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B 0630pe npeacraBineHb! HAKOIIIEHHBIE CBEICHUS O PETYISIIUH AKTHBHOCTH OaKTepHAIBHBIX OEIKOB-HYKJICaTOPOB, PACCMOTPEHBI
OCHOBHBIE 00JIaCTH IPUMEHEHHUS ONOIOTHUECKIX HYKJICaTOPOB M KOAUPYIOLIUX UX TCHOB B OMOTEXHOIOTHH.
Knroueswie cnosa: 6enxu-HyKiieatopsl, HyKJICHPYOIIas aKTHBHOCTb, TeHbI OCJIKOB-HYKJICaTOPOB, ICUXPO(MIbHbIEC OaKTepUH.

B 0030pi HaBe1eHO HAKONMYEHI BIZIOMOCTI CTOCOBHO PETYIIALI1 aKTHBHOCTI OaKTepialbHUX OUTKIB-HYKIICATOPiB, PO3IISTHYTO OCHOBHI
rairy3i 3acTocyBaHH: O10JIOTIYHHX HYKJIEaTOPiB Ta T'EHIB, sIKi iX KOAYIOTh, B 010TE€XHOJOT1].
Kniouosi cnosa: 6inxu-HykieaTopu, HyKJIel0l0ua akTHBHICTh, TeHH OLIKiB-HYKJI€aTopiB, HCUXpodibHi OakTepil.

The information that has been gathered so far on the regulation of bacterial nucleation protein activity is presented in the review;
the main fields of applications of biological nucleators and their encoding genes in biotechnology are discussed.
Key words: nucleating proteins, nucleating activity, nucleating protein genes, psychrophilic bacteria.

Hexotopsie Buab! 6akrepuii criocoOHbBI KaTaTU3HPO-
BaTh 00pa30BaHUe KPUCTAJIOB JibJa B qrana3oHe—10...
—2°C, 4T0 ropazzo BhILIE, YeM TEMIIEpaTypa HyKJIeaun
OOJIBIIMHCTBA OPraHUYECKUX U HEOPraHWYECKUX Be-
mectB [9]. Tak kak 3TH OaKTEpUH IHUPOKO PACIPOCTpa-
HEHBI B IPUPOJIE, OHH CYIIIECTBEHHO BIMSIOT HA XOJOA0-
yCTOHYMBOCTH pacTeHuii. Kpome Toro, 6maromaps
YHHUKaJIbHBIM CBOMCTBaM OaKTepHaIbHBIX HyKJIEaTOPOB
1 0COOEHHOCTSIM CTPYKTYPBI UX T€HOB OHU SIBIISIOTCS
MEePCIEKTUBHBIM 00BEKTOM JIJISI UCITOIb30BAHHS B
Ppa3TUYHBIX 00JIacTsIX OnoTexHoorru. s 60tee mos-
HOTO NMOHWMAaHUS 3HAYCHHUS TaKWX HYKIeaTopoB B
NpUpo/e U morcka Haubosee 3 PeKTHBHBIX Iy TeH Mpu-
MEHEHUsI HeOOXOIMMO U3YYHUTh MEXaHU3M JICHCTBUS 1
peryisuuu ux akTuBHOCTU. OcHOBHBIE uaeu [9, 39,41,
42] Mbl peICTaBUIIN B IPEBIAYILIEM COOOLIEHHUH, ITOC-
BSIIIGHHOM MOJICKYJISIPHBIM OCHOBaM HYKJICALIH JIbJIA.
B HacrosmeM cooOIeHnn Mbl pacCMOTPUM BOIPOCHI
PEeryisiuy HyKJICHPYIOIIel aKTHBHOCTH, 3HAUCHHE
OaKTepHaTbHBIX HYKJIEATOPOB B IPHPO/IE 1 OCHOBHBIE
HaIpaBJICHHS HX UCTIOIF30BAHUS B ONOTEXHOIOTHHL.

PeryAasumst HykAeupyioweid akTUBHOCTH
Kak npaswuo, kynsruupyemsle pu 30°C meoHy K-
neupyrouye 6akTepun He 00N1afatoT 3HaYMMOM HyKJIeH-
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Some species of bacteria can catalyze the for-
mation of ice crystals within the range of —10...-2°C,
which is higher than the nucleation temperature of
the most organic and in-organic substances [9]. As
these bacteria are widespread in nature they signifi-
cantly affect plant cold resistance. In addition due
to unique properties of bacterial nucleating agents
and peculiarities of their gene structure they are per-
spective objects for using in different fields of bio-
technology. For more complete understanding the sig-
nificance of these nucleating agents in nature and
search for the most effective ways of using them it
is necessary to study their activity action and regu-
lation mechanisms. In the previous report, concern-
ing molecular grounds of ice nucleation, we presented
the main ideas [9, 39, 41, 42]. In this report we dis-
cuss the tasks of regulation of nucleating activity, sig-
nificance of bacterial nucleating agents in nature and
the main directions of their application in biotechnol-

ogy.

Regulation of nucleating activity

As a rule the ice-nucleating bacteria cultured at
30°C have no significant nucleating activity, but when
they're growing under temperature below 20°C it sig-
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pyro1eii akTHBHOCTBIO, HO TIPH BBIPALITMBAHNAH UX MTPH
temmeparype arxe 20°C, oHa 3HAYNTETHHO BO3PacTaeT
[10, 14]. U3BecTHO, 4TO MOKa3aTelb BELKUBAEMOCTHU
Pseudomonas syringae nocne 3aMOpaXxHBaHHs yBEJIH-
YHBAETCs, €CITU KIETKH, BhIparieHHsie mpu 30°C, moa-
BepruyTh dkcnozunuu mnpu 12°C [1]. [lo-Bugumomy,
JIEIOHYKJICHPYIOLIHE OaKTepHUH CIIOCOOHBI K XOJIOA0BOI
akKIMManuu. Hanbonplnyo HyKIeupyonyo akTHB-
HOCTB MpPOSBISLIN P. syringae, BHIpalleHHbIE TPU
15...20°C[10]. Camxkenue Temiiepatypsl pocta 10 9°C
WJIH €€ yBemueHue CBhIe 25°C mpUBOINIO K PE3KOMY
YMEHBILICHNIO HyKJenpymomuieil aktuHocTH (B 1000—
10000 pa3z). OgHako 3TH pe3yabTaThl MPOTUBOPEUAT
9KCIIEPUMEHTATIHLHBIM JTAHHBIM, TOJTyYeHHBIM Ha Erwi-
nia herbicola[33]. Knerku E. herbicola, nepeneceHHbIe
B cpeny ¢ remneparypoit 5°C, 06aaiy noBbILIEHHOM
HYKJIEUPYIOILEH aKkTHBHOCTBIO, HO He pociu ipu 5°C, a
TOJBKO "akTHBHpOBaiKch". [loaToMy 3TH naHHBIE HE
MTO3BOJISIFOT CYUTH O BIMSHUHU TEMIIEPATyphl pOCcTa Ha
HYKJICUPYIOILIYIO aKTUBHOCTh. TeM He MeHee 171 "'aKkTH-
Banuu" mipu S°C HEOOXOMUM aKTHBHBINA METa00IN3M,
BO3MO’KHO CHHTE3 O€JIKa, TaK KaK 3TOT IPOLIECC He pea-
JIU3YETCS B Cpejie, He CoaepIKaIieil aMuHOKUCIOT [33].
3TOT BBIBO/JI IIOATBEPIKIACTCS M TEM (PAKTOM, UTO HH3-
KOTeMITeparypHas "akTuBaIus'" He TPOUCXOIUT B IIPH-
CYTCTBUH XJIOpaM(EHHUKOIIA H CTPETITOMHITIHA, KOTOPHIE
WHTUOUPYIOT CUHTE3 OeKa.

Coracho [ 10] komuecTBO MOJIEKYI OeTKa-HyKiea-
topa (bH) Ha knetky P. syringae nodt He BapbUpyeT
[pY pocTe B Auamna3oHe temmnepatyp ot 15 mo 30°C,
OZIHAKO CIIOCOOHOCTB 3TOTr0 OejIKa 00pa30BbIBATH CANTHI
HYKJICAIIUH CYIIECTBEHHO MEHSETCS B 3aBUCUMOCTH OT
TeMIeparypsl pocra. Temrieparypa pocTa B Ipeenax
24...30°C taxxe mpaKTHYECKH HE BITUET Ha SKCIIPECCUIO0
reroB bH B tpancdopmupoBannoit Escherichia coli
[11]. B T0 5xe Bpems KOJIMYECTBO CAUTOB HyKJI€AIUU 1
TeMIiepaTypa, mpyu KOTOPOH OHM OOHAPYKUBAIOTCH,
3aBHUCAT OT TEMIEPATyphl POCTa KaK y JIEAOHYKIICH-
pytommx Oakrepuii P. syringae u E. herbicola, Tak nu'y
E. coli, necymeii knonupoBannsie reasl bH [31].
Temmnepatypa pocta MOXKET BIUATh Ha MOCTTPAHCIIS-
LUOHHYI0 Monudukaiuio BH, ero crabuinsHOCTB 1 KOH-
¢dopmarmio, 3 HeKTHBHOCTH TPAHCIIOPTA Yepe3 MeMO-
paHy W pa3MelleHHE HAa OBEPXHOCTH MEMOPaHBI.
U3BecTHO, 4yTO OaKTEPUU U3MEHSIOT COCTAB JKUPHBIX
KHCJIOT MeMOpPaH B OTBET Ha KoJieOaHHs TEMITePaTyPhI
pocta[6], 9T0 MOXKET BIUATH Ha CTAOMILHOCTD arpera-
T0B bH. B0o3MOKHO, KpyIIHBIE arperarsl Ype3BblYaiiHO
YyBCTBHUTEJBHBI K N3MEHECHUIO (PU3MYECKUX CBOWCTB
MeMOpaHbl. JIOTHYHO MPEeNnoI0KUTh, YTO Hauboiee
YyBCTBHUTEIbHBIMU SIBIISIOTCS HYKJICHPYIOIIHE areHTHI,
AKTUBHBIC IPU BBICOKMX TeMIIepaTypax HyKJealuu
—2..-5°C[11].

[Nosienenne bH u comytcTByromuii emy heHoTUm
aKTHBHOW HYKJICALIMU Y Pa3JIMUHbIX OaKTEpUH MPOsIB-
JIsI0TCA Io-pasHoMy. Tak, nponykt rena inaZ P. syrin-
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nificantly increases [10, 14]. It has been known that
post-thaw integrity of Pseudomonas syringae in-
creases, if the cells, cultivated at 30°C, underwent
a 12°C exposure [1]. Seemingly ice-nucleating bac-
teria are capable of cold acclimation. The P. syrin-
gae, grown at 15...20°C [10], manifested the high-
est nucleating activity. Decrease of growth tempera-
ture down to 9°C or its increase above 25°C resulted
in sharp reduction of nucleating activity (in 1,000—
10,000 times). However, these results are in conflict
with experimental data, derived in Erwinia herbi-
cola [33]. The E. herbicola cells, transferred into
the medium with 5°C temperature had increased nu-
cleating activity, they did not grow at 5°C, but only
were "activated". Therefore these data do not en-
able to estimate the effect of growth temperature on
nucleating activity. Nevertheless an active metabo-
lism, probably protein synthesis, are necessary for
"activation" at 5°C, as this process is not realized in
medium without amino acids [33]. This conclusion
is confirmed with that fact that low-temperature "ac-
tivation" does not occur in the presence of chloram-
phenicol and streptomycin, inhibiting protein synthe-
sis.

As reported in [10] a number of ice nucleating
protein (INP) molecules per P. syringae cell almost
does not vary within the range of temperatures
from 15 to 30°C, however the ability of this protein
to form the nucleation sites significantly changes in
dependence on growth temperature. The growth tem-
perature within the ranges of 24...30°C also almost
does not affect the INP genes' expression in trans-
formed Escherichia coli [11]. At the same time a
number of nucleation sites and temperature, within
which they are observed, depend on growth tem-
perature not only in ice-nucleating P. syringae and
E. herbicola bacteria, but also in E. coli, carrying
the cloned INP genes [31]. The growth temperature
may affect the post-translated modification of INP,
its stability and conformation, transportation effi-
ciency through membrane and location on membrane
surface. It has been known that bacteria change the
composition of fatty acids in membranes in response
to variations of growth temperatures [6], likely af-
fecting the stability of INP aggregates. Probably the
large aggregates are extremely sensitive to the
change of membrane physical properties. The most
sensitive ones may be logically supposed to be the
nucleating agents, active at high temperatures of nu-
cleation 2...—5°C [11].

The appearance of INP and accompanying phe-
notype of active nucleation in various bacteria are
differently manifested. Herewith the P. syringae
inaZ gene product appears in stationary phase, that
is accompanied by growth of nucleating activity, and
Pseudomonas fluorescens inaW gene product
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gae TIOSIBIISIETCS BO BPEMsI CTallMOHApHOH (ha3bl, YTO
COIPOBOXKIAETCS POCTOM HYKJICHPYIOLIEH aKTUBHOCTH,
a IpoayKT rexa inaW Pseudomonas fluorescens npu-
CYTCTBYET Ha OTHOCHTEIBHO ITOCTOSHHOM YPOBHE B
TeueHue Beex (a3 pocTa, HyKIeupyromasi akTHBHOCTb
TaK>Ke COXPaHIETCsl Ha OCTOSIHHOM YpOBHE [ 7].

TpaHcreHHBIM pacTeHHsM TpeOyeTcst o KpaiHen
Mepe 2-THEeBHAS AKCIIO3UIIHS [TPY OKOJIOHYJIEBBIX TEMITE-
paTypax anas MakcumanbHoro HakoruieHus bH [38].
Xots xonnuectBo MPHK BH He 3aBucur ot temnepa-
Typbl, HanOoee d3pdexrrBHO BH HakarumBaeTcs mocrne
XOJIOZIOBOM "3aKaiku'". ABTOpHI ITpeAmonaraioT, 4to bH
Oosiee cTaOMIIeH MPY HU3KKUX TEMIIepaTypax.

Jnst kaxgoro srana GOpMUPOBAHHS CIIOKHOT'O JIUIIO-
IJIMKOTIPOTENHOBOT'0 KOMILIEKCA TPeOyeTCs OTIEIbHbIIH
(dhepmeHT, a, ciIeI0BaTEIHbHO, BO3HUKAET BOIIPOC 00 HC-
TOYHHKE HH(GOpMALIHK 111 3TUX pepMeHTOB. CaMu IeHbI
BH, oco0eHHO Koraa OHM TOKAJIU3YIOTCS B ITa3MHUIAX
TpaHchOpMUPOBaHHBIX KIETOK E. coli, He MOTyT 00ec-
MeYUTH HH(POPMAITHIO JITS IIEJIOT0 Psijia HOBBIX (hepMeH-
TOB. He MCKITIOUEHO, UTO TPOTEMHOBBIE IPOAYKTHI TE€HOB
BH axruBupyror apyrue GakrepraibHble FeHbl, KOTOphIe
B HOpME SIBIISAIOTCS KpunTrdeckumu [ 12, 20], u Takum
00pa3oM roToBAT OMOXMMHUYECKHH armapar Jyist Gopmu-
POBaHMsI BCETO HYKJIEHPYIOLIETO TUITONTUKOIPOTEHHO-
BOTO KOMILIEKCA.

CrabuabHOCTH HYKJIEATOPOB BO BPEMEHH CYIIIECT-
BEHHO OTJiW4aercs. Tak, HyKJIEeHpYyIOIHe areHTHl
E. herbicola neMoHCTpUpPOBaIN HEN3MEHHYIO aKTHB-
HOCTb OT 3KCIIEPUMEHTA K dKCIepuMeHTy [33], Torna
KaK HyKJIeaTopsl P. syringae oka3aianch HECTaOMIIbHBI-
mu [28].

3HayeHne OaKTepMaAbHbIX HYKA€ATOpPOB B
npupoae

OnucanHple OaKTepUH C JIEIOHYKIIEUPYIOIIEH aKTHB-
HOCTBIO MIPHUHAAJIEKAT K ICUXPOPUIBHBIM WIIN ME30-
¢unpHBIM 31tMduTaM [15], M03TOMY KpUCTAIIH3ALHS,
BBI3BaHHAasI OAKTEPUIMHU MOXKET IPHUUUHSATH BPEJ MHO-
UM BHJaM pacTeHui. BOIBIIMHCTBO pacTUTENBHBIX
TKaHEH XOPOILIO NEPEOXTAKAAETCS, B TO BpEMSI KaK I10-
BPEXIEHUSA B pE3YNIBTATE 3aMOPAKUBAHUS TPOUCXOAT
pu Temmeparype Boie —5°C [24], To ecTh UMEHHO
MIPUCYTCTBUE OaKTEPUANBHBIX HYKJICATOPOB SIBISIETCSI
CaMOM BEPOSITHON MPUUYMHON PACXOKICHUS MEKIY
TOYKOHN MEPEOXJIAXKICHUSI PACTUTENBHBIX TKaHEH U
TeMIIepaTypoi, TP KOTOPOX BOZHUKAOT IOBPEKICHNS.
IMpu 3apakeHnn pacTeHunii Beero juib 10° HyKiienpyro-
LIUX KJIETOK Ha TpaMM TKaHHU IIOPOroBasi TeMIeparypa
HyKJIeallnu pe3Ko Bo3pacTaet [9]. B npupone Hyknen-
pyroliye 6aKTepHu YacTo BCTPEYAIOTCS B KOJINYECTBE
10° HyKJIEUPYIOIIHMX KJICTOK Ha rpaMM TKauH [ 8]. bakTe-
PHULIUAHBIE CPECTBA MOTYT CHU3UTH PUCK IIOBPEKACHUH
pacTeHuil B pe3ynbrare 3amep3anus [22].

C apyroii CTOPOHBI, JISAOHYKJICUPYIONIHE OaKTEpUU
MOTYT UTPaTh HOJOKUTENbHYIO POJIb AJISI MOPO30Y CTO-
YHBBIX BUJIOB PACTEHUH, KOTOPBIE CIIOCOOHBI BBDKUBATD
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presents at relatively steady level during the all
phases of growth; nucleating activity is also pre-
served at steady level [7].

Transgenic plants need at least 2-days' exposure
at about-zero temperatures for maximum accumu-
lation of INP [38]. Though an amount of INP mRNA
does not depend on temperature, the most effectively
INP is accumulated after cold "hardiness". The au-
thors suggest that INP is more stable at low tem-
peratures.

The certain enzyme is required for each stage of
lipoglycoprotein complex formation, therefore this
brings up the question about the source of informa-
tion for these enzymes. INP genes by themselves,
especially when they are localized in plasmides of
E. coli transformed cells, can not provide the infor-
mation for a number of new enzymes. It could not
be excluded that protein products of INP genes ac-
tivate other bacterial genes, which are cryptic in the
norm [12, 20], herewith the biochemical preparation
is prepared for formation of the whole nucleating
lipoglycoprotein complex.

Stability of nucleating agents in time significantly
differs. For example E. herbicola nucleating agents
demonstrated permanent activity during series of
experiments [33], whereas P. syringae ones were
non-stable [28].

Significance of bacterial nucleating agents
in nature

The described bacteria with ice-nucleating activity
are of psychrophilic or mesophilic epiphytes [15],
therefore crystallization, induced by bacteria may
injure many species of plants. Most of vegetative
tissues are well supercooled, whereas freeze-dama-
ges occur under temperature above —5°C [24], that
is exactly the presence of bacterial nucleating agents
is the probable reason of the difference between
supercooling point of vegetative tissues and tempera-
ture, at which damages appear. Contamination of
plants with just 10* of nucleating cells per gram of
tissue cause the sharp increase of nucleation thresh-
old temperature [9]. The nucleating bacteria are
common in nature in amounts of 10° nucleating cells
per gram of tissue [8]. Bactericidal agents may re-
duce the freeze-damage risk of plants [22].

Herewith the ice-nucleating bacteria may play a
positive role for the frost-hardy plant species, which
can survive under slow crystal-formation in tissues.
Deep supercooling is usually followed by a rapid
crystallization with intracellular crystal formation, that
is lethal for vegetative cells [32]. In transgenic po-
tato derived by transformation of wild Solanum
commersonii, ice crystal nuclei are formed at —3°C
[4]. Probably limitation of this supercooling may be
perspective for increase of vegetative frost-hardi-
ness.
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P YCJIOBUU MEJICHHOTO KPUCTAIUIO00Pa30BaHUs B
TkaHsX. [locie niryOoKoro nmepeoxiakaeHuss OOBIYHO
cieyeT ObICTpasi KpUCTaUTH3alus ¢ 00pa30BaHUEM
BHYTPUKJIETOYHBIX KPUCTAIUIOB, YTO SIBIISIETCS JIETab-
HBIM ISl paCTUTENBHBIX KIeTOK [32]. ¥V co3manHOTO
Iy TeM TpaHC(hOpPMaIHHU TPAHCTEHHOTO KapTo(eJIst KO-
pacrtyiero Solanum commersonii 3apOJIbIIICBHIE KPH-
CTayuIbl Jb11a obpazyroresa npu —3°C [4]. Bo3moxHo,
OTPaHUYCHUE TTEPEOXITAKICHISI TAKUM ITYTEM MOXKET
OBITh IEPCIIEKTUBHBIM VIS TOBBIIIICHUS MOPO30Yy CTOM-
YUBOCTH PACTCHUH.

AJTanTUBHOE NPEUMYILIECTBO HYKIICUPYIOIIECH AKTUB-
HOCTH JIJISl CAMUX OaKTepuil MOXKET paccMaTpUBAThCS
¢ pa3HbIx no3utmid. [ Ipexxae Bcero, HyKeaTophbl, IOKaIU-
30BaHHBIC Ha BHEIITHEH CTOPOHE MEMOPAaHBI FITH CEKpe-
THUPYEMBIE B KYJIBTYPAIbHYIO )KUAKOCTh, HHAYIIUPYIOT
KPHCTAJUTM3AIIIO BO BHEKIIETOYHOM CpeJie M TEM CaMbIM
MIPEAOTBPAIIAIOT JIETATLHOE IS KIIETOK BHY TPUKJIETOY-
HOe KprcTainiooopaszosanue [ 15]. OmxHako ecTh U qpyrast
TOYKa 3pEHMUS Ha OMOIOTHYeCKOe 3HaUeHIe HyKJIearo-
poB. HykiieaTopbl MPUBOJIAT K MOBPEXKIECHUIO TKaHEN
pacTeHHil B pe3ynbTaTe 3aMep3aHus, TEM CaMbIM
MIPEIOCTaBIISISE OAKTEPUANTBHBIM KIISTKAM JIOCTYI K TTH-
TaTeIbHBIM BEIIECTBAM PAacTEHUM [5].

Hyxkneatopsl, SBIsOMKECS YaCTbIO CTPATETUH XO-
JIOI0YCTOMYMBOCTH U IAFOIIHE IPEUMYILIECTBO B IIPOLIEC-
CE €CTECTBEHHOT'0 0TOOPA, TPUHSATO HA3bIBATH /IAIITHB-
HbIMH HyksieaTopamu [27]. [Ipu 3ToM HyKIIeupyroiue
areHTHI BBISIBIICHBI M Y OPTaHU3MOB, IS KOTOPBIX
3aMep3aHne He SBISETCS aTanTHUBHBIM IPEUMYIIECT-
BOM. Takue HyKJeaTOpbl Ha3bIBAIOTCS CIy4YalHBIMHU.
[TpumepoM TakuX HyKII€aTOPOB MOTYT CITY>KHTb JIUTIO-
TIPOTEHHBI Y€I0BEKA HI3KOM TNTOTHOCTH, MH Ty ITUPYIOIIHE
KpucTauu3auo B auana3one—4,9...—9,4°C. Otu 6en-
KH BBITIOJHSIOT JIPYTUE BYKHBIC (PYHKIMH B OpraHU3ME,
aHYKJICUPYFOIIas aKTUBHOCT JUTS HUX JTUIITh TOOOYHBIH
a¢dext. bakTepuanbHble HYKI€aTopbl, OYEBUIHO, SIB-
JISTFOTCS aIATHBHBIMHY, TaK KaK 00€CIICYMBAIOT OaKTe-
UM IOCTYI K TUTATEIHHBIM BEILIECTBAM U 3aIUILIAIOT
KJIETKU OT MMOBPEXIEHU I W3-32 BHY TPUKJIETOYHOM KpHC-
TaJUTN3aIINH.

3HaueHne OaKTepMaAbHbIX HYKA€ATOpPOB B
OMoTexHoAOTUMU

BakTepranpHble HYKIEHPYIOMINE areHThl IPUMe-
HAIOTCSI IPY MIPOU3BOJICTBE UCKYCCTBEHHOT'O CHETA, B
METEPEOIOT MU U AJIS1 XPaHEHUSI HEKOTOPBIX IPOAYKTOB
nuTanus. B koMmMepueckux 1esnsx B IPOU3BOACTBRE UC-
KYCCTBEHHOT'O CHET'a ICTIOJIb3YOTCS JIMO(PHITH3UPOBaH-
Hble mTaMMbl P. syringae [29]. II10THOCTH HCKYC-
CTBEHHOTO CHET'a MEHBIIIE, YeM IUIOTHOCTh CHETa, 00pa-
30BaBIIETOCS €CTECTBEHHBIM ITyTEM, a KOTMIECTBO Jie-
JSTHBIX YaCTHYEK, KOTOPhIE MOJKET IIPOU3BECTH ammapar
B €IMHUILY BPEMEHH, BO3PACTAET IPH UCIIOIH30BAHUN
OakTepuii-HyKJIeaTopoB. P. syringae He SBISICTCS TIATO-
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Adaptive advantage of nucleating activity for bac-
teria may be considered in different views. First of
all nucleating agents, localized on exterior surface of
membrane or secreted into cultural fluid induce crys-
tallization in extracellular medium and thereby pre-
vent lethal for cells intracellular crystal formation
[15]. However, there is other viewpoint on biologi-
cal significance of nucleating agents. Nucleating
agents cause the damage of vegetative tissues due
to freezing thereby giving bacterial cells the access
to nutrient substances of plants [5].

Nucleating agents, being a part of cold-hardiness
strategy and giving advantage in natural selection are
commonly referred as adaptive nucleating agents
[27]. Herewith nucleating agents are also found in
organisms, for which freezing is not adaptive advan-
tage. These are called casual nucleating agents.
Human low density lipoproteins, inducing crystalliza-
tion within the range of —4.9...-9.4°C are the exam-
ple of these nucleating agents. These proteins per-
form other important functions in an organism, and
nucleating activity is only side effect for them. Bac-
terial nucleating agents are obviously adaptive, as pro-
vide bacteria access to nutrient substances and pre-
vent the cells from damages due to intracellular crys-
tallization.

Significance of bacterial nucleating agents
in biotechnology

The bacterial nucleating agents are used when
producing artificial snow, in meteorology and for the
storage of some foods. There are used P. syringae
lyophilized strains [29] in commercial production of
artificial snow. Density of artificial snow is lower
than of natural one, and number of ice particles,
which may be produced by the apparatus in time unit
increases when using nucleating agent bacteria.
P. syringae is not pathogenic for human and its level
of endotoxins in artificial snow does not exceed their
amount in nature [18]. Nevertheless the regular ope-
rations with P. syringae strains may have a certain
health risk for workers, directly concerned in snow
production. Though the specialists neglect this risk
if safety rules are kept, there is the possibility of
allergic reactions development in some people and also
probability of new mutations’ origin, that could result
in changed pathogenicity level of bacteria.

Bacteria cells, transferred into upper atmosphere
layers may initiate crystallization in clouds, and con-
sequently atmospheric precipitation [19]. For a little
change of weather a huge number of cells are re-
quired and for their spread in atmosphere the devel-
opment of special methods is needed, however the
nucleating bacteria may be used for "mitigation" of
such dangerous atmospheric precipitation as hail.
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TEHHOU I YENIOBEKA, U YPOBEHb €€ SHIOTOKCHHOB B
HMCKYCCTBEHHOM CHET'€ HE ITPEBBIIIAET UX €CTECTBEHHOE
KonuuecTBo B ripupoze [ 18]. Tem He MeHee OCTOsTHHAS
pabota co mrammamu P. syringae MOXeT TpEACTaB-
JISITH OIIPENETICHHBINA PUCK IS 370POBBS pAOOTHUKOB,
HENOCPEJCTBEHHO 3aHATHIX B IPON3BOJICTBE CHETA. XOTS
IO OTICHKAM CIICITHATICTOB ATUM PHUCKOM ITPH COOITFOIE-
HUU TEXHUKH 0€30TTACHOCTH MOYKHO TIPEHEOPEYh, HEITh35
HCKJTFOYaTh BO3MOXKHOCTH Pa3BUTHUS AJIEPTHUCCKUX
peaKuui y OTIENbHBIX JIOEH, a TAKXKE BEPOSTHOCTh
BO3HUKHOBEHUS HOBBIX MYyTaIUi, KOTOPEIE MOTYT IPH-
BECTH K U3MEHEHHIO YPOBHS MATOTCHHOCTH OAKTEPHH.

KrneTku OakTepuii, BHECEHHBIC B BEpXHHE CIIOH atT-
MOC(epbl, MOTYT WHUIIMHUPOBATh KPUCTAIIH3AIMIO B
o0akax |, CJIeIOBaTeIbHO, BEITIAZCHHE 0CaaKoB [19].
Jist HeOONMBIIIOTO U3MEHEHUS MOTOABI TOTPeOyeTCs
OTPOMHOE KOJTTYECTBO KJIETOK, a JJIs1 UX PACIIPEACTICHIS
B atMoc(epe — pa3paboTka CenHaTbHBIX METOAOB,
OJTHAKO HYKJeHupylolmue 0aKTepuu BCE )K€ MOTYT
HMCHOJIB30BATLCA A "CMATYEeHUsT" TaKMX OMMACHBIX
aTMOCQEepHBIX 0CAIKOB, KaK T'Pal.

Jlo6aBienne OakTepHaNbHBIX HYKJICHPYIOIINX areH-
TOB B IPOIYKThI TUTAHUS MOXKET MEHSTh XapaKTep KpH-
CTaJLTM3AIIAH, TIPUBOJIA K O0Jiee xKeIaeMOil KOHCUCTEH-
LM 3aMOPOXKEHHOT 0 IIPOIyKTa, HAIPUMEP MOPOKEHOTO
[2,34]. bbuta mpeanpUHATA MONBITKA CO3AAHUS TPAHC-
TeHHBIX JIpoXxked Saccharomyces cerevisiae [13].
[eneTnueckn MoTUUITMPOBAHHBIE IPOXKH HECYT TeH
BH E. herbicola n ux cycnieH3u#n IMEIOT TeMIepaTypy
Hykieanyuu —6°C (st HeMo i pUITPOBaHHBIX POFOKEH
aTa Temmeparypa cocrapisieT —13°C). Momuduimpo-
BaHHEIE S. cerevisiae BIUSIOT HAa TIPOIIECC 3aMOPaKHBa-
HUS ITUITEBBIX CYOCTaHINI ¥ I3MEHSIOT TEKCTYPY 3aMO-
POKEHHBIX ITPOAYKTOB.

HyxkneaTopsl 0akTepuaIbHOTO MPOUCKOKICHUS
MpeJyTaraeTcsl TAkXKe UCTOIb30BATh B MUINEBOM TPO-
MBIIUICHHO CTH ITPH KPUOKOHCEPBUPOBAHUH CYCIICH3HI
MUKpoopranu3MoB. [ pubok Geotrichum candidum mm-
POKO MPUMEHSIOT B MPOLIECCE CO3PEBAHUS HEKOTOPBIX
COpTOB ChIpa. J|J1s omTHMHU3aiK KPHOKOHCEPBUPOBAHMS
ATOT0 MHUKPOOpTaHU3Ma K CycIieH3un m1006apisttor bH
P, syringae [30], 9T0 IOBHIIIIaET TEMITEPATY Py 3aMep3a-
HUSL, CHHXPOHHU3UPYET HYKJIEALHIO B pa3IMIHBIX 00pa3-
11aX, COMPOBOXKIAIONTYIOCS O0JIee TOMOT€HHBIM 3aMOpa-
KUBAHWEM W 3HAYUTEIHHO MOBHIIIAET MOKA3aTeIb
BBDKUBAEMOCTH KIIETOK G. candidum mocne 1mukia
3aMOpaKUBaHUSI-OTTAUBAHHS.

I'ennt BH He umerOT NpoMOTOPOB, NOATOMY OHU
MEePCIEKTUBHBI B CO3JaHUU XUMEPHBIX F'eHOB [9].
MOHUTOPYHT HYKJICUPYFOIIEH aKTHBHOCTH BHITIOJTHUTh
JIETKO, TO3TOMY OTCIIEAUTH TPAHCKPUIILIUIO XUMEPHOTO
reHa HecstoxkHo. Dkcnpeccus BH ve TpedyeT 6ombmmx
MeTabonmuaeckux 3aTpar: aumb 300 monekyn BH mpo-
OYIUPYIOTCS JaXke B HyKJIEalMOHHO aKTUBHBIX KIIETKaX
P, syringae [25]. Takum obpazom, sxcipeccust bH He
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Adding bacterial nucleating agents into foods can
change crystallization character, resulting in required
consistence of frozen product, as an ice-cream [2,
34]. There is a report about an attempt to derive
transgenic Saccharomyces cerevisiae yeasts [13].
Genetically modified yeasts carry E. herbicola INP
gene and their suspensions have —6°C nucleation
temperature (for non-modified yeasts this tempera-
ture makes —13°C). Modified S. cerevisiae affect
freezing the nutritional substances and change a
structure of frozen foods.

Nucleating agents of bacterial origin are also
suggested to be used in food-processing industry dur-
ing cryopreservation of microorganism suspensions.
Geotrichum candidum fungi are widely used dur-
ing maturation of some cheese varieties. For opti-
mization of this microorganism cryopreservation the
P syringae INP is added to suspension [30], that
increases freezing temperature, synchronizes nuclea-
tion in different samples, accompanied with more ho-
mogenous freezing and significantly increases sur-
vival of G. candidum cells after freeze-thawing.

INP genes do not have promotors, therefore they
are perspective in development of chimeric genes [9].
Monitoring the nucleating activity is easy to perform,
therefore it is not difficult to trace a transcription of
chimeric gene. INP expression does not require high
metabolic inputs: only 300 INP molecules are produ-
ced even in nucleation-active P. syringae cells [25].
Therefore INP expression does not require a high
activity of metabolism in the cells and does not af-
fect the cell growth or their survival in medium de-
ficient by any component. In the presence of INP
gene sequence in chimeric gene the monitoring of
transcriptional activity is 10°-10° times more sensi-
tive if compared with previously used lacZ [21]. For
the first time this approach was used when studying
genes, involved in vegetative pathogenesis [21]. The
other field of INP gene application is rapid and sen-
sitive analysis of pathogenic bacteria presence. In
these cases the recombinant bacteriophage is used,
which is specific to target bacteria, carries the INP
gene and is able to change bacteria phenotype to
nucleation active one [41]. Whereas the most sam-
ples of water and food, which are usually analyzed
for the presence of human pathogens, are deprived
of nucleating activity under the temperatures above
—5°C even a little number of pathogenic bacteria may
be detected by the production of ice crystal nuclei
by bacteria, infected by recombinant phage. This ap-
proach was used for detecting Salmonella in foods
and water [40].

N-terminal anchor domain of INP was used for
disposition of chitinase on the surface of E. coli cells
[43]. Chimeric chitinase was characterized by high
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TpeOyeT OT KJIETOK IOBBIIIEHHONH aKTHBHOCTH METa-
00r3Ma v He BIHSET Ha POCT KIJIETOK W MX BBDKHBae-
MOCTB B Cpeie ¢ Ae(YUIMTOM KaKOr0-T100 KOMITIOHEHTA.
[Ipu Hannmuuu nocnenoBatenbHocTH reHa BH B xumep-
HOM I'eHe MOHHTOPYHT TPAHCKPHIIIIMOHHOH aKTHBHOCTH
B 10°-10° pa3 Gosiee UyBCTBUTENEH 110 CPABHEHHUIO C
ucnonb3oBaBmmMcs panee lacZ[21]. Taxol moaxom ObLT
BIIEPBBIE IPUMEHEH MPY N3yYEHNH [€HOB, BOBJIEUEHHBIX
BHatoreHes pacrennii [21]. pyras o6macTs npumene-
Hus reHOB bH — OBICTPHIif 1 UyBCTBUTENBHBIN aHATIN3
MPUCYTCTBUS NATOTEHHBIX OakTepuid. B aTHx ciaydasx
HCIIOJIb30BAJIA CIIOCOOHOCTH CHENU(UYHOTO K OaKTe-
PHH-MHUIICHH PEKOMOMHAHTHOTO OaKkTeprodara, Hecy-
miero red bH, u3mMensTh ee heHOTHI HAa aKTHBHBIN B
oTHoIeHnH Hykiearmu [41]. TTockonbKy OOIBITHHCTBO
00pa3oB BOABI U MUILIH, KOTOPbIE OOBIYHO aHAU3H-
PYIOTCS Ha IPHCYTCTBHE MATOT€HOB YeJIOBEKA, JINIIICHBI
HyKJIEUPYIOIIEeH aKTHBHOCTH IPHY TEMITEPATypax BhIIIIE
—5°C, naxxe HeOOIBIIOE KOJTUIECTBO AaTOr€HHBIX OaK-
TEepU MOKHO ONPEAETIUTH 110 IMPOTYKIIMH 3apOIbILIe-
BBIX KPHCTAJUIOB JIbJ]a OaKTePHAMHE, THPUIIMPOBAHHBIMU
pexoMOnHaHTHBIM (parom. Taxoif moaxos ObLT IpHMe-
HEH JUTS BEISIBIICHUS Salmonella B IpoayKTax u BoJE
[40].

N-konmeBo# "sskopHsIiA" momMeH bH Ob1T MCTIONB30BaH
IUISl pa3MeIIeHus] Ha TOBEPXHOCTHU KIIeTOK E. coli
XUTHHA3BI [43]. XuMepHast XUTHHA3a XapaKTepU30-
BaJIaCh BBICOKOW KaTalIUTHUECKON aKTMBHOCTBIO 11O
OTHOIIIEHHIO K KOJJIOWJHOMY XUTHHY H, Ooliee Toro,
MHTHOMpOBaja POCT MHIIETHUS MMaTOTeHHBIX TPHOKOB
Fusarium decemcellulare, Fusarium oxysporum,
Sclerotium rolfsii, Rhizoctonia solani kuhn. Taxue
pa3pabOTKH MOTYT OBITH OCHOBOM 2(PPEKTHBHBIX METO-
JTIOB OMO3aIUTHI OT TATOTCHHBIX TPUOKOB.

Jpyroii npuMep NCTIONb30BaHNs "IKOPHOH ' CHCTEMBI
Ha ocHoBe BH — xumepHnas opranodocdarruapomnasa
[35]. Opranodocharruaponasa (KaTaaTu3upyeT THAPO-
nu3 dochopopraHUUECKUX COECTUHEHUH, K YHUCITY
KOTOPBIX OTHOCSITCSI IECTULIMIBI M OOEBBIE OTPABIISIO-
LIME BEILeCTBa), pa3MeLIeHHAast Ha TOBEPXHOCTH Pseu-
domonas putida, nMena BBICOKYIO ()epMEHTATUBHYIO
aKTUBHOCTbH. BO3MOXXHOCTH pa3merienys pepMenTa Ha
MOBEPXHOCTH MOJHOLIEHHOM B QYHKLIMOHAILHOM aCTIEKTe
1 HEarpeCCUBHOM IT0 OTHOLIEHUIO K OKPYKAIOLIEH cpenie
P putida moxeT OTKPBITh HOBbIE MEPCIIEKTHBHI IS
BHEAPEHUSI OMOTIOTHYECKOM OUNCTKHY i Situ.

"Axops" BH MoxeT npuMeHATbCS I MOBEPX-
HOCTHOM 9KCIIPECCUH CHHTETUUECKHUX (PUTOXEIATHHOB
[3], cocrosmux u3 (Glu—-Cys) Gly. Onu sBnsrorcs
0eJIKOBBIMU aHAJIOTaMK (PUTOXENIaTHHA (TTOTUTICTITHIA,
CBSI3BIBAIOILETO TSDKENBIE METANIbl) U IPEBOCXOIAT
METaJJIOTHOHUHBI (OEIIKH, CIOCOOHBIE CBSI3BIBATHCS C
LIMHKOM, MEZIbI0, Ka[IMUEM, PTYTHIO, BACMYTOM H APY-
TUMH HOHAMH ) TT0 CBOEH aKTHBHOCTH 110 OTHOIIEHHUIO K
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catalytic activity in relation to colloidal chitin, more-
over it inhibited mycelia growth of Fusarium decem-
cellulare, Fusarium oxysporum, Sclerotium rolfsii,
Rhizoctonia solani kuhn pathogenic fungi. These
findings may be the base for effective methods of
bioprotection against pathogenic fungi.

Another example of INP based anchor system is
chimeric organophosphate hydrolase [35]. Organo-
phosphate hydrolase (catalyzes hydrolysis of phos-
phoorganic compounds, including pesticides and
chemical warfare agents), placed on the surface of
Pseudomonas putida, had a high enzymatic activ-
ity. Possibility of enzyme disposition on surface of
functionally complete and environmentally non-ag-
gressive P. putida can open the new prospects for
introduction of bioremediation in situ.

INP "anchor" may be used for surface expres-
sion of synthetic phytochelatins, containing (Glu—
Cys) Gly. They are protein analogues of phytoche-
latin (polypeptide, bonding heavy metals) and surpass
metallothioneins (proteins, which are capable of bind-
ing with zinc, cuprum, cadmium, mercury, bismuth
and other ions) by their activity in relation to heavy
metal ions. Expression of synthetic phytochelatin on
the surface of E. coli with INP anchor system ena-
bled to carry-out effective biobinding cadmium and
mercury. For further increase of heavy metal bind-
ing efficiency the synthetic phytochelatin was ex-
pressed on Moraxella sp. surface known by its
ability to survive in highly polluted environment. It
was found that Moraxella sp. cells produced chi-
meric phytochelatin in 3 times more than E. coli
cells. Herewith Moraxella sp. bonded mercury in
10 times more than E. coli that open a new possi-
bilities for solving the problem of environmental pol-
lution by heavy metals.

There was constructed a chimeric protein from
the main surface antigen of hepatitis B virus
(HBsAg) and P. syringae INP [16]. The recombi-
nant protein was expressed on exterior membrane
of bacterial cells that was confirmed by the meth-
ods of immuno-fluorescence microscopy, Western-
blotting etc. It is possible that "living" vaccines would
be constructed on the base of transgenic bacteria.
The similar procedure has been carried-out for
gp120 HIV-1 antigen [17]. The authors consider the
possibility of these systems using for development of
new methods of diagnostics and oral vaccines.

Another field of potential application of such sys-
tems is development of biological sensors. Ferric ion
sensitive biosensor was constructed on the base of
inaZ gene and Fe*'-regulated promotor, taking part
in synthesis of pioverdin (yellow-green fluores-
centent pigment of bacteria) in P. syringae [26]. The
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HMOHAM TSDKEJTBIX METAIIIIOB. DKCIPECCUSI CHHTETH-
4ecKoTo (UTOXeNaTHHA Ha MOBEPXHOCTH E. coli ¢
nomo1bio "skopHoit" cuctemsl BH mo3Bonuna ocy-
mecTBUTh 3¢ PexTnBHOE OHOCBA3BIBAHUE KaaMUS U
pTyTH. 17151 nansHERIIero NoBIIeHus 3P EKTUBHOCTH
CBSI3BIBAHUS TSKENIBIX METAJIJIOB CHUHTETUUYECKHUI
¢utoxenaTHH OBUT HKCIPECCUPOBAH Ha MOBEPXHOCTH
Moraxella sp., n3BecTHOH CBOEH CIOCOOHOCTBIO BEIKH-
BaTh [P BBICOKOI! CTETIEHH 3arpsI3HEHNS OKPY KaIoIIen
cpensl. Oxa3zanock, 4to knetku Moraxella sp. mpons-
BOJAT B 3 paza 0oJbliIe XUMEPHOTO (PUTOXENIaTHHA, YeM
knetku E. coli. B pesynsrare Moraxella sp. cBs3biBana
B 10 pa3 6ompmie pryTH, yem E. coli, 9TO OTKpHIBAaET
HOBBIE BO3MO)KHOCTH IS pEIICHUS IIPOOIEMBI 3arps3-
HEHHUS OKPY’KaIOILEH Cpelbl TSHKETBIMA METaJUIaMH.

Bb11 co3nan xumepHsIii 6€J10K U3 OCHOBHOT'O ITOBEPX-
HOcTHOTO aHTHTeHa Bupycarenatura B (HBsAg) u bH
P. syringae [16]. PekoMOWHAaHTHBIN OEIIOK dKCIIpec-
CHpOBAJICS Ha BHEIIHEH MeMOpaHe OakTepHaIbHBIX
KJIETOK, YTO MOATBEPKACHO METOJaMU HMMYHOQITYO-
PECIIeHTHOI MUKPOCKOTIHH, BecTepH-010TTHHTA U JIP.
Bo3MoHO, Ha OCHOBE TPAHCTEHHBIX OaKTepHii OyayT
paspabatbiBaThCs ">KUBBIE" BaKUMHBI. AHaIOTHYHAS
pa3paboTka oCyIIecTBICHA U JJisi aHTUTeHa gpl2()
BHY-1 [17]. ABTOpBI paccMaTpUBaAIOT BO3MOKHOCTD
WCTIONIF30BAaHUS TAKUX CHUCTEM JUIS CO3/IaHUS HOBBIX
METO/I0B AUATHOCTHKU M OPAIbHBIX BAKIHH.

Emie onHa 06nacTh NOTEHIMAIBHOTO UCTIONB30BAHMUS
MTOO0HBIX CUCTEM — pa3paboTKa OMOJIOTHIECKIX CCH-
copoB. bruoceHcop, 9yBCTBUTENHHBIHN K HOHAM XKelle3a,
OBUT CKOHCTPYHPOBAH Ha OCHOBe TeHa inaZ u Fe¥'-
PEryarupyeMoro NpoMoTopa, y4acTBYOILIETO B CHHTE3€
MUOBEPINHA (JKENTO-3€JCHBIH (QIIyopecupyOnIuii
nurMeHT Oaktepuil) y P, syringae [26]. Knetku P, fluo-
rescens, HeCyIllie XUMEPHBIH I'eH, XapaKTepHU30BAINCh
Fe**-3aBrcrMOiil HYKIIEHPYIOLIEH aKTUBHOCTBIO KaK B
KyJIBType, Tak 1 B puzocdepe u punocdepe. JlodapieHre
MOHOB JKeJe3a K TIOYBE WJIH JIUCThSIM CHM)KAJIO TPaHC-
KPHIILHIO XUMEpHOro reHa. Takum 00pa3om, Takasi cuc-
TeMa CocoOHa BBISIBIISITH OMOAOCTYITHBIE HOHBI JKere3a
BKYJIBTypE U €CTECTBEHHBIX YCIIOBHAX. [[o100HbBIE O1O-
CEHCOPBI OTKPHIBAIOT HOBBIE BO3MOXKHOCTH JIJISI Xapak-
TEPUCTUKI XMMHUUYECKUX COCTaBIISIOIINX Cpel OOMTaHHS
MHKPOOPTaHU3MOB.

Tpancrennsie 0akTepuy MOTYT OKa3aTbCs TOJIE3-
HBIMH ITPH CO3/TaHUH HOBBIX OMOJIOTHYECKUX CTIOCOO0B
00pbOBI ¢ HACEKOMBIMH-BpeAUTEISIMH. [ eH inad u3
Erwinia ananas 0b11 BCTpOEH B XpOMOCOMBI JABYX
mrTaMMoB Enterobacter cloacae [36]. Temneparypa
HyKJICAITNH TPAaHCTeHHBIX F. cloacae Obina naxe Ha 7—
8°C BhILIC, YEM Y POJUTENBCKUX IITAMMOB, a TIOCIIE
UH(UIMPOBAHNS MU TMYMHOK MOTBIIbKA KyKYPY3HOT'O
Ostrinia nubilalis n coBku xnonkoBou Helicoverpa
armigera Hub. cpeasist TeMIiepaTypa KpuCTaUTH3aIin
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P fluorescens cells, carrying chimeric gene were
characterized by Fe**-dependent nucleating activity
both in culture, and in rhizosphere and phyllosphere.
Adding the ferric ions into soil and leaves reduced
the transcription of chimeric gene. Thus, this system
is able to reveal bioaccessible ferric ions in culture
and in natural conditions. Such biosensors open new
possibilities to characterize the chemical components
of microorganisms' habitat.

Transgenic bacteria may be useful when devel-
oping new biological methods of insect pest control.
InaA gene from Erwinia ananas was inserted into
chromosomes of two strains of Enterobacter cloa-
cae [36]. The nucleation temperature of transgenic
E. cloacae was by 7-8°C higher, than in parental
strains, and after its contamination of Ostrinia nubi-
lalis corn borer larvae and Helicoverpa armigera
Hub. cotton bollworm the average temperature of
crystallization of larva body fluids increased up to
—3...—4°C. It has been established that 95% of in-
fected larvae died during 12 hrs under —5°C though
non-treated larvae did not freeze and die under the
same conditions. In addition, the transgenic E. cloa-
cae grow slower on corn leaves if compared with
wild type of E. ananas. Thus, stable colonization of
intestine of freeze-sensitive borers by transgenic
E. cloacae can protect agricultural lands.

Biotechnology may benefit from obtaining active
INP, by-passing their isolation from cells. For that
matter the Halomonas elongata recombinants, in
which P. syringae inaZ gene [37] was actively ex-
pressed, were derived. Transgenic H. elongata se-
crete lipid free nucleating agents into cultural me-
dium. Probably, the release by H. elongata cells of
nucleating agents into the medium is occured due to
unstable bonding of INP aggregates with exterior
membrane. Threshold nucleation temperature was
below —7°C that confirms affiliation of these nucle-
ating agents to C class.

Thus, there are many possibilities for using the
biological nucleating agents. For optimization of the
practical application of nucleating agents of bacte-
rial origin it is necessary to imagine clearly the for-
mation and mechanism of nucleating agent action.
First of all it concerns the nucleating agents, being
active under high negative temperatures (—5...-2°C),
as they meet rarely and possess the lowest stability
[23]. Herewith, exactly this class of nucleating agents
is mostly interesting in applied aspect. Whereas the
action mechanism and stability are determined by
structure, so the main efforts of researchers in the
nearest future will be directed to study of INP spa-
tial organization.
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JKMIKOCTEHN Tena JUYUHOK HmomHsiack 1o —3...—4°C.
YcraHoBieHo, 4T0 95% 3apakeHHBIX TIMYNHOK THOMIH B
Teuenue 12 4 npu —5°C, X0Ts HH OfIHA U3 HEoOpabo-
TaHHBIX JIMYMHOK HE 3aMep3Jia U He TIOruoIia B TeX ke
ycnosusix. [Ipu aToMm Tpancrennsie E. cloacae ropazno
MeJIeHHEe PacTyT Ha JINCThSIX KyKyPy3bl [T0 CDABHEHHIO
¢ TuKuM Tunom E. ananas. Takum obpaszom, cra-
OuTbHAs KOJIOHU3AIHS KUIIIEYHUKA Ty BCTBUTEIHHBIX K
3aMep3aHuI0 BpenuTesiel TpaHcreHHbIMU E. cloacae
MOXET 3aIHIATh OT HUX CEIbCKOXO35HCTBEHHbIE
YTOMBA.

J7151 GMOTEXHOOT MU MOXKET OBITH YJOOHO ITONTyYaTh
axtuBHbIe BH, MUHYs poliecc X BBIIENEHHS U3 KIJIETOK.
C aToii Henbio co3nanHbl pekoMouHauTel Halomonas
elongata, B KOTOPBIX aKTUBHO SKCIPECCUPOBAJICS T€H
inaZ P. syringae [37]. Tpancrennsie H. elongata
BBIETISUTA B KYJIBTYPAIBbHYIO Cpely HYKJIEHPYIOIIne
areHTHl, INIIEHHBIE TUHHOTO KOMITOHEHTa. BeposiTHO,
BBICBOOOKIEHNE HYKIIEATOPOB B CpeAy KIETKaMHU
H. elongata nponcxomuT B pe3yabrare HeJOCTAaTOUHO
npouHo# cBs3u arperatos BH ¢ BHemHe# MeMOpaHOii.
[Toporosas Temneparypa Hykieanuu obuia Hike —7°C,
YTO HOATBEPKIAET IPHUHAAICKHOCTD TAaHHBIX HYKJIeH-
PYIOLIMX areHToB K Kiaccy C.

Takum 00pa3om, cyliecTBYeT MHOXKECTBO BO3MOXK-
HOCTE HCTIO0JIb30BaHUsI ONOJIOTUIECKUX HYKIIEaTOPOB.
JLi1s onTrMH3aIy paKTHYeCKOTo MPUMEHEHNS HyKiTea-
TOPOB 0AKTEPHATEHOTO MTPOUCXOXKICHHUS HEOOXOTUMO
YETKO MPEICTABIATH Ipoliecc (hoOpMUPOBAHUS U MeXa-
HU3M JISHCTBUS HyKJIEUpYOIuX areHToB. [ Ipexx e Bce-
0, 3TO KacaeTcs HyKJIEaTOPOB, aKTUBHBIX IIPH BEICOKIX
OTpUIATENFHBIX TemIepaTypax (—5...—2°C), Tak Kak OHU
BCTPEYaroTCst HanboJiee peIKo 1 OTIINYA0TCSs HANMEHb-
meit crabuiabHOCThIO [23]. [Ipu 3TOM MMEHHO 3TOT
KJIacC HyKJIEaTOPOB NPe/ICTaBIIsIeT HANOObIINI HHTE-
pec B IpUKIJIaAHOM acnekTe. [IockonbKy Kak MEXaHH3M
JEeHCTBUSL, TaK M CTa0MIIbHOCTD ONPECTISIOTCSA CTPYKTY-
POH, TO OCHOBHBIE YCHJIHS UCCIIeJOBaTeNel B OmmxKai-
ieM Oy/ry1ieM OyayT HallpaBJIeHbl HA H3yYEeHUE IPOCT-
paHcTBeHHOM opranu3anuu bH.
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