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| nver t aSacclaromyicesicerevisiam 1 n mel as o rgti mmigred a kil i
enzim olup SUC2geni nden kodl anmakthbhdrr enPemi pl a
ekspresyonu glukoz baski |l amas: il e tran:
Zayl f organi k astirillkraoiltan sisitdbenkiikksisd €1, 1t ,
gi bi asitler mi kroorgani zmal ari n Ureme o
bazendeg1 da kat ki Raud d elna rl ima&lt eamla ktl laer i n Gr
bul unmas.| asit stresi ol arak akamB8mlana
cerevisiaé d aa Imet a b o IMsnRp, Haslm Warlp, aHotlp gibi transkripsiyon

faktmird eyer al di gir absitliirnnmaedkat esdiitrr.i kBua sai t ,
asit gibi asitlerin SUC2 geni ekspresyonuna ve invertaz aktivitesine etkileri bu

transkripsi yern efsglotnéealy esruicdiasir es yani tin

kinazlar ol a n HoglpdelSemsyi@rilnu nsusl ar Kidel | an
edi |l en ar as torbik rast ve shenzoild @sltim mvertaz aktivitesine ciddi
derecede et ki et medi gi ni g Sitskt asitiméesk t e d i

konsantrasyona Vv envenaH dktivitesiniaegn 1 azol a0 alkk at
bul unm@ggwumrti ci bir sekil de @uUGgenindenma d a
tans kri psi yon y &ggiphhiarbi gmes k| ii cohdud@unu g
sonucl ar a are&s todldaneaddkal en s onuc¢ B.acerevisaetd ai k
invertaz enziminin periplasmik alana sekresyonunu engel | emi s ol abi |l e
sirmektedir.

Anahtar Kelimeler: S. cerevisiael n v eaktivisg Organik asit stresi, SUC2Geni,
Sitrik asit, Hoglp, Transkripsiyon.
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ABSTRACT

M.Sc. Thesis

GENETIC AND BIOCHEMICAL ANALYSIS OF THE EFFECTS WEAK ORGANIC
ACID STRESS ON THE SUQ GENE EXPRESSION AND INVERTASE ACTIVITY
| NSACCHAROMYCES CEREVISIAE

Aylin KAHRAMAN

Uludagdg University
Graduate School of Natural and Applied Sciences
Department of Molecular Biology and Genetics

Supervisor:Pr of . Dr. Sezai TURKEL

Invertase enzyme, which is encoded by SUC2 gene, is required for the growth of
Saccharomyces cerevisida molases. Invertase is a periplasmic enzyme and its
expression is regulated by glucose repression at transcription level. Weak organic acids,
such as acetic acid, citric acid, succinic acid, sorbic acid, and benzoic acid, can be found
in the growth medium as natural components. These organic acid is also used as food
additives. Presence of these acids in the growth medium triggers metabolic signal
known as acid stress. It is known that the transcriptional regulators Msn2p, Haalp,
Warlp, Hotlp involves in the acid stress response pathway in S. cerevisiaeln this
research, the effects of organic acids on the SUC2gene expression and invertase activity
were investigated by using wild type and deletion mutants that lacks one of the
transcriptional regulators Msn2p, Haalp, Warlp, Hotlp and also protein kinases
Hoglp, Snflp involves in the stress response. Results of this study revealed that sorbic
acid and benzoic acid has no significant effects on the invertase expression. On the
other hand, it was clearly shown that the citric acid decreased invertase activity at least
10-fold in concentration and pH dependent manner. Unexpectedly, results of this
research indicated that Hoglp is essential for the SUC2gene transcription. Moreover,
our results suggests that citric acid stress might interferes with the secretion of invertase
to periplasmic space in S. cerevisiae

Keywords: S. cerevisiaglnvertase activity, Organic acid stress, SUC2gene, Citric acid,
Hoglp, Transcription.

2016, XI1 + 64 pages
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SIMGELER ve KISALTMALAR DiZiNi

Simgeler Aciklama

%: Yuzde

°C: Santigrat derece

Hm: Mikron

0: Gravity (santrifuj birimi)

a: Alfa

B: Beta

A Delta, delesyon

Mg: Mikrogram

gl Mikrolitre

Kisaltmalar Aciklama

ATP: Adenosin tri fosfat

CAMP: Halkasal Adenosin Mono Fosfat

CLN: Cyclin, hicre dénglu proteinleri
DNA: Deoksiribontuklei k asi't

DR: Gl ukoz baski1 s (Dereptessed)nda ol mayan,
GAL: "Galactose metabolism"

HXK: Hekzokinaz

LacZ 3 —galactozidaz geni

Leu: L6sin

M: Molar

MAT: Mating type, S. cerevisilted a esl|l esme ti pi
Met: Metionin

mg: Miligram

MIG: Multicopy inhibitor of GAL gene expression

ml: Mililitre

mM: Milimolar

MRNA: Mesaponiuklei k asit

N: Normalite

NAD: Nikotinamiddi-n t k1 eot i d

OD: Optical Density, optik yogdgunl uk
OREFs: Acit k okuma bol gel eri

PEG: Polyetilen glikol

pH: Hidrojen iyonu konsantrasyonu

PKA: Protein Kinaz A

R: Gluk oz basiki! (| Renar essed)

RNA: Ri bonukl ei k asit

S. cerevisiae: Saccharomyces cerevisiae

SC- Ura: Urasili cer meyen sentetik tam 04r eme
SGD: Saccharomyces Genome Database

SDS: Sodyum dodesil suiulfat

SNF: Sucrose non-fermenting



SUC:

TE:

UDP:
URA:
YNB:
YPD:

Sucrose

Tris-EDTA

Uridin di fosfat

Uracil

Yeast Nitrogen Base

Yeast extract pepton dextrose
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1. GIRIS

| nvert aScerevinia@idBC2g e n i tarafindan kodl anir.
ve rafinozun hidrol i zSceravigidenda gemellrit adbi i
formda bulunur. Bu formlardan biri glikozilleniph G cr e d 1 s 1 rpaiplagnakl g1 | a

al anda klemp,ol dnger form isaé gigllarkaomaydrent
i cerisinde bulunan formdur. Perormp oluwz mi k

sentezi gmakiozi baskohtr ol edi | ir.

Zay!1 f or gani k sH, sitriktadit,esri k & li anbienkoak sasé vie doRkik asit

gi bi asitler mi kroorgani zmal ari n Ur eme ¢
bazen Ureme ortamlarina veya mikrobiyal
edilmektedirler. Bu asitler S.cerevisia¢ da asit stresi ol arak t:
olusturmakthdklre abéetiklbnaantirasypehmmniize
S.cerevisilkeda mitokondriyal bozunmaya ve apop
zay f 0 r g aStC2geni akspredydnumar vie mvertaz aktivitesine etkileri ise

henitiz mol ekiuler seviyede incelenmemigstir.

Glukoz sinyaline ek olarak SUC2g e n i ekspresyonunun Ur eme
gel en asidifikasyondan nBudelzl aerdaaksithiermmd a e
SUC2 geni ekspresyonunun vV e i nvertaz
asidifikasyonundan nasi! |IS. etek idhvieamgidsiay@ion i Vv
il etim yolakl ar ve genler tarafindan ne
y 0 n tere ile belirlemektir. Ar a st 1 mermayaban tip hem de asit stres

met abol i zmasitynodna ftarkatnosrkir i &plddsm2@ Kaalp, ®arlpal an
mut ant vesawsrisarale s y an 1 proten kiaazlay adan Hoglp, Snfilp

mut ant s ugdk sitrikiasit ¢(E280), lbeazoik asit (E211) ve sorbik asitin (E202)

S.cerevisileda i nver t as8UC2den transkirigsigosuna etldlerivneeslendi.



2. KAYNAK OZETLERI

2.1. Saccharomyces cerevisiae’nin Genom Yapisi ve Onemi

S. cerevisiagnant ar | ar al eminde yer alan tomurcuk
t 0r (Qzalge 2.1). S. cerevisia@ 4 Ni s aagendm@ €6 Slarak sekanslanan

i1k Okaryottur (Gof feau vV e ar k. 1996) .
Japonya“da 600 ademi f aarafbndan 103DI abor

(Saccharomyces Genome Database) b u cal 1 smanin U zvie verin e i
bankasidimdege maya genl erinin cesi tli 0 z
kaydedi Il mistir (Chékmyyotikrhkhic2®€lldeneitSiC
yapl s ve organizasyonu hakkinda temel

konuma sahiptir. Dizil enen genom ve hizl
birlikte uluslararasveamaytl dmdesybaklprhkb

projelerin ondnia a ¢ anrdaak bnilayylak dpgh ayliill goni s | tseil
(Winzeler ve ark. 1999).

Cizelge 2.1: Scerevisiaema y as 1snomo miakk s1 ni1 fl andi r mas:|

OKARYOTLAR
Alem Fungi
Sube Ascomycota
Takim Saccharomycetes
Sinif Saccharomycetales
Aile Saccharomycetaceae
Cins Saccharomyces
Tiir Saccharomyces cerevisiae




S.cerevisiad Uy Gkl Okl er i 20@ idlegi 3ena0@6kikramazui
genomu yakl asi1 kb Wi3.0k9 21 § @tadigendvie rMertingo 2010). S.
cerevisiaien U k| ear DNA, sitoplazmada bulunan
dairesel plazmit DNA ol mak Uzere dort fa
sahiptir ( 2elge 2.2).

Cizelge 2.2: S.ceresiad n1 n genom yap! s (Olsonég¥lyenom bil

Genom Bilyiikliigii 12.5 Mb + rDNA (rDNA genellikle 1-2 Mb,
ol dukca degi sken)
Tek Kopya DNA 12.0 Mb
Genetik harita uzunlugu >4300 Cm
Kromozom sayisi 16
Organel DNA Mitokondriyal DNA, 75 kb
Ekstrakromozomal elementler ~ 2- mikron plazmiti DNAs 1 ,
Cift zincirld.i RNA v
S. cerevisiden 1 n X111 kKr omozomu en buyudk kr o

b Uy dk]I| 820000 1kOoOpnydaa adreagsiis e n r D N Ae 20460:3R60 or | ar 1|
arasi nda d(e@lgegdMekt edi



Cizelge 2.3: S. cerevisiadb n 1 n  k ruoznuonzl q@isoh E91)

Kromozom No* Kromozom uzunlugu (Kbg)
I 240
Vi 280
1 350
IX 440
\ 590
VI 590
Xl 680
X 755
XV 810
1 840
X1 950
XVI 980
Vi 1,120
XV 1,130
v 1,640
X1l 1,095 + rDNA
Toplam 12,490 + rDNA

*Sitralama kromozom uzunDNRI BopypScespdsipe | gap
susuna gore degiskenli k gdsterebil mekted,:



Ribozomal DNA kromozom X1dé& t ekr ar | 1 di.g.i | eerd®mdDias ia&e
tanesi intron i ¢c e R &2 t RNA geé&ni cweamadnisi aelbl | su
kromozoml ar cesitli sayl da ve piogarsiyrolna,
Genomun yakl|l @RF& &ir0" Genomun Heéil212kb" 1 n

Saccharomyces cerevisine Genomunun Fonfsivonel Simiflandirilmas:
W Hucre kurtar ma
0,
2 /[’) m Metabolizma
= Enerji
B Hiicre bilylmesi, hilcre bolinmesive
DMNA sentezi
® Transkripsiyon
B Protein sentezi
¥ Proten tasinmast
® Transport kolaylastirma

Hicre gitasima

B Hicresel organizasyon ve biyogenez

Snyal iletimi

Sekil 2.1: S.cerevisiaigg e nomunun f onksi y@®eweslveak.11997) f | and

S. cerevisiaebiyolojide en c¢ok c¢al i1 s1 Il an model organi :
endiustrideki yaygin kullani mindan dol ayi
verileemseli slbi yol ojide gel i smel ear easlma | a
mekani zmasi ni kapebhmbi |l madehtarin olustur

yakl asi mlara ol anak sunmustur (Duina ve
p ek cotkei per dacg ada bul wuhani nkkanr sar ast i r
kesfedilmistir. Bunlari n arasinda hiocre
protein isleme proteinleri yer ali1r.



S.cerevisibsed Unyanin il k senteti k 0Kkasreycoitl nmh @sc r
sentetik maya projesi sentetik bir S. cerevisiagnayas usu ol ust ur mak i ¢
(Dymond ve ark. 2011).

S.cerevisiatebast a g1 da eoldmak r g erdnaalcanadca i ¢i n
ol ar ak kull anit | maktadmas., niYray@iemo ¢ oil iak a ld z
tasit mamas.| ve GRAS (Genellikle Guvenl:i
al masi1 di1 S cerevlsigg n gk d e § iigolermnédebilmesnve 40 °C * y e
kadar s1 camkdsiik,t ab@wmméay agazimpakkialdi r (Rudol
2009).

S.cerevisiae | a¢c edeéelUytemni ke gfadehehm 1 ihr et i m hem de
amadclull I ani1 |Bnaykotfaadrimma.s 6t i kil er ol ar ak bil i
enzi m, hor mon veya asiIS eamvsigdda ainrtet ielnme
(Mattanovich ve ark. 2012). Re k o mb i nant pr ot & bimorgaizmadt 1i rmi n c
(Porro ve ark. 2011). S. cerevisia@ ner j i sektoriunde fosil k
bi yoyakit dr et i mCevdaeedkissktl adel makbadmedi a-
yine S.cerevisia¢ dan yar ar Bani ymaktadar baska&. bir

cerevisiaé d a yeni met abol ik yol ak ol ustur uj
metabolitlerin 0reti | me ksadn, vanilyaVeaesveratbrdl 6 n c |
S.cerevisilkeda UdUretilebilen bitkisel kaynakl

(Wang ve ark. 2011, Engels ve ark. 2008).

2.2. SUC2 Geni ve invertazin Ozellikleri

S. cerevisiaee nd Wt ryiayglt n kuddhinptm ral albbndiast r i y
kul | ai®l cadvasiaeme | a s ortami nd@ cetevistatn | me knted dii

ortaminda Ureyebil mesi I ¢cin yuksek i nver:



i nvertaz enzi mi 60 yildirmzaktikl ol gaebakr
endistrisinde Kkristal sekerin inversiyol
amac! elrd isreker el de el meédet &pkiokahiddlilemalst a
eder ek i nvert seker me yld iaip as igveit i ol an vee
ci kol at al ari rniveertti dizheknizidrnrl .e siun ak¢ e vii ¢ ies d
sker konsantrasyonumi kfkreodgaiar @ mmkediltielne cdea
ortaml ar olusturul makta maklt.eaday rivertdazan| B n i
enzimi analitik alanda suk r o z konsantrasyonunun tayin

kull ani | maktadir.

Endiustriyel bi rSUB2geinin o®laamfi ndanitkwBlrl taanzm
fruktofuranoside-fructohydrolase enzimidir EC. 3. 2. 1. 26) . I nvertaz

frukt oz monos akkarsietl lUdrozurhdslémeedeo | us an ek st |

SUCgen ailesinde SUC1, SUC2, SUC3, SUC4, SU@5SUCT7genleri bulunur. SUC
genlerinin her biri f ar k1 1 kromozoml ar 1 n lertleetulonaner | er
(Carlson ve ark. 1985). SUC1kromozom 7, SUC2kromozom 9, SUC3kromozom 2,

SUC4 kromozom 13, SUC5 kromozom 4 “ U n ke tolngeer! er i nSl e bu
cerevisiaes u s | ar 1 n a SWCaednlerihdenisajecebidnma kt i f ol arak b
gor Gsltnidr g u rcl ubk derderdett 8UC2geni aktif olarak bulunurken di § 8UC

genl erinden oneml i seviyede transkripsi
1985). SUC2g e n i kromozom 9 da bul unurBuygern 1599
sistematik kodu YIL16 2 W ol ar ak belirl enmigstir.
(www.yeastgenome.org/locus/S000001424/overview, 2016).

Yapi lan c¢ali smalarda invertazdienxmiamismilng
ikifomubel i r| SO@Riggnvein invertazin her ki
oldu gu g 0 s t(€arlsonl venBogstein 1982). SUC2geni nden 5 ucl a
gostefamkRINKAI“ dan i ki farkl i1 formda“idmawnert
sinyal peptidii ¢ evedmicr e di si1inmv esratlagzi | emzainmi zsal g |

enzimi glikozillenebilirvesuk r oz un ekstrasel Gl e mMRMWNIAdmo Ini z



agreti mi gmakiozi baskKaoitBarkdl" e &ki IMRINA" n1 n is
pepti di bul unmaz ve bu mRNA~"“fdrada invgrthzi k 0 z |
enzi mi kodl anir ( CaBulsiglan mivie faogrkm dO®BBR . s e
glukozlu hemde gluk 0 z s u z ortamlarda s 0r mikinvertazol ar a
Ureme or tkami rkioms@lna rasyonundan bagi msi z
(CarlsonveBot st ei n 1982). Sitoplazmi k invertaz
Hicre disina salgilanan invertaglzeriil ef asrik

yer |l er den abyansi| aork uamac acke r ¢ eaussigsve @ailson f983y.1 as 1 r

Sal g1 lvaenratnazi n+1 pozisyonundaki ATG kodon
bul unan stop kodonu ile sonlanir. Sitopl
kodonu il e baslar ve yine 1596. konumda |

2.3. SUC2 Geninin Transkripsiyonel Kontrolii

S.cerevisiaew e di ger bircok maya tdarda cesitli |
Ancak ortamda glukoz ve fruktoz bul undu
kKul l anmay. tercih eder ve didger kaa bon
protein kodlayan genlerin transkripsiyonunu durdururlar. Bu ol aya grmakioz |

(Glucose repression) veya karbon katabolit represyonu (carbon catabolite repression)

adi verilir ( Gamlnacyeda alyr918ca  PBlati Ve &krebe o g e n
ddngusa, solunum ve peroksi zomal fonksiy
baski |l anir.

Ureme ortaminda glukoz tiuket i | Sdepiisiael e Vv
higcrgd akit oz, etanol , gliserol gi bi f ar k

alrndi girnda di ger karbon kaynalehlkodlayani n Kk |
genl erin transkri psigylourkuw z bnabglisakm .h a Bw | doil
(derepresyon) adi verilir (Ronne 1995, Ci



SUC2geninin transKkrgil pkioyzonked s kk d mtnrasshid i | e
SUC2geninin transkripsiyonu @dsgmBunat bmghd
dizenl en(Raare t195 Gancedo 1998). Bu genin transkrip:

glukozda baskilanir (Carl son ve Botstein

Gluko z baski | ama Mgh«Cyc8pduplp kampl akai SUCA gr ud
pr omot or u iWatsob\z grk. 2000). Hxk2p, Grrlp, Reglp, Glc7p ve Gerlp

nin icinderygek dIi g3uUfagfemk nhd ml éoaski | anmas:|
Ureme oritilasnelndmi Wt ar da ¢SUOQ2Kkeoirdn trénskrdipsiyond u § u n «
Hx k2p vV e Mi glp tarafi ndan b aS&J&2 genain | 1 (

promotorunda farkl i dizenl eyi ci bol gel ¢
didzenl eyi ci b-60Q¢tH&dNaerd éd3 kd8mB " e kadar u
b6l gel erde bulunmaktadir. Bu bol-§6eDedeMi
485" e kadar wuzanan Dbirinci b6l geye ayric

d e [l@nabifr (Lutfiyya ve Johnston 1996). Glukoz konsantrasyonu f azl
Mi glp nakl eus 8WC2 gpaid iumiurr tvreanskri psi yonu
konsantrasyonu d uiegrdasskr protdindola) WMiglg osforlanamk
sitopl azma$u2ggeencienri nde n t r a(Des Kitrve jplnstog on b
1999). Miglpbas ki1 | anlaudpal pSsand6t veril en i ki farkl
Ssn6p ve Tuplp“nin tek baslarina DNA"ya
spesi fik ol ar ak bagl-Tamp Irpg ak o mpBlue ks e cdheen | ke
deni |l mektedir. Korepresorl er yal ni z bas
bagl anan c¢esitli proteinlerle etkilesi me
ark. 1996, Gancedo 1998).

S. cerevisiae d a K i 6zell ikl e gl uko zikofay pnoteia kinezn e b a
olan Snflp ile kontrol edilir (Hardie 2007). Miglp kompleksinin fo s f or | ama ol
Snf 1l protein kinaz kompl eksSnf(@®nfylipk s eke
konsantrasyonunda inaktif, dis Ukbulgdr.uk oz

Disiuk gl ukoz Kk onp prateinkinaz kompleksinaktif hals gelérek



Mi glp komleksini fosforl ar .SUC2pramotorindan hal e
ayritli1p niokleustWink sek opll akaonada igeeiredSnf 1
Bu durumda Miglp SUC2g e nii promotoruna bagl kal 1 p
transkr i ps{ &ib2i2)uGadnanosskark 20a2).

DUSUK GLUKOZ UKSEK GLUKOZ

’

Sekil2.2.Du s U k ke gyl (lukksoez s i ny @&dgianoveark280R)g1 | an mas
Ureme ortami maaskint gasskorzu kdius ik ol dugun
kompleksi aktif hale gelerek Miglp kompleksinin SUC2 pr omot or undan

sitoplazmaya ge¢mesine neden ol ur. Yiukse
Bu durumda Miglp SUC2g e nii promot arpundai geaglfiakkalr | €
transkripsiyonu baski |l ar (Gagiano ve arik
SUC2geninin glukozla baski |l anmasst arciilnmirst
(Wu ve Winston 1997, Bu ve Schmidt 1S9028ehinin plRmeopr es S
bol gesdiobmde niukl eozomun yerl esti gi goster
Bunl ar dan birisi transkripsiyon basl at m:

bul undugu bol gey&il 2B)a Paetpmmaekst adar t | ar da [
mikroko ¢ ¢ a | Nkl eazdlaaraql uakeoizk tyak! uBJw nda niuk

uzakl asti dal dyiegilreiri gan O6neml 0l ciude de

10



Winston 1997). Yabanitipvesnfmut ant 1 0$. gesevigiat ui Ic me $SEC2i nd e
promotorunun kromatven gearpe tsil konuguaStdigvgrma [zd r
kompl eksinin enerj.i kull anarak kromotin
nedenden dol ay!r SB2géeswi t kampkekgsi yonunu
gereklidir (Wu ve Winston 1997). Pr omot or b 6slagle sd iz an lyeanpm
nadkl eozomlari n belirl:i bir bol geye yerle
enzimlerce diuzenlenmektedir. Bu enzim kc¢
Transferase) hi stonlara asetilh @yruplimail a

saglayabilirler.

+1
700 Skol Gerl Migl TATA ATG
- P e W N e gy

JcL__j-’qg__)’ = SUC2

Nikleozom

-

Sekil 2.3. SUC2pr omot or bol gesinde transkripsiyo
Nukl eozornileasritmm byoel gel €897). ( Wu ve Winston

SUC2geni nin glmaks®. zerehisiebt e | dul unan UUcg¢ heks
enzimlerden biri araciti |l 1 gi il e olur. Gl
Hxk2p®ye i htiyac d u yiu le ySe .cereisiaickad 0 z s €l z 1K i
proteinine veya Hxk2p“"ye gereksinim duyul

SUC2promotoruna Miglp* den baska bircok diuzenl eyici
bagl andi g1 didsinidl mektedir. Bu faktorl er
yerleri YEASTRAGT "schd@J|l anmi 34 1 r BgCitzeahgé&ri psiyo
bazil ari ni nSUprekbt ot amakbagl andi g1 cesi

gosteri |l mistir.

11



Cizelge 2.4.SUC2pr omot or unielirlbneng r amd k@i psi yon

Transkripsiyon

Baglanma Dizisi

SUC2 Geninde

Faktoriiniin Ad1 Baglanabilecegi Yer
Azflp AAAAGAAA (-468, -460)
Azflp AAGAAAAA (-466, -458)
Crzlp CCCGAG c*(-223, -217)
Fkhlp GTAAACA (-968, -961)
Fkhlp ATAAATA (-132, -125)
Fkhlp ACAAACG c*(-302, -295)
Fkh2p GTAAACA (-968, -961)
Fkh2p ATAAATA (-132, -125)
Fkh2p ACAAACG c*(-302, -295)
Gerlp CATCC (-836, -831)
Gcerlp CTTCC (-510, -505)
Gerlp CTTCC (-153, -148)
Gcerlp CCTTC c*(-202, -197)
Gislp AGGGG (-846, -841)
Gislp AGGGG (-759, -754)
Gislp GGGGA c*(-976, -971)
Haalp CAGGGG (-760, -754)
Haalp CCGGGG (-439, -433)
Haalp GGGGAC c*(-976, -970)

12
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Cizelge 2. 4. (devam)

Haalp GGGGCG c*(-499, -493)
Haclp CCAGC (-644, -639)
Hsflp TTTCTGGAAA (-377, -367)
Hsflp AAAGACCTTT c*(-377, -367)
Maclp ACTCGTTT c*(-604, -596)
Maclp ACTCGTTTAAT c*(-604, -593)
Mbplp ACGCGT (-423, -417)
Mbplp TGCGCA c*(-423, -417)
Mcmlp GGTCAAATCCT c*(-456, -445)
Mcmlp GGTCAAATCC c*(-456, -446)
Miglp GGGGCGTAAAAA c*(-499, -487)
Miglp AATTATCCGGGG (-445, -433)
Mig2p AATTATCCGGGG (-445, -433)
Mig2p GGGGCGTAAAAA c*(-499, -487)
Mig3p GGGGCGTAAAAA c*(-499, -487)
Mig3p AATTATCCGGGG (-445, -433)
Mot3p AAGGTA (-739, -733)
Mot3p AAGGTA (-315, -309)
Mot3p AGGGAA c*(-342, -336)
Mot3p TAGGTA c*(-734, -728)
Mot3p TAGGTA c*(-524, -528)
Mot3p TAGGAA (-456, -450)

13




Cizelge 2. 4. (devam)

Mot3p TAGGAT c*(-163, -158)
Msn2p CCCCT (-976, -971)
Msn2p TCCCC c*(-846, -841)
Msn2p TCCCC c*(-759, -754)
Msn4p CCCCT (-976, -971)
Msn4p TCCCC c*(-846, -841)
Msn4p TCCCC c*(-759, -754)
Nrglp CTCCC c*(-515, -510)
Nrglp CCCCT (-976, -971)
Nrglp TCCCC c*(-846, -841)
Nrglp TCCCC c*(-759, -754)
Rgtlp AATAGGC c*(-447, -436)
Rim1p TATAAATAGA (-133, -123)
Rphilp CCCCT (-976, -971)
Rphilp TCCCC c*(-846, -841)
Rphilp TCCCC c*(-759, -754)
Rtglp GTCAC (-832, -827)
Rtglp GGTAC (-313, -308)
Rtg3p GGTAC (-313, -308)
Rtg3p GTCAC (-827, -822)
Stb5p CGGAG (-948, -943)
Stb5p CGGTG (-752, -747)

14




Cizelge 2. 4. (devam)

Sth5p CGGGG (-438, -433)
Sth5p GGGGC c*(-499, -495)
Sth5p CGGGC c*(-308, -303)
Teclp CATTCT (-104, -98)
Teclp GAATTCCC (-939, -931)
Teclp ACATTCTG (-105, -97)
Teclp TCCTTACA c*(-359, -351)
Teclp TCCTTACG c*(-265, -257)
Teclp CCTTAC c*(-358, -352)
Teclp CCTTAC c*(-264, -258)
Xbplp CTCGA (-528, -523)
Xbplp AGCTC c*(-811, -806)
Xbplp AGCTC c*(-268, -263)
Yaplp TGACAAA (-242, -235)
YER130C AGGGG (-846, -841)
YER130C AGGGG (-759, -754)
YER130C GGGGA c*(-976, -971)
c*, Crick zincirindeki di zi |l i mi gostermekted

(www.yeastract.com/findregulators.php?type=pot&genes=YIL162W, 2016)

Mi glp gl ukagz! bdhas kgadlka 06 ne mi ol an.Biproteint r an

glukozla baskil anan c¢esitli-Hyes®| eriinrk op rpc
yapli sindadir (De Vit ve ar k. 1997) . Mi g
i cereenGCv box adi verilen bo6élgeye bagl anir

di zisinin 5' bol gesinde A, T bakimindan z

15



gereklidir (Gancedo 1998). Miglp memelilerdeki Spl proteinine benzer. Krox/Egr ve

Wil liamstteimdrerpgr de GC box baglanmg. prot
Gcerlp (Glycolysis regulatory protein-1)iseg | i kol i t i k enzim genl er
transkripsiyonu i¢in gerekl:@ ol an bir tr
genler de CT -ETUE€Q43s"u n(udk'l eot i d dizisi) adi Ve
1991) . Geneti k c¢ali1 smal ar Gecrlp“nin Gecr 2
(Uemura ve Jigami 1995) . SUC2dgen&in prometor ar Kk .
b6l gesl aadibgagni g geel trreurt nainst 118G 2 tramskrdpsiyonu

strekl i dir ve(deivnavnerit)a z aktivitesi uar el

konsantrasyonundan pad@einimSWUC2dr ans Brui pdsai y®G¢

ger ekl i ol dugunu gWE2 ¢ge mie kit ® d idri.z e Glce L ip¢
Mi glp“nin yani nd®19 b4l 5u)n ama gbl6&ngrelype t(am ar
SUC2 geninin baski | anmas:| I ¢ 1 NnSUCG eanimirk | i di
baski |l anmasi ndaki rolid tam ol amalbadgtank maes
transkripsiyon faktorl eri arasinda bir vy
ark. 2003).

SUC2promotoruna baglanan di §er+Herkerowe arg.r ot e

1999). Bu protein transkripsiyonel mediator olarak da bilinmekt edi r ve | 6si n
(Leucin Zipper) yaplsina sahiptir. Me d 8
etkilesim bol gesi ol arak c¢ali1rsi1r. Boyl ec
fermuar yapl!l s i ceren di ger ofdructtealirmalbdrl i
sekil de monomer SUGRymraaordatmerumnmnad abakl anabi l

olarak HXK2geni nin downstream repressiSuUg2 sequ
geninin upstream activating sequence (U
(C/A)(G/A)GAAT heptamerik motifidir (Moreno- Herrero ve ark. 1999, De la Cera ve
ar k. 200 2) . HXMdHbxge tramsponten-13;, @LK1 (Glucokinase-1) ,HXK1

(Hexokinase-1 ) genl erinin duozenl eyici bol gel e
(CIA)(G/A)(G/IA)AATdi zi sine de baglanir. De | a Cer
bol gesi ” ol arak adl amHHaATLvenHXK2 yaii lds e k  dluu kgo

16



uy ar | GLKY KXXhbve SUC2genl er i b a s kHerfer@ merank. 1999Mo r e n
De la Cera ve ark. 2002).

Repr Rgthbrv e c AMP bagi ml 1 S. pcerevisigeidr@UCR gem a z | a
ekspresyonunu kontrol eder (Gancedo ve ark. 2015). Rgtlp SUC2 geninin promotor

b6l gesine bagl anS&62 genimie ekspresyonundaa dy nbie etkiye

sahiptir. Rgtlp Mthlp ile birlikte g1 uk oz t rans p o mHXTegeringir 1 n |
baskHXATar omot or | gprsian d aamAdMBPg tbla g1 ml | proteir

aktivitesini gerektirir (Gancedo ve ark. 2015).

2.4. Zayif Asit Stresi ve Onemi

Zay!1 fni&rgasi tl er glicday avyeg | ki noylaar @& n dkgu | |
enduistri ssiindeerz an ikyriodkioynatlr ollr eememe k v eya
koku, tat Kkazandi r daky 1 d maoaigyalnda kk wlsli & 1elri
asit, s U kriik apitivé& benaoikiasit g i Bio asi t | er mi kroor g
ortamlarinda dogal ol ar ak bulunabil eceg
mi kr obilyerle uUgiudha k at kilave edibnekdgderlere r D U tlala r p M
asetik asit (pKa 4.75), sorbik asit (pKa 4.76) veya benzoik asitin (pKa 4.19) RCOOH
grubu ayhadebmbmngr ve bu dwerwemndecaednmarkiroor

0 r esmiénhibe ederler (Piper ve ark. 2001).

Sitrik asit ve sitrik dryiet iom Utnd 2u iiogrigndn ik
yiyecek ve ic¢cecek endiustrisinde yayimglin o
Ur et i mi asilgee nse ltlriikkl e t ad agneablarakt Kumélknamac
sitrik asit yiyecek ve i cecekl erdekimeyni Koolbday@ abbicé nr
Bununla birlikte sor b i k vV e benzoik asit gididadi g
bozul masi mamaéasgbkbamek odlusrtak ulkcwl | ani | makt a
ark. 2004).
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Hi j yeni k dretim ve organi k agsnmayh v &k o KUy u-c
bozulmalari yiyecek ve ic¢cecek endiustrisinde h
ol makbDadiuk. pH vd oragdnigk ad ib imayaehkisctrreelme rk
uyumg 6 st eveb u | ko siurd dymdevdraederler. Ancak bue k st rem Kk ost
sl kkla mayada boZwlymdy ao rg&deerekisiad|surrtalf e m d a
degrede edi |l meyi p hddc(Pipedvearka28i)t stresi ni

2.5. Zayif Asit Stresinin Hiicresel Etkileri ve Onemi

S. cerevisiachicr el er i f 1yzgyuonl omii Kt aorllaarradka ku stre
maruz birrakil di grnda, sadece bu stres ya
stres yarati cil di ger ajanl araabang! kdau
(crossprotection)a d 1 n 1 alirco®rsegiak | bk soku prote
besin acl 1 gl gi bi baska stresl er il e

pr omot or | aStresnRdsponse&ElerReRt) dizilimi bulunur (Estruch, 2000).

Mayahicr el er i endiidirkenyelesatbndaties et mer
Hicresel makr omol ekidl |l er ol an proteinler

sartl ari nda buy tekd uo rdaurrduan hhaiscare ddiryliirme si n

ve fermentasyonun inhibe edilmesine neden o | ur . Bu etkilerden Kk
hidcrel eri stres proteinlerinin wuyari1il mas
yaplsinin degistiril mesiredriaasafasiwyabannt

transdiksiily dgili gey ekbpt @as yonunun dubenlcersmddii
tolerans mekaniz ma |l ar 1 n a (Bhima ve Yalagi 2069 y a r

Endiust megpehsfyenda matyiaviatre il swik siut @atko k s i
gi bi cesitli stres kosuédiarohasamaryenikab
ol abil mek i1 ¢in stres yanitini teti kl eyer

bu yanit ket eveilkziol alShusaveark. 20dB.r cekl esi r

18



Diusuk dapH"zay: f o r g a nmikkobiyala stkildrihi enr i h 0 canret i |
asidifikasyonuna ve anyon b(Krelskiarknl983e ned
Salmond ve ark. 1984).

Besinlerdeki bakteriyel ve fungal U r e nier,e me ortamindaki ¢ O
konsantrasyonuyla orantila ehgebhkemisi di £
cO0zunme nokskkformopasi f dl euUhvwone geeer sve bu

sitozol ndgr octéozni nee elasi d Ban ydounrluanr 1 s iotloupsl
asidifi kasyonuna om birikiminet neden ©lerdk bifceork anseitd bio Y
yol ag Krebs$veark 1883, Pampulha ve Loureiro-Dias 1990, 2000, Holyoak ve

ark. 1996).

Hicrenin zayi1i f organik asitlere maruz ka

permeabiliteekstarziad yomluva(yidkiicsrienin zayi f
katabolize etme yetenegdgi artar ve genl e
me mbr akfipreirrmeabi | it esi d e g icslikolus(Holyoak vee d e n
ark. 1996).

Asetik asit, sitrik asit, s Uk si ni k asit, s qgbiziak|1 &asior gaai k

Onemhikaaruyucu ve guc¢cl 0 fungustati k madd
sitozolidnde birikedemdsinibdoezranel paH"  n¥Ylikselnaea
hicrede &aBoethal ydkesek turgor basinci ol v
radi kal ol usumunu et kil ey i p(Giagnattdsid getatk.i oks
2013).

Zay f organik asitler ur eme or t,éhniicmrae e
dongusiumpdarzuq!ldentf azdirgecegdeaetr. sdBnmr&algcr
U r eyedevam ederler (Piper ve ark. 1997, 1998, Holyoak ve ark. 1999). Sorbik asit ve
benzoik asit S. cerevisiaittda gl i kol i zi si i nhi be ederek
(Warth 1991, Piper ve ark. 1997) . | nhi b ifrskipkinaz redksysniinda
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ger ¢ e kKreles sve ark. 1983, Pearce ve ark. 2001). p H"n a z a-fosfoa s | 6
fruktokinazi (PFK1) inhibe ederek gli kol

S.cerevisilktda hiucre buOutinkUgukidnaaglCaywearn agn ot
aktive oldugu ve bu aktivasyonun hiucre nm
ol dugu daha Onceki arHugtrier ndad vaarrdia vegednsst der
Rgdlp (HOQG ¥alpws)ayan i ki rae/rb 0 tylon bydadk donitr | s

asit toleransini arttirir (Claret ve ark.

Asi di k kosul |l ar hicr e dzunvaasriin dwa prioslt nal a
ekspresyonunu, vakuoler H-ATPazv e HOG MAPK pr o fee(Claetvd (1 z ey |
ark 2005, Holyoak ve ark. 1996, Lawrence ve ark. 2004). S. cerevisiah i cr el er i n
zay f asit stresine tol erans sagl amak
gosteril mistir (Greetham ve ark. 2014).

Zay f organi k asit stresine wydaypbudansry o n d
sonucunda plazma membran proteini olan Pdrl2p ve 1 s | S 0 kHspROp wy &1 inli 1 r
Pdri2p S. cerevisiagienomunda ABC (ATP Binding Casette) t a S 1 y I C I genl er
tar af 1 nd@auer ke arkl 19290 Organik asit veya alkol stresiney a n 1dtl2pa P
oneml i bir (edysak we erk. 0%0,h2000).t Pdri2p toksik etkisi olan ve
hidcre membran butonlliGgalinkolbloezraen kkaBGsal zdi
tasi ylasl &ar anydnelraer ibnaag lvaen 1allkaor n vie¢ hKics mi
bulunurlar. Pdrl2p , ABC btaagsliaynintits asi d anyon ve alKk
tasir. Boyl eceasyoopVazambhka(kperovesak.2001).d G s U r |

BirATP-bagi ml 1 proton salini mHpATMPas dal aay
stresi tol eransinda Orgaekm& si thierr i Bt khilyce e
¢ 0 zmers | sonucu sitopl azmada H{ATPgzaanr axs il d i

proton ¢1 ki s1 Plaamemeabiran B PACT Paczs tzearyilt Ifi ra.si t s
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ol ur . Y a palatda #*-AJ ®#laz § m PMAILLI ganynia nekspresyonu

azaldhgcndherin zay!l fn aarigtoesit@elr Hdlyosk ey & m | |
ark. 1996).

Zay f orgaibdeike asntdmrmcecia bul unmas:] asit
metabol i k yaniti ol ust uMsn2p KHaalp,dNvaml, HotBpu met
gibi transkripsiyonf a k't g o F e vS. eellevismeda zay1 f asit str
Haal ve Haalpgenleerdilziegqmd reinre.n Tr an sgkrdiaps i
koruyucu ol arak kullanil an c¢esitl:i zay f
i ¢cin gereklidir. Ki sa zi nyoinri ku zawsn Itued uknadr as
korumayl ar HAADloekduezf geninin transkripsiyort

olur. Haalp, pl azma membr an mul TPO2ve TPO3Ut rvaen shplocrrt

duvar. gl i kopr oGPl gnel nel reirniin iHaoddiirpedsetd rasit; .
propiyoni k aisti tstvree shiuntei rdikr eans¢ i ¢i n gere
benzoi k ve oktanoi k asit i ¢ci n oO(nSeenkliil b2i.r

(Fernandes ve ark. 2005).
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HY Wt CH.COO~ Plasma

membrane

Glucose

LATP ADP + Pi N NA(é;ill;\er:}i‘tive
Glyoxylate
cycle ¥ AcetyI-CoA DNA fragmentation

/v Caspase-like activity

YCA1-independent

Wz

Vacu"lar | CcAMP——p PKA Mnochondnal
degradation \ hyperactivation  dysfunction \!CA1-dependent

of Fpsip 2 RCI
;/ \ T~ r16 ¥ ¥ cox actvty
. DNA fragmentation
’.ﬁ A " pathway Caspase-like activity
acid- [0 7
loler oo genes Rtg1l3p -|- \
RTG rget TOR }——— Rapamycin NAC-sensitive

cel\l death

Sekil 2.4. S.cerevisileda aseti k asi't S(Gianmatissio yeaark.l t me

2013)

Maya hucreleri aseti k asiti karbon kayna
veya Ady2p monokarboksil at tastyrcil ar.
asetikCo A doéndastdadral ar . Asetat t rraarfs maratnu 1w
edi |l ir. Disuk pH da glukoz wvarl i1 grnda as:s
aquaglikopor i n kanal dan fkialyayl agslter r¢idzmingsme mi g
girer. Daha notral olan sitosohbhiyki1 phaashn
olur. Sitozlazmik asidifikasyon sonucunda protonlar Pmalp nin aktivasyonunu
uyari1rlar, proton pompas.| olan plazma 2z

Aseti k asite direnc HRioagfasforilagyon veaulbik (i tvien eesdyedr
endositoz ve son olarak Fsplp nin vakuol

faktorida Haalp c¢esitli seviyel erdeki aset
yandan asetik asitin | ethal K o nrikmesirti r a S y «
uyarir, cyt ¢ (sitokrom c¢c) serbest kalir
ol ur , kaspaz benzer. aktivite o6nemli der
parcal anmas.| il e sonucta hicre Olstiesiméne n.
hicresel adaptasyonda aktive ol ur. RTG
bagl i dibagRmgl ged ekspresyonu UzeRast nde
cAMP PKA yolagirnin asir.i aktivasyonu mit

Uretimi ve apoptoza neden ol ur.
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Di ger zaylilferorggiaii ka saestdiak c¢adsziutntmee md (ss Udku r pul
antimikrobiyal etkiye sahiptir (Lambert ve Stratford 1999). pH4 . 5 da né6étr mo
Fsplp aqguagliseroporias Kahdabkzyodani | kol halyc
(Mollapour ve Piper 2007) sitoplazmada asetat ve pro
sitoplazmi k asidifikasyona neden ol ar ak
neden olurlar (Arneborg ve ark. 2000). Zayl f asphtéazrma mmgmbr a
protont as1 yr ci1 ATPaz Pmalp vyi aktive ederek
ol arak c¢co6ziunmesi sonecdl il ngapompebemink s
2.4).

Asetik asit S.cerevisiaeda kar bon veolearak i k klalyamigh 1 r
altinda toksi k et kiSamrevsiachiipr @legi il daset Bk
ortamlarda normal olarak U r e messiirndiG r G r . Bu kosull arda
formda bulunur ve ADY2t ar af 1 ndan kotdrlalnamr cetl cerk t $ iom
veya JEN1 tarafi ndan kodl anan monokark
me mb rdannti angak rasatil-Co A'a d o n 0 st U-Collydl glioksilaA yare t i |

yolaginda harcanir ya da mitokonakyide de t

edilir. GlukozS&.cerevsiechdamd | eiiyliygeémkoz bask
aseti k asiti met abolize edemezl er. Bu ne
hal e gel ir. Mayada en yaygt! n plasamanoo&rsi |

tasi yl cprloatronn it avsel y1 c1  ATPABZail |l esenien ngeé
plasma membran t as 1 y1 cs orPodirki2asi t |, benzoi k asit
karboksiltaar ofillredark| giicl 0 bir sekiddde uy.
uyar ladamar mefPhbr ani nda Pdr12p birinbmdl Wdr i
(Hatzixanthis ve ark. 2003, Piper 2011).

Mayanin aseti k asit ve propiyoni k asite
olan Haalp gereklidir (Fernandes ve ark. 2005) . Oz el | i kl e Haalp doJ
olarak, spesifik olarak, asetik asi t il e 1 ndiklyaklndaskékns0 i f ad
d U z e(Miraeverark. 2010a,b,c, 2011).
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Asetik asit iki mitojen-a kt i ve pr ot eiyni k(sMAP )o zkmansiagaliint,e

yol agi (HOG) ve Slt2p hicre duvar. biat Un
da aktive o (Fmlssa Mylonakss 2@9).ar Fms hp “hoglp b a
fosforilasyonu wubi kiatinasyon, (Molabausvet oz i
Piper 2007, Mollapour ve ark. 2009). Bu nederel edz gzudy 1bfi ra ssietk i
Fsplip“destabile edip asetik asitin hiocre
cesi tli seviyel &Pipéer2011cZhang vedaik.r2041). Asetidx dsitisges u r u r

yaniti hiper ozmotik stres yanitindan f al

Aseti k asit programlanmi s hicre ol Gmindu
K1 si1 ml ar 1 nas igtolreer znmaiyk rfo dnin\gesikmesihe stostaei vell r e me
hiucre 01 0 mu nrgStraifeeddve Anslow 11996; 1928, Piper ve ark. 2001).

Asetik asitin lethal konsantrasyonunda S. cerevisiaédd a pr ogr aml anmi s h
gercekl esir .0r EkBemaevisiaen s ¢ ryell evt dsetik &addte maruz

kal digiodal erin er olgtminl 1g(leudogioe kd aeks 2001,
Giannattasio ve ark. 2005). Asetik asit mayada fermentasyon sonucu fizyolojik olarak

ol usabil di gi gi bi 0zelli kl e girda endiuiust
koruyucu ol arak kusliltanm |meaykatdaad 1 rii c rAes ed li ki
neden ol dugu godésterilmistir. Daha oncek.i
uyar arSl.areirrelai spraced@r aml | hiacre Ol tmine (

go0st er(Mddamvegrk. 1997, 1999, Ludovico ve ark. 2001, 2003).

Yapi l an c¢ali smalarda asitin glukoz al 1 mi
enzi mini i nhi be ettigi bu dur um@Pamgudha gl 1 k
ve Loureiro-Dias 1990) . Yapi |l an pr ot aetikasitle muanreladdilerz | er e
hicr edeaerrkdeen hi dr atni1 me tgaibgd IGi zbmars1seki | de et

Glikolitik proteinler olan fosfofruktokinaz (Pfk2p) ve frukto 1,6-bifosfat aldolaz
(Fbalp) s evipredtdekarboksidazizodnaini (Pdelp) posttranslasyonel
modi f i k a s(flmedave ark§2008)r
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Mayada sorbik asit stresipveaMsadpakacpbi go
bircok genin aktivasyonuna neden ol ur. B

transkrip si yon faktoér i Wapgdalamiami pompasil eak

War 1lp ve Msn2p/ Msnd4p regiul onl ar. zay!l f a
2004).

Sitrik asitin etkilerinin ar asgnitojenaktivema s |
protein kinaz ( MA P K) yoksek ozmolarite gliserol
yanitinda go6érev aldi gl v e genirt aktivakyonuas i t S

sagl adritgiilr.@ielri k asit bul unan ortamda Ur

Ureyen hiucrelere gore daha fazla gliser
Arneborg 2007). Sor bi k asitte ol dugu gibi vakuol el
I ¢in Oneml i dir. Gl ukoz baski | amas:| I G

aminoasit biyosentezi ve plasma me mbr an Kk asitrik asiytu ma ckeaptad sy or
gereklidir.Si t r i ka absd ¢ | Spedevisiae"r dilde e mmhipeieder.

Sorbik ve sitr i k asi tte ol dda akuolag asibifikasyohive Hdglp p H*
yolunun laktik ve asetik asit direncii ¢i n o0 neml i ol dugu bilin
subletal U r edne | ey i ci k SaccharomycesacergvisideiHoglp, Slt2p ve

iki MAP kinazi i osf or i | as g dme un unid tsdil§ geif ile aktivasyonu

SSK1lve PBS2ni n var |l 1 §ISH@LvebSTElller yik & @i, | degi | di
cal i1 smal arda hicre butldmalsiéd@at MAP d ekgicni anzi

g 6 st er(Mdllapoursvé Riper 2006).

Proteomik analizler sonucundaS. camevisiael k a
hidcrelerinde amino asitlerden protein
mekani zmas| , karbonhidr at met aboli zmasi ,

dongusiu (turnover) ve hicr e @DMbneidg lesatk n G n ¢
2009).
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S.cerevisilkeda strese cevap veren bircgcok gen

promotor elementi ile kontrol edilir. Asits t r e s i de kapeasyamec &Rir
veMsndpt ranskripsiyon faktoérl eri gqtikd ewsta@i
palma k y a p IAssiintd asdtirresi ne yanitta bircok ge
Gen ekspresyonunun duzenldenmgreea S;ie kitisoieR p v e
ve ark. 2001). Msn2p ve Msn4p genel sterayryam@l tsio
ve benzoi k asit t ar arher vechrk.n1998). KPtdir virasdite d i | i
taraf 1t ndan wuyari Il masi transkrpmisnyoynail Ismas
asit stresi I ¢cin o6zghull i ken e MinZp/dprdens t r e s
b a g1 ms(Riperde ark. 1998). Transkrips i yon f akt 6r O ninlstesn War

kosull arinda duzenl elrenweiark.2003.1 ar ak tanit ml

S. cerevisiaedaki snfl protein kinaz Snfl/AMPK (AMP-a kt i ve edi | mi s pr
ail esi Gy esi olup metaboli k koomnemlider ol
sahi pt i rsadyurdiviooursteedi, &lkali pH veya oksidatif st r ese mar uz

S n f ringk&tabolik aktivasyonu ve Thr-210"un fosforlanarak aktivasyonu artar. Snfl /
AMP-aktive protein kinaz (AMPK) aillesi o0 kar yot |l ar arasinda Kk

stres yanitinda o6neml i bir rol e sahipt
met abol i zma $.cerevisigielikzSafbplpmetein kinaz metabolik kontrolde

Onemloil e sahiptir. Snfl psomeirh akbaeana [
suk r 0 z gi bi glukoza g6re daha az tercih

nonf ermente karbon kaynakl arina adaptasy

ile aktiveedi | i r . Snflp yuksek glukoz ortaminda
ortaminda aktif hal dedi r . Snfl yag asi
met aboli k enzimlerin kontroldni sagl ayar
invazi f b ibyetsmene gidluiyarrleicl édiid e e g eoll sald an
transkripsiySnubupdoazenheki naz bazi cevi

aktive edilir (Hong ve Carlson 2007). Stres lw&mizt iIsndca rg rla b ag
Thr-210 un aktif lobutaraft n d a n f @VEGartney vedahmidt 2001).
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Yaplp oksidatif stres yanit. i ¢cin ader ekl
streste Yaplp aktifhal e gel erek glutatyon ve tiyore
Yaplp 0zelli lbksi hi dtojesnn@eryani tta o6nen
faktoraduar . Yaplp stres kosull ar ol mad:i
oksidatif strese maruz kaldi ginda niklIl eu
olan genlerin transkripsi y o n u n § $e Kk a(RodriBuesve)ark. 2010).

Msn2p
ATAGTARRRRRRLD R TR RGTTTTCCCCT GTAGTARACAGE GAGATRACCETACE

GAGET CTGRAATTCCCTACRGA RGTAGCTGTARR AR TT CAGRATTCGCARCRACT

AT TTGAGTTARGT G CCTT TOCARGCT AR ACTT TERGGTTATAGEGECTT

EECETECEEEEGTCEEEEICTEGG%EEFEGEETEIEETEIGTEEEEITAEGGCA
GGAGETTTCCCAATGRACRRE “ﬂ@_ﬂ GGIGAGCT GTCGARGGTATCC
ATTTTATCATGITICGT TTGTACARGCACGACATACTALGRCATTTACCGIAT G
GEACTTGTT GTCCTAGC GTAGTICT CGCT COCCCAGCARRGCTCARRRR AGTAC
GICATTTAGRARTAGTTIT GTGAGCARATTRACCAGTOGGTATGCTRACGTITAGRARG
oA AT ATTCTICT ACCA ARG CGTGCCTT IGT T GARCTCGATCCATTATG
AGEECTTCCATTATTCCCCGCATTTTTRT TACT CTEALCAGGARTARAR AERA T

Miglp Haalp
pancccasT TTAGGE RN G GALGALAT ACGC GTAGCETTAATCC

oA GT O AGGETITT TOCATGEAGETT TCTGGARR RACT GACGAGERARTET G
ATTAT A AT CCCTTTAT GTGATGTICTARGACTT TTRARGETACGCCCGAT GTTT G
E;TE{TAECAIEETAEAGAEGTTTCTTTTCGEGGEETGCTTEAEEG&ETTTGTT
TG:EJ&EAE-‘-}_TGTT GOCT ARG GCTCTATAGTAR ACCATTTGGARGRARGATTTG
ACGACTITTTITTITIGGAT T TCGATCCTATAATCCTTCCT CCTGARRAGRRAC
ATATRE R TR TR TGTATTAT TCTT CARL AT TCTCTIGI ICTIGIGCTITITT
TTTTACCATATAT CTTACTITTITITTICTCICAGRAGRARACARGCARRACRRAR

AGCTTTICTTITCRCTARCGTAIRATG

Sekil 25. Zaysft astresinde gorev al amsuC2ged | tr
promotor bdlgesine baglanma yerl eri
(www.yeastract.com/view.php?existing=locus&orfname=YIL162W, 2016)
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2.6. HOG Sinyal Yolu ve Asit Stresi

Aktif ol arak UuUreyen maya hicrelerinde h

yuksekrtuOuimoti k yodgnanImeknbsamuaodanp!| ager |

hucre genisler, I$.uceraviige yn 1 h ui kg osotar eysa r alt tiirn
dogal ortamlarda go6rudl ebilen bir olaydir
fermentasyon ortamlar. buna 1vyi bir Or nc¢

2002, Johnston 1999). Fizyolojik olarak ozmostres, serbest su aktivitesinin ya da serbest

Ssu potansiyelinin dus e ecerevisigeenk Ini ndlies tamt
hi perozmol ariteye kar si met abol i k adapt a
2002).

Hiperozmotik streste High Osmolarity Glycerol (HOG) Mitogen-activated protein

( MAP) ki nase si nyaSl cerevisidetdiam hyloclrue uzyaarriinldial
ozmoti k sensor ol arak da adlandiril an S|
stresi al grl ayrp iki par ¢al | dald protey &imaz ak t a
sinyal iletim y ol unu akti ve )e tae@tik erganizihardakMAPK, 2 . 6
MAPKK ve MAPKKK ailelerinin bircok dyesi
il etim yollarinda yer alirlar

Ozmot i Kk stresin getkisiiilsd eiyli gii Inie dalregmal ar
met abol i zmas:i I le i1 gildi enzimler.i kodl
genlerden transkripsiyonu en iyi analiz edilen ise GPD1 genidir (Albertyn ve ark.

1994) . Hi per ozmot i k lissolbigosentesimnrGPDlgremni alt ar md a
dretilen sitopl azmi3d oSARR Weediindlrioj @lniasze re
ve bu genin transkripsiyonunun ¢oGPDI azl a
geninin ayr kcrhaas g | eikldezo ndb e e by 6 setdeirlidlingiist i r
baskadsma ve hi pe@Pblzgneontiinki ns ttrreasns kr i psi yon:

dozenlerler 19%). bertyn ve ark.
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HOG MAP kinase pathway

ghycerol
Hyper osmotic stress

recep- l1|li_(® QUBRI plasma membrane

1 “ /4 nudeus '?
wevs / '

CRE ke

. 4]
cytopiasmIc \‘ ?

function

eg Rddp phosphatases
Sekil 2.6. Hiperozmoti k stres sinyal il etim yolu
GPDlgeni ve diger genlere iletil mesi (Mager
Hi perozmot i k stres, hidcre zari ndaki S|
sitopl azmadaki MAPKKK®" Il ara aktarit !l 1r. So
ve il gili transtkkii pesderoemk ,f akz matliek | ster es €
transkripsiyonlar 1 n1 n aktive edil mesini sagl ar.

Daha s on ralardaihipergzendtik sfrasin birc ok genin i sl eyi sin
gosterilmistir (Yal e v e200B)oBugeelretr d2MmO0 1b,i rETr

st cakl i1k soku gibi di ger tdr stresle de
(Stres Response Element) adi verilen DNA
cesi tli transkripsiyonel kaoknttirvoalt 6erd evcee kr ek
dizenler (Hohmann 2002). Ayrica yaptl an
fakt orl ediineéenlneadsigli gRotue kiel miet iam k.( O20

transkripsiyon faktorida (Ornegdin SMEm1p,
Hoglp MAPK® ni n k o(Alpuzodark. 2083).t 1 ndadi r

29



SKO1geni SUC2p r o mo t o ranahilea birbpeotgin olan Skolp yi kodlar. Skolp

ozmoti k stresle wuyaritlan bircok geni bas
GRE2, ENA1 genlerinde) bag I an i1 r (0" Rourke ve ark. 2
Mager ve Siderus 2002) . Skolp baski | ama
Ssn6/ Tupl®"i yaplsina katar. Artan ozmol a
ve Skolp®"in Tuplpgkoed pdlnam iflogif2ir | amnanaisn. b

etkisinin aktive edici etkiye doénlismesir
et me mekanizmasinin 6zellikleri tamllol ar
holoenzim komp | e k s i I | e Hektg 1lpi raretsk inldeasidm ol abi
2003, (Oh Rour ke ve ark. 2002) . Skolp®“in

didzenl enenekglein|laekrtiinf soll{n®a's 1Rwau rnkeed evne acalr ukr.

Hot 1p ise Hoglp ile enhkil agéebivbednrbbir. tE
ve o0ozmoti k soka bagi m Baskiar bi os fcoarliilsarsay
sUr &RDl1ipr omot oruna bagi ml ol dugu ozmot ik
DNA UGzerinde toplandi gt bulunmustur.

Ozmotik stres boyuncaMs n2p ve Msnd4p“ye bagl genl er |
Hoglp"yi gerektirir., Bununla birlikte M
Hot 1p" i CTT1 ve HSP12 promotoruna toplar

il e olan fonksiyonrel( Ol iRokuirskieniv eg dasrtke.r n2el

MAPK HOG yol agt!i si t rlavkencaw ark. 20@). HGGIVAPKh i ay
yol agindaki genl erin delesyonu sonucunda
(Lawrence ve ark. 2004). Hicr el eri n siktarlinkasa s istoen urnamu
fosforlanarak a k t i f hal e gelir. H O Gl74yetiroaigli7én 1 n  u
nin fosfori |l aM&aRkinaz tHogk akhfinate gehrdHoglp 300 mM sitrik
asidyada04mMNaCI* e mar uz kal di g1 hak gelir {Lonseficove | a n a |
ark. 2004).
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Sitrik asit tarafindan HOG vyol aginin a k

(Lawrence ve ark. 2004). HOG y ol ag. yuksek ozmol arite
ve S. c ernawmi sy kpksadteadyonda NaCl ve sorbik asit bul unan ar e
ortamimesi ni dHixGe nyet agi ni nylakekvaszymnnlu
ort anieemelyae i zin veren gliserol Aonamasra
neden olur. GPD1 geninden kodlanan NAD-b a g 1+ ml 1 -fgsfati dsh&lrogenhz 3
enzi mi gliserol bi y os e Bitrikazite maruxzkalma G&@MDle ml i
geninin ekspresyonunu arttirrir. Sitrik a
HOG yolagil ni aktif hal e getiruranelmOG
S 0 n unglan Bbinr sitrik asit stresi boyuncah G cr e i ¢ g | (Lawrence oel ar e
ark. 2004).
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3. MATERYAL VE YONTEM

3.1. Saccharomyces cerevisiae Suslar1 ve Genetik Ozellikleri

Yapi | an t e zk uglalav8itdgsaban dpa YST159 (Asnfl), YST240
( Bogl), YST241 ( Botl), YST299 ( hsnl, YST320 (Awarl) ve YST321 (Ahaal)

susl ar Frankfurt Universitesi Swerévisiaebi y o
kol eksi yonundan t emen edl | sylalslasnidiagem 1 | d i
genotip | er i Ci zel ge S3cerdvisiae¢ STvle4d | snu st i rg.e n o mu

sekanslan mi1 s bal wp a s herhangn@ar mitagyonn ¢ er meyen yaban
susl arak .kuDil @eanr| dsiusse YiSITel 24z sqiesrui ktansus ¢
S 1 r aSNFYHGC&1 HOT1, MSN2, WARYe HAA1 genlerinin delesyonu ile elde

edil en fHrotlanmtaks kul | ant | di1 .

Ca | 1 dg amifistresinin SUC2geni transkripsiyonunaet ki | er i ni  $u@yi n e
LacZ gen fiudazyonu Kkullanit |l mi ati smalBar g®int
hazirl| asud02ge mil upr omot o abdl gesni TA¥YGbnunu
b6l gesi il e degi stiril mi sliacZ rgen ( T Uiuzl§eol Vo
cerevisiké da c¢ogal ma ve sel eksiyoWRABgd mi 2iuygre rr
(2 QWhRA3) YEp vektorda 0@®eekinldeB3ubld eunn mfalkz ya
kul | aQuC2gaem i promotor b6l gesinin transkr
didzenl enmesi icin yeterl:i ol dugu daha or
Carlson 1985).
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Cizelge3.1.Ar ast 1 r ma dSacerevisibd wlidrain ve oOzell ikl er

Euroscarf ST Lab Kodu Genotipi ve ilgili mutasyonlar

Kodu

Y00000 YST124 MAT a, his341, leu2A0, met1540, ura340.
(Haploid, Yaban tip)

Y14311 YST159 MAT a, his341; leu240; met15A0; ura3A0;
YDRA477w::kanMX4
(Dsnfl mutanti)

Y02724 YST240 MAT a, ura340; his3A1; leu240; met15A0;

YLR113w::kanMX4
(Dhogl mutant)
Y06957 YST241 MAT a, ura3A0; his3A1; leu2A0; metl5A0;

YMR172w::kanM X4
(Dhot1 mutanti)

Y007117 YST299 MAT a, his3A1; leu2A0; met15A0; ura3A0;
YMRO037c::kanM X4
(Dmsn2 mutanti)

Y06734 YST320 MAT a, his3A1; leu2A0; met15A0; ura3A0;

YMLO76¢::kanMX4
(Dwar1 mutanti)

YO07137 YST321 MAT a, his3A1; leu2A0; met15A0; ura3A0;
YPRO008w::kanM X4

(Dhaal mutanti)

33



\2 ‘7~ Ura3 promoter

Sekil 3.1: Suc2-LacZp | azmi ti nin yapl sI

3.2. Ureme Ortamu ve Ozellikleri

S.cerevisilssus!l ari1 rutin c¢calismalar ic¢in zengi
peptone) ortaminda Uretil kiayp@ogt ariak vdea
deneylerinsonu ¢l ar b6l Omignde ad ukosn dikaepkrtleksa s ar
% 2 (w/v), malsuknax b easdlkinlmeddai §is el r( eDnedo egpar rets
0.1 (w/v) glukoz eklendi. Ar ast 1 r malSacereiae f Unoc al28rCide2 5

karit stirm@l deeiiivdaek{(ka) uGretil di

Bgal aktozidaz akti vn S eesevisiaesnu s & laWrai(L. 29t | me s
YNB, 5 g/ L amoonrytuanmi sridlaf a(tu)r asi | i cer meyer
ortamid. Teiz etal lkumhdsainndan besiEg-kErder detvay

olarak verildi.
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3.3. YEp-Suc2-LacZ Plazmitinin Transformasyonu

Yaban tip ve mutant S. cerevisiassugd ard antea 0 n c e lityum rasetanpola n a n
etil en gl i koHlullaphP ESa@R-bagZtplazmiei transforme edildi (Ito ve

ark. 1983). Transf ormasyon ic¢cin 5 ml YPD ortam
°C*de muhaf az@ ceeetisiabseuns | arokhdan ekim yapi |
i nkiubatorde 140 de2o? €’ dakibka Hhezxds bwe ul
kial t US. deeekisiaes us | ar imide e 25 ml YPD ortamin
sartl arda | ogakd=08ri. K0) a kardawaritin(k @dakil Sd i

cerevisilieh icr el er i sghtdei &l jddiek it J0r 0UCE. cdarevisia€ 6 k e n
hiucreleri s U p er n aml steniltsaf sa ¢klenip dortdkslerdikten sooran r a2
tekrar santrif 0j il e 3000Gdpke naatadaksS lkada 1 ¢
cerevisilieh Ucr el er i t azeasletmlt G.01zM |Riiivsly infdaez cad
COkScerevisiabhicreleri taze hazirlanmis 1ml si
sispanse edil di. Mi kr of U] tidplerindeki

cihazinda en ylukselkr dagizdda c¢loiKkttgarevisibed s .e t

sUspansiyonundan pi pet aracilirgryla wuza
ekl enerek huiucreler ile tBUramispansyuybyicmpd:
mi ktarl 1k ki sim sterilydudrkiskrko fha jz dtat gleerriarmn
mi krosantrif 0] cihazinda c¢oktarual duokten
sonra mi kr ofSlgerevisiaepd leeli nidled& i6iygp i deniat Gnme &
herring spéeépm DINAZmBIIg6 INA S I M | ityum aset
60 pl steril saf snayinl dkiaerriegii rhidar.1 B30 °QC "a
daki ka bekletildi. Daha s©nlriak bsiu hlii@myo s
daki ka 1 s sokuna marmrwzsabtrakiojde. 88001
coOkturuldio ve transfor masyon k &rcerevisianl mi
hicrel-200 #AI00ster il saf suda siUuspaiil®e edi
Y mi ktarl 1 k ki smi uriansiinha li clerr ennitleg € &2 tsaenmit
gl ukoz) petrilerine eki | dEk 1lv & c&dvigide" d e k
transformantl ari ni n Ur edmedlenr i b 8. kckrenisiagd edti r. |

—
—
QD

nsforgnemeéemn apetnni li erSuczWKacZtra@sfodnent! lolanker a n d |
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belirl i ubiiaywlkIlgl granaile Scuretr%?2 Iglukdz petrilerine yayma
ekimiilepasaj 13@8%¢c8 ddv@un inkubemebdet.ers&agl andi

3.4. Sacharomyces cerevisiae’da p-Galaktozidaz Aktivitesinin Olgiilmesi

Bgal aktozidaz akti vi trassormant Sicerévisidea u d leanretb i 9 |
Sc-ura %2 glukoz bulunanb esi yer i nde n e k u | heaizeikr&8gasncder | i
kGl t USt abrevisias u s | dr imthz8 & ml Sc-ura %2 glukoz (repres)or t a mi n a
ekl endi ve ayni sart ppatBda O0l) o & @ d icogaritilik ed § &
fazdaki S. cerevisiaeh tcr el er i sghtoei Bujdaek i TG &0 kt Gr
cerevisilsehicreliperir nat ant lani stedil daf sk dklanip vosetstenipa

mi krosantrif 0] tidplerine aktari |l arak mik

Sipernat ant S. adravisiaelpl cqg é2R0equl bireak buffer ¢ 6 z el t i s i n

cozuHdéarel er i per me akildlMzZBS ve 20npellkloroform i n 2
eklenerek vortekslendi. Her sus i ¢in 3 deneyplainep8oplhazi i
Z buffer kondu. 1Ic¢cerisindeatZarwurnasn b2l
ekl endi . BOrselynyos uphekbnul arak 2abdalkkdado
TUp!l e ryelONR@ dilendi. Post-i t sari1 si renk alana kad
edild. Bekl|l eme siuresi sonunda reaksiyon 500
durdurul du ve c¢b6zelti a Igataktobidan aktivitesi2 0 n m
hesabi i ¢cin hiucre slUspansi yonl ametodugaa K i p

belirlendi (Lowry ve ark. 1951). Lowr y met oduhe&rulduwmsniilgirrk eh
t Upld hazi1 r | anudsterd kaf st eklgndi.eéSrt eer 1 8 0 saf Gruc ellz e |
per meabilize edi | ereklendii 245 el LowiryzZAa260 pallowryn d a n
Blve250pulLowry B2 bir beher ic¢cerisine konar .
Lowry C deney tuplerine eklenerek 10 da
agmasi nda 1l fahd (2 I8 stoktan) e k| ener ek folin hazi

sonunda t ppflodrien 1lekO eni p vorteksl endi V €
bekl endi . Bekl emé z slitriesab@omméaidsaal bel i r |
galaktozidaz aktivi t e s i hedgap laknaodizi daz aktimeli t el e

ONPG/dakika/mg protein olarak verildi.
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Derepres sartlar 1 ¢i n I|Socgravisiag ung BR@OpIS denaly a
daki ka ¢ QG&k&ncérévdigeh tcrel er i gli ke ama tsbomtr aa
steril saf su eklenip vorteksl e ndi kt en sonra tekrar sant |
cOkturul erSedilkpeynlaaadt S. aerevidiachpl c ¢ @dkue moD,1

gl ukoz or terekrdisnaaa t e kil reenme | e rgalaktozidak dkteviteldri v e

belirlendi. .

3.5. Sacharomyces cerevisiae’da Invertaz Aktivitesinin Belirlenmesi

S.cerevisms us!l arirnin hicre di s i nvertaz akt.]
sekil de belirlendi (Rothe ve)Bwhine .9 %8,
cerevisiaes U s | a (%1 yeastReXdract, %2 peptone, %2 glukoz) + 300 mM sitrik asit

ur eme o ritraem IRepddaive. derepres S. cerevisiaeh icr el er i dah

aci kl andi §1 slegderitnlikdfazdakhS zerevisiadn fi ¢ r nén 17 R8s ide
asor bans | lagaritmikifdzdakil $. detevisiadh U cr el er i sande i 4 0
daki ka c¢Cbkbk ®ncérevisigbehicrielserper nat antb5mht 1| d
sodyum asetat (pH:5.2) eklenip vorteksl endi kt en sonra t'eke ab s
daki ka dgupeéaragat antS. arevisiaeh p c e 0@ mlsodyum

aset at ekl enerek stok hmakzistamdi. s@f6 &4
sukroz c¢co6zeltisi hazir| amklkr. o Mi ko oesf@amKk r i £ d
stok hucre I izati1 nd? i ee krleeankesrieyko nv oirgtienk s2l 0
Bekl eme s iUr qdpiH:s8o,n8u nldva t5r0i s ekl ener ek r ea
aktivitesini belirl emek i ¢mnkrt aagikedildiy on s
Glukoz tayini i cin spektr of etraksida {(GOD-k y 6 n
POD) yont emi kull anit | di . -POD mlukezntayin kitiu y g u |
Udretici si f i-ir ssyppann yna )( Swd rnd iednic t d €Goldsigis \e | K O S
Lampen 1975).

Toplam invertaz (periplazmik + sitoplazmik invertaz) aktivitesinin b el i r | en me s i
hicreler YP + %mMsitrik asigg pKaBkpbiD.4) de 2 3adt Qerepres

37



edi | di . St ok h {1 tSD® ve Q00 |k |&lbrdforms eklengek R D cr el er
permeabilizeedildi., Per meabi | i z e epdmihvertaz akhvitesi belrlendir d e t

3.6. Zayif Asit Stresinin Uygulanmasi

Sitrik asit tri-pr ot 1 k asit ol dugundan 3 far kIl p k
pKa?2: 4, 74, pKa3d3k =s4Q,jdirf ar&il konsart
pKa" | auCegie mi ekspresyonuna ve invertaz ak
O0nce 3 farklIl: pH* "da 1.5 M stok sitrik as

edildi. Bu stok sitrik asi t ¢O6zel ti sinden repres ve der
asamadceerevisiak 01 t Gr |l eri ne son Kkom)s5amM (6 sy on |
pn),200mM (332 1 ),200mM (664 u) ve 300 mM (1 ml) ol aca
Sitrik asit ilave edil en maya kulturl eruretiahdiart Daha

galaktozi daz veya invertaz aktivitelerinin ta
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4. BULGULAR

4.1. Zayif Asit Stresinin Invertaz Aktivitesine EtKisi

Zay 1 f or ganiSkC2aeniiekspresydnunaevs invertaz mktivitesine etkilerini

i ncel emsk di ¢enkgydagendilat ak si ndesorlyjkay g1 n
asit, benzoik asit, asetik asit ve sitri k asitUrsenei lditaminda

konsantrasyonlarda bulunan sorbik asi t ve benzoi k asitin i nve
bir dedgi si klige neden ol ma2didger bbeulliurntdiul.d
apoptoza neden o bkadece itk asit geidevam edddi (1 Relgeat.l)a r a

Cizelge 4.1. Benzoik asit, sorbik asit ve sitrik asitin invertaz aktivitesine etkileri

1200

1000
800 -
600 -

400 -

200 | -
Ay

Repres Derepres ~ DR+Benzoat  DR+Sorbat DR+ Sitrik Asit
(1mg/ml)  (0.5mg/ml) (300 mM)

invertaz Aktivitesi

Sitrikasitt r i proti k organi k asit olup 3 farkl:
pKas3: 5.40) . Bu 3 f ar kaz aktiviedihe etkidkre Belérlentli eer i@ ni n
pKa3: 5 ertdzQKtivitesineienfvaz |l a et ki de bpKadh dddgde rmie
invertaz aktivitesinde asitsiz ofCamal gé
4.2).
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Cizelge 4.2.3fa r k | 1 sipikasitin ohvertaz aktivitesine etkisi

invertaz Aktivitesi

1200

1000

800

600

400

200

M Repres M Derepres

I1,.

Asitsiz pKalPH:3.5 pKa2 PH:4.74 pKa3 PH:5.40

Sitrik asitininverta z akt i vi t esidemneert &t kdlinendiadn gootah B “

farskiltiri k asit konsantrasyoblkair|l dedeneBe

st ok

sitrik asit ¢0O0zeltisinden Ureme ort

300 mM ol acak sekilde sitrik asit ekl endi
invertaz aktivitesinde yakIRag#d¥. Lav@ncek at

ve ar kadasl!l ar i ( 200 4) 200tmévir 3a0f Mmrved4d@0mmMsitilp 1 | a n
asitkonsantrasy onl ar 1 denenmi s mayn380imMikansantraaysnu t i n
bu c¢alkiuslmaadnar | mi st 1 r .
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Cizelge 4.3. Sitrik asitinfa r kd nis a nt r a snyedanakti@itesinaetkisi

1400 ]

1200 -

,-IIII.n\

Repres Derepres  DR+25mM  DR+50 mM DR+100 mM DR+200 mM DR+300 mM
Sitrik Asit ~ Sitrik Asit  Sitrik Asit  Sitrik Asit  Sitrik Asit

invertaz Aktivitesi
[ap] [#=]
5 8 & 8

S

0

Bu sonucgl ar dogrul t ué$ deldm40) 8300 mM diteknasity | er e
konsantrasyonunda devam edildi.

4.2. Zayif Asit Stresinde msn2, hogl, haal, warl’in invertaz Aktivitesine Etkileri

B6l om 2"de belirtildigi plloglp, éHaalp,sWartlp st r e
transkr i psygp nyabhnaigkve Dmsi2 Bhogl, Dhaal Dwarl delesyonlu
mutantlarda repres, derepres ve derepres 300 mM s i t r i k asinvertazor t an
aktiviteleri belirlendi. Sitrik asit bulunmayan ortamdader epr es sartl ar da
tidm mutant!| ar daeriimviend tagyan 1g kot uhdtie Derepr
asit s aeDdmbng bhaal, dwarlmut antl ari1 nda invertaz
bir etki Dphoglintmemkenda invertaz aktivite
go6r 0l di vDBhogtineunteayn teiryelildi ( Qebgedad)n e d
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Cizelge 4.4. msn2 hogl,haal warl' i n I nvertaz Aktivitesine

M Repress M Derepress M DR+300 mM Sitrik Asit

1000 -
900 -
800 -
700 -
600 -
500 -+

400 -

invertaz Aktivitesi

300 -

200 -

100 A

YST124 (WT)  YST240 (hog) YST299 (msn2) YST320 (warl) YS5T322 (haa1)

4.3. HOG Sinyal Iletim Yolunun invertaz Aktivitesine EtKisi

BOoIl im 2" degibibVMAIPIKr tHAQ& iygoil a g1  «kanttokeiméktedar s i t ¢
(Lawrence ve ark. 2004). Msnlp, Msn2p, Msndp, Hotlp, Skolp ve Smplp gibi

transkripsiHgbp MARKONnI er k o (Atepuzovk dik. 2008)t 1 nd a
HOG MAPKy ol agi1r ndaki genl erin delesyonu sont
go0st er iLdwrencesve iark. 2004). Bu bi |l gi | er dogrul tusur
derepres 300 mM sitrik Bhegl,tDhot§ defesdydnla r 1 n d
mutantlarda invertaz aktivitesi tayin edildi. Derepres 300 mM si tri k asi
der epr es sDhatltmutantlaa 1 ngdbar ei nvertaz aktivites
yaban tip ve Dhoglmut ant i1 nda i nvertaz aktivitesind
Repres sartlarda glukoz baski |l amasindan
hemde mutant susl anda 05 dke rotl aaizglge K4iow «itl id
Hot 1p " 3UC2e kisppag esyonuna et ki si ol madi g1 go
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Cizelge 4.5 HOG sinyal iletim yolunun invertaz aktivitesine etkisi

mYST124 (WT) ®mYST240 (hogl) = YST241 (hotl)

1400 -
1200 -
1000 -
800 -
600 -
400 -

Invertaz Aktivitesi

200 -

Repress Derepress DR+ 300 mM Sitrik
Asit PH:5.4

4.4. Zayif Asit Stresinin SUC2 Geni Transkripsiyonuna Etkisi

SUC2geninin transkripsi y o n e | kontrold glukoz baski | a
ortaminda yuUkseBUCGd asrkio zt rvamd k rgit mdiayonu b
i s | e mMighpdkempleksi, Snflpve nidkl eozoml ar gorev al
glukoz azal di giynidkas ejka gdas klmizc rbaulleurnan or t
karbon kaynag! bul unan ortama koSU€2agund

genindentransk r i p s i y @Ronne¥985pQarlsan £998).

Zay f asiStUC2geniséenien ki | er deneyler yabanl tiprvd e me k
Dsnfl,Dhogl, Dhotl mu t a n t depaes, deyeprea ve derepres 300 mM sitrik asit

ortamlari nda Rger esk ISe2ty 8 mirldggil ukoz baski |
ol dugur eipgcies SUC2dgdémirdaranskripsiyonun da
gorul duo. Derej€Cxe ng adtelnatdaniske i psi yonun
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Cizelge 4.6. Sitrik asitin SUC2geni transkripsiyonuna etkisi

M Repress M Derepress DR+ 300 mM Sitrik Asit

6000 -
5000 -
4000 -
3000 -

2000 A

B-Gal Unitesi

1000 -

0 T
YST124 (WT)  YST159 (snf1) YST24U (hog1) YST241 (hot1)

SUC2geninin derepres SWUQ2 geninden vramskrigdiyohum y 1 s 1
yapi!1 | abi ISnfip gereklidir.cBu medenle Dsnfl mut a n t Idesepres wed a
derepres 300 mM sSUCZgekni astirtans&mti lpain iyrmd al
seviyede y®dprekempaksadi00. mM sitri k Dhatd i t o]
mu t a n SUCRAgera transkripsiyonunda 4-5 k at Dhargtlt smut ant 1 nda
azali1 s gozl&UC2gieniBidesnnonu@nskr i psHoygoinbu n vy
gerekli ol dugunelgeg6).st er mekt edir

4.5. Zayif Asit Stresinin Toplam Invertaz Aktivitesine Etkisi

El de edi ldeDhog&doinsuigcnidaa yohollmot anpi1 meéaSUEA t r i k
genitranskripsiyonunu arttirrdi g, invertaz

enziminin sitoplazmik form ve hiucre dis
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v ar. 8S8krozunhi dr ol i zinde salgil anan form go6r e
aktiviteler:i salgirl anan invertaz 8UC2i mi
genit ranskripsi ygouahen dirksitrk nasidirs @pham anvertaz
aktivitesine etkisi belirlendi ( Qelge 4.7).

Cizelge 4.7. Toplami nver t az aktiimidi tesinin 0

mYST124 (WT) mYST240 (hogl) mYST241 (hotl)
1400 -
1200 -
1000 -
800 -
600 -
400 -

invertaz Aktivitesi

200 -

Derepress DR+ 300 mM Sitrik DR+ 300 mM Sitrik
Asit Asit (Toplam invertaz)

Toplam i nvert az aktivitesinin belirlenebiln
permeabilize edildi. Yaban tip ve Dhoglmu t a n t 1 n idvartaztaldiyatésinden? kat
arti1 s gbOhotlimui raknen nda 2 kat azal ma go6r al dua
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5. TARTISMA VE SONUC

I nvert az enzi mi enaoid atrmiky ek u tldpless@2gania y a g g
tarafindan kodl anmakt adi r .rafindzum v redroliziaiz en
ger cak®UH2mgeni nin transkripsiyonu glukoz
ortamirnda gl ukoz konsarmsuGaenonu agk& bk 1 |
ortamirnda yuksek konsantrasyonlarda gl ul
fakt or | er -Tuplp-8mop KehplgksipHxk2p-Med8p kompleksi ve Gcerlp
kompleksleri SUC2pr omot oruna bagl anarakskrlaaskasp
sagl amalAtya SdG2b a n i transkripsiyonunun bas
i ¢cin promotor bol gemmardien innm kd & ogemd lkalrit no |
(Bu ve Schmidt 1998, Wu ve Winston 1997).

Arastirmada hem yaban tip hem de asit st
olarak yer alan Hotlp, Msn2p, Haalp, Warlp mut ant veawglia&rar stres
yer alan protein kinazlar olan protein kinazlar olan Hoglp, Snf 1 p mut ant

kull anit |l ar ak sitrik asit (E330), .enzoli
cerevisiaé da i nver t a BSUCRdent transkirigsiyosuna atldleriwneelendi.

Sorbik asit, benzoik asit, aseti k asit, sitrik asit gi
alanda Udreme ortamlarinda dogal ol arak L
ur eyme engel |l emek amaci yldayaydgankladlkh a maldnr
Buzay | f &.scerevisiwricr el erinde asit stresi ol a

olustururl ar. Bu met abol i k MyZp,HaaiptWarlpt r an s

Hoglpgi b i transkripsiyon faktorl eri yer al i
Msn2p genel strgd®r ganatl amak birc¢cok genin
et mektedir. Mayanin asetik asit vV e pr

46



transkripsiyon f ak t(Férnarideseelrie 2005Ha a®pelgker kk &
dogrudan ya d aesifikolarak, yasetik asiotl airlaék , i msdlU k|l enen
y a k | obargki% 8 0 d (Mirevadrke2010a,b,c, 2011).

Transkripsiyon falknémisoras Waslp| aPdnila
t ani1 ml gKremwvesatki 2003). Asetik asit, benzoik asit direncin de 6 ne ml i

etkiye sahiptir.

HOG MAPK yol agil i se hiper ozmoti k stres
gliserol sentezini sagl ay1 p hidcrel erin
Hi perozmoti k stres, hucresepabrhdaki | Bk
sitopl azmadaki MAPKKK® Il ara aktarit 1l 1r. So
ve ilgili transkripsiyon faktorlerine et/

transkripsiyonl aragnlianr a(kS8dergeed02)eWddPK R@Gs i n i
yol ag! sitrdilz a@dwviencedda arke200d)i Hucr el eri n sit

mar uz kal masi1 s onuekakifhdegdHroglp f osforl anal
Arastirmada el de edil en s o nioverthzaaktivitesines or b i
Oneml i der ecede asdin ikeiinvertaz aktiwitdsingjyi a k Isai st1dRi ko | a
katet K i ettiSicereisenirt esdandart | aboratuva

BY4741 supureda sadaet & avedazoik aitr vba rkid aagsyrd k | a s |

ol arak ayni seviyede invertaz aktivitesi

Sitrik asit triprotik organik asit ol up
pKa3: 540). Bu u¢ far kil p Kian diergwee 1 tnalee fadalptidia\8i“t e
etti didpgatBel f ar k1 1 konsanireamg ool aachana i
300mMsitrik asitin en etkin konsant¥ asyo
pH:5.40 300 mM sitrik asit ile devam edildi.
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Transkri psi yohoglfreskhadl, vad mut aoft arsus!| ar | k ul
transkripsiyon faktorlse30OnimMrsiptrreisk asir
invertaz aktivitelerine etkileri belirlendi. Der epr es sartl arda y a
mut antl arda invertaz akt ierspest300imdMrsitrikdsin ayn
sart |DmsnR bhdad Dwarlmut ant |l ari1 nda i nvertaz akt
gor 0l mBhegirewmt, ant it nda invertaz aktivitesini
ve deneylere Dhoglmut ant 1 y | a Y&EASVRAGT veridabahidnida yapt i1 §
analizde SUC2 promotorund a asit stres yanit il e a
fak t 6rl erinden birisi olan Haalp"nin norr
SUC2 transkripsiyonunda y e r al hamasar deddir 0 s@mMduic o |
g 0r Ul me k(iwevdsdastract.com/findregulators.php?type=pot&genes=YIL162W,

2016). Bir transkripsiyon faktordndan i1 gili
transkripsiyon faktodordaniun i | g i rhutlaka gyeg n i n
al masi gerekmedi gini go6bsteren bir sonucgt.
HOG sinyal iletim yolunun invertaz akti v

ve Dhog1l, Dhotl delesyonlu mutantlarda repres, derepres, derepres 300 mM sitrik asit
sartlari ndai tiehwerit alzel aktliewnmdi . Repres sa
dol ayil bekl enil di gi sekilde hem yaban ti
disik ol dugu g300r0i! N . s iDterr ielpDhaglsnutt agat @l an
invertaz aktivitesinde azalma v e y @ 0 rar It myabanktie ve Dhoglmut ant 1 nd:
invertaz aktivitesinde y akl as1 k 13 kaBi raz@é gnat g@m aitl aid
Hoglp*“"nin hedef genler GOzerine etkisini
faktorida Hot Irpa“fdinrd.anHd glspf otrd anan Hot 1p he
spesifik olarak baglandi g1 dizileri tani
aktive eder (Gomar-Alba ve ark. 2015). Ho t 1 pSU@2g e n i promotor diz
bagl anma( 53GGACAAA-3' henil z YEASGRACT abani nd
a |l ma ma k(wwav.geastract.com/findregulators.php?type=pot&genes=YIL162W, 2016).

Hot 1p " nt olarakdSUCZ2ge n i promotoruna bagl andi1 (
gobsteril memi sHOG .s iBwy adu nywrddaag k nit natb@rsh o |
asit stresi ©BBWC2gem transkripsigohuaun &oktrol edilmesinde yer
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al mamas.| da sasirtici ol mamal 1 dir . Hogl
faktorl erinden birisi Skolp® dBUC2 gene bu
transkripsiyonunun aktivagpponuwrddd myset i ral
Struhl 2002). St res sar t |l ar 1 n d asforHeoedetekpaktnii vme Sektotlipd'

bunun da il gil i promotorl ara SAGA hg ston
kompl eksini tastyrp c¢cok hi1zl bir sekil d
gosteril mistie0Oq@PyofBulvbi ISdiaywdakbageast 1 r
SUC2promoturunun sitrik asite bagl. ol ar a
kromatin modifiye edici faktorl er araci|l

Proft ve Struhl (2002) tarafindan yapi1 | a
Skolp“"ye bagl I GRE2@soflavanoid réduktaz bemzeri, AHPR (Alkyl

HydroPeroxide reductase) ve HAL1 (Halotolerans 1) i nc e |lS&@2yanisgirt agitr .

st resi sartlarinda Hoglp“ye bagl ol ar ak
cal 1 smaya r &BC2gemmamingsttimranskri psi yonel
kromat i n modi fiye edici faktorlerin gere

goster Blvmsckmii dt (1998, Wu ve Winston 1997
i ncel emede Hoglp“"nin ¢ok sayirda kromatin
gor GldmeBhbgd mut ant | SWECA gedinde derepresyon tam olarak

gercekl eSmekpedim. Hoglp aktivitesiSUG2¢i n ¢
geni derepresyonu ic¢cin Snflp“nin tek ba:

ol dugunu gostermektedir.

Zay f asi$uC2gterna snieni @t ki | er i ni belirl eme
Dsnfl,Dhogl, Dhotl mut a nt temes, denepres ve derepres 300 mM sitrik asit

or t aml a-palaktozicaz alfiviteleri belirlenerek SUC2 geni nden yap
transkripsiyon seviye s i belirl endiSUC2Bepr esgl| s&aptl arack
al ti nda oSUG2ugdeun i i c¢tirnanskri psiyonun disidk
Derepres $dG2géarddemseranskripsi yMigiupn ge
kompleksinin fo s f or | a ma Snflo |peotgin nkinaz kompleksi  (Snflp)
gercekl essuClognenrit ednr derepr es SUC2ygeniaden v e
transkri psi yonursnfly gemklidir.aBu inddemle Bshfl mugtiamt 1 n d
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derepresve derepres 300 mBUXRgemii kt man g krsiap g il
disuk seviyede yapil maktadir. Derepres 3
Dhotlmu t a n $UC2gehitranskripsiyonunda4-5 k at,Dhaocgl smut ant 1 nd
kat azal i1 s g &ud02gemnden transkBpsiyormuoynaupgt | a b iHoghe s i [
in ger ekl i ol dugunuDaghbast énme ki e dgna$UC2 mal a
transkripsiyonu i c¢in gScerevikidei nion dluggm Igalsd
susu (BY4741) hem de endistri ylen)ozmotiks | ar |
stresin et kil eri I ncel SUCRIgegittranskripsiydhank a t 0
etkilerinin incelendigi cali smada Hoglp*®
Tur kel v e TDareprgsusta r 2 0 @& 2 nih.aSInlp, rSHolb v e y a rudaho §

Ho g Yi@kKtif hale getirip Skolp bast ac¢ edinmalki dtzreareskr i p¢
yar diI dCagleami i aktif hale.getirdigi diosuin

S. cerevisiak da I nv e mik alanda, psicoplaznmdaabsu | unabi | di §i
endoplazmik retikulum ve golgi organellerinde debul unmakt adi r .er EI de
periplazmik alanda bulunansuk r o z un h i d r dah aktdf inverthzeaktigtésinie v a
gostermelsi ¢edilk asi't bul unan or tSiGRdemi y ab a
t ranskr i pmveriazoenzim alkdivitdsimirpazalma s 1 iyleetaplerminvertaz

aktivitesi belirlendi. Yaban tip ve Dhogmut ant i ndavéopaamakti vit

gorul duo. Bu s3UC2gcedha stiatrraifk nasaint isment ez | e
sekresyonunu veya sent ezl enen enzimin aktif hal e
enzimin endoplazmik retikulum ve ©@owli gi 0
mut ant 1 nda invedae aktiviespmde aamlma goral du. Bu S0

periplasmik alanda, sitoplazmada, endopl azmi k reti kul um ve

enzi mi nivni yfealrekrldie sbeul un ma sdiinsdianni | doel kat yerd i gr 6.

50



KAYNAKLAR

Albertyn, J., Hohmann, S., Thevelein, J.M., Prior, B.A. 1994. GPD1, which encodes
glycerol-3-phosphate dehydrogenase, is essential for growth under osmotic stress in
Saccharomyces cerevisjaend its expression is regulated by the high-osmolarity
glycerol response pathway. Mol. Cel Biol, 14(6): 4135-4144.

Alepuz, P.M., De Nadal, E., Zampeter, M., Ammerer, G., Posas, F. 2003.
Osmostress-induced transcription by Hotl depends on a Hogl-mediated recruitment of
the RNA pol 1I. EMBO J, 22(10): 2433-2442.

Almeida, B., Ohlmeier, S., Almeida, A.J., Madeo, F., Ledo C., Rodrigues, F.,
Ludovico, P. 2009. Yeast protein expression profile during acetic acid-induced
apoptosis indicates casual involvement of the TOR pathway. Proteomics9(3): 720-732.

Arneborg, N., Jespersen,L., Jakobsen, M. 2000. | ndi v i d u Sdcchacomycéss o f
cerevisiaeand Zygosaccharomyces baikixhibit different short-term intracellular pH
responses to acetic acid. Arch. Microbiol, 174(1-2): 125-128.

Baker, H. 1991. GCR1of Saccharomyces cerevisiaecodes a DNA binding protein
whose binding is abolished by mutations in the CTTCC sequence motif. Proc. Natl.
Acad. Sci. USA88: 9443-9447.

Bauer, B.E., Wolfger, H., Kuchler, K. 1999. Inventory and function of yeast ABC
proteins: about sex, stress, pleiotropic drug and heavy metal resistance. Biochim.
Biophys. Acta.1461(2): 217-236.

Bu, Y., Schmidt, M.C. 1998. Identification of cis-acting elements in the SUC2
promoter of Saccharomyces cerevisiaguired for activation of transcription. Nucleic
Acids Res 26: 1002-1009.

Carlson, M., Boststein, D. 1982. Two differentially regulated mRNAs with different 5'
ends encode secreted and intracellular forms of yeast invertase. Cell, 28: 145-154.

Carlson, M., Taussig, R., Kustu, S., Botstein, D. 1983. The secreted form of invertase
in Saccharomyces cerevisigesynthesized from mRNA encoding a signal sequence.
Mol. Cel. Biol, 3: 439-447.

Carlson, M., Celenza, J.L., Eng, F.J. 1985. Evolution of the dispersed SUC gene
family of Saccharomyces by rearrangements of chromosome telomeres. Mol. Cel. Biol,
5: 2894-2902.

Carlson, M. 1998. Regulation of glucose utilization in yeast. Curr. Opin. Genet. and
Dey, 8: 560-564.

Cherry, J.M., Hong, E.L., Amundsen,C., Balakrishman, R., Binkley, G., Chan,
E.T., Christie, K.R., Costanzo, M.C., Dwight, S.S., Engel, S.R., Fisk, D.G,,
Hirschman, J.E., Hitz, B.C., Karra, K., Krieger, C.J., Miyasato, S.R., Nash, R.S.,
Park, J., Skrzypek, M.S., Simison,M., Weng, S., Wong, E.D. 2012. Saccharomyces
genome database: the genomiks resource of budding yeast. Nucleic Acids Res40: 700-
705.

51



Claret, S., Gatti, X., Doignon, F., Thoraval, D., Crouzet, M. 2005. The Rgd1p Rho
GTP-ase-activating protein and the Mid2p cell wall sensor are required at low pH for
protein kinase C pathway activation and cell survival in Saccharomyces cerevisiae
Eukaryot Cell, 4(8): 1375-1386.

De La Cera, T., Herrero, P., Moreno-Herrero F., Chaves, R.S., Moreno, F. 2002.
Mediator factor Med8p interacts with the hexokinase 2: Implication in the glucose
signalling pathway of Saccharomyces cerevisiak Mol. Biol, 319: 703714.

de Nobel, H., Lawrie, L., Brul, S., Kils, F., Davis, M., Alloush, H., Coote, P. 2001.
Parallel and comparative analysis of the proteome and transcriptiome of sorbic acid-
stressed Saccharomyces cerevisiaéeast 18(15): 1413-1428.

De Vit, M.J., Wadle, J.A., Johnston, M. 1997. Regulated nuclear translocation of
Migl glucose repressor. Mol. Biol. Cell, 8: 1603-1618.

De Vit, M.J., Johnston, M. 1999. The nuclear exportin Msn5 is required for nuclear
export of the Migl glucose repressor of Saccharomyces cerevisiaeurr. Biol., 9: 1231-
1241.

Duina, A.A., Miller, M.E., Keeney, J.B. 2014. Budding yeast for budding geneticists:
a primer on the Saccharomyces cerevisiamdel system. Genetics197(1): 33-48.

Dymond, J.V., Richardson, S.M., Coombes, C.E., Babatz, T., Muller, H.,,
Annaluru, N., Blake, W.J., Schwerzmann, J.W., Dai, J., Lindstrom, D.L., Booke,
A.C., Gottschling, D.E., Chandrasegaran, S., Bader, J.S., Booke, J.D. 2011.
Synthetic chromosome arms function in yeast and generate phenotypic diversity by
design. Nature 477(7365): 471-476.

Edmondson, D.G, Smith, M.M., Roth, S.Y. 1996. Repression domain of the yeast
global repressor Tupl interacts directly with histones H3 and H4. Genes and Dey10:
1247-1259.

Engels, B., Dahm, P., Jennewein, S. 2008. Metabolic engineering of taxadiene
biosynthesis in yeast as a first step towards Taxol (Paclitaxel) production. Metabolic
Engineering 10: 201-206.

Erasmus, D. J., Van Der Merwe, G. K., J van Vuuren, H.J. 2003. Genomewide
expression analyses: Metabolic adaptation of Saccharomyces cerevisiae high sugar
stress. FEMS Yeast Res3(4): 375-395.

Estruch, F. 2000. Stress-controlled transcription factors, stress-induced genes and
stress tolerance in budding yeast. FEMS Microbiol Rev.24(4): 469-486.

Fernandes, A.R., Mira, N.P., Vargas, R.C., Canelhas, 1., Sa-Correial, 1. 2005.
Saccharomyces cerevisiadaptation to weak acids involves the transcription factor
Haalp and Haalp-regulated genes. Biochem. Biophys. Res. Commu37: 95-103.

Fuchs, B.B., Mylonakis, E. 2009. Our paths might cross: the role of the fungal cell
wall integrity pathway in stress response and cross talk with other stress response
pathways. Eukaryot Cell, 8(11): 1616-1625.

52



Gagiano, M., Bauer, F.F., Pretorius, 1.S. 2002. The sensing of nutritional status and
the relationship to filamentous growth in Saccharomyces cerevisideEMS Yeast Res.
2: 433-470.

Gancedo, J.M. 1998. Yeast carbon catabolite repression. Microbiol. Mol. Biol. Rey,
62: 334- 361.

Gancedo, J.M., Flores, C.L., Gancedo., C. 2015. The repressor Rgtl and the CAMP-
dependent protein kinases control the expression of the SUC2gene in Saccharomyces
cerevisiaeBiochim. BiophyActa, 1850: 1362-1367.

Gasch, A.P., Werner-Washburne, M. 2002. The genomics of yeast responses to
environmental stress and starvation. Funct. Integr.Genomics2(4-5): 181-192.

Giannattasio, S.,Guaragnella, N.,Corte-Real, M.,Passarella, S., Marra, E. 2005.
Acid stress adaptation protects Saccharomyces cerevisideom acetic acid-induced
programmed cell death. Gene 354: 93-98.

Giannattasio, S., Guaragnella, N., Zdralevic, M., Marra, E. 2013. Molecular
mechanisms of Saccharomyces cerevisisteess adaptation and programmed cell death
in response to acetic acid. Front. Microbiol,, 4: 1-7.

Goffeau, A., Barrel, B.G., Bussey, H., Dawis, R.W., Feldman, H., Galibert, F.,
Hoheisel, J.D., Jacq, C., Johnston,M., Louis, E.J., Mewes, H.W., Murakami, Y.,
Philippsen, P., Tettelin, H., Oliver, S.G. 1996. Life with 6000 genes. Science 274:
546-567.

Goldstein, A., Lampen, J.O. 1975. 3-D-Fructofuranoside Fructohydrolase from yeast.
MethodsEnzymal, 42: 504-511

Gomar-Alba M., Amaral, C.,Artacho, A., D’Auria, G., Pimentel, C., Rodrigues-
Pousada, C., li del Olmo, M., 2015. The C-terminal region of the Hotl transcription
factor binds GGGACAAA-related sequences in the promoter of its target genes.
Biochim. Biophys. Actal849 (12): 1385-1397.

Gorner, W., Durchschlag, E., Martinez-Pastor, M.T., Estruch, F., Ammerer, G.,
Hamilton, B., Ruis, H., Schiiller, C. 1998. Nuclear localization of the C2H2 zinc
finger protein Msn2p is regulated by stress and protein kinase A activity. Genes Dey.
12(4): 586-597.

Greetham, D., Takagi, H., Phister, T.P. 2014. Presence of proline has a protective
effect on weak acid stressed Sacharomyces cerevisiaéntonie van LeeuwenhqddQ5:
641-652.

Guthrie, C., Fink, G.R. 1991. Guide to yeast genetics and molecular biology. Methods
Enzymol. 194: 1-932.

Hardie, D.G. 2007. AMP-activated/Snfl protein kinases: conserved guardians of
cellular energy. Nat. Rev. Mol. Cell Bio|8: 774-785.

Hatzixanthis, K., Mollapour, M., Seymour, 1., Bauer, B.E., Krapf, G., Schiiller, C.,
Kuchler, K., Piper, P.W. 2003. Moderately lipophilic carboxylate compounds are the

53


http://www.ncbi.nlm.nih.gov/pubmed/?term=Giannattasio%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15894436
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guaragnella%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15894436
http://www.ncbi.nlm.nih.gov/pubmed/?term=Corte-Real%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15894436
http://www.ncbi.nlm.nih.gov/pubmed/?term=Passarella%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15894436
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marra%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15894436

selective inducers of the Saccharomyces pevisiae Pdri2p ATP-binding cassette
transporter. Yeast 20 (7): 575-585.

Herrero, P., Martinez-Campa, C., Moreno, F. 1998. The hexokinase 2 protein
participates in regulatory DNA-protein complexes necessary for glucose repression of
the SUC2gene in Sacclaromyces cerevisia€EBS Lett.434: 71-76.

Hohmann, S. 2002. Osmotic stress signalling and osmoadaptation in yeasts. Microbiol.
Mol. Biol. Rev,. 66(2): 300-372.

Holyoak, C.D., Stratford, M., Mcmullin, Z., Cole, M.B., Crimmins, K., Brown, A.J,
Coote, P.J. 1996. Activity of the plasma membrane H(+)-ATPase and optimal
glycolytic flux are required for rapid adaptation and growth of Saccharomyces
cerevisiaein the presence of the weak-acid preservative sorbic acid. Appl. Environ.
Microbiol., 62(9): 3158-3164.

Holyoak, C.D., Bracey, D., Piper, P.W., Kuchler, K., Coote, P.J. 1999. The
Saccharomyces cerevisia&eak-acid-inducible ABC transporter Pdrl2 transports
fluorescein and preservative anions from the cytosol by an energy-dependent
mechanism. J. Bacterio] 181(15): 4644-4652.

Holyoak, C.D., Thompson, S., Ortiz Calderon C., Hatzixanthis, K., Bauer, B.,
Kuchler, K., Piper, P.W., Coote, P.J. 2000. Loss of Cmkl Ca(2+)-calmodulin-
dependent protein kinase in yeast resaults in constituve weak organic acid resistance,
associated with a post-transcriptional activation of the Pdrl2 ATP-binding casette
transporter. Mol. Microbiol., 37(3): 595-605.

Hong, S.P., Carlson, M. 2007. Regulation of Snfl protein kinase in response to
environmental stress. J. Biol. Chem.282(23): 16838-16845.

Ito, H., Fukuda, Y., Murata,K., Kimura, A. 1983. Transformation of intact yeast cells
treated with alkali cations. J. Baderiol., 153(1): 163-168.

Johnston, M. 1999. Feasting, fasting and fermenting. Glucose sensing in yeast and
other cells. Trends Genetl5(1): 29-33.

Krebs, H.A., Wiggins, D., Stubbs, M., Sols, A., Bedoya, F. 1983. Studies on the
mechanism of the antifungal action of benzoate. Biochem. J.214(3): 657-663.

Kren, A., Mamnun, Y.M., Bauer, B.E., Schiiller, C., Wolfger, H., Hatzixanthis, K.,
Mollapour, M. 2003. Warlp, a novel transcription factor controlling weak acid stress
response in yeast. Mol. Cell Biol., 23: 1775-1785.

Lambert, R.J., Stratford, M. 1999. Weak-acid preservatives: modelling microbial
inhibition and response. J. Appl. Microbiol, 86(1): 157-164.

Lawrence, C.L., Botting, C.H., Antrobus, R., Coote, P.J. 2004. Evidence of a new
role for the high-osmolarity glycerol mitogen-activated protein kinase pathway in yeast:
regulating adaptation to citric acid stress. Mol. Cell. Bial., 24(8): 3307-3323.

Lowry, O.H., Rosebrough, N.J., Farrand, A.L., Randall, R.J. 1951. Protein
measurement with the folin phenol reagent. J. Biol. Chem, 193: 265-275

54



Ludovico, P., Sosuso, M.S., Silva, M.T., Leao, C., Corte-Real, M. 2001.
Sactaromyces cerevisia@mmits to a programmed cell death process in response to
acetic acid. Microbiolgy, 147: 2409-2415.

Ludovico, P., Sansonetty, F., Silva, M.T., Corte-Real, M. 2003. Acetic acid induces a
programmed cell death process in the food spoilage yeast Zygosaccharomyces bailii.
FEMS yeast Res3(1): 91-96.

Lutfiyya, L.L., Johnston, M. 1996. Two Zinc-Finger-Containing repressors are
responsible for glucose repression of SUC2expression. Mol Cell. Biol, 16: 4790-4797.

Madeo, F., Frohlich, E., Frohlich, K.U. 1997. A yeast mutant showing diagnostic
markers of early and late apoptosis. J. Cell Biol, 139(3): 757-767.

Madeo, F., Frohlich, E., Ligr, M., Grey, M., Sigrist, S.J., Wolf, D.H., Froclich, K.U.

1999.0xygen stress: a yeastglidelbBiohM5(4p 157-@p opt oS i

Madigan, M.T., Mertingo, J.M. 2010.Br ock Mi kroorgani zI|l ar 1 n

Dr. Cumhur Co6kmius, Pal me Yayincit |l k,

Mager, W.H., Siderius, M. 2002. Novel insights into the osmotic stress response of
yeast. FEMS Yeast Re<: 251-257.

Mattanovich, D., Branduardi, P., Dato, L., Sauer, M, Porro, D. 2012. Recombinant
protein production in yeast. Methods Mol. Biol.824: 329-358.

McCartney, R.R., Schmidt, M.C. 2001. Regulation of Snflp kinase. Activation
requires phosphorylation of threonine 210 by an upstream kinase as well as a distinct
step mediated by the Snf4 subunit. J. Biol. Chem.276: 36460-36466.

Mewes, H.W., Alberman, K., Bihr, M., Frishman, D., Gleissner, A., Hani, J.,
Heumann, K., Kleine, K., Maierl, A., Oliver, S.G., Pfeiffer, F., Zollner, A. 1997.
Overview of the yeast genome. Nature,387: 7-65.

Mira, N.P, Palma, M., Guerreiro, J.F., Sa-Correia, |. 2010a. Genome-wide
identification of Saccharomyces cerevisigenes required for tolerance to acetic acid.
Microb. Cell Fact, 9: 1-13.

Mira, N.P., Becker, J.D., Sa-Correia, I. 2010b. Genomic expression program
involving the Haalp-regulon in Saccharomyces cerevisiagsponse to acetic acid.
OMICS 14(5): 587-601.

Mira, N.P, Teixeira, M.C., Sa-Correia, . 2010c. Adaptive response and tolerance to
weak acids in Saccharomyces cerevisiaegenome wide view. OMICS 14(5): 525-540.

Mira, N..P., Henriques, S.F., Keller, G., Teixeira, M.C., Matos, R.G., Arraiano,
C.M., Winge, D.RC, Sa-Correia, I. 2011. Identification of a DNA-binding site for the
transcription factor Haal, required for Saccharomyces cerevisieasponse to acetic acid
stress. Nucleic Acids Res39(16): 6896-6907.

Mollapour, M., Piper, P.W. 2006. Hoglp mitogen-activated protein kinase determines
acetic acid resistance in Saccharomyces cerevisid&EMS Yeast Re$(8): 1274-1280.

55

AnKk;



Mollapour, M., Piper, P.W. 2007. Hogl mitogen-activatedprotein kinase
phosphorylation targets the yeast Fpsl aquaglyceroporin for endocytosis, thereby
rendering cells resistant to acetic acid. Mol. Cell. Biol, 27(18): 6446-6456.

Mollapour, M., Shepherd, A., Piper, P.W. 2009. Presence of the Fpslp
aquaglyceroporin channel is essential for Hoglp activation, but suppresses Slt2
(Mpk1)p activation, with acetic acid stress of yeast. Microbiology, 155: 3304-3311.

Moreno-Herrero, F., Herrero, P., Colchero, J., Baro, A.M., Moreno, F. 1999.
Analysis by atomic force microscopy of Med8 binding to cis-acting regulatory elements
of the SUC2and HXK2 genes of Saccharomyces cerevasl FEBS Lett.459: 427-432.

Nielsen, M.K., Arneborg, N. 2007. The effect of citric acid and pH on growth and
metabolism of anaerobic Saccharomyces cerevisiamd Zygosaccharomyces bailii
cultures. Food Microbiol, 24: 101-105.

Olson, M.V. 1991. Genome structure and organization in Saccharomyces cerevisiae
The molecular biology of the yeast Saccharomyces genome dynamics, protein synthesis
and energetics, Ed: Pringle, J.R., Broach, J.R., Jones, E.W., pp: 1-39.

O'Rourke, S.M., Herskowitz, 1., O'Shea, E.K. 2002. Yeast go the whole HOG for the
hyperosmotic response. Trends Genet18(8): 405-412.

Pampulha, M.E., Loureiro- Dias, M.C. 1990. Activity of glycolytic enzymes of
Saccharomyces cerevisiaethe presence of acetic acid. Appl. Microbiol. Biotecnol,
34: 375-380.

Pampulha, M.E., Loureiro- Dias, M.C. 2000. Energetics of the effect of acetic acid
on growth of Saccharomyces cerevisid&EMS Microbiol. Lett.184(1): 69-72.

Pearce, A.K., Crimmins, K., Groussac, E., Hewlins, M.J., Dickinson, J.R.,
Francois, J., Booth, I.R., Brown, A.J. 2001. Pyruvate kinase (Pyk1) levels influence
both the rate and direction of carbon flux in yeast under fermentative conditions.
Microbiology, 147: 391-401.

Piper, P.W, Ortiz-Calderon, C., Holyoak, C., Coote, P., Cole, M. 1997. Hsp30, the

integral plasma membrane heat shock protein in Saccharomyces cerevisjde a stress-

i nduci bl e regial at 6r -AdPhse. @ell Stesa &hapesoneB():ane F
12-24.

Piper, P.W, Mahé, Y., Thompson, S., Pandjaitan, R., Holyoak, C., Egner, R.,
Miihlbaver, M., Coote, P., Kuchler, K. 1998. The Pdr12 ABC transporter is required
for the development of weak organic acid resistance in yeast. EMBO J, 17(15): 4257-
4265.

Piper, P.W, Calderon, C.O., Hatzixanthis, K., Mollapour, M. 2001. Weak acid
adaptation: the stress response that confers yeast with resistance to organic acid food
preservatives. Microbiology, 147: 2635-2642.

Piper, P.W. 2011. Resistance of yeast to weak organic acid food preservatives. Adv.
Appl. Microbiol, 77: 97-113.

56



Porro, D., Gasser, B., Fossati, T., Maurer, M., Branduardi, P., Sauer, M.,
Mattanovich, D. 2011. Production of recombinant proteins and metabolites in yeasts:
when are these systems better than bacterial production systems?. Appl. Microbiol.
Biotechnol, 89: 939-948.

Proft, M., Struhl, K. 2002. Hogl Kinase Converts the Skol-Cyc8-Tupl Repressor
Complex into an Activator that Recruits SAGA and SWI/SNF in Response to Osmotic
Stress. Mol. Cell, 9: 1307-1317.

Rodrigues- Pousada, C., Menezes, R.A., Pimental, C. 2010. The Yap family and its
role in stress response. Yeast, 27(5): 245-258.

Rolland, F., Winderickx, J., Thevelein, J.M. 2001. Glucose-sensing mechanisms in
eukaryotic cells. Trens Biochem. S¢i26: 310-317.

Ronne, H. 1995. Glucose repression in fungi. Trends Geat, 11: 12-17.

Rothe, C., Lehle, L. 1998. Sorting of invertase signal peptide mutants in yeast
dependent and independent on the signal-recognition particle. Eur. J. Biochem.252:
16-24.

Rudolf, A., Karhumaa, K., Hagerdal. H.G. 2009. Ethanol Production from
Traditional and Emerging Raw Materials. In: Satyanarayana T & Kunze G editors. In:
Yeast Biotechnology: Diversity & Application, Springer, pp: 489-515.

Salmond, C.V., Kroll, R.G., Booth, I.R. 1984. The effect of food preservatives on pH
homeostasis in Escherichiacoli. J. Gen. Microbiol, 130(11): 2845-2850.

Sarokin, L., Carlson, M. 1985. Upstream region of the SUC2gene confers regulated
expression to a heterologous gene in Saccharomyces cerevisiailol. Cell. Biol, 5:
2521-2526.

Schiiller, C., Mamnun, Y., Mollapour, M., Kraph, G., Schuster, M., Bauer, B.,
Piper, P.W, Kuchler, K. 2004. Global phenotypic analysis and transcriptional profiling
defines the weak acid stress response regulon in Sacharomyces cerevisia&lol. Biol.
Cell, 15: 706-720.

Shima, J., Takagi, H. 2009. Stress-t ol er a n c e -yeastf (Sadsharbreyce$ s
cerevisiag cells: stress molecules and genes involved in stress tolerance. Biotechnol.
Appl. Biochem .53: 155-164.

Sousa, M.J., Ludovico, P., Rodrigues, F., Ledo C., Corte-Real, M. 2012. Stress and
cell death in yeast induced by aceric acid: Cell metabolism- cell homeostasis and stress
response, Ed: Bubulya, P., Intech, pp: 73-100.

Stratford, M., Anslow, P.A. 1996. Comparison of the inhibitory action of
Sacchoromyces cerevisia¢ weak-acid preservatives, uncouplers, and medium-chain
fatty acids. FEMS Microbial Lett. 142(1): 53-58.

Stratford, M., Anslow, P.A. 1998. Evidence that sorbic acid does not inhibit yeast as
aclassic 'weak acid preservative'. Lett. Appl. Microbiol, 27(4): 203-206.

57



Taussig, R., Carlson, M. 1983. Nucleotide sequence of the yeast SUC2 gene for
invertase. Nucleic Acids Resl1(6): 1943-1954.

Tiirkel, S. 2000. Effects of various physiological stresses on transcription of the SUC2
gene in the yeast Saccharomyces oevisiae Turk. J. Biol, 24: 233-240.

Tiirkel, S., Turgut, T. 2002. Analysis of the effects of hyperosmotic stress on the
derepression of invertase activities and the growth of different baker's yeast strains.
Turk. J. Biol, 26: 155-161.

Tiirkel, S., Turgut, T., Lopez, M., Uemura, H., Baker, H.V. 2003. Mutations in
GCR1 affect SUC2 gene expression in Saccharomyces cerevisiadlol. Genet.
Genomics 268: 825-831.

Uemura, H., Jigami, Y. 1995. Mutations in GCR1 a transcriptional activator of
Saccharomyces cersiae glycolytic genes, function as suppressors of gcr2 mutations.
Genetics139, 511-521.

Wang Y., Chen S., Yu O. 2011. Metabolic engineering of flavonoids in plants and
microorganisms. Appl. Microbiol. Biotechno).91: 949-956.

Warth, A.D. 1991. Mechanism of action of benzoic acid on Zygosaccharomyces bailii:
effects on glycolytic metabolite levels, energy production and intracellular pH. Appl.
Environ. Microbiol, 57(12): 3410-3414.

Watson A.D., Edmondson, D.G., Bone, J.R., Mukai, Y., Yu, Y., Du, W., Stillman,
D.J., Roth, S.Y. 2000. Ssn6-Tupl interacts with class | histone deacetylases required
for repression. Genes and Deyl4: 2737-2744.

Winzeler, E.A, Shoemaker, D.D., Astromoff, A., Liang, H., Anderson, K., Andre,
B., Bangham, R., Betino, R., Booke, J.D., Bussey, H., Chu, A.M., Connelly, C.,
Dawis, K., Dietrich, F., Dow, S.W., El Bakkoury, M., Foury, F., Friend, S.H.,,
Gentalen, E., Giaever, G., Hegemann, J.H., Jones, T., Loub, M., Liao, H.,
Liebudguth, N., Lockhart, D.J., Lucau-Danila, A., Lussier, M., M' Rabert, N.,
Mennard, P., Mittmann, M., Pai, C., Rebischung, C., Revuelta, J.L., Riles, L.,
Roberts, C.J., Ross-Macdonald, P., Scherens, B., Synder, M., Sookhi-Mahadeo, S.,
Storms, R.K., Véronneau, S., Voet, M., Volckaert, G., Ward, T.R., Wysocki R.,
Yen, G.S,, Yu, K., Zimmermann, K., Philippsen, P., Johnston, M., Dawis, R.W.
1999. Functional characterization of the Saccharomyces cerevisigenome by gene
deletion and parallel analysis. Science285: 901-906.

Wu, L., Winston, F. 1997. Evidence that Snf-Swi controls chromatin structure over
both the TATA and UAS regions of the SUC2promoter in Saccharomyces cerevisiae
Nucleic Acids Res25(21): 4230-4234.

Wu, J., Trumbly, R.J. 1998. Multiple regulatory proteins mediate repression and
activation by interaction with the yeast Migl binding site. Yeast14: 985-1000.

Yale, J., Bonhert, H.J. 2001. Transcript expression in Saccharomyces cerevisiae
high salinity. J. Biol. Chem.276: 15996-16007.

58



Zhang, J.G., Liu, X.Y., He, X.P., Guo, X.N., Lu, Y., Zhang, B.R. 2011. Improvement
of acetic acid tolerance and fermentation performance of Saccharomyces cerevisiag
disruption of the FPS1aquaglyceroporin gene. Biotecnol. Lett.33(2): 277-284.

Web Ortamindan Elde Edilen Kaynaklar

http//:www.yeastgenome.org/locus/S000001424/overview-(10.07.2016)

http//:www.yeastract.com/findregulators.php?type=pot&genes=YI1L162W-(10.07.2016).
http//:www.yeastract.com/view.php?existing=locus&orfname=YIL162W-(10.07.2016).

59



EKLER

EK 1: Besiyeri ve ¢ozeltilerin hazirlanmasi

1:YPD (Yeast Ekstrakt, Pepton, Dekstroz)

YPD besiyeri S. cerevisiad ¢t a m, s ec¢idlcrie neel noarytdaumli | .aonl 1alrde
YPD besi yeri Yeazstrlekwmak aik¢i:n10 g/ L, Pept
cozuldiu veée2bt 65k ddavkliaka st er il edi | di . Y PI
S1 Vi besgiipémicmék 2@kektlendgar Uagme ort ami
kaynagkudll amak an glukoz %20"1i k stok ¢o6z
dakika otoklavda steril edi | di . Kul l ani mdan hemen onc
konsantrasyonu %2dld.l acak sekilde il ave

2: Sentetik tam-urasil iireme ortanm (Sc-Ura)

Sc-ura S. cerevisia¢g r ansf or mant | ar | i ¢i n 1s7g/k YNB) bes
5 g/ L amondstuim esuddéda c¢co6zuldiu ve 121°C"d
otoklavda sterilize edildi. Sc-ura k a t 1 besi yer.i I @0 g olscakn Kk or
sekil de agar agar ekl ener ek 121°C"de 2¢
kaynag! ol arak ydanttemi y$ eerdstiasizialgigzoeme yean
ami noasi tSc-uka,aSigmasYr1B91i) so konsantrasyon 1.92 gram/litre olacak

sekil de kull aemiimrdeame hermeaimidma i |l ave edi |l 0

3: Lityum Asetat

Lityum asetat S. cereviside d a -SacZcpBzmiti transformasyonu i
Steril saf suda 1 M mt plorolcamak mMmaambrmrlaar
steril edildi.

60



4: %50 Polietilen Glikol (PEG)

S.cerevisiag r ansf or masyorKwmtitgiPol k wltlidremnl t&il.i ko

suda %50"1 ik stok c¢cozelti ol arak hazirl al

5: Lizis tampon ¢ozeltisi

Bu t ampo$ ceceliszae Ir tainsf or mant | ar i1 ni suspanse
mM Tris.HCI (pH: 8), 1 mM DTT (1,4-Dithio-DL-threitol), %20 Gliserol ve 4 mM

PMSF (Phenyl met hanézmalltfiomniy!l stfdruiolri de 3t icl
+4°C" de s.akl andi

6: Z tampon c¢ozeltisi (Z Buffer)

B-galaktozi daz enzi mati k aktivitesi boyunca t e
Na,HPO,4.7H,0, 40 mM NaH,PO4.H,0, 10 mM KCI, 1 mM MgS0O4.7H,0 v e 50 mM
Mer kept dzetldnasli gteril dFfCstdiel es askd ainlda .h a

7: Lowry Cozeltisi
Hicre |lizatl ari ndaki protein konsantr:

-Lowry A c¢b6zelti gg NaOH2tdplgm haten2l Qitteolacak e
sekilde distile suda c¢o6zul du.

-Lowry B1l c¢o6zeltisi: 1 gram CuSO0O4 topl

suda c¢co6zul duo.

-Lowry B2 c¢oOzeltisi. 2 gram Sodyum po
olacak seksuda dostli diu.

Lowry C her deneyde taze ol arak stok
A, 250 pl Lowry Blgsgt?2b0l di kLewhemB2 kaft |
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Ek 2: g- Galaktozidaz aktivitesinin hesaplanmasi

S.cerevisiaet r ansf or mankrliapgsinyoonl ar anssonucu L &
sentezlenen 3-galaktozi daz enzimlerinin aktiviteler:i

B-g al Udni tesi ;

[0D,,, X 1.7] / [0.0045 X Protein Konsantrasyonu X Reaksiyondaki Lizat Hacmi X
Zaman]

OD,,:Sar 1 rengin absorbansi
1.7: Sari1 rengin bulundugu t 0p04nNa@if)c mi (!

0.0045: ONPG"nin molar absorbsiyon katsay!

Protein konsantrasyonu: mg/ml

Lizat hacmi: Degisken ( ml)

Zaman: Sar| rengin olustugu zaman (dk)
Bgal akt ozi daz aktivitesi hesapl anmasi nda
donuasturdul erek kullani I mrstir. Aktivite

nmol ONPG (nmol ONPG/ dk/ mg protein) cin:
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