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NPUHAJICKHOCTH OPraHM3MOB, B KOTOPBIX OHU OOHAPYKEeHBI.
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B po6oti y3aranpHeHO YMCICHHI JaHi IO010 PO3IOBCIOKEHHS aHTH(GPpHU3HUX OLIKIB y npuponi. HaBeaeHo ronoBHi NPUHIMIH iX
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Multiple data on distribution of antifreeze proteins in nature are summarised in the paper. The main principles of their classification
are presented. A variant of antifreeze protein classification depending on taxonomic categories of organisms, which they were found

in, is proposed.
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B coBpeMeHnHOI uTEpaType UMEETCsI MHOXKECTBO
cBenenuit 06 antudpusubix nporerHax (ADII), pyHk-
LMl KOTOPBIX 3aKTI0YAeTCs B 3aIIUTE KIETOK OT MOB-
peKnaronux (pakTopos, CBI3aHHBIX C PUCKOM KpUCTaJI-
JM3ALUH )KUAKOCTH OpTaHU3Ma ITPH OHKEHUH TEMITE-
parypsl. ADIT npencrasisoT co00i MHOTOYHCIEHHYIO
TpyIITY pa3HO0Opa3HBIX OETKOB, KOTOPBIX OOBETUHSIOT
o0111e CBOMCTBA: CHOCOOHOCTH CHUKATh TEMIIEPATypy
3aMep3aHus, He BIUSAS [TPY 3TOM Ha TEMIIEpaTypy OTTau-
BaHM; MOIU(PUIINPOBATH UM OCTAaHABIUBATH POCT
KPHUCTAJUIOB JIbJIa; THTHOMPOBATH PEKPUCTAIUTU3ALINIO
1, BO3MOXKHO, 3aIIMIIATh KJIETOYHbIE MEMOpaHbl OT
noBpesxaeHnil. ADII HaliieHbl y T03BOHOYHBIX, OecIio3-
BOHOYHBIX, Y PAaCTEeHHUH, OakTepHii 1 TprOoB [5].

Iems paboThI — TOMBITKA KTaCCH(DHUKAIINN Pa3HO-
o0pa3zubix ADII B 3aBUCMMOCTH OT HX pacmnpocTpa-
HEHHMS B Pa3IMYHBIX CUCTEMAaTHUECKHUX IPyIIax.

|. beAku n ramkonpoTeunabl pbio

1. Aided ecita aseéii 1oaeal (AOAT)

[ompobuoe orucanne ADI'TI pe1d 1 ipeanonarae-
MBIl MEXaHM3M UX JeHCTBHUS AaHBI B 0030pe [1]. Bee
komnoHeHThl ADI'TI B npuHIIMIIE UMEIOT OJJUHAKOBOE
CTPOEHHUE U COCTOSIT B OCHOBHOM W3 TTOBTOPSIOIITUXCSI
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In modern literature there is a huge information
about antifreeze proteins (AFPs), which function
consists in cell protection against damaging factors,
related to the risk of organism’s liquid crystallisation
under temperature decrease. AFPs represent a nu-
merous group of different proteins, having common
properties such as: capability to decrease freezing
temperature with no effect on that of thawing;
modification or stop of ice crystal growth; recrys-
tallisation inhibition and a possible protection of
cell membranes against damages. AFPs were found
in vertebrates, invertebrates, plants, bacteria and
fungi [5].

Research aim was the attempt to classify the
different AFPs depending on their distribution in
various systematic groups.

I. Fish proteins and glycoproteins

1. Antifreeze glycoproteins (AFGPs)

Detailed description of fish AFGPs and their
assumed effect mechanism are presented in the
review [1]. Principally, all the AFGPs components
have a similar structure and comprise mostly repea-
ted glycoprotein links, based on Ala-Ala-Thr struc-
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[JIMKOTPUTIENTHIHBIX 3B€HbEB HA OCHOBE CTPYKTYPHI
Ala-Ala-Thr [12]. lucaxapui mpuCcOeIUHEH K KKIOMY
ocTatky TpeoHnHa [60, 61]. Yrcno muKoTpUIeNnTHIHBIX
3BEHBEB OINPENENSIET PAa3HUILYy MOJIEKYIIPHONH MacChl
KOMITIOHEHTOB, KOTOPBIE TPUHSTO HyMEpOBAaTh B OPSIKE
e€ ymenbluenus [11, 20]. @pakuuu ADITI 1-5 — ato
MOJIMMEPBHI ¢ MOJIEKYIApHO# Maccoit 11-32 k/la, conep-
xamue ot 17 no 50 3BenreB. MonekynspHas Macca
komnioHeHTOoB ADITI 68 cocrapiser 2,68 k/la, oHK
conepxar 4—12 3BerneB. ADI'TI 6-8, B oTinune oT
A®ITI 1-5, nMeroT B CBOEM COCTABE OCTATKH ITPOJIMHA,
[IpUYEM B OZJHOM 3BEHE HE MOXKET OBITH OOJIBIIIE OTHOTO
ocrtarka rponuHa [43]. ['uapoduisHbIe y9acTKH MOJTe-
kyn ADI'TI criocoOHBI KOHKYPUPOBATH C MOJIEKYJIAMH
BOJIBI 32 00pa30BaHKe BOAOPOIHBIX CBSA3EH B reKcaro-
HaJIbHOH pelIeTKE 3apOABIILIEBBIX KPUCTAILIOB IbJa [21,
57]. IlockonbKy paccTOsTHIE MEX Y THIPOKCHIBHBIMU
IpyIIaMy COCETHUX aTOMOB YIJIEPOAA B FeKCAITMPAHO3-
HOM KOJIbII€ YIJIEBOAHBIX OCTATKOB I'aJIaKTO3bI COBIA-
JIaeT C PacCTOSTHUEM MEXKIY COCEIHUMH MOJIEKYIaMU
BOZIBI BAOJIb KPUCTAIITIOTpapUIeCKOi OCH @ JTb/1a, BIIOJTHE
JOITyCTUMO, YTO KaXKIBIH OCTATOK T'aJaKTO3bI CBS3bI-
BaeT JIBE MOJIEKYJIBI BOAPBI, T.€. BIOJIb OCH ¢ HE OCTaeTCs
BaKaHTHBIX MOJIEKyJ Bojbl. [Ipeamonoxenne o ponn
ymieBoHbIX 1ieneid ADI TI ¢ MHOrOUMCIIEHHBIMU THIPO-
KCHJILHBIMH TPYIIIIaMu B mporiecce aacopormu ADITI
Ha [MOBEPXHOCTH 3apOBIIIEBBIX KPUCTAIIIOB TOATBEPHK-
JIaeTCsl TAKXKE ONBITaMK [0 XUMUYECKOH Mo (puKanum
JIucaxapuaHbIx coctapisitomux [40, 60,61, 65]. Ilepuo-
JIATHOE OKKCIIEHUE 1 aneTuipoBanrie OH-rpymm npuso-
JaT K uHakTuBauu Monekyn ADI'TI, uto cBuaerenbCT-
BYET O HAJIMUMH “aKTUBHBIX ICHTPOB’” Ha JUCAXAPUIHBIX
¢parmenTax 6okoBbIX nenei. [lockonpky aucaxapun,
ABJISSICH )KECTKUM 3BEHOM, UMEET OTPAaHNICHHYIO BO3-
MOXKHOCTB POTAIIMOHHBIX (ITyKTyaruii BOKpyT O-TITHKO-
3WITENTHIHOM CBA3HM, MOXKHO ITPEIIONIOKHUTD, YTO MTET-
THAHAS LENb CITYKUT IJIS1 OTIPEICTICHHON OpHEHTAINN
OOKOBBIM JTUCAXaPUIHBIM 3BEHBSIM, T. €. JUTS QOPMHUPO-
BaHUSI CrienMprIecKol akTuBHOH KoHpopmarmn ADITI
[57].

HUckyccreenno cuntesnpoBansblil ananor AQTTI 8
B pacTBopax (GopMHpYeT arperarsl U3 JUMepos [7].
[Ipu HEBBICOKMX KOHLIEHTPALUAX MPEAIIOYTUTENbHAS
koHpopmanuss ADI'TI 8§ B pacTBope mpeacTaBuseT
co001i “cirydaliHBIN” BUTOK, OJTHAKO IPH MTOBBIIICHUN
KOHIIEHTPAIINH CIIEKTPBI KPYTOBOTO TNXPOHU3MA ITOKa3bl-
BAIOT MMOsIBJICHHUE O-CUpaieit u [3-CI0eB, 4TO CBHIC-
TENTLCTBYET O BEICOKOW JTAOMIIBHOCTH STHX KOMITIOHEHTOB
B pacTBope. TepMorucrepesncHast akTHBHOCTb B PacT-
BOpax C arperaTaMyd HaMHOT'O BBIIIIE, Y€M B pacTBOpax
¢ Hm3kumu KoHneHtpamusmu A@ITI 8, He comepka-
LIMMH arperaros, 4TO MOATBEPHKAAET KOOIIEPaTUBHBIN
xapakTep QYHKUHOHUPOBAHHUS HU3KOMOJIEKYISAPHBIX
A®ITI; aTot pakT ObLT paHee YCTaHOBIICH ITPH HCCIIe-
JIOBAHUU B3aUMOJICHCTBUS KpyNHbIX U Manbix ADITI

[1].
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ture [12]. Disaccharide joins each threonine residue
[60, 61]. The number of glycotripeptide links
determines a difference between molecular mass
of components, admitted for enumeration in order
of its decreasing [11, 20]. AFGPs 1-5 fractions
are polymers with 11-32 kDa molecular mass,
comprising from 17 to 50 links. Molecular mass
of AFGPs 6-8 components is 2.6—8 kDa, they
consist of 4-12 links. AFGPs 6-8, in contrast to
AFGPs 1-5, have in their content proline residues,
moreover one link can not contain more than one
proline residue [43]. Hydrophilic sites of AFGPs
molecules are capable to compete with water
molecules for hydrogen bond formation in hexagonal
latitude of ice embryonic crystals [21, 57]. Since
the distance between hydroxyl groups of carbon
adjacent atoms in hexopyranose ring of galactose
carbohydrate residues coincides with that between
water neighbouring molecules along ice crystallo-
graphic axis a, it is quite allowable, that each
galactose residue binds two water molecules, i. e.
no vacant water molecules remain along the axis a.
This assumption about the role of AFGPs carbohyd-
rate chains with numerous hydroxyl groups during
AFGPs adsorption on embryonic crystal surface
is also approved by the trials on chemical modifica-
tion of disaccharide components [40, 60, 61, 65].
Periodate oxidation and OH-group acetylation result
in AFGP molecule inactivation, testifying to the
presence of “active centers” on disaccharide frag-
ments of lateral chains. Since the disaccharide,
being a hard link, possesses a limited possibility
for rotational fluctuations around O-glycosyl peptide
bond, we may assume a peptide chain to serve as
the certain orientation for lateral disaccharide links,
i. e. to form a specific active AFGP conformation
[57].

Artificially synthesised AFGP 8 analogue in solu-
tions forms aggregates from dimers [7]. Under
low concentrations a preferable AFGP 8 confor-
mation in solution is a “random” turn, but under
concentration rise the spectra of circular dichroism
show the appearance of a-helix and [-layers, that
testifies to a high lability of these components in
solution. Thermohysteresis activity in solutions with
aggregates is much higher, than in those with low
concentrated AFGP 8 and free of aggregates, that
confirms a cooperative character of low molecular
AFGPs functioning; this fact was previously estab-
lished when investigating the interaction between
large and small AFGPs [1].

2. Antifreeze proteins (AFPs)

AFPs are characterised by various polypeptide
chain length and amino acid composition. Three
groups of AFPs are distinguished:
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2. Aioed eciaa i 1daeia  (AOD)

A®II nmerot pa3Ho0Opa3HyIo NIMHY NONMUIETITH -
HOM 1IeTT 1 aMUHOKHUCIIOTHBIH cocTaB. BeinensioT Tpu
tuna AQII:

2.1. Tun I. boratsie amaHUHOM O-CITUpaJIbHEIE O€7I-
KH C MOJIEKYJISIpHOM Maccoit 3—4 x/la, HaliieHHbIe BIEp-
BBIE y Kep4yakoB 1 kamOai [3, 32 ]. B mpenemnax sToro
kimacca ADII nmpuHATO BBIAEIATH 2 TIOAKIACCA:  —
oenku, poacreernbie ADII I 3umHelt kamOaibl, KOTO-
PpBIe coziepKaT MoBTOPHI U3 11 aMHMHOKHCIIOTHBIX OCTAT-
KOB, HAUMHAIOIIIUECS C TPEOHHHA; 6 — OSTIKH, POACTBEH-
Hble ADII I kepuakoB. OHM YHHKAJIBHBI TEM, UTO O-
cnpainb N-KOHIIEBOTO y4acTKa MPEPHIBUCTA, a TOBTO-
poB 13 11 aMHHOKHUCIIOTHBIX OCTAaTKOB, XapaKTePHBIX JIIS
apyrux A®II I, y Hux mensie [31].

[IpakTruecku Bce UcCie0BaHNs ObLITHA HATIPABIICHBI
Ha M3y4YeHHE MOAKIIACCa d. ITO MOJIEKYJIIbI, COCTOSIIINE
13 37 aMHHOKHUCIIOTHBIX OCTaTKOB, UMEIOIIIHE CTEPIKHE-
BUHYIO (POPMY U ITPAKTHUYECKH ITOTHOCTHIO O -CITHPAITh-
HbIe. AHAIN3 aMHHOKHCIIOTHOM TIOCJIEI0BATEIHHOCTH
atrx ADII oka3pIBaeT, 4TO OJISIPHBIE OCTATKH acTapa-
TMHA ¥ apTWHIHA HAXO/IATCS B KITACTEePaXx, pa3eIeHHBIX
MOCTIE0BAaTENBHOCTHIO U3 5—7 HEMOMSAPHBIX OCTAaTKOB —
MPEUMYIIECTBEHHO anaHuHOB [ 1]. Eciu mpeAnonoxurs,
yT10o Mosekyna ADII momHOCTRIO O-CIIUpalibHA, pac-
CTOSIHUE MEX]Ty TIOJSPHBIMHA OCTaTKaMH TPEOHWHA U
acraparvHa Wiy JIM3UHA B TETPAINENITUAHBIX KJIacTepax
Oyner coctaBiaTh 4,5A. TIpu 3ToM GOKOBBIE 1IEMH T10-
JIIPHBIX OCTATKOB MPOEIIUPYIOTCS C OHOM CTOPOHBI Ol -
CIIUPAIH, a HEMTOJIIPHBIX — ¢ ApyToil. Takas cerperanust
TIOJIIPHBIX M HETIOJSIPHBIX TPYTII IPHBOAMT K YBETMUECHHIO
ambpudunsHOCcTH. [Ipeanonaranocs, 4uTo o6pazoBanne
BOJIOPOJTHBIX CBSI3€H MEMTy OOKOBBIMH IICTISIMH TTOJISIP-
HBIX OCTATKOB (THAPOKCHIIOB TpeoHnHa) ADIT u aroma-
MH KHCIIOPO/Ia Ha TOBEPXHOCTH 3aPOBIILIEBBIX KPHCTAI-
JIOB JIbJ]a MOKET IIPUBECTHU K UX aACOPOLIUH BIIOIIb OCH
MIPENMYIIECTBEHHOTO pocTa. OTHaKo 3aMeHa aJTaHUHOB
Ha JPYrue aMHUHOKHUCIIOTHI IIPUBOJUT K TOTEPE aHTH-
(bpU3HOM aKTHBHOCTH, TOT/IA KaK 3aMEeHa Ha THIPO(ITE-
HO¥ cTropoHe Takoro 3 dekra He umeet [4]. D10 cBume-
TEIILCTBYET O B3aNMOJIEHCTBIH CO JIh/IOM KOHCEPBATHB-
HOM aJTaHMHOBOM MOBEPXHOCTH CIIUPAITH U O BaXKHOCTH
ruApoGOOHBIX B3aUMOJICHCTBHIA PH CBSI3BIBAHHUU CO
me10M [ 8, 35]. JInzuHb! Ha THAPOGHITEHON CTOPOHE MO-
TYT 00eCTIeYnBaTh PACTBOPUMOCTH O€JIKa, 8 KATI-CTPYK-
Typa Ha N-KOHIIe, BEpOSTHO, IOMOTaeT CTa0HIM3HPO-
BaTh CIIMPaJIb. DTH MPEAION0KEHHS IOATBEPKICHBI 1
OoJiee TO3AHUMU HccIeA0BaHUsIMU 50 MyTaHTHBIX OeJI-
KOB mojkjacca ¢ [31]. YcraHoBneHo, 4To A TepMO-
THCTEPE3UCHON aKTHBHOCTH HEOOXOANMBI CIIEAYIOIINE
ycaoBust: 1) BBICOKOE cofieprKaHre aJJaHUHOBBIX OCTaT-
KOB, 00eCTIeuMBarOIIee CITMPATEHY IO KOH(POPMAITHIO; 2)
runpodoOHas TOBEPXHOCTH, B3aUMOECTBYIOIIAS C
MTOBEPXHOCTHIO KPHUCTAUIA; 3) HATMUIHME 3apsKECHHBIX
MIOJIIPHBIX aMAHOKHCIIOTHBIX OCTAaTKOB, OTBETCTBEHHBIX
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2.1. Type I. Rich of alanine a-helical proteins
with 3—4 kDa molecular mass, found first in sculpins
and flounders [3, 32]. Within this AFPs class one
emphasises 2 subclasses: a — proteins, related to
AFPs I of winter flounders, containing repeats from
11 aminoacid residues, starting from treonin; b —
proteins, related to sculpins AFPs I. They are unique
by a discontinuous 0-helix of N-terminal site and
a less number of repeats from 11 aminoacid
residues, typical for other AFPs I [31].

Practically all trials were oriented to study the
subclass a. These are the molecules, consisting
of 37 aminoacid residues, with rod-like shape and
almost all a-helical ones. The analysis of aminoacid
sequence of these AFPs demonstrates polar resi-
dues of asparagine and arginine to be in clusters,
divided by the sequence of 5—7 non-polar residues:
mostly alanines [1]. If assuming the AFPs to be
completely helical, the distance between polar
residues of threonine and asparagine or lysine in
tetrapeptide clusters will be 4.5A. At the same
time the lateral chains of polar residues are
projected to one side of a-helical and non-polar
ones to another. Such a segregation of polar and
non-polar groups results in amphiphility augmen-
tation. Formation of hydrogen bonds between lateral
chains of polar residues (threonine hydroxyls) of
AFPs and oxygen atoms on the surface of ice
embryonic crystals was assumed as capable to
results in their adsorption along the primary growth
axis. However the substitution of alanines for other
aminoacids results in a loss of antifreeze activity,
meanwhile the one on hydrophilic side has not such
an effect [4]. This testifies to the interaction of
conservative alanine helical surface with ice and
to the importance of hydrophobic interactions when
binding with ice [8, 35]. Lysines on a hydrophilic
side may provide the protein solubility, but the cap-
structure on N-terminal probably assists in a helical
stabilisation. These assumptions are confirmed by
later research in 50 mutant proteins of subclass a
[31]. The following conditions were established to
be necessary for thermohysteresis activity: 1) high
content of alanine residues, providing a helical
conformation; 2) hydrophobic surface, interacting
with crystal surface; 3) the presence of charged
polar aminoacid residues, responsible for solubility
and/or interaction with ice lattice; 4) minimum chain
length in 25 aminoacid residues.

The winter flounder AFPs I are bound with 12
faces of bipyramidal crystal, meanwhile the sculpin
AFPs I are done only with 6 ones [31]. Molecular
nature of differences in specific binding with ice
embryonic crystals of AFPs I subclasses @ and b
has still remained unstudied, although there were
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3a paCTBOPUMOCTB H/WITH B3aUMOJIEHCTBHE C PELIETKOM
TbAa; 4) MUHIMAaJIbHAs JUTHHA [IETTOYKH B 25 aMHHOKHC-
JIOTHBIX OCTAaTKOB.

A®II | 3umueli kamOaisl cBs3bIBatOTCA ¢ 12 rpans-
MH OUTIHpaMUIATBHOTO KpucTainia, Torna kak ADIT [
KEpUYaKoB CBS3BIBAIOTCSI TOJNIBKO ¢ 6 Trpamsmu [31].
MonexymnsipHasi IpUpoAa pa3IHIHi B CICITH(PUIHOCTH
CBSI3BIBAHUA C 3apOJIBIIIEBBIMA KPUCTANIAMH JIbJA
A®II I mogxiiaccoB a U 6 1OKa He HUCCIIeI0BaHa, XOTs
oOHapy’KeHBI SBHbIE PA3MU4HA B CTPYKType N-KoHIIe-
BoOro y4yactka. OmHaxo sicHo, uto Bce ADII I obnanator
ruApopoOHOM TOBEPXHOCTHIO, KOTOPAs OPHEHTHPOBaHA
B HalpaBJICHUH I'PaHULBI JIE1/Boia M HE0OXoAUMa IS
MPOSIBIICHUSI aHTU(PPU3HOM aKTUBHOCTH [ 18].

2.2. Tun II. Borarsle IUCTEUHOM JIEKTUHOIIOLOOHBIE
100yIIsIpHBIE OETIKH aTIaHTUYECKOH BomocaTku (Mop-
CKOM BOPOH), aTAHTUIECKON CEIThIM i aMEPUKAHCKOM
koprotkd [47]. ADIT Il neMOHCTpHpPYIOT TEpMOTHCTEpE-
3uc 0,13°C; oHM CBSI3BIBAIOTCS C OUITUPAMKIAIbHBIMA
KPHCTAJUIaMH JIhJ1a ¥ CITIOCOOHBI MHTHOMPOBATE PEKPHC-
tayumu3anmio [ 16, 71]. Ilpenmectsenank ADIT 11 Bomo-
CaTK{ CHHTE3UPYETCS B TICUCHU U COCTOUT U3 163 amu-
HokHcIoT [15]. Jlanee oH mpeBpamaercsa B IpoOMeKy-
TouHYHO (hopmy u3 146 amunaokucnot (16 k/la), kotopas
XPaHUTCS B TIEUEHH, a 3aTEM CO3PEBAET B aKTUBHBIN
A®II u3 129 amunokucnot (14 x/la) Bckope mocie
BBICBOOOYKICHHS B KPOBSIHOE PYC0. [I1s1 THTMOMpOBaHUsI
pocrta Jibaa 1uist OEJIKOB 3TOTO KJIacca, BHIACICHHBIX U3
TKaHeH CeJIbIN ¥ KOPIOIIKH, He0OXoauMbl noHbl Ca’' B
KadecTBe Ko(paKkTopa, TOTAa KaK aHAJIOTHYHBINA OEIIoK
BOJIOCATKH CTIOCOOEH CBSA3BIBATHCA CO JIBJIOM B OTCYT-
crBuu Ca*", 9T0 IMOATBEPIKAAETCS IKCIIEPHMEHTAMH IT0
caliT-HarpaBJIeHHOMY MyTareHesy [47]. Jlaxe obmmp-
HbIe MyTalu B o0macti Ca? -CBA3BIBAIOIIECTO caiiTa
MPUBOIAT UMb K 25%-#1 noTepe aHTU(prU3HON aKTHB-
Hoctu A®II Il Bonocatku. DTOT OEIOK COACPIKUT
TosibKo 2 Ca’’-CBA3BIBAIOLIMX CaliTa, B TO BPeMs Kak
A®II 1I cenbaun u koprotiku — 5 Ca?*-CBA3BIBAIOIINX
caiiToB (KaKk M MOJIEKyJa JIeKTHHA). MccnenoBanus o
caiT-HanpaBieHHOMy MyTtareHe3y ADII I cenpau
MTOKa3aJIl, 9TO CBA3BIBAIONINH JE CAUT COAEPIKUT 2
TPEOHHHA B ITONOXKEHMIX 96 1 98 1 actiaparuH ¢ Iy TaMu-
HOM B MoJIokeHUuIX 94 u 99 cooTrBeTcTBeHHO. /[Ba
MOCTIETHUX PEryUpyroT cBsizbiBanne Ca’’ [46]. imenHO
3TOT y4aCTOK HHUITUHMPYET aACOPOIINIO MOJEKYJIIBI O€I-
Ka Ha MPU3MATHYECKON TOBEPXHOCTHU KPUCTAIIIA JIBAA.
A®II 11 cenbau cnennduueH B otHomennu Ca*", Tak
KaK MPU CBA3BIBAHUU JIPYTUX JBYXBAJICHTHBIX HOHOB
(Zn*" u Ba®") pe3ko cHWkanach aHTU(pPU3HAS AKTHB-
HOCTb U U3MEHSIACh MOP(OIOTHS KPUCTAIIIOB JIbJa
[17].

Tpernunas crpykrypa A®II I Taxxke cxomHa c
TPETHUYHOU CTPYKTYpPOH JIEKTHHOB M CONEPXKUT 2 O-
criupany, 2 B-cKiIaayarhiX CII0st; 3HAYMTENbHAS JTOJIS
AMUHOKUCJIOT TIPUXOIUTCS Ha TIETIIA U TIOBOPOTHI [63].

NMPOBJIEMbI
KPMOBMOJIOITUM
T. 19, 2009, N22

found out the distinct differences in the N-terminal
site structure. However it is evident, that the all
AFPs 1 possess a hydrophobic surface, oriented
towards ice/water boundary and necessary for
antifreeze activity manifestation [18].

2.2. Type II. Cysteine-rich lectin-like globular
protein of Atlantic big-mouthed sculpin (sea raven),
Atlantic herring and American smelt [47]. AFPs
IT demonstrate thermohysteresis 0.13°C; they are
bound with bipyramidal ice crystals and capable
for recrystallisation inhibition [16, 71]. Big-mouthed
sculpin AFPs II precursor is synthesised in liver
and consists of 163 aminoacids [15]. Further it
transforms into an intermediate form, consisting
of 146 aminoacids (16 kDa), being stored in liver,
with following maturation in an active AFP of 129
amino-acids (14 kDa) just after releasing into a
blood channel. For ice growth inhibiting for this
class proteins, isolated from herring and smelt tissue,
the Ca% ions are necessary as a cofactor, mean-
while a similar protein of big-mouthed sculpin is
capable to bind with ice when Ca?" is absent, that
is confirmed by the experiments on site-directed
mutagenensis [47]. Even numerous mutations in
Ca%-binding site area result only in 25% loss of
antifreeze activity of big-mouthed sculpin’s AFPs
I1. This protein contains only 2 Ca**-binding sites,
meanwhile there are 5 ones in AFPs II of herring
and big-mouthed (as wells as in lectin molecule).
Studies on a site-directed mutagenesis of herring
AFPs II demonstrated a binding ice to comprise
2 threonines in 96 and 98 positions and asparagine
with glutamine in 94 and 99 ones, correspondingly.
Two latter ones regulate Ca** binding [46]. Namely
this site initiates adsorption of protein molecule
on a prismatic surface of ice crystal. Herring’s
AFP 1I is specific in respect of Ca*", meanwhile
during binding of other bivalent ions (Zn** and Ba?"),
an antifreeze activity sharply decreased and ice
crystal morphology changed [17].

Tertiary structure of AFPs II is also similar
with that of lectin and comprises 2 a-helices, 2
B-sheets; a significant part of aminoacids falls on
loops and turns [63]. Tertiary structure is stabilised
with 5 disulphide bridges. AFP II of American
smelt Osmerus mordax is dimer, consisting of 2
separate subunits and comprising oligosaccharide,
which function has still remained unclear, because
of its not-being in dimerisation and no effect on
antifreeze activity and protease resistance [2].

Of interest is the fact, that AFPs II were iden-
tified in body fluids in Japanese smelt, being fresh-
water species from mid-latitudes [73]. This is a
first report about the AFPs presence in fresh-water
fish of moderate climate. This protein N-terminal
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Tpetudnast CTpyKTypa CTaOMIM3UPOBAaHA 5 AUCYIb-
¢umabIME MocTrKaMu. ADI 1 1] amepukaHCKO# KOPIOIIKH
Osmerus mordax SIBISETCS TUMEPOM, COCTOSIINM U3
2-X OTIENbHBIX CyObEeIUHMLI, U COIEPKUT OTUTOCcaxXapul,
(DYHKLIMS KOTOPOTO IIOKa HE BBISICHEHA, T.K. OH HE IIPUHU-
MaeT yJacTHs B JUMEPU3aLliH, HE BIMSCT Ha aHTU(PU3-
HYIO aKTUBHOCTb U YCTOMYHMBOCTD K MpoTeazam [2].

BesbiBaet nntepec to, uto ADII 11 6611 noenTrdu-
LIMPOBAH B KHUKOCTSIX T€JNA Y STOHCKOH KOPIOIIKH, KOTO-
past IBIISIETCS TPECHOBOAHBIM BHIIOM U3 CPETHUX IIMPOT
[73]. OTo mepBoe coobmenune o Hammanu ADII y mpec-
HOBOJHBIX PHIO YMEPEHHOTO KimMaTa. N-KOHI[eBas
AMHHOKHCJIOTHAS ITOCIIeI0BATEILHOCTD ATOr0 OeJKa Ha
75% romonornuna A®II I cenpam, MoneKyIsipHAsL
Macca 16,8 k[la. I'en, koqupyromuit ADII 11 smonckoi
KOPIOIIKH, COCTOUT U3 444 ThIcAY Map HyKJIEOTHIOB U
Ha 85% unentuuen reny ADII I cenpau.

2.3. Tun I11. benku, oOHapy>KeHHbBIE Y aMEPHKAHCKOI
Oenpatoru [66], conepxat 3 OCHOBHBIX U 5 MUHOPHBIX
KOMIIOHEHTOB. DTO CEMEHCTBO KonupyeTcs Oojee uem
40 reHaMu, 94TO TapaHTHUPYET BBICOKOE COAEPIKaHUE
AO®ITIII B xpoBu 6embroru [67]. OCHOBHBIE KOMITOHEH-
161 RD1 1 RD2 comepxat 64 aMIHOKHCIIOTHBIX OCTAaTKa
¥ MIMEIOT MoNeKy sipHyTo Maccy 7 kla. BRD1 oOnapy-
YKEH KOMITaKTHBIH ITI00YIISIPHBIN JOMEH C 2 BHY TPEHHUMHA
TaHAeMHBIMHU ydacTkamu [39]. Kaxxaprit yuacTok ume-
er hopmy “Kpenzens’ ¥ BKItoYaeT 4 KOpOTKHX [3- Tshka
u 3 -cipaitb. OH UMEET BHY TPEHHIOKO TI0JIOCTh, OKpPY-
KEHHYI0 8 KOHCEPBAaTUBHBIMU HETIOJIAPHBIMU aMHHO-
KHCIOTHBIMH ocTaTkamu. RD3 cocrout u3 134 amu-
HOKHCJIOTHBIX OCTaTKOB U IMEET MOJIEKYJISIPHYIO Maccy
14 x[1a [66]. B ero crpykrype BbIIenAI0T N-KOHIIEBY IO
MOCJIEIOBATENBHOCTD ATMHON 64 aMUHOKHCIOTHBIX
ocrarka u C-KOHIIEBYIO MTOCIIEI0BATENbHOCTD JITMHON
61 aMHMHOKHCIIOTHBIH OCTATOK. DTH yYaCTKH COSTUHEHBI
JIUHKEPHOH MOCIE0BATEIBHOCTHIO U3 9 aMHHOKHCIIOT-
HBIX OCTaTKOB. N-KOHIIEBas IMOCIEA0BATEIHHOCTD U
C-xoH1IeBas MOCIIEA0BATEIHHOCTH TOMOJIOTHYHBI APYT
apyry u A®II III ¢ monekynsapHoi maccoit 7 x/la.
N-nomMeH umeeT o0y IApHY0 popMy, coaeprKalLyo 6
B-tsoxeit, 3 noBopora 11 Ta 1 HeCKOBKO IeTelTb, KOTO-
PpBle CTaOMIN3UPYIOT IJIOCKYI0 IIOBEPXHOCTH Ha OTHOM
13 CTOPOH JIOMEHA, CBA3BIBAIOIIYIOCA O JbaoM [50].
Ha 37011 NOBEpXHOCTH PACIONOKEHO 5 aTOMOB, KOTOpPBIE
00pa3yIoT BOAOPOAHBIE CBSA3U M KOMIUIEMEHTapHO IO/~
XOIAT K 2 psA/laM aTOMOB KHCJIOPOJla Ha MPU3MaTH-
YeCcKoil moBepxHOoCTH Kpuctaiuia [36]. [Ipeanomnararor,
yro ADIT I cBA3BIBaIOTCS C MPU3MATHYECKOM ITOBEPX-
HOCTBIO, 3aKpBIBasi IIPH 3TOM 0a3aJIbHYIO TOBEPXHOCTb.
[ToBepXHOCTE JIEM-CBI3BIBAIONIETO CailiTa HEOOBITHO
IUIOCKas JUIA TaKOW HEOONbIION GETKOBOM MOJIEKYJIIBI
[10]. B aTOM ci1yyae aMMHOKHCIOTHBIE OCTATKU JOJDK-
HBI OBITH OYEHB IUIOTHO “‘ynaxoBaHbl”. Co3naHo 6 My-
TaHTHBIX (OpM Oellka, B KOTOPBIX KOHCEPBAaTUBHEIC
QJIAHMHBI U3 [IEHTPa INIOCKOH HOBEPXHOCTHU OBLIIN 3aMe-
HEHBI Ha 00Jiee KpYITHbIE OCTaTKH CTEHHA, TPEOHUHA,
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aminoacid sequence is 75% homologous of herring’s
AFPs II, 16.8 kDa molecular mass. The gene, co-
ding Japanese smelt’s AFPs II, consists of 444
thousand base pairs and is 85% identical to that
of herring’s ones.

2.3. Bype 11I. Proteins, found in eel pout [66].
They comprise 3 main and 5 minor compo-nents.
This family is encoded by more than 40 genes,
providing a high AFP III content in eel pout’s blood
[67]. Main components RD1 and RD2 include 64
aminoacid residues and have 7 kDa molecular mass.
Compact globular domain with 2 internal tandem
sites was revealed in RD1 [39]. Each site is
“pretzel”-like folded and includes 4 short -strands
and 3 -helix. It has an internal cavity, surrounded
with 8 conservative non-polar aminoacid residues.
RD3 consists of 134 aminoacid residues and has
14 kDa molecular mass [66]. In its structure one
isolates the N- and C-terminal sequences with 64
and 61 aminoacid residue lengths, correspondingly.
These sites are bound with a linker sequence of 9
aminoacid residues. N- and C-terminal sequences
are homologous to each other and to 7 kDa AFPs
III. N-domain is of globular shape, containing 6
B-cords, 3 turns of type III and some loops,
stabilising a flat surface on one of the domain sides,
binding with ice [50]. On this surface there are 5
atoms, forming hydrogen bonds and complementary
going with 2 oxygen atom series on crystal prismatic
surface [36]. One believes, that AFPs III are bound
with prismatic surface, thereby shielding a basal
surface. The surface of ice-binding site is unusually
flat for such a small protein molecule [10]. In this
case the aminoacid residues should be very densely
“packed” [10]. There were created 6 mutant protein
forms, where conservative alanines from the center
of a flat surface were substituted for larger residues
of cysteine, threonine, methionine, arginine, histidine
and tyrosine. Alanine substitution in position 16
for histidine or tyrosine results in a practically
complete loss of antifreeze activity, due to a
probable masking/shielding by large residues of
aminoacid-“substituents” of glutamine in position
44, which is considered as ice-binding one. In
addition, a steric disorder in ice-binding site results
in a spatial change of residues’ tight package on
a flat surface. It is surprising, that one of the mutant
proteins partially preserved its antifreeze activity.
One believes this fact may be explained by AFPs
capability for an active site formation on ice surface,
which they are binding to. Linker sequence is
approximately 60° angled, that possibly enables to
orientate 2 ice-bound sites in N- and C-domains
in such a way that they can interact simultaneously
with crystal surface [50]. Ice-binding is considered
to occur in 2 stages: 1) surface “probing”, for which
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METHOHWHA, ApTUHUHA, TUCTUMHA U THPO3WHA. 3aMeHa
AJTAaHWHA B TTOJIOKCHUH 16 HAa TUCTHIWH WA TUPO3UH
TIPUBOIHIIA K IPAKTHYECKH ITOJTHOM OTepe aHTH(PU3HON
AKTHBHOCTH, BEPOSITHO, 33 CYET SKPAHUPOBAHUS KPYITHBI-
MU OCTaTKaMU aMUHOKHUCIIOT- 3aMeCTUTeNe” TTyTa-
MUHA B ITOJIO’KEHUU 44, KOTOPBIN, KaK CYUTAIOT, CBSA3BI-
Baercs co apAoM. Kpome Toro, crepuueckoe Hapylie-
HUE JE-CBA3BIBAIONIECTO CaliTa BEAET K MPOCTPAHCT-
BEHHOMY M3MCEHEHHUIO TECHOU YITAaKOBKH OCTATKOB Ha
IJIOCKOM IMTOBEPXHOCTH. YIUBUTEIHLHO, UTO OUH U3 MY-
TaHTHBIX OEJIKOB YaCTUYHO COXPAHSI aHTHU(PPUIHYIO
aKTUBHOCTH. [Ipenmonarart, 4To 3TO MOXKET 00bsIC-
HATBCSI crtocoOHOCTRI0O ADIT akTBHO (hopMuUpOBaTH
CalT Ha MMOBEPXHOCTH JIbJIa, C KOTOPHIM OHH CBSI3HI-
BaroTCsl. JIMHKepHas mocie10BaTeIbHOCTh U30THYTa IO
YIIOM MpUOIH3nTENpHO 60°, 9T, BO3MOXKHO, ITO3BOJISET
OPUEHTUPOBATH 2 CBSI3BIBAIOIIMXCS CO JIBAOM CailTa B
N-u C-goMeHax TakuM 00pa3oM, 9TO OHA MOT'YT OJTHO-
BPEMEHHO B3aUMOIEUCTBOBATH C TOBEPXHOCTHIO KPUC-
tasuia [50]. CauraroT, 4yTo CBA3BIBAHUE CO JIbIOM IIPOUC-
XOmuT B2 3Tana: 1) “iporryneiBanye’” MOBEpXHOCTH, 32
KOTOPOE OTBETCTBEHHBI YUaCTKH IEIH, 00pasyroniue
BOJIOPOJIHBIE CBSI3H; 2) ycTaHOBJIeHNE Ban-nep-Baas-
COBCKHX B3aUMOIEUCTBUI MEX Y OCTaIbHBIMA aMUHO-
KHCJIOTHBIMH OCTAaTKaMU CBS3BIBAIOIIETOCS CO JIHIOM
caiiTa M KPUCTAJUIOM, YTO YBEIIMUMUBAECT CHIIY CBSI3HU
oenok-néxn [24]. OgHako mo3aHee OBLITU MOTYYCHBI
Ppe3yabTaThl, TOKa3bIBAIOIINE, YTO aKTUBHOCTH RD3 He
3aBHCHUT OT IMHKEPHOU nocnenoBateabHOCTH [33]. beut
co3/1aH 0eJI0K ¢ MO (PUIIMPOBAHHBIM JIMTHKEPOM, XapaK-
TEPUCTUKHU KOTOPOrO CYHIECTBEHHO OTIUYAIUCH OT
OPUTMHAIILHOTO JIMHKepa. HoBbIi rHKep 001aias ropas-
JI0 OOJIBIIICH TTOIBHIKHOCTBIO M BCJICICTBHE 3TOT0 00a
JIOMEHA JBUTAINCH HE3aBUCUMO APYT OT Apyra. Tem
HE MEHEE TEPMOTUCTEPE3NCHAS aKTUBHOCTH OeJTKa 0c-
TaBajach Ha PEKHEM ypOBHE.

CHHTE3MPOBaHBI TAKKE NCKYCCTBEHHBIC MYJTETHME-
pe1 A®II III [53]. TepmorucTepesnc Bo3pacTaeT mpo-
MOPLMOHAJILHO pa3Mepy MYJIbTHMEPOB: 4eM OOJIbIle
MYJIETHMEPBI, TEM ITPU MEHBIIIEH KOHIICHTPAIUH ITPOSIB-
JISIETCA UX MAKCUMaITbHAsi aKTUBHOCTS. [IpH 3TOM Kax-
JIBIT MYyJTETAMED MPUIAST KPUCTAILTY JIbJIa YHUKAIEHYIO
(hopMy, KOTOpasi IOXOKa, HO HE UICHTUYHA H3HAYaIbHON
OourMpaMunaIbEHON hopMe.

B 3aBucumoctu ot konnenrpauuu A®II II moryt
B3aUMOJICHCTBOBATH JIM0O C Uy)KEPOHBIMU YaCTHIIAMH,
00 ¢ 3apOABIIICBEIMHA KpUCcTa/UIaMu Jibaa [13].

2.4. I'unepaxmusnwviti ADI1. Ero monexkynspHas
macca 16,7 x/la, OH BBIZICIICH U3 IJIa3MbI KPOBH KaM-
6annr [48]. U3BecTHbie ADII HE MOTYT OOECTICUUTD
HYKHYIO CTEIICHb U CTAOMJIBHOCTD MIEPEOXIKICHHUS B
nenstHol Boze. HoBwiid Oeiok cTabuieH nmpu HU3KOU
TeMIeparype ¥ HeoOpaTuMO JICHATYPUPYET MPH KOM-
HATHOMH, 4TO, BO3MOXKHO, F MEIIIAJIO €0 OoJiee paHHeH
naeHTudukamy. Itot 6enok, kak u ADII I, mouru mon-
HOCTBIO O-CITUPAJIeH, UMEET BBHITSHYTYIO (hopMy 1 00-
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responsible are the chain sites, forming hydrogen
bond and 2) establishment of van der Waals
interactions between the rest aminoacid residues
of ice-binding site and crystal, that increases strength
of protein-ice bond [24]. However, later there were
obtained the results, proving RD3 activity as
independent on linker sequence [33]. Protein with
a modified linker, the characteristics of which were
significantly different from an original linker, has
been designed. New linker had much higher motility,
due to that both domains moved indepen-dently
on each other. However a thermohysteresis activity
of protein remained at a previous level.

Artificial multimers of AFPs I1I were synthesized
as well [53]. Thermohysteresis increases propor-
tionally to multimer size: the bigger multimers are,
the lower is concentration, when their maximal
activity manifests. At the same time each multimer
forms an ice crystal into an unique shape, looks
like an initial bipyramidal one, but not identical.

Depending on concentration the AFPs III may
interact either with dust particles or embryonic ice
crystals [13].

2.4. Hyperactive AFP. Its molecular mass is
16.7 kDa and it is isolated from flounder’s blood
plasm [48]. The known AFPs can not provide a
proper degree and stability of overcooling in ice
water. New protein is stable at a low temperature
and irreversibly denatures at a room one, that,
possibly, complicated its earlier identification. This
protein as well as AFP I is almost completely
0-helix, is elongated and alanine makes more than
60% of aminoacid residues in it. However in
contrast to AFPs I (which molecular mass is 3-4
kDa) it is much bigger and forms dimer [29]. Its
thermohysteresis activity is equal to that of insect
AFPs.

Il. Insect proteins

Insect proteins are much more active compared
to fish and plant AFPs, which are characterised
below. Thermohysteresis value for AFPs from
Tenebrio molitor beetle hemolymph is 2.5°C at
1 mg/ml concentration, meanwhile thermohysteresis
of most fish AFPs does not exceed 1.5°C at 10—
20 mg/ml concentration [44]. So, insect AFPs may
be also referred to hyperactive ones.

AFPs concentration may considerably vary in
the same species. For example, Cucujus clavipes
beetles from North Carolina in winter have much
lower AFPs concentration compared to represen-
tatives of the same species from Alaska due to a
sharp dehydration of insect’s tissues, but not a rise
in AFPs absolute number [6].

Thermohysteresis effect was first found out in
the yellow mealworm 7. molitor. AFPs of T. molitor

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N22



niee 60% aMUHOKHCIIOTHBIX OCTaTKOB B HEM COCTABJISIET
amanuH. Ho B ommmune ot ADIT I (MonexymsapHas macca
koTopbix 3—4 k/la) oH ropasno Gosblie 1 Gpopmupyer
aumep [29]. Ero Tepmorucrepe3ucHas akTUBHOCTD
cpaBHHUMa ¢ TakoBoi ADII HaceKOMBIX.

1. beAkn HaceKombIX

A®II HaceKOMBIX 3HAYUTEIBHO OOJiee aKTUBHBI 110
cpaBHeHuio ¢ ADII peId 1 pacTeHni, XapaKTepUCTHKA
KOTOPBIX IPpYBE/IeHa HIKe. BemnarHa Tepmorucrepe-
suca st ADII u3 reMonuM@bl GONBIIOT0 MYYHOTO
xpyuiaka Tenebrio molitor cocrasiser 2,5°C npu
KOHIEHTpaIK 1 MI/MJI, TOT/Ia KaK TEPMOTHCTEPE3HC
oonpmuHcTBa ADII pEI6 He npeBbimaet 1,5°C npu
koHteHTparu 10—20 mr/mi [44]. Takum oOpazom, ADIT
HACEKOMBIX TAKXKE MOYKHO OTHECTH K TMIIEPAKTUBHBIM.

VY 0IHOTO M TOTrO K€ BHJla MOXKET 3HAUUTEIBHO
BapbHpoBaTh KoHIeHTpauus ADII. Hanpumep, xykn
Cucujus clavipes n3 CeBepHoii KaponuHsl 3UuMoii ume-
10T ropa3zno Oonee Huzkue koHueHTpanuun APII mo
CPaBHEHUIO C PE/ICTABUTEISIMHE TOTO JKE BUA U3 AJIsic-
KU 3a CUET PEe3KOH Jeruaparaliui TKaHeH HaCEKOMBIX,
HO HE yBENIMYCHUS a0COMIOTHOTO KoimaecTBa ADII [6].

BriepBbie s ekt Tepmorucrepesrca ObLT 00HaApY-
xern 'y 1. molitor. AQII T. molitor conepxar MeHbIIIee
YHCII0 OCTATKOB TUAPO(HOOHBIX AMUHOKHCIIOT 1O CPaB-
HEHUIO C aHTU(PPHU3aMH PBIO, YTO MOYKET UMETh BasKHOE
Ouonornyeckoe 3HaueHKE. B cooTBeTCTBIM € Teopueit
Zettlemoyer [76] onuHOYHBIE TUAPODUIIEHBIE CANTBHI,
PpacrosoKeHHbIE B OOLIMPHOM r'HAPO(hOOHOM MaTpHKCE,
CIIyKaT KaK MHULMATOPBl HyKJI€aliH, I03TOMY MpU
JocTaTouHo HU3KUX Temmeparypax ADII mornu Obl
JeCTBOBATh KaK HYKJICHPYIOILIME arcHThl. PHIObI He
OOHTAIOT B BOJIE IIPH TEMIIEpATyPE HUKE TOUKH 3aMep-
3aHust Mopckoi Boabl (—1,9°C), Tak 4To 11l HUX 3TO
He urpaet posnr. OTHOCHTENHHO HACEKOMBIX CHTYaIlUs
coBepieHHO nHadA. B atom cirygae ADII ceirpanm 651
cKopee maryOHyI0 poJib, 4eM 3aImuTHyto. [TosTomy
MeHb1Ias TuAPoPoOHOCTE 6enkoB 1. molitor MoxeT
HUMETh CYIIECTBEHHOE 3HAUCHHE.

VY T. molitor obnapyxeno 11 A®II [54]. Onun u3
MpeCTaBUTENICH 3TOr0 ceMeiicTBa Ype3BbIYaHO aK-
tuBHBIN ADII ¢ MonekynsipHO Maccoit 8,5 kla [44].
OH Gorar TPEOHHHOM U COAEPKUT 16 OCTATKOB IIHCTEH-
Ha, KOTOpBIE BCE BOBJICUCHBI B 00pa3oBaHKE JUCYIb(u -
HbIX MOocTUKOB. Metogamu SIMP u K] ycranosieHo,
YTO 3TOT OEJIOK MMEET TPETHYHYIO CTPYKTYPY B BHJIE
[B-crpam Ha OCHOBE MTOBTOPOB U3 12 aMHHOKHCIOTHBIX
ocTarkoB. TpeOHMHOBBIE U IIMCTENHOBBIE OCTATKH, Opra-
HU30BAHHBIE B IOBTOPSIOMINNCS MOTUB TPEOHUH-ITHC-
TEUH-TPEOHHH, 00pa3yIOT y4aCTOK IUIOCKOTO 3-CKiIaj-
4aroro ciod. biaropaps pacnonoxeHuio TPEOHHUHOB,
paccrosnue Mmexay rpynnamua OH B sTom stokyce
HACAIBHO COOTBETCTBYET IPOCTPAHCTBEHHOM pelLeTKe
ab1a. [1o3ToMy JIOTHYHO MIPEATIONOKHUTE, YTO UMEHHO
OH OTBETCTBEHEH 3a CBSI3BIBAHHE CO JIBAOM. OJTO
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contain less number of hydrophobic aminoacid
residues compared to fish antifreezes, that may
be of great importance for biology. According to
the theory of Zettlemoyer [76] the single hydrophilic
sites, located in a wide hydrophobic matrix serve
as nucleation initiators, therefore AFPs might act
as nucleating agents under quite low temperatures.
Fish species do not live in water at the temperature
lower than freezing point for see water (—1.9°C),
so this has no importance for them. As for insects
the situation is quite different. In this case AFPs
might play rather harmful role, than a protective
one. Therefore a lower hydrophobicity of 7. molitor
proteins may be essential.

In 7. molitor there were revealed 11 AFPs [54].
One of this family representatives is extremely
active AFP with 8.5 kDa molecular mass [44]. It
is rich of threonine and comprises 16 cysteine
residues, involved into disulphide bridge formation.
Using the NMR and CD methods the authors
established this protein as having a B-helical tertiary
structure, based on 12 aminoacid residual repeats.
Threonine and cysteine residues, organised in the
threonine-cysteine-threonine repeating motif, form
a flat -sheet site. Due to threonine location the
distance between HO groups in this locus ideally
corresponds to a spatial ice lattice. Therefore of
logic is to assume it to be responsible for ice-bin-
ding. This is confirmed by the data, that steric
changes in this site result in a loss of antifreeze
activity [49].

Purified AFP from spruce bud worm Choris-
toneura fumiferana has 9 kDa mass and re-
presents a -helix with 15 aminoacid residues per
turn [25, 27]. B-helices have cross sections and
form parallel B-layers: the chain architecture, not
met in fish. The ice-binding side comprises 9 threo-
nines, organised in a repeating motif, being comple-
mentary to ice lattice on both prismatic and basal
surfaces. Binding of such an AFP with both surfaces
may explain an extremely high activity of insect
AFPs.

In Dendroides canadensis beetle larvae there
were identified 12 AFPs, 4 of them are in hemo-
lymph, the rest ones are localised in epithelial cells,
fat body and midgut [14, 68]. The efficiency of
AFPs functioning depends on their interaction, that
resembles a cooperative functioning of fish antifree-
zes. Research in this family representatives demon-
strated glycerol as increasing AFP activity, by stimu-
lating interaction between AFP molecules, because
under glycerol adding into the solution, containing
only one AFPs type, no effect was obtained.

AFPs with 6.5 and 15.7 kDa molecular mass,
rich with glycine, making 45% residues, have been
revealed in snow flea [28]. Lesser AFP consists

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N22



MOATBEPKIAETCS NTaHHBIMU O TOM, UYTO CTEPUUECKHUE
M3MEHEHWSI B ’TOM Y4YacTKe BEAYT K IOTepe aHTU(PH3-
HOM akTUBHOCTH [49].

Ouniennsii AQII 13 ryceHuIs IMCTOBEPTKU-I0Y-
koena emoBoro Choristoneura fumiferana nmeet
Maccy 9 x/la u nipescrasisier coboii [B-crimpais ¢ 15
AMHMHOKHCJIOTHBIMH OCTaTKaMH Ha BUTOK [25, 27]. B-
CITUPAITA UMEIOT TIOTIEPEYHBIE CEKIIUA B (POPMUPYIOT
napautenbHbie 3-ciou — hopma yKIIaJKu, He BCTPEYaro-
mascs y pe1o. CTopoHa, CBSA3BIBAIOIIASCS CO JIBIIOM,
COIEP>KUT 9 TPEOHHUHOB, KOTOPHIE OPTraHU30BaHbI B IOB-
TOPSIOUIUICA MOTHUB, KOMILUIEMEHTAPHBIN pElIeTKe
JIbJ1a, Ha PU3MATHYCCKOM U 0a3aTbHOM TOBEPXHOCTSIX.
CaszpiBanue Takoro A®II ¢ 00enMu MOBEpXHOCTIMHU
MOJKET O0BSICHUTB YPE3BBHIYAITHO BRICOKYFO aKTHBHOCTh
A®DII HaceKOMBIX.

Y mumauHOK Xyka Dendroides canadensis wieHTH-
¢ummposano 13 ADI1, 4 n3 HUX HaXOAATCS B TeMOInMe,
a OCTaJIbHBIE JIOKATN3YIOTCS B KJIETKAX SITUTEIHSL, 5KUPO-
BOM Telle U cpeaHeM kumednuke [14, 68]. Dddek-
TUBHOCTH (QpyHKIHOoHUpOoBaHusA ADII 3aBucur ot nx
B3aUMOJICUCTBHSI JPYT C IPYTOM, YTO HAIIOMHUHAET O
KOOTIEPaTUBHOM (hYHKIIMOHUPOBAHUH aHTU(PPU30B PHIO.
HccnenoBanus Ha IpeCTaBUTENAX 3TOTO CEMEHCTBA
MTOKa3aJIu, YTO IIHIIEPOJT TOBBIIIAeT akTUBHOCTH ADII,
CTUMYIUPYS B3aUMOJCHCTBUS MEXAY MOJIEKYJIaMHU
A®II, Tak kak npu 100aBICHNUY IIIHIICPOIIA B pACTBOD,
coneprkaruii Tobko oauH B ADI ], aukaxoro addexra
MTOJTy4eHO He OBLIO.

Y cuexHoi Omoxu o6HapysxeHbl ADI ¢ Monexysip-
HOM Maccoit 6,5 u 15,7 x]1a, borarbie ITUIMHOM, KOTOPBIi
coctarisieT 45% ocrarkos [28]. Menbmuit ADII coc-
TOUT U3 TPUIICIITUIHBIX TIOBTOPOB, TEPBHIM AMHUHOKHC-
JIOTHBIM OCTaTKOM B KOTOPBIX O0SI3aTEIBHO SBISICTCS
[IUIUH. OTa 0COOCHHOCTh OTIMYAET 3TH OCJIKHU OT
npyrux ADI1 HaceKoMBIX, peonarast He3aBUCUMYIO
3BOJIIOLMIO afanTanuii. CornacHo NpeasioKEHHOM MO-
Jenu [42] moaunenTyaHas [ernoyka, cocrosmas u3 81
AMHUHOKHUCIIOTHOTO OCTaTKa, 00pa3yeT 6 KOPOTKUX ITOJIH-
MPOJIMHOBBIX civpaleit I Tuma, coefMHEHHBIX TOBOPO-
TaMH, TaK)Ke COAEPKAIUMH MPOJIUH. DTa CTPYKTypa
hopMupyeT 2 ¢I1051, KAKIBIN 13 3-X CIIUPATLHBIX YIaCcT-
KOB OPHEHTHPOBAH aHTHITapaJUIensHO. LlenTpansHbie
CIIUPAITH coieprKar TIUIH. CTPYKTypa CTa0HITH3UpPO-
BaHa IUCYNTb(QUIHBIMA MOCTHKaMH. Takas OGemkoBas
MOJIEKYJIa SBISCTCS aM(PUIIATUYHOM, YTO XapaKTepHO
st A®IT B nienom, U, MPeANOI0KUTEIHHO, CBI3bI-
BAaETCs CO JIBAOM CBOEH rHIpOPOOHON TOBEPXHOCTBIO.

11l. beAkn HemaToOA

VY aHTapkTH4ecKoi HeMaronwl Panagrolaimus da-
vidi 00Hapy»XeH 0€JI0K C HHTHOMPYFOIIEH peKpHCTaUIN-
3aIMI0 aKTHBHOCTBHIO, HO HE BBI3BIBAIOIINI TEPMOTHCTE-
pesuc [69]. Takue Oeki 0OHAPYKUBAIOT Y YCTONINBBIX
K 3aMEpP3aHUI0 OPTaHU3MOB. JTOT OCIIOK MOXKET OBITh
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of tripeptide repeats, where glycine is obligatory
the first aminoacid residue. This peculiarity distin-
guishes these proteins among other insect AFPs,
suggesting an independent evolution of adaptations.
According to the proposed model [42] a polypeptide
chain, consisting of 81 aminoacid residues, forms
6 short polyproline helices of II type, bound by
proline-containing turns as well. This structure
forms 2 layers, each of 3-helical sites is oriented
in antiparallel way. Central helices contain glycine.
Structure is stabilised by disulphide bridges. Such
a protein molecule is amphipatic, that is integrally
typical for AFPs and presumably bound with ice
by its hydrophobic surface.

I1l. Nematode proteins

Protein with recrystallisation inhibiting activity,
but not causing thermohysteresis, was found out
in Antarctic nematode Panagrolaimus davidi [69].
Such proteins were revealed in freezing-resistant
organisms. This protein may be especially important
in case of intracellular crystallisation, that may be
survived by nematodes, because of its capability
for ice stability control after its formation. Expe-
rimental thermograms demonstrate no thermic chan-
ges after freezing peak up to the moment of thaw-
ing [70].

IV. Plant proteins

1. Higher plant AFPs

AFP with 36 kDa molecular mass of carrot
Daucus carota, isolated from root apoplast, is cha-
racterised by a high inhibiting activity in respect
of recrystallisation and thermohysteresis activity
[62]. This protein in solution is monomer and com-
prises a hydrocarbon part on N-terminal.

The AFP primary structure from Lolium peren-
ne rye grass has been established [41]. This protein
has a powerful inhibitor activity towards recrystal-
lisation as well, but thereby being characterised
with relatively low thermohysteresis values. This
protein consists of 118 aminoacid residues and even
if comprising a hydrocarbon part, the study of
glycosylated and non-glycosylated forms testifies
to the fact, that namely polypeptide backbone is
bound with crystal. Theoretic model assumes the
presence of domain with B-turns and 8 loops,
containing of 14-15 aminoacids. Such a folding is
provided by a conservative valine nucleus and inter-
nal asparagine ladder on both terminals of -turn.
Plant AFP is suggested to have 2 sites of ice-
binding, located opposite to one another. They are
complementary to ice prismatic surface. Such a
location of 2 ice-binding sites explains low values
of thermohysteresis and a high inhibiting activity
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0COOEHHO Ba)KEH B CITydae BHy TPUKIICTOYHON KPHUCTAI-
JIN3AIAN, KOTOPYTO CTIOCOOHBI TTEPEKUBATh HEMATOIBI,
TaK KaK OH MOXKET KOHTPOJIMPOBATh CTAOMIIEHOCTH JIb/Ia
rocie ero popMUpoBaHUs. DKCIIEPUMEHTAIBHEIE TEp-
MOTPaMMBbI ITOKA3bIBAIOT, YTO MOCJE UK 3aMEp3aHus
HE HaOI0NaI0Ch HUKAKUX TEPMHUYECKUX U3MEHEHUN
BIUIOTH 10 MOMEHTa oTTauBaHus [70].

IV. beAkn pacrenuii

1. AOI a0figes  anoaieé

A®II ¢ monexynspHoit Maccoit 36 x/la MOpKOBH
Daucus carota, BeIIEIEHHBIA U3 anomjiacTa KOpHEH,
XapaKTepHU3yeTcs BRICOKOH HHTMOMPYIOIIel aKTHBHOC-
TBHIO B OTHOIIIEHUH PEKPUCTAIUTN3AIUHN U TEPMOTHCTE-
PE3UCHON aKTHBHOCTEIO [62]. DTOT OeNoK B pacTBOpe
MpeACTaBIsieT cOO0H MOHOMED M COAEPIKHUT YIIIEBOI-
HYIO 4acTb Ha N-KOHIIE.

Ycranosnena nepsuyHas crpykrypa ADI n3 ese-
na Lolium perenne [41]. DT0OT Oenok Taxke odOnagaer
MOIITHOM MHTHOUTOPHOM aKTUBHOCTBHIO B OTHOLICHUH
PEeKpHUCTAIIN3AIIH, HO IPH 3TOM XapaKTepu3yeTcs
OTHOCHTEIHHO HU3KUMHU 3HAYEHUSIMH TEPMOTHCTEPE-
3uca. JlanHbiii 6e1rok cocTonT U3 118 aMUHOKHCIIOTHBIX
OCTAaTKOB U XOT$ COIEPKUT YTJIEBOAHYIO YaCTh, HCCIIE-
JIOBaHHE TIMKO3WIMPOBAHHBIX M HENTMKO3MIIMPOBAHHBIX
(hopM CBHUIETETBCTBYET O TOM, UYTO C KPHUCTAJIIOM
CBSI3bIBAETCS MOMUIENTUAHBIN 0CTOB. TeopeTnueckas
MOJIEJb MPEIoaraeT HalMdue JOMeHa ¢ [3-BUTKaMu
H 8 METIAIMH, COCTOSIINUMH U3 14—15 aMHHOKHCIIOT.
Takoe cBopaunBanue o0ecreunBaeTCs KOHCEPBATHB-
HBIM BAJITHOBBIM AJpOM 1 BHYTPEHHHMH acliaparuHo-
BBIMH JIECEHKaM1 Ha 000MX KoHI[ax [3-Butka. [Ipeamona-
raercs, yto pactutenbHbiil ADIT umeet 2 caiiTa cBsA3bI-
BaHUsI CO JIbJIOM, PACTIONIOKEHHBIX HAITPOTHUB APYT IPY-
ra. OHM KOMIUIEMEHTapHBI MPU3MaTHIECKON MTOBEPX-
HOCTH JIbfa. Takoe pactooKeHue 2-X CBSI3bIBAIOIINX
NEN caiiToB OOBSICHAET HEOONBIIOE 3HAYCHHUE TEPMO-
THCTEPE3NCa U BEICOKYIO0 MHTMOUPYIOITYIO aKTHBHOCTD
MIPOIIECCOB PEKPUCTAIUIN3ALINH JIbJ]a TIPH CPAaBHEHHH C
A®II pri6 u HacekombIx. [logTBepxaeno, uro ADII
pacTeHH UMEIOT MHOXECTBEHHBIC TUAPOPIIbHbIE
JIOMeHBI, cBs3bIBatomye jex [19, 30].

N3BectHO, uTo ADII pacTeHnit UMEIOT Takke ApY-
r'y1o QyHKIHUIO: 3TO BHEKJIETOYHbIE OCJIKH, IPUHUMAIO-
LIME Y4acTHe B OTBETe pacTeHni Ha nHpekumto. Takue
OenKy Ha3bIBAIOT IIIOKaHA3aMU U OHW MHTUOUPYIOT
(hepMeHTBI TATOT€HOB, pa3pyLIAIOIINE CTEHKH PAaCTH-
TeNbHBIX K1eToK [37]. g Hux xapakTepHbl OOraTsie
JIeMIMHOM OBTOPHI [ 75]. 3apsyKeHHbIE aMUHOKHCIIOT-
HbIE OCTaTKH B JIEA-CBSI3bIBAIOIIEM CalTe IIIIOKOHA3
03UMOH pxu Secale cereale BRICOKO KOHCEPBATUBHBI,
[IPY 3TOM [JIIOKOHA3a U3 HEAaKKJIMMUPOBAHHOM PiKH CO-
JeprKalia JIMIIb OJIUH 3apsHKEHHBIH 0CTaTOK aMUHOKHC-
J0ThI B 3TOM caiite [72]. ADII pxu GopMUPYIOT OJIUTO-
MEpHBIE KOMILJIEKChI, KOTOPBIE PE3KO YBEJIMUMBAIOT UX
AHTU(PPU3HYIO aKTUBHOCTH [74], BOBMOXKHO, 3a CUET
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of ice recrystallisation processes compared to fish
and insect AFPs. Plant AFPs are proved to have
the numerous hydrophilic ice-binding domains [19,
30].

Plant AFPs are known to have another function:
these are extracellular proteins, participating in plant
response to infection. Such proteins are called glu-
conases, they inhibit pathogen enzymes, destroying
plant cell walls [37]. They are characterised by
lecithin-rich repeats [75]. Charged aminoacid resi-
dues in ice-binding site of gluconase of winter rye
Secale cereale are highly conservative, never-
theless the gluconase from unacclimatised rye con-
tained only one charged aminoacid residue in this
site [72]. Rye AFPs form oligomer complexes,
sharply increasing their antifreeze activity [74],
possibly, due to more extended ice-interacting
surfaces. In wheat Triticum aestivum there were
found out 2 genes, encoding untypical for plant
AFPs [64]. In contrast to the known AFPs, they
have a N-terminal site, homologous to lecithin-rich
repeating areas of protein kinase receptor domain
and C-terminal site, homologous to a domain, binding
ice of some AFPs.

2. Algae proteins

Antarctic sea diatom algae produce into
environment the compounds, capable for ice-binding
[58]. These compounds inhibit recrystallisation and
“freeze into” ice lattice during freezing.

V. Mould proteins

In 3 species of snow mold Coprinus psychro-
morbidus, Myriosclerotinia borealis and Typhula
incarnata there was found out a small protein,
homologous to flounder AFPs [52]. It has an
antifreeze activity and may be bound with mem-
branes. Possibly, it possesses an additional protective
function towards membranes, besides an antifreeze
one, that suggests the presence of interaction
mechanism with membranes, distinct from that of
embryonic ice crystal binding.

VI. Bacterial proteins

AFP with a high activity was found out in
Antarctic bacteria Marinomonas primoryensis
[23]. For antifreeze activity manifestation this
protein needs Ca?'; its activity is of cooperative
character. It may reduce freezing temperature by
2°C in 0.5 mg/ml concentration, therefore it may
be referred to hyperactive ones. However, in
contrast to the standard AFPs there is no evidence
of this protein binding with ice crystal surface within
a thermohysteresis interval. It is extremely big:
more than 1 MDa. Proposed model of this protein
tertiary structure suggests the B-helix, one side of
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Ooree OOIMPHBIX TOBEPXHOCTEH, B3aUMOICHCTBYIOIIIX
co IbJOM. Y mieHuIts! Triticum aestivium oOHAPY KU
2 TeHa, KOTOPbIE KOAUPYIOT HEOOBIYHBIE IS pACTCHUN
A®II [64]. B ominune ot yxe u3BecTHbix ADII, oHn
“MeroT N-KOHIIEBOM yUaCTOK, TOMOJIOTMYHBIN JTEULIUH-
00raTbIM TTOBTOPSIOIIUMCS 00JaCTSIM PElENTOPHOTO
JIOMEHa NPOTerHKHHA3 U C-KOHIIEBOM y4acTOK, KOTOPBIH
TOMOJIOTHYEH IOMEHY, CBA3bIBAIOLIEMY JI€J HEKOTOPBIX
ADII.

2. Assee aial ineae

AHTapKTHYECKHE MOPCKHE THATOMOBEIE BOJOPOCITH
TaKKe MPOAYIUPYIOT BO BHEITHIO CPETy COSTUHEHNS,
CTHIOCOOHBIE CBA3BIBATHCS CO JIBAOM [ 58] . OTH coennne-
HUSI MFHTUOUPYIOT PEKPUCTATIU3ALIHIO,  TIPY 3aMOPaXKHU-
BaHUU “BMEP3al0T” B PELIETKY JIbAA.

V. beAkun naecHeBbIX rpuodoB

VY 3-x BUIOB cHexxHOH tuiecenu Coprinus psychro-
morbidus, Myriosclerotinia borealis v Typhula incar-
nata oOHApyXeH HEOOJIBIIION OEI0K, TOMOJIOTMUHBIH
AODIT kambaie [52]. O 06nanaeT aHTU(PU3HON AKTHB-
HOCTBIO U CIIOCOOEH CBSA3BIBATHCS C MeMOpaHaMHU.
Bo03M0XHO, OH UMEET JIOTOHUTENBHYIO 3allIUTHYFO
(DYHKIIUFO TI0 OTHOIIICHUEO K MeMOpaHaMm, TOMHMO aHTH-
(pU3HOI, 4TO TIpEATIoIaracT HATMYNE MEXaHU3Ma B3au-
MOJEUCTBUS ¢ MeMOpaHaMu, OTIIMYHOTO OT MEXaHU3Ma
CBSI3BIBAHUS C 3apOJBIIIEBBIMU KPHCTAJUIAMH JIBJA.

VI. beAkun GakTepwmi

A®II ¢ BBICOKOI1 aKTHBHOCTBIO OBLI Haii/ieH y aH-
TapKTUYECKOl Oakrepuu Marinomonas primoryensis
[23]. s iposiBNieHUst aHTU(PU3HON aKTHBHOCTH 3TOMY
6enky Heooxoanm Ca?"; akTHBHOCTB €T0 HMEET KOOIIe-
paTtuBHBII xapakTep. OH criocoOeH CHIKATh TeMIIepa-
Typy 3amep3anus Ha 2°C B koHneHTpanuu 0,5 Mr/mi u,
CIIEI0BATEIIHHO, €70 MOYKHO OTHECTH K TUTIEPAKTHBHBIM.
Opnnaxo B ommune ot kinaccuaeckux ADII ve cymect-
BYET J0Ka3aTeJIbCTB CBSI3BIBAHMS JAHHOTO Oejika ¢
MTOBEPXHOCTHIO KPHUCTAIIIOB JIbJIa B TEPMOTUCTEPEIHUC-
HOM mpoMmexyTke. OH HeoObIyaiiHO Benuk — Oosee
1 M/la. ITpenno:xeHHas MOAETb TPETUIHOUN CTPYKTYPBI
aToro Oernka npesrnonaraeT 3-cnupaib, O1Ha CTOPOHA
KOTOpPOH CBsI3bIBaeT MOHBI Ca?!, pacrionoXeHHbIE B OJTMH
pan, a apyras — cOOepX UT ruaApodoOHBIE OCTATKH
amuHokucior [22]. Pagom ¢ Ca*'-CBA3bIBAOIINM
Y4aCTKOM HaXOJWTCS CBA3BIBAIOMIASICS CO JIBIOM ITO-
BEPXHOCTB, KOTOPAst COCTOUT U3 MTAPaJUIEIbHBIX IIOBTO-
POB OCTaTKOB TPEOHNHA U acriaparuHa. Ciemyer oTme-
THUTB, YTO 3TO MEPBHIN 13 OakTepratbHbIX ADIL, oxapak-
TEPU30BAaHHBIH 10CTaTOYHO AETANBHO, U OJTUH U3 IIATH
rurepakTHBHBIX ADI], naeHTUUIMPOBAHHBIX HA JTaH-
HBIH MOMEHT.

Bo BHYTpHKJIETOYHOM ITPOCTPAHCTBE AHTAPKTHYEC-
Koii 6akrepun Flavobacterium xanthum ObIN TakxKe
BBIABJICH O€JIOK C TEPMOTHCTEPE3UCHOM U aHTHPEKPHC-
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which binds Ca?" ions placed in a row, but another
contains the hydrophobic aminoacid residues [22].
Close to Ca**-binding site there is an ice-bound
surface, consisting of parallel repeats of threonine
and asparagine residues. Of note is the fact, that
it is the first among bacterial AFPs, characterised
in sufficient detail, and one of five hyperactive
AFPs, presently identified.

Protein with thermohysteresis and anti-recrys-
tallisation activity with 59 kDa molecular mass was
also revealed in intracellular space of Antarctic
bacteria Flavobacterium xanthum [38]. Antarctic
sea bacteria Colwellia produces an extracellular
protein with 25 kDa molecular mass, demonstrating
the affinity with ace crystals. This protein consists
of 253 aminoacid residues, its primary structure
is homologous to the similar proteins from snow
mold and diatom algae [56, 58]. This protein
function is unknown in an extracellular space, but
one suggests it to be the recrystallisation inhibitor
in protecting bacterial membranes in a frozen state.

In addition, the gene, encoding an unusual protein,
manifesting both nucleating and antifreeze activities,
has been identified in rhizobacteria Pseudomonas
putida [51]. This unusual protein is not investigated
yet and has no place in protein classification,
controlling ice crystal growth.

At initial stage of AFPs and AFGPs studying
they were believed as quite a homogenous group
of compounds of protein nature in spite of different
origins. However with widening and deepening
knowledge about biological antifreezes, the repre-
sentatives of this group were established to have
few number of common features. AFPs differ
greatly in primary and secondary structures, efficient
concentrations and ice crystal surfaces, to which
they are bound. The question arises which should
be the features to unite these proteins in one
functional family. Or such a generalisation is
artificial and caused by lack of our knowledge?
For this purpose it is necessary to cite the features,
by which these proteins are distinguished into a
separate class [1, 9].

1. Biological antifreezes reduce freezing tempe-
rature in a non-colligative way, i. e. the dependency
function of freezing temperature decrease of their
solutions on concentrations is not direct, but similar
to hyperbole with the plateau in AFP high concen-
tration range, testifying the saturation effect. At
the same time the AFPs reduce the freezing tem-
perature of solutions in some hundreds times more
efficiently, than other comparably sized macro-
molecules. When decreasing freezing temperature
the antifreezes do not practically affect their melting
temperature, as a consequence no balance between
solid and liquid phases of antifreeze systems was
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TaJJIM3ALMOHHON aKTHBHOCTBI0, UMEFOILUI MOJIEKYJISIP-
Hyto maccy 59 x/la [38]. AHTapKTHYEeCcKas MOpCKas
6akrepus Colwellia nponyuupyeT BHEKIETOYHBIN Oe-
JIOK C MOJIEKYJISIpHO# Maccoii 25 k/la, koTopslit 0OHapy-
KHMBAET CPOACTBO K KPUCTAJIaM Jibja. JlaHHbIH Genok
COCTOMT U3 253 aMUHOKHCIIOTHBIX OCTaTKOB, €r0 Mep-
BUYHAs CTPYKTYpa FOMOJIOTMYHA aHAJIOTMYHBIM OeJTKaM
13 CHEXXHOMH IIECEHN U TUaTOMOBBIX BoAopociei [56,
58]. ®yukus 3TOr0 O6€Ika BO BHEKJIETOYHOM ITPOCT-
paHCTBE HE M3BECTHA, OTHAKO MPEIOIararoT, YTO OH
MOJKET OBITh HHTHONTOPOM PEKPHUCTAIITH3AIINH, 3a1ITH-
miast MeMOpaHbl OakTepuii B 3aMOPOKEHHOM COCTOSI-
HHH.

Kpowme Toro, y puzobakrepuu Pseudomonas putida
ObLT HOCHTU(HULUPOBAH I'eH, KOTOPBII KOAUPYET HEO-
OBIYHBIN OETIOK, MPOSBIIAIOILMN HYKJIEUPYIOLIYIO U aHTH-
¢pusHy0 akTUBHOCTH [51]. DTOT HEOOBIYHBIN OeNoK
HE UCCJIEIOBAH U HE UMEET CBOET'0 MECTa B KJIacCU(HKa-
11K OEJTKOB, KOHTPOJIHUPYIOLIUX POCT KPHUCTAIUIOB JIBJA.

Ha nagansHOM 3Tane usyuenus ADII u ADITI
CYIIECTBOBAJIO MHEHHE, YTO OHH, HECMOTPSA Ha pa3ind-
HOE ITPOUCXOKICHNE, ABJISIFOTCS JOCTATOYHO OTHOPOJI-
HOW I'PYIIIOH COeNMHEHNH OeTKOBOM pupoibl. O1HAKO
10 Mepe PACIIUPEHIS 1 YTITyOJIeHIS 3HAHUH 0 OHOJI0TH-
YeCKUX aHTH(PpU3axX YCTAHOBIEHO, YTO y MPEICTaBH-
TeJIeH 3TOW TpymIbl Majio 00X npusHakos. ADII
OYEHB CUJIBHO OTJINYAIOTCS 110 IEPBUYHON U BTOPUIHON
CTPYKTYpE, 3(p(heKTHBHBIM KOHIIEHTPALMSAM H TOBEPX-
HOCTSIM KPUCTAJUIOB JIbJia, C KOTOPBIMU OHHU CBS3bI-
BaroTcs. BozHMKaeT Bompoc, o KaKMM MPHU3HAKaM MOXK-
HO 00bEIMHUTB JaHHbIE OEJIKY B OAHO (QyHKIMOHATIBHOE
cemelicTBo. Mnn Takoe 00beANHEHNE HCKYCCTBEHHOE
Y BBI3BAHO HENOCTATKOM HallMX 3HaHWM? Jljis 3TOrO
HEOO0XOANMO TPUBECTH T€ MPU3HAKH, IO KOTOPBIM 3TH
Oenku ObUTH BBIZICTICHBI B OTICNBHBIN Kiace [1, 9].

1. buonormueckue aHTH(PPU3BI TOHIKAIOT TEMITE-
parypy 3amep3aHusl HeKOJUIUTaTHBHO, T. €. QYHKIUS
3aBHCHUMOCTH CHIDKEHHS TEMIIEPaTyphl 3aMep3aHus NX
PacTBOPOB OT UX KOHIIEHTPALIUH HE ITpsiMast, a oJo0Ha
rurepOore ¢ IaTo B 00J1aCTH BHICOKMX KOHLICHTPALUHA
A®II, yto cBuaeTenbCTBYET 00 3 deKTe HACKIICHUS.
[Ipu 3TroM ADIT noHMKAIOT TEMIEpPATypy 3aMep3aHU
pPacTBOPOB B HECKOJILKO COTEH pa3 3(h(eKTUBHEE, UeM
IpyTryue MaKpOMOJICKYJIbI COITIOCTAaBUMBIX Pa3MEPOB.
[onmxas Temneparypy 3amep3anus, aHTU(PU3BI IPAK-
THUYECKY HE BIHSIOT HAa TEMITEPATyPy TUIaBJICHUS, BCIIEC -
CTBHE€ YEr0 PAaBHOBECHUE MEXK]Y TBEPIOU U HKHUJIKOU
(hazaMu aHTU(PUIHBIX CUCTEM OTCYTCTBYET. DTO BbIpa-
JKEHO KPHBOM TeMIIEpaTypHOro rucrepesnca. IToT
MYHKT IPUXOAUTCS ITEPEeCMaTpHBaTh, OCKOIbKY OOHA-
Py KEHBI OETIKH C YPE3BBIYaAHO HU3KUMH 3HAYCHHUSIMA
Tepmoructepesuca [34, 55]. Ux 3amuTHas poiib, Kak
CUMTAIOT, 3aKJII0YAETCsI B AHTHPEKPUCTAIUTU3ALMOHHOM
aKTUBHOCTH. OCTaeTCsl OTKPBITHIM BOIIPOC O BBIACIICHUH
9TO Tpynmbl OENKOB B OTAENbHOE (PyHKIHOHATIBHOE
CEMENCTBO.
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present. This is shown by temperature hysteresis
curve. This item has to be revised, since proteins
with extremely low hysteresis values were found
out [34, 55]. Their protective role is believed to
consist in anti-recrystallisation activity. The question
about distinguishing this group of proteins in a
separate functional family is still open.

2. In contrast to usual colligative depressants,
AFP molecules are not concentrated in a liquid
phase during solution freezing, they are uniformly
spread between solid and liquid phases, i. e. partially
“freeze” together with water, AFP molecules do
not introduce into ice structure, but adsorbed on
ice seed crystal surface as a monolayer. This is
testified by the plateau in dependency curve of
AFGPs activity on a concentration. Generally, these
notions did not undergo principal changes [1].

3. AFPs and AFGPs were previously believed
to bind with prismatic planes of embryonic crystals.
However, these notions should be revised, since
some of AFPs are known as capable for binding
with basal surfaces [59].

What is common between different AFPs besides
a non-colligative character of their activity depen-
dency on concentration? Location of AFPs mole-
cules as a monolayer on a surface of embryonic
crystals is provided by the complementarity bet-
ween a spatial structure of AFPs and AFGPs (what
different it could be) and ice lattice in embryonic
crystals, which area in biological systems may vary
within 2x10*-1x10°A2? limits [26]. Consequently,
functional groups of AFPs active center, responsible
for ice-binding, “mimic” crystal structure, therefore
namely they, but not free water molecules, receive
the possibility of a preferential crystal-binding,
thereby blocking its following growth [45]. Appa-
rently, this capability is universal characteristics,
uniting various AFPs into a general functional family.
However the data about AFPs, having two efficient
concentrations: for homogenous nucleation, when
binding with embryonic crystals occurs, and hetero-
geneous one, where AFPs are bound with dust
particles, are in prospect to be included into this
hypothesis [13]. The results, obtained by Du ef al.
exclude a fundamental contradiction on this question,
since AFPs adsorption on a surface of alien particles
disorders a structural conformity between this
surface and nucleating ice, i. e. in this case it means
a spatial complementarity between a structure of
protein molecule and the surface, which this mole-
cule interacts to.

Conclusions

Thus, a new information about amazing pro-
perties of these substances appears. Their clas-
sification is not perfect. Many questions about the
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2. Bommmune ot 00BIYHBIX KOJUTUTaTHBHBIX JIETIpec-
caHTOB, MOJIeKyITbl ADI] He KOHIIEHTPUPYIOTCS B KU/~
KoM (haze mpH 3aMep3aHUH PACTBOPOB, OHU PABHOMEPHO
pacIpeaessiIoTesl MeXLy TBEPAOH U )KUAKoN (azamu,
T. €. YACTUYHO ‘‘3aMep3al0T’ BMECTE C BOJIOM, Moe-
Kynel ADII He BHEAPSAIOTCS B CTPYKTYPY JbJ1a, & aJICOP-
OMpYIOTCsI Ha TOBEPXHOCTH 3aPOIBIIEBBIX KPUCTAIIIOB
npAa B BUAE MOHOCHOS. OO 3TOM CBUAETENHCTBYET
IJ1aTo B KpHBO# 3aBHcMOCTH akTuBHOCTH ADITI ot
KOHIIEHTpaluu. B 1e1om JaHHbIe peACTaBIeHNs He
TIpeTepIeNny KapJuHaIbHBIX U3MeHeHuH [ 1].

3. Panee nosaranu, yto APII u ADI'TI cBs3bI-
BaIOTCS C MPU3MATUIECKUMHU TPAHIMH 3aPOIBIIIEBHIX
KpucTauIoB. OHAKO 3TH IIPEICTABIICHHS HEOOXOTUMO
[IEPECMOTPETh, TAK KaK U3BECTHO, UTO HeKOTOpble ADI ]
CIOCOOHBI CBSI3BIBATHCS € 0a3albHBIMH IOBEPXHOC-
TaMu [59].

Uro xe ob1ero mexay pasnuaabivu ADIL, kpome
HEKOJIJIMTaTHBHOTO XapaKTepa 3aBUCUMOCTH UX aKTHB-
HOCTHU OT KOHIeHTpauuu? PacrnonoxkeHue Monekyn
A®II B BuI€ MOHOCITOS Ha TIOBEPXHOCTH 3aPOIBIIIIEBBIX
KpHUCTAIJIOB 00ECTIEYNBACTCS] KOMIIJIEMEHTAPHOCTHIO
MeX Iy IpocTpaHcTBeHHOU CTpyKTypoit ADITu ADITI
(xaxoli ObI pa3IMYHOM OHA HU ObLIIA) U PENIETKOH JIb1a
B 3apOABIIIEBBIX KPUCTAIIAX, MJIOMAAh KOTOPHIX B
OHMOIOTHYECKUX CHCTEMAaX MOXKET KoJleOaThCs B TIpesie-
nax 2x10*-1x10°A? [26]. CienoBaresibHO, QYHKIIHO-
HaJIbHBIE TPyl akTUBHOT O LIeHTpa ADI I, oTBeyaromye
32 CBSI3bIBAHNE C KPUCTAILIOM, “MUMUKPHUPYIOT CTPYK-
TYpPY KpPHUCTaJIa K IO3TOMY HUMEHHO OHH, a HE CBOOOI-
HbIE MOJIEKYJIBI BOJIBI, ITOJTy4atOT BOBMOYKHOCTB MPEU-
MYILECTBEHHOT'O CBS3bIBaHHUA C KPUCTAIIJIOM, TEM Ca-
MBIM OJIOKHPYS ero JanbHelnii poct [45]. [lo-Buau-
MOMY, 3Ta CIIOCOOHOCTD SIBISIETCS YHUBEPCAJIbHOU
XapaKTepUCTUKON, 00beINHAIOMENH pa3sHOOOpa3HbIe
A®II B obmiee GyHKIMOHATIBHOE ceMercTBO. OMHAKO
B OTY THITOTE3Y IPEACTOUT BKITFOUHTH JaHHEIE 00 ADI,
UMEoNIHX JBe () (HEeKTUBHBIC KOHIIEHTPAIH: JUTS HY K-
Jieali TOMOTE€HHOH, KOT/Ia IIPOVCXOANT CBSI3BIBAHUE C
3apOABIILIEBBIMU KPUCTAJIIIAMU, U TETEPOTEHHOMN, KOTna
A®II cBs3pIBaroTCA C 4y>KEpOJHBIMH YacTHIaMu [ 13].
Pesynerarel, nomyuennsie Du ef al., HCKIII04aroT pyUH-
LUIHAJIbHBIE IPOTHBOPEYHS 110 JAHHOMY BOIIPOCY, ITIOC-
KosbKy afcopOumst ADII Ha MOBEPXHOCTH Uy KEPOIHBIX
YacTHUI HAPYIIAET CTPYKTYPHOE COOTBETCTBHE MEKAY
9TOI MOBEPXHOCTBHIO M 3aPOXKAAIONIUMCS JIBIOM, T. €.
1 B 3TOM CIIy9ae pedb UAET O MPOCTPAHCTBEHHOM KOMII-
JIEMEHTApHOCTH MEXKJTY CTPYKTYPOit OEIKOBOM MOJIEKY-
JIBI ¥ TIOBEPXHOCTHIO, C KOTOPOH 3Ta MOJIEKYJIa B3aMO-
JIEHCTBYET.

BbiBoADI

Takum 06paszom, moctynaet HoBast ”HPpopMmauus 0o
YAMBUTENIBHBIX CBOWCTBAX 3TUX BewlecTs. VX kiaccu-
¢ukanus naneka oT copepuieHcTBa. OCTaroTCs TakxKe
OTKPBITBIMA MHOTHE BOIIPOCHI O MEXaHU3MaXx X JAeHCT-

MPOBMEMbI
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T. 19, 2009, Ne2

mechanisms of their action have remained still open
as well. In next report we will try to summarise
the data about origin, regulation and stability of
AFPs, as well as perspectives of their application
in various fields.
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