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IpexncraBnen 0630p COCTOSIHUS MTPOOIEMBI CTPECCOBBIX OENKOB — MOJEKYJSIPHBIX LIANEPOHOB B CBETE MX BO3MOXKHOH POJIU B
npoueccax XoJIooBoi ananTtanuu. [IpuBeneHa Kkpatkas HICTOpHs U3yYeHUs JaHHOTO Bonpoca. OLeHeHbl BO3MOXKHbBIC HAPaBICHUS

OyAyLIMX HCCIeNOBAaHUN B 00JIaCTH MOJIEKYJISIPHBIX IIAIIEPOHOB.

KutioueBble cj10Ba: 1anepoHbl, CTPECCOBBIC OEIKHU, X0JI00YCTOWYMBOCTD.

[IpencraBneHo oms cTaHy MPOOJIEMH CTPECOBHX OUIKIB — MOJEKYJISPHUAX IIANIEPOHIB B CBITNI X MOXKJIMBOI POJi B MpoLecax
xos100Bo1 afanraii. [loqaeTbcs KOpOTKa iCTOpis BUBUCHHS [[bOTO MUTaHHS. OIiHEHI MOXKIIMBI HAPSMKU MailOyTHIX JOCTIIKCHD B

00acTi MOJIEKYJISIPHHX IIAIIEPOHIB.

KurouoBi ciioBa: manepoHu, CTpecoBi OUTKH, XOIOAOCTIHKICTb.

The review on the problem state of stress proteins: molecular chaperones in the light of their possible role in cold adaptation
processes, is presented. Brief history of this question study is adduced. Possible directions for molecular chaperone future investigations

are estimated.
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B 1962 r. B HayuHOI1 Tpecce MOsIBUIIOCH COOOIIIEHHE,
OIMMCHIBAIONIEE JIFOOONBITHBIA YP(EKT KpaTKOBPEMEH-
HOTO BO3JICUCTBYSI BBICOKOM TEMIIEPATYPhI HA IUIOJOBBIX
Myx. [Ipu rccnenoBaHuN MOJIUTEHHBIX XPOMOCOM U3
CIIOHHBIX Xene3 Drosophila melanogaster okazanoch,
YTO THIIEPTEPMUS] BKIIIOUAET HOBBIC TCHBI.

[Norpebosanock emie 15 net, 4TOoObI MPOIEMOHCT-
PpHpPOBATh, UTO SIBJICHUE TEIJIOBOM MHIYKLIMU HE SBIISICTCSI
YHUKaJIBHBIM CBOIcTBOM D. melanogaster, IOCKOIBKY
OOHapYXWIN MOAOOHbIE SIBJICHHUS Y NTHULl U MIICKOIIH-
tarormux. Ceifyac M3BECTHO, YTO OSTIKH, MHIYLIHPYyEeMbIe
TeryioM, unn 6enku TerwioBoro moka (BTLI), kak mx
4acTO Ha3bIBAIOT, MPAKTUYECKH HACHTUYHBI Y BCEX
Opranu3MoB, BKJrodas 6akrepun. [loxkanyii, eme 6omee
3HaYUMBIM OBLIO OTKPBITHE POACTBEHHOM MPUPOIBI psiia
3TUX OenKOB: aHTUTENa Ha ompenaeneHHslii bTIH
y3HaBaJIK OAOOHbIE OENKM MHOTHX APYTHX SBOJIFOLHOH-
HO nanekux BunoB. Hampumep, anturena na BT
LBITUTEHKA PEearupyroT ¢ OemkaMu KpeBeTkH [17].

HccnenoBareny KIIOHUPOBAIM HECKOIBKO TEHOB 3THX
HEOOBIYHBIX OCNKOB M OMPEACIMIN X HYKJICOTHIHYIO
MOCJIeIOBATENBHOCTS. J[Be rpymInbl OEJIKOB, 0OCOOSHHO C
monexynsapabiMu Maccamu 70 u 90 x/la (BTII-70 u
BTII-90), sBNsIOTCA OMHUMH U3 CaMBIX KOHCEPBAaTHB-
HBIX OenkoB B mpupose [16]. D1o mpenmonaraer, 4To
BTII nomkHBI BBIMONHATE HEKYIO (DYHKIIWIO, KOTOpast
Ype3BBIYafHO BayKHA ISl OOJBIIMHCTBA, €CIM He Ui
BCEX (OPM KH3HHL.

Bronorn oOHapy>KuiH, YTO TAKKE CTPECCOBBIE (PAaKTOPHI,
KaK HEJJOCTATOK KHCJIOPOAA, MOBBIIIEHHE KOHLICHTPAIUH

The paper describing a curious phenomenon of
short-term effect of high temperature on
Drosophilidae, appeared in scientific press in 1962.
When examining polytene chromosomes from the
Drosophila melanogaster’s salivary glands the
hyperthermia occurred to be “switching on” new
genes.

It took another 15 years to demonstrate that this
heat-induced phenomenon was not unique for
D. melanogaster, as the similar phenomena were
found out in birds and mammals. Now it is known,
that the proteins induced by heat, or now often called
as heat-shock proteins (HSP) are practically identical
in all organisms, including bacteria. Of even greater
significance was the discovery that several of these
proteins are related: the antibodies against certain
HSP recognised the similar proteins of many other
evolutionary distant species. For example, the
antibodies against a chicken’s HSP recognise
proteins from a shrimp [17].

Researchers have cloned several genes of these
unusual proteins and determined their nucleotide
sequence. Two groups of proteins in particular with
molecular mass of 70 and 90 kDa (HSP-70 and
HSP-90) are among the most highly conserved ones
in nature [16]. This suggests, that HSP should
accomplish a certain function, which is essential for
the majority, even though for all forms of life.

Biologists discovered that such stress factors as
the lack of oxygen, increase in the ion concentration
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HOHOB TSDKEJIBIX METAJUIOB U 3TaHona [ 17], a Taroke HU3KHe
TeMIIepaTyphbl (aCIeKT, KOTOPBI HHTEpEeCyeT Hac OOobIie
Bcero) [14] MoryT MHIyIMpOBaTh CHHTE3 3THX OCITKOB.
Kpome Toro, Ob110 yCTaHOBIEHO, YTO MHOTHE OPraHM3MBI
cuHTE3UpYIoT Ok, porcrBeHHbie BT, B HopMabHOM
¢dusnonornyeckoM coctosHud. IlpencraBurenn 3Tux
OEJIKOBBIX CEMEHCTB MOSRIISFOTCS BO BpeMs ITpoNH(eparin
u muddepenmmarm [16].

OOmenpuHsaTas HA JAHHBI MOMEHT THIIOTE3a
npunuceiBaeT bTII ponk MONEKYISPHBIX HIAIEPOHOB.
CuunTaroT, YT MOJIEKYJIApHBIE [ITaTIePOHBI 00ECTICYHBAIOT
peHaTypaluio OEITKOB TIOCIIE CTPECCOBOTO BO3/ICHCTBUS
1 yOMKBUTHH-3aBUCUMBIA MPOTEONHN3 OEIKOB, HE
nojnexanux penarypanuu. BTII-70 6nokupyer
arperauuio AeHaTypUPOBAHHBIX OEJIKOB, CBSI3BIBASICH C
rupo@oOHBIMU 00NACTAMH, KOTOPBIE CTAHOBSITCS
JOCTYNHBIMHA IPU AeHATypauuu, u yckopser ATD-
3aBHCHUMYIO peHaTypaluio 6enkoB. Bo Bpemst Hopmaib-
HBIX (DU3MOJIOTHYECKUX MPOLECCOB MOJICKYJSIPHbIE
LIallepOHbI IPUHUMAIOT Y4acTUE B TPAHCIIOPTHPOBKE
OCITKOB CKBO3b MEMOPAHBI, 0COOCHHO CKBO3b MEMOPaHBI
sHAOIIa3MaTndeckoro petukyityma (JI1P) u muro-
XOHJIPHIA, TTOMOTAOT MOJMIIENTHIAM CBOPAYMBATHCS U
o0Ier4arotT cOOpKy OeTKOBBIX KOMILIEKCOB [17].

IlepBbie manHble 0 Bo3MoxHOUW ponu BTII B
MeXaHHN3MaxX XOJI0JI0BOH YCTOIYMBOCTH MOSBUITMCK OoJiee
10 sreT Hazaa. Burton et al [4] moka3aim, 4To SKCIO3UIHS
Ipy HU3KOW TeMmmeparype Bbi3biBasia cuHTe3 BTII B
CIIIOHHBIX JXene3ax D. melanogaster 1 4To yMepeHHbIH
TETUIOBOM IIOK YBEJIMYMBAJ BBDKHUBAEMOCTh JIMUMHOK
TIOCJIE TTOCIIEYIOIIETO BO3ICHCTBHSI XOIOA0M. AHAJIOTHY-
Hble AaHHBIE OBUIM NOJYYEHBI HA MACHOH MyXe
Sarcophaga crassipalpis. Guy C.L. oOHapyui, 4To
TETJIOBOH IIIOK 3alHIIaeT KOHUANOCTIOPE! Neurospora
crassa OT TIOBPEXIEHUI TpH 3aMopakuBaHuy [14].

OmHako, HeCMOTPST Ha BO3PACTAFOIIEE KOMTIECTBO padoT,
coobmrarorx 00 yyactuu BT (wmm cTpeccoBbIx OSIIKOB)
B XOJIOZIOBOW aJIanTalliy, Peakiys Ha XOJIOM M3ydeHa He
CTOJIb JICTANBHO, KaK peakiys Ha Terwio. JTa mpooiemMa
3aCITy>KMBaeT OOMNbIIEr0 BHUMAHUS, ¥ Mbl HOIBITAIUCH B
JIaHHOM paboTe OXBATUTH HEKOTOPBIE €€ ACIIEKTHL.

PoAb  cTpeccoBbix OEAKOB B MexaHM3max
XOAOAOQYCTOWYHUBOCTH

KvBoTHBIE APKTUKH M AHTAapKTHUKH SIBISIOTCS
TUTTUYHBIMHI MOJIETISIMH JUUIsl UCCIIETOBAHMS MEXaHU3-
MOB XOJIOJIOYCTOWYUBOCTH. Y HOTOTCHHEBBIX PBIO U3
AHTapKTUKH U YMEpPEHHBIX IIHUPOT MeronoMm SDS-
anekrpodopesa u BectepH-0noTTHHra HCCIeI0BAIN
9HJIOTEHHBIN YPOBEHB M KOJIMYECTBO H30()OPM MYIIBTH-
rennoro cemeiictea bTI-70. ¥V npexncraButens
AnTapktuku Trematomus bernacchii nocne 22-
JHeBHOW akxymManuu npu 4-5°C yposens BTII-70
OB CyIIIECTBEHHO BBIIIE TI0 CPABHEHHUIO C HEAKKIIMMH-
pOBaHHBIMU 0COOSIMH, yKa3blBasi Ha HEHOCpEa-
CTBEHHOE BJIMSHHE Temmneparypsl Ha cuHTe3 bTII.
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of heavy metals and ethanol [17], as well as low
temperatures (the aspect of great interest for us) [14]
could induce the synthesis of these proteins. In
addition, it was established that many organisms
synthesised the proteins cognitive to HSP, in the
normal physiological state. Representatives of these
protein families appeared during proliferation and
differentiation [16].

The hypothesis generally accepted now assigns a
molecular chaperone role for HSP. Molecular
chaperones are thought to provide the protein
renaturation after stress treatment and ubiquitin-
dependent proteolysis irrepairable proteins. HSP-70
blocks aggregation of denaturated proteins by
binding with hydrophobic areas, which are exposed
at denaturation and accelerates the ATP-dependent
renaturation of proteins. During normal physiolo-
gical processes molecular chaperones participate in
translocation of protein through the membranes,
namely through the membranes of endoplasmic
reticulum (EPR) and mitochondria, assist polypep-
tides to fold and facilitate the assembly of protein
complexes [17].

The first data on a possible role of HSP in the
mechanisms of cold resistance appeared more than
10 years ago. Burton V. et al. demonstrated that the
exposure to low temperature resulted in HSP
synthesis in D. melanogaster’s salivary glands and
the mild moderate heat shock increased the survival
of larvae after further cold effect. The similar data
were obtained in Sarcophaga crassipalpis flesh fly.
Guy C.L. found out that heat shock protected
Neurospora crassa conidiospores against injuries at
freezing [14].

However, despite the augmented number of
works, reporting on the HSP (or stress proteins)
participation in cold adaptation, the response to cold
is not so studied in details, as the response to heat
is. This problem deserves more attention and we tried
to cover some of its aspects in this work.

Role of stress proteins in mechanisms of
cold-resistance

Arctic and Antarctic animals are the typical
models for studying the cold resistance mechanisms.
Endogenous level and the isoform number of the
HSP-70 multigenic family were investigated using
the SDS-polyacrylamide gel electrophoresis and
Western-blotting methods in the notothenioid fishes
from the Antarctic and moderate latitudes. In
Antarctic representative Trematomus bernacchii
acclimated to 4-5°C for 22 days the level of HSP-70
was considerably higher in comparison with the non-
acclimated species, indicating a direct temperature
effect on the HSP synthesis. An increased level of
HSP-70 under low temperature was found myo-
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[HoBeimennslit ypoBeub BTII-70 mpu HU3KOU
TeMIiepatype OblJI OTMEUEH B TKAHW MHOKapla y
sIMOHCKOM nepemnenku [11].

VY X071010yCTOWUYMBBIX JTMYMHOK YEPHOTEIKH
Tenebrio molitor mocie X0n00BOH aKKIMMAIMH TPU
4-6°C B TeueHue 2-X HeleNb, UCIONb3Ys MeTon SDS-
anexTpodopesa, Mbl OOHAPYKHUIN HOBYIO OEIKOBYIO
MOJIOCY ¢ MOJEKyIapHO maccoil 65 k/la. Orta
BEJIMYMHA MTO3BOJISIET MPEATOI0XKNTh, YTO JAHHBIN
0eJTOK IPUHAIEKUT K CEMEHCTBY CTPECCOBBIX OEITKOB,
KOTOpble GYHKIMOHUPYIOT KaK MOJEKYJIspHbIE
IanepoHsl, OMHAKO ITO MPEANOooKeHHEe TpedyeT
JanbHelmei npoeepku. Korna HacekoMbIX BO3Bpallia-
JU B ycioBus ¢ Temmeparypoit 20-22°C (7-nHeBHas
JIEaKKINMAIIH ), CIIEKTP OSIIKOB OBLI TAKOM K€, KaK U
B KOHTPOJIE y HEAKKJIUMHUPOBAHHBIX JUYUHOK.
BBeneHnne HakaHyHe aKKIMMalU¥ MHTHOUTOpa
TPAaHCIAAUHMU — IUKJIOTEKCUMHIA — BBI3BIBAJIO
3HAUNTENBHOE CHI)KEHHE conepkanus Oenka 65 k/la,
YTO CBHIETENBCTBYET O CHHTE3€E €T0 de noVo BO BpeMs
XOJIOJIOBOM aKKIUMaIuu. Tak Kak, ppaxiuu romore-
HaTa W3 aKKJIMMHPOBAHHBIX JIMYWHOK, IKCTParupo-
BaHHBIE STAHOJIOM WJIM alleTOHOM, OBUIH 000TaeHbI
oemkoM 65 x/la., To 3TOT 6€I0K, TO-BHAUMOMY, IMEET
oOmupHbie ruapodoOHbIe obmactu [1]. B kimerkax
CITFOHHBIX XKeN¢3 MuInHOK D. melanogaster mocne 17-
yacoBol 3kcno3uuuu npu 0°C Habnrogany cuHres de
novo rpymIibl OEKOB ¢ MOJIEKYISIpHBIMU Maccamu 70,
62, 57,35 u 15 x/la. OtoT HabOp OEIKOB OTIMYEH OT
0€eJIKOB, CHHTE3UPYEMBIX KieTkamu D. melanogaster
B OTBET Ha TEMJIOBOM LIOK (32 MCKIIOUYCHHEM Oenka
70 x[1a). Ha ocHOoBanuu 3Toro aBTops! [20] mpeamno-
JIararoT, YTO HeJleTaIbHbIE TOBPEKICHUS, BBI3BAHHbIE
BBICOKOM M HM3KOM TeMIlepaTypaMmu, UMEIOT Pa3HyIo
MIPUPOY.

Cerlp — 1o HOBBIH poncternsii BTII-70 Gemnok,
KOTOPBIA HEOOXOMMM ISl TPAHCIOKAINK psifa OeKkoB
yepe3 OIIP y npoxoxeit Saccharomyces cerevisiae. On
MMEeT OTPaHMYEHHOE CXOJACTBO aMHWHOKHCIOTHOU
[OCJIEA0BATEIBHOCTH C CEMEICTBOM MIANEPOHOB
BTHI-70. ¥ aukoro Tumna B peayLMPYIOIIUX YCIOBUIX
npokapOokcunentiaazy Y (pro-CPY) moxHOo 0OHapy-
XKUTh B KomIuiekce ¢ Cerlp, mpu 3TOM 4acTHYHO
ounmeHHbd Cerlp crnoco0GeH HemocpeIcTBEHHO
CBS3BIBATh NENTHBL. ITO O3BOJISIET NPEIIONIOKHUTE, 4TO
Cerlp obnamaeT marnepoHHOH aKTHBHOCTHI0, HEOOXOIH-
MO JIJ1s1 HOPMAJIBHOTO CBEPTHIBAHUS ICHATY PUPOBAHHOM
pro-CPY, uto omocpeayercs mpsiMbIM B3aUMOICHCTBIEM
C HECBEPHYTHIM MOJHMNENTHAOM. MHTEpeCcHO, 4TO
3aMelleHne CUTHANIBHOM mocienoBarensHocTy Cerlp-
3aBUCUMOTO Oenka mocienoBarenbHocThio u3 Cerlp-
HE3aBUCHUMOTO Oelka He OTMeHsieT HeooxomumocTs Cerlp
IUISl TpaHCIIOPTa. BBIXOIMT, YTO B3aUMOICHCTBHE CO
3penbIM OEJIKOM TaKKe BAKHO UL TPAHCIOKALIMOHHOM
¢ynkumn Cerlp. Yposens MPHK Oenxa Cerlp noBbI-
[IaeTcsl Npy NOHIKEHUH Temmeparypsl. [locnenctBust

NPOEJNEMbI
KPMOBMOJNIOTUMN
2003, Nel

cardial tissue in Japanese quail [11].

In cold-resistant larvae of Tenebrio molitor
(Coleoptera, Tenebrionidae), acclimated to 4-6°C
for 2 weeks, using the method of SDS-electrophoresis
we found out the new protein band with 65 kDa
molecular mass. This value allows to suppose that
this protein belongs to the family of stress proteins,
functioning as molecular chaperones, but this
supposition requires further testing. When animals
were back under 20-22°C temperature conditions (7-
day deacclimation) the protein spectrum was the
similar as for the control in non-acclimated larvae.
The introduction of cycloheximide translation
inhibitor the day before acclimation resulted in a
considerable decrease in the content of 65kDa
protein, that testified to the synthesis de novo during
cold acclimation. As the homogenate fractions from
acclimated larvae, being extracted with ethanol or
acetone were enriched with 65 kDa protein, this
protein apparently had wide hydrophobic areas [1].
In cells of salivary glands of D. melanogaster larvae
after the 17 hours exposure at 0°C there was
observed the synthesis de novo of protein group with
70, 62, 57, 35, and 15 kDa molecular mass. This
protein range is different from that, synthesised by
D. melanogaster’s cells in response to heat shock
(excluding 70 kDa protein). According to this author
[20] there is a supposition, that non-lethal damages,
caused by high and low temperatures, are of different
nature.

Cerlp is a novel HSP-70-related protein that is
important for the translocation of a subset of proteins
into the yeast Saccharomyces cerevisiae endoplasmic
reticulum. Cerlp has a very limited amino acid
identity to the HSP-70 chaperone family. In wild-
type yeast under reducing conditions, pro-CPY can
be found in a complex with Cerlp, while partially
purified Cerlp is able to bind directly to peptides.
This suggests that Cerlp has chaperone activity
required for proper refolding of denatured pro-CPY,
which is mediated by direct interaction with the
unfolded polypeptide. It is of some interest, that the
replacing of the signal sequence of a CERI-
dependent protein with that of a CER 1-independent
protein did not relieve the requirement of CER1 for
import. This result suggests that an interaction with
the mature portion of the protein also is important
for the translocation role of Cerlp. The CER1 RNA
levels increase at lower temperatures. The effects of
gene deletion of this protein on folding and
translocation are more severe at lower temperatures.
Therefore, these results suggest that Cerlp provides
an additional chaperone activity namely at low
temperatures (in comparison with another members
of HSP-70 family) [9].

A small heat-shock protein (smHSP), called as
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JIeTIeIH T€Ha 3TOTo OeJika Ha CBEPTHIBAHME U TPAHCIIO-
KaIwio Oornee TspKemble MPY HU3KKX Temreparypax. U3
atoro cienyet, uto Cerlp obecrieunBaeT HOMOTHATEh-
HYIO IIAePOHHYI0 aKTUBHOCTh MMEHHO NPU HHU3KHX
Temneparypax (1o CpaBHEHHWIO C APYTUMH YiICHAMHU
cemeticta BTIII-70) [9].

W3 3penbix cemsmoneii kamrana Castanea sativa Obut
ounmied Manabid BTII, wasBanneii CsHSP17.5, ¢
LIaNIePOHHOM aKTUBHOCTHIO. OCYyIIECTBIIIN SKCIIPECCHIO
pexomoOunaraoro CsHSP17.5 B E. coli. Ilpu nepeHoce
u3 37 na 50°C (Temrieparypa, BEI3BIBAIOIIAS KIICTOUHBIN
ayToNu3) JTIMHWM, KoTophle HakarumBanmu CsHSP17.5,
00nagany MOBBIIEHHON KW3HECTIOCOOHOCTRIO T10
CPaBHEHUIO C KOHTPOJbHBIMH. SDS-amexTpodopes
KJIETOYHBIX JHM3aTOB MO3BOJISAET MPENNONOXKHUTD, UTO
TaKoH 3aMTHBIN 3 eKT in vivo 00ycloBieH cnocod-
HOCTBIO PEKOMOMHATHOTO Oellka COXPaHsTh PacTBOPHU-
MBIE [IUTO30JILHBIE OSJTKK B NX HATHBHON KOH(OPMAITUH,
MPU 5TOM MPENoaraeTcsi, 4To 3TOT OeNoK obnamaer
MaJioi cyocTparHoi cneruduaHocTbi0. OH MOXET OBITh
TaKoKe BKITIOYEH B 3aIIUTY KJIETOK IPOTHB XOJIO0BOTO
CTpecca, TaKk KaKk 3HaYNTEJbHO TMOBBIIIAET BEDKUBAC-
MOCTB KJIETOK Tipu Temmeparype 4°C. Takum oOpazom,
CsHSP17.5 npencrasnsier coboii mpumep bTIII,
CITIOCOOHBIX 3alUINATh KJIETKH OT 000OMX BHUIOB
TeMIIeparypHoro crpecca. J[aHHbIe pe3yapTaThl ConocTa-
BUMBI C BEICOKHM YPOBHEM WHJYKIIUH TOMOJIOTHYHBIX
TPaHCKPUITOB, YTO HAOJIOAAJIOCh B PACTUTEIbHBIX
TKaHSX MMOOETOB KaIlITaHa U IPH BEICOKOW U TIPU HU3KOH
TeMreparypax (Ho He rmpu coneBoM ctpecce) [19].

KieTkn KopTHKAITBHOM MapeHXUMBI IETKOBULILE (Moris
bombycis Koidz.) oTM4aroTcst Ype3BbIYaiiHO BBICOKOM
YCTOHUHMBOCTBIO, IPUOOPETAEMON B PE3yJIBTaTe CE30HHON
XOJIOTIOBOM aKKJTMMAIH. 3MMOM IPOHUCXOIHT 3HAIUTENTHEHOES
Hakorwienue OenkoB 20 u 27 x/la (WAP20 u WAP27).
N-koH1eBas nocezoBare/ibHoCTh WAP20 oOHapy>kuBaeT
romonorvro ¢ Maybivu BT, nokammzoBanubsivu B DI P,
Tornakak WAP27 He TOMOJTOrteH Hi OITHOMY W3 I3BECTHBIX
6enkoB. [Togodro npyrum mamemm BT, WAP20 dop-
MHPYET BBICOKOMOJIEKYSISIPHBIE KOMIUIEKCHI TP HATHBHOM
anektpocdopese. bonee toro, ¢ antutenamu Ha WAP20
pearupytot u 6enku 21 k/la. HakorieHre 3HaYUTEIBHBIX
komnuects Manbix BTHI B OIP B nmepuon ce3oHHON
XOJIOZIOBOM aKKJIMMALIMH YKa3bIBAET HA TO, YTO 3TH OCJIKH
MOTYT MI'Parh BaKHYIO POJb B MPHOOPETEHHOM XOJ0m0-
YCTOMYIMBOCTH KJIETOK IIEIKOBHITHI [22].

VY X0J010YyBCTBUTEIHHBIX TOMATOB IPH HU3KHX
HE3aMOPAKMBAOLIIX TEMIIEPaTypax IKCIIPEeCCHpPyeTCs
11 m3 15 u3BectHBIX manepoHoB cemeiictBa BTIL-70.
VY mmyHaTa npu TakoH ke TeMrieparype oOHapyKeHBI
JUIIH HEKOTOphie U3 10 WiIeHOB 3TOro ceMencTna.
SIBneHue yBEITMUESHUsI SKCIIPECCUH IAIIEPOHOB COITOCTa-
BHMO C THITOTE30M, YTO OMOTeHe3 W/¥ITH CTa0OMITbHOCTh
HEKOTOPBIX OEJIKOB HapyIIaeTCs PU HU3KUX HE3aMopa-
KUBaWIIUX Temreparypax. [Ipu stom ymepeHHbBIC
3aMOpPaXXUBAKIINE TEMIIEPATYPHI, BHI3BIBAIOIINE
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CsHSP17.5 with chaperone activity was purified
from mature chestnut (Castanea sativa) cotyledons.
Recombinant CsHSP17.5 was overexpressed in
Escherichia coli. Upon transfer from 37 to 50°C (the
temperature, causing cell autolysis) those cells that
accumulated CsHSP17.5 showed improved viability
compared with control cultures. Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis analysis
of cell lysates suggested that such a protective effect
in vivo is due to the ability of recombinant protein
to maintain soluble cytosolic proteins in their native
conformation, with little substrate specificity. It can
be also involved in cell protection against cold stress,
as it considerably increases cell survival at the
temperature of 4°C. Thus, CsHSP17.5 represents
the HSP example, capable to protect cells against
both types of temperature stress. These results are
comparable with high level of homologous transcript
induction, that was observed in vegetative tissues of
chestnut plantlets exposed to both types of thermal
stress but not salt stress [19].

Cortical parenchyma cells of mulberry (Morus
bombycis Koidz.) trees acquire extremely high
freezing tolerance in winter as a result of seasonal
cold acclimation. In winter a considerable accumu-
lation of 20 and 27 kDa (WAP20 and WAP27)
occurred. The N-terminal amino acid sequence of
WAP20 exhibited homology to endoplasmic
reticulum-localized smHSP, whereas that of WAP27
did not exhibit homology to any known proteins. Like
other smHSP, WAP20 formed a complex of high
molecular mass in native-polyacrylamide gel
electrophoresis. Furthermore, not only WAP20 but
also 21kD proteins reacted with antibodies against
WAP20. The accumulation of a large quantity of
smHSP in the endoplasmic reticulum in winter as a
result of seasonal cold acclimation indicates that
these proteins may play a significant role in the
acquisition of freezing tolerance in cortical
parenchyma cells of mulberry trees [22].

In cold-sensitive tomatoes at the low non-freezing
temperatures 11 of 15 known chaperones of HSP-70
family are expressed. In spinach at the same
temperature there were revealed only some of 10
members of this family. The increased chaperone
expression is consistent with the hypothesis that the
biogenesis and/or stability of some proteins are
compromised at low non-freezing temperatures. In
contrast, mild freezing sufficient to cause injury of
spinach did not practically affect the chaperone
expression [15].

There are the data, which testify to the existence
of different protein patterns synthesised at high and
low temperatures. Trigger factor (TF) in E. coliis a
molecular chaperone with remarkable properties: it
has prolyl-isomerase activity, associates with nascent
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MIOBPEXIEHHS y IINKHATA, IPAKTUYECKH HE BIMSITN Ha
AKCTIPECCHIO TIanepoHoB [15].

NmeroTcst naHHbIE, KOTOPbIE CBUAETENBCTBYIOT O
CYILIECTBOBAHUH PA3IMYHBIX OENKOB, CHHTE3HUPYEMBIX
IIPY BBICOKMX M HU3KUX TeMmeparypax. TpUrrepHbli
¢axrop (TD) E. coli siBrseTcss MONEKYISPHBIM LIAIIEPO-
HOM: OH 00J1a/1aeT IPOMNUI-U30MEPa3HON aKTHBHOCTBIO,
MPUCOEOUHSETCA K POXKAAIOIIUMCS Ha pubocomax
Oenkam, cesi3piBaetcs ¢ GroEL (mpyroit manepow E. coli),
YBEITUUUBAsA €r0 CPOJICTBO K HECBEPHYTHIM O€lKaM U
YCKOPSISl IETPafalliio OMPENEIEHHBIX MO TH/IOB.
[Mockonbky nocneqauii 3QGEKT spue MposBIsSETCs TPH
20°C, Kandror O. ¢ coaBr. [13] ucciienoBaiy BiIUsHIE
TeMmieparypsl Ha skcrpeccuto T®. B omnuuue ot
OOINBIIMHCTBA IIAIepOoHOB (Takux Kak GroEL), koTopbie
sieysttorest BT, yposens T® nporpeccMBHO HapacTaeT
IIpU CHIKEHUH TeMneparypsl oT 42 no 16°C u maxe
BO3pacTaeT Mpu XxpaHeHn! kieTok mpu 4°C. Cunres T
MHAYLMPYETCs TPU TEMIIEPATypHOM cABUTe OT 37 10
10°C npu unHKYOamuum ¢ xiaopaMQpeHUKOIOM, YTO
XapaKTePHO 11 OOJBIITMHCTBA OEITKOB XOJIOOBOTO IIIOKA.
HccnenoBarenu mpoBepuiiv, BaxkHa Jii 3kcrpeccust Td
TUTS YKU3HECTIOCOOHOCTH IPH HU3KHX TeMIieparypax. B
ycnoBusx xpanenus npu 4°C y E. coli otmMedeHo
9KCIMOHEHIINAJIHHOE CHIDKEHHE YKMU3HECTIOCOOHOCTH.
Kitetku co cHmxkeHHbIM coaepkanueM Td ymuparor
OBICTpEE, TOITIa KaK KJIETKH C €r0 MOBBIIICHHBIM COepKa-
HHEM XapaKTepU3yIOTCs OONBILEH )KU3HECTIOCOOHOCTHIO.
Hecmotpst Ha To, 4TO HOonoMHUTENBHAS NpoxyKuus TdD
3aIlHUIIAeT OT XOJIOZA, OHA JKE CHIDKAET KU3HECI0Cco0-
HocTh mpu 50°C, B TOo BpeMs kak nepunutr TD
YBEINYMBACT KHU3HECTIOCOOHOCTH IIPU 3TOW TeMIepa-
Type. B IpoTHBONOIOKHOCTE ATOMY CBEPXIPOMYKIIHS
GroEL/ES v BT1II B ienom nmeet 3aniuTHbIN S dext
IPY BBICOKHX TEMIIEpaTypax U CHIDKAET KH3HECI0C00-
HOCTB Tpu 4°C, 9T0, BO3MOYKHO, OOBSICHSIECT TIOIaBIICHUE
cuate3za bTII na xomonge. Takum o6pazom, TO
TIpencTaBisieT codoit obpazer 0enkoB E. coli, KoTopbie
3aMIUIIAIOT KJIETKH TPU TMOHIKEHUH TEMIEepPaTyphl.
Hudpdepenunanpuas uagykuus TP npu HU3KUX
temneparypax u BTL npu BbICOKHX, MO-BUAUMOMY,
CBHUJIETENILCTBYET O CYIIECTBOBAHMM CEIEKTHBHBIX
MEXaHN3MOB, 3aIUINAIONUX OT MPOTHUBOMOJIOKHBIX
IKCTPEMAIIBHBIX TEMIIEPATYP.

BT ClpB Baken 151 nproOpeTeHus: TepMOY CTOM-
YHBOCTH Y IIHaHOOAKTEPHIA U 3YKAPHOT U TIPHHA/IIEKHT
K TPpyTIITE, BKITIOYArOIIEe pa3HOOOpa3HbIE MOIUIETITHIBI,
KOTOpBIE (PyHKIMOHUPYIOT KaK MOJIEKYJISIPHBIE IIIariepo-
Hbl. Porankiewicz J. ¢ coaBr. [18] moka3sai, uro ClpB
WHTEHCHBHO CHHTE3UPYETCS P YMEPEHHOM XOJIOOBOM
CTpecce y OJHOKJIETOYHOW ImaHobakTepuu Synecho-
coccus sp. muaus PCC 7942. Ecnu KJIeTKH aKKIMMU-
poBartb B Teuenue 24 1 u Oonee rnpu 25°C (onTUManbHas
temneparypa pocta 37°C), conepxanue ClpB (92 k/la)
Bo3pacTaeT B 5 pa3. COOTBETCTBYIOIIEE YBEIHUEHHUE
coneprkanust Habmonaercs 1 a1 BTHI ClpB 78 x/la,
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polypeptides on ribosomes, binds to GroEL (other
E. coli chaperones), and enhances its affinity for
unfolded proteins, and promotes degradation of
certain polypeptides. Because the latter effect
appeared larger at 20°C, Kandror O. et al. [13]
studied the influence of temperature on TF
expression. Unlike most chaperones (e.g., GroEL),
which are heat-shock proteins, TF level increased
progressively as growth temperature decreased from
42 to 16°C and even rose in cells stored at 4°C. Upon
temperature downshift from 37 to 10°C or exposure
to chloramphenicol, TF synthesis was induced, like
that of many cold-shock proteins. The researchers
therefore tested if TF expression might be important
for viability at low temperatures. When stored at
4°C, E. coli loses viability at exponential rates. Cells
with reduced TF content die faster, while cells
overexpressing TF showed greater viability.
Although TF overproduction protected against cold,
it reduced viability at 50°C, while TF deficiency
enhanced viability at this temperature. By contrast,
overproduction of GroEL/ES, or HSP generally, had
protective effect against high temperatures and
reduced viability at 4°C, which may explain why
expression of HSP is suppressed in the cold. Thus,
TF represents an example of an E. coli protein, which
protects cells against low temperatures. Differential
induction of TF at low temperatures and HSP at high
temperatures appears to provide selective protection
against these opposite thermal extremes.

The heat-shock protein ClpB is essential for
acquired thermotolerance in cyanobacteria and
eukaryotes and belongs to a diverse group of
polypeptides, which function as molecular chape-
rones. Porankiewicz J. et al. [18] showed that ClpB
was also strongly induced during moderate cold
stress in the unicellular cyanobacterium Synecho-
coccus sp. strain PCC 7942. A fivefold increase in
ClpB (92 kDa) content occurred when cells were
acclimated to 25°C over 24 h after being shifted from
the optimal growth temperature of 37°C. A
corresponding increase occurred for the ClpB’ HSP
(78 kDa), which arises from a second translational
start within the clpB gene of prokaryotes. Shifts to
more extreme cold (i.e. 20 and 15°C) progressively
decreased the level of ClpB induction, presumably
due to retardation of protein synthesis within this
relatively cold-sensitive strain. Inactivation of clpB
in Synechococcus sp. increased the extent of
inhibition of photosynthesis upon the shift to 25°C
and markedly reduced the mutant’s ability to
acclimate to the new temperature regime, with a
threefold drop in growth rate. Furthermore, around
30% fewer delta clpB cells survived the shift to 25°C
after 24 h compared to the wild type. The majority
of mutant cells were also arrested during cell division
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MIOTy4aeMOT0 IPY BTOPOM CTapTe TPAHCIISILIUH, KOTOPBINA
AMeeTcs y MpoKapuoTHdeckoro rena clpB. Casur B
CTOpOHY ellie Ooree HI3Ko# Temmeparypsl (T.e. 20 u 15°C)
BeJleT K MPOrPECCHBHOMY CHIDKEHHIO MHAYKLHHU clpB,
YTO, KaK MpeIroiararoT, 00yCJIOBIECHO 3aMeJICHUEM
cHHTe3a OeJIka y 3TOH OTHOCHTENBHO XOJOI0YyBCTBH-
TenbHOM JuHMU. MHaktuBamms clpB y Synechococcus
Sp. yBETMYMBACT CTENEHb MHT'MOMPOBaHMs JOTOCHHTE3a
py TemneparypHoM casure 10 25°C U CyIIecTBEHHO
CHIDKAET CIIOCOOHOCTh MyTaHTHBIX KJIETOK aKKJIIMHPO-
BarbCsl K HOBOMY TEMIIEpaTypHOMY PEKUMY, IIPU 3TOM
MIPOMCXOTUT 3-KpaTHOE CHIDKEHHE CKOPOCTH POCTa.
[locne 24 - vacoBoii skcniozurmy npu 25°C BBDKHUBAET
Ha 30 % MeHbIIIe KIIETOK, HECYIIMX MyTaIlHIO TeHa clpB,
10 CPaBHEHHMIO C AUKUM TUIOM.bonbieMy konmuecTBy
MYTaHTHBIX KJIETOK CBOMCTBEHHA TaKKe 3allepiKKa
nenenus npu 25°C, mpu 3TOM OHU OCTAIOTCS COETUHEH-
HBIMHU TOciie (opMHpOBaHUA meperopoaxu. OneHka
XOJIOZI0Y CTOMUMBOCTH O BEKMBAEMOCTH KIIETOK SICHO
MPOAEMOHCTPUPOBAJa, YTO KJIETKH IHUKOTO THIa
CIIOCOOHBI PUOOPETATh 3HAYUTEIBHYIO YCTOMINBOCTD
K HemepMuccuBHO# Temmeparype 15°C, Oynyuu
MIPeABaPUTEIBHO aKKIMMUPOBaHBI pu 25°C. Takoii xe
YPOBEHb XOJIOJOYCTOWINBOCTH, OMHAKO, XapaKTepeH 1
JUTSE MyTaHTHOW JIMHWH, YTO YKa3bIBa€T Ha TO, YTO
uHAyKIMs clpB He sBiIAeTCS HEOOXOAMMOMN IS 3TON
(opMbl ycTouMBOCTH Y Synechococcus sp. B nenom st
pe3ynbTaThl CBUAETENBCTBYIOT, UTO MHAYKuus clpB
BHOCHT CYILIECTBEHHBIH BKJIAJl B IPOLIECC aKKJIMMAIIUH
LMaHOOAKTEPHI1 K IEPMHUCCHBHBIM HU3KHM TEMIIEPATYPaM.

[pencraBureny cemelicTBa OEIKOB XOIOAOBOTO IOKA
(BXILI) o6napy:xeHsl y MHOTHX dyOakTepuil. [lonarator,
yT10o Oenku aeicTByloT, kak PHK-manepons, mpe-
ATCTBYs cBOpaunBanyio PHK Bo BropryHyt0 CTpYKTYpY
[23]. OHN y4acTBYIOT B Pa3JIMYHBIX KJIETOYHBIX
rporeccax, BKIOYas aJanTaluio K HU3KUM TeMIle-
parypam, pocT KJIETOK, CTallHOHApHYIO (hazy u ap.

B BXIII oTKpBIT JOMEH — JIOMEH XOJI010BOI0 0K, -
KOTOPBII OOHApYXMBAET yIUBUTEIHHO BBICOKYIO
romonioruto u cxonusle PHK-cBa3bIBaromue cBolicrsa
co Bce 00J1ee MHOTOUHCIICHHBIM PSIOM 3yKapUOTHYECKHX
0EJIKOB, CIIOCOOHBIX CBSI3BIBATH HYKJIEMHOBBIE KUCIIOTBL, YTO
yKa3bIBaeT Ha ApeBHEE MPOUCXOXKACHHE STHX OerkoB [7].

[Momo6uo npyrum OGakrepusim, Bacillus subtilis
o0nagaeT ceMeiCTBOM FOMOJIOTHMYHBIX MAJIBIX KHUCIIBIX
oenxoB (CspB, CspC u CspD, uneatuanocts >70%),
KOTOpble MHTEHCUBHO MHAYLHPYIOTCS B OTBET Ha
xomonoBoii mok. Graumann P. ¢ coasr. [8] mokazai, 4to
nenenust B reHax cspC wm cspD GeHoTunndeck He
MIPOSIBIISIETCS], TOTJa KaK JBOWHBIE MyTaHTBI XapaKTe-
PHU3YIOTCS CEPhE3HOM 3aA€PKKOM KIIETOYHOTO POCTa KaK
npu 15, tak u npu 37°C, BKkIO4Yas CHUKEHHYIO
BBKMBAEMOCTb BO BpeMs CTAallMOHApHOU (a3sl.
JByMepHBIi snekTpodope3 MOATBEPINIL, YTO Y ABOWHBIX
MYTaHTOB HapylleHa Peryisius CUHTe3a Oelika U YTo
nioreps ogHoro iy AByx bXIII npuBoauna k Bo3pacra-
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at 25°C, remaining attached after septum formation.
Development of a cold thermotolerance assay based
on cell survival clearly demonstrated that wild-type
cells could acquire substantial resistance to the
nonpermissive temperature of 15°C by being pre-
exposed to 25°C. The same level of cold
thermotolerance, however, occurred in the delta clpB
strain, indicating clpB induction is not necessary for
this form of thermal resistance in Synechococcus
spp. Overall, these results demon-strate that the
induction of clpB contributes significantly to the
acclimation process of cyano-bacteria to permissive
low temperatures.

Members of a family of cold-shock proteins
(CSP) are found throughout the eubacterial domain.
It is believed that these proteins act as RNA
chaperones, thereby reducing the increased secon-
dary folding of RNA [23]. They have been implicated
in various cellular processes, including adaptation
to low temperatures, cellular growth, stationary
phase etc.

The discovery in CSP of a domain: the cold-shock
domain, that shows strikingly high homology and
similar RNA-binding properties to a growing number
of eukaryotic nucleic-acid-binding proteins suggests
that these proteins have an ancient origin [7].

Like other bacteria, Bacillus subtilis possesses
a family of homologous small acidic proteins (CspB,
CspC and CspD, identity >70%) that are strongly
induced in response to cold shock. Graumann P.L.
et al. [8] showed that deletion of cspC or cspD genes
did not result in a detectable phenotype; in contrast,
CSP double mutants exhibited severe reduction in
cellular growth both at 15 and 37°C, including
impairment of survival during the stationary phase.
Two-dimensional gel analysis showed that protein
synthesis was deregulated in CSP double mutants
and that the loss of one or two CSP led to an increase
in the synthesis of the remaining CSP(s) at 37°C and
after cold shock. Consequently we can suggest that
CSPs down-regulate production of members from
this protein family. A cspB/C/D triple mutant
(64BCDbt) could only be generated in the presence
of cspB in trans on a plasmid, indicating that a
minimum of one CSP gene is essential for viability
of B. subtilis. After cold shock, synthesis of CspB
in 64BCDbt was drastically lower than in wild-type
cells accompanied by cessation in growth and strong
reduction in general protein synthesis. As CspB,
CspC and CspD are shown to bind to RNA in a co-
operative and interactive manner, CSPs are
suggested to function as RNA chaperones facilitating
the initiation of translation under optimal and low
temperatures.

CspA, the major cold-shock protein of E. coli, is
an RNA chaperone, which is thought to facilitate
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Huto cuHTe3a ocraBimuxcs bXII mpu 37°C u mocne
XO0JI0710BOTO I110Ka. CIie1oBaTeib-HO, MOKHO MTPEATIONO-
#uUTh, yTo bXII peryaupyroT NpoayKLUHIO 4JIEHOB
coOCTBEHHOTO ceMelcTBa. TpolHbIe MyTaHThI 10 TeHaM
cspB/C/D MoryT cyIiecTBoBaTh TOJBKO MPU HATMIUN
MJIa3MUJIbI, HECYIEH TeH cspB, 4To ykaspiBaeT Ha
HEeoOX0OUMOCTB, 10 KpaiiHel Mepe, ogHoro rena BXIII
U xKu3HecriocodHoctH B. subtilis. TTocne XomomoBoro
moka cuaTe3 CspB y TpoitHOro MyTaHTa ObLT TOpa3ao
HIDKE TI0 CPABHEHHUIO C TUKHM THIIOM, YTO COIPOBOXK-
JTAJIOCh OCTAaHOBKOW pOCTA ¥ CHITLHOM PEMyKITHEeH 00IIEero
cunre3a Oenka. [lockomsky cBs3pBanmne CspB, CspC,
CspD ¢ PHK nocut xoomepaTuBHBIN XapaxTep,
npexanoinaraioT, yto bXII ¢pynknuonupyror PHK
LIanepoHsl, obJeryasi HHAYKLUUIO TPAHCISALUU MPH
ONTHMAJIBHBIX ¥ HU3KUX TEMIIepaTypax.

CspA, ocnoHoit BXIII E. coli, snsiercs PHK-miame-
POHOM, KOTODBIH OOIeryaeT TPaHCISALMIO P HU3KUX
Temreparypax, Aecrabmnusupys crpykrypy MPHK.
AMUHOKHCIOTHAs nocienoBatensHoCTh CspA Ha 43%
HWICHTUYHA ‘‘TOMEHY XOJIOJOBOTO IIIOKa~ JYKapHO-
THYECKOTO ceMelcTBa Y-box O€JIKOB, KOTOPhIE B3aUMO-
neiictBytor ¢ PHK u JIHK, perymupys ux ¢yHKIHH.
Jiang W. u coasrt. [12] nmpogemorcTpupoBai, arto CspA
B3anmmoneiictByeT ¢ PHK kak manepon. CspA koorre-
PaTHUBHO CBA3BIBAETCSA TEPMOJAEHATYPHPOBAHHOU
onnonuteBoit PHK, ecnu ee gnuua OGonwine 74
OCHOBaHMHA. MUHHMMaJIBbHO HEOOXonumas IJsl 3TOTO
koHLeHTpanust CspA Oosee ueM Ha MOPAJOK HHXKE
M3MEPEHHON BHYTPUKJIETOUYHOM KOHILEHTpPALMX MOCie
xoxog0Boro moka. CspA He TpeOyeTcss HUKAKHX
crenuduuecknx nocnegoBarenbHocTedr PHK mos
ces3biBanus. Korna 5°-Herpancimpyemas obnacts MPHK
ObpLTa MCIONB30BaHA B KadecTBe cyOcTpara ais
pubonykieas, nodasierre CspA CyIeCTBEHHO CTUMY-
muposaino ruaponu3 PHK, npenorspamas ¢popmupo-
BaHWE ycTOWUMBHIX K AevicTBuio PHKa3 crabmibHBIX
BTOPUYHBIX CTPYKTYP B 5’-HETPaHCIHPYEMOM OOIaCTH.
OTH pe3yibTaThl YKa3bIBAIOT HA TO, YTO CBS3bIBAHHE
CspA ¢ PHK pecrabuusupyeTr BTOPHUIHYIO CTPYKTYPY
PHK, nenas ee uyBcTBUTENBHOM K neiictBuio PHKas.
Takas (yHKUMS, BOSMOXKHO, SBISETCS KIIIOYEBOU IS
spdextuBHoit Tpancmaiuuun MPHK mpu Hu3kHX
TEMITEpaTypax U MOXKET TAaK)Ke OKa3bIBaTh BIHMSIHUE Ha
TPAHCKPHUIIIIHIO.

Bae W. u coasr. [3] mokazaim, ato CspA, Tak e Kak
u romonormyaabie maneporsl CspE u CspC, sSBistroTcst
aHTHTEpMUHATOpaMH TpaHCKpuriyy. JloOaienue in
Vitro GU3NOIIOTHYECKUX KOHIICHTPAIUi pEeKOMOHHAH-
THEIX CspA, CspE nmm CspC cHMXano TepMHHAINIO
TPAHCKPHUITLIMHI Ha HECKOJIKUX TEPMHUHATOPAX, a TAKXKE
YMEHBIIIAJIO N1ay3bI B TPAHCKPUITIHK. VI3BECTHO, UTO TeHBI
nusA, rbfB, pnpA u psax Ipyrux BKIIOYAIOTCS MPU
XOJIOZOBOM ILIOKE. ABTOPBI CUUTAIOT, UTO “‘BKJIIOYEHUE
ATHUX TE€HOB IMPH HU3KHUX TEMIIEPaTypax MPOHUCXOAUT B
pe3yabTare aHTUTEPMHUHAIMH TPAHCKPUTIIIAHN, KOTOPast
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translation at low temperature by destabilising
mRNA structures. The amino acid sequence of
CspA shows 43% identity to the “cold-shock
domain” of the eukaryotic Y-box protein family,
which interacts with RNA and DNA to regulate their
functions. Jiang W. [12] demonstrated that cspA
bound to RNA as a chaperone. CspA co-operatively
binds to heat-denatured single-stranded RNA if it
is larger than 74 bases. A minimal concentration of
CspA is sufficiently lower than the estimated cellular
concentration after cold shock. No specific RNA
sequences for CspA binding were identified. When
the 5'-untranslated region of the CspA mRNA was
used as a substrate for ribonucleases, the addition
of CspA significantly stimulated RNA hydrolysis by
preventing the formation of RNase-resistant bands
due to stable secondary structures in the 5'-
untranslated region. These results indicate that
binding of CspA to RNA destabilises RNA
secondary structures to make them susceptible to
ribonucleases. Such a function may be crucial for
efficient translation of mRNAs at low temperatures
and may also have an effect on transcription.

Bae W. et al. [3] demonstrated that CspA, as
well as homologous chaperones CspE and CspC,
are transcription antiterminators. In vitro, the
addition of physiological concentrations of recom-
binant CspA, CspE, or CspC decreased transcription
termination at several intrinsic terminators and also
decreased transcription pausing. The genes of nusA,
rbfB, pnpA and some others are known to be
induced at cold shock. The authors think, that these
genes “triggering “ to cold occurs through transcrip-
tion antitermination, which is mediated by CspA and
other CSP.

One more family of evolutionary conservative
proteins, found out practically in all organisms,
which accomplishes the molecular chaperone
functions, is cyclophilins [2]. These proteins possess
the peptidyl-prolyl isomerase activity, which is
necessary for protein folding in vivo. For example,
a mitochondrial cyclophilin is an integral part of the
mitochondrial transmitter complex, which is
considered is a key component in cell death
mechanisms. Recently it has been shown that the
expression of some cyclophilins increases under
various stress effects. Important role in the processes
of cell apoptosis and necrosis is assigned to this
group of proteins.

The attempts to manifest chaperone activity of
the stress proteins in the model systems, such as
isolated enzymes, tissues and organs, were under-
taken.

The guanidine-induced unfolding of firefly
(Photinus pyralis) luciferase involves two inactive
equilibrium intermediates and is freely reversible at
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orocpexayercsi CspA u apyrumu BXIIIL

Ewmé onHo cemMeicTBO 3BOJIIOIIMOHHO KOHCEPBa-
TUBHBIX OEJIKOB, OOHApYXEHHOE MPAKTUYECKH Y BCEX
OpPraHU3MOB, BBINONHIET (HYHKIIUHA MOJEKYISIPHBIX
[IarepOHOB — UKIOGUIUHEI [2]. DTH Oenku 00maaaroT
MIETITHAT-TIPOJTHII-M30MePa3HON aKTHBHOCTHIO, KOTOPast
HeoOxonmMa JJisi CBOpAauyUBaHUs OEJIKOB in Vivo.
Harrpumep, MUTOXOHAPHATLHBIH IUKIODHIINH SIBISETCS
HHTErpajibHOM YaCThIO KOMIUIEKCA MUTOXOHIPUAITHHBIX
TIePEHOCYHKOB, KOTOPBIN CYUTACTCS KITFOYEBHIM KOMITOHEH-
TOM B MEXaHU3Max KIIETOUYHOU cMmepTu. HenaBHo ObLTo
MOKa3aHO, YTO IKCIIPECCUS] HEKOTOPBIX ITUKIO(PUINHOB
MOBBIIAETCSl TIPH PA3JIMYHBIX CTPECCOBBIX BO3JEHCT-
BUSIX. DTOM TpymIe OEKOB OTBOIUTCS BaKHASI POJIb B
IIpoIIeccax aronTo3a U HeKpo3a KIEeTOK.

[pennpuHIMAatOTCS TIOTBITKH OLIEHUTH [ITANIEPOHHYIO
AKTHBHOCTh CTPECCOBBIX OCITKOB B TaKMX MOJCIHHBIX
cUCcTeMaX, KaKk M30JIMPOBaHHbIE ()ePMEHTHI, TKAHU U
OpTaHbl.

['yannmH-vHIYIIMPOBAHHOE Pa3BOpadrBaHUE OIM]e-
pasel cBemiKa Photinus pyralis BOBIEKAeT 2 HEAKTHBHBIX
PaBHOBECHBIX HHTEPMEIMAaTa U SIBISIETCS 00paTiMbIM TIPH
HU3KUX KOHIICHTPAIWSIX OeKa M HU3KOM TeMIieparype.
OnHako peakTHBaLs IPOHCXOIUT YpE3BBIYAHO MEJJIEHHO
Y paBHOBECHE HACTYTIACT TOIBKO TIOCTIE 7 JTHEH MHKYOaIiH,
KpOME TOTO, PEaKTUBAIIUS CHIIBHO 3aMEISIETCs] TIPH
YBEJIMYEHNY KOHIICHTPAIH OeNka, 9TO CBHJICTEILCTBYET
00 arperary Kak KOHKypupyrorei peakimun. Herbst R. n
coasr. [ 10] uccnenopanu poIb MPOMEKYTOUHBIX ITPOTYKTOB
B TIPOLIECCE arperalyy st TOrO, YTOOBI OMPEEUTh UX
accolManuio. PeakTHBHBIE MHTEpMEIMATBI CIIOCOOHBI K
OBICTPOIl pEeaKTHBAIMK B MPUCYTCTBUHU KIETOYHBIX
9KCTpakToB. [lo-BumiMoMYy, CyIecTByeT KHHETHIECKast
JIOBYIIKA TIPH CBOPaYMBaHHUM JFOLH(epasa Mpyu HUZKOM
TeMIlepaType, KOTopasi JOCTUTAETCsS MPH 0COOBIX
PaBHOBECHBIX KOH(OPMAILIHMSIX HHTEPMETUATOB U KOTOPOIt
MOXXHO HM30€XaTh B MPUCYTCTBHH MOJEKYISPHBIX
IaTIepOHOB, YTO MOATBEPKIACTCS JAHHBIMU KPYTOBOTO
JUXpor3Ma U (DITFOOPECIICHIINH.

Bo3moXHble HanpaBAeHMss pa3BUTUS
MCCACAOBAHMI MOAEKYASIPHBIX LIANepoOHOB

MornekysipHbIe IarepoHbl MOTYT OBITH ITOJIE3HBI
IIpY KOHCEPBAIMK OPTaHOB JJIsl TPaHCILIaHTaru. beiio
MOKa3aHo, 4To M30bITOuHas mpoxykmus BTII-72
o0ecreyrnBaeT 3aluTy oT uiemun cepana. Gowda A.
et al [6] nccrnenoBasm ciocOOHOCTD KPBIC, TOABEPTHY THIX
TEMJIOBOMY IIIOKY C 6-4aCOBBIM MEPHOIOM BOCCTaHOB-
JIeHHs, MpuoOpeTars 3allUTy MpU MOCIEAYIOIEeM
xpaneruu cepara npu 4°C B Tedenue 12 gacos. beumm
U3y9EeHBI 3 TPYMIBI KUBOTHBIX — KOHTPOJBHEIE U
MOJIBEPTHYTHIEC JIO)KHOMY U HACTOALIEMY TEILIOBOMY
moky. [locne mmemun Ha xonoae cepaia penepdysu-
pOBaJIK, TIOCIIE Yero U3Mepsun (QYyHKIUIO cepAala H
yTeduky sakrarneruaporenassl (JIJII). Cepmia xuBoT-
HBIX IOCJI€ TEIUIOBOIO IIOKA MMENH ropas3ao JTydllue
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low protein concentration and low temperature.
However, reactivation is exceedingly slow so that
the equilibrium is attained only after 7 days of
incubation and reactivation yields decrease strongly
with increasing protein concentration, suggesting
that aggregation is a competing side reaction.
Herbst R. et al [10] investigated the role of the
equilibrium intermediates in the aggregation process
to monitor their association state. Reactive
intermediates are capable to high reactivation in the
presence of cellular extracts. Apparently, there is a
kinetic trap in luciferase refolding at low tempera-
tures that is accessible from both equilibrium
intermediate conformations and is avoided in the
presence of molecular chaperones, that is confirmed
by the data of circular dichroism and fluorescence.

Possible directions of further studies on
molecular chaperones

Molecular chaperones can be useful in organ
preservation procedures for transplantation. It has
been shown that overexpression of HSP-72 provides
protection against ischemic cardiac damage.
Gowda A. et al. [6] sought to determine whether rats
subjected to heat stress with only 6-hour recovery
could acquire protection to a subsequent heart
storage for 12 hours at 4°C. The following three
groups of animals were studied: the control, sham-
treated, and heat-shocked rats. After cold ischemia
hearts were reperfused, after that the heart function
and lactate dehydrogenase (LDG) leakage were
measured. Heat-shocked animals’ hearts showed
much better indices of heart rate, of left ventricular
pressure and rate of its change in comparison with
the control and pseudotreated animals. Diastolic
compliance and lactate dehydrogenase release were
improved in heat-shocked animals. Western blot
experiments confirmed increased HSP-72 levels in
heat-shocked animals (>threefold) compared with
sham-treated animals and controls. Heat shock 6
hours before heart removal resulted in marked
expression of HSP-72 and protected isolated rat
hearts by increased functional recovery and
decreased cellular necrosis after 12-hour cold
ischemia in a protocol mimicking that of heart
preservation for transplantation. Endothelial
activation is a central feature of preservation-induced
allograft injury. Human umbilical vein endothelial
cells were exposed to cold, under hypoxic conditions
in histidine-tryptophane-ketoglutarate (HTK), and
EuroCollins solutions for 8 h with subsequent
rewarming/reoxygenation (rew/reox) for 1 and 4 h.
A cell-based ELISA was designed for detection of
HSP-60 and HSP-70. HSP-70 was expressed after
cold storage in HTK and EuroCollins solutions and
after rew/reox in all groups. A constitutive
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IOKA3aTeN! YaCTOTHI CEPICUHBIX COKPAILICHHHN, JABJICHIS
B JIEBOM EJyJ0YKe U CKOPOCTH €ro M3MEHEHHS I10
CPaBHEHHUIO C KOHTPOJIEM M JIOKHO 00pabOTaHHBIMU
*uBOTHBIMH. [lapamerpbl nuacronnueckoro pacciad-
JICHUS JKeITyA04KoB U yTeduku JIJII Taroke ObutH Tydine y
ocobeli mocie TermoBoro moka. Merogom BectepH-
OJIOTTHHTa OBLTO MTOATBEPKIIEHO, UTO ypoBeHb BTIII-72
y ’KHMBOTHBIX [IOCJIE€ TETUIOBOT'O II0KA OBL B 3 pa3a BIILE
[0 CpaBHEHHIO C ABYMS Ipyrumu rpymmamu. Illectu-
4acOBOM TEIUIOBOM IIOK IEpe]] W3BJICUEHUEM CEPIILA
BBI3bIBANI yCHIIEHHYTO AKkcnpeccuro bTHI-72 u 3amuian
cepata KpbIc, Cyis o GyHKIMOHAIBHBIM ITOKa3aTeNsiM,
a TaroKe yMEHBIITAI KIIETOUHBIN HEKPO3 Mociie 12-9acoBoi
XOJIOJIOBOM MIIEMHUU B NPOLEAYyPE, UMUTUPYIOIIEH
KOHCEpBAaLMIO cepAla Ui TPaHCIUIAHTalWuH. JHIO0Te-
JMabHAs aKTUBALWS — LEHTpajbHAs NpodieMa MpH
HHAYIUPOBAHHOM KOHCEpBaLHEH MOBPEXKACHUH
aJJI0TPAHCIIAaHTATOB. DHAOTEIHAIbHBIE KIETKH
yMOMKaIbHOW BEHBI YEJIOBEKAa XPAHWJIM Ha XOJIOIE B
YCJIOBUSX TUIIOKCHM B T€UEHHE § 4 B pacTBOpax
Eurocollins 1 ructuanH-TpunTohaH-KeTOTIIyTapaT ¢
MOCTIEAYIOIINM OTOTPEBOM-PEOKCHUTEHALIEH B TEUEHHE
1 u 4 yacos. [{na onpenenenus BTII-60 n BTII-70
WCTIONB30BaIM MMMyHO(pepMeHTHbIH MeTon. bTI-70
AKCIPECCUPOBAJICS MOCIIE XPAHESHHUS Ha XOJIO0/Ie B 000HX
pacTBOpax U IOCJE OTOTPeBa-PEOKCUIeHAIIMN BO BCEX
rpynnax. Konctutytusnyto skcnpeccuto BTII-60
HaOJIOAANH TI0CIIE OTOIPEBA-PEOKCUTCHALIMH TAKKE BO
BCEX 3KCIMEPUMEHTAJBHBIX I'PyMIax. DKCIPECCUS
CTPECCOBBIX OSJIKOB MOXKET OBITh IIPEIVIO’KEHA KaK HOBBIH
napameTp MpH OLIEHKE SHAOTEIMAIbHON aKTUBALUH,
BBI3BaHHOH KOHcepBauueil [5].

WHpynmpoBaHHbIe TeMIEpaTypoil OHTOICHETHYECKHE
AHOMAJIMY TIPEACTABISAIOT cOOOW OTrpOMHOE TIONe IS
3aIIMTHOTO IEUCTBUSI MOJIEKYJIAPHBIX IIANIEPOHOB. Y UMaro
Jpo30dubl HAOMOMAaETCs TENbIA psifl 1e(EKTOB, eCiu
KYKOJKH OBITM TOJBEPTHYTHI JEHCTBUIO BBHICOKHUX
TeMrieparyp. JToT eHOMEH He OrpaHHYMBAETCS TONBKO
KJIAaCCOM HaceKoMbIX. OHTOTeHeTHUECKHUEe aHOMAJIHH,
WHIYLMPOBAaHHBIE TEIUIOM M XUMHKATaMH, IOCTaTOYHO
XOPOILIO U3y4eHBI Ha SMOPHUOHAX ITHLI X MIICKOIUTAOIIMX
[16]. Huzkue Temrieparypbl MOI'YT TAKGKE BBI3bIBATH CXOIHBIC
nedekrsl. B 3aBICHMOCTY OT TeMIeparypbl ¥ JUTMTEIBHOCTH
SKCTIO3UIIMH Ha XOJofe ObUT MOMy4YeH CIEKTP AC(EeKTOoB
pasBuTust y coBku Mamesta configurata, BKITIOYAIOLIHIA
rubeh Ha CTaauy KYKOJIKH B TIEPHO AWAriay3bl, THOCIH
TOCJIE BBIXO/IA U3 IHAIay3bl, HETIOJHYIO JINHBKY, 1e(eKThI
pa3BUTHS IMaro, 3a1epykku pasutus [21]. Teparorenssie
areHThI TAKKe WHAYIMPYIOT CHHTE3 CTPECCOBBIX OCIKOB.
MOJKHO TIPETIONOKHUTh CYIIECTBOBAHHE MPAMOI CBSI3U
MEXITy STUMU sIBIeHUAMU. CHBHBIA TEIUIOBOM ILIOK Y
KYKOJIOK JIPO30(pHITBI IPUBOIUT K Pa300IIEHHIO B OCITKOBOM
CHHTE3€, 32 KOTOPBIM CIIEIyeT IUCKOOPIMHALS SKCIIPECCUH
T'€HOB. Y HACEKOMBIX, KOTOpbIE MPENBAPUTENIHHO OBUIH
TIOABEPTHYThl yMEPEHHOMY TEIIOBOMY ILIOKY, CHHTE3 OeJika
BOCCTaHABIMBAJICS TOpa3o ObICTpee, KaK M KOOPAHHALUS
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expression of HSP60 was observed with further
upregulation after rew/reox following cold storage
in all experimental groups. Expression of stress
proteins can be proposed as a new parameter of
preservation-associated endothelial activation [5].

Another field for protective actions of molecular
chaperones is the temperature-induced develop-
mental anomalies. A broad range of defects was
observable in adult Drosophila when their pupae had
been subjected to high temperature effect. This
phenomenon is not limited to insects. Developmental
anomalies induced by heat and chemicals have been
extensively studied in avian and mammal embryos
[16]. Low temperatures can also cause similar
effects. Depending on the temperature and duration
of exposure to cold, there was a continuum of effects
in the bertha armyworm Mamesta configurata
ranging from death during the diapause stage
(pupae), death during post-diapause development,
incomplete ecdysis, malformation of emerged adults,
to delayed emergence [21]. Agents that are
teratogenic also induce the synthesis of stress
proteins. One can assume a direct connection
between the two phenomena. Severe heat shock in
the fruit fly pupae resulted in disruption of protein
synthesis followed by discoordination of gene
expression. In insects that have been given a mild
pre-shock, protein synthesis recovered much more
rapidly, as well as the co-ordination between these
two processes. Similar results were obtained for mice
and rats. In rat embryos, a mild pre-treatment has
been shown to induce the synthesis of HSP-71 and
HSP-83 in cells of the neural plate (which are heat-
sensitive), to prevent such neural tube defects as
microcephaly, anencephaly and spina bifida and to
greatly enhance the recovery of normal protein
synthesis [16]. It would be reasonable to presume
that molecular chaperones are also able to prevent
cold-induced developmental defects.

Protective abilities of chaperones suggest the
possibility of their utilisation in protective media for
hypothermic and cryogenic storage of biological
material. That is why one can expect the expansion
of investigations of the stress protein effect on the
biological material safety.

Prevention of developmental anomalies using
stress proteins can serve as an apt model for
investigating the genetic apparatus functioning under
stressful conditions. Determining the specific causes
of cold-induced lethality and injuries and elucidating
the molecular mechanisms of protection are not easy,
especially because these phenomena are likely to vary
from cell to cell. “Dead cells, like dead men, tell no
tales”,- said S. Lindquist [16]. The molecular
mechanisms of defect induction are more amenable
to analysis. Tissues involved in defect induction
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MEXTy 3TUMH JByMsI Tiporieccami. [1o100HbIe pe3yITbTarhl
ObUIM TMOMy4YeHBI Ha MBIIAX U Kpbicax. bputo mokasaxo,
YTO MATKasl MPEABAPUTENBHAS THIEPTEPMUS SMOPHOHOB
kpbic naayLHpyet cunte3 bTI-71 u BTII-83 B kneTkax
HEPBHOM IUIACTHHKH (KOTOpBIE SBJISFOTCS TEPMOIYBCTBH-
TEJILHBIMU), YTO MPEAOTBPAILAET TaKue AEeKThl HEPBHOM
TpyOKH, Kak MUKporehatis, aHAHIepATI U pacIieirHa
MO3BOHOYHHKA, 1 CYILIECTBEHHO YCKOPSIET BOCCTAHOBJICHHUE
HOpMaJIbHOTO cuHTe3a Oenka [16]. EcTe ocHOBaHuA
MIPEAIoararb, YT0 MOJIEKYIISIPHbIE HIANIEPOHBI TAKXKe
CITOCOOHBI TIPEAOTBPAITIATh OHTOTEHETHICCKHE JIC(DEKTHI,
BbI3BaHHBIE JIVCTBUEM HU3KUX TEMIIEPATYD.

3ammTHBIE CBOWICTBA IIAIIEPOHOB HATAJKHBAIOT HA
MBICITb 00 UX UCTIONIB30BAHUH B CpeJiax I TUIIOTEPMH-
YEeCKOr0 U KpUOTEHHOrO XpaHeHHus Omomarepuaa.
[ToaTOoMy MOXHO 0XMIATh PACIIUPEHNS HCCIENOBAHUS
JNEHWCTBUSL CTPECCOBBIX OCJIKOB HAa COXPaHHOCTD
Ouomarepuarna.

[IpenorBpalieHe OHTOTEHETUYECKUX aHOMAIMH C
MIOMOUIBIO CTPECCOBBIX OEJIKOB MOXKET CIYXHUTb
aJIeKBaTHOW MOJIENBIO NIJIsl MCCIeNOBaHNs (PyHKITHO-
HUPOBaHUS TEHETUYECKOTO aImiapara B CTPECCOBBIX
yCI0BHSAX. BrlsicHeHne criennpraecKix MpUIrH rHoen
Y TIOBPE>K/ICHHH, BEI3BAHHBIX B PE3YJIETATE XOJIOI0BOTO
BO3JIEHCTBHSA, M 3aLIUTHBIX MEXaHHU3MOB JCHCTBUS Ha
MOJIEKYJISIPHOM YPOBHE SIBJISIETCS TPYAHOU 3a/iavyeid,
0COOCHHO €ClIM NPHUHATH BO BHHUMAaHHE BBICOKYIO
BapHaOeNbHOCTD TUX SABJICHUH OT KJIETKH K KileTke. Kak
ckazana Lindquist S.: “MepTBblIe KJIeTKH, KaK 1 MEpTBbIE
JIOY, HUYEro He pacckaxyT” [16]. MonekynsipHsle
MEXaHU3MBbl HHAYKINH aHOMAJIN 60J1ee TOCTYIHBI IS
ananu3a. TkaHu, BOBIICUCHHbIE B UHAYKIMIO aHOMAJIUH,
MPOAOJDKAIOT PACTH M Pa3BUBATHCS M MOTYT OBIThH
JIETaIbHO UCCIICIOBAHBI.

B nenrtpe nccnenoBaHus Mo-TpEKHEMY OCTaeTCs
MeXaHW3M MHIYKIIUH CHHTE3a MOJIEKYIISIPHBIX IIAIepo-
HOB. KpoMe m3ydenust mogpoObHOCTEH peryasnuu B
OTJENBHBIX CHCTEMAX, BAXKHO OIPENETUTH, HACKOIBKO 3TH
MEXaHU3MBI TIOXOKH y pa3HbIX BUIOB. PerieHue sToi
poOJIeMbl, HECOMHEHHO, TPUBEICT K Oojiee TTyOOKOMY
MOHUMAHHIO TOTO, KaK KJIETKU CHPABJIAIOTCS C HEONTH-
MaJTbHBIMH YCIIOBHSIMU BHELITHEH CPEZIbL, BKITFOUAs! HE TOBKO
W3MEHEHHs TEMIIEPATYPbI, HO M PYTHE BUIIBI CTPECCOB.

[IposicHenue Kakaoi CTyNMeHW “BKIIOYEHUSA U
“BBIKITFOYCHHS TEHOB CTPECCOBBIX OSITKOB MOXKET JIaTh
Oosee IIyOOKue 3HAHHS O paboTe TeHOMA B IICIIOM.

YHUBEpCAIBHOCTh OTBETA M KOHCEPBATHUBHOCTH
WHIYHOCTBHBIX TEHOB MOAHUMAIOT BOIIPOC O TPOHC-
XOXKJIEHUH MOJIEKYIISIPHBIX IIarepoHoB. Bo3HuKMM mn
OHH OJTHAK/TbI, OCTABAJIFICH JIM X CTPYKTypa U (DyHKIINK
MIPaKTHYECKH HEU3MEHEHHBIMH B T€UEHHE MIJLIMOHOB
net? VInu oHM MOSABIISUTUCH MHOTOKPATHO Y PAa3IM4HBIX
BUJIOB U NPEICTaBISIIOT cO00H MpeKpacHblii 00paszen
KOHBEPI'eHLIMH Ha MOJIEKYJISIPHOM YpPOBHE?

Taxum 00pa3oM, co BpeMEHH OTKPBITHSI MOJIEKYJISIP-
HBIX IIATIEPOHOB JOCTUTHYT OIPOMHBIH MpOTpecc B
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continue their growth and development, and can be
analysed in details.

The induction mechanism of the molecular
chaperone synthesis remains to be the central
point of the investigation. Besides learning the
details of regulation in particular systems, it is
important to determine how similar the mecha-
nisms are in diverse species. An understanding
of this problem will undoubtedly lead to a better
understanding of the fact how the cells can cope
with less optimal conditions, including not only
the changes in temperature, but another kinds of
stress as well.

The elucidation of each stage of “switching on”
and “switching off” of stress protein genes can
provide more profound knowledge on the genome
work on the whole.

The universality of the response and the
conservatism of the inducible genes arouse the
questions of molecular chaperon origin. Did they
arise only once and retain their structure and
functions almost unchangeable for millions years?
Or did they appear many times in diverse species,
and so that is an excellent example of convergence
on the molecular level?

Thus, the great progress has been made since the
discovery of molecular chaperons was done. Much
remains to be done.
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