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B mpenbinymem coobmenun (Ne2, 2009 1.) MBI
MTOTIBITAITUCH 000OIUTH CBEJICHHS IO KIIACCH(HKAIINN
aaTudpu3HbIX mpoTenHoB (ADII). B HacTosmeit pabote
MPUBEICHBI JaHHBIC O MPOUCXOKICHHUH, PETYISIIIHH,
CTaOMIBHOCTH U BO3BMOXKHBIX Iy TSIX TpuMeneHust ADI.

Peryasumns cuHTe3a

OKCIIepUMEHTATFHO YCTaHOBIIEHO, YTO MPH aKKITH-
MaIly HU3Kas TEMIIepaTypa Wi KOpOTKHH (poTorepron
nHayuupytot cunte3 ADII y Hacekombix Meracanta
contracta [11], Tenebrio molitor [34], Dendroides
canadensis [12, 19]. OnHaKo Moy4eHHbIE TaHHBIE ITPO-
THUBOPEUUBBL. JIMUMHKY oceHUX BO3pacToB 1. moli-
tor obnagarotr ADII naxxe npu OnaronpuATHON TeMIIe-
parype 22°C [17]. Tem He MEHEe HCKYCCTBEHHAsI XOJIO-
I0Bas aKKIUMAaIUs TPUBOJUT K MHOTOKPATHOMY
yBenndenunto conepxkanus M-PHK A®II u Bexnmunn
3HAYEHUH TEPMOTUCTEPE3NCA y TNIMHOK JF0O0TO BO3-
pacra. IIpu okyknuBanuu cunte3 M-PHK A®II pe3ko
MajaeT axke IpU YCIOBUH XOJIOJOBOI aKKIMMAIHH,
x0T yxe npucyrcrByronue ADII obecreunBaior
JIOBOJIEHO BBICOKHMI ypOBEHb TepMorucrepesuca. B
SKCIEpUMEHTE JII000e BHEIIHEE BO3/IEHCTBUE, 3aMel-
JISIOILIEE POCT IMYMHOK, BBI3BIBAJIO YBEITMUEHHE TEPMO-
THUCTEpE3NCa, TOATOMY aBTOPBI MPEANIOIOKHIN, YTO
[IPEKpaICHUE Pa3BUTHS JIMUNHOK SBJISIETCS IEPBUYHBIM
¢axTopom perymsiuuu cunresa ADIL y T molitor. Y
mnanHOK Choristoneura fumiferana TpaHCKPHUIITHI
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In previous report (N2, 2009) we tried to summarise
the information about the antifreeze protein (AFP)
classification. In this paper we present the data about
the origin, regulation, stability and possible ways for
AFPs application.

Synthesis regulation

Under acclimation either a low temperature or
short photoperiod were experimentally established to
induce AFPs synthesis in the insects Meracanta
contracta [11], Tenebrio molitor [34], Dendroides
canadensis [12, 19]. However the obtained data are
contradictory. The latest instar larvae of 7. molitor
have AFPs even under favourable temperature of
22°C [17]. Nevertheless an artificial cold acclimation
results in a manifold increase in m-RNA content of
AFPs and thermohysteresis values in any instar larvae.
During pupation the AFP m-RNA synthesis sharply
decreases even under cold acclimation, although the
presented AFPs provide quite a high level of thermo-
hysteresis. In the experiment any external effect,
slowing down the larvae growth augmented thermo-
hystersis, therefore the authors suggested the ceasing
of larvae development to be a primary factor in AFPs
synthesis regulation in 7. molitor. In the larvae Cho-
ristoneura fumiferana the transcripts of some genes
of AFPs family are found in the 1* instar larvae,
normally existing only in summer [10], i.e. in contrast
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HEKOTOPBIX TeHOB cemeiicTBa ADI] oOHapyKUBAIOTCS
y TUYHMHOK 1-TO BO3pacTa, KOTOphle B HOPME CYIIECT-
BYIOT TOJNBbKO JieToM [ 10], T. €. B oTiim4me ot OoJiee paH-
Hux npeanonoxenuit [11, 12, 19, 34], skcnpeccusi reHOB
A®II perynupyercs ckopee OHTOTCHETUYECKH, a HE
CE30HHO HU3KMMHU TemrepaTypamu. V3BecTHO, 4TO
FOBEHWJIbHBIM TOPMOH HHAYLIMPYET JUaray3y JIHIHHOK.
Bo3MoxHO, 4TO OH, KpOME MHIYKLMH TUariay3bl, y9acT-
BYeT TaKke B MHUIMALIMU XOJ0A0ycTOHYnBOCTH. Ha-
npumep, y D. canadensis 1OBeHUIBHBIA TOPMOH CTH-
Myaupyert npoaykuuio ADII[20].

B KpoBH HOTOTEHHEBBIX PHIO YPOBEHD aHTH()PUIHBIX
mkonpoten10B (ADI TT) cHrxaeTcs Mpu aKKITMMAaIN
(4°C) B Teuenue 16 Henemb, HO KOJTMYECTBO KPYITHBIX
komroHeHTOB ADI T] ymeHbIaeTcs He3HAYNTETHHO (Ha
20%), B ommmume ot Mansix AOITI (Ha 60%) [23]. A
B KpoBH Oenbatoru Lycodichthys dearborni BeicOKHI
ypoBeHs (6oee 20 mr/mi) cemetictea ADII 111, cocros-
LIET0 U3 TPEX OCHOBHBIX U MSITH MUHOPHBIX KOMIIOHEH-
TOB, COXPaHAETCA Ha NPOTSKEHUH roaa [48].

Ha manbpkax HOTOTEHHEBBIX pBIO Gymnodraco
acuticeps, Pagothenia borchgrevinki n Pleuragram-
ma antarcticum TIOKa3aHo, YTO J1aJIeKO HE BCE aHTapK-
THUYECKHE PHIObI Ha PAHHUX CTAAMAX )KU3HEHHOT O LIUKJIA
obnagaror A®II [9]. Ilo-BunuMomy, MambKu phIO, y
koTopbix ADIT He 0OHapyKeHBI, UCTOIB3YIOT IpyTHe
MEXaHU3MBbI 3aIINTHI.

A®II pacrenwmii ¢ qBOWHOM (PyHKITHEH 3alUTHI OT
XO0JIOZa U PsAZia HaTOr€HOB HAKAIUTUBAIOTCS B OTBET Ha
XOJI0Z1, KOPOTKHUH (hOTONEpHOA, ETUAPATALHIO, HO HE
B OTBeT Ha ratoreHsl [ 18]. Tak, roKoHA3a HEAKKITUMH-
POBaHHOI 03UMOH pxu Secale cereale imena Ype3BbI-
YaliHO HU3KYIO aHTH()PU3HYIO aKTHUBHOCTH 110 CPaBHE-
HUIO C NIIOKOHAa3aMH, CHHTE3HPYIOIIUMHUCS B XOJIOT0aK-
KIMMHUPOBAHHBIX pacTeHusx [51]. Onnako onuH u3
reHoB ADII nmenunus! Triticum aestivum 3KCOpeccu-
pyercs He TOJIBKO BO BPeMs XOJIO0BOI aKKIMMAaIUH,
HO U TOJ AeHWcTBHEM (PUTOTOPMOHOB (3KaCMOHOBOM
KHCJIOTHI ¥ 3THJIEHA), KOTOPbIe yYacTBYIOT B 3allIUTE
pacteHuii ot natoreHoB [44]. ADII ¢ HeBbICOKOI Tep-
MOTHCTEPE3NCHON aKTUBHOCTHIO maciéna Solanum
dulcamara, mopkxoBu Daucus carota v nesena Lolium
perenne [21, 35, 42] HaKamIMBaIOTCS TOJBKO MOCIE
HOsI0ps1. DTO YKa3bIBaeT Ha TO, YTO XOJIO0BAsI AKKJIU-
Malys sSBJSIETCS] HHAYKTOPOM MX CHHTE3a.

C1abMABHOCTD

A®II nmerot pasnyto crabunsHocTh. Hampumep,
HHTUOUPYIOIIAS PEKPUCTALTH3AINIO aKTHBHOCTH IKC-
TpaKTa JIUCTHEB U KOPHI popcunnu Forsythia suspensa
YCTOWUYMBA K KUIISIYEHHIO U JEHCTBUIO BOCCTAHABIIU-
Batomux areHToB [41], a ADII cHexxHOM 6110XH TEpMO-
nabweH kak 1 onuH n3 ADII kamOanel, feHaTypupyro-
WU npu KOMHaTHOU Temmneparype [16, 30]. ADIIL
L. perenne Taxkxxe cOXpaHsieT CIOCOOHOCTh MHTUOU-
pOBaTh PEKPUCTAIIIU3ALMIO NOCHe KunsiueHus [35];
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to earlier suggestions [11, 12, 19, 34] the expression
of AFPs genes is regulated rather ontogenetically,
than the seasonally low temperatures. Juvenile
hormone is known to induce the larvae diapause. In
addition to diapause induction it possibly participates
in cold-resistance initiating as well. For example in
D. canadensis a juvenile hormone stimulates AFPs
production [20].

In blood of notothenioid fish the level of antifreeze
glycoproteids (AFGP) reduces under acclimation
(4°C) during 16 weeks, but a number of large AFGP
components slightly decreases (by 20%), in contrast
to small ones (by 60%) [23]. In blood of eel pout
Lycodichthys dearborni a high level (more than 20
mg/ml) of AFPs III family, consisting of three main
and five minor components, is preserved over one year
[48].

In notothenioid young fish Gymnodraco acuti-
ceps, Pagothenia borchgrevinki and Pleuragram-
ma antarcticum there was shown, that only some of
Antarctic fish species have AFPs at early stages of a
vital cycle [9]. Apparently, the young fish, in which
no AFPs were found, used other protective mecha-
nisms.

Plant AFPs with double protective function against
cold and some pathogens are accumulated in response
to cold, short photoperiod, dehydration, but not to
pathogens [18]. Thus, the gluconase of non-acclimated
winter rye Secale cereale had an extremely low
antifreeze activity compared to gluconases, being
synthesised in cold-acclimated plants [51]. However
one of genes of wheat Triticum aestivum AFPs is
expressed not only during cold acclimation, but under
phytohormones (jasmonic acid and ethylene) effect
as well, participating in plant protection against
pathogens [44]. AFPs with a low thermohysteresis
activity of nightshade Solanum dulcamara, carrot
Daucus carota and perennial grass Lolium perenne
[21, 35, 42] are accumulated only after November.
This indicates to the fact, that a cold acclimation is
their synthesis inducer.

Stability

AFPs have different stability rate. For example, a
recrystallisation-inhibiting activity of Forsythia
suspensa leaves and cortex extract is resistant to
boiling and reducing agent effect [41], but AFP of
snow flea is thermolabile, as for one of flounder AFPs,
denaturising at room temperatures [16, 30]. L. perenne
AFP also preserves the capability for recrystallisation
inhibiting after boiling [35]; AFP of Antarctic bac-
terium Flavobacterium xanthum loses activity under
heating over 50°C [24]. The capability of wheat AFPs
to preserve the ice-cream consistence during storage
is not lost during adding the AFP-containing extracts
as a part of ice-cream before pasteurisation [37].

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, N23



A®II anTapkruueckoi 6akrepun Flavobacterium xan-
thum yTpaurBaeT aKTUBHOCTb IIPY HATPEBaHUY CBEIIIIE
50°C [24]. Cnocobnocts ADII mieHuIsl COXpaHITh
KOHCHUCTEHLIUIO MOPOXKEHOT'O B IIPOLIECCE XPAHEHUS HE
TepSETCs MPHU T0O0ABICHUH DKCTPAKTOB, COAECPKAITUX
A®II, B cocTaB MOPOXKEHOTO 110 mactepu3anuu [37].
J1J151 HEKOTOPBIX OEJIKOB BBISIBJICHBI KITFOUEBBIE TT0JI0-
JKCHHMSI aMUHOKHCJIOTHBIX OCTaTKOB, OTBEYAIONINX 32
CTaOMILHOCTh. Tak, OTpHUIIATENIbHBIC 3aps/Ibl TITyTa-
MHHOB B ITOJIOKEHUX 23 1 36 He0OXOAMMBI JIJISI TEPMO-
CTaOWIBHOCTH aHTH(PPU3HOTO TIOJTUITCNITHA AMEPUKaH-
ckoii oenboru Macrozoarces americanus [26].

IBOAIOLIMS

Hanmnune A®II cunraercs 6onee mporpecCUBHBIM
MIPU3HAKOM I10 CPABHEHUIO C HAKOTIJIEHUEM ITOJIMOJIOB U
caxapoB, XOTs HE BCE HCCIIeIOBATENN COIIACHBI C 3TUM
yTBepkIeHneM [36].

Onnaxo ADIT u3 npeacTaBuTeNelt JaICKUX APYT OT
JpyTa CHCTEMaTHYECKUX TAKCOHOB HE 00HAPYKUBAIOT
TOMOJIOTHH X IMEFOT Pa3INIHyI0 TPETUIHYIO CTPYKTYPY
[4]. OTarpymnma 6eTKOB — MpeKpacHBIN IpuMep mapai-
JIETTHOM 1 KOHBEPTEHTHOM BOJTIOIIMH Ha MOJIEKYIISIPHOM
YpPOBHE.

[poucxoxaenne ADII saBasercs mpeaMeToMm
nuckyccuid. [IpennonoxurensHo, ruapoduisabie ADIT
HACEKOMBIX MPOU30LLIH OT OEJIKOB, OTBETCTBEHHBIX 38
yIepaKaHHUEe BOJIBI B OpraHU3Me MPH 3aCyXe B KapKHUX
pernoHax, riue oOuTaIu MPeaKH XOJI00yCTONINBBIX
BHIIOB [5, 40].

CymectByer MHeHue, uto TeH ADI'TI HoToTeHME-
BBIX pbIO IIPOM30IIIEN OT TeHa MAaHKPEaTHIECKOTO TPHUTI-
cuHoreHa [ 7]. B mepeuanstii ren ADI T Bormm 5°-koHelt
JPEBHErO r'eHa TPUIICHHOTeHa, KOTOPbIH 00ecreynBaeT
CEKPETOPHBII CHT'HAIL, U 3’- HeTpaHCIUpyeMasi 001acThb.
Brnocneacrsuu snement, xonupyroomuii Thr-Ala-Ala
reHa-TpesKa, aMIuIMQUIIIPOBAJICs, YTO O0YCIOBHUIIO
MOsIBIICHNE HOBOU (pyHKLIMH Oenka. iIMeHHO 5TH oBTO-
pBI OTBETCTBEHHBHI 3a 4—7% NUBEPTEHIIUN MEXAY
reaamu ADI'TI u rpunicunorena. J{is cexperun AOTTI
W3 TaHKpeaca 5’-KOHEIl MO-TIPEKHEMY HEOOXOIHM.
ApPKTHYECKHE U aHTAPKTUIECKUE BUIBI PHIO COIEpIKaT
MPAKTHYECKU UIEHTUYHBIE KOMIIOHEHTBI NIMKOIIPOTEU-
HOB [32]. B To e Bpems ren ADI'TI apkrrdeckoii Tpec-
ku Dissostichus mawsoni He TOMOJIOTHYECH TeHY TPHUII-
cuorena [8]. I'enst AOI'TI HOTOTEHUEBBIX U TPECKOBBIX
HMMEIOT Pa3Hyl0 MHTPOH-3K30HHYIO OpraHU3aLHUI0 U
pa3iuyHbIe CIEHCEpHBIE MOCIEA0BATENBHOCTH, YTO
SIBJIICTCS IPUYMHOM PA3IMYHOTO MIPOLIECCHHTa OENKOB-
MIpeecTBEHHUKOB. [locne1oBaTenbHOCTH, KOTUPYIO-
e noBropsl Thr-Ala/Pro-Ala, Takxe oTnnuarorcs.
BrrmenpuBenernble (pakThl CBUAETENHCTBYIOT O HE3a-
BHCHMOM TIpOUCXOXKAeHNY npeactaButeneii ADITI B
Pa3HBIX TAKCOHAX PHIO M TTOCTICYIOIEH KOHBEPTEHTHOMH
SBOJIFOLIHY.
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For some proteins there were revealed the key
positions of aminoacid residues responsible for
stability. Thus, negative charges of glutamines in 23
and 36 positions are necessary for thermostability of
antifreeze polypeptides of ocean pout Macrozoarces
americanus [26].

Evolution

AFPs presence is considered as more progressive
feature compared to poliol and sugar accumulation,
although this statement is not shared by all the
researchers [36].

However the AFPs from the representatives of
systematic taxons, being far from each other, do not
reveal the homology and have different tertiary
structure [4]. This protein group is an excellent
example of parallel and convergent evolution in
molecular level.

AFPs origin is a matter of argument. Hydrophilic
AFPs of insects are suggested as originated from
proteins, responsible for water retention in organism
under drought in hot regions, where progenitors of
cold-resistant species inhabited [5, 40].

One believes, that AFGP gene of notothenioid fish
originated from that of pancreatic trypsinogen [7]. A
primary AFGP gene comprised the 5’-end of ancient
gene of trypsinogen, providing an excretory signal, and
a 3’-untranslated region. Afterwards the element,
encoding Thr-Ala-Ala of gene-progenitor was
amplificated, that stipulated the appearance of new
protein function. Namely these repeats are responsible
for 4-7% divergence between AFGP and trypsinogen
genes. For AFGP secretion from pancreas the 5’-end
is still necessary. Arctic and Antarctic fish species
comprise practically identical components of glyco-
proteins [32]. At the same time AFGP gene of Arctic
cod Dissostichus mawsoni is not homologous to
trypsinogen gene [8]. AFGP genes of notothenioid
and cod species have different intron-exonic orga-
nisation and various spacer sequences, being the rea-
son for different processing of protein-precursors. The
sequences, encoding the Thr-Ala/Pro-Ala repeats,
differ as well. The mentioned above facts testify to
an independent origin of AFGP representatives in
various fish taxons and following convergent evolution.

The homology between AFP I gene and those of
chorion and keratin proteins of Atlantic snailfish
Liparis atlanticus, expressing in liver, was estab-
lished. Possibly, the AFP I progenitors are among the-
se genes, and the protein genes with antifreeze activity
appeared as a result of reading frame shift [14].

Phylogenetic analysis demonstrates all the AFPsII
(Ca?"-dependent and Ca?*'-independent ones) as
originated from the common progenitor and only later
they developed different mechanisms of ice-binding
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YcranosieHa romosiorus Mexay reHom ADII I u
TeHaMHu OCJIKOB XOpHUOHA U KepaTuHa Tumapuca Liparis
atlanticus, KOTOpBIe SKCIIPECCUPYIOTCS B Te4eHU. Bo3-
MOXKHO, CPEIU 3TUX I'eHOB HaxoAsaTcs npeaku ADII 1,
U B pe3yJbTare CABUTa PAMKH CUUTHIBAHUS TOSIBUITUCH
TeHBI OEITKOB C aHTU(PU3HON aKTUBHOCTEIO [14].

OUIOreHEeTUYECKUI aHalln3 MOKA3bIBAET, YTO BCE
AO®IITII (Ca**-3aBucumbie 1 Ca’ -He3aBUCUMBIE ) IPOU-
30MUTH OT OOIIEro MpeKka U YK€ BIOCIEICTBHH OHU
Pa3BUIIH PA3TUIHBIC MEXaHIU3MBI CBSI3BIBAHUS CO JIHIOM
[27]. TakuM TIPEIKOM MOXKET OBITH CaxapOCBsI3bIBAO-
MK 0e0K JIeKTUH. BO3MOKHO, CBS3BIBAIOIIUICS CO
nmboM momeH ADII 11 pa3Buiics B xo71e MOJEKYISIPHON
IBOJTFOIMY U3 YIIIEBO-CBA3BIBAIOIIETO CAlTa JIEKTHHO-
nogo6Horo npeaka [15]. OgHako cTpyKTypa 3K30HOB
n uHTpoHOB reHa AQ®II Il Mmopckoro BopoHa yka3bsIBaeT
Ha ero OoJbLIee CXOACTBO C TEHOM MaHKPEaTHueCKOTo
JINTOCTaTHHA, a HE C TCHOM JIekKTuHa [29].

AO®II III po16 romonoruyer C-KOHIIEBOMY YHaCTKY
CHHTETAa3bl CHAJIOBOM KUCIOTHI MIICKOTIUTAOITUX [2].
I'omomorust oco0eHHO CHIIBHO BhIpa)Ke€Ha B paifloHe
IJIOCKOM MOBEPXHOCTH, CBA3BIBAOIIEHCS co Iba0M. Ha
OCHOBAaHHH 3TUX JAHHBIX MOKHO JOTIOJTHHUTH CIIFICOK
BO3MOXHBIX “poacTBeHHUKOB” ADII u3 6enkoB, B3an-
MOJICHICTBYIOIINX C caxapaMu U MOJHCaxapuiaaMHu.
Onun u3 renoB A®II 111 6enparoru Lycodichthys
dearborni xonupyet 12 TaHIEMHBIX TOBTOPOB, KaXIbIH
13 KOTOPBIX TpaHciupyercs B 7 klla monekyiny ADII
[T [52]. Opranu3anus 3Toro reHa aHalornYHa OpraHu-
3anuu reioB ADITI. ADII III u A®TTI ornuuarorcs
I10 COCTaBY ¥ CTPYKTYPE, U OHH CUHTE3UPYIOTCSI Y PBIO
13 PA3IUYHBIX CHCTEMAaTHUYECKUX TaKCOHOB. CXoqHas
CTPYKTYpa F€HOB 3TUX COBEPLICHHO Pa3IMYHBIX OJIU-
MIETITHIOB CBUICTEILCTBYET O HAIMIUH Y PHIO 00111eT0
MeXaHHW3Ma OpraHU3aINY YIaCTKOB TeHOMOB, OTBEYAI0-
[IMX 32 MPUCTIOCOOJICHHE K HU3KUM KCTPEMaIIbHBIM
YCIIOBHSIM TTOJISIPHBIX apealioB.

A®II pacTeHuil BHIIONHSIOT U BTOPYIO (QYHKIIHIO
3aIHUTHI OT ICUXPOGHIBHBIX TaTOreHOB [51]. OcTaercs
OTKPBITHIM BOIPOC, Kakas U3 QyHKIUHA SBISETCS
MEPBUYHON B 3BOTIOUMOHHOM IiaHe. ADII ¢ Huzkoi
TEPMOTUCTEPE3NCHOM aKTUBHOCTBIO S. dulcamara [21]
CXOJICH C TPAHCKPHITIIUOHHBIMU (PaKTOpaAMH PACTEHHH,
PETYIUPYIOIIUMHU IKCIIPECCUI0 OCIKOB, CBS3aHHBIX C
[aTOreHE30M, YTO Takxke gonoiHseT cnucok ADII ¢
BO3MO)KHOU JIBOMHON (DyHKIHEH.

MNcnoab3oBaHue

B Teuenne nocnennnx 10 net yctaHOBIIEHO, YTO
a¢pext ADII Ha )KHU3HECTTOCOOHOCTh KJIETOK M TEPMO-
JTUHAMHAYECKHE CBOMCTBA CPE M PACTBOPOB BO BPEeMs
HU3KOTEMIIEPATYPHOIO KOHCEPBUPOBAHUS CIOXKEH U
npotuBopeyuB. ADII MOTYyT NPOSBIIATH U 3aIIUTHOE U
LUTOTOKCUYECKOE JIEHCTBHE B 3aBUCUMOCTH OT IIPOTO-
KoJla XpaHeHus, 1036l v Tuna ADI1, cocraBa koHCEpBU-
pytotieit cpensl 1 THna Ouomarepuana [47]. Ipeaso-
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[27]. This progenitor may be a sugar-binding lectin
protein. Probably, an ice-binding AFPII domain deve-
loped during molecular evolution from a carbohydrate-
binding site of lectin-like progenitor [15]. However
the structure of exons and introns of sea raven AFP
I gene indicates to its high affinity with that of
pancreatic lithostathine, but not lectin one [29].

Fish AFP II is homologous to C-end site of
mammalian sialic acid synthase [2]. The homology is
especially highly expressed in the region of flat ice-
binding surface. Basing on these data we may comp-
lete a list of possible AFP “relatives” from proteins,
interacting with sugars and polysaccharides. One of
genes of Antarctic eel pout Lycodichthys dearborni
AFP III encodes 12 tandem repeats, each of them is
translated in 7 kDa molecule of AFPIII [52]. This
gene organisation is similar to that of AFGP genes.
AFP Il and AFGP distinguish by the composition and
structure and they are synthesised in fish from
different systematic taxons. A similar gene structure
of these completely different polypeptides testifies to
the presence in fish of common organisation
mechanism of genome sites, responsible for adaptation
to low extreme conditions of polar areas.

Plant AFPs accomplish the second protective
function against psychrophilic pathogens as well [51].
The question about which one of functions is primary
in evolutionary aspect is still open. AFP with low
thermohisteresis activity of S. dulcamara [21] is
similar to the transcription plant factors, regulating
protein expression, associated to pathogenesis, that
also completes the AFPs list with a possible double
function.

Usage

Within recent decade the AFPs effect on cell via-
bility and thermodynamic properties of media and
solutions during low temperature preservation was
established to be complicated and contradictory. AFPs
may manifest both protective and cytotoxic effects
dependently on storage protocol, dose and AFP type,
composition of preserving medium and biomaterial
type [47]. The hypothesis about the affinity and
interaction of AFP-ice complexes with cell membra-
nes and other molecular complexes in cryopreserving
media was proposed [46]. When the intensity of these
interactions achieves the certain level, the AFPs-ice
complexes may aggregate, thereby inducing ice
nucleation and losing the capability for recrystallisation
inhibiting,

AFP I was applied as a natural cryoprotectant to
cryopreserve the embryos of seabream Sparus
aurata [38]. Protein was introduced into 2-cell emb-
ryos and blastulae, afterwards embryos were cooled
down to 0 and —10°C. AFPI significantly increased
the embryo preservation at 0°C, especially when intro-
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JKeHa THIIOTe3a O CPOACTBE U B3aUMOJCHCTBUN KOMII-
nekcoB ADII-n€x ¢ kIeToYHBIME MeMOpaHaMu U Ipy-
TYIMU MOJIEKYJISIPHBIMU KOMIUIEKCAMU B KPUOKOHCEPBH-
pytomux pactBopax [46]. Korna ”HTEeHCUBHOCTb 3THX
B3alMOJEHCTBUI TOCTUTAET ONPEAECIEHHOIO YPOBHH,
komriekcel ADIT-néx MoryT arperupoBars, THIYLUPYS
TaKuM 00pa30M HyKJICALMIO JIbJIA U TEPSIsl CTIOCOOHOCTD
HHTUOMPOBATH PEKPUCTAIUIN3ALIHMIO.

A®II I Ob11 BCTIONB30BaH B KaueCTBE €CTECTBEH-
HOTO KPHUOMPOTEKTOpa sl KPUOKOHCEPBUPOBAHUS
SMOPHUOHOB MOPCKOTO Kapacs Sparus aurata [38]. be-
JIOK BBOZWJIU B 2-KJIETOYHBIE SMOPHOHBI M OIaCTYIbI,
ocJIe 4ero SMOPUOHBI TOABEPTaIN OXJIKACHUTO 110 0
n—10°C. ADII I cyniecTBEHHO OBBIIIAT COXPAHHOCTb
aMOproHOB nipu 0°C, 0cOOEHHO NP BBEJCHUH Ha CTaANH
2 KJIETOK (BBUTYILISIEMOCTH ManbkoB — 100%). Pe3yrnb-
TaThl MUKpOCKoNHH 1o pacnpeaencHuro ADII I mocne
MUKPOMHBEKIHH TAK)KE TIOATBEPKAAIOT CIIOCOOHOCTD
A®II 3ammmars KJIETOUYHbIE CTPYKTYPbI, CTaOMIN3U-
pys MeMOpaHBI.

[okazano, uro ADII peId cTaOMIHU3UPYIOT MEMOpPa-
HBI U KJIETKH in Vi{ro BO BPEMS THIIOTEPMHYECKOTO
xpareHus [43], XOTd MEXaHU3M 3TOH CTaOWIN3aIuu
0K He BRISICHEH. Bo BpeMst oXJ1aykKaeHusI pH He3aMep-
3ar0mux Temreparypax O-crupanbHbiii ADII tuma |
WHTUOHMPOBAN YTEUKY Yepe3 MOJIEIbHbIE MEMOpaHEI.
[Ipu sToM A®DII cBs3bIBaiCs ¢ OHUcIOEM, TOBBIIIAS
TeMIieparypy (ha30BbIX IEPEX0J0B B MEMOpaHe 1 U3Me-
HSIS1 MOJIEKYJISIPHYIO YIIaKOBKY alllJIbHBIX 1ereil. Bos-
MOYXHO, U3MEHEHUE YIAKOBKH IPUBOAUT K CHUYKEHHIO
npoHuuaeMoctu MeMOpansl. [lonyueHHsle naHHbIe
MPEATNoaraoT Hanuue rugpo(oOHbIX B3aUMoaeiCT-
BHI MKy enTuaoM u oucinoem. CriocooHocTs ADIT
tanoB I, I, III u ADI'TI coxpaHsSITh MEIOCTHOCTH
MeMOpaH IpH THIOTEPMUYECKOM XpaHEHHUH Oblia
rccrnenoBana Ha aurocomax [50]. B kagectBe KoHTposst
HCIIONIb30Banu ans0ymuH. [lokazaHno, 9To Bee OENKw,
BKJIIOYAst ATbOYMUH, TIPEAOTBPAIIaTN YTEUKy CKBO3b
MeMOpaHy B IIBUTTEPUOHHBIX JIUTTOCOMAX ITPH OXJIaXKIe-
HUM J0 TeMIIepaTypbl (ha30BbIX IEPEXO0B JIUIHIOB
MeMOpansbl. Takum 00pa3zoM, ClIOCOOHOCTH COXPAHSATh
YHOPSAJOYEHHYIO CTPYKTYpY MeMOpaH BO BpeMs
(ha3oBoro nepexozaa MpUCyIIa He TOJILKO OHoIoruyec-
kuM anTudpuzam. bonee Toro, A®II (Ho He ADI'T]) n
anbOyMHMH MHAYLHPOBAIH YTEUKY CKBO3b MEeMOpaHy
elle 0 OXJAXXACHHUA B OTPUIIATEIHHO 3apSKEHHBIX
JUIOCOMaX, T. €. €CIIM MeMOpaHa COAEPKUT OTpHUIla-
TENIHHO 3apsKEHHBIC TIOJISIPHBIC TPYIIIBL, TO OCJIKHU, XOTS
Y CBA3BIBAIOTCS C TAKUMHU MeMOpaHaMu, HE CTIOCOOHBI
COXPaHATH UX OPTaHU3AIHIO U 00JIee TOTO MOTYT OBITH
JOCTYTIHBI JIMTTUAHOMY OHCIIOI0, TEM CaMBIM HapyIIas
CTPYKTYPY MeMOpaHbl U MHIYLUPYS YTEUKY CKBO3b
Heé. CnenoBaTenbHO, 3)()EKTUBHOCTh NPUMEHEHUS
A®II 115 321U THI KJIETOK MJIEKOITUTAIOIIIUX 3aBUCUT
HE TOJIBKO OT camMoro OeJiKa, HO ¥ OT JIMITUIHOTO COCTaBa
KJIETOYHOH MeMOpPaHBI.
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ducing at 2-cell stage (100% fry hatchability). The
results of microscopy on AFPI distribution after micro-
injection also confirm the AFP capability to preserve
cell structure via membrane stabilisation. Fish AFPs
are shown to stabilise membranes and cells in vitro
during hypothermic storage [43], although the mecha-
nism of this stabilisation has still been unclear. During
cooling at non-freezing temperatures an O-helical
type I AFP inhibited the leakage through model mem-
branes. At the same time the AFP was bound to
bilayer by increasing the temperature of phase transi-
tions in membrane and changing a molecular package
of acylic chains. Change in package possibly results
in a decrease of membrane permeability. The data
obtained assume the presence of hydrophobic inter-
actions between peptide and bilayer. The capability
of type I, II, III AFPs and AFGP to preserve the
membrane integrity under hypothermic storage was
studied in liposomes [50]. The albumin served as the
control. All the proteins, including albumin, were
shown to prevent the leakage through a membrane in
zwitterions liposomes under cooling down to phase
transition temperature of membrane lipids. Thus, the
capability to preserve an ordered membrane structure
during phase transition is inherent not only to biological
antifreezes. In addition, AFP (not AFGP) and albumin
induced the leakage through a membrane even prior
to cooling down in negatively charged liposomes, i.e.
if a membrane comprised the negatively charged polar
groups, the proteins, although being bound to these
membranes, were not capable to preserve their orga-
nisation and moreover they might be accessible for
lipid bilayer thereby breaking a membrane structure
and inducing leakage through it. Consequently, the
efficiency of AFP application for mammalian cell
protection depends not only on protein itself, but cell
membrane lipid composition as well.

The efficiency of flounder AFPI was also proved
in the experiments on hypothermic storage of sheep
embryos (4°C within 4 days) [3]. The index of embryo
survival and the frequency of pregnancy onset do not
distinguish from those in freshly isolated embryos.
However, the American ocean pout AFPIII occurred
to be inefficient under the same conditions. The similar
results were obtained when storing bovine oocytes at
4°C within 24 hrs [39]. The presence in cryopreserving
medium of flounder AFPI, sea raven AFPII or pout
AFPIII provided a 4-fold augmentation of oocyte
number, preserved an intact oolemma and a 3-fold
one in oocyte number capable for in vifro maturation.
The number of oocytes, fertilised after maturation,
was comparable with this index in freshly isolated
oocytes, meanwhile no one among the control oocytes,
stored without AFP, was fertilised.

There was suggested, that the AFP expression in
transgenic organisms might play a significant role
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O¢pdpextuBHoCcTE ADII | KaMOakl Takke JOKa3aHa
B OMBITaxX 10 THHOTEPMUIECKOMY XPaHEHHIO 3MOPHO-
HoB 0BIIBI (4°C B Teuenue 4-x cyTtok) [3]. [Tokazarens
BBDKHBAEMOCTH SMOPHOHOB U 4acTOTa HACTYIUICHHS
0epeMEHHOCTH HE OTIMYAIOTCS OT TAKOBBIX Y CBEXKeE-
BbIIeeHHBIX SMOproHOB. OnrHako ADII [T amepukan-
CKO# OenbItoru okasancst He (h(EeKTHBHBIM B TEX ke
ycnoBusax. [1o006HbIe pe3ynbTaThl HOTY4YeHBI TPU Xpa-
HEHHMU 00LMTOB KopoB mpu 4°C B Teuenue 24 4 [39].
[TpucyrcrBue B koHCEepBHpYToteH cpeae ADIT [ kamba-
a1, ADIT 11 mopckoro Bopona miu ADII 11 Genparoru
obecrieunBaio 4-KpaTHOE YBEITUYCHHE KOJIHMYECTBA
OOLITOB, COXPaHHBIINX HHTAKTHYIO O0JIEMMY, U 3-Kpart-
HOE YBEJIMYEHHE KOJTMIECTBA OOLIUTOB, CIIOCOOHBIX CO3-
peBars in vitro. KonnuecTBo OIIOI0TBOPEHHBIX ITOCIIE
CO3pEBaHUsI OOIIMTOB OBIIO CPABHUMO C STHM KE TIOKa-
3aTeJieM Y CBEXKEBBIICIICHHBIX OOLUTOB, TOTA KaK HU
OJMH U3 KOHTPOJIBHBIX OOLIUTOB, XPaHUBILUXCS 0€3
A®II, He ObLI OIIONOTBOPEH.

Brickazano npezmnonoxenue, uto sxcrpeccust ADI T
B TPAHCT'CHHBIX OPTaHU3Max MOXKET UIPaTh CYyIIEeCT-
BEHHYO POJIb IPH TEMIIEPATYPHOH aJanTaliy XOI010-
YYBCTBUTENBHBIX BUAOB. TpaHCcreHHbIe Tabak [25] u
kapTodernb [45], a Takke 30J10ThIe ppIOKH [49], 3KCIpec-
cupyromue ADII pp10, Oonee yCTOWINBHI K IEHCTBUIO
HU3KUX TEMIIEpaTyp MO CPaBHEHUIO C KOHTPOJIEM.
TpaHcreHHbIe copTa pHuca, B KOTOPBIX YAaJI0Ch OCY-
[IeCTBUTH M30BITOUHYIO 3KkcTpeccuto ADII, ciocoOHEI
BBLIEPKUBaTh IpoMep3anue pu —1 °C B reuenune 24 4
U 3aTeM OTTauBaTh 0€3 CyIIeCTBEHHBIX TOBPEKACHUI
[53]. Kpome Toro, atu pactenus 0ojiee YyCTOWYMBBI K
MHQEKIIUSIM.,

Co3p1aHbl TPaHCT€HHBIE PACTEHUSL, KCIIPECCUPYIO-
e ADIT nacekombix [22]. X0OTs TpaHCT€HHBIE IMHUU
pesyuHuka Arabidopsis 3aMep3atoT Ipu 00J1ee HU3KUX
TeMmIepaTypax, UX BBDKHUBAEMOCTb HE OTIIMYAETCs OT
BBDKMBAEMOCTH JUKOTO THIIA.

Okcmpeccus ADII I u3 6ponszoBoro kepuaka Myo-
xocephalus aenaeus B npoxkax S. cerevisea TIOBBI-
IaeT MX YCTONYMBOCTE K 3aMOPaKUBAHUIO U yCUIINBAET
CIOCOOHOCTh K Ta30IPOU3BOJCTBY HE TOJIBKO CAMUX
JPO3OKEH, HO ¥ 3aMOPOXKEHHOT0 ¢ZJIOOHOTrO TecTa, Co-
JiepKalero TpaHCreHHble TuHuH [33].

IIpennpunsaTa noneiTka ucnojb3oBaHus ADII
tunos [ u I11 B mpoToxone xpanenns cepaua mpu—1,3°C
[1]. Tpu xpanenun cepana 6e3 ADII npoucxommna
KpHCTaJUTA3aLWs, Tora Kak B pucytcTBrn ADII opran
HE 3aMep3aJl ¥ NMeJ Ty YIIHe T0Ka3aTelu IesITeIbHOCTH
(ckopoCTh COKpalIeHHs, KOPOHAPHBIN TOK U JABJICHHE),
4yeM B KoHTpoje 6e3 ADII.

Co31aHbl CHHTETHYECKHE aHAJIOTH O -CIIUPAIEHOTO
A®DII xambOaibl [6]. Takue CUHTETHUECKHUE TSIITHIBI
MOTYT OBITh Ba’KHBI AJIS1 UCCIIENOBAaHU MEXaHU3Ma
JeHcTBUS OMOJIOTHYECKUX aHTU(PU30B. YCTaHOBIICHO,
YTO NMpH HU3KKUX KOHIEeHTpauuiax ADII ces3piBaeTcs
MOCPEACTBOM AMIIOJIBHBIX B3aUMOEHCTBUNA U BOJOPOI-
HBIX CBA3€H C MPU3MATUYECKUMH MOBEPXHOCTSIMU
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under temperature adaptation in cold-sensitive species.
A transgenic tobacco [25] and potato [45], as well as
gold fish [49], expressing fish AFP are more resistant
to low temperature effect compared to the control.
Transgenic rice varieties, in which there was managed
to realise an excessive AFP expression, were capable
to survive freezing at —1°C within 24 hrs and then
thawed with no drastic damages [53]. In addition,
these plants are more resistant to infections.

Transgenic plants, expressing insect AFPS, have
been created [22]. Although the transgenic lines of
Arabidopsis thaliana freeze at lower temperatures,
their survival does not distinguish from that of wild
type.

The AFPI expression from grubby Myoxoce-
phalus aenaeus in yeast S. cerevisiae increases their
resistance to freezing and strengthens the capability
to gas-production not only in yeast itself, but in frozen
rich dough, containing transgenic lines [33].

There was attempted to use type I and III AFPs
in the heart storage protocol at —1.3°C [1]. When
storing heart with no AFPs the crystallisation occurred,
meanwhile in AFP presence the organ did not freeze
and had higher indices of activity (contractile rate,
coronary flow and pressure), than in the AFP-free
control.

There were created the synthetic analogues of
flounder a-helical AFP [6]. These synthetic peptides
may be important for studying the effect mechanism
of biological antifreezes. Under low concentrations
the AFP was established as bound by dipole inter-
actions and hydrogen bonds to the prismatic crystal
surfaces by inhibiting its growth along the axis a. At
the same time the crystal growth along the axis c is in
progress. Under high concentrations the AFP interacts
with all the crystal surfaces and slows down the growth
along both axis. In order to find out a molecular
mechanism of AFGP effect there was performed the
synthesis of artificial AFGP [13]. Created artificial
analogues have a molecular mass from 1.6 to 3 kDa;
they are characterised by structural variations of a
carbohydrate part, polypeptide backbone and amino-
acid side chains. An artificially synthesised analogue
AFGP was compared by the efficacy with that of
natural origin [28]. These investigations demonstrated
the latter being cytotoxic towards human embryonic
liver and kidney cells under high concentrations. In
addition, there was revealed the strengthening of
apoptosis judging by a sharp increase in caspase activi-
ty. At the same time an artificial analogue AFGP was
not cytotoxic for cells even under high concentrations.
The remarkable fact is, that the caspase activity in
cell lines, treated with artificial AFGP was even much
lower, than the control values. An artificial AFGP is
considered as a perspective candidate to be a new
component for cryoprotective media [28]. Synthetic
AFGP caused a cryoprotective effect during cryo-
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KpHUCTallia, 3aMeuisAd €ro poct 1no ocu a. Ilpu atom
POCT KpUCTaJJIa IO OCH ¢ Tpooikaercs. [ Ipu BeICOKMX
koHneHTpanusax ADII B3auMoaelcTByeT CO BCEeMU
MMOBEPXHOCTSMH KPUCTAJJIa U 3aMEIJIIeT POCT II0
ob6enM ocsiM. 17151 BEIICHEHHST MOJIEKYJISIPHOTO MeXa-
HuzMa aenictBus AQI'TI ocyiecTBiIeH CHHTES HCKYCCT-
BeHHBIX ADI'TI [13]. Co3maHHbIE NCKYCCTBEHHBIE aHA-
JIOTH UMEIOT MOJIEKYJISIpHYI0 Maccy ot 1,6 mo 3 k/la;
OHH XapaKTEePU3YIOTCS CTPYKTYPHBIMU BapUalUIMU
YIJIEBOAHOM YaCTH, MOJIUIIENTHAHOTO OCTOBA U AMUHO-
KHCIJIOTHBIX OOKOBBIX I1eTIe. FICKYyCCTBEHHO CHHTE3HUPO-
BaHHbI aHanor ADI TI cpaBHuBaH 110 3 HEKTUBHOCTH
nectBus ¢ AOI'TI ecTtecTBEHHOTO MPOUCXOKACHUS
[28]. O1u uccnenoBaHus MOKA3aIU, YTO MOCIEAHUMN ITU-
TOTOKCHYEH 110 OTHOIIEHHIO K KJIETKaM SMOpPHOHAb-
HBIX TIEY€HH 1 ITOYEK YeIOBEKa MPH BHICOKUX KOHIIEHT-
pauusix. Kpome Toro, cyis 1o pe3koMy NOBBIIIEHHUIO aK-
THUBHOCTH Kacmasbl, BBISIBICHO YCUJICHHE anonro3a. B
TO ke BpeMsl ucKyccTBeHHbIH aHanor ADI'TI He Obut
LMTOTOKCHYEH JIJIs KJIETOK JIa)Ke B BBICOKUX KOHIIEHT-
pauusix. [IpumedarensHo, YTO AKTUBHOCTD KAacmasbl B
KJIETOYHBIX JTUHHUSIX, 00paOOTaHHBIX UCKYCCTBEHHBIM
A®ITI, 6puta qaXke TOpas3ao HIDKE KOHTPOIBHBIX 3HA-
genuit. MckyccrBenasidi ADI'TI caurarot [28] mepce-
MEKTUBHBIM “‘KaHIUAATOM Ha POJIb HOBOTO KOMIIOHEH-
Ta Kpuo3amuTHBIX cpell. Cunrernyeckuii AOI'TI oka-
3BIBaJI KPHO3AIINTHOE ISHCTBHE BO BPEMsI KDHOKOHCEP-
BHPOBaHUS OCTPOBKOB MOKEITYJOYHOH kene3sl [31].
Kpunomukpockonuueckre HaONMOAeHNs TOKa3ald, 4TO
POCT KPHCTAIUIOB CHITLHO 3aMEJIJICH, 8 00pa30BaBIIIHECS
KPHCTAILIBI HE BBI3BIBAIIN KPHOTIOBPEXK IeHHMH. BripaboT-
Ka MHCYJIMHA OCTPOBKaMH, KPHOKOHCEPBUPOBAHHBIMH C
A®I'TI, 1oCTOBEPHO BBIIIE IO CPABHEHHIO C KOJTMYECT-
BOM HHCYJIMHA, KOTOPBIN CEKPETUPOBAJICS OCTPOBKAMU,
kpuokoHcepupoBaHHbIME 0e3 ADITI. Ilokasarens
COXpPaHHOCTH KJIETOK Obu1 BhIme Ha 20%.

A®II nmpuMeHSIOTCA U NPU XPaHEHUH MPOJYKTOB
nutanus. Tak, 1o0aBiIeHre B MOPOKEHOE SKCTPAKTOB
XOJIOAOAKKIMMHUPOBAHHON MIICHHIIBI, COACPKAIINX
A®II, mo3BOIISII0 TOOUTHCS OOJIEE OMHOPOTHOM KOHCHC-
TEHIIMH MOPOXKEHOTO0, KOTOPOE MOABEPTajoCh HArPEeBy
B mporiecce xpanenus [37]. JlanHas no6aBka criocoOHa
CHU3UTH YPOBEHb PEKPHUCTAIM3ANNU O0jiee 4eM Ha
40%. 3amoposkeHHOEe TecTo npu nodasiaeHun 15,4%
A®II D. carota nmeet 6oiee paBHOMEPHYIO TEKCTYPY,
T. K. B HEM YMEHBIIIAETCS KOJIMYECTBO 3aMep3aromiei
BO BpeMms xpaHeHUs Boawl [54]. Tecto momydaercs
0oJlee MATKHMM, a 00BEM BEIIIEKAEMBIX M3CIHI CTa-
OWITBPHBIM. YCTaHOBIIEHO, uTo nH00aBka ADII Ha apo-
MaT ¥ BKYCOBBIE KaueCcTBa HE BIIHSET.

Taxkum o6pa3om, B HacTosIIee BPeMs U3yUCHHE
OuonornyecKkux aHTU(PHU30B PACHIUPSAETCS U YIIIyO-
JISIETCS, TIOCKOJIBKY €Ille MHOTHE BOIPOCHI IPEACTOUT
OOBSICHUTB: CBSI3b CTPYKTYPHI U PYHKITUH, PETYIAINN
JKCTIpeccur aHTH(PHU30B U UX MpoucxoxkaeHue. OT-
JeNTbHOM c(hepoit ncciieToBaHui SBISETCS MPUKIIATHOS
HCIIOJIb30BaHKE OMOJIOTHIECKIX aHTH(HPU30B.
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preservation of pancreatic islets [31]. Cryomicrosco-
pic observations showed a strong slowing down in
crystal growth and no cryodamages, caused by
formed crystals. Insulin production by islets, cryo-
preserved with AFGP is significantly higher than insu-
lin amount, secreted by islets cryopreserved without
AFGP. The index of cell integrity was higher by 20%.

AFPs are applied for storing food products as well.
Thus, the adding into ice-cream of the AFPs-
containing cold-acclimated wheat extracts enabled
achieving more homogenous consistence of ice-
cream, which underwent heating during storage [37].
This additive is capable to reduce the recrystallisation
level by more than 40%. When adding 15.4% AFP
D. carota a frozen dough has more uniform texture
due to a decrease in it of water amount, freezing
during storage [54]. The resulting dough is getting
softer with stable volume of baked products. Adding
AFP was established as not affecting the flavor and
taste.

Thus, nowadays the studying of biological anti-
freezes is expanding and deepening, since a lot of
questions have to be clarified: a relationship between
the structure and function, regulation of antifreezes’
expression and their origin. An applied usage of bio-
logical antifreezes is a certain field for investigations.
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