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Nucleating Agents of Fungi and Plants

B 0630p BKIIIOUEHBI COBPEMEHHBIE IIPECTABICHHUS O CTPYKTYPE M AKTHUBHOCTH HYKJICHPYIOIIUX areHTOB IpUO0B 1 pacTeHui. Jlano
CPaBHHUTEIILHOE ONMCAHHE HyKJIEaTOPOB y peAcTaBuTeNe napcT Pactenust u I'pubsl 1 HykiiearopoB OaKTepHaIbHOTO IIPOUCXOXKICHHS.
Kniouegvie cnosa: 6enku-HyKIeaTophl, yCTOHINBOCTD K 3aMEP3aHUIO, TUIIaHHIKH, TPHOBI, PAaCTECHHSI.

B 0630pi HaBezieHi cyyacHi ysIBICHH PO CTPYKTYPY Ta aKTUBHICTh HYKJICIOIOUHX areHTiB rpuoiB i pociuH. [logano nopiBHsUIbHUIMA
OIKC HYKJICATOPIB y IIpeAcTaBHUKIB apcTB Pociuuu Ta [pubu Ta HyknearopiB 6akTepialbHOro HOXOIKEHHS.
Kniouosi cnosa: 6inku-HyKieaTopy, CTifKiCTh 10 3aMep3aHHsl, TUIIaHHUKY, TPUOH, POCIIHHU.

The modern ideas of fungus and plant nucleating agents’ structure and activity are presented in the review. The data on nucleators
in representatives of the Kingdoms Plants and Fungi are compared with those on nucleators of bacterial origin.
Key words: nucleating proteins, freezing-tolerance, lichens, fungi, plants.

B npupoae Ononornyeckre HyKJISHPYIOLIUE areH-
Tol (HA), KOoTOpBIE ACHCTBYIOT KaK KaTaln3aTOPHI
KpHCTAIUTH3aIUH ITpU TeMIiiepaType Boitie —1 0°C, mm-
poKo pacnpoctpaHensl. Hanbosmee momHO B 3TOM ac-
MeKTe N3y4YeHbl Hykenpyromue oakrepun [10, 13,32,
33], a Taxxe Oenku-nykieatops! (bH) xxuBoTHBIX [1,
7,11, 25, 30, 31, 34, 37]. B macTosmiei pabore npen-
MIPUHSTA ITONBITKA 0600mUTE KanHble 0 HA TprboB u
pacTeHuii.

Hykaeatopsbl uapcrsa I'puObl

N3 40 uccnenoBaHHBIX BUIOB TpUOOB CIOCO0-
HOCTBIO K HYKJIEAIUH JIbJia 00Iagar0T TONbKO Fusa-
rium acuminatum, Fusarium oxysporum, Fusarium
tritinctum u Fusarium avenaceum [24, 26]. Jlns Bu-
noB Fusarium XapakTepHa HYKJICHUPYIOMas aKTHB-
HOCTh, KOTOpasl HE 3aBHCHUT OT apeaja M PacTCHUS-
xo3stmHa. Hyknenpyromme areuTsl Fusarium npakTu-
YECKU HE YyBCTBUTEIHHBI K M3MEHEHUsM pH, B oTIIH-
yue oT OakTepualbHbiXx HA, akTHBHOCTh KOTOPBIX
pe3ko ymensInaercs npu pH Hinke 6 u Boimre 9. Yacts
HA Fusarium He cBsi3aHa ¢ KJIETKaMU, TIOCKOJIBKY TIOCIIE
(bunsTpanum, Tpu KOTOPOU KIIETKU Fusarium MOITHOC-
TBIO YIAJSIOTCSI, HyKIIEUPYIOIIasi akTHBHOCTh (DHUIIBT-
paTa CHUXKAETCs JIMIIb YACTUYHO.

F. acuminatum u F. avenaceum — IMPOKOPACIIpoO-
CTpaHEeHHBIE (DUTOIIATOTEHBI, BRI3BIBAIOIIIE KOPHEBY IO
THUJIb. DTH TPUOBI JIETKO HHPHUIIMPYIOT KOPHU pacTe-
HUU, TIOBPEKICHHBIE B PE3yabTaTe 3aMOPO3KOB [27].
ITockonbKy ma’ke MAaKpOKOHUANH 000UX BUIOB Fusa-
7ium aKTUBHBI B OTHOIIICHUHW HYKJIeaIuu Jipna [26],
HYKJICUPYIOIIHE CIIOPHI MOTYT CIIOCOOCTBOBATH BO3-
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Biological ice nucleating agents (INAs), acting as
crystallization catalysts above —10°C are widely
spread in nature. Nucleating bacteria are studied
most completely in this aspect [10, 13, 32, 33], as
well as animal ice nucleating proteins (INPs) [1, 7,
11, 25, 30, 31, 34, 37]. The presented research
attempted to summarize the data about INAs of
fungi and plants.

Nucleating agents of Kingdom Fungi

Among fourty investigated species of fungi only
Fusarium acuminatum, Fusarium oxysporum,
Fusarium tritinctum and Fusarium avenaceum [24,
26] have ability to ice nucleation. Fusarium species
possess nucleating activity, which is independent on
habitat area or host-plant. Nucleating agents of
Fusarium are almost not sensitive to pH changes
unlike bacte-rial INAs, which activity sharply
decreases when pH is below 6 and above 9. A part
of Fusarium INAs is not bound with cells, since the
filtration, removing the Fusarium cells, lead only to
partial loss of filtrate nucleating activity.

F. acuminatum and F. avenaceum are widely
spread phytopathogens, causing root rot. These fungi
easily contaminate plant roots, damaged due to frosts
[27]. Since even macroconidia of both Fusarium
species are active as for ice nucleation [26], nuclea-
ting spores may contribute to microbreaks in tissues
of host-plant and penetrate into them during slight
frost. In the same way nucleating bacteria [18] pe-
netrate into “host” tissues. Therefore the ability to
initiate ice crystal formation under about-zero
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HAKHOBEHUIO MUKPOPa3pHIBOB B TKaHAX PACTEHUS-
X0341Ha ¥ IPOHHUKATh B HUX BO BpeMs CJIA0BIX 3aMOPO3-
koB. [TonoOHBIM 00pa30M B TKaHU “X035MHA’ TPOHUKA-
10T 1 HyKienpytorme 6akrepuu [18]. CriegoBaTensHo,
CHOCOOHOCTH MPOAYLUPOBATH KPUCTAIUIBI JIbJIA MIPH
OKOJIOHYJIEBBIX OTPULATENBHBIX TEMIIEPATYPaxX MOXKET
OBITh JOTIOJIHUTENBHBIM MPEUMYLIECTBOM HYKJICH-
pYHOIIUX BHIOB B O0ph0€ 3a cymiecTBoBanue [15].

BosmoykHO, uTo criopbl Fusarium, )KUBYIIUE B ar-
Mocdepe Ha BBICOTE 10 6 KM [26], BIUAIOT HA 00pa3o-
BaHHE 00JIAKOB, KaK M OaKTepHH C HyKJICHPYIOIICH ak-
TUBHOCTEIO [28].

Bunel F. acuminatum u F. avenaceum — cuMONOH-
ThI B JIMIIIARHUKAX. IMEHHO OHH, a He POTOOHOHTHI, OTBE-
YaloT 3a HyKJIEHPYIOIIYI0 aKTUBHOCTh JINIIAITHUKOB
[15]. MHumanmst KpUCTaUTU3ALMH HE SIBISIETCS YHUBED-
CaJIbHBIM CBOMCTBOM JIMIIAHHUKOB. DTO MOXKHO O0BSIC-
HUTD KaK (peHOTUNMNYIECKUMH BapHUallsIMHU B OTBET Ha
M3MEHEHME YCIOBUI OKPY KaIOLIEH CpeIbl, TAK U TEHO-
THNYecKUMU pasiursivu BuioB. Kieft T.L. [14] ve ycra-
HOBIJI HUKAKOM KOPPEJSILIUY MEKTY BEITMUNHON HYKJIEH-
pYIOLLE AKTUBHOCTH U BBICOTOM HaJl ypOBHEM MODsL, Ha
KOTOPOH HaXOIWUIUCh yYaCTKH cOopa JINIMAaiHUKOB.
HawnGormee akTHBHBI B OTHOLIIEHNH MHUTHAIIAH KPUCTAJI-
JIM3AIHHY JTNIITaRHAKY, COOpaHHBIE CO CKaJl, B OTIMYHE OT
SMU(UTOB U JTMIIIARHUKOB NIo4B [ 24 ]. Hyknenpyrorieii ak-
TUBHOCTBIO 00JIaZaI0T MPENCTABUTENN POAOB Rhizo-
placa, Xanthoparmelia w Xanthoria. [{ns Rhizoplaca
chrysoleuca xapakrepHa HanOosee BBICOKas HyKJICH-
pyIoLLas akTHBHOCTB (Temreparypa Hykieauuu —2,3°C)
[16]. AxtuBHOCTH HA nuIiaitHUKOB ropasao BhILIE, YeM
OakrepransHbIX BH, MOCKONbKY IIIOTHOCTE 3apobIIie-
BBIX KPUCTAJIJIOB JIb/1a, AKTUBHBIX 1Ipu —5°C, y JMIIai-
HHUKOB coctaeisteT 10°—108 kpricTammos/r [14], a B jmc-
Thsix pactennit — 10° kpuctamios/r [18] u rauroIMX
mucthax — 10°-10* kpucramros/r [29], rae HyKIeun-
pyIoIasi akTHBHOCTh 00YCJIOBJIEHA TIPHUCYTCTBHEM OaK-
TEpUi.

Bo3moxuao, HA numaifHUKOB HE CBSI3aHEI C KJICT-
KaMH, TaK KaK, BO-TIEPBBIX, AT UX MTOJTyYEHHS B OTIIH-
yue oT 6akTepuanbHbIX HA neteprentsl He TpeOyroT-
csi [35], BO-BTOpBIX, OECKIETOYHBIE SKCTPAKTHI JIH-
LIaHUKOB, TIOJTyYEHHBIE METOIOM (HIIBTpALMH, 00Ma-
JAI0T HEN3MEHEHHOM HYKJIEHPYIOIEH aKTUBHOCTBIO
[16]. Onnako memtonasa U XuTHHA3a, MUIIIEHBIO KOTO-
PBIX SBIAETCS KJIETOYHAsl CTEHKa KJIETOK I'PHOKOB,
CHIDKAJIN HYKJIEHPYIOIIYO aKTHBHOCTb, YTO CBUIETEIb-
CTBYET O Jokanu3auu bH Ha kneTouHol cTeHke MU-
KOOHMOHTA.

Hyxiearops! THINAHUKOB UMEIOT OEJIKOBYIO MPH-
POy, TOCKOJIbKY OHH YyBCTBHTENBHEI K IIpoTeaszam [16].
[Ipu ux 00paboTKe ryaHuINH THAPOXIOPUAOM WIIH
MOYEBHMHOH CHMXKAeTcs JIMOO MOJTHOCTHIO UCUE3aeT
HYKJIEHPYIOLasl aKTUBHOCTh B 3aBUCHMOCTH OT KOH-
HeHTpauuu peareHTa. IQ(eKTsl JeHaTypUPYIOIUX
peareHToB MOATBEPKAAIOT MPEIIOIOKEHNUE O TOM,
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negative temperatures may be additional advantage
of nucleating species in tighting for existence [15].

It is also possible, that Fusarium spores, being
present in atmosphere up to 6 km height [26], affect
cloud formation as well as bacteria with nucleating
activity [28].

Species of F. acuminatum and F. avenaceum are
symbionts in lichens. Namely they, but not photo-
bionts are responsible for nucleating activity of
lichens [15]. Initiation of crystallization is not an uni-
versal property of lichens. It may be explained not
only with phenotypic variations in response to chan-
ges of environmental conditions, but also with geno-
typic differences between species. Kieft T.L. [14]
did not establish any correlation between the nuclea-
ting activity and the sea level datum of areas where
the lichens were collected. The lichens gathered on
rocks possessed the highest ice crystal initiation acti-
vity unlike the epiphytes and soil lichens [24]. The
nucleating activity is adherent to generitypes of Rhi-
zoplaca, Xanthoparmelia and Xanthoria. The high-
est nucleating activity is characteristic for Rhizo-
placa chrysoleuca (nucleating temperature is
—2.3°C) [16]. INA activity of lichens is much higher
than of bacterial INPs, as density of ice crystal nuc-
lei, being active under —5°C in lichens makes 10°—
108 crystalls/g [14], while in plant leaves it does 10°
crystalls/g [18] and in molding leaves, where
nucleating activity is caused by bacteria, does 10°—
10* crystalls/g [29].

Probably, INAs of lichens are not bound with the
cells, as firstly their extraction does not require any
detergent unlike to bacterial INAs [35], secondly
cell-free extracts of lichens, obtained by filtration
have unchanged ice nucleating activity [16]. How-
ever, adding of cellulase and chitinase, which target
is fungal cell wall, reduced nucleating activity that
attests to localization of INPs on mycobiont cell wall.

Ice nucleators of lichens are of protein nature,
since they are sensitive to proteases [16]. After
treatment of lichens with guanidine hydrochloride or
urea their nucleating activity reduces or completely
disappears depending on concentration of added
reagent. Effects of denaturing reagents confirm the
suggestion that monomers of lichenous INPs may
form aggregates, which are active at high temperatu-
res. Herewith, the reagents, modifying sulfthydryl
groups, viz. iodoacetamide and N-ethylmaleimide, do
not affect nucleation temperature. Probably lichenous
ice nucleators contain only few sulfhydryl groups or
their sulfhydryl groups are not involved directly in
nucleation. Treatment of lichenous INPs with glyco-
sidase and phenyl-boric acid (carbohydrate modifica-
tors) does not affect their nucleating activity. This
does not exclude the presence of carbohydrate com-
ponent in the INP structure, however, attests to the
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YTO MOHOMEpHI TUIaiHIKOBbIX BH MoryT 06pa3oBbI-
BaTh arperarsl, aKTUBHBIE TIPH BBICOKUX TEMITEPaTypax.
[Ipu sTOM peareHTsl, MOAUGULMPYIOIIKE CYTb(rII-
pUIBHBIE TPYIIBI — HOAOALETaMU U N-3TUIMale-
MMUJ, HE BIUAIOT Ha TEMIIepaTypy Hykieanuu. Bos-
MO>KHO, HYKJI€aTOPhI JTUIIAafHUKOB COAEPKAT Majo
CYAb(GTUAPHILHBIX TPYIII WK XK€ UX CYIb(THAPHIbHBIE
IpyNIBI HE BOBJIEUEHB! HEMOCPEICTBEHHO B MPOIIECC
nyknearmu. O6pabdorka BH numaitaukoB rmiko3ua-
301 U (eHMITOOPHOH KUCIOTOH (MOIU(PUKATOPHI yITIe-
BOJIOB) HE BIHSIET HA X HYKJICHPYIOIIYIO AKTUBHOCTb.
DTO HE MCKITI0UaeT Hamu4us B coctaBe bH yreson-
HOTO KOMIIOHEHTA, OJHAKO CBUACTENHCTBYET O TOM,
YTO, €CJIM TAKOBOW ¥ IMEETCS, TO OH HE UTPaeT KITF04e-
BOM poJIH B IpoLiecce Hykieanuu. JJaHHbIA QakT mos-
TBEpXIaeT pasHyto npupony HA Gakrepuii u numaii-
HukoB [33]. Eme 6onee cymecTBeHHBIM oTiinareM bH
OakTepHii M TUIIAHUKOB SIBIISIETCS OTCYTCTBUE JIUITH-
HOro KoMrnoHeHTa B cocraBe bH mocaennux [16].
VYnanenue IUIUI0B XJI0POPOPMOM HE BIHET HA TEMIIE-
parypy HyKJIeanuu.

Hyxnenpytomie areHTsI TUIIAHAKOB, KaK U TPH-
00B, cTabUITBHBI BO BceM AuarnazoHe pH. Upessbruaii-
HO BBICOKas MX YCTOWUYMBOCTh K U3MEHEHUsAM pH
MIpenoaraeT BEICOKOE COIep)KaHnue He3apsKEHHBIX
AMHHOKHUCIIOTHBIX OCTaTKoB. [loBTOpSsIIomasics aMmuHo-
KHMCJIOTHAs MOCIIEN0BaTeIbHOCTE bH Pseudomonas
Syringae cOIEpPKUT OONbIIOE KOJIUYECTBO THAPO-
(UITBHBIX He3apsHKEHHBIX aMUHOKUCIIOTHBIX OCTaTKOB
[8], uTo MOKET OBITH XapakTepHbIM U AJ1s1 HA numaii-
HukoB. Kpome Toro, mocnenuue 6onee repMocTaOuiib-
HBbI 110 cpaBHeHUIo ¢ BH 6akrepwnii u 6onee ycTol4rBEI
K connukarmu [ 14, 23].

Bricokast ctabunbHOCTS akTuBHOCTH HA nummaii-
HHKOB, IPOCTOTA BBIJEJIEHUS W, BO3MOXHO, OoJee
MIpOCTasi CTPYKTYpHAsl OPraHMU3ays [0 CPAaBHEHHUIO C
OaKkTepHalbHBIMU HYKJI€aTOpaMH JAENaloT UX MPUBIIE-
KaTeIbHBIM 0OBEKTOM JIS UCTIOIh30BAaHUS B ONOTEX-
Hooruu [16].

Hykaeatopbl uapcrea Pacrenus

Ceenenust 0 HA pacTUTeIbHOr0 MPOUCXOXKICHUS
MeHee oOmupHBl. Coobmanock o Hanununu bH B
JUCTHIX YCTOMYMBOHN K 3aMEP3aHUI0 O3UMOHU PKU
Secale cereale [3]. Hanbonee akTuBHBIE HYKJI€aTOPHI
B CYCIIEH3UH ME30(IIbHBIX KJIETOK JINCTHEB BBI3bI-
BaIOT HYKJICAILIMIO IIPU MIOPOToBoii Temreparype —7°C
¥ BCTPEYAIOTCS C YaCTOTOM BCETO JIHIb oauH HA Ha
10° knetok. ABTOpBI NoKazaym, uto HA S. cereale ipen-
CTaBJsieT co00H MUKO(POCHOTUITOTTHUKONPOTEN] (KaK
1 Hykieatopsl Oakrepuii [33]). g nposBieHus HyK-
JIenpyroLIel akTHBHOCTH HEOOXOIUMBI ANCYIb(OUIHBIE
CBSI3U U cBOOOIHBIE CYNbGTUAPHILHBIE Tpynnbl. [Ipu
3TOM cocTaB U cTpykTypa HA 13 me3odpuibHbIX Kite-
TOK DKM 3aBHCAT OT PEKUMa, IIPH KOTOPOM BBIpAIIHU-
Banuch pactenus. Brush R.A. ef al. [3] uccnenoBanu
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fact that if there is any, it does not play a key role
in nucleation. This fact confirms the difference in
character of NAs of bacteria and lichens [33]. More
significant difference between INPs of bacteria and
lichens is the absence of lipid component in INP
structure of the latter [16]. Removal of lipids with
chloroform does not affect the nucleation tempera-
ture.

Ice nucleating agents of lichens, as well as of
fungi are stable in the whole range of pH. Their
extremely high tolerance to pH changes assumes a
high content of uncharged amino-acid residues.
Repeating amino-acid sequence of Pseudomonas
syringae INPs contains a lot of hydrophylic unchar-
ged amino-acid residues [8] that may be also specific
for INAs of lichens. Moreover, the latter are more
thermostable if compared with INPs of bacteria and
more tolerant to sonification [14, 23].

High stability of lichenous INA activity, simplicity
of isolation and probably more simple structure if
compared with bacterial nucleators make them the
attractive object for application in biotechnology [16].

Nucleating agents of Kingdom Plants

The information about INAs of plant origin is less
extensive. There were reports about the presence
of INPs in the leaves of freezing-tolerant winter rye
Secale cereale [3]. The most active ice nucleators
in suspension of mesophilic cells of leaves induce ice
nucleation under threshold temperature of —7°C and
occur with frequency only one INA per 10° cells.
The authors showed that INA of S. cereale is a
glycophospholipoglycoprotein (like ice nucleators of
bacteria [33]). Manifestation of ice nucleating acti-
vity requires disulphide bonds and free sulfhydryl
groups. Herewith, the composition and structure of
INAs of rye mesophilic cells depend on conditions,
under which the plants were grown. Brush R.A.
et al. [3] studied three variants: a) 20°C; b) 5°C with
long photoperiod and c¢) 5°C with short photoperiod.
Carbohydrate and phospholipid components are
important parts of ice nucleators in rye leaves, when
grown under 20°C, whereas protein component is
more important for nucleators of leaves from plants,
grown at 5°C and short photoperiod. The largest
amount of INAs is produced just under these condi-
tions.

Heterogeneous ice nucleation in Citrus sinensis
fruits is primarily determined by the presence of
nucleating bacteria P. syringae in plant tissues [5,
6]. Herewith the nucleation temperature is within the
range of —1.67...—2.5°C. However, about 29% of ice
nucleation events could not be explained with the
presence of P. syringae and they probably occur
under effect of other INA. High value of ice nuclea-
tion temperature attests to the fact that this agent
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Tpu BapuaHTa pexxuma: a) 20°C; 6) 5°C npu JTHHHOM
¢dotomnepuone u B) 5°C npu KopoTkoM (oTonepuose.
VreBomHbIi 1 HOCHOMUIHUIHBINA KOMIIOHEHTHI SIBIISFOT-
Cs1 BAXXHBIMHU COCTaBJISIFOIIMMU HYKJIEATOPOB U3 JIMC-
ThEB Pk, BeIpociiei mpu 20°C, Torna kak OSIKOBBIH
KOMIIOHEHT OoJ1ee BayKeH AJIsl HyKJICaTOPOB U3 JIMCTHEB
pactenuii, Beipocux npu 5°C u KOpoTKoM QoTore-
puone. iMEeHHO B 3THX YCIOBUSAX BbIpadaThIBacTCs
6omnbie Bcero HA.

[Iporecc rereporennoit Hykieannu B mogax Cit-
rus sinensis, IPEXKIE BCETO, ONMPENECIAECTCS HATHINEM
HyKJIeHpyoumx oakrepuit P. syringae B TKaHSIX pac-
Terus [5, 6]. Temneparypa HyKJI€aluu MIPH STOM
HaxomuTcs B ipeaenax —1,67... —2,5°C. OqHako 0kojo
29% coObITHI HyKJI€a[H HEJIb3s 00BSICHUTD IIPUCYT-
cTBUEM P, syringae u OHH, BEPOSATHO, TPOUCXOAAT MOJ
nerictesueM nHoro HA. Bricokas temneparypa Hy-
KJICAIlUH CBUAETEIBCTBYET O TOM, YTO 3TOT areHT OTHO-
CHUTCS K BECbMa aKTUBHBIM HykJeaTopaM. OH 0OHapy-
KHMBAETCSl B MUKPOHHUIIIAX, CBOOOTHBIX OT OaKTepHaIIb-
HBIX HYKJIEATOPOB, HO ITPH 3TOM YyBCTBUTEJEH K PSAAY
WHrUOUTOPOB OakTepraibHON HyKieannu. OOpaboTKa
[IPOTEa301 ¥ T'YaHUTUHXJIOPHIOM IPUBOIHIIA K CHIDKE-
HUIO TeMIlepatypbl Hykieanuu 10 —4,21 u —4,52°C
COOTBETCTBEHHO, OTHAKO JICHTUHJIEKTHH MPAKTHYECKU
HE OKa3bIBA€T BIUSHUS Ha TEMIIEPATypy HyKJICaIlHH,
YTO yKasbIBaeT Ha OenkoBylo npupoxy HA nurpyco-
BBIX, HO B OTJIMYHME OT OaKTepHATbHBIX HYKJIEaTOPOB
HaJlu4ue YIJIeBOAHOTO0 KOMIIOHEHTa B HyKJIeaTrope
LUTPYCOBBIX HOATBEPANUTH HE YIAIOCh.

Adpoanbnuiickoe Xo0a010CTolKoe pactenue Lobe-
lia telekii 3 ceMelicTBa KOJIOKOJIBYNKOBBIX IOJIBEP-
raercs 3aMOpo3KaM B HOUHOM nepuon [2]. B momnsix ru-
TaHTCKUX IWJIMHAPHYECKUX COLBETHSX JOOETHH Ha-
KaruiuBaeTcsi O0IBIIOE KOJTMYECTBO BA3KOHM CliHM3e-
00pa3HOM YKUJIKOCTH, KOTOPasi 3aMepP3aeT, a BBICBOOOXK-
JATOIIAsCS IIPH 3TOM DHEPTUS PETIATCTBYET KPUCTA-
JU3aIUH )KUIKOCTH B IPYTUX KOMIIAPTMEHTaX, IIe
KPUCTAJUIBI JIbJ]a MOTJIH Obl IPUYHHUTH CYIIeCTBEH-
HBIH Bpesl. CYMTAIOT, YTO MHULMALNS KPUCTATITU3aLUuH
9TOM )KUAKOCTU 00YCIIOBIIEHA IPUCY TCTBUEM KPYITHOTO
noJjMcaxapuia, KOTOPhIi MPOSIBIISIET BEICOKYIO CIELIU-
(uUecKyl0 aKTUBHOCTD AK€ IPU HU3KUX KOHLICHT-
pauusix [17]. OnHako He Bce UCCIeI0BaTEIH COIIACHbBI
¢ Takoi uaTepnperanmeil. Hampumep, Coe MLJ. [4] ipen-
MOJIAraeT, YTO BA3KOE BEIIECTBO SBISETCS aHTU(PPH-
30M H CIIOCOOCTBYET MEPEOXTAKACHUIO KUAKOCTEH B
pacturenbHbIX TKaHsx. Young T.P. u Van Orden Robe S.
[36] cunTaroT, 4TO JaHHOE BEIIECTBO HE SBIISICTCS HU
aHTU(pHU30M, HU HYKJIEaTOPOM, a IIPECTABISIET COO0H
MEKTHH, BEPOSATHO 3AIIMIIAIOIINN pe3epByap € KuA-
KOCTBIO B COLIBETUH OT UCIIAPECHUS U MIEPEChIXaHMs.

Juis HA, BRISIBICHHBIX B JJPEBECHBIX MTOOETaxX mep-
cuka Prunus sp., XapakTepHa TeMIepaTypa HyKJea-
nuu —2°C [9]. HecMoTpst Ha TO, YTO OHU MHAKTHBH-
pyrotcs nocine TertoBoi oopadorku npu 40...50°C,
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refers to rather active nucleating agents. It is found
in microniches, which are free of bacterial nucleators,
but at the same time it is sensitive to some inhibitors
of bacterial nucleation. The treatment with protease
and guanidine chloride resulted in reduced nucleation
temperature down to —4.21 and —4.52°C, accordingly,
however lentin-lectin almost does not affect the
nucleation temperature, indicating the protein nature
of INAs of citrus plants but unlike to bacterial ice
nucleators the presence of carbohydrate component
in citrus plants ice nucleators was not confirmed.

Afro-Alpine cold-resistant plant Lobelia telekii
of bellflower family is exposed to night frosts [2].
Its hollow giant cylinder-shaped inflorescences accu-
mulate a great amount of viscous mucilaginous liquid,
which freezes, releasing herewith the energy, that pre-
vents crystallization of liquids in other compartments,
where ice crystals could be harmful. It is considered
that initiation of crystallization of this liquid is due to
the presence of large polysaccharide, manifesting a
high specific activity even under low concentrations
[17]. However, not all investigators agree with such
an interpretation. For example, Coe M.J. [4] believes
the viscous substance as an antifreeze, promoting
supercooling of liquids in plant tissues. Young T.P.
and Van Orden Robe S. [36] suggest the given sub-
stance is neither antifreeze nor nucleator and it re-
presents a pectin, probably protecting the reservoir
with liquid in inflorescence from evaporation and
overdrying.

INAs revealed in shoots of Prunus sp. peach tree
are characterized by nucleation temperature of —2°C
[9]. In spite of their inactivating after thermal treat-
ment under 40...50°C they are apparently of non-
protein nature as they are tolerant to action of typical
inhibitors of bacterial INPs: NaOCI, tartaric acid,
sulfhydryl agents (iodin and p-hydroximercury-
benzoate), detergents (Triton XQS-20) and pronase.
Nucleating agents are evenly distributed in peach
shoot tissues. They appear in young shoots in the
second part of summer. INAs reach their maximal
activity in the end of August and later their activity
is not exposed to seasonal fluctuations.

Highly active INAs were found in extracellular
liquid of the white fir Abies concolor and Chinese
pyramid juniper Juniperus chinensis [38], however,
no reports about their nature appeared afterthat. The
presence of INAs is observed in the sea buckthorn
Hippophae rhamnoides [22]. Activity of this INA
depends on phospholipid component which is not
phosphatidyl inositol [19].

Difference of crystallization temperatures de-
pending on vegetation depth and season of different
water-plants was studied [21]. Tallus fragments of
inhabiting in upper eulittoral layer species had lower
freezing temperature if compared with species from
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OHH, TIO-BUINMOMY, UMEIOT HEOETTKOBYIO MMPUPOLTY, TaK
KaK YCTOWYHBBI K ACWCTBUIO THITMYHBIX HHTHOUTOPOB
6akrepuansabix BH: NaOCl, BuHHO-KaMeHHast KHCIIO-
Ta, CyIbQTUAPUIBLHBIC areHTHI (HOIUH U P-THAPOKCHU-
MepKypuiibensoar), nerepreHtsl (Triton XQS-20) u
npoHasa. Hykneupyromue areHTsl paBHOMEPHO pac-
MpeesIeHbl B TKaHIX 00eroB nepcuka. OHHY MOSIBILSIOT-
Csl B MOJIOZBIX MOOerax BO BTOPOM MOJIOBUHE JIETA.
MakcumaibHONH akKTUBHOCTH HA TOCTHraroT B KOHIIE
aBTyCTa, ¥ B JaJIbHEHUIIIEM UX aKTUBHOCTH HE TIOJBEP-
YKeHa CE30HHBIM KOJIEOaHSIM.

BricokoaktuBHbie HA Ob11H 00HApY>KEHBI BO BHE-
KJIETOYHOM KHUIKOCTH ITHUXTHI OMHOLBETHON Abies
concolor 1 MOXKEBETTbHUKA KATAWCKOTO Juniperus
chinensis [38], oqHako B JalbHEHIIEM HHYETO HE
coobmaioch 00 ux npupoze. Hamuane HA 3aperuc-
TPUPOBAHO U y 00JIENIMXHU KPYIIMHOBUAHON Hippophae
rhamnoides [22]. AxtuBHOCTh nanHoro HA 3aBucut
oT GoconUnUIHOrO KOMIIOHEHTAa, KOTOPHIN HE SB-
nsiercs hochaTuauTuHO3uTONOM [19].

VY pa3iauyuHBIX BOAOPOCIEH H3ydaly pa3HUILy TEM-
[epaTyp KpUCTAIUIH3AINY B 3aBUCUMOCTH OT TITyOHNHBI
MIpOM3pacTaHus U BpeMeHu roaa [21]. @parMeHTs!
TaJUTyca BUOB, )KUBYIIINX B BEPXHUX CIIOSAX JyITUTOPA-
U, UMenr 0oJiee HU3KYIO TeMIIepaTypy 3aMep3aHus
10 CPAaBHEHUIO C BUJIAMH U3 HIKHHX cioeB. Kpome To-
ro, 00pasiel, coOOpaHHBIE 3MMOH, XapaKTEPU30BAIUCH
OoJiee HU3KUMH TEMIIEpPaTypaMy KpUCTAIUTU3ALIUH, YeM
cOOpaHHBIE JIETOM. JTO CBUAETEILCTBYET O TOM, UTO
BOJOPOCIN MHAKTUBUPYIOT Wiu ynansaroT HA kax
YacTh CBOEH CTPAaTETHH XOJIOAO0YCTOHYUBOCTU. DTO
TaKxXe 3Ha4uT, 4To HA Bomopocnel mpeacTaBiIsioT
co0o# “cirydaiiHple” HyKiIeaTopbl, yHKIMH KOTOPBIX HE
CBSI3aHBI C KPUCTANIO00pPa30BaHUEM, 4 HHHUIIHAIIIS
KPHUCTALTA3AINH JISI HUX JIAIIb IT0004HBIN S dexT [20].

Crnenyer OTMETHTH, YTO PabOThI, MOCBAIIEHHBIE
n3ydeHnto HA pacTuTesHOTO MPOUCXOKICHNS, OITy0-
nmKoBaHbl B 80-x — Hayaje 90-x rr. Bo3aMoskHO, 1ajib-
HeHIIme rccieI0BaHus IOCTaBIIIN 10 COMHEHHUE CaM
(aKT cyuecTBOBaHUs HYKJI€aTOPOB SHAOIEHHOTO
MIPOUCXOXKICHUS y pactenuid. Kpome Toro, oTcyTcTBHE
COOOIIEHHIA IO ATOMY BOIPOCY MOKET OBITH CBA3aHO
C TPYAHOCTBIO BblAEHeHUS HA U3 pacTUTENbHBIX TKa-
uelt. Tak, Gross D.C. ef al. [9] yka3biBasiu Ha HEBO3-
MOXHOCTb H3BJeueHus HA u3 npeBecHbIX moOeros
MepCcrUKa 03ByYMBAHUEM, XOTS 3TOT METOJ IIHUPOKO
npuMeHsieTcs npu Beiaenaenun bH u3 Oaxrepuii u
JIMIIAWHKAKOB [ 16].

Ecnu Hykneatops! 6akTepuii SIBISIOTCS TITHKOIUATIO-
nporeungamu [33] u HA KUBOTHBIX TakXe, ITO-BHIU-
MOMY, CofiepKat OeTKOBBIN 1 (POCHOMHUITHAHBINA KOMITO-
HEHTHI [25], HyKJIeaTophl paCTeHHI MOTYT OBITh UHON
npuposl. Ha taHHBIN MOMEHT ClIOCOOHOCTB IEKTHHOB
(a *MeHHO neKTUH npeyiaraics Ha poiis HA nobennu
[12, 17, 36]) ObITh MaTpHULIEH 11 OOpa30BaHUs KpHC-
TaJIJIOB JIbJA MPAKTHYECKU HE UCCIIEN0BaHa. XUMHU-
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lower layers. In addition, the samples gathered in
winter were characterized by lower crystallization
temperatures than ones gathered in summer. This
attests to the fact that water-plants inactivate or
remove INAs as a part of their cold-tolerance stra-
tegy. It also means that the water-plant INAs
represent “casual” nucleators, which functions are
not associated with crystal formation and initiation
of crystallization is just a side effect for them [20].

It should be noted that the papers concerning with
investigation of phytogenous INAs were published
in the 1980s — beginning of 1990s. Probably the
further investigations doubted the fact of existence
of endogenous plant nucleators. Additionally, the
absence of reports on this problem may be associated
with the difficult procedure for plant tissue INAs’
isolation. So, Gross D.C. ef al. [9] pointed to impos-
sibility of INA extraction from peach tree shoots by
sonification though this method is widely applied for
isolation of INPs from bacteria and lichens [16].

Whereas bacteria nucleators are glycolipoproteins
[33] and animal NAs also probably contain protein
and phospholipid components [25], plant ice nuclea-
tors may be of other nature. Currently, the ability of
pectins (exactly pectin was proposed as lobelia INA
[12, 17, 36]) serve as the matrix for ice crystal for-
mation is almost not investigated. Chemical nature
of INAs from peach and cherry tree shoots has not
been studied either [9]. Thus, the initiation of crys-
tallization as a trigger for controlled freezing as well
as the mechanism of adaptation in freeze-tolerant
fungi and plants are not studied completely and
require further investigations.
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