TEOPETUYECKAS
1 SKCNMEPUMEHTAABHAS
KPUOBHUOAOTUS

VIK 57.043:547.42

THEORETICAL
AND EXPERIMENTAL
CRYOBIOLOGY

UDC 57.043:547.42

Kunetnueckue napametpbl pocrta E. coli nocae raybokoro

3aMoOpaXKmBaHusl B MPUCYTCTBUU AM:—)TM/\CY/\b(bOKCMAa
LL.A. MapkarsH!, K.A. BAareamsiv', B.b. APAKEASIH?
'EpeBaHCKMIi roCyAapCTBEHHbINA YHUBepCUTET, ‘EpeBanckuii ¢husnyeckuii MHCTUTYT

Kinetic Parameters of E. coli Growth After Deep Freezing

at Diethyl Sulfoxide Presence
MARKARIAN S.A.", BAGRAMYAN K.A.", ARAKELYAN V.B.?

"Yerevan State University, ?Yerevan Physics Institute

VccnenoBany yneabHY0 CKOPOCTh pocTa U star-dasy E. coli 1o u nocie riry6oKkoro 3aMopaxuBaHus npu temieparype -196 °C B
npucytcTBun amdTmicynshoxcuaa (JJ3CO) B 10%-it koHImeHTpanuu. Pe3ynsTaTsl cOMOCTaBICHBI ¢ JAHHBIMH, HOTYYCHHBIMU IPH
HCCIIeIOBAaHUH TPAJULIMOHHBIX KPHOIIPOTEKTOPOB NikLieprHa u iuMeTmiicyabdokcnaa (IMCO). ITokazaHo, 4To B pU3HOIOTHUECKUX
YCJIOBHSIX KPUOIPOTEKTOPBI YMEHBIIAKOT YIEIbHYIO CKOPOCTh POCTa, MpUYeM Hauboliee CHIIbHOE Bo3JeiicTBHe okasbiBaeT JJICO.
ITocne 3aMopaXuBaHUs yACIbHAs CKOPOCTh POCTa YBEIUYHBACTCS, B YCIOBHAX KOHTPOJIS M B MPHUCYTCTBHM ruuepuna, JIMCO u
JDCO ee BenuunHa NpakTHIecKu oxuHaKkoBa. [lokaszano, uro Hamuuue JJDCO B KynbTypanbHON )KUIKOCTU MIPAKTHYECKU JINKBUIUPYET
nar-¢asy Kak 70, TaK ¥ [ocje 3amopaxuBanus E. coli.

Knrouesvie cnosa: 19CO, kpuonpotekrop, E. coli.

JocnimKyBanu TUTOMY MIBHIKICTh 3pOCTaHHA 1 nar-dasy E. coli 1o 1 micis rumboKoro 3aMOpOXYBaHHS IPU TeMIIeparypi
—196°C y npucytHocTi muermicynbhokenny (JIECO) B 10%-it koHteHTpartii. Pe3yssrary 3icTaBieHi 3 TaHUMH, sIKi OTPUMaHi IPH JOCITiHKEHHI
TpaJULIHHAX KPiOMPOTEKTOPIB mIineprHy 1 muMetwicyabdokcuny (AMCO). ITokasano, oo B (i3i0NOTiYHAX YMOBaX KPiOMPOTEKTOPU
3MEHIIYIOTh MUTOMY [IBUAKICTH 3pOCTaHHS, PUUOMY HaiOLIb crbHui BB Mae JJECO. Ilicist 3aMopoxKyBaHHS IIATOMA MIBUIKICTH
3pOCTaHHs 30UIBLIYETHCS, B YMOBAaxX KOHTPOINIO i B mpucytHocTi miinepuny, AMCO i JIECO ii BenuurHA MPaKTHYHO OJHAKOBA.
Hoseneno, mo HasHicTs JECO y KynbTypasibHil piiHI MPaKTUYHO JiKBigye Jar-asy sk 10, Tak i micis 3aMopoKyBaHHs E. coli.

Knrwwuosi cnosa: JJECO, kpionportekrop, E. coli.

Specific growth rate and lag-phase of E.coli before and after their deep freezing under —196°C temperature at the presence of
diethyl sulfoxide (DESO) in 10% concentration were investigated. The results were compared with the data obtained during
investigations of traditional cryoprotectants of glycerol and dimethyl sulfoxide (DMSO). It is shown, that under physiological conditions
the cryoprotectants reduce a specific growth rate, moreover the strongest effect is caused by DESO. After freezing the specific
growth rate is increased and its value is practically equal under control conditions and at the presence of glycerol, DMSO and DESO.
It is demonstrated, that the DESO presence in a cultural liquid practically declines the lag-phase both before and after E.coli freezing.

Key words: DESO, cryoprotectant, E. coli.

U3BecTHO, 4TO Hambonee HaAEKHBIM METOIOM
XpaHEHUs MUKPOOPTaHU3MOB SIBISIETCA METON
KpuokoHcepBupoBanus [7,10] nmpu Temmeparype
’KHIIKOTO a30Ta, KOTZa OCTaHABIMBAIOTCS OOMEHHBIE
1 OMOXMMHYECKHE PEaKLHU U OTCYTCTBYET >KHJIKas
(haza. [yig 3TOM 11 MPUMEHSIOT KPHOMIPOTEKTOPHI,
KOTOpPBIE, CMEIINBASICh C BOJIOW, YMEHBIIAIOT TEMIIepa-
Typy €€ KpHCTaJJIM3allui IPU NOHMKEHUU TEMIIe-
patypsl. Kpro3amuTHele cBONCTBa BEIIECTB YacTO
CBSI3BIBAIOT C MX CHOCOOHOCTHIO 00pa3oBBHIBATH
BOZIOPOJIHBIE CBSI3HM C MOJIEKYJIaMH BOJABI U MPOYHBIE
KOMIUIEKCHI C MOHHBIMM KOMIIOHEHTAMM PacTBOpa,
CHOCOOCTBYIOIINE YMEHBLICHUIO Pa3MEPOB KPHCTA-
JIOB JIbJIa TPU 3aMEP3aHUH KUJKOW (a3bl KIETKH,

It is known, that the most reliable method for
microorganism storage is cryopreservation [7, 10] at
the temperature of liquid nitrogen, when the metabolic
and biochemical reactions stop and there is no liquid
phase.

For this purpose one applies cryoprotectants, which,
after mixing with water, reduce the temperature of its
crystallisaiton at the temperature decrease. Cryo-
protective properties of substances are often related
to their capability to form hydrogen bounds with water
molecules and solid complexes with ion components
of solution, contributing to a decrease in the ice crystal
sizes at the cell liquid phase freezing, to the elimination
of damaging effect of both osmotic pressure and
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CHSATHIO TOBPEXJAONIEro JeHCTBUS KaK OCMO-
THYECKOTO JIaBIICHHS, TaK U BO3pacTarouiedl mpu
3aMOPaXMBAaHUH KJIETKM KOHLIEHTPALIUH JJIEKTPOINTA.
HaunbGonee yacto mpuMeHsieMble KPUOTPOTEKTOPHI
rmuiepud 1 JJMCO o06nagaioT SpKko BBIPaKEHHOM
COCOOHOCTHIO 00Pa30BBIBaTh BOJOPOIHBIE CBSA3H C
MOJIEKYJIaMHU BOZBI, PACTBOPSSACH B HEH B JIIOOBIX
cooTtHomeHuax [1,14]. [IpoBeneHHble HEABHO
PaMaHCIEKTPOCKOITNYECKIE HCCIIeIOBAHUST BOTHBIX
pactBopoB JI2CO mokazanu, 4T0 UMEET MECTO OUYEHb
CIJIBHOE B3aUMOJIEHCTBIE MeK Ty Monekynamu J19CO
u H O, eme Gonee cuiibHOE, YeM B3aMMOJCHCTBHE
Mexay camumu Monekynamu JI9CO B unctom J[3CO
[9]. OTu mccmemoBaHMWs MOKa3alid TaKXKe, 4TO
B3aumozencTeue Mexay mosekynamu J19CO u H,0
cunpHee, yem Mexay IMCO u H,O, u cienyer
oxunare, 4to JJ9CO okaxercs 6omee 3PpPeKTHBHBIM
Kkpuonporexkropom, yem IMCO.

Martepuanbl 1 meToabl

MozenbHBIM 00BEKTOM JUIST U3yYeHHUS TOCIIe]-
CTBUM KPUOTE€HHOI'O BO3JAEUCTBHUS YACTO HCIOJb-
30BaM pa3iauuHble mrTaMMmbl E.coli. [IpenBapu-
TelIbHBIC HCCIIeToBaHus TToka3aiu, 4yto JIDCO Gonee
s dexruBHO, yem Tumepud u JIMCO, coxpanser
MeMOpaHHBIN moteHnuan E.coli mocie 3amo-
paxuBaHusi-otorpesa [4]. B pabdorax [7,8] Obura
HCCIIeI0BaHa 3aBUCUMOCTh BEDKUBaeMOCTH E. coli npu
3aMOpaXUBaHUU OT YCIOBUI KPUOKOHCEPBUPOBAHUS
B npucytcTBun rmunepuna u JIMCO. Ilpencrasnsercs
nesecoo0pa3HbIM NonydeHue Oojee JeTalbHOU
nHpopManuu 0 GU3MOIOTUIECKOM COCTOSHUH
BBDKMBIIMX KJIETOK Ha OCHOBAaHWH HCCJIEJIOBAHUS
yIeIbHON cKopocTH pocta u jar-dassr [2]. Lens
JMAHHOH paboThl — BBHISBICHUE KPHOMPOTEKTOPHBIX
cpoiicTB JIDCO u cpaBHUTEIBHOE HCCIEIOBAHUE
BIUSHHSA TIyOOKOT0 3aMOpaXMBaHUS HA KUHE-
THYECKHE MapaMeTphl pocta E.coli (yaenbHYIO
CKOpOCTh pocTa | jar-¢a3y) B IPUCYTCTBHH TIIHIIE-
puna, /IMCO u [125CO.

Huxwuit tun K-12 (1), E. coli 6vi1n BBIpaIeHs
aHa3’poOHO, Kak onucaHo B [ 13]. [l 3amopakuBaHust
KJIETKH, BBIPOCHIUE NI0 JOTapu(PMHUYECKOH CTaauu
pocTa, ocaxaai ¢ MOMOIIbIO HEeHTPU(YTHPOBAHUS,
nocie 4yero OakTepuu cycrneHzupoBaiu B 50 MM
Tpuc-6ydepe, pH 7,5 10 KOHEUHOH KOHLIEHTPAIUU
10! kmeTox/mi. 3aMopaXxHBaHHE-OTOTPEB TMPO-
BOAUIIM B ONTHUMalIbHOM g E. coli pexnme —
OJHO3TAITHBINA PEKUM OXJIKICHHS 10 TEMIIEPaTyphl
x)uaKoro azora -196 °C co ckopocthbio 40°C/MuH u
OBICTPBII OTOTPEB B BOIIHON OaHe IpU TeMIIeparype
41°C [7]. Hamm npenBapuTeabHbIE IKCIIEPUMEHTSHI IO
BBDKMBAaEeMOCTH E. coli mokazanu, uto 3 (HeKTHBHBIMU
koHUeHTpanusaMu 111 IMCO sBmsitores 10-15%, a
st J2CO - mensiue 5-10 %. TlosToMy ontumManbHOM
Obua BeiOpana 10%-s xonneHTpanus. Kak xumu-
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increasing electrolyte concentration during cell
freezing. The most often applied glycerol and DMSO
cryoprotectants have a pronounced capability to form
hydrogen bounds with water molecules, by dissolving
in it under any ratios [1, 14]. The recent Raman
spectroscopic investigations of DESO aqueous
solutions demonstrated, that there was a very strong
interaction between DESO and H,O molecules, that
was much stronger than between DESO molecules
themselves in pure DESO [9]. These investigations
shown also that the interaction between DESO and
H,O molecules was stronger, than between DMSO and
H,0, and it should be expected that DESO would be
more efficient cryoprotectant than DMSO.

Materials and methods

Different strains of E. coli were often used as a
model object for studying the cryogenic effect
consequences. Preliminarily investigations demonstrated,
that DESO protected E. coli membrane potential after
freeze-thawing more efficiently than glycerol and
DMSO [4]. In the papers [7, 8] there was investigated
the dependence of E. coli survival during freezing on
cryopreservation conditions at glycerol and DMSO
presence. It seems to be expedient to obtain more
detailed information about physiological state of
survived cells basing on the investigations of specific
growth rate and lag-phase [2]. The aim of this work
was to reveal the cryoprotective properties of DESO
and a comparative study of the deep freezing effect on
kinetic parameters of E. coli growth (specific growth
rate and lag-phase) at the presence of glycerol, DMSO
and DESO.

E. coli K-12 (1) wild type was grown in anaerobic
way as it is described in the paper [13]. For freezing
the cells, grown up to logarithmic growth stage, were
sedimented by centrifugation, afterwards the bacteria
were suspended in 50 mM of Tris-buffer, pH7.5, up to
the final concentration of 10'2 cells/ml. Freeze-thawing
was carried-out in optimal regimen for E. coli: one-
stage cooling regimen up to temperature of liquid
nitrogen —196°C with a rate of 40°C/min and a prompt
thawing on water bath at 4°C [7]. Our preliminary
experiments on E. coli survival rate demonstrated, that
efficient concentrations for DMSO were 10-15% and
for DESO less than 5-10%. Therefore 10% concentra-
tion was chosen as an optimal one. As a chemical
reagent DESO is not industrially produced. It was
obtained by a synthetic way basing on the patented
method [5]. Before usage, DMSO and DESO were
thoroughly purified and distilled under vacuum, a
middle fraction was used for the sample preparation.
The preparation purity made not less than 99%.

Microbiological investigations were carried-out
using the classical methods [11, 13].

The obtained experimental results on kinetics of
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yeckuit peareHt JOCO mpoMBIIIIEHHOCTh HE
BbITyckaeT. OH ObUT TOTyYeH CHHTETUYECKUM ITyTEM
Ha OCHOBE 3amareHToBaHHoro merona [5]. Ilepen
ynorpebneanem IMCO u I2CO Obiu TIIaTeabHO
OYMILEHB] U NIEPErHaHbl MO BaKyyMOM, JUIS PUTO-
TOBJIEHHUsT 00pa3LoB OblLIa HCIONb30BAaHA CPEHHSIS
¢pakuus. Yuctora mpenapara cocTaBisia HE MEHee
99%.

MukpoOHOIOTHYECKHE UCCIIEJOBAHMS TPOBOINIH
KiraccuaeckumMu metomamu [11,13].

[TomyueHHBIE IKCTIEPIMEHTATBHBIE Pe3yIBTATHI IO
KUHETUKe pocta E.coli B HauanbHON CTaJWM OIH-
CBIBAIOTCS ypaBHEHHEM [2]:

N(©) = N, x exp(i(T-1)),
rae N(¢) - 9uciIo KIETOK B MOMEHT BPEMEHH
N - 4iCII0 KIETOK B HAYaIbHBIH MOMEHT BPEMEHH;
M - yaenbHas CKOpOCTb pocTa; T - nar-haza.

Pe3yAbTaTtbl n 00CyXA€HHE

ConocTaBleHHe YpaBHEHHUS C 3KCIEPUMEHTAIb-
HBIMH JaHHBIMH TO3BOJISIET ONPEACTUTh MapaMeTphl
M u T. Bragane >Tu mapameTpsl OBUIH OTIPENEICHEI B
¢dbu3nonornueckux (mpu Temmeparype 37°C) ycio-
BUSAX, 0€3 KPUOMPOTEKTOPOB M B MPUCYTCTBHHU
kpuomnporekropoB IAMCO, JI3CO u runepuHa B
10%-# xonnentpamnuu. [lonydenHsie pe3ynprarsl
nmpeacTaBieHsl B Tabnuue. M3 Tabnunsl BUAHO, YTO
HaJu4ue KpHOMPOTEKTOPOB B cpene pocta B 10%-i
KOHIIEHTpAIK IPUBOAUT K YMEHBIICHUIO YAECIBbHOU
CKOPOCTH pOCTa 10 CPaBHEHHUIO ¢ KOHTposieM. [Ipudem
HaMMEHbBILAs yeJbHasi CKOPOCTh POCTa HAOII0AAETCs
B npucytctBun JI9CO. IlockonbKy, Kak M3BECTHO
[3], BOBMOXXHOM NPUYNHON YMEHBIICHUS YACIbHOU
ckopocTH pocta E. coli MOXeT ObITh U3MEHEHHUE
CBOMCTB ILIa3MAaTHYECKON MeMOpaHbI, TO IOJY-
YEeHHBIE PEe3yJbTAaThl MOTYT OOBACHATHCA Kak

E. coli growth in initial stage are described with the
equation [2]:

N()) = N, x exp(H(T-1),
where N(t) is a number of cells in the moment of
time £, N, is cell number in an initial moment of time;
M is a specific growth rate; T is lag-phase.

Results and discussion

Comparison of the equation with experimental data
permits to determine the L and T parameters. At the
beginning these parameters were determined under
physiological conditions (at 37°C) without and in
the presence of DMSO, DESO and glycerol
cryoprotectants in 10% concentration. The results
obtained are presented in the Table. The table shows
that the presence of cryoprotectants in the growth
medium in 10% concentration results in a decrease in
a specific growth rate in comparison with the control.
Moreover the lowest specific growth rate is observed
at the DESO presence. Since, as it is known [3], the
change in the plasmatic membrane properties can be
apossible cause of a decrease in E. coli specific growth
rate, the obtained results can be explained as a result
of cryoprotectant modifying effect on the membranes.
The cause of membrane modification can be the fact
that cryoprotectants, especially DESO, affect the
system of hydrogen bonds at the interface of
membrane-electrolyte solution. The Table shows that
the strongest effect is caused by DESO that coordinates
with the measurement results of membrane potential
in E. coli [4]. The lag-phase analysis on the growth
curves demonstrates, that in the medium with DESO
their duration is practically reduced to zero. In the
media with DMSO and glycerol the lag-phase duration
is considerably higher than in the control (in 8 times
higher in case of DMSQO). Proceeding from the fact

BnusiHEe KpHONIPOTEKTOPOB Ha YACIBHYIO CKOPOCTH pocTa [ u Jar-¢asy T E. coli 10 1 nocie riy0oKkoro
3aMOpaXKMBaHUS
Effect of cryoprotectants on specific growth rate [l and lag-phase T of E. coli before and after deep freezing

Kpuonporekropsl
C tectant
[Tapamerper Temneparypa KoHTpoAB (63 KpHOIIPOTEKTOPOB) ryoprofectants
Parameters Temperature Control (without cryoprotectants) Txstmepus AMCO ADCO
Glycerol DMSO DESO
[T 37°C 0,54=0,06 0,41=0.03 0,39=+0,01 0,11=0,01
'rybokoe 3amMopakKuBaHKE
W, hr ! Deep freezing 0,76=0,04 0,72=+0,03 0,73+0,04 0,75+0,02
1,4 37C 0,12=0,02 0,32=0,06 1,04+0,25 0,04=0,01
['ryOokoe 3aMOpaKUBaHUE
T, hr Deep freezing 0,41+0,02 0,26=0,01 0,36=0,01 0

IIpumeuanne: Kpuonporexropsl JIMCO, JIDCO u mnnepruH Uconb3oBain B 10%-i KOHIIEHTpAIMN, B KOHTPOJIBHBIX DKCIIEPHMEHTAX
9 9

OakTepuy CycHeH3HpoBasu B Tpuc-Oydepe, pH 7.5.

Notes: DMSO, DESO and glycerol cryoprotectants were used in 10% concentration, in the control experiments bacteria were suspended

in Tris-buffer, pH 7.,5.
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CJIEJICTBHE MOAU(DHUIIMPYIOMIETO AEUCTBUS KPUOTIPO-
TEKTOpPOB Ha MeMOpansl. [IpnunHoit Mogudukannn
MeMOpaHbl MOXKET OBITh TO, YTO KPUOMPOTEKTOPHI,
ocobenno /IDCO, nmelcTBYIOT Ha CUCTEMY BOJO-
POIHBIX CBsI3eH Ha TpaHUIE pasesna MemMOpaHa —
pacTtBOp 3nekTponuTa. Kak BUAHO M3 TaOIULEI,
HanboJlee cHIbHOE Bo3zAcicTBHEe oka3piBaeT J1DCO,
YTO COTJIACYETCs U C pe3yJbTaTaMU HU3MEpeHUs
MeMOpaHHOTro noteHImana y E. coli [4]. Ananus nar-
(a3 Ha KPUBBIX pPOCTa MOKA3bIBAET, YTO B CpEle,
conepxameir J[9CO, ux mpoaOIKUTENBHOCTH
MPaKTHYECKHA CBOIUTCS K Hymo. B cpemax, comep-
xamux kKpuomnporektopsl JMCO u rnunepus,
MPOJOIKHTENLHOCTD JIar-hazbl 3HAUUTENHEHO OOJIBIIIE,
4yeM B KoHTpoute (B ciaydae JIMCO Gonee dyem B 8 pas).
Ucxonst u3 TOoro, 4To B KyJbTypalbHOU cpene
OTCYTCTBYET MHI'HOUTOP pPOCTa U JUIUTENBbHOCTD JIar-
(a3bl He KOppeIUpyeT ¢ MeMOPaHHOW aKTUBHOCTBIO
KPHOIIPOTEKTOPOB (KaK 3TO BHIHO M3 TaOIMILBI), TO
MOKHO TIPEATNOJIOKUTE, YTO MPUUYNHONW MOSBICHUS
nar-(asel SBJISIOTCS aJlalTAal[MOHHBIE MPOIECCH B
xietke [3].

Brutn onpeseieHsl yaenbHas CKOPOCTh POCTa U
nar-dasay E. coli mocie riry0oKoro 3aMopaKuBaHuUs
KaK ¢ KpUOTIPOTEKTOPaMH, TaK 1 0e3 HuX (Tabnuna).
W3 tabnunbpl BUJHO, YTO MOCIE 3aMOPaKMBAHHUS
yaenbHasi CKOPOCTh POCTa YBEIUYUBACTCA U IPaK-
TUYECKH HE 3aBUCUT HU OT THIIAa KPUOMPOTEKTOpa
HU OT TOTO, MPUMEHSJICS KPHOIIPOTEKTOP B MPOIEC-
ce 3aMOpaXMBaHMs WM HET. TakodW THI OTBeTa
XapaKkTepeH IPH CTPECCOBBIX BO3ACHCTBUAX. DTH
JaHHBIE COINACYIOTCS C pe3yabraraMu padboTsl [13],
B KOTOPOH HccienoBayicss cuHTe3 Oenka y E. coli
rmocJye xonomoBoro BozaekcTBus (-196°C) u xomo-
JIOBOTO IIOKA.

BbiBOABI

[Tomy4uennsie B paboTe [6] maHHBIC TO3BOJIUIN
aBTOpaM yTBepXkJaTh, 4To E. coli oOmagaeTr
“yHHUBepcaJbHBIM~ MEXaHU3MOM OTBETa Ha CTpec-
COBBIE€ BO3ACHCTBUSA BHEUIHUX (aKTOPOB, B TOM
YHUCJIE U XOJIOAOBBIX. OTMETUM, UTO 4aCTO IKCTpeE-
MallbHbIe TeMIEepaTypbl CTUMYIUPYIOT 3HAYU-
TENbHYI0 (EpPMEHTATUBHYIO aKTUBHOCTH KJIETOK
[12]. IlponomkuTenbHOCTD Jar-(asbl B cpeae, He
coJieprKaIei KpUOMIPOTEKTOP, camast 6omnbimast. [Tpu
ncnons3oBanun JIICO nmar-daza orcyrcrByer. B
cinydae npumenenus JIMCO u rmunepuHa 3Hak T B
(dhopmyne uzmeHuscs. Takoe CIOKXKHOE U HEOJHO-
3HaYHOE M3MEHEHHE MPOJIOIDKUTETHFHOCTH JIar-(hassl
rmociie 3aMOpaXMBaHMs, HAa HaIl B3TJIAM, ABISIETCS
CIEICTBUEM NEHCTBHSA, IO KpallHEH Mepe, ABYX
(haKTOpOB — CTUMYIALUN (PEepMEHTATUBHON aKTHB-
HOCTH KJIETOK IPU BO3JEHCTBUHM HKCTPEMAJIbHBIX
TEeMIIEpaTyp U BIHSHUH KPUONPOTEKTOPOB Ha
aJlanTallOHHBIE MPOLECCHI B KIIETKE.
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that in cultural medium there is no growth inhibitor
and the lag-phase duration does not correlate with
membrane activity of cryoprotectants (as it is seen from
the Table), it can be assumed that the cause of lag-
phase occurrence is adaptation processes in a cell [3].

There were determined the specific growth rate and
lag-phase in E. coli after deep freezing both with and
without cryoprotectants (Table). The Table shows that
after freezing the specific growth rate increases and
does not practically depend on either the type of
cryoprotectant or the fact of applying cryoprotectant
during freezing. Such a reaction is typical during stress
effects. These data coordinate with the results of work
[13], where there was studied the protein synthesis in
E. coli after cold effect (-196°C) and cold shock.

Conclusions

The data obtained in the work [6] allowed to the
authors to confirm that E.coli had the unique
“universal” response mechanism on stress effects
of external factors, including cold ones. It should
be noted, that extreme temperatures often stimulate
theconsiderable enzyme activity of cells [12]. The
lag-phase duration without cryoprotectant is the
biggest. There is no lag-phase during DESO usage.
In case of DMSO and glycerol application the T was
changed in the formula. From our point of view,
such a complicated and versatile change in the lag-
phase duration after freezing results from at least
two factors: stimulation of cell enzyme activity
under the effect of extreme temperatures and the
influence of cryoprotectants on adaptation process
in cell.

The work was supported by the International
Science and Technology Center (ISTC, grant A 199).
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