Dilutions Spike-in Volumes
First Second

169 Format (Mini) 1:20 1:16 2 L

100 Format (Midi) 1:20 1:20 2 L

49 Format (Standard) 1:20 1:13 2 uL

*Please refer to specific probe array package insert for information on array format.

Avoid pipetting solutions less than 2 pL in volume to maintain
precision and consistency when preparing the dilutions.

The Poly-A RNA Control Stock contains 7z vitro synthesized,
polyadenylated transcripts for B. subtilis genes that are pre-mixed at
staggered concentrations. The concentrations of the spikes in the stock
solution are: /ys 7.6 nM, phe 15.2 nM, #hr 30.4 nM, and dap 114.0 nM.
Following the recommended dilutions as shown above, the final
concentrations of the spikes in the hybridization cocktail (Table 5.1 on
page 806) are /ys 0.256 pM, phe 0.511 pM, thr 1.022 pM, and dap 3.833 pM.

We strongly recommend using control transcripts to monitor the
assay sensitivity and performance. Probe sets for these control
genes from B. subtilis have been tiled on the GeneChip®
P. aeruginosa Genome Array and E. coli arrays.
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For example, to prepare the poly-A RNA dilutions for a
100 format array:

IMPORTANT n Use non-stick RNase-free microfuge tubes to prepare all of the
dilutions.

A. Add 2 pL of the Poly-A RNA Control Stock to 38 pL of Poly-
A Control Dil Buffer for the First Dilution (1:20).

B. Mix thoroughly and spin down to collect the liquid at the
bottom of the tube.

C. Add 2 pL of the First Dilution to 38 pL of Poly-A Control Dil
Buffer to prepare the Second Dilution (1:20).

D. Mix thoroughly and spin down to collect the liquid at the
bottom of the tube.

E. Add 2 pL of this Second Dilution to the total RNA as indicated
in Table 4.2.

NOTE The First Dilution of the poly-A RNA controls can be stored up to six
weeks in a non-frost-free freezer at —-20°C and frozen-thawed up to
eight times.
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STEP 2: cDNA SYNTHESIS

1. Prepare the following mixture for primer annealing:

Table 4.2

RNA/Primer Hybridization Mix
Component Volume Final Dilution
Total RNA 10 ug 0.33 pg/pL
75 ng/puL Random Primers 10 L 25 ng/uL
Diluted poly-A RNA controls 2 L Variable
Nuclease-free H,0 Up to 30.0 pL —
Total Volume 30 L

The random primers supplied by Invitrogen Life Technologies are
oligodeoxynucleotides composed mainly of hexamers. Random
primers of different length or GC content have been successfully
applied to the procedure.

2. Incubate the RNA/Primer mix at the following temperatures:
e 70°C for 10 minutes
e 25°C for 10 minutes
e Chill to 4°C
3. Prepare the reaction mix for cDNA synthesis. Briefly centrifuge
the reaction tube to collect sample at the bottom and add the

c¢DNA synthesis mix from Table 4.3 to the RNA/primer
hybridization mix.
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Table 4.3

cDNA Synthesis Components
Component Volume Final Dilution
RNA/Primer hybridization 30 yL
mix (from previous step)
5X 15t Strand Buffer 12 uL 1X
100 mM DTT 6 uL 10 mM
10 mM dNTPs 3L 0.5 mM
SUPERasesln (20 U/uL) 1.5 yL 0.5 U/uL
SuperScript Il (200 U/uL) 7.5 uL 25 U/uL
Total Volume 60 pL

4. Incubate the reaction at the following temperatures:
e 25°C for 10 minutes
e 37°C for 60 minutes
e 42°C for 60 minutes
* Inactivate SuperScript II at 70°C for 10 minutes
e Chill to 4°C

STEP 3: REMOVAL OF RNA

1. Add 20 pL of 1N NaOH and incubate at 65°C for 30 minutes.
2. Add 20 pL of 1IN HCI to neutralize.
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STEP 4: PURIFICATION AND QUANTITATION OF cDNA

1. Use MinElute PCR Purification Columns to clean up the cDNA
synthesis product (for detailed protocol, see MinElute PCR
Purification Kit Protocols provided by the supplier). Elute the
product with 12 pL of EB Buffer (supplied with the kit). The
average volume of eluate is 11 pL from 12 pL of EB Buffer.

2. Quantify the purified cDNA product by 260 nm absorbance
(1.0 A, unit = 33 pg/mL of single-stranded DNA).

NOTE j== Typical yields of cDNA are 3 to 7 pg. A minimum of 1.5 pg of cDNA
is required for subsequent procedures to obtain sufficient material
to hybridize onto the array and to perform necessary quality control
experiments.
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cDNA Fragmentation

NOTE

IMPORTANT n

1. Prepare the following reaction mix:

Table 4.4

Fragmentation Reaction
Component Volume Dilution
10X DNase | Buffer 2puL 1X
cDNA 10 pL -
DNase | (see note below) XL 0.6 U/ug of cDNA
Nuclease-free H,O Up to 20 uL -
Total Volume 20 pL

Use all remaining cDNA purified from the previous step in this
reaction. Do not proceed if the yield is lower than 1.5 pg. Dilute
DNase | to 0.6 U/pL in 1X One-Phor-All Buffer. Prepare fresh dilution
each time immediately before use.

It is anticipated that DNase | enzyme activity may vary from lot to
lot. A titration assay is strongly recommended for each new lot of
enzyme to determine the dosage of the DNase I (unit of DNase | per
Hg of cDNA) to be used in the fragmentation reaction. 0.6U for each
Hg of cDNA can be used as a starting point for the titration.

Incubate the reaction at 37°C for 10 minutes.
Inactivate DNase I at 98°C for 10 minutes.

4. The fragmented cDNA is applied directly to the terminal labeling
reaction. Alternatively, the material can be stored at —20°C for
later use.

To examine the fragmentation result, load ~200 ng of the product
on a 4% to 20% acrylamide gel and stain with SYBR Gold. The
majority of the fragmented cDNA should be in the 50 to 200 base-
pairs range.
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Terminal Labeling

Use GeneChip® DNA Labeling Reagent (Affymetrix, P/N 900542) to
label the 3' termini of the fragmentation products.

1. Prepare the following reaction mix:

Table 4.5
Terminal Label Reaction

Component Volume

5X Reaction Buffer 10 pL
GeneChip DNA Labeling Reagent, 7.5 mM 2 uL
Terminal Deoxynucleotidyl Transferase 2 uL
Fragmentation cDNA Product Up to 20 pL
H,O 16 L

Total Volume 50 L

2. Incubate the reaction at 37°C for 60 minutes.
Stop the reaction by adding 2 pL of 0.5M EDTA.

4. The target is ready to be hybridized onto probe arrays, as described
in Prokaryotic Target Hybridization on page 83. Alternatively, it
may be stored at —20°C for later use.

To estimate the labeling efficiency, a gel-shift assay can be performed
(see below). In general, greater than 90% of the fragments should be
labeled and, therefore, shifted.

Gel-Shift Assay

The efficiency of the labeling procedure can be assessed using the
following procedure. This quality control protocol prevents hybridizing
poorly labeled target onto the probe array. The addition of biotin
residues is monitored in a gel-shift assay, where the fragments are
incubated with avidin prior to electrophoresis. The nucleic acids are
then detected by staining, as shown in the gel photograph Figure 4.3.
The procedure takes approximately 90 minutes to complete.

The absence of a shift pattern indicates poor biotin labeling. The
problem should be addressed before proceeding to the
hybridization step.
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1 2 345 6

Lane 1 10 bp
Ladder

Lane 2 & 4 Fragmented
and labeled
cDNA from
P.
aeruginosa

Lane 3 &5 Fragmented
and labeled
cDNA from
P.
aeruginosa
with avidin
Lane 6 100 bp
Ladder

Figure 4.3

Gel-shift for monitoring P. aeruginosa target labeling efficiency. Notice that the
majority of the avidin-conjugated product, in both lanes 3 and 5, is highlighted
as a bright band towards the top of the gel.

1. Prepare a NeutrAvidin solution of 2 mg/mL in PBS.

2. Place a 4% to 20% TBE gel into the gel holder and load system
with 1X TBE Buffer.

3. For each sample to be tested, remove two 150 to 200 ng aliquots
of fragmented and biotinylated sample to fresh tubes.

4. Add 5 pLof 2 mg/mL NeutrAvidin to one of the two tubes for each
sample tested.

Mix and incubate at room temperature for 5 minutes.

Add loading dye to all samples to a final concentration of 1X
loading dye.

7. Prepare 10 bp and 100 bp DNA ladders (1 pL ladder +7 pL
water+2 pL loading dye for each lane).

8. Carefully load samples and two ladders on gel. Each well can hold
a maximum of 20 pL.

9. Run the gel at 150 volts until the front dye (red) almost reaches
the bottom. The electrophoresis takes approximately 1 hour.
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10. While the gel is running, prepare at least 100 mL of a 1X solution
of SYBR Gold for staining.

SYBR Gold is light sensitive. Therefore, use caution and shield the
staining solution from light. Prepare a new batch of stain at least
once a week.

11. After the gel is complete, break open cartridge and stain the gel in
1X SYBR Gold for 10 minutes.

12. Place the gel on the UV light box and produce an image following
standard procedure. Be sure to use the appropriate filter for SYBR
Gold.
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This Chapter Contains:

This chapter contains detailed steps for preparing the hybridization
mix, and instructions for hybridizing the target mix to the GeneChip®
P. aeruginosa Genome Array and GeneChip® E. co/i arrays. The
hybridized probe array is then ready for washing, staining, and
scanning as detailed in Chapter 6.

Reagents and Materials Required

The following reagents and materials have been tested and evaluated
by Affymetrix scientists. Information and part numbers listed are
based on U.S. catalog information. For supplier information, please
refer to the Supplier Reference List in Appendix G of this manual.

e GeneChip Hybridization, Wash and Stain Kit: Affymetrix
P/N 900720 (30 reactions)

Hybridization Module, Box 1
e 2X Hybridization Mix
e DMSO

o Nuclease-free Water

e Control Oligo B2, 3 nM: Affymetrix, P/N 900301

Miscellaneous Supplies

e Hybridization Oven 640: Affymetrix, P/N 800138 (110V) or
800139 (220V)

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL: USA Scientific,
P/N 1415-2600 (or equivalent)

® Micropipettors, (P-2, P-20, P-200, P-1000): Rainin Pipetman (or
equivalent)

e Sterile-barrier pipette tips and non-barrier pipette tips
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Prokaryotic Target Hybridization

After determining that the fragmented cDNA is labeled with biotin,
prepare the hybridization cocktail. The minimum amount of cDNA
product required for target hybridization is 1 pg. The solution is
stable for approximately 6 to 8 hours at 4°C. The following protocol
can be used for freshly prepared or frozen hybridization cocktail. Re-
use of prokaryotic sample has not been thoroughly tested and,
therefore, is not recommended.

1. Prepare the following hybridization cocktail.

NOTE = DMSO will solidify when stored at 4°C. Please ensure that the
reagent is completely thawed prior to use. After the first use, it is
recommended to store DMSO at room temperature.

Table 5.1

Hybridization Cocktail for Single Probe Array”

Component 49 Format 100 Format 169 Format Final Dilution
(Standard) (Midi) (Mini) or Amount
Fragmented and Labeled cDNA Up to 50 pL Up to 50 pL 25 yL 0.5-7.0 yg
Control Oligonucleotide B2 (3 nM) 3.3puL 2.2 yL 1.3 uL 50 pM
2X Hybridization Mix 100 pL 65 pL 40 pL X
DMSO - 10.2 uL 6.2 pL 7.8% (or 0%)
Nuclease-free Water to afinalvolume toafinal volume 7.5 pL
of 200 pL of 130 pL
Total Volume 200 pL 130 L 80 pL

*Please refer to specific probe array package insert for information on array format.
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2. Equilibrate probe array to room temperature immediately before
use.

It is important to allow the arrays to equilibrate to room
temperature completely. Specifically, if the rubber septa are not
equilibrated to room temperature, they may be prone to cracking,
which leads to leaks.

3. Based on the format of the array type used, refer to Table 5.2 to add
the appropriate volume of hybridization cocktail.

Table 5.2
Probe Array Cartridge Volumes for Hybridization Cocktail

Array Volume

49 Format (Standard) 200 L
100 Format (Midi) 130 uL
169 Format (Mini) 80 uL

Each array has two septa (see Figure 5.1 for location of the probe
array septa). In order to fill the array, first vent the array chamber by
inserting a clean, unused pipette tip into one of the septa; then
insert the pipette tip of a micropipettor into the remaining septum
to fill.

Plastic cartridge

Front

Probe array on
glass substrate

Figure 5.1
GeneChip® Probe Array
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4. Place probe array in the hybridization oven set at the temperatures
indicated below.

o P. aeruginosa 50°C
e E. coli 45°C

The hybridization temperature of 50°C is higher than that used for
other expression assays. The increased hybridization temperature
is required due to the high GC content of P. aeruginosa.

5. To avoid stress to the motor, load probe arrays in a balanced
configuration around axis. Rotate at 60 rpm.

6. Hybridize for 16 hours.

During the latter part of the 16-hour hybridization, proceed to
Chapter 6 to prepare reagents for the washing and staining steps
required immediately after completion of hybridization.
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This Chapter Contains:

e Instructions for using the Fluidics Station 400 or 450/250 to
automate the washing and staining of GeneChip P. aeruginosa and
GeneChip E. coli arrays.

e Instructions for scanning probe arrays using the GeneArray®
Scanner or the GeneChip® Scanner 3000.

After completing the procedures described in this chapter, the scanned
probe array image (.dat file) is ready for analysis, as explained in the
enclosed GeneChip Expression Analysis: Data Analysis Fundamentals
booklet (P/N 701190).
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Reagents and Materials Required

The following reagents and materials have been tested and evaluated
by Affymetrix scientists. Information and part numbers listed are
based on U.S. catalog information. For supplier information, please
refer to the Supplier Reference List in Appendix G of this manual.

* GeneChip® Hybridization, Wash and Stain Kit: Affymetrix,
P/N 900720 (30 reactions)

Stain Module, Box 1
e Stain Cocktail 1
e Stain Cocktail 2
* Array Holding Buffer
Wash Buffers A and B, Box 2
e Wash Buffer A (P/N 900721)
e Wash Buffer B (P/N 900722)

e RNase-free water
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Miscellaneous Supplies
e Fluidics Station 450: Affymetrix, P/N 00-0079
* GeneChip® Scanner 3000: Affymetrix, P/N 00-00212

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL: USA Scientific,
P/N 1415-2600 (or equivalent)

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL, amber: USA
Scientific, P/N 1615-5507 (or equivalent)

® Micropipettors, (P-2, P-20, P-200, P-1000), Rainin Pipetman (or
equivalent)

e Sterile-barrier pipette tips and non-barrier pipette tips

e Tygon Tubing, 0.04” inner diameter: Cole-Parmer, P/N H-06418-
04

e Tough-Spots™, Label Dots: USA Scientific, P/N 9185-0000

® Media Bottle, SQ, 1,000 mL: Affymetrix, P/N 400119

* Media Bottle, SQ, 500 mL (set of 3): Affymetrix, P/N 400118
* Bottle Cap, Pre-Drilled (set of 4): Affymetrix, P/N 400137
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Experiment and Fluidics Station Setup

STEP 1: DEFINING FILE LOCATIONS

Before working with Affymetrix® Microarray Suite it is important to
define where the program will store and look for files.

NOTE For GeneChip® Operating Software (GCOS), this step is not
necessary. Proceed directly to Step 2: Entering Experiment
Information.

1. Launch Microarray Suite from the workstation and select
Tools = Defaults — File Locations from the menu bar.

2. The File Locations window displays the locations of the following
tiles:

® Probe Information (library files, mask files)
¢ Fluidics Protocols (fluidics station scripts)

e Experiment Data (.exp, .dat, .cel, and .chp files are all saved to
location selected here)

3. Verify that all three file locations are set correctly and click OK.

Contact Affymetrix Technical Support if you have any questions
regarding this procedure.
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STEP 2: ENTERING EXPERIMENT INFORMATION

To wash, stain, and scan a probe array, an experiment must first be
registered in GCOS or Microarray Suite. Please follow the instructions
detailed in the “Setting Up an Experiment” section of the appropriate
GeneChip® Operating Software User's Guide or Microarvay Suite User’s
Guide.

The fields of information required for registering experiments in
Microarray Suite are:

* Experiment Name

* Probe Array Type

In GCOS, three additional fields are required:
e Sample Name

e Sample Type

* Project

Sample templates, experiment templates, and array barcodes can also
be employed in GCOS to standardize and simplify the registration
process. Please see the GCOS User’s Guide for more information.

The Project, Sample Name, and Experiment Name fields establish a
sample hierarchy that organizes GeneChip gene expression data in
GCOS. In terms of the organizational structure, the Project is at the
top of the hierarchy, followed by Sample Name, and then Experiment
Name.

| PROJECT

v

SAMPLE

i

EXPERIMENT
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STEP 3: PREPARING THE FLUIDICS STATION

The Fluidics Station 400, or 450/250 is used to wash and stain the
probe arrays. It is operated using GCOS/Microarray Suite.

Setting Up the Fluidics Station

1. Turn on the Fluidics Station using the switch on the lower left side
of the machine.

2. Select Run — Fluidics from the menu bar.

The Fluidics Station dialog box appears with a drop-down list for
selecting the experiment name for each of the fluidics station
modules. A second list is accessed for choosing the Protocol for
each of the four fluidics station modules.

Refer to the appropriate GeneChip® Fluidics Station User’s Guide
for instructions on connecting and addressing multiple fluidics
stations.

Priming the Fluidics Station

Priming ensures that the lines of the fluidics station are filled with the
appropriate buffers and the fluidics station is ready for running
fluidics station protocols.

Priming should be done:

® When the fluidics station is first started

e When wash solutions are changed

e Before washing if a shutdown has been performed

e If the LCD window instructs the user to prime

1. Select Protocol in the Fluidics Station dialog box.

2. Choose Prime or Prime_450 for the respective modules in the
Protocol drop-down list.

3. Ensure that the designated Fluidics Station Wash A and Wash B
media bottles are clean. Transfer Wash Buffer A and Wash
Buffer B from the kit to the clean, empty Fluidics Station bottles.

4. If using Microarray Suite, click Run for each module to begin
priming. If using GCOS, select the All Modules check box, then
click Run.
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Probe Array Wash and Stain

NOTE

The wash and stain procedure described below is different from
previous recommended protocols. Closely adhere to the following
recommendations for best results.

After 16 hours of hybridization remove the array from the
hybridization oven. Vent the array by inserting a clean pipette tip into
one of the septa, and extract the hybridization cocktail with a pipettor
through the remaining septum. Refill the probe array completely with
the appropriate volume of Wash Buffer A, as given in Table 6.1.

Table 6.1
Probe Array Cartridge Volumes for Wash Buffer A and Array Holding Buffer

Array Total Fill Volume

49 Format (Standard) 250 L
100 Format (Midi) 160 pL
169 Format (Mini) 100 pL

If necessary, at this point, the probe array can be stored at 4°C for
up to 3 hours before proceeding with washing and staining.
Equilibrate the probe array to room temperature before washing
and staining.

This procedure takes approximately 75 to 90 minutes to complete.
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PREPARING THE STAIN REAGENTS

NOTE

IMPORTANT n

Prepare the following reagents. Volumes given are sufficient for one
probe array.

1. Remove Stain Cocktail 1, Stain Cocktail 2, and Array Holding
Buffer from the Stain Module, Box 1.

2. Gently tap the bottles to mix well.

3. Aliquot the following reagents:
A. 600 pL of Stain Cocktail 1 into a 1.5 mL amber

microcentrifuge vial.

B. 600 pL of Stain Cocktail 2 into a 1.5 mL (clear)
microcentrifuge vial.

C. 800 pL of Array Holding Buffer into a 1.5 mL (clear)
microcentrifuge vial.

4. Spin down all vials to remove the presence of any air bubbles.

Stain Cocktail 1 is light-sensitive. Please be sure to use amber
microcentrifuge vials when aliquoting.

The 600 pL of Stain Cocktail 1 will be used for the first and third
stain. If using the Fluidics Station 400, after the first staining step is
completed, save the vial with the Stain Cocktail 1 solution and
reuse for the third staining step.

For instructions on how to use the solutions and determining which

Fluidics Script(s) fits your application, please follow the instructions

for using the Fluidics Station 450/250, which can be found on

page 98, or the instructions for using the Fluidics Station 400, which
can be found on page 102.

USING THE FLUIDICS STATION 450/250

Washing and Staining the Probe Array

1. In the Fluidics Station dialog box on the workstation, select the
correct experiment name from the drop-down Experiment list.
The Probe Array Type appears automatically.
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2. In the Protocol drop-down list, select the appropriate antibody
amplification protocol to control the washing and staining of the
probe array format being used: Table 6.2 and Table 6.3.

Fluidics Protocols for Fluidics Station 450/250

FS450_0006

Flex FS450_0002

Modified
Flex FS450_0002 for

- *
P. aeruginosa Array

FS450_0005

Array 169 100 100 49

Format

Post Hyb 10 cycles of 2 mixes/ 10 cycles of 2 mixes/ 10 cycles of 2 mixes/ 10 cycles of 2 mixes/

Wash #1  cycle with Wash cycle with Wash cycle with Wash Buffer A cycle with Wash
Buffer A at 30°C Buffer A at 30°C at 25°C Buffer A at 25°C

Post Hyb 4 cycles of 15 mixes/ 6 cycles of 15 mixes/ 4 cycles of 15 mixes/ 4 cycles of 15 mixes/

Wash #2 cycle with Wash cycle with Wash cycle with Wash Buffer B cycle with Wash
Buffer B at 50°C Buffer B at 50°C at 50°C Buffer B at 45°C

1st Stain  Stainthe probe array Stain the probe array Stain the probe array for Stainthe probe array
for 300 seconds with  for 300 seconds 600 seconds with Stain  for 600 seconds with
Stain Cocktail 1 at with Stain Cocktail 1 Cocktail 1 at 25°C Stain Cocktail 1 at
35°C at 35°C 25°C.

Post 10 cycles of 4 mixes/ 10 cycles of 4 mixes/ 10 cycles of 4 mixes/ 10 cycles of 4 mixes/

Stain cycle with Wash cycle with Wash cycle with Wash Buffer A cycle with Wash

Wash Buffer A at 30°C Buffer A at 30°C at 30°C Buffer A at 30°C

2nd Stain  Stainthe probe array  Stain the probe array  Stain the probe array for Stain the probe array
for 300 seconds with for 300 seconds 600 seconds with Stain  for 600 seconds with
Stain Cocktail 2 at with Stain Cocktail 2  Cocktail 2 at 25°C Stain Cocktail 2 at
35°C at 35°C 25°C

3rd Stain  Stainthe probe array Stain the probe array  Stain the probe array for Stain the probe array
for 300 seconds with for 300 seconds 600 seconds with Stain  for 600 seconds with
Stain Cocktail 1 at with Stain Cocktail 1 Cocktail 1 at 25°C Stain Cocktail 1 at
35°C at 35°C 25°C.

Final 15 cycles of 4 mixes/ 15 cycles of 4 mixes/ 15 cycles of 4 mixes/ 15 cycles of 4 mixes/

Wash cycle with Wash cycle with Wash cycle with Wash Buffer A cycle with Wash
Buffer A at 35°C Buffer A at 35°C at 30°C Buffer A at 30°

Array Fill the probe array Fill the probe array Fill the probe array with  Fill the probe array

Holding with Array Holding with Array Holding Array Holding Buffer with Array Holding

Buffer Buffer Buffer Buffer

*Refer to Table 6.3 for instructions on how to modify Flex FS450_0002.




Table 6.3

100 GeneChip® Expression Analysis Technical Manual

Modification of Flex FS450_0002 for GeneChip® P. aeruginosa Array

1.
a.
b.
c.
2.

GeneChip P. aeruginosa Genome Array requires a modification to the Flex FS450_0002 protocol.
See below for details.

The Flex FS450_0002 fluidics protocol must be modified. Please follow the instructions carefully
to make the modifications. Additionally, it is highly recommended that you save your new
P. aeruginosa fluidics protocol under a different name to avoid confusion.

Modify and save the fluidics protocol for the assay:

Modify the fluidics protocol by using Tools — Edit Protocol drop-down list and selecting
Flex FS450_0002 within the Protocol Name window.

Change the following parameters: (Enter the new parameters by highlighting the default
values and typing in the new values.)

i) Wash A1 Temperature from 30°C to 25°C;

ii) Number of Wash B Cycles from 6 to 4;

iii) Stain Temperature (C) from 35°C to 25°C;

iv) First Stain Time (seconds) from 300 to 600 seconds;

v) Second Stain Time (seconds) from 300 to 600 seconds;

vi) Third Stain Time (seconds) from 300 to 600 seconds; and
vii) Wash A3 Temperature from 35°C to 30°C.

Save the modified fluidics protocol by highlighting Flex FS450_0002 within the Protocol
Name window and typing over with an assigned protocol name (e.g., Pae_cDNA). Click
Save. The new fluidics protocol should be present in the Protocol drop-down list and is used
in the subsequent steps.

Select the name of the newly modified protocol (e.g., Pae_cDNA) from the Protocol drop-
down list in the Fluidics Station dialog box. Select Run in the Fluidics Station dialog box to
begin the washing and staining. Follow the instructions in the LCD window on the fluidics
station.

If you are unfamiliar with inserting and removing probe arrays from the fluidics station

modules, please refer to the appropriate User’s Guide for your GeneChip® Fluidics Station
450/250.

3. Choose Run in the Fluidics Station dialog box to begin the
washing and staining. Follow the instructions in the LCD window
on the fluidics station.

If you are unfamiliar with inserting and removing probe arrays
from the fluidics station modules, please refer to the appropriate
Fluidics Station User’s Guide, or Quick Reference Card (P/N 08-0093
for the FS-450/250 fluidics stations).
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. Insert the appropriate probe array into the designated module of
the fluidics station while the cartridge lever is down, or in the eject
position. When finished, verify that the cartridge lever is returned
to the up, or engaged, position.

Remove any microcentrifuge vial(s) remaining in the sample
holder of the fluidics station module(s) being used.

. Follow the instructions on the LCD window of the fluidics station

by placing the three experiment sample vials (the microcentrifuge
vials) into the sample holders 1, 2, and 3 on the fluidics station.

A. Place one vial containing 600 pL Stain Cocktail 1 in sample
holder 1.

B. Place one vial containing 600 pL Stain Cocktail 2 in sample
holder 2.

C. Place one vial containing 800 pL of Array Holding Buffer in
sample holder 3.

D. Press down on the needle lever to snap needles into position and
to start the run.

The run begins. The Fluidics Station dialog box at the workstation
terminal and the LCD window display the status of the washing
and staining as the protocol progresses.

. When the protocol is complete, the LCD window displays the
message EJECT & INSPECT CARTRIDGE.

Remove the probe arrays from the fluidics station modules by first
pressing down the cartridge lever to the eject position.

. Check the probe array window for large bubbles or air pockets.

e If the probe array has no large bubbles, it is ready to scan on the
GeneArray® Scanner, or the GeneChip® Scanner 3000. Pull up
on the cartridge lever to close the washblock and proceed to
Probe Array Scan on page 107.

e If bubbles are present, do the following:

Return the probe array to the probe array holder. Follow
instructions on the LCD window. Engage the washblock by
gently pushing up on the cartridge lever to the engaged, or
closed, position.

The fluidics station will drain the probe array and then fill it
with a fresh volume of Array Holding Buffer. When it is
tinished, the LCD window will display EJECT AND
INSPECT CARTRIDGE. Again, remove the probe array and
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inspect it for bubbles. If no bubbles are present, it is ready to
scan. Pull up on the cartridge lever to close the washblock and
proceed to Probe Array Scan on page 107.

If attempt to fill the probe array without bubbles is
unsuccessful, the array should be filled manually with Array
Holding Buffer using a micropipette. Excessive washing will
result in a loss of signal intensity.

10. Keep the probe arrays at 4°C and in the dark until ready for
scanning.

11. If there are no more samples to hybridize, shut down the fluidics
station following the procedure in Shutting Down the Fluidics Station
on page 109.

NOTE For proper cleaning and maintenance of the fluidics station,
including the bleach protocol, refer to the appropriate GeneChip®
Fluidics Station User’s Guide for instructions.

USING THE FLUIDICS STATION 400

Washing and Staining the Probe Array

1. In the Fluidics Station dialog box on the workstation, select the
correct experiment name in the drop-down Experiment list. The
probe array type will appear automatically.

2. In the Protocol drop-down list, select the appropriate antibody
amplification protocol to control the washing and staining of the
probe array format being used: Table 6.4 and Table 6.5.
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Fluidics Protocols for Fluidics Station 400

Mini_prok2v1

FlexMidi_euk2v3

Modified
FlexMidi_euk2v3 for

P aeruginosa Array”

ProkGE_WS2

Array 169 100 100 49

Format

Post Hyb 10 cycles of 2 mixes/ 10 cycles of 2 mixes/ 10 cycles of 2 mixes/ 10 cycles of 2 mixes/

Wash #1 cycle with Wash cycle with Wash cycle with Wash Buffer A cycle with Wash
Buffer A at 30°C Buffer A at 30°C at 25°C Buffer A at 25°C

Post Hyb 4 cycles of 15 mixes/ 6 cycles of 15 mixes/ 4 cycles of 15 mixes/ 4 cycles of 15 mixes/

Wash #2  cycle with Wash cycle with Wash cycle with Wash Buffer B cycle with Wash
Buffer B at 50°C Buffer B at 50°C at 50°C Buffer B at 45°C

1st Stain  Stain the probe array  Stain the probe array Stain the probe array for Stain the probe array
for 300 seconds with for 300 seconds 600 seconds with Stain  for 600 seconds with
Stain Cocktail 1 at with Stain Cocktail 1~ Cocktail 1 at 25°C Stain Cocktail 1 at
35°C at 35°C 25°C.

Post 10 cycles of 4 mixes/ 10 cycles of 4 mixes/ 10 cycles of 4 mixes/ 10 cycles of 4 mixes/

Stain cycle with Wash cycle with Wash cycle with Wash Buffer A cycle with Wash

Wash Buffer A at 30°C Buffer A at 30°C at 30°C Buffer A at 30°C

2nd Stain  Stainthe probe array Stain the probe array  Stain the probe array for Stain the probe array
for 300 seconds with for 300 seconds 600 seconds with Stain  for 600 seconds with
Stain Cocktail 2 at with Stain Cocktail 2  Cocktail 2 at 25°C Stain Cocktail 2 at
35°C at 35°C 25°C

3rd Stain  Stainthe probe array Stain the probe array Stain the probe array for Stain the probe array
for 300 seconds with  for 300 seconds 600 seconds with Stain  for 600 seconds with
Stain Cocktail 3 at with Stain Cocktail 3  Cocktail 3 at 25°C Stain Cocktail 3 at
35°C at 35°C 25°C

Final 15 cycles of 4 mixes/ 15 cycles of 4 mixes/ 15 cycles of 4 mixes/ 15 cycles of 4 mixes/

Wash cycle with Wash cycle with Wash cycle with Wash Buffer A cycle with Wash
Buffer A at 35°C. The Buffer A at35°C. The at 30°C. The holding Buffer A at 30°. The
holding temperature holding temperature  temperature is 25°C. holding temperature
is 25°C. is 25°C. is 25°C.

Array N/A - manual process N/A - manual process N/A - manual process N/A - manual process

Holding

Buffer

*Refer to Table 6.5 for instructions on how to modify FlexMidi_euk2v3.
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Modification of FlexMidi_euk2v3 for GeneChip® P. aeruginosa Array

1.
a.
b.
c.
2.

GeneChip P. aeruginosa Genome Array requires a modification to the FlexMidi_euk2v3 protocol.
See below for details.

The FlexMidi_euk2v3 fluidics protocol must be modified. Please follow the instructions carefully
to make the modifications. Additionally, it is highly recommended that you save your new
P. aernginosa fluidics protocol under a different name to avoid confusion.

Modify and save the fluidics protocol for the assay:

Modify the fluidics protocol by using Tools — Edit Protocol drop-down list and selecting
FlexMidi_euk2v3 within the Protocol Name window.

Change the following parameters: (Enter the new parameters by highlighting the default
values and typing in the new values.)

i) Wash A1l Temperature from 30°C to 25°C;

ii) Number of Wash B Cycles from 6 to 4;

iii) Stain Temperature (C) from 35°C to 25°C;

iv) First Stain Time (seconds) from 300 to 600 seconds;

v) Second Stain Time (seconds) from 300 to 600 seconds;

vi) Third Stain Time (seconds) from 300 to 600 seconds; and
vii) Wash A3 Temperature from 35°C to 30°C.

Save the modified fluidics protocol by highlighting FlexMidi_euk2v3 within the Protocol
Name window and typing over with an assigned protocol name (e.g., Pae_cDNA). Click
Save. The new fluidics protocol should be present in the Protocol drop-down list and is used
in the subsequent steps.

Select the name of the newly modified protocol (e.g., Pae_cDNA) from the Protocol drop-
down list in the Fluidics Station dialog box. Select Run in the Fluidics Station dialog box to
begin the washing and staining. Follow the instructions in the LCD window on the fluidics
station.

If you are unfamiliar with inserting and removing probe arrays from the fluidics station
modules, please refer to the appropriate User’s Guide for your GeneChip® Fluidics Station 400.
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3. Choose Run in the Fluidics Station dialog box to begin the
washing and staining. Follow the instructions on the LCD window
on the fluidics station.

If you are unfamiliar with inserting and removing probe arrays
from the fluidics station modules, please refer to the Fluidics Station
400 User’s Guide, Fluidics Station 400 Video In-Service CD (P/N
900374), or Quick Reference Card (P/N 08-0072).

4. Insert the appropriate probe array into the designated module of
the fluidics station while the cartridge lever is in the EJECT
position. When finished, verify that the cartridge lever is returned
to the ENGAGE position.

5. Remove any microcentrifuge tube remaining in the sample holder
of the fluidics station module(s) being used.

6. When the LCD window indicates LOAD 15T STAIN, place a
microcentrifuge tube containing 600 pL of Stain Cocktail 1 into
the sample holder, making sure that the metal sampling needle is
in the tube with its tip near the bottom.

The Fluidics Station dialog box and the LCD window display the
status of the washing and staining as they progress.

7. When the LCD window indicates LOAD 2NP STAIN, replace the
microcentrifuge vial containing the Stain Cocktail 1 with a
microcentrifuge vial containing Stain Cocktail 2 into the sample
holder, making sure that the metal sampling needle is in the vial with
its tip near the bottom.

Do not dispose the vial containing Stain Cocktail 1. Be sure to save
the Stain Cocktail 1 vial for use in Step 8.

8. When the LCD window indicates LOAD 3®P STAIN, replace the
microcentrifuge vial containing Stain Cocktail 2 with the saved
microcentrifuge vial containing 600 pL of Stain Cocktail 1
(retained from the previous step) into the sample holder. Verify
that the metal sampling needle is in the vial with its tip near the
bottom.

The Fluidics Station dialog box and the LCD window display the
status of the washing and staining as they progress. When the wash
is complete, the LCD window displays the message EJECT
CARTRIDGE.



106 GeneChip® Expression Analysis Technical Manual

9. Remove microcentrifuge vial containing stain and replace with an
empty microcentrifuge tube.

10. Remove the probe arrays from the fluidics station modules by first
moving the cartridge lever to the EJECT position.

11. Fill the probe array manually with Array Holding Buffer as follows:

A. Vent one of the septa with a clean pipette tip. Drain the Wash
Buffer A from the remaining septum of the probe array using
a micropipettor. Refill the array completely with Array
Holding Buffer. Refer to Table 6.1 for the fill volume specific
to the array type used.

B. Inspect the array and ensure that no bubbles are present. The
probe array is ready to be scanned on the GeneChip Scanner
3000 or the GeneArray Scanner.

C. Pull up on the cartridge lever to engage wash board and proceed
to Probe Array Scan on page 107.

If you do not scan the arrays right away, keep the probe arrays at
4°C and in the dark until ready for scanning.

If there are no more samples to hybridize, shut down the fluidics
station following the procedure outlined in the section, Shutting
Down the Fluidics Station on page 109.

NOTE For proper cleaning and maintenance of the fluidics station,
including the bleach protocol, refer to the appropriate GeneChip®
Fluidics Station User’s Guide for instructions.
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Probe Array Scan

The scanner is also controlled by Affymetrix Microarray Suite or
GCOS. The probe array is scanned after the wash protocols are
complete. Make sure the laser is warmed up prior to scanning by
turning it on at least 15 minutes before use if you are using the Agilent
GeneArray® Scanner, or 10 minutes if you are using the GeneChip®
Scanner 3000. If the probe array was stored at 4°C, warm to room
temperature before scanning. Refer to the Microarray Suite or GCOS
online help and the appropriate scanner user’s manual for more
information on scanning.

The scanner uses a laser and is equipped with a safety interlock
system. Defeating the interlock system may result in exposure to
hazardous laser light.

You must have read and be familiar with the operation of the
scanner before attempting to scan a probe array. Please refer to the
Microarray Suite User’s Guide (P/N 08-0081), GeneChip Operating
Software User’s Guide (P/N 701439), or to the GeneChip® Scanner
3000 Quick Reference Card (P/N 08-0075).

HANDLING THE GENECHIP® PROBE ARRAY

IMPORTANT n

Before you scan the probe array, follow the directions in this section on
handling the probe array. If necessary, clean the glass surface of the
probe array with a non-abrasive towel or tissue before scanning. Do not
use alcohol to clean glass.

Before scanning the probe array cartridge, follow this procedure to
apply Tough-Spots™ to the probe array cartridge to prevent the
leaking of fluids from the cartridge during scanning.

Apply the spots just before scanning.

1. On the back of the probe array cartridge, clean excess fluid from
around septa.

2. Carefully apply one Tough-Spot to each of the two septa. Press to

ensure that the spots remain flat. If the Tough-Spots do not apply
smoothly; that is, if you observe bumps, bubbles, tears or curled
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edges, do not attempt to smooth out the spot. Remove the spot and
apply a new spot. See Figure 6.1.

Figure 6.1
Applying Tough-Spots™ to the Probe Array Cartridge

3. Insert the cartridge into the scanner and test the autofocus to
ensure that the Tough-Spots do not interfere with the focus. If you
observe a focus error message, remove the spot and apply a new
spot. Ensure that the spots lie flat.

SCANNING THE PROBE ARRAY

1. Select Run — Scanner from the menu bar. Alternatively, click
the Start Scan icon in the tool bar.

The Scanner dialog box appears with a drop-down list of
experiments that have not been run.

2. Select the experiment name that corresponds to the probe array to
be scanned.

A previously run experiment can also be selected by using the
Include Scanned Experiments option box. After selecting this
option, previously scanned experiments appear in the drop-down list.

3. By default, for the GeneArray® Scanner only, after selecting the
experiment the number {2} is displayed in the Number of Scans
box to perform the recommended 2X image scan. For the
GeneChip® Scanner 3000, only one scan is required.
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4. Once the experiment has been selected, click the Start button.

A dialog box prompts you to load a sample into the scanner.

If you are using the GeneArray® Scanner, click the Options button
to check for the correct pixel value and wavelength of the laser
beam.

* Pixel value = 3 pm
e Wavelength = 570 nm

If you are using the GeneChip Scanner 3000, pixel resolution and
wavelength are preset and cannot be changed.

Open the sample door on the scanner and insert the probe array
into the holder. Do not force the probe array into the holder. Close
the sample door of the scanner. If you are using the GeneChip
Scanner 3000, do not attempt to close the door by hand. The door
closes automatically through the User Interface when start scan is
selected or the scanner goes into stand-by mode.

7. Click OK in the Start Scanner dialog box.

The scanner begins scanning the probe array and acquiring data.
When Scan in Progress is Selected from the View menu, the probe
array image appears on the screen as the scan progresses.

Shutting Down the Fluidics Station

1.

After removing a probe array from the probe array holder, the LCD
window displays the message ENGAGE WASHBLOCK.

If you are using the FS-400, latch the probe array holder by gently
pushing up until a light click is heard. Engage the washblock by
tirmly pushing up on the cartridge lever to the ENGAGE
position.

If you are using the FS-450, gently lift up the cartridge lever to
engage, or close, the washblock.

The fluidics station automatically performs a Cleanout procedure.
The LCD window indicates the progress of the Cleanout
procedure.

When the fluidics station LCD window indicates REMOVE
VIALS, the Cleanout procedure is complete.

Remove the sample microcentrifuge vial(s) from the sample
holder(s).
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5. If no other hybridizations are to be performed, place wash lines
into a bottle filled with deionized water.

6. Select Shutdown or Shutdown_450 for all modules from the
drop-down Protocol list in the Fluidics Station dialog box. Click
the Run button for all modules.

The Shutdown protocol is critical to instrument reliability. Refer
to the appropriate Fluidics Station User's Guide for more
information.

7. After Shutdown protocol is complete, flip the ON/OFF switch of
the fluidics station to the OFF position.

To maintain the cleanliness of the fluidics station and obtain the
highest quality image and data possible, a weekly bleach protocol
and a monthly decontamination protocol are highly recommended.
Please refer to the appropriate GeneChip® Fluidics Station User’s
Guide for further detail.




chapter 6 | Prokaryotic Arrays: Washing, Staining and Scanning 111

Customizing the Protocol

There may be times when the fluidics protocols need to be modified.
Modification of protocols must be done before downloading the

protocol to the fluidics station. Protocol changes will not affect runs in
progress. For more specific instructions, refer to the Microarray Suite/

GCOS online help.

1.
2.

Select Tools — Edit Protocol from the menu bar.

In the Edit Protocol dialog box under Protocol Name, click the
arrow to open a list of protocols. Click the protocol to be changed.

The name of the protocol is displayed in the Protocol Name text
box. The conditions for that protocol are displayed on the right
side of the Edit Protocol dialog box.

Select the items to be changed and input the new parameters as
needed, keeping parameters within the ranges shown below in

Table 6.6.

Table 6.6
Valid Ranges for Wash/Stain Parameters

Parameter Valid Range

Wash Temperature for A1, B, A2, or A3 (°C) 15 to 50
Number of Wash Cycles for A1, B, A2, or A3 0to 99
Mixes / Wash Cycle for A1, B, A2, or A3 1to 99

Stain Time (seconds) 0 to 86,399
Stain Temperature (°C) 15 to 50
Holding Temperature (°C) 15 to 50

e Wash A1 corresponds to Post Hyb Wash #1 in Table 6.2 and Table 6.4.
e Wash B corresponds to Post Hyb Wash #2 in Table 6.2 and Table 6.4.
e Wash A2 corresponds to Post Stain Wash in Table 6.2 and Table 6.4.

e Wash A3 corresponds to Final Wash in Table 6.2 and Table 6.4.

Enter 0 (zero) for hybridization time if hybridization step is not
required. Likewise, enter O (zero) for the stain time if staining is
not required. Enter O (zero) for the number of wash cycles if a wash
step is not required.

To return to the default values for the protocol selected, click the
Defaults button.
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5. Once all the protocol conditions are modified as desired, change
the name of the edited protocol in the Protocol Name box.

CAUTION If the protocol is saved without entering a new “Protocol Name,”
the original protocol parameters will be overwritten.

6. Click Save, then close the dialog box.
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Reagents and Materials Required

The following reagents and materials are recommendations and have
been tested and evaluated by Affymetrix scientists. Information and
part numbers listed are based on U.S. catalog information. For
supplier information, please refer to the Supplier Reference List in
Appendix G of this manual.

* GeneChip® T7-Oligo(dT) Promoter Primer Kit,
5" - GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-(dT),4 - 37
50 pM, HPLC purified: Affymetrix, P/N 900375

e SuperScript™ II: Invitrogen Life Technologies, P/N 18064-014 or
SuperScript Choice System for cDNA Synthesis: Invitrogen Life
Technologies, P/N 18090-019.

SuperScript Choice System contains, in addition to SuperScript Il
Reverse Transcriptase, other reagents for cDNA synthesis.
However, not all components provided in the Choice System are
used in the GeneChip cDNA synthesis protocol.

e E. co/i DNA Ligase: Invitrogen Life Technologies, P/N 18052-019
e E. wli DNA Polymerase I: Invitrogen Life Technologies, P/N 18010-025
e E. /i RNase H: Invitrogen Life Technologies, P/N 18021-071

e T4 DNA Polymerase: Invitrogen Life Technologies,
P/N 18005-025

® 5X Second-strand buffer: Invitrogen Life Technologies,
P/N 10812-014

* 10 mM dNTP: Invitrogen Life Technologies, P/N 18427-013
* 0.5M EDTA
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Alternative Protocol for One-Cycle cDNA Synthesis from

Total RNA

This protocol is a supplement to instructions provided in the
Invitrogen Life Technologies SuperScript Choice system. Please note
the following before proceeding:

* Read all information and instructions that come with reagents and
kits.

* Use the GeneChip T7-Oligo(dT) Promoter Primer Kit! for priming
tirst-strand cDNA synthesis in place of the oligo(dT) or random
primers provided with the SuperScript Choice kit. The GeneChip
T7-Oligo(dT) Promoter Primer Kit provides high-quality HPLC-
purified T7-Oligo(dT) Primer, which is essential for this reaction.

T7-Oligo(dT) Primer
5" - GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-(dT), - 3

STEP 1: FIRST-STRAND cDNA SYNTHESIS

NOTE

Starting material: High-quality total RNA (5.0 pg to 20.0 pg)

When using the GeneChip Sample Cleanup Module for the cDNA
and IVT cRNA cleanup steps, there is a potential risk of overloading
the columns if greater than the recommended amount of starting
material is used.

After purification, the RNA concentration is determined by
absorbance at 260 nm on a spectrophotometer (one absorbance unit =
40 pg/mL RNA). The A, /A,g, ratio should be approximately 2.0,
with ranges between 1.9 to 2.1 considered acceptable. We recommend
checking the quality of the RNA by running it on an agarose gel prior
to starting the assay. The rRNA bands should be clear without any
obvious smearing patterns from degradation.

Before starting cDNA synthesis, the correct volumes of DEPC-treated
H,0O and Reverse Transcriptase (RT) must be determined. These
volumes will depend on both the concentration and total volume of
RNA that is being added to the reaction.

7 Users who do not purchase the GeneChip T7-Oligo(dT) Promoter Primer Kit may be required to obtain a license
under U.S. Patent Nos. 5,716,785, 5,891,636, 6,291,170, and 5,545,522 or to purchase another licensed kit.
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IMPORTANT n Use Table A.1 and Table A.2 for variable component calculations.
Determine the volumes of RNA and SuperScript Il RT required in
Table A.1, then calculate the amount of DEPC-treated H,O needed
in Step 1 Table A.2 to bring the final First-Strand Synthesis volume
to 20 pL.

Table A1
Reverse Transcriptase Volumes for First-Strand cDNA Synthesis Reaction

Total RNA (ug) SuperScript Il RT (uL), 200 U/pL
5.0t0 8.0 1.0
8.11t0 16.0 2.0
16.1 to 20.0 3.0

NOTE The combined volume of RNA, DEPC-treated H,0 and SuperScript I
RT should not exceed 11 pL as indicated in Table A.2.

Table A.2
First-Strand cDNA Synthesis Components

Reagents in Reaction Volume Final Dilution

or Amount in Reaction

1: Primer Hybridization DEPC-treated H,0 (variable) for final reaction

Incubate at 70°C for 10 volume of 20 pL

minutes. Quick spin and T7-Oligo(dT) Primer, 50 uM 2L 100 pmol
put on ice RNA (variable) 5.0 to 20 ug 5.0 to 20 ug
2: Temperature 5X First-Strand cDNA buffer 4 uL 1X
Adjustment 0.1M DTT 2L 10 mM DTT
Add to the above tube and 10 mM dNTP mix 1L 500 uM each

mix well Incubate at 42°C
for 2 minutes

3: First-Strand Synthesis SuperScript Il RT (variable) See Table A.1 200U to 600U
Add to the above tube and (200 U/uL)
mix well

Incubate at 42°C for 1 hr

Total Volume 20 pL

NOTE ==z The above incubations have been changed from the SuperScript
protocols and are done at 42°C.
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STEP 2: SECOND-STRAND cDNA SYNTHESIS

1. Place First-Strand reactions on ice. Centrifuge briefly to bring
down condensation on sides of tube.

2. Add to the First-Strand synthesis tube the reagents listed in the
following Second-Strand Final Reaction Composition Table
(Table A.3).

Table A.3
Second-Strand Final Reaction Composition

Component Volume Final Dilution or

Amount in Reaction

DEPC-treated water 91 pL

5X Second-Strand Reaction Buffer 30 L 1X

10 mM dNTP mix 3uL 200 uM each
10 U/uL E. coli DNA Ligase 1L 10U

10 U/uL E. coli DNA Polymerase | 4 uL 40U

2 U/uL E. coli RNase H 1L 2U
Total Volume 150 pL

3. Gently tap tube to mix. Then, briefly spin in a microcentrifuge to
remove condensation and incubate at 16°C for 2 hours in a cooling
waterbath.

Add 2 pL [10U} T4 DNA Polymerase.
Return to 16°C for 5 minutes.
Add 10 pL 0.5M EDTA.

Proceed to cleanup procedure for cDNA, Cleanup of Double-
Stranded cONA for Both the One-Cycle and Two-Cycle Target Labeling
Assays on page 48, or store at —20°C for later use.

N o g »
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Alternative Protocol for One-Cycle cDNA Synthesis from
Purified Poly-A mRNA

This protocol is a supplement to instructions provided in the
Invitrogen Life Technologies SuperScript Choice system. Please note
the following before proceeding:

* Read all information and instructions that come with reagents and
kits.

* Use the GeneChip T7-Oligo(dT) Promoter Primer Kit! for priming
tirst-strand cDNA synthesis in place of the oligo(dT) or random
primers provided with the SuperScript Choice kit. The GeneChip
T7-Oligo(dT) Promoter Primer Kit provides high-quality HPLC-
purified T7-Oligo(dT) Primer, which is essential for this reaction.

e It is recommended that each step of this protocol is checked by gel
electrophoresis.

T7-Oligo(dT) Primer
5" - GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-(dT),, - 3

STEP 1: FIRST-STRAND cDNA SYNTHESIS

NOTE

Starting material: High-quality poly-A mRNA (0.2 pg to 2.0 pg).

When using the GeneChip Sample Cleanup Module for the cDNA
and IVT cRNA cleanup steps, there is a potential risk of overloading
the columns if greater than the recommended amount of starting
material is used.

Before starting cDNA synthesis, the correct volumes of DEPC-treated
H,0O and Reverse Transcriptase (RT) must be determined. These
volumes will depend on both the concentration and total volume of
mRNA that is being added to the reaction. For every pg of mRNA,
you will need to add 1 pL of SuperScript II RT (200 U/pL). For mRNA
quantity < 1 pg, use 1 pL of SuperScript II RT. Synthesis reactions
should be done in a polypropylene tube (RNase-free).

7 Users who do not purchase the GeneChip T7-Oligo(dT) Promoter Primer Kit may be required to obtain a license
under U.S. Patent Nos. 5,716,785, 5,891,636, 6,291,170, and 5,545,522 or to purchase another licensed kit.
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Use Table A.4 for variable component calculations. Determine
volumes of mRNA and SuperScript Il RT required, and then
calculate the amount of DEPC-treated H,0 needed in the Primer
Hybridization Mix step to bring the final First-Strand Synthesis
reaction volume to 20 pL.

IMPORTANT n

Table A.4
First-Strand cDNA Synthesis Components

Final Dilution
or Amount in Reaction

Volume

Reagents in Reaction

1: Primer Hybridization
Incubate at 70°C for 10

DEPC-treated H,O (variable)

for final reaction
volume of 20 yL

Incubate at 37°C for 2
minutes

minutes T7-Oligo(dT) Primer, 50 uM 2 uL 100 pmol
Quick spin and put on ice mRNA (variable) 0.2to 2 ug 0.2to 2 ug
2: Temperature Adjustment  5X First-Strand cDNA buffer 4 uL 1X

Add to the above tube and 0.1M DTT 2 L 10 mM
mix well 10 mM dNTP mix 1L 500 uM each

3: First-Strand Synthesis
Add to the above tube and
mix well

Incubate at 37°C for 1 hour

SuperScript Il RT
(variable) (200 U/uL)

1 pL per uyg mRNA

200U to 400U

Total Volume

20 L
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STEP 2: SECOND-STRAND cDNA SYNTHESIS

1. Place First-Strand reactions on ice. Centrifuge briefly to bring
down condensation on sides of tube.

2. Add to the First-Strand synthesis tube the reagents listed in the
following Second-Strand Final Reaction Composition Table
(Table A.5).

Table A.5
Second-Strand Final Reaction Composition

Component Volume Final Dilution or
Amount in Reaction

DEPC-treated water 91 uL

5X Second-Strand Reaction 30 pL 1X

Buffer

10 mM dNTP mix 3L 200 pM each

10 U/uL E. coli DNA Ligase 1L 10U

10 U/uL E. coli DNA Polymerase | 4 uL 40U

2 U/YL E. coliRNase H 1L 2U

Total Volume 150 L

3. Gently tap tube to mix. Then, briefly spin in a microcentrifuge to
remove condensation and incubate at 16°C for 2 hours in a cooling
waterbath.

Add 2 pL {10 U} T4 DNA Polymerase.
Return to 16°C for 5 minutes.
Add 10 pL 0.5M EDTA.

Proceed to cleanup procedure for cDNA, Cleanup of Double-
Stranded cONA for Both the One-Cycle and Two-Cycle Target Labeling
Assays on page 48, or store at —20°C for later use.

N o g »
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This Appendix Contains:

e Introduction and objectives for information provided in this

Appendix.

* Detailed steps for preparing the eukaryotic hybridization mix
containing labeled target and control cRNA.

e Instructions for hybridizing the target mix to a eukaryotic
GeneChip® probe array.

After completing the procedures described in this chapter, the
hybridized probe array is ready for washing, staining, and scanning,
as detailed in the GeneChip® Expression Wash, Stain and Scan User
Manual, P/N 702731.
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Introduction and Objectives

Affymetrix offers a complete set of GeneChip reagents developed
specifically for use with GeneChip® 3’ eukaryotic arrays in cartridge
format and GeneChip® prokaryotic arrays in cartridge format.
GeneChip® reagent kits include the One- and Two-Cycle cDNA
Synthesis Kits, IVT Labeling Kits, Sample Cleanup Modules, and
Hybridization, Wash, and Stain Kits. For best results, it is highly
recommended that all GeneChip reagents are used for target
preparation, hybridization, wash, and staining when using GeneChip
arrays.

The information and protocols described in this Appendix have been
provided by Affymetrix in previous revisions of the GeneChip®
Expression Analysis Technical Manual describing hybridization, wash,
and staining procedures for GeneChip 3’ eukaryotic arrays in cartridge
format. These protocols should be closely followed when the
GeneChip® Hybridization, Wash, and Stain Kit is not used.
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Reagents and Materials Required

The following reagents and materials are recommendations and have
been tested and evaluated by Affymetrix scientists. Information and
part numbers listed are based on U.S. catalog information. For
supplier information, please refer to the Supplier Reference List in
Appendix G of this manual.

* Water, Molecular Biology Grade: Cambrex, P/N 51200

* Bovine Serum Albumin (BSA) solution (50 mg/mL): Invitrogen Life
Technologies, P/N 15561-020

* Herring Sperm DNA: Promega Corporation, P/N D1811

* GeneChip Eukaryotic Hybridization Control Kit: Affymetrix,
P/N 900454 (30 reactions) or P/N 900457 (150 reactions), contains
Control cRNA and Control Oligo B2

e Control Oligo B2, 3 nM: Affymetrix, P/N 900301 (can be ordered
separately)

¢ 5 M NaCl, RNase-free, DNase-free: Ambion, P/N 9760G
® MES hydrate SigmaUltra: Sigma-Aldrich, P/N M5287
® MES Sodium Salt: Sigma-Aldrich, P/N M5057

e EDTA Disodium Salt, 0.5 M solution (100 mL): Sigma-Aldrich,
P/N E7889

* DMSO: Sigma-Aldrich, P/N D5879
e Surfact-Amps 20 (Tween-20), 10%: Pierce Chemical, P/N 28320

Miscellaneous Supplies

e Hybridization Oven 640: Affymetrix, P/N 800138 (110V) or
800139 (220V)

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL: USA Scientific,
P/N 1415-2600 (or equivalent)

® Micropipettors, (P-2, P-20, P-200, P-1000): Rainin Pipetman (or
equivalent)

e Sterile-barrier pipette tips and non-barrier pipette tips
® Heatblock
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Reagent Preparation

12X MES Stock Buffer
(1.22 M MES, 0.89M {Na*}

For 1,000 mL.:
64.61 g of MES hydrate
193.3 g of MES Sodium Salt

800 mL of Molecular Biology Grade water

Mix and adjust volume to 1,000 mL.

The pH should be between 6.5 and 6.7. Filter through a 0.2 pm

filter.

IMPORTANT n Do not autoclave. Store at 2°C to 8°C, and shield from light.

Discard solution if yellow.

2X Hybridization Buffer

(Final 1X concentration is 100 mM MES, 1 M {Na*}, 20 mM EDTA,

0.01% Tween-20)

For 50 mL:

8.3 mL of 12X MES Stock Buffer
17.7 mL of 5 M NaCl

4.0 mL of 0.5 M EDTA

0.1 mL of 10% Tween-20

19.9 mL of water

Store at 2°C to 8°C, and shield from light
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Eukaryotic Target Hybridization

Please refer to Table B.1 for the necessary amount of cRNA required
for appropriate probe array format. These recipes take into account
that it is necessary to make extra hybridization cocktail due to a small
loss of volume (10 to 20 pL) during each hybridization.

1. Mix the following for each target, scaling up volumes for
hybridization to multiple probe arrays.

imporTANT J] ¥ using the GeneChip IVT Labeling Kit to prepare the target, a final
concentration of 10% DMSO needs to be added in the hybridization
cocktail for optimal results.

Table B.1

Hybridization Cocktail for Single Probe Array*

Component 49 Format (Standard) / 100 Format 169 Format Final Dilution
64 Format Array (Midi) Array (Mini) Array /
400 Format
(Micro) Array
Fragmented cRNAT 15 ug 10 pg 5 ug 0.05 pg/ul
Control Oligonucleotide 5 pL 3.3puL 1.7 uL 50 pM
B2 (3 nM)
20X Eukaryotic 15 pL 10 pL 5L 1.5, 5, 25, and
Hybridization Controls 100 pM
(bioB, bioC, bioD, cre) respectively
2X Hybridization Buffer 150 pyL 100 pL 50 L 1X
Herring Sperm DNA 3L 2 L 1L 0.1 mg/mL
(10 mg/mL)
BSA 3L 2 uL 1L 0.5 mg/mL
(50 mg/mL)
DMSO* 30 uL 20 pL 10 pL 10%
H,0 to final volume of to final volume  to final volume
300 pL of 200 pL of 100 pL
Total Volume 300 pL 200 pL 100 pL

*Please refer to specific probe array package insert for information on array format.
*Please see Chapter 2, for amount of adjusted fragmented cRNA to use when starting from total RNA.

*Note that the addition of DMSO is different from previous recommendations. Follow this protocol for best results on arrays when using the
GeneChip IVT Labeling Kit.
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It is imperative that frozen stocks of 20X GeneChip Eukaryotic
Hybridization Controls are heated to 65°C for 5 minutes to
completely resuspend the cRNA before aliquotting.

2. Equilibrate probe array to room temperature immediately before
use.

It is important to allow the arrays to equilibrate to room
temperature completely. Specifically, if the rubber septa are not
equilibrated to room temperature, they may be prone to cracking,
which can lead to leaks.

3. Heat the hybridization cocktail to 99°C for 5 minutes in a heat
block.

4. Meanwhile, wet the array by filling it through one of the septa (see
Figure B.1 for location of the probe array septa) with appropriate
volume of 1X Hybridization Buffer using a micropipettor and
appropriate tips Table B.2.

It is necessary to use two pipette tips when filling the probe array
cartridge: one for filling and the second to allow venting of air from
the hybridization chamber.

5. Incubate the probe array filled with 1X Hybridization Buffer at
45°C for 10 minutes with rotation.

Table B.2
Probe Array Cartridge Volumes
Array Hybridization Volume Total Fill Volume
49 Format (Standard) 200 pL 250 pL
64 Format 200 pL 250 pL
100 Format (Midi) 130 pL 160 pL
169 Format (Mini) 80 pL 100 pL
400 Format (Micro) 80 pL 100 pL




appendix B | Alternative Protocol for Eukaryotic Target Hybridization 131

6. Transfer the hybridization cocktail that has been heated at 99°C,
in step 3, to a 45°C heat block for 5 minutes.

7. Spin hybridization cocktail(s) at maximum speed in a
microcentrifuge for 5 minutes to remove any insoluble material
from the hybridization mixture.

8. Remove the buffer solution from the probe array cartridge and fill
with appropriate volume Table B.2 of the clarified hybridization
cocktail, avoiding any insoluble matter at the bottom of the tube.

9. Place probe array into the Hybridization Oven, set to 45°C.

Avoid stress to the motor; load probe arrays in a balanced
configuration around the axis. Rotate at 60 rpm.

10. Hybridize for 16 hours.

During the latter part of the 16-hour hybridization, proceed to the
GeneChip® Expression Wash, Stain and Scan User Manual, PIN
702731, to prepare reagents required immediately after
completion of hybridization.

Plastic cartridge

Front

Probe array on
glass substrate

Figure B.1
GeneChip® Probe Array
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This Appendix Contains:

e Introduction and objectives for information provided in this

Appendix.

e Steps for preparing the hybridization mix, and instructions for
hybridizing the target mix to the GeneChip® P. aeruginosa Genome
Array and GeneChip® E. co/i arrays. The hybridized probe array is
then ready for washing, staining, and scanning as detailed in
Appendix D.

Introduction and Objectives

Affymetrix offers a complete set of GeneChip reagents developed
specifically for use with GeneChip® 3’ eukaryotic arrays in cartridge
format and GeneChip® prokaryotic arrays in cartridge format.
GeneChip® reagent kits include the One- and Two-Cycle cDNA
Synthesis Kits, IVT Labeling Kits, Sample Cleanup Modules, and
Hybridization, Wash, and Stain Kits. For best results, it is highly
recommended that all GeneChip reagents are used for target
preparation, hybridization, wash, and staining when using GeneChip
arrays.

The information and protocols described in this Appendix have been
provided by Affymetrix in previous revisions of the GeneChip®
Expression Analysis Technical Manual describing hybridization, wash,
and staining procedures for GeneChip prokaryotic arrays in cartridge
format. These protocols should be closely followed when the
GeneChip® Hybridization, Wash, and Stain Kit is not used.
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Reagents and Materials Required

The following reagents and materials are recommendations and have
been tested and evaluated by Affymetrix scientists. Information and
part numbers listed are based on U.S. catalog information. For
supplier information, please refer to the Supplier Reference List in
Appendix G of this manual.

* Water, Molecular Biology Grade: Cambrex, P/N 51200

* Bovine Serum Albumin (BSA) solution, 50 mg/mL: Invitrogen Life
Technologies, P/N 15561-020

* Herring Sperm DNA: Promega Corporation, P/N D1811

e Control Oligo B2, 3 nM: Affymetrix, P/N 900301 (can be ordered
separately)

e NaCl, 5M, RNase-free, DNase-free: Ambion, P/N 9760G
® MES hydrate SigmaUltra: Sigma-Aldrich, P/N M5287
* MES Sodium Salt: Sigma-Aldrich, P/N M5057

e EDTA Disodium Salt, 0.5M solution (100 mL): Sigma-Aldrich,
P/N E7889

Miscellaneous Reagents
* 100% DMSO: Sigma-Aldrich, P/N D2650
e Surfact-Amps 20 (Tween-20), 10%: Pierce Chemical, P/N 28320

Miscellaneous Supplies

e Hybridization Oven 640: Affymetrix, P/N 800138 (110V) or
800139 (220V)

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL: USA Scientific,
P/N 1415-2600 (or equivalent)

® Micropipettors, (P-2, P-20, P-200, P-1000): Rainin Pipetman (or
equivalent)

e Sterile-barrier pipette tips and non-barrier pipette tips
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Reagent Preparation

IMPORTANT n

12X MES Stock Buffer
(1.22M MES, 0.89 M [Na*})
For 1,000 mL.:
64.61 g of MES hydrate
193.3 g of MES Sodium Salt
800 mL of Molecular Biology Grade water
Mix and adjust volume to 1,000 mL.

The pH should be between 6.5 and 6.7. Filter through a 0.2 pm
filter.

Do not autoclave, store at 2°C to 8°C, and shield from light. Discard
solution if yellow.

2X Hybridization Buffer (50 mL)
(Final 1X concentration is 100mM MES, 1 M {Na*}, 20 mM EDTA,
0.01% Tween-20)

For 50 mL:

8.3 mL of 12X MES Stock Buffer

17.7 mL of 5 M NaCl

4.0 mL of 0.5 M EDTA

0.1 mL of 10% Tween-20

19.9 mL of water

Store at 2°C to 8°C, and shield from light.
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Prokaryotic Target Hybridization

After determining that the fragmented cDNA is labeled with biotin,
prepare the hybridization solution mix. The minimum amount of
c¢DNA product required for target hybridization is 1 pg. The solution
is stable for approximately 6 to 8 hours at 4°C. The following protocol
can be used for freshly prepared or frozen hybridization cocktail. Re-
use of prokaryotic sample has not been thoroughly tested and,
therefore, is not recommended.

1. Prepare the following hybridization solution mix.

Table C.1
Hybridization Cocktail for Single Probe Array*

Component 49 Format 100 Format (Midi) 169 Format Final Dilution or
(Standard) (Mini) Amount

Fragmented and Up to 50 pL Up to 50 pL 25 uL 0.5-7.0 ug

Labeled cDNA

Control Oligonucleotide 3.3puL 2.2 uL 1.3 L 50 pM

B2 (3 nM)

2X Hybridization Buffer 100 pL 65 L 40 pL 1X

100% DMSO - 10.2 L 6.2 L 7.8% (or 0%)

10 mg/mL Herring 2.0 yuL 1.3 pL 0.8 pL 0.1 mg/mL

Sperm DNA

50 mg/mL BSA 2.0 yuL 1.3 L 0.8 pL 0.5 mg/mL

Molecular Biology 42.7 pL - 5.9 uL

Grade Water

Total Volume 200 pL 130 pL 80 pL

*Please refer to specific probe array package insert for information on array format.

2. Equilibrate probe array to room temperature immediately before
use.

NOTE == It is important to allow the arrays to normalize to room
temperature completely. Specifically, if the rubber septa are not
equilibrated to room temperature, they may be prone to cracking,
which leads to leaks.
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3. Add the indicated amount of hybridization solution mix to the
probe array. Refer to specific probe array package insert for
information on array format.

It is necessary to use two pipette tips when filling the probe array
cartridge: one for filling and the second to allow venting of air from
the hybridization chamber.

4. Place probe array in the hybridization oven set at the temperatures
indicated below.

® P. aeruginosa Array 50°C
e E. coli Antisense arrays 45°C

The hybridization temperature of 50°C is higher than that used for
other expression assays. The increased hybridization temperature
is required due to the high GC content of P. aeruginosa.

5. Avoid stress to the motor; load probe arrays in a balanced
configuration around axis. Rotate at 60 rpm.

6. Hybridize for 16 hours.

During the latter part of the 16-hour hybridization, proceed to
Appendix D, Alternative Protocol for Prokaryotic Arrays: Washing,
Staining and Scanning to prepare reagents required immediately
after completion of hybridization.
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This Appendix Contains:

e Introduction and objectives for information provided in this
Appendix.

e Instructions for using the Fluidics Station 400 or 450/250 to
automate the washing and staining of GeneChip P. aeruginosa and
GeneChip E. coli arrays.

e Instructions for scanning probe arrays using the GeneArray®
Scanner or the GeneChip® Scanner 3000.

After completing the procedures described in this chapter, the scanned
probe array image (.dat file) is ready for analysis, as explained in the
enclosed GeneChip Expression Analysis: Data Analysis Fundamentals
booklet (P/N 701190).
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Introduction and Objectives

Affymetrix offers a complete set of GeneChip reagents developed
specifically for use with GeneChip® 3’ eukaryotic arrays in cartridge
format and GeneChip® prokaryotic arrays in cartridge format.
GeneChip® reagent kits include the One- and Two-Cycle cDNA
Synthesis Kits, IVT Labeling Kits, Sample Cleanup Modules, and
Hybridization, Wash, and Stain Kits. For best results, it is highly
recommended that all GeneChip reagents are used for target
preparation, hybridization, wash, and staining when using GeneChip
arrays.

The information and protocols described in this Appendix have been
provided by Affymetrix in previous revisions of the GeneChip®
Expression Analysis Technical Manual describing hybridization, wash,
and staining procedures for GeneChip prokaryotic arrays in cartridge
format. These protocols should be closely followed when the
GeneChip® Hybridization, Wash, and Stain Kit is not used.
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Reagents and Materials Required

The following reagents and materials are recommendations and have
been tested and evaluated by Affymetrix scientists. Information and
part numbers listed are based on U.S. catalog information. For
supplier information, please refer to the Supplier Reference List in
Appendix G of this manual.

* Water, Molecular Biology Grade: Cambrex, P/N 51200
¢ Nuclease-free Water: Ambion, P/N 9930

* Bovine Serum Albumin (BSA) solution, 50 mg/mL: Invitrogen Life
Technologies, P/N 15561-020

* R-Phycoerythrin Streptavidin: Molecular Probes, P/N S-866
e NaCl, 5M, RNase-free, DNase-free: Ambion, P/N 9760G
e PBS, pH 7.2: Invitrogen Life Technologies, P/N 20012-027

* 20X SSPE (3 M NaCl, 0.2M NaH,PO,, 0.02 M EDTA): Cambrex,
P/N 51214

® Goat IgG, Reagent Grade: Sigma-Aldrich, P/N I 5256

¢ Anti-streptavidin antibody (goat), biotinylated: Vector
Laboratories, P/N BA-0500

e Surfact-Amps 20 (Tween-20), 10%: Pierce Chemical, P/N 28320

e Bleach (5.25% Sodium Hypochlorite): VWR Scientific,
P/N 37001-060 (or equivalent)

* ImmunoPure Streptavidin: Pierce Chemical, P/N 21125

Miscellaneous Supplies

e Sterile, RNase-free, microcentrifuge vials, 1.5 mL: USA Scientific,
P/N 1415-2600 (or equivalent)

® Micropipettors, (P-2, P-20, P-200, P-1000): Rainin Pipetman (or
equivalent)

e Sterile-barrier pipette tips and non-barrier pipette tips

* Tygon Tubing, 0.04” inner diameter: Cole-Parmer, P/N H-06418-
04

* Tough-Spots, Label Dots: USA Scientific, P/N 9185-0000
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Reagent Preparation

Wash Buffer A: Non-Stringent Wash Buffer
(6X SSPE, 0.01% Tween-20)

For 1,000 mL:

300 mL of 20X SSPE

1.0 mL of 10% Tween-20
699 mL of water

Filter through a 0.2 pm filter.

Store at room temperature.

Wash Buffer B: Stringent Wash Buffer
(100 mM MES, 0.1 M {Na‘}, 0.01% Tween-20)

For 1,000 mL:

83.3 mL of 12 X MES Stock Bulffer (see Appendix C for reagent
preparation)

5.2 mL of SM NaCl

1.0 mL of 10% Tween-20

910.5 mL of water

Filter through a 0.2 pm filter

Store at 2°C to 8°C and shield from light.

2X Stain Buffer

(final 1X concentration: 100 mM MES, 1 M [Na*}, 0.05% Tween-20)
For 250 mL:
41.7 mL of 12X MES Stock Bulffer (see Appendix C)
92.5 mL of 5SM NaCl
2.5 mL of 10% Tween-20
113.3 mL of water
Filter through a 0.2 pm filter.
Store at 2°C to 8°C and shield from light.



appendix D | Alternative Protocol for Prokaryotic Arrays: Washing, Staining and Scanning 147

10 mg/mL Goat IgG Stock

Resuspend 50 mg in 5 mL 150 mM NaCl.
Store at 4°C.

If a larger volume of the 10 mg/mL IgG stock is prepared, aliquot
and store at —20°C until use. After the solution has been thawed it
should be stored at 4°C. Avoid additional freezing and thawing.

1 mg/mL Streptavidin Stock

Resuspend 5 mg in 5 mL of PBS.
Store at 4°C.

Experiment and Fluidics Station Setup

STEP 1: DEFINING FILE LOCATIONS

NOTE

Before working with Affymetrix® Microarray Suite it is important to
define where the program stores and looks for files.

For GeneChip® Operating Software (GCOS), this step is not
necessary. Proceed directly to Step 2: Entering Experiment
Information.

1. Launch Microarray Suite from the workstation and select
Tools — Defaults — File Locations from the menu bar.

The File Locations window displays the locations of the following
tiles:

® Probe Information (library files, mask files)
¢ Fluidics Protocols (fluidics station scripts)

e Experiment Data (.exp, .dat, .cel, and .chp files are all saved to
location selected here)

2. Verify that all three file locations are set correctly and click OK.

Contact Affymetrix Technical Support if you have any questions
regarding this procedure.
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STEP 2: ENTERING EXPERIMENT INFORMATION

To wash, stain, and scan a probe array, an experiment must first be
registered in GCOS or Microarray Suite. Please follow the instructions
detailed in the “Setting Up an Experiment” section of the appropriate
GCOS or Microarray Suite User’s Guide.

The fields of information required for registering experiments in
Microarray Suite are:

* Experiment Name

* Probe Array Type

In GCOS, three additional fields are required:
e Sample Name

e Sample Type

* Project

Sample templates, Experiment templates, and array barcodes can also
be employed in GCOS to standardize and simplify the registration
process. Please see the GCOS User’s Guide for more information.

The Project, Sample Name, and Experiment Name fields establish a
sample hierarchy that organizes GeneChip gene expression data in
GCOS. In terms of the organizational structure, the Project is at the
top of the hierarchy, followed by Sample Name, and then Experiment
Name.

PROJECT

v

| SAMPLE |

v

| EXPERIMENT |
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STEP 3: PREPARING THE FLUIDICS STATION

The Fluidics Station 400, or 450/250 is used to wash and stain the
probe arrays. It is operated using GCOS/Microarray Suite.

Setting Up the Fluidics Station

1. Turn on the Fluidics Station using the switch on the lower left side
of the machine.

2. Select Run — Fluidics from the menu bar.

The Fluidics Station dialog box appears with a drop-down list for
selecting the experiment name for each of the fluidics station
modules. A second list is accessed for choosing the Protocol for
each of the four fluidics station modules.

Refer to the appropriate GeneChip® Fluidics Station User’s Guide
for instructions on connecting and addressing multiple fluidics
stations.

Priming the Fluidics Station

Priming ensures that the lines of the fluidics station are filled with the
appropriate buffers and the fluidics station is ready for running
fluidics station protocols.

Priming should be done:

® When the fluidics station is first started

e When wash solutions are changed

e Before washing if a shutdown has been performed

e If the LCD window instructs the user to prime

1. Select Protocol in the Fluidics Station dialog box.

2. Choose Prime or Prime_450 for the respective modules in the
Protocol drop-down list.

3. Change the intake buffer reservoir A to Non-stringent Wash
Buffer and intake buffer reservoir B to Stringent Wash Buffer.

4. For MAS, click Run for each module to begin priming. In GCOS,
select the All Modules check box, then click Run.
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Probe Array Wash and Stain

Following hybridization, the wash and stain procedures are carried out
by the Fluidics Station. A modified FlexMidi_euk2v3 fluidics script
(FlexMidi_euk2v3_450, if you are using the FS-450) is used for the
GeneChip P. aeruginosa Genome Array, and the ProkGE-WS2 fluidics
script (ProkGE-WS2_450, if you are using the FS-450) is used for the
GeneChip E. coli arrays. The procedures take approximately 75 and 90
minutes, respectively, to complete. The use of streptavidin in the first
part of the stain procedure enhances the overall signal.

After 16 hours of hybridization, remove the hybridization cocktail
from the probe array and fill the probe array completely with the
appropriate volume of Non-Stringent Wash Buffer (Wash Buffer A),
as given in Table D.1.

If necessary, at this point, the probe array can be stored at 4°C for
up to 3 hours before proceeding with washing and staining.
Equilibrate the probe array to room temperature before washing
and staining.

Table D.1
Probe Array Cartridge Volumes
Array Hybridization Volume Total Fill Volume
49 Format (Standard) 200 pL 250 yL
64 Format 200 pL 250 pL
100 Format (Midi) 130 pL 160 pL
169 Format (Mini) 80 pL 100 pL
400 Format (Micro) 80 pL 100 pL

Preparing the Staining Reagents

1. Prepare the following stain and wash solutions the day of the
procedure. The solutions are stable for approximately 6 to 8 hours
at 4°C. Volumes given are sufficient for one probe array.

Streptavidin Phycoerythrin (SAPE) should be stored in the dark at
4°C, either foil wrapped or kept in an amber tube. Remove SAPE
from the refrigerator and tap the tube to mix well before preparing
stain solution.
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Do not freeze SAPE. Always prepare the SAPE stain solution fresh,
on the day of use.

Table D.2
Streptavidin Solution Mix - Vial 1

Component Volume Final Dilution
2X Stain Buffer 300.0 L 1X
50 mg/mL BSA 24.0 yL 2 mg/mL
1 mg/mL Streptavidin 6.0 pL 10 yg/mL
Nuclease-free H,0 270.0 pL —
Total Volume 600 pL

Table D.3

Antibody Solution Mix - Vial 2

Component Volume Final

Concentration

2X MES Stain Buffer 300.0 L 1X
50 mg/mL BSA 24.0 L 2 mg/mL
10 mg/mL Normal Goat IgG 6.0 pL 0.1 mg/mL
0.5 mg/mL Anti-streptavidin 6.0 uL 5 pg/mL
Antibody, biotinylated
Nuclease-free H,0 264.0 pL —
Total Volume 600 pL

Table D.4

SAPE Solution Mix - Vial 3

Component Volume Final
Concentration

2X MES Stain Buffer 300.0 L 1X

50 mg/mL BSA 24.0 uL 2 mg/mL

1 mg/mL Streptavidin Phycoerythrin 6.0 L 10 pg/mL

Nuclease-free H,0 270.0 uL —

Total Volume 600 pL
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2. In the Fluidics Station dialog box on the workstation, select the
correct experiment name from the drop-down Experiment list.
The probe array type will appear automatically.

Arrays & Fluidics Protocols

e Array: GeneChip E. co/i Genome 2.0 Array

Protocol: Mini_prok2v1(if using FS-450, Mini_prok2v1_450)
e Array: GeneChip E. co/i Antisense Genome Array

Protocol: ProkGE-WS2 (if using FS-450, ProkGE-WS2_450)

* Array: GeneChip P. aeruginosa Genome Array
Protocol: Modified FlexMidi_euk2v3*
(*See Table D.5. If using FS-450, FlexMidi_euk2v3_450)

IMPORTANT n Fluidics protocols are specific to array format and content. Follow
procedures below for specific arrays.

3. Choose Run in the Fluidics Station dialog box to begin the
washing and staining. Follow the instructions in the LCD window
on the fluidics station when using the Fluidics Station 400.

If you are unfamiliar with inserting and removing probe arrays
from the fluidics station modules, please refer to the appropriate
User’s Guide for your GeneChip® Fluidics Station 400, or 450/250.
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Modification of FlexMidi_euk2v3 for GeneChip® P. aeruginosa Array

1.
a.
b.
c.
2.

GeneChip P. aeurginosa Genome Array requires a modification to the FlexMidi_euk2v3 (or the
FlexMidi_euk2v3_450) protocol. See below for details.

The FlexMidi_euk2v3 (or the FlexMidi_euk2v3_450) fluidics protocol must be modified. Please
follow the instructions carefully to make the modifications. Additionally, it is highly recommended
that you save your new P. aeruginosa fluidics protocol under a different name to avoid confusion.

Modify and save the fluidics protocol for the assay:

Modify the fluidics protocol by using Tools — Edit Protocol drop-down list and selecting
FlexMidi_euk2v3 (or the FlexMidi_euk2v3_450) within the Protocol Name window.

Change the following parameters: (Enter the new parameters by highlighting the default
values and typing in the new values.)

i) Wash A1 Temperature from 30°C to 25°C;

ii) Number of Wash B Cycles from 6 to 4;

iii) Stain Temperature (C) from 35°C to 25°C;

iv) First Stain Time (seconds) from 300 to 600 seconds;

v) Second Stain Time (seconds) from 300 to 600 seconds;

vi) Third Stain Time (seconds) from 300 to 600 seconds; and
vii) Wash A3 Temperature from 35°C to 30°C.

Save the modified fluidics protocol by highlighting FlexMidi_euk2v3 (or the
FlexMidi_euk2v3_450) within the Protocol Name window and typing over with an
assigned protocol name (e.g., Pac_cDNA). Click Save.

The new fluidics protocol should be present in the Protocol drop-down list and is used in the
subsequent steps.

Select the name of the newly modified protocol (e.g., Pae_cDNA) from the Protocol drop-
down list in the Fluidics Station dialog box. Select Run in the Fluidics Station dialog box to
begin the washing and staining. Follow the instructions in the LCD window on the fluidics
station.

If you are unfamiliar with inserting and removing probe arrays from the fluidics station
modules, please refer to the appropriate User’s Guide for your GeneChip® Fluidics Station 400,
or 450/250.
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Table D.6
Fluidics Scripts Prokaryotic Arrays

Format Fluidics Scripts*

169 Mini_prok2v1
100 modified FlexMidi_Euk2v3
49 ProkGE_WS2

“When using the Fluidics Station 450 or 250 add _450 at the end of the fluidics script’s name.

Table D.7
Fluidics Protocols

Mini_prok2v1*

FlexMidi_euk2v3'

Modified FlexMidi_euk2v3
for P. aeruginosa Array

ProkGE_WS2*

cycle with Wash
Buffer A at 35°C. The
holding temperature
is 25°C

cycle with Wash
Buffer Aat35°C. The
holding temperature
is 25°C.

with Wash Buffer A at 30°C.
The holding temperature is
25°C.

Post Hyb 10 cycles of 2 mixes/ 10 cycles of 2 mixes/ 10 cycles of 2 mixes/cycle 10 cycles of 2 mixes/

Wash #1 cycle with Wash cycle with Wash with Wash Buffer A at 25°C  cycle with Wash
Buffer A at 30°C Buffer A at 30°C Buffer A at 25°C

Post Hyb 4 cycles of 15 mixes/ 6 cycles of 15 mixes/ 4 cycles of 15 mixes/cycle 4 cycles of 15 mixes/

Wash #2 cycle with Wash cycle with Wash with Wash Buffer B at 50°C  cycle with Wash
Buffer B at 50°C Buffer B at 50°C Buffer B at 45°C

1st Stain Stainthe probe array Stainthe probearray Stain the probe array for Stain the probe array
for 300 seconds in for 300 seconds in 600 seconds in for 600 seconds in
Streptavidin SAPE Solution Mixat Streptavidin Solution Mix at  Streptavidin
Solution Mix at 35°C 35°C 25°C Solution Mix at 25°C.

Post Stain 10 cycles of 4 mixes/ 10 cycles of 4 mixes/ 10 cycles of 4 mixes/cycle 10 cycles of 4 mixes/

Wash cycle with Wash cycle with Wash with Wash Buffer A at 30°C  cycle with Wash
Buffer A at 30°C Buffer A at 30°C Buffer A at 30°C

2nd Stain Stainthe probe array Stainthe probearray Stain the probe array for Stain the probe array
for 300 seconds in for 300 seconds in 600 seconds in Antibody  for 600 seconds in
Antibody Solution Antibody Solution Solution Mix at 25°C Antibody Solution
Mix at 35°C Mix at 35°C Mix at 25°C.

3rd Stain Stainthe probe array Stainthe probe array Stain the probe array for Stainthe probe array
for 300 seconds in for 300 seconds in 600 seconds in SAPE for 600 seconds in
SAPE Solution Mix SAPE Solution Mixat Solution Mix at 25°C SAPE Solution Mix
at 35°C 35°C at 25°C.

Final Wash 15 cycles of 4 mixes/ 15 cycles of 4 mixes/ 15 cycles of 4 mixes/cycle 15 cycles of 4 mixes/

cycle with Wash
Buffer A at 30°C. The
holding temperature
is 25°C.

"Mini_prok2v1_450 fot the FS-450/250
*FlexMidi_Euk2v3_450 for the FS-450/250
*ProkGE_WS2_450 for the FS-450/250
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USING THE FLUIDICS STATION 450/250

Washing and Staining the Probe Array

1.

In the Fluidics Station dialog box on the workstation, select the
correct experiment name from the drop-down Experiment list.

The Probe Array Type appears automatically.

In the Protocol drop-down list, select the appropriate antibody
amplification protocol to control the washing and staining of the
probe array format being used: Table D.6.

Choose Run in the Fluidics Station dialog box to begin the
washing and staining. Follow the instructions in the LCD window
on the fluidics station.

If you are unfamiliar with inserting and removing probe arrays
from the fluidics station modules, please refer to the appropriate
Fluidics Station User's Guide, or Quick Reference Card (P/N 08-0093
for the FS-450/250 fluidics stations).

Insert the appropriate probe array into the designated module of
the fluidics station while the cartridge lever is down, or in the eject
position. When finished, verify that the cartridge lever is returned
to the up, or engaged, position.

Remove any microcentrifuge vial(s) remaining in the sample
holder of the fluidics station module(s) being used.

If prompted to “Load Vials 1-2-3,” place the three experiment
sample vials (the microcentrifuge vials) into the sample holders 1,
2, and 3 on the fluidics station.

A. Place one vial containing streptavidin solution in sample holder
1.

B. Place one vial containing the anti-streptavidin biotinylated
antibody solution in sample holder 2.

C. Place one vial containing the streptavidin phycoerythrin
(SAPE) solution in sample holder 3.

D. Press down on the needle lever to snap needles into position and
to start the run.

The run begins. The Fluidics Station dialog box at the
workstation terminal and the LCD window display the status of
the washing and staining as the protocol progresses.
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7. When the protocol is complete, the LCD window displays the
message EJECT CARTRIDGE.

8. Remove the probe arrays from the fluidics station modules by first
pressing down the cartridge lever to the eject position.

9. Lift up on the needle lever to disengage the needles from the
microcentrifuge vials. Remove the three microcentrifuge vials
from the needle holders.

10. Check the probe array window for large bubbles or air pockets.
e If bubbles are present, refer to Table D.8.

e If the probe array has no large bubbles, it is ready to scan on the
GeneArray® Scanner, or the GeneChip® Scanner 3000. Pull up
on the cartridge lever to close the washblock and proceed to
Probe Array Scan on page 159.

11. If there are no more samples to hybridize, shut down the fluidics
station following the procedure in Shutting Down the Fluidics Station
on page 161.

12. Keep the probe arrays at 4°C and in the dark until ready for
scanning.

13. Lift up on the cartridge lever to close the washblock.

For proper cleaning and maintenance of the fluidics station,
including the bleach protocol, refer to the appropriate GeneChip®
Fluidics Station User’s Guide for instruction.

Table D.8
If Bubbles Are Present

Return the probe array to the probe array holder. Engage the washblock by
gently pushing up on the cartridge lever to the engage position.

The fluidics station will drain the probe array and then fill it with a fresh volume
of the last wash buffer used. When it is finished, the LCD window will display
EJECT CARTRIDGE. Again, remove the probe array and inspect it for
bubbles. If no bubbles are present, it is ready to scan. Proceed to Probe Array
Scan on page 159.

If several attempts to fill the probe array without bubbles are unsuccessful, the
array should be filled with Wash Buffer A (non-stringent buffer) manually,
using a micropipette. Excessive washing will result in a loss of signal intensity.
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USING THE FLUIDICS STATION 400

Washing and Staining the Probe Array

1.

In the Fluidics Station dialog box on the workstation, select the
correct experiment name in the drop-down Experiment list. The
probe array type will appear automatically.

In the Protocol drop-down list, select the appropriate antibody
amplification protocol to control the washing and staining of the
probe array format being used: Table D.6.

Choose Run in the Fluidics Station dialog box to begin the
washing and staining. Follow the instructions on the LCD window
on the fluidics station.

If you are unfamiliar with inserting and removing probe arrays
from the fluidics station modules, please refer to the Fluidics Station
400 User’'s Guide, Fluidics Station 400 Video In-Service CD (P/N
900374), or Quick Reference Card (P/N 08-0072).

Insert the appropriate probe array into the designated module of
the fluidics station while the cartridge lever is in the EJECT
position. When finished, verify that the cartridge lever is returned
to the ENGAGE position.

Remove any microcentrifuge tube remaining in the sample holder
of the fluidics station module(s) being used.

Place a microcentrifuge tube containing the streptavidin solution
into the sample holder, making sure that the metal sampling
needle is in the tube with its tip near the bottom

The Fluidics Station dialog box and the LCD window display the
status of the washing and staining as they progress.

When the LCD window indicates, replace the microcentrifuge vial
containing the streptavidin stain with a microcentrifuge vial
containing antibody stain solution into the sample holder, making
sure that the metal sampling needle is in the vial with its tip near
the bottom.

When the LCD window indicates, replace the microcentrifuge vial
containing antibody solution with the microcentrifuge vial
containing the streptavidin phycoerythrin (SAPE) solution.

When the protocol is complete, the LCD window displays the
message EJECT CARTRIDGE.
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10. Remove microcentrifuge vial containing stain and replace with an
empty microcentrifuge tube.

11. Remove the probe arrays from the fluidics station modules by first
moving the cartridge lever to the EJECT position.

12. Check the probe array window for large bubbles or air pockets.
e If bubbles are present, refer to Table D.9.

e If the probe array has no large bubbles, it is ready to scan on the
GeneChip Scanner 3000 or the GeneArray® Scanner. ENGAGE
washblock and proceed to Probe Array Scan on page 159.

If you do not scan the arrays right away, keep the probe arrays at
4°C and in the dark until ready for scanning.

If there are no more samples to hybridize, shut down the fluidics
station following the procedure outlined in the section, Shutting
Down the Fluidics Station on page 161.

For proper cleaning and maintenance of the fluidics station,
including the bleach protocol, refer to the appropriate GeneChip®
Fluidics Station User’s Guide for instruction.

Table D.9
If Bubbles Are Present

Return the probe array to the probe array holder. Latch the probe array holder
by gently pushing it up until a light click is heard. Engage the washblock by
firmly pushing up on the cartridge lever to the ENGAGE position.

The fluidics station will drain the probe array and then fill it with a fresh volume
of the last wash buffer used. When it is finished, the LCD window displays
EJECT CARTRIDGE again, remove the probe array and inspect it again for
bubbles. If no bubbles are present, it is ready to scan. Proceed to Probe Array
Scan on page 159.

If several attempts to fill the probe array without bubbles are unsuccessful, the
array should be filled with Wash Buffer A (non-stringent buffer) manually,

using a micropipette. Excessive washing will result in a loss of signal intensity.
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Probe Array Scan

The scanner is also controlled by Affymetrix Microarray Suite or
GCOS. The probe array is scanned after the wash protocols are
complete. Make sure the laser is warmed up prior to scanning by
turning it on at least 15 minutes before use if you are using the Agilent
GeneArray® Scanner, or 10 minutes if you are using the GeneChip®
Scanner 3000. If the probe array was stored at 4°C, warm to room
temperature before scanning. Refer to the Microarray Suite or GCOS
online help and the appropriate scanner user’s manual for more
information on scanning.

The scanner uses a laser and is equipped with a safety interlock
system. Defeating the interlock system may result in exposure to
hazardous laser light.

You must have read and be familiar with the operation of the
scanner before attempting to scan a probe array. Please refer to the
Microarray Suite User’'s Guide (P/N 08-0081) or to the GeneChip®
Scanner 3000 quick reference card (P/N 08-0075).

HANDLING THE GENECHIP® PROBE ARRAY

IMPORTANT n

Before you scan the probe array, follow the directions in this section on
handling the probe array. If necessary, clean the glass surface of the
probe array with a non-abrasive towel or tissue before scanning. Do not
use alcohol to clean glass.

Before scanning the probe array cartridge, follow this procedure to
apply Tough-Spots™ to the probe array cartridge to prevent the
leaking of fluids from the cartridge during scanning.

Apply the spots just before scanning. Do not use them in the hyb
process.

1. On the back of the probe array cartridge, clean excess fluid from
around septa.

2. Carefully apply one Tough-Spot to each of the two septa. Press to
ensure that the spots remain flat. If the Tough-Spots do not apply
smoothly; that is, if you observe bumps, bubbles, tears or curled



160 GeneChip® Expression Analysis Technical Manual

edges, do not attempt to smooth out the spot. Remove the spot and
apply a new spot. See Figure D.1.

Figure D.1
Applying Tough-Spots™ to the Probe Array Cartridge

3. Insert the cartridge into the scanner and test the autofocus to
ensure that the Tough-Spots do not interfere with the focus. If you
observe a focus error message, remove the spot and apply a new
spot. Ensure that the spots lie flat.

SCANNING THE PROBE ARRAY

1. Select Run — Scanner from the menu bar. Alternatively, click the
Start Scan icon in the tool bar.

The Scanner dialog box appears with a drop-down list of
experiments that have not been run.

2. Select the experiment name that corresponds to the probe array to
be scanned.

A previously run experiment can also be selected by using the
Include Scanned Experiments option box. After selecting this
option, previously scanned experiments appear in the drop-down list.

3. By default, for the Agilent® GeneArray® Scanner only, after
selecting the experiment the number [2} is displayed in the
Number of Scans box to perform the recommended 2X image
scan. For the GeneChip® Scanner 3000, only one scan is required.
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Once the experiment has been selected, click the Start button.

A dialog box prompts you to load a sample into the scanner.

If you are using the GeneArray® Scanner, click the Options button
to check for the correct pixel value and wavelength of the laser
beam.

* Pixel value = 3 pm
e Wavelength = 570 nm

If you are using the GeneChip Scanner 3000, pixel resolution and
wavelength are preset and cannot be changed.

Open the sample door on the scanner and insert the probe array
into the holder. Do not force the probe array into the holder. Close
the sample door of the scanner. If you are using the GeneChip
Scanner 3000, do not attempt to close the door by hand. The door
closes automatically through the User Interface when start scan is
selected or the scanner goes into stand-by mode.

Click OK in the Start Scanner dialog box.

The scanner begins scanning the probe array and acquiring data.
When Scan in Progress is Selected from the View menu, the probe
array image appears on the screen as the scan progresses.

Shutting Down the Fluidics Station

1.

After removing a probe array from the probe array holder, the LCD
window displays the message ENGAGE WASHBLOCK.

If you are using the FS-400, latch the probe array holder by gently
pushing up until a light click is heard. Engage the washblock by
tirmly pushing up on the cartridge lever to the ENGAGE
position.

If you are using the FS-450, gently lift up the cartridge lever to
engage, or close, the washblock.

The fluidics station automatically performs a Cleanout procedure.
The LCD window indicates the progress of the Cleanout
procedure.

When the fluidics station LCD window indicates REMOVE
VIALS, the Cleanout procedure is complete.

Remove the sample microcentrifuge vial(s) from the sample

holder(s).
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5. If no other hybridizations are to be performed, place wash lines
into a bottle filled with deionized water.

6. Select Shutdown or Shutdown_450 for all modules from the drop-
down Protocol list in the Fluidics Station dialog box. Click the
Run button for all modules.

The Shutdown protocol is critical to instrument reliability. Refer
to the appropriate Fluidics Station User's Guide for more
information.

7. After Shutdown protocol is complete, flip the ON/OFF switch of
the fluidics station to the OFF position.

IMPORTANT n To maintain the cleanliness of the fluidics station and obtain the
highest quality image and data possible, a weekly bleach protocol
and a monthly decontamination protocol are highly recommended.
Please refer to the appropriate GeneChip® Fluidics Station User’s
Guide for further detail.

Customizing the Protocol

There may be times when the fluidics protocols need to be modified.
Modification of protocols must be done before downloading the
protocol to the fluidics station. Protocol changes will not affect runs in
progress. For more specific instructions, refer to the Microarray Suite/
GCOS online help.

1. Select Tools — Edit Protocol from the menu bar.

2. In the Edit Protocol dialog box under Protocol Name, click the
arrow to open a list of protocols. Click the protocol to be changed.

The name of the protocol is displayed in the Protocol Name text
box. The conditions for that protocol are displayed on the right
side of the Edit Protocol dialog box.

3. Select the items to be changed and input the new parameters as
needed, keeping parameters within the ranges shown in Table
D.10.
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Table D.10
Valid Ranges for Wash/Stain Parameters

Parameter Valid Range

Wash Temperature for A1, B, A2, or A3 (°C) 15 to 50
Number of Wash Cycles for A1, B, A2, or A3 0to 99
Mixes / Wash Cycle for A1, B, A2, or A3 110 99
Stain Time (seconds) 0 to 86,399
Stain Temperature (°C) 15 to 50
Holding Temperature (°C) 15 to 50

e Wash A1 corresponds to Post Hyb Wash #1 in Table D.7.

e Wash B corresponds to Post Hyb Wash #2 in Table D.7.

e Wash A2 corresponds to Post Stain Wash in Table D.7.

¢ Wash A3 corresponds to Final Wash in Table D.7.

4. To return to the default values for the protocol selected, click the
Defaults button.

5. Once all the protocol conditions are modified as desired, change
the name of the edited protocol in the Protocol Name box.

If the protocol is saved without entering a new “Protocol Name,”
the original protocol parameters will be overwritten.

6. Click Save, then close the dialog box.

Enter O (zero) for hybridization time if hybridization step is not
required. Likewise, enter O (zero) for the stain time if staining is
not required. Enter O (zero) for the number of wash cycles if a wash
step is not required.
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Control Genes on GeneChip® Eukaryotic Probe Arrays

Table E.1

Control Genes on GeneChip® Eukaryotic Probe Arrays

Origin of Organism

Control Gene Name

Utility for
GeneChip®

Experiments

Associated Affymetrix
Products

synthetic B2 Oligo Grid alignment. Control Oligo B2,
P/N 900301, also as part of
the Hybridization Control Kit
P/N 900454 or 900457
E. coli bioB Antisense GeneChip Eukaryotic
bioC biotinylated cRNA are  Hybridization Control Kit, P/N
bioD used as hybridization 900454 or
controls. P/N 900457
P1 Bacteriophage cre
B. subtilis lys Poly-A-tailed sense GeneChip Eukaryotic Poly-A
phe RNA can be spiked RNA Control Kit, P/N 900433
thr into isolated RNA
dap samples as controls

for the labeling and

hybridization process.

The spikes can also
be used to estimate
assay sensitivity.
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Control Genes on GeneChip® Prokaryotic Probe Arrays

Table E.2

Control Genes on GeneChip® Prokaryotic Probe Arrays

Origin of Organism

Control Gene Name

Utility for
GeneChip®
Experiments

Associated Affymetrix
Products

hybridization process.
The spikes can also be
used to estimate assay
sensitivity.

synthetic B2 Oligo Grid alignment. Control Oligo B2,
P/N 900301, also as part of
the Hybridization Control Kit
P/N 900454 or 900457
B. subtilis lys Sense RNA can be GeneChip Eukaryotic Poly-A
phe spiked into purified RNA Control Kit, P/N 900433
thr sample RNA as control
dap for the labeling and
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Affymetrix Technical Support

Affymetrix provides technical support via phone or e-mail. To contact
Affymetrix Technical Support:

Affymetrix Inc.

3420 Central Expressway
Santa Clara, CA 95051
USA

Tel: 1-888-362-2447 (1-888-DNA-CHIP)
Fax: 1-408-731-5441
E-mail: support@affymetrix.com

Affymetrix UK Ltd

Voyager, Mercury Park,
Wycombe Lane, Wooburn Green,
High Wycombe HP10 0OHH
United Kingdom

UK and Others Tel: +44 (0) 1628 552550
France Tel: 0800919505
Germany Tel: 01803001334

E-mail: supporteurope@affymetrix.com

Affymetrix Japan, K.K.
Mita NN Bldg., 16 F
4-1-23 Shiba, Minato-ku,
Tokyo 108-0014 Japan

Tel: +81-(0)3-5730-8200
Fax: +81-(0)3-5730-8201
E-mail: supportjapan@affymetrix.com

www.affymetrix.com
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Table 1.G.1

Supplier Web Site

Ambion
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www.ambion.com

Amersham Biosciences

www.amershambiosciences.com

Amresco

WWWw.amresco-inc.com

BD Biosciences

www.bdbiosciences.com/

BioWhittaker Molecular Applications / Cambrex

www.cambrex.com

Brinkmann Instruments

www.brinkmann.com

Cole-Parmer

www.coleparmer.com

Corning Life Sciences

www.corning.com/lifesciences/

CLONTECH

www.bdbiosciences.com/clontech/

Epicentre Technologies

www.epicentre.com

Eppendorf

www.eppendorf.com

Invitrogen Life Technologies

www.invitrogen.com

Millipore Corp

www.millipore.com

Molecular Probes

www.probes.com

New England Biolabs

www.neb.com

Novagen

www.emdbiosciences.com

Pierce Chemical

www.piercenet.com

Promega Corporation

www.promega.com

Proligo www.gensetoligos.com
QIAGEN www.qgiagen.com
Rainin www.rainin.com

Roche Diagnostics

www.roche-applied-science.com

Sigma-Aldrich

www.sigma-aldrich.com

USA Scientific

www.usascientific.com

USB

www.usbweb.com

Vector Laboratories

www.vectorlabs.com

VWR Scientific Products

WWW.VWIrsp.com
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Soguk stresi

Sicak stresi

Gen islev
Reg. Fold change Reg. Fold Change
o . . U - -
nifB nitrogenase cofactpr biosynthesis p 6.317
protein
nifD nitrogenase molybdem.fm-lron protein Up R R
alpha chain 59.112
nifH nitrogenase iron protein Up - -
99.953
nifk nitrogenase molybden!.lm-lron protein Up R R
beta chain 29.376
nifN nltrogenase_ molybde_num-lrpn cofactor Up R R
biosynthesis protein 6.598
anfd nitrogenase iron-iron protein, alpha Up . .
subunit 23.486
anfH nitrogenase iron protein V] - -
9 P P 33.189
anfG nitrogenase iron-iron protein, delta Up } }
subunit 37.180
InA lutamine synthetase V] Down 5.476
g g Y! P 2249
ginB nitrogen regulatory protein P-11 Up 2756 Down 2532
atpF ATP synthase F0, B subunit Up 3.575 i i
atpC ATP synthase F1, epsilon subunit ’ i Down 2.559
atpD ATP synthase F1, beta subunit ’ i Down 6.198
pufL photosynthetic reaction center, L - - Down 3.864
subunit
pufM photosynthetic reaction center, M - - Down 3102
subunit
light-harvesting protein B-800/850, - -
pucA alpha chain Down 2.053
pucC PucC protein ’ i Down 2221
sdhA succinate dehydrogen_ase, flavoprotein - - Down 2147
subunit
sdhB succinate dehydroger_]ase, iron-sulfur - - Down 3508
subunit
Up 2.056
fha fructose-bisphosphate aldolase - -
Up 2748
fbp fructose-bisphosphatase - -
hupA hydrogenase, small subunit ’ i Down 2.436
hupB hydrogenase, large subunit Up 3.407 Down 3.744
nuoA, B,C,DE,G,H, NADH-quinone oxidoreductase i ) Down 2.118-3.101
fdxN . - -
ferredoxin | Up 13.582
fdxC . - -
ferredoxin IV Up 23.668
. 7.218- - -
mfA,B,CD,E,G electron transport complex protein Up 20.417
50S ribosomal proteins Up 4.036 Up 3.899-8.431
30S ribosomal proteins Up 5.586 Up 12.697




ATP-dependent Clp protease adaptor

clps protein CIpS Down 3.602
groS chaperonin GroS Down 6.357 ) )
groL chaperonin GroL Down 8.799 ) )
ATP-dependent Clp protease, ATP- - -
clpP binding subunit ClpX Down 2.995
ibpA small heat shock protein IbpA Down 13.262 ) )
ATP-dependent Clp protease, ATP- - -
clpA binding subunit ClpA Down 3.889
clpB chaperone ClpB i i Down 2.580
ATP-dependent Clp protease, ATP- - -
clpP binding subunit ClpX Down 3859
lon ATP-dependent protease La Down 5.656 Down 4.331
Peptidases Down 2.960-2.430 Down 2.238-3.963
Biosynthesis of surface polysaccharides 4.527, 2.652, - -
mdoH, IpxD, exoD and lipopolysaccharides Down 2716
Biosynthesis of murein sacculus and - - 2.279,
frsl, peptidoglycan , Down 2222
acpP acyl carrier protein Up 3.545 Up 4132
ptA, idi Biosynthesis of fa!tt_y acids and - - Up 3.117, 4.085
phospholipids
phbB acetoacetyl-CoA reductase Up 2.664 - -
molybdenum transport operon repressor - -
mopA MopA up 2.673
rpoN RNA polymerase sigma-54 factor up 6.031 - -
hfq RNA chaperone Hfg up 2.452 - -
me ribonuclease E up 3.679 - -
pnp Degradation of RNA up 6.457 - -
nusG transcription antitermination protein - - up 3.113
mp ribonuclease P - - up 2.065
rpoH RNA polymerase sigma-32 factor - - down 3.361
rpoD RNA polymerase sigma factor - - down 2.919
molybdenum ABC transporter, - -
modB permease protein ModB up 3113
spermidine/putrescine ABC transporter, - -
potA,B,D,F,G,H,I periplasmic spermidine/putrescine- down 2.010-14.108
binding protein
Trasnsporter for organic acids, - -
detp P ganic &cl down 10.165

carbohydrates, alcohols




