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Togdim olunan igin maqsadi temperatur stresinin maya goboalayi hiceyralaorina tasi-
rindan sonra oksigenin faal formalarimin (OFF) nmigdarmin dayismasi ila hiceyralorin yasama
qabiliyyati arasinda qarsiligh alagani tadqiq etmakdir. Muayyan olunmusdur ki, temperatur
stresi (40 -50° C) Candida guilliermondii maya gébaloyi hiiceyralorinde OFF migdarinin
artmasma sabab olur. OFF migdarinin artmasint onlarin t2siri naticasinda hiiceyralarda 2,7 -
dixlorflioressteinin (DCF) kontrolla migayisada fllioressensiya intensivliyinin yiksalmasi va
antioksidant - askorbin tursusunun DCF fliioressensiyasim zaiflatmasi subut edir. Hamginin
hiiceyralorin temperatur stresindan avval antioksidant va ya 2,4 -dinitrofenol (DNF) proto-
noforu ila islonilmasi onlarin yasama qabiliyyatini artirir. Giiman edilir ki, DNF ylksak gati-
liglart hiiceyralarin temperaturun tssirine garsi davamliliginda miihiim rol oynayan digar
funksiyalara manfi tasir gostarir.

Acar sozlor: oksigenin foal formalar1 (OFF), temperatur stresi, DCF fliloressensiyast,
maya gobalyi hiiceyralari

Oksigenin foal formalarinin migdarinin artmasi har hansi stress amilin to-
sirind qars1 canli orqanizmin universal cavab reaksiyasidir. Soraitdon asili ola-
raq OFF canli orqanizmde miidafio mexanizmlorinin aktivlogmosine vo ya hii-
ceyralarin 6liimiing sabab ola bilor. Butun canli orqanizmlards oksidlosma - re-
duksiya reaksiyalar1 bas verir ki, onlarin da mohsullart OFF /6/ . Hiiceyrado

yaranan OFF osason singlet oksigeni (O, ~ '), superoksid radikali (O, * ), hid-

rogen peroksidi (HO™"), hidroksil radikalin1 (OH) gostormak olar /7/.
Odobiyyat molumatina gora yiiksok temperaturun tosiri noticosindo bitki
hiiceyralorinds hidrogen peroksidin miqdart artir /16, 24, 26/. Bu proses hiicey-
rolords antioksidant fermentlorinin artmasina hom do azalmasina sabob olur
/16, 26 /. Heyvan vo maya goboloyi hiiceyrolorinds OFF asas monboyi mito-
xondri hesab olunur /15, 18/. Mitoxondrido OFF oasason oksidlosdirici fosfor-
lasma zamani yaranir, lakin hor hansi stress naticasinds mitoxondrido OFF
miqdar1 daha siirotlo artir /19, 25/. ©dobiyyat molumatina goéro OFF tonoffiis
zonciri komponentlori vo asason kompleks I vo kompleks III torafinden sintez
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olunur. Mialliflor torafindon miioyyon olunmusdur ki, Saccharomyces cerevi-
siae hiiceyralorindon ayrilmis mitoxondrido, OFF asas monboyi NADH-de-
hidrogenazalardir /4, 9, 10 /.

OFF bioloji strukturlar (ziilal, lipid, niiklein tursulart) zodsloyarok hii-
ceyrada bag veran fizioloji-biokimyavi proseslori pozur /3/. OFF hiiceyro mem-
braninda lipidlere tosir edarok peroksidlosmaya sabab olur vo naticods mem-
branin funksiyalari pozulur va keciriciliyi artir /1/. Hiiceyralorin normal ya-
sama qabiliyyatinin saxlanilmasi tciin ATF sintezini qorumaq sorti ilo
tonaffiisli oksidlesdirici fosforlasmadan qismon ayirmaqgla OFF miqdarini azalt-
maq mimkiindiir /20, 13, 22 /. Bu mexanizm “yumsaq ayirma” (“mild” un-

coupling) adlanir. Mitoxondri membraninin ot protonlart ticiin keciriciliyini
artirmaqla buna nail olunur vo noticado oksigendon istifado olunma artir.
Oksigenin gatiliginin azalmasi hesabina OFF yaranmasi prosesi zaifloyir.

Bu usulla OFF istehsalinin azalmasi hiiceyralordo qocalmanin potensial
longime mexanizmidir /8, 17/. DNF “yumsaq ayirict” qatiliqlarinin tasiri nati-
cosindo hiiceyra kulturasinin bdyiima vo dlum kinetikasi doyismir vo yasama
qabiliyyeti artmir. Ehtimal olunur ki, optimal qatiliq 5107 1o 5¢10° M diapa-
zonundadir. Maya gobaloyi hiiceyralorindo qocalma prosesi Oyronilarkon,
miioyyon edilmisdir ki, DNF hom xronoloji vo ham dos replikativ yasama miid-
dotini artirir /14 /. Qeyd edilmisdir ki, DNF miixtalif model obyektlora miisbot
tosirino baxmayaraq, o cox kicik diapazonda olan gatiliglarda miisbot tosir gos-
torir.

Odobiyyatda temperatur stresi zamani hiiceyrodo OFF artmasi ilo onlarin
yasama qabiliyyati arasinda qarsiligh alage barads fikirlor ziddiyystlidir. Tem-
peraturun hiiceyraloro tosiri zamani bu cavab reaksiyasinin mexanizminin
Oyranilmasi praktiki ohomiyyato malikdir.

Toqdim olunan isin magsadi temperaturun maya goboaloyi hiiceyralorino
tosiri zaman1 OFF yaranmasi ilo hiiceyralorin yasama qabiliyyati arasinda qar-
siligh olageni todqiq etmokdir.

Tadqiqat obyekti vo metodlari

Tacriibalorde Candida guilliermondii maya gobalayi hiiceyralorindan is-
tifado olunmugdur. Maya gobaloyi hiiceyrods bas veron proseslori, homginin
streso garst cavab reaksiyasinit Oyronmok {i¢iin alverisli model obyektdir. OFF
miqdarmi toyin etmak tliglin 2,7-dixlordihidrofliioresstein diasetat (H,DCFH-
DA, Molecular Probes) istifado olunmusdur /11, 12/. Bu fliioressensiyaedici
madds deyil, lakin OFF toasiri noticesindo fliioressensiyaedici 2,7-dixlorfliio-
ressteino (DCF) cevrilir. Hiiceyro suspenziyasina 5 mkM gqatiligda H,DCFH-
DA slave edilmisdir vo 10 doq inkubasiya olunmusdur. Hiiceyralar fosfat bu-
feri ilo yuyuldugqdan sonra analiz edilmisdir. OFF spektrofliiorimetrik tisulla to-
yin edilmisdir, hayacanlandiricl is181n dala uzunlugu Apoyoc =488 nm, emissi-
yanin dalga uzunlugu is9 Ay =520 nm olmusdur. Maya gobaloyi hiiceyralarinin
yagsama qabiliyyati makrokoloniya iisulu ils toyin edilmisdir.
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Alman naticalar va onlarin miizakirasi

Odobiyyatdan molumdur ki, temperatur stresi maya gdoboaloyi hiiceyralo-
rindo OFF formalarinin artmasina sobab olur /4, 9, 10, 23/. Maya gdboloyi hii-
ceyralarine 45°C temperaturun 30 doqiqe miiddetinds tosirindon sonra dyre-
nilon parametrlords bas veran doayisikliklor tohlil edilmisdir.

Miioyyan edilmisdir ki, kontrol hiiceyralordo OFF miqdar1 azdir (sokil 1).
Temperaturun tosirindon (45°C, tosir miiddati 30 doqiqo) OFF miqdart artir.
Kontrol hiiceyro suspenziyasina antioksidlosdirici-askorbin tursusu alave olun-
dugda DCEF fliioressensiyasinin intensivliyi ilo xarakterizo olunan OFF miqda-
rina tosir etmir. Lakin temperaturun hiiceyralara tosiri zamani askorbin tursusu
OFF miqdarinin azalmasina effektiv tosir gostorir. Aydin olmusdur ki, tempe-
raturun tosir miiddati artdiqca (45°C, tosir miiddsti 15-60 doqigo) maya go-
balayi hiiceyralorinin yasama qabiliyyati azalir (sokil 2). Homin hiiceyra sus-
penziyasina askorbin tursusu alava olunduqda hiiceyralorin temperaturun tosiri-
no qarst davamlhilig artir. Temperaturun (50°C, 30 dog.) tosirindon hiiceyro-
lorin yasama qabiliyyati xeyli azalir, lakin 50°C temperaturda hiiceyrods OFF
miqdar1 45°C temperaturla miiqayisado daha azdir (sokil 1).
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Sok. 1. Temperatur stresinin (30- daqiqe) maya gobaloyi hiiceyralorinda
OFF omolo golmasing tosiri

Tacriibado alinmis naticalora asason giiman edilir ki, miilayim tempera-
turun hiiceyralors tosiri zamani onlarin 6limiiniin asas sobablorindon biri OFF
miqdarinin artmasidir. Sort temperaturun tosiri zamani s hiiceyralorin 6limi
forqli mexanizm ils inkisaf edir.
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Toqdim olunan isds temperaturun maya gobaloyi hiiceyralorino tosiri za-
mani klassik protonofor 2,4-dinitrofenolun (DNF) OFF miqdarina vo hiiceyro-
larin yagama qabiliyyatino tosiri Oyronilmisdir. Askar edilmisdir ki, DNF qati-
g1 (1x10° M — 1x10™ M) artdiqca onun OFF coxalmasini zoiflotmok qabi-
liyyati yiiksolir (sokil 3).

Lakin DNF kicik gatiligda 1x10”7 M maya goboloyi hiiceyrolorin yasama
gabiliyyatini temperaturun (45°C) zodoloyici tosirindon qoruyur vo protektor
xilisusiyyatino malikdir (sokil 4). Lakin DNF daha yiiksok qatiligda (1x10™ -
1x107 M) protektor xiisusiyyotinoe malik deyildir.
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Sok. 2. Temperatur stresinin 45°C maya gobalayi hiiceyralorinin yagama qabiliyyatina tosiri
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Sok. 3. DNF-un temperatur stresinden sonra maya gobalayi hiiceyralarinda
OFF omolo golmasing tosiri
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Sak. 4. DHF-un temperatur stresindon sonra maya gobalayi hiiceyralorinin
yasama qabiliyyating tosiri

Ovvollor apardigimiz todqiqatlar noticesinde miioyyon olunmusdur ki,

DNF yiiksok gatiliglar: (1x10™ -1x107 M) ilo tosir edilmis maya goboloyi hii-
ceyralorindo narinct akridinin m-san gecikmis isiq emissiyasinin intensivliyi
azalir /2/.

DNF homin qatiliglart hiiceyrads oksidlogmoni fosforlagsmadan ayiran qa-

tiliglara uygun golir /21/. Giiman edilir ki, DNF yiiksok qatiliglar1 hiiceyralarin
temperaturun tosirino qarsi davamliliginda miihiim rol oynayan digor funksi-
yalara manfi tosir gostarir.
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BJIUAHUE TEMIIEPATYPHOI'O CTPECCA HA KOJIMYECTBO AKTUBHBIX
®OPM KHUCJIOPOJIA B KJIETKAX JIPOXKKEN

H.K.KOYAPJIH, C.T. TYMMATOBA, I'.3.PYCTAMOBA
PE3IOME

Lenpro HacTosAIIEH padOTHI SIBISIETCS] N3yYEHNE B3aMMOCBSI3H MEKIY BBIKHBAEMOCTBHIO
U WM3MEHEHHEM KOJIMYecTBa aKkTUBHBIX (opm kuciopoga (ADK) mocne BIMsHUS Tewmrie-
paTypHOro cTpecca Ha KIETKH JpOXiKed. Y CTaHOBJIEHO, 4TO TeMieparypHslid ctpecc (40-50°
C) BebiBacT B KieTkax aposxokeit Candida guilliermondii ycunenune nmpoaykiuun ADPK. O6
9TOM CBHJETEIbCTBYET ITOBBIIICHHE WHTEHCUBHOCTH (uiyopecueHuuu 2,7- auxiopdiryopec-
nenHa (DCF) mo cpaBHEHHIO C KOHTpOJIEM, a TaKKe CHOCOOHOCTh aHTHOKCHIaHTa-acKop-
OMHOBOW KHCIIOTHI TojaBisiTh ¢uiyopecueHnnio DCF. Kpome Toro, cHueHHE KOJIMYECTBa
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ADK B pesynprate 00pabOTKM aHTHOKCHIAHTOM WM MPOTOHO(POPOM -2.4 THHUTPOPECHOI
(JIH®) ieTok Iposokei 10 TeMIepaTypHOTro CTpecca CHoCOOCTBYET COXPAHEHHIO MX JKHU3HE-
cniocooHoctH. [Ipeanonoraercs, uro JJH® npu BEICOKMX KOHIEHTPAIMAX MOXKET OTPHUIIATEIb-
HO BIMSITH Ha Te (YHKIMH, KIETOK, KOTOPbIE MMEIOT CYIIECTBEHHYIO POJb B YCTOHYHMBOCTH
KJIETOK APO}CKEH K TEMIIEpaTypHOMY CTPEcCy.

KuoueBble cioBa: aktuBHbIE Gopmbl kuciopona (ADK), dpayopecuenius DCF, Tem-
TepaTypHbIA CTPECC, KIETKH IPOXIKEH

THE INFLUENCE OF TEMPERATURE STRESS ON THE AMOUNT
OF ACTIVE FORMS OF OXYGEN IN THE YEAST CELLS

N.K.KOCHARLI, S.T.GUMMATOVA, G.E.RUSTAMOVA
SUMMARY

The purpose of this study is to investigate the interaction between the change in the
amount of active forms of oxygen (AOF) and the viability of cells after the temperature stress
influence on the yeast cells. It has been found that temperature stress (40 -50° C) causes an
increase in the amount of AOF in Candida guilliermondii yeast cells. The increase in the
amount of AOF is evidenced by their effect on the increase of fluorescence intensity in cells
compared to the control of 2,7 - chichlorofluorescein (DCF) and the weakening of the
antioxidant - ascorbic acid DCF fluorescence. Also, treatment of cells with antioxidants or 2,4-
dinitrophenol (DNF) protonophores before temperature stress increases their viability. It is
supposed that high concentrations of DNF adversely affect other functions that play an
important role in the resistance of cells against the effects of temperature.

Key words: reactive oxygen species (ROS), DCF fluorescence, temperature stress,
yeast cells

78



