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Ice-Nucleating Activity of Hemolymph
of Upis ceremboides Beetle Inhabiting in Central Yakutia

Crparerus xononoycroitunBoctu Upis ceramboides (Coleoptera: Tenebrionidae) ocHoOBaHa Ha TOJIEPAHTHOCTHU K 3aMep3aHHIO,
KOTOpasi TO3BOJISIET JaHHOMY BHJY OOMTaTh B DKCTPEMAalbHO XOJNOJHOM KiuMare SkyTuu. Mopo30TosiepaHTHOCTh 00yCIOBIEHA
IPUCYTCTBUEM JIBJOHYKIICUPYIOITUX OCJIKOB B FeMOJ’lHM(I)e, J'll))lOHyKJ'lel/Ipy}OU_Il/Iﬁ IOTCHIIMAJ KOTOPbIX MAKCUMAJICH B 3UMHHI nepuon.
Ce30HHBIE H3MEHEHUS KOHICHTpAaLUH I10JINO0JIOB B FeMOHI/IM(l)e BJIMAIOT Ha BEJIMYUHY TEMIIEPATYPhI NEPCOXITAKACHUSA, KOTOPAs BbILIEC
BECHOH, 4yeM B 3UMHUil nepuos. JIeToMm )KyKu 4yBCTBUTEINIBHBI K TEMIIEpaTypaM HUXe UX TeMiepaTyp nepeoxnaxzaenus (—7,3°C),
OJJHAKO MX TOJICPAHTHOCTH K 3aMEP3aHHI0 BO3PACTAET B TCUCHHE OCEHH, HAYMHAs C aBryCTa; B IeKaOpe HIDKHSIs JIeTalbHas TeMIepaTypa
Haxonurcs B oonactu Hxe —83°C. I3MeHeHus B CTeNIeH! MOPO30TOIEPAaHTHOCTH TECHO CBA3aHbI C CE30HHBIMU M3MEHCHUSIMU B aKTUBHOCTU
Y KOHLICHTPALIUH JIbJOHYKJICaTOPOB, a TAKKE IOJIUOJIOB.

Knrouesvie cnosa: Upis ceramboides, nboHyKIIeHpYIOIIUe OSIKH, TEMIIEpaTypa MepeoXIaxIeHuUs, OCMOISIBHOCTh TeMOIUMQBI,
JIbAOHYKJICUPYIOIIUH NOTEHIIHAI.

Crparerist xononoctiiikocti Upis ceramboides (Coleoptera: Tenebrionidae) 3acHOBaHa Ha TOJICPAHTHOCTI 10 3aMEpP3aHHS, sKa
JI03BOJIsIE JAHOMY BUJly MEIIKaTH B €KCTPEMaJbHO XOJOAHOMY KiiMaTi SkyTii. MOpO30TONEpaHTHICT 3yMOBIICHA HAsBHICTIO
JILOJOHYKJICIOIOUUX OUIKIB y reMoniMbi, JIbOZOHYKIIOIYHI MOTEHIIaN SKUX MaKCHUMalbHUN Y 3uMOBHid nepion. Ce30HHI 3MiHK
KOHIIEHTpaLii MoJioNiB y reMosiMi BIUIMBAIOTh HA BEJIMYMHY TEMIEPATypH HEPEOXOJIOMKEHHSI, SIKa BUILA BECHOIO, HIXK B 3UMOBHIA
nepioa. BiiTky )xyku 4y TiuBi 0 TeMIepaTyp HIKYe IXHIX TeMIiepaTyp nepeoxomnomkenns (—7,3°C), aje X ToJIepaHTHICTb 10 3aMep3aHHs
3pOCTAaE Ha MPOTS3i OCEHI, TOYMHAIOYY 3 CEPIIHS; Y CiUHI HIDKHS JIeTallbHa TeMIIepaTypa 3HaX0AUThCs B Mexkax Hikdye —83°C. 3MiHu B
CTYICHI MOPO30TOJIEPAHTHOCTI TICHO MOB'I3aHi 3 CE30HHMMH 3MiHaMH B aKTMBHOCTI Ta KOHLIEHTPALl JbOJJOHYKJIEATOPIB, a TAKOXK
HOJTIOIB.

Knwuosi cnosa: Upis ceramboides, Tb0JOHYKIICIOOYi OiIKH, TeMIepaTypa MepeoX0IOMKEHHsI, OCMOJIUIBHICTh TeMoTiMbH,
JIbOJJOHYKJICIOIOUYMH TOTEHLiaI.

Strategy of cold resistance of Upis ceramboides (Coleoptera: Tenebrionidae) is based on tolerance to freezing, enabling this species
to inhabit in extremely cold climate of Yakutia. Frost-tolerance is stipulated by the presence of ice-nucleating proteins in hemolymph,
ice-nucleating potential of those are maximum in winter period. Seasonal changes of concentration of polyols in hemolymph affect the
value of overcooling temperature, which is higher in spring than in winter. In summer the beetles are sensitive to the temperatures lower
those of their supercooling (—7.3°C), but their tolerance to freezing increases during autumn, starting from August; in December the
lower level of lethal temperatures is within the range below —83°C. The changes in the level of frost-tolerance are tightly related to the
seasonal changes in activity and concentration of ice nucleators, as well as polyols.

Key words: Upis ceramboides, ice-nucleating proteins, supercooling temperature, hemolymph osmolality, ice-nucleating potential

X0nonoyCTOoN4YMBBIE HACEKOMBIE SIKYyTHH, B SKCTpE-
MaJbHO XOJIOMHOM PETHOHE 3eMIIH, NCTIOIB3YIOT KaK
MOpPO30TOJIEPAHTHYI0, TAK U MOPO30HM30EratonIyio
CTpaTeruu, HO MepBasi, BEPOATHO, OOJIEe MPEATIOUTH-
TeJIbHA, MMOCKOJBKY MO3BOJISIET UM BBDKHBATh B
YCIIOBUSIX JaHHOTO pernoHa [1].

B OonpiimHCTBE CitydaeB aganTauuu, GopMUpyo-
M€ OCHOBY CTPaTerMH MOPO30TOJEPAaHTHOCTH,
CBSA3aHBI C IPOAYKIHEN U BBIAECTICHUEM JIbJAOHYKIIEH-
PYIOIIMX COEIUHEHHUH BO BHEKIETOUHYIO KHUIAKOCTD —
0€JIKOB, KOTOPBIE OTBEUAIOT 33 FETEPOreHHYI0 HYK-
JIeaInio mpu temieparype HemHoro Hwke 0°C. [Ipu-
HSTO CUUTATb, YTO (PYHKIINS ITUX COSANHEHUH 3aKITIO-
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Cold resistant insects of Yakutia, an extremely cold
region of the Earth, use both frost-tolerance and frost-
avoidance strategies, but the first one is likely more
preferable because it allows their survival under con-
ditions of this region [1].

In the major cases the adaptations forming the ba-
sis of the frost-tolerance strategy are related to the
production and release of ice-nucleating compounds
into extracellular liquid: proteins responsible for hete-
rogeneic nucleation at the temperature slightly below
zero. It is generally accepted that the function of these
compounds consists in inhibiting lethal intracellular
freezing by means of the controlled transformation of
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4YaeTcsl B UHTHOMPOBAHHY JICTATBHOTO BHY TPUKIIETOY-
HOTO 3aMEp3aHusl IyTEeM KOHTPOIUPYEMOro MpeBpa-
LICHUS BHEKJIETOUHOM >kuaKocTu B jen [3]. [Ipeamona-
raroT, YTO OHU CIIOCOOCTBYIOT OpraHHU3aIMH BOIHBIX
MOJIEKYJI B JIBJIOMIONO0HYIO KOH(MUTYPAIIHIO, YTO TI0-
BBIIIIAET BEPOATHOCTH 00pa30BaHM KPHCTAILIOB JIb/1a
IIpH Takux Temueparypax [13].

IIponiecc nmpm000pa3oBaHNs BO BHEKJICTOIHOU
Cpezie COMPOBOX/IAETCS MOBBIIIIEHHEM KOHIIEHTPALUN
COJIEH IO TOKCHYECKUX YPOBHEH, N3MEHEHHEM 00heMa
KJICTOK BCIICJICTBHE MPOU3BOJBHOI'O OTTOKA BHYT-
PUKJIETOYHOM )KUAKOCTH B 3aMEP3IIYI0 OKPYKAIOIIYIO
cpeny [7]. [1o aToii mpuurHEe HACEKOMBIC BHIPAOAaThHI-
BaIOT 3HAYUTEIILHOE KOJTUYECTBO MOJINOJIOB, KOTOPHIC
OCYILECTBIISIOT KPHOIPOTEKIIUIO OPraHU3Ma, MPeIoT-
Bpaliasi TeM CaMbIM Pa3pyIIMTEIbHBIC TOCICICTBUS
JTb1000pa3oBaHysl. B OONBITMHCTBE CITyIacB OHH IPO-
Iyupyrot rurepot [15]. Kpome toro, onricans! Ha-
CEKOMBIE, BRIPAOATHIBAIOIIE COPOUTOI U TPEHUTOII [9],
a Tak)Ke dTWICHTIIUKOND [4].

CrnemyeT OTMETHTH, YTO CTPATErHsi MOPO30TOJIe-
PAHTHOCTH XapaKkTepHa TaKXKe JJIs1 HAaCEKOMBIX, 00H-
TAIOIMUX B TEIUIBIX pernoHax HOxHoro nmomymapus
[11]. HecmoTps Ha MATKHI KIMMAaT, TEMIEpaTypa B
3TOM yacTh 3eMiu HecTaOuIbHa, HaOMIOMA0TCS Yac-
ThIC M KPATKOBPEMEHHBIC 3aMOPO3KH, TIOCIIE KOTOPHIX
BHOBb YCTaHAaBJIMBACTCS MOJOXKUTEIbHAS TeMIepa-
Typa. [Ipu Takux Hempeacka3zyeMbIX YCIOBHUSIX JIJO-
HyKJIearsl MO3BOJIIeT HACEKOMBIM 3aMep3aTh, a 3a-
TEM OTTamBaTh 0€3 MOBPEXACHUS TKaHEH 1 OpraHoB.
B nanHOM City4ae MECTOM JIbTOHYKJIICAITIH SABIISETCS
KHIIEYHUK, B KOTOPOM HYKJICUPYFOIINE YaCTHITHI HHH-
OUUPYIOT KPUCTAJUTH3AINIO Y MUATAIOIINXCS HACEKO-
MBIX TIPY TIOHWKCHHH TEMIICPaTypPhl HEMHOT'O HHXKE
Hyns. [TockonbKy 3uMa B Takux peruoHax FOxHOTO
MOJTyIApHs MATKasl, HACEKOMbIC HE Pa3BUBAIOT JKC-
TEHCUBHYIO CE30HHYIO XOJIOAOYCTONYMBOCTb. Takoil
THUII TOJISPAHTHOCTHU K 3aMEP3aHUI0 SBIISETCS HECTIe-
nuduIecKuM U 00yCIIOBIIEH ACHCTBUEM SK30TCHHBIX
JIBAOHYKIIEaTOPOB HeCTIETM(PHIECKON TPUPOIBI.

Hacexombie, oOuTaroriye B 3KCTpEMaIbHO XOJIOI-
HBIX 00NacTsSX, MOAOOHBIX SKyTHH, MTO-BUIUMOMY,
HCTIOJIB3YIOT O0JIee CIIeUaTN3NPOBAHHBIE CTPATETHH.
BeposiTHO, TOIIEpaHTHOCTH K 3aMEP3aHHI0 Y HUX 00ycC-
JIOBJIEHAa OMOCHMHTE30M JHJIOTEHHBIX HYKIIEATOPOB,
SIBJISTFOIIIUX CS TIPOJTYKTOM 3BOJIFOIIMOHHOTO 0TOOpa. B
3TOM CMBICJIC JIBJJOHYKJICATOPBl MOKHO PaccMaTpH-
BaTh KaK KOMITOHEHTHI CHEIU(PUUSCKON aanTaIliu K
3amep3anuto [14].

W3BecTHO, 4TO OMOJIOTUYECKAsT AKTHBHOCTB JIBJI0-
HYKJIEaTOPOB 3HAYUTEIHHO OTIIMYACTCS M H3MECHSICTCS
B 3aBUCUMOCTH OT MX IIPUPOJIBI, OCMOJISIIEHOCTH Cpe-
ITbI, KOJTMIECTBA HyKJIeHUpyIonux areHToB [13]. B Hac-
TOsIIIIee BPEeMs IMTOSBUIIACH CBEJICHHUS O TOM, UTO MOJIe-
KyJbl OEITKOBBIX HYKJIEATOPOB SIBIISIFOTCS TUHAMUY-
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extracellular liquid into ice [3]. There is the supposition
that they contribute to the organization of aqueous mo-
lecules into ice-like configuration, thereby increasing
the probability of ice crystal formation at these tempe-
ratures [13].

The process of ice formation in extracellular me-
dium is accompanied with the rise in concentration of
salts up to toxic levels, the changes in cell volume due
to the random outflow of liquid into frozen environ-
ment [7]. Due to this reason the insects produce sig-
nificant amount of polyols, performing the cryoprotec-
tion of an organism, thereby preventing the destructive
consequences of ice formation. In the majority of cases
they produce glycerol [15]. In addition, there have been
described the insects producing sorbitol and threitol [9],
as well as ethylene glycol [4].

It should be noted that the strategy of frost-toler-
ance is characteristic also for the insects inhabiting in
warm regions of the Southern hemisphere [11]. In spite
of mild climate the temperature in this part of the Earth
is not stable, there are observed frequent and short-
term frosts after those the positive temperature is again
setting. Under such non-predictable conditions the ice
nucleation allows the insects to freeze and then thaw
without damages in tissues and organs. In this case
the site of ice nucleation is bowel, wherein nucleating
particles initiate crystallization in feeding insects at low-
ering of the temperature a little bit below zero. Since
winter in these regions of the Southern hemisphere is
mild the insects do not develop an extensive seasonal
cold resistance. This type of tolerance to freezing is
non-specific and is stipulated with the effect of exoge-
neous ice nucleators of non-specific origin.

The insects inhabiting in extremely cold regions simi-
lar to Yakutia probably use more specialized strate-
gies. Their tolerance to freezing is likely stipulated with
biosynthesis of endogeneous nucleators being the prod-
uct of evolutional selection. In this sense ice nucleators
may be considered as the components of specific ad-
aptation to freezing [14].

It is known that biological activity of ice nucleators
significantly differs and varies depending on their ori-
gin, osmolality of the medium, amount of ice nucleat-
ing agents [13]. There are recent data that the molecu-
les of ice nucleator proteins are dynamic structures
with an ability to polymerization and depolymerization,
determining their ice-nucleating potential [12].

Ice nucleators in insects were discovered more than
30 years ago, however, there is a lack of information
on the properties and functional peculiarities of these
compounds, produced by insects inhabiting under the
conditions of extremely cold climate. Probably, the ne-
cessity of adaptation to such severe climatic condi-
tions resulted in the production by these insects of the
most effective specific ice nucleators, the study of
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HBIMHU CTPYKTYpaMmu, 001aJaroIlluMH CIIOCOOHOCTBIO
K MIOJIUMEPH3aLUHU U IEHOIUMEPU3aLiH1, YTO Ope/ie-
JIAeT UX JbJAOHYKJIEUPYIOINH noTeHuuan [12].

JIbOHYKIIEaTOPhl Y HACEKOMBIX OBUIM OTKPBITHI
6ounee 30 et Hazaz, oqHAKO HH(OPMAIIUHU O CBOWCTBAX
1 0COOEHHOCTSIX (DYHKIIMOHHUPOBAHUS ITUX COCTHHCHIH,
MPOIYIIUPYEMBIX HACEKOMBIMH, OOMTAIOIIIUMH B yCIIO-
BHUSIX OKCTPEMAITLHO XOJIOHOTO KIIMMATa OUYeHb MaJIo.
Bo3MoxxHO, HEOOXOTUMOCTB aaNTaIluH K CTOJIb CYPO-
BBIM KJIMMaTHYECKUM YCIIOBHSIM MPHUBEIa K MPOIYK-
LM JAaHHBIMU HACEKOMBIMH Hanbosee 3pPeKTUBHBIX
crien(pUYECKUX JIbIOHYKIIEaTOPOB, M3yYEHHE KOTOPBIX
MO3BOJIUT JIy4llI€ MOHSATH CTPATETHI0 MOPO30TOJIe-
PaHTHOCTH B LICJIOM.

Lenb paboTel — U3y4YeHHUE JTbAOHYKICHPYIOLIETO
MOTECHIIMANIa TeMOTUM(BI TOJI0APKTHIECKOTO BUAA
Upis ceramboides, TIpoKo pacrpoCcTpaHEHHOTO B
Oepe3oBbIX Jecax SAKyTum.

B pabote npuBeeHbI pe3yabTaThl U3y4CHHS CE30H-
HBIX Pa3JInYMi B JIBJOHYKICHPYIONMIEH aKTHBHOCTH
remouMdsl U. ceramboides, a Taxxe HEKOTOpHIE
(U3NONIOTHYECKUE XapaKTEPUCTHKH HX XOJIO0YCTOH-
yuBOoCcTH. [IoCKONBKY B THTEpaType OTCYTCTBYET UH-
(dhopMmarus mo 3To# Mpobieme, B paboTe MpeacTaB-
JICHBI TaHHBIE 0230BBIX HCCIIEAOBAaHNH, HA OCHOBE KO-
TOPBIX MOT'YT OBITH IPOBEICHBI TOCIEAYIONIHE Ooee
[TYOOKHME SKCIIEPUMEHTHI 110 U3YYEHHIO JIbIOHYKIICH-
pyrouux OeJIKOB MOPO30TOJIEPAaHTHBIX HACEKOMBIX.

Matepnanbl 1 metoAbI

OO0BEeKTOM HCclieIoBaHus Ol Kyku U. ceram-
boides (Coleoptera: Tenebrionidae), 3MMyroIIHe MO
KOpOH MOruomux AepeBheB (Oepes3a, COcHa) OOBIIHO
BBIIIIE CHE)KHOTO TIOKPOBA, IO3TOMY B 3UMHEE BpeMsi
OHH TI0/IBEPIKEHBI BO3ICHCTBUIO SKCTPEMAITLHO HIU3KUX
temnepatyp (—45...-55°C).

Hacexombix (MMaro) coOupanu JIeTOM, a TaKKe
paHHe# u mo3aHe oceHbro. HacekoMbIx, COOpaHHBIX
B OKpecTHOCTH T. SIkyTcka B ceHTa0pe 2007 1., conep-
YKaJT 3UMY B YCIIOBHSIX, CXOIHBIX C IPHUPOAHBIMH. 1715t
9KCTPEMAJIbHO XOJIOMHOTO KiuMara SIKyTuu xapak-
TEPHBI IJIMHHBIC (C OKTIOPS IO ampeib), TEMHBIE U
OYEHb XOJIOJHBIE 3UMBI. DTOT MEPUOJ HACEKOMBIE
MIPOBOIAT B COCTOSIHAM Wamnay3bl. Ecim HaceKoMBIX
[IEPEHECTH C OTKPBITOTO BO3/AyXa, TEMIepaTypa KOTo-
poro nocturaet —47...—50°C, B XOJIOAHYIO KaMepy ¢
temmeparypoii 0°C, To X cmocoOHOCTh K KOOPIUHU-
POBaHHOMY JBWKCHHUIO BOCCTAHOBUTCS IMMPUMEPHO B
TeueHue 24 u.

BecHoii TemniepaTypa OKpyKaroliei cpeibl BapbH-
pyet ot —5 10 4°C, moaToMy 0 Havaja SKCIeprUMEH-
TOB JUIsl CTAOWIIM3alMi OpraHN3Ma HACEKOMBIX CO-
Jep KaJii B TEYCHUE 8 9 PH IIOCTOSTHHOM TeMmepaType
(4°C). lns skcriepuMeHTa OTOUPAIU TOJIBKO SKHBBIC
IK3EeMILISIPHI.
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which allows the deeper understanding of frost-toler-
ance in a whole.

The research aim is to investigate ice-nucleating
potential of hemolymph of holoarctic species Upis
ceramboides widely spread in birch forests of Yakutia.

This paper represents the results of the study of
seasonal differences in ice-nucleating activity of U. ce-
ramboides hemolymph as well as some physiological
characteristics of their cold resistance. Since there is
no information in available literature on this problem,
the paper involves the data of basic studies, which could
be the basis of more profound experiments on investi-
gation of ice-nucleating proteins of frost-tolerant in-
sects.

Materials and methods

The research object was the beetles U. ceram-
boides (Coleoptera: Tenebrionidae) overwintering
under the bark of dead trees (birth, pine) usually higher
than the snow cover is, therefore in winter they are
subjected to the effect of extremely low temperatures
(—45...-55°C).

The insects (imago) were collected in summer as
well as during early and late autumn. The insects col-
lected in the vicinity of Yakutsk city in September 2007
were maintained during winter in the conditions similar
to natural ones.Extremely cold climate of Yakutia is
notable by the long (from October to April) dark and
very cold winters. This period is spent by insects in
diapause state. If the insects are transferred from an
open air, the temperature of which reaches —47...—50°C,
into a cold chamber with the temperature of 0°C, then
their ability to coordinated movement will recover ap-
proximately within 24 hrs.

The environmental temperature in spring varies
from —5 to 4°C, therefore prior to the experiments to
stabilize the organism the insects were maintained at
constant temperature (4°C). Only alive individuals were
chosen.

Summer and autumn individuals were preliminarily
incubated at 4°C for 4 hrs to clean the bowel.

In the experiments hemolymph of insects was de-
rived by capillary method on April 4%, July 10%, Au-
gust 17" and December 20" 2008.

For the experiments there was used the lowest tem-
perature (—83°C), which can be obtained under our
laboratory conditions. The insects were stepwise cooled
prior to their incubation at this temperature. Five indi-
viduals were taken from their hibernating sites within
the period when air temperature reached —42°C. Un-
der these conditions the beetles were carefully placed
into a plastic box, located inside thermo-insulated pack-
ing to avoid extra-rapid cooling of the insects down to
—83°C. Then the insects were transfered into refriger-
ating chamber with the temperature of —83°C for 3 hr
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JleTHHX 1 OCEHHUX 0CO0EH TaKKe IPEeABAPUTEIHHO
nHKyOupoBasu npu temneparype 4°C B Teuenue 4 4
JUTSL OYMINCHUS KHIIICYHUKA.

B skcnepumeHTax reMonuMQy HaCEKOMBIX HOTY-
JaJu KamUIIpHEIM MeToAoM 4 arperst, 10 utors, 17
aBrycta u 20 mexabps 2008 r.

J1J1s1 5KCTIEpUMEHTOB UCTIONB30BAIN CAMYTO HU3KYIO
temueparypy (—83°C), KOTOpYIO MOKHO IOJIYYUTh B
Hamux JJabopaTopHBIX yCIOBHUAX. MHKyOarmy Hace-
KOMBIX TIpH JaHHOW TeMIlepaType MpeaIIecTBOBajIO0
UX MO3TANHOE OXJaxaeHue. [19Te ocodeit ObLIH B3SITHI
C X 3MMOBOYHBIX MECT B IIEPHOI, KOT/Ia TEMIIEpaTypa
Bo3ayxa gocturana —42°C. [lpu gaHHBIX YCIOBHUSIX
KYKH OCTOPOKHO OBUIM TMOMEUICHHI B MJIACTUKOBBIH
0O0KC, HAXOIAIIMICS BHYTPY TEPMOHM30JSIIMOHHON yTia-
KOBKH, BO N30€XKaHNE Upe3MEPHO OBICTPOTO OXJIaxK/1e-
HUs HaceKoMbIX J1o —83°C. 3areM HaceKoMble ObLIH
[IEpEeHECEHbI B pePIKEPATOPHYIO KaMepy C TeMIIe-
patypoii —83°C s 3-dyacoBoii nuakyOaruu. 1o ucre-
YEeHHUH JaHHOTO BPEMEHH OOKC C HACEKOMBIMH OCTO-
POXHO TepeHecan Ha | 4 Ha OTKPBITBINA BO3/IyX MpHU
temmeparype —40...—43°C. Bokc moMecTHIIN Ha HOYb
B MOPO3WIIbHYI0 KaMepy nipu —24°C, mocJie 4ero Hace-
KOMBIX IIEPEHOCHIIN B BEPXHIOIO KaMepy XOJOIMIbHUKA
u BoiaepxkuBany npu 0°C B Teuenue 3-x cyTok. JKusne-
CHOCOOHOCTh HACEKOMBIX OLIEHHBAJIH 10 HX CIIOCO0-
HOCTH K aKTUBHOMY KOOPAWHUPOBAaHHOMY JIBHKECHUIO.

O6pa3npl TeMoTMM(bI HACEKOMBIX TOMyYalH ITy-
TEM IPOKAITBIBAHUS OPIOIIKA TOHKIUM CTEKJISTHHBIM Ka-
musipoM [ 17]. Ilpu a3ToMm remonumba 1ot AeHCTBHEM
KaMMIISIPHBIX CHJI TIOCTyMaia B Kamwuisap. YToOs
MIPEIOTBPATUTH HCIIApEHUE 1 OKHCIIEHIE TeMOINM(BL,
00pa3Irsl H30JIUPOBAIN BHYTPH KalMMJUIAPA KaIJIIMU
MUHepalbHOTO Macina. s npurorosnenus odpasna
pa3baBneHHO# reMonuMdsl 0,5 MKII HATUBHON reMo-
TUMQBI TTOCPEACTBOM CIIEIUATBFHO W3TOTOBICHHOTO
MUKPOILTIPUIIA BHOCHJIH B TOHKUH KaITUILIAP, COACPIKa-
it 4,5 M pactBopa NaCl onpenienieHHOM 0CMOJISUTh-
HOCTH.

Temneparypy nepeoxiaxIeHNs HACEKOMBIX B IHa-
na3oHe 0...—25°C u3Mepsuin ¢ HOMOIIBIO TEPMOTIAPHI,
coeHeHHOU ¢ camonuciieM. [Ipu 3ToM KoHell TepMo-
mapbl OBLT TUTOTHO MIPYKAT K TeTy HaceKoMoro. Temre-
paTypy nepeoxXIaKIeHAS OTPEAEIISITH 110 IK30TePMH-
geckoMy 3 PeKTy, COMPOBOXKIAAIOIEMY TTePEX0T
reMoiuM(bl HACEKOMOTO M3 KHIKOTO COCTOSIHHS B
TBepaoe [6].

OCMOISIIBHOCTD TEMOTUM(BI )KYKOB OTIPEIEIISITH
10 TEMIIEPAType TUIABJIEHUS C TIOMOIIBI0 OCMOMETpa
(“Clifton Nanolitre™), kak onricano B [ 16].

Iemomumdy o6bemom 5—10 HII, MPUTOTOBICHHYIO
OTMCaHHBIM BBIIIIE CTTOCOOOM, HAHOCHIJIM Ha ITOBEPX-
HOCTB TIOP M3MEPUTENHHBIX 4eeK, KOTOPHIE MpeIBapH-
TEIHHO 3arpykali MHHEPAIBHBIM MaclioM MOCpe-
CTBOM CITEITHAIEHO U3TOTOBIIEHHOTO JUTA 3THX IleNei
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long incubation. Afterwards the box with the insects
was carefully removed for 1 hr on an open air at the
temperature of —40...—43°C. The box was placed
overnight into a freezing chamber at —24°C and later
the insects were put into upper chamber of the fridge
and maintained at 0°C for 3 days. Viability of insects
was assessed on their ability to active coordinated
movement.

The samples of hemolymph were derived by means
of pinning the abdomen with thin glass capillary [17].
Herewith hemolymph under the effect of capillary forces
entered into a capillary. To prevent the evaporation and
oxidation of hemolymph the samples were isolated in-
side the capillary by means of mineral oil drops. To
prepare the sample of diluted hemolymph 0.5 ml of na-
tive hemolymph was placed by specially prepared mi-
cro-syringe into a thin capillary containing 4.5 ml NaCl
solution of the certain osmolality.

The supercooling temperature of the insects within
the range of 0...-25°C was measured by means of
thermocouple connected to a recorder. Herewith the
end of thermocouple was tightly pressed to a insect
body. Supercooling temperature was examined on exo-
thermal effect, accompanying the transition of insect's
hemolymph from a liquid state into a solid one [6].

Beetle hemolymph osmolality was found on the tem-
perature of melting with the osmometer (Clifton
Nanolitre) as described in [16].

Hemolymph of 5-10 nl volume prepared as above-
mentioned was layered to the surface of the pores of
measuring wells, preliminarily loaded with mineral oil
by means of specially designed for this aim micro-sy-
ringe. The well was cooled down to the moment of the
sample freezing in it, afterwards it was slowly thawed.
The temperature at which the last smallest crystal dis-
appeared was assumed as melting temperature.

The samples of native and denaturated at 100°C
hemolymph were used in the research. Supercooling
temperature of these samples was examined by capil-
lary method.

Using the above described method there was meas-
ured ice-nucleating activity in winter and spring sam-
ples of beetle hemolymph. To obtain statistically sig-
nificant results in each case 50 measurements were
done.

To examine specific ice-nucleating activity the he-
molymph was stepwise diluted 10 times (factor 10) in
5 pl1 0.9 NaCl solution [18]. Supercooling temperature
of the diluted hemolymph samples as the criterion of
specific ice-nucleating activity was recorded by means
of thermocouple connected to the recording gauge.
Before the measurement the capillary with hemolymph
was centrifuged at 3000 rpm during 2 min to remove
hemocytes. Measuring was done simultaneously for 4
samples.
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MUKpoHIpuna. S4eiiky oxnaxganad 10 MOMEHTa 3a-
Mep3aHus oOpasia B HEH, [ocye Yero ero MeAJICHHO
otorpesanu. Temneparypy, Ipu KOTOpPOH ucue3all rno-
CJIETHUI CaMblil MAJICHBKUM KPUCTAILL, IPUHUMAIIN 32
TEMIIepaTypy IIaBICHHUS.

B pabote ncnonp3oBanu 00pa3isl HATUBHOM U Jie-
HarypupoBanHoit ipu 100°C remonumsr. Temnepa-
Typy NepeoxIaXIeHNs JAaHHBIX 00pa3I0B ONpeeIIsn
KallWJJISIPHBIM METOJIOM.

Ilo omcanHOMY BBIIIE METOAY H3MEPSUTH JIbIOHYK-
JICUPYIONIYI0 aKTUBHOCThH B 3UMHUX M BECEHHHX 00-
pasnax reMoiauMdbl )KyKoB. JIJisl TOTydeHusl cTaTuc-
THYECKH JOCTOBEPHBIX PE3yJbTAaTOB B KAXKAOM CIIy-
yae ObLIO TTpoBeieHo 10 50 u3MEepeHuH.

Junst onpenenenus crenuUUIecKoil JIbIOHYKICH-
pyIolIeil akTHBHOCTH reMouM(y MMO3TalmHO Pa3Bo-
i B 10 pas (dakrop 10) B 5 Mk 0,9%-ro pactBopa
NaCl [18]. Temneparypy mepeoxiaxkaeHusi pa30oas-
JICHHBIX 00Pa3lloB TeMOJIUM(bI KaK KPUTEPUH CIICTIU-
(rYeCcKoi JTbJOHYKIICUPYIOIICH AKTUBHOCTH PETUCTPH-
pPOBAJM C MOMOIIBIO TEPMONAPbI, COCAMHEHHON C
perucTpanuoHHbIM cueTynkoM. [lepen n3mepenuem
Kammuisip ¢ remMoauMpoil neHTpudyrupoBaiy npu
3000 06/MuUH B TeUeHHE 2 MUH JJIs1 yAaJICHUS TEMOIIH-
ToB. I3MepeHue npoBOANIN OJHOBPEMEHHO 1Jis 4-X
00pasIoB.

C nomoIibio yHUBEpCaAIbHOM JAKMYCOBO Oymaru
oTIpeieisIi MpUONM3nTeNbHOE 3HaueHue pH remo-
mumbsl U. ceramboides, xotopoe cocrasisuio 7,0.
[TosTomy onTumym pH A npaoHyKIenpyrouiei ak-
TUBHOCTU reMonnMpbl uccienoanu B 0,1 M Na-goc-
(dharaom Oydepe ¢ pH 6,0-8,0. B pabore Takxke npu-
MEHSUTH KalMJUIIPHBIA METO/ ONIpeiesIeHHS JIbIOHYK-
JIeupyroLeld aKTHBHOCTH.

B kavecTBe KOHTPOIBHOTO 00pa3iia UCTIONB30BAIH
KawuIsip, COAepKalllui 5 MKJI COOTBETCTBYIOLIETO
Oydepa. Temnepatypy nepeoxiakaeHus TaHHOTO 00-
pasia U3MepsUIM TaK JKe, KaKk 1 TeMIepaTypy Mepeox-
JKJCHUST HACEKOMBIX.

OnbITHBIH 00pa3er copepskan 0,5 MK reMoTuM bl
U. ceramboides B 4,5 MKI1 COOTBETCTBYIOIIETO Oyde-
pa. MakcumanbHas JIbI0HYKIEHPYIOIIas aKTUBHOCTb
OTIPEIEIISITH KaK Pa3HOCTh MEXKIY OTIBITHBIM U KOHT-
POJBHBIM 3HAUEHHSIMHA TEMIIEPATYPBI IEePEeoXIax/ie-
HUSL

Konuenrpanuoo Oenka omnmpeaensiy 1o MeTony
Jloypw, kak onucato B [5]. [lepen u3mepenusmu oopas-
bl 3UMHEH 1 BeceHHeH reMonMdbl pazBoamwin (u-
3UO0JIOTUYECKUM pacTBOpoM B 20, ocenne — 10 u set-
Hel — 5 pas.

B pa6ore ncnonb3oBanmu meroq ANOVA co cra-
TUCTHYECKUM IakeToM SAS.

PesyAbTaThl M 00CyxAeHue

U. ceramboides (Coleoptera: Tenebrionidae) —
KpyMHBIE )KYKH Maccoil 1o 373 Mr, oTHOCAIIMECS K
MOPO30TOJIepaHTHEIM BuAaM [2]. 3uma B LlenTpans-
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Using multi-purpose lackmus paper there was found
an approximate pH value of U. ceramboides hemo-
lymph, which made 7.0. Therefore the optimum of pH
for hemolymph ice-nucleating activity was studied in
0.1 M Na-phosphate buffer with pH 6.0-8.0. In the
work there was applied capillary method of examining
the ice-nucleating activity.

Capillary with 5 pl of corresponding buffer served
as the control sample. The supercooling temperature
of this sample was found in the same way as the su-
percooling temperature of the insects.

The experimental sample contained 0,5 Ul hemo-
lymph of U. ceramboides in 4.5 Pl of corresponding
buffer. The maximum ice-nucleating activity was the
difference between the experimental value of super-
cooling temperature and the the control one.

Protein concentration was found by Lowry method
as described in [5]. Prior to measurements the sam-
ples of winter and spring hemolymph were diluted with
physiological solution 20 times, 10 times for autumn,
and 5 times for summer one.

In the research the ANOVA method with statisti-
cal software SAS was used.

Results and discussion

U. ceramboides (Coleopetra: Tenebrionidae) are
large beetles of 373 mg mass referred to frost-tolerant
species [2]. The winter in Central Yakutia is charac-
terized by extremely low temperature. Snowline is usu-
ally thin so the beetles in such conditions are less pro-
tected from extremely low temperatures [10] which
during a recent decade have been registered within
the temperature range —45...—49°C (rarely down to
—55°C) during two and more weeks.

According to the Miller's data U. ceramboides in-
habitant in Alaska is highly cold resistant species due
to its producing of two cryoprotectants: sorbitol and
threitol [9]. This species is frost-tolerant with an aver-
age supercooling temperature of —6°C during the whole
year and as the author notes there were not revealed
any seasonal changes of cooling temperature in spite
of occurring changes in hemolymph. The beetles sho-
wed the sensitivity to cooling rate and survived at
—60°C, the lowest temperature that may be obtained
in laboratory [9].

In these investigations U. ceramboides beetles were
resistant to 3-hour exposure at —83°C and then were
successfully reactivated during 3 days. Thus lethal tem-
perature for Yakutian population of U. ceramboides
is the one below —83°C.

As it was mentioned one of the principles of insect
freezing tolerance is the production of endogenous ice
nucleators. According to the Lundheim's classification
there are distinguished 2 types of ice nucleators, adap-
tive and random [8].

It has been established that adaptive ice nucleators
produced by frost-tolerant insects are of protein natu-
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HOW SIKyTHH XapaKTepu3yeTcsi O4eHb HI3KOH TeMmepa-
Typoi. CHEKHBIN TOKPOB OOBIYHO TOHKHH, HOITOMY
JKYKH B TAKHX YCJIOBHSX MEHEE 3allUIICHBI OT 3KCTPE-
MaJbHO HU3KHUX TeMmeparyp [10], koTopsie B mocinesn-
Hee JIECATUJIETHE PETUCTPUPYIOTCA B obmacT —45...
—49°C (B peaxux ciryyasx 10 —50...—55°C) B reuenue
IBYX U Oojiee Helemlb.

B coorsercTBui ¢ nanasivu L.K. Miller U. ceram-
boides, oburtaromuii Ha AJSCKe, SIBISETCS BBICOKO-
XOJIOIOYCTOWYUBEIM BUJIOM OJiaromapsi mMpoyIHpo-
BaHUIO MM JIBYX KPUOTIPOTEKTOPOB: COPOUTONIA U Tpe-
urona [9]. JlaHHBIN BUA SBIIETCS MOPO30TOJIEPAHT-
HBIM CO CpEIIHEeH TeMIIepaTypou MepeoXIaxJICHUs B
TeueHue Bcero roga —6°C u, Kak OTMeUYaeT aBTop,
He OBUTO BBISBIICHO KAKMX-JIHOO CE30HHBIX M3MEHEHHH
TEMITepaTypbl HepeOXIIaXKACHHS, HECMOTPSI Ha IPOHC-
XOJIAIIHe U3MEeHeHMs B TeMonuMde. JKyKu nmposBIsm
YYBCTBHUTEIBHOCTH K CKOPOCTH OXJIAXKICHHS I BBIXKH-
Baym nipu Temrieparype —60°C — camoit HU3KoH Temrre-
patype, KOTOpYIO MOKHO ITOJTy4UTh B Taboparopuu [9].

B nannbx uccrnenopanusax xyku U. ceramboides
ObUTH yCTOHYMBHI K 3-4acoBoii sxcro3uuuu npu —83°C
Y 3aTeM MPOXOMIIH YCIICIIHYIO PEaKTUBALIUIO B TeUe-
Hue 3-x cyTok. Takum 00pa3oMm, JIETAIbHOM JIJIS SIKYT-
ckoit momrynsiiuu U. ceramboides sBnsieTcs TeMnepa-
Typa HIxe —83°C.

Kaxk Ob110 OTMEYEHO BHBIIIE, OAHUM U3 IIPUHITAIIOB
CTpaTerul MOPO30TOJIEPAHTHOCTH HACEKOMBIX SIB-
JISITCS IPOAYKINS SHIOTEHHBIX JIbIOHYKIEHPYFOIINX
areHToB. B cooTBeTcTBUM ¢ Knaccudukanueii R. Lund-
heim, pa3nu4aroT JBa THIIA JIbOHYKJICATOPOB: ajar-
THBHBIC U CIy4yaiHbIe [§].

YcTaHOBIIEHO, YTO aJJAITUBHBIC JIbOHYKIICATOPHI,
MPOAYLIUPYEMbIE MOPO30TOJIEPAHTHBIMA HACEKOMBI-
MU, UMEIOT OeNKOBYIO Mpupoay. OHU HOSBISIOTCS B
remoiuMde B TIEpHOJ] IOATOTOBKH HACCKOMBIX K JTHa-
nayse. [Ipenmonararot, 4To JIETOM JIbJIOHYKICHPYIO-
e O6eKu 100 ucde3aroT, JIU00 “MacKUpYyIOTCs” B
MeMOpaHHBIX CTpYKTypax [15]. CiyuaiiHble JIbJOHYK-
JIeaTopbl HHUIMUPYIOT CIIOHTAHHOE JIbI000pa30BaHue
Y He 3alUINAI0T OT XOJIOJOBOTO MOBPEXKICHNUS HACEKO-
MBIX, 0OUTAIONINX B IKCTPEMATBHO XOJIOIHBIX PETHO-
Hax.

B Hacrosiiee BpeMs KpUTepHEeM aKTHBHOCTU HYK-
JIEATOPOB SIBIISIETCS TEMIIeparypa, IpH KOTOPOil mpo-
HCXOIUT KPUCTAIUTH3AIIHS )KUIKOCTH, €€ TPUHATO Ha-
3BIBATh TEMIIEPATYPON MEPEOXIAKICHHUS CUCTEMBI.
Kaxk 65110 oka3zano K.E. Zachariassen, moBeliiieHue
KOHIICHTPAIlMd OCMOTHYECKH aKTUBHBEIX PacTBOPOB
MTOHMKAET TEMITEPATy Py, IPX KOTOPOi OHMoIornyeckue
JIBIOHYKJIEaTOPBI BBI3BIBAIOT 3aMEP3aHUE B CUCTEME.
Koadduiuent nenpeccuu akTHBHOCTH OOBIYHO MTPH-
MEpPHO SKBHBaJICHTEH KOJUIMTaTHBHOM IENPECCHU TEM-
MepaTypsl TUTABJICHUS, BETMYUHA KOTOPOI COCTaBIISET
1,86°C/Ocmonn. 3BecTHO, YTO HAKOIIIICHHE TIOIHOIOB
OKa3bIBaeT YMEPEHHOE BIMSIHUE Ha JIbJOHYKIEHPYFO-
uryto aktuBHOCTS [ 13]. [loaTomy Ha Temnepatypy nepe-
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re. They appear in hemolymph when insects are pre-
paring to diapause. It is suggested, that in summer the
ice nucleation proteins either disappear or are "masked"
in membrane structures [15]. Random ice nucleators
initiate a spontaneous ice formation and do not protect
from a cold damage the insects inhabitant in extremely
cold regions.

Nowadays the criterion of nucleator activity is the
temperature at which crystallization of liquids occurs,
it is called as the system supercooling temperature.
As Zachariassen showed, the rise in concentration of
os-motically active solutions lowered the temperature
at which biological ice nucleators caused the freezing
in a system. Coefficient of active depression is usually
approximately equal to colligative depression of melt-
ing temperature, the value of which makes 1.86°C/Osmol.
It is known, that accumulation of polyols moderately
affects the ice nucleation activity [13]. So polyols will
affect the supercooling point and in this sense it is not
an exact measure of nucleating activity in a whole.

It has been shown that supercooling temperature
of U. ceramboides is exposed to seasonal fluctuations
[2]. Statistically significant data confirm that in winter
the ice-nucleating activity of beetle hemolympbh is sig-
nificantly lower than in spring (p <0.001). Fig. 1 shows
the distribution of nucleating temperatures during dilu-
tion of 0.5 pl hemolymph in 4.5 pl 0of 0.9% NaCl solu-
tion. The most ice nucleators with activity at —8.5°C
are present in spring samples. Significant number of
ice nucleators with supercooling point of —10.5°C was
noted in hemolymph of winter beetles U. ceramboides.

In winter period the hemolymph osmolality is higher
(Table). Polyols probably stipulate the depression of
insect supercooling temperature, so during this period
the hemolymph is characterized by a moderate nucle-
ating activity. Generally, there is an obvious correlation
between supercooling temperature and value of hemo-
lymph osmolality, varying depending on the season of
a year (Fig. 2).

Ice-nucleating activity is the function of quantita-
tive content of ice-nucleating agents. The samples, con-
taining the same number of ice nucleators, have the
same supercooling temperature [19]. The present in-
vestigation shows that an ice-nucleating activity is as-
sociated with certain protein fraction. If hemolymph
fraction will be boiled or treated by protease, the su-
percooling point lowers from —8 to —11°C testifying to
the loss of ice-nucleating activity.

As there is no method for studying the single mo-
lecules of ice-nucleating proteins, the information about
its amount in hemolymph was obtained during assess-
ment of total protein content, that is only an indirect
indication of quantitative content of these compounds.
Nevertheless, this information allows the obtaining of
initial notion about the dependence between protein con-
centration in hemolymph and supercooling tempera-
ture.
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OXJIaKACHHS OYIyT BIUSTD MOJIUOIIBI M B 3TOM CMBICIIE
TEMIIepaTypa NepeoxIaxICHHs SBISETCS HE COBCEM
TOYHON MEPOU HYKJIEHUPYIOLIEH aKTUBHOCTH B LIEJIOM.

[Tokaszano, 4yTo TeMHeparypa HepeoXJIa I CHHSI
U. ceramboides noasepxeHa CE30HHBIM KOJIEOaHUSIM
[2]. Ha cratucTuyecku JOCTOBEPHOM MaTepHalie Mmoj-
TBEPIKJICHO, YTO B 3UMHHI TIEPHOJ JIbIOHYKICHPYIO-
masi aKTHBHOCTh FeMOIMMQBI KyKa JICHCTBHTEIBHO
Huxe, yeM BecHoH (p < 0,001). Ha puc. 1 nokazaHo
pacupeneneHne HyKJICAUOHHBIX TeMIIepaTyp MpHU
passeaenuu 0,5 MK reMouMQBI B 4,5 MKIT pacTBOpa
0,9% NaCl. BonbIIMHCTBO JHAOHYKIEATOPOB C AKTHB-
HOCTBI0 —8,5°C MpUCYTCTBYET B BECEHHUX 00pa3Lax.
3HaYNUTENIFHOE KOIUYECTBO JIbAOHYKIIEATOPOB C TEM-
neparypoi nepeoxnaxaenus —10,5°C Ob110 00HAPY-
XKEeHO B reMonuM(pe 3UMHUX KykoB U. ceramboides.

B 3umHMI neproa OCMOJSUIBHOCTD TeMOJIUM(BI
Ooutee BricoKast (Tabnuiia). [Tomuonkl, BeposTHO, 00yc-
JIABIUBAIOT HEKOTOPYIO JEMPECCUI0 TEMIIePaTyphI
MePEOXJIKACHHUS HACEKOMOTO, TIOITOMY B 3TOT IIEPUOJT
reMojuMda XapakTepu3yercss YMEpEeHHOH HyKJea-
LMOHHOW aKTUBHOCTHIO. B menom cymectByeT oue-
BUJIHAS KOPPEJSALHUS MEKAY TeMIIEpaTypoil mepeox-
JIK/ICHHS U BEIIMYMHON OCMOJISIIBHOCTH FeMOTTMM(QBI,
KOTOpasi BApbUPYET B 3aBUCHMOCTH OT CE30Ha roia
(puc. 2).

JIbIOHYKIIEUPYIONIast aKTUBHOCTB SIBJISIETCS (PYHK-
[IHel KOJTMYECTBEHHOTO COJICPIKaHUSI JIbIOHYKICUPYIO-
mux areHToB. O0pasLibl, cofepikaline OTMHAKOBOE KO-
JIUYECTBO JIbAOHYKICATOPOB, UMEIOT OJHMHAKOBYIO
Temneparypy nepeoxiaxaeHus [19]. B macrosmem
HCCIICJIOBAaHUY TIOKA3aHO, YTO JIbJIOHYKJICHPYOLIast
aKTHBHOCTb CBSI3aHa C OIIPEICIICHHOM OeTIKOBO (pak-
nueit. Eciin o0pasen reMonuMQbl IPOKUTISTUTD UIIH
00paboTath MpOTea3oi, TO TeMIepaTypa MepeoxXaax-
JIEHUS TTOHMKAeTCs oT —8 10 —11°C, 9To CBUAETEIE-
CTBYET O IIOTEPE JbJAOHYKICHPYIOIIEeH aKTHBHOCTH.

[NockonbKy MeToaMKa paboThl ¢ MHANBUAYAJILHBI-
MU MOJIEKYJIaMH JIbJOHYKJICHUPYIOIIHUX OCIKOB He

W3meHeHne GpU3HOIOrHuecKux napameTpoB reMonM b

U. ceramboides B Teuenune roma

Changes in U. ceramboides hemolymph physiological

parameters during a year
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Puc. 1. Ce30HHOE M3MEHEHUE B JIbIOHYKIICHPYIOIICH aKTHB-
HOCTH (BBIpaXKEHa KaK TeMIlepaTypa NepeoXJaKICHHS)
remonuMser U. ceramboides: B—Becna; [0 —3numa; pazmu-
YHs MEXY 3MMHHM 1 BECEHHUM MaKCHMyMaMH TeMIlepa-
Typ HMEePEOXJIAKICHNS CTATUCTUUECKH 3Ha4MMBL, p < 0,001.

Fig. 1. Seasonal changes in ice-nucleating activity (expres-
sed as supercooling temperature) in U. ceramboides hemo-
lymph: B - spring; 00 — winter; changes between supercool-
ing temperature maxima are statistically significant, p < 0.001.

As Fig. 3 shows there is a positive correlation be-
tween supercooling temperature and concentration of
protein in the samples of winter and spring hemolymph
(R?>=0.317). Basing on these data a specific ice-nu-
cleating activity was estimated (Fig. 4), herewith the
dependence between specific ice-nucleating activity
and concentration of protein had a significant charac-
ter with correlation coefficient R* = 0.928.

In spring the correlation coefficient is higher than
in winter. In spring a photoperiod "triggers" the proc-
ess of polyol utilization, and on the
background of their concentration
lowering the ice-nucleating activ-
ity rises, probably affecting the de-
gree of evidence of correlative de-

pendence between these param-
Temneparypa Konnenrparus 6eaka, .
Ceson nepeoxamRAHHS,C OcuoasasHoCTs, Curim eters. It was established frqm ex-
Season tSuperc?olmogc Osmolarity,mOsmol Protein COI/lcelntratlon, perlmental data that correlation co-
emperature, mg/m . . . .
efficient of spring beetles is higher
Dmva 105+ 12 550 = 25 17 = 19 than of the winter ones (see Fig. 3, a)
while summer beetles U. ceram-
Becra boides had a negative coefficient
—8,5 =% + ES . .
Spring 8508 31018 106=11 (Fig. 3, b). The content of protein
in summer hemolymph is signifi-
ghero ~77 =02 150 = 14 45+ 2 cantly lower than in other seasons
(Table). Obviously the concentra-
Aﬁfﬁ; —78 £0,15 432 = 10 568 = 15 tion of ice-nucleating proteins is not
significant and major part of ice-
npo6nembl 40 problems
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pa3paboTana, To uHpopMalKs 00 UX KOJIUYESCTBE B
reMmosuM@de OblIa MOJIydyeHa HMPH OLEHKE OO0IIero
coaeprkaHust OeJika, 4To ABJSIETCS TOIMBKO KOCBEHHBIM
yKa3zaHHEM Ha KOJIMYEeCTBEHHOE COAep KaHUE TaHHBIX
coeauHeHnit. Tem He MeHee 3Ta MHQOpMAaLKs TO3BO-
JSIeT TMOJNYYHUTh NEPBOHAYAIBHOE MPEICTABICHUE O
3aBHCUMOCTH MEXIY KOHIEHTpauuei O0eiaka B reMo-
muMde U TEMIIEpaTypoil HepeoxIaKICHHS.

Kak BuiHO Ha pHc. 3, CyIIECTBYET MOJIOKUTENbHAS
KOPPEJISIIIHS MEXTy TEMIIepaTypoi MepeoxJiax IeHHsI
Y KOHIICHTpaIuei Oenka B 00pasiax 3MMHEN 1 BeCeH-
meit remommdst (R2=0,317). Ha ocHOBe 3THX TaHHBIX
Obllla BRIYMCIICHA yIeNbHAs JIbJIOHYKICHPYIOUIas
aKTUBHOCTH (pucC. 4), TPH ITOM 3aBHCHMOCTH MEXIY
yAETbHOHN JIbOHYKIEHPYIOIIel aKTUBHOCTBIO M KOH-
LeHTpanuei Oenka nMesa JOCTOBEPHBIM XapakTep C
kod(puireHToM Koppessun R*=0,928 .

BecHoii koaduirieHT KoppenaLuy BhILIE, YeM 31-
Moii. BecHoii poronepuo “3amyckaer” mporece yTH-
JIM3aLUH TOJTHOJIOB, Ha (JOHE UX MOHMKAIOIIEHCS KOH-
LEHTPAIVH JIbJIOHYKICHPYIOIIast aAKTHBHOCTh PACTET,
YTO, BEPOSTHO, BIUSET HA CTENEHb BHIPAKEHHOCTH
KOPPEISITUBHOM 3aBUCIMOCTH MEXITy STHMH IapameT-
pamu. 13 skcniepiMEeHTaNbHBIX IAHHBIX YCTaHOBJICHO,
910 KO3 PUIMEHT KOPPEISINH Y BECEHHHUX JKYKOB BbI-
IIe, 9eM y 3UMHUX (CM. pucC. 3, a), B TO BpeMs Kak y
NeTHUX XyKOB U. ceramboides oH Obl1 oTpULIaTENh-
Heli (puc. 3, 6). ComeprxaHue Oenka B JETHEH remMo-
muMde 3HAYUTEIBHO HUXKE, YeM B OCTaJIbHBIE CE30HbI
(Tabnura). [To-BumuMoOMYy, KOHIIEHTPALIUS JTbIOHYKIICH-
pyromux O0eIKOB HE3HAYMTENIbHA U CYIIECTBEHHAs
J0JIS JIbAOHYKJIEUPYIOLIel aKTUBHOCTH 00y CIIOBIICHA
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Fig. 2. Supercooling temperature dependence on U. ceram-
boides hemolymph osmolality (each point is an average of
4 simultaneous measurements).

nucleating activity is stipulated by random ice nuclea-
tors. In such an amount the nucleator proteins are not
able to perform a cryoprotective function and as this
investigation showed the insects died if they were fro-
zen, i. e. in summer they were not frost-tolerant. In
addition, a supercooling temperature of summer hemo-
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suma (H) v Becna (O0); 6) eTo (A) 1 ocenn (D).

Fig. 3. Relation between supercooling temperature and protein concentration in U. ceramboides hemolymph: a — winter

(M) and spring (O); b — summer (A) and autumn (A).
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CITy4allHBIMHU JIbJIOHYKJICaTOpaMH. B Takux konniecTt-
Bax OEJKH-HYKJIEaTOphl HE CIIOCOOHBI BBIOJHSTH
KPHOIIPOTEKTOPHYIO (DYHKIMIO U, KaK [TOKA3aJIH AaH-
HbIE HMCCIIEIOBaHMs, HACEKOMbIE TOTHOAIOT, €ClH
3aMep3aloT, T. €. B JICTHUN MEpUOJ OHU HE SBISIOTCS
MOpO30TONepaHTHBIMU. KpoMe Toro, Temmeparypa
MepeoxIaKaAeHus JIeTHEH reMonuM@sl B CpeIHEM
cocraBisieT —7,7°C, mocne ee obpabotku mpu 100°C
TeMIIepaTypa HyKJIealluy OHMKAETCSl BCETO JIUIIb JI0
—8,3°C (mJ1s1 cpaBHEHUS CM. JaHHbBIC, OTHOCSIIMECS K
3umHEeN remonume). [Ipu aToM TemmnepaTypa 1ias-
JICHHS, & 3HAYUT U OCMOJISUTBHOCTh TeMOJTUM(EI, He
H3MEHSIOTCS.

IIpu u3yyennu pH-ontumyMa bIOHYKIEHPYIOLIEH
aKTUBHOCTH in vitro (puc. 5) onpenenena obnacts pH
6,5-7,5, B mpenenax KOTOPOH JbAOHYKIEHUPYIOLIas
aKTUBHOCTBH reMonuMdpsl U. ceramboides makcu-
MalbHa B T€YEHHE Bcero roga. BoaMoxHo, 4To B Te-
yeHue roga B remonuMbe U. ceramboides npucytcr-
BYIOT JIbAOHYKJICATOPBI OIHOTO THUIA, IPH 3TOM HX
coziepKaHre ¥ aKTUBHOCTh 3HAYUTEITLHO U3MEHSIOTCS
B 3aBUCHMOCTH OT ce30Ha (puc. 5). ITH NaHHBIE, I10-
BUJIMIMOMY, YKa3bIBaIOT Ha TO, YTO B JICTHUI TIEPHOJT
JIBIOHYKJICUPYIOIIFE OEJIKH aIalTUBHOT'O THTIA BCE JKe
MPUCYTCTBYIOT B reMoinM(e, OTHAKO M3-3a CIIEAOBBIX
KOJIMYECTB OHU HE BBIMOIHSIIOT KPUOTPOTEKTOPHOM
yHKpIH.

B xoH1e neTa koHIeHTpaLus Oesika B reMonumde
MOBBIIIAETCSI, BMECTE C HEW MOBBILIAETCS U KOHIICHT-
pauus aAanTHBHBIX JIbJOHYKJIEaTOPOB, TaK KaK B 3TOT
MEPHOJ KXYKH CTAHOBSATCS MOPO30TOJEPAHTHBIMH.
BeposiTHo, conepixanue JIbJOHYKICHPYIOLINX OEIKOB
BCe el11e HeOOJIBIIOE, ¥ XOTSI €ro JOCTATOYHO IS pas-
BUTHS MOPO30TOJIEPAHTHOCTH, KOPPEIALIUN MEXKITY UX
KOJIMYECTBEHHBIM COJICP)KAHUEM U JIbJIOHYKIIEPYIOIIEH
aKTHBHOCTHIO HE BBIABIICHO (pHC. 3, 0).

Ha puc. 6, a npezacrasiena cnenuduyeckas Jibao-
HYKJICUPYIOIIAs aKTHBHOCTh 3UMHHUX H OCCHHHX 00pa3-
OB TeMOJIMM(}BI, KOTOpasi BRIpakeHa KaK TeMIiepa-
Typa [epeoxaxkAeHus, BIstomasics GpyHKuuei Jora-
pudma daxropa pazsencHus. Bnepsrie Takoe npen-
CTaBJICHHE CIeUU(PUUECKON aKTUBHOCTH JIbJIOHYK-
nearopa O0but0 npemioxkeHo K.E. Zachariassen [15].
Kak BuzaHO, u3MeHeHHE crneuupuiecKol HyKJIeH-
pyIolLIei aKTUBHOCTH 3UMHET0 00pasia reMoaruM el
SIKyTCKOTO JKyKa B 3aBUCUMOCTH OT Pa3BeJICHHUS HMe-
€T JIOCTATOYHO YMEPEHHBIH XapakTep, CYlIeCTBYeT
067acTh (“KOHIIEHTPAIIMOHHOE TUIaTO”), B TIpemeiax
KOTOPOH aKTHBHOCTb JIbJIOHYKJICTOPOB MIPAKTUYECKH
He u3MeHsieTcs. U3 rpaduka BUIHO, 9YTO CKOPOCTH MO~
HIDKCHUS CIICI(HUYECKOH JIbJOHYKIICHPYIOIIEH aKTHB-
HOCTH OCEHHHUX 00pa31oB remonumdsl U. ceramboi-
des B 3aBUCHMOCTH OT €€ pa3BeACHUS 3HAYUTEIBHO
BBIIIIE, YeM JUIsl 3MMHUX 00pa3IoB reMOIUMQBI (CM.
k03(h(UITUEHT B ypaBHEHNH ). AHAJIOTHYHBIC UCCIIENIO-
BaHMS BECEHHUX 00Pa3LI0B OKAa3aJIH, 4TO pa3daBiicHUE
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JICHUS U YIACNbHOH JbAOHYKJICHPYIOIEH aKTHBHOCTHIO
3umMHel reMomuMdsl U. ceramboides.

Fig. 4. Relation between supercooling temperature and
normalised ice nucleating activity of U. ceramboides winter
hemolymph.

lymph in average is —7.7°C; after its treatment at 100°C
the temperature of nucleation lowers only to —8.3°C
(for comparing see the data referred to winter hemo-
lymph). Furthermore, the melting temperature and con-
sequently the hemolymph osmolality remain the same.

During in vitro investigation of pH optimum of ice-
nucleating activity (Fig. 5) the range of pH was deter-
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Puc. 5. JIpnonykneupymomas aKTHBHOCTb TeMOJIAM QB
U. ceramboides B 3aBucuMocTH OT ce30Ha 1 pH.

Fig. 5. Ice nucleating activity of U. ceramboides hemolymph
depending on the season and pH.
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Puc. 6. Cneunduyeckas JipI0HyKIEHpYIOIIas akTuBHOCTb 0,5 MkJ1 06pa3uos remonumdst U. ceramboides, pa3zoaBieHHOM
roBTopHO (pakTopom 10 B 4,5 mxit 0,9% pacropa NaCl, npeacrasnennas kak GpyHkuus ¢pakTopa pa3daBieHHs: a — OCCHb

(A) u3uma (M); 6 — Becua (O) useto (A).

Fig. 6. Specific ice nucleating activity of 0.5 pll samples of hemolymph, diluted additionally by factor 10 in 4.5 pl of 0,9%
NaCl solution, and expressed as dilution factor function: a — autumn (A) and winter (H); b — spring () and summer (A).

reMoJuM(QbI IPUBOMT K ellie Oosiee 3aMETHOMY ITOHU-
YKEHUIO aKTUBHOCTH BECEHHHX JIbJIOHYKJIEATOPOB TIO
cpaBHeHHIO ¢ 3uMHUMH. Ha prc. 6, 0 BUIHO, 4TO Xapak-
TEp KPUBOU HYKJIEUPYIOLIEW aKTUBHOCTH JIETHEHN reMo-
MBI HE TIOTIMNHSIETCS 001Iel 3aKOHOMEPHOCTH, UTO
yKa3bpIBaeT Ha Mpeodiiajlanne HecrnennupuiecKoro
HYKJIEalIHOHHOTO MeXaHu3Ma. OCHOBHBIM OTIMYUEM
KpHMBOI1 BECEHHEH JIbIOHYKJIEHPYIOIIEN aKTUBHOCTH O
CPAaBHEHHIO C 3UMHEH ABISAETCS OTCYTCTBHE “IIIaTo”
(puc. 6). IlpuunHa 3TOro OTAMYMS MOKA HE YCTaHOB-
nena. Pu3znonornueckue N3MEHeH!s1 B reMonuMQe B
[epHUOJ] MOATOTOBKM HACEKOMBIX K JHamays3e, Io-
BUJIIMOMY, CIIOCOOCTBYIOT (DOPMHPOBAHHIO HYKJICH-
pYIOIIETO MOTEHITMaNa “3uMHero” Tuma (puc. 6, a).
Hecmotpst Ha HabmomaeMble H3MEHEHUsT QU3HUKO-
XUMUYECKUX CBOMCTB BECEHHEHN U OCEHHEMN I'eMOJIUM-
o1 U. ceramboides 110 cpaBHEHUTIO ¢ 3UMHEHN, JKYKH
ABJISAIOTCS MOPO30TOJIEPAHTHBIMHU B 3TOT MEPHOLI.
TonbKO J1IETOM OHM CTAHOBSITCSI MOPO304YBCTBUTEIb-
HBIMH.

BbiBOABI

[IpoBeneHHbIE HCCENOBAaHUS BIEPBBIC BBISIBUIN
HaJM4Y1e SHIAOTCHHBIX OSIIKOBBIX JIbIOHYKIEATOPOB Y
MIpencTaBuUTeNs cemeiicTBa Tenebrionidae n onpene-
JIUITK XapaKTep CE30HHBIX M3MEHEHUH (PU3NUKO-XHMU-
YECKUX CBOMCTB ero reMonnMQsl. Byay4au mopo3oro-
JIepaHTHBIM BUIOM, U. ceramboides mpomynupyet
BBICOKOA((EKTHBHBIC JIBJIOHYKJICATOPhI, KOTOPhIC B
ONTUMAJIFHONW KOHIEHTPAIMH aKKyMYJIHPYIOTCS B Te-
MosuMQe B 3MMHUI IEPUOJ B 00ECIIEUNBAIOT KOHTPO-
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mined 6.5-7.5 within which ice nucleating activity of
U. ceramboides hemolymph is maximal during a whole
year. It is possible that during the whole year the
hemolymph of U. ceramboides contains ice nucleators
of the same type, thereat their content and activity sig-
nificantly vary depending on the season (Fig. 5). These
data probably point to the fact that in summer period
the ice nucleating proteins of adaptive type are still
present in hemolymph, but because of their trace amount
they do not perform the cryoprotective function.

In the end of summer the concentration of protein
in hemolymph as well as the concentration of adaptive
ice nucleators rises and in this period the beetles be-
come frost-tolerant. Probably the content of ice-nu-
cleating activity is still not large and although it is suffi-
cient for the development of freezing-tolerance, cor-
relation between their quantitative content and ice-nu-
cleating activity was not revealed (Fig. 3, b).

Fig. 6, a presents a specific ice-nucleating activity
of winter and autumn samples of hemolymph which is
expressed as supercooling temperature vs. the loga-
rithm of dilution factor. For the first time such a pres-
entation of ice nucleator specific activity data was sug-
gested by Zachariassen [15]. As is seen, the changes
in specific nucleating activity in winter sample of
Yakutian beetle's hemolymph depending on the dilu-
tion has rather a mild character, there is the area ("con-
centration plateau") within which the ice nucleator ac-
tivity practically does not vary. The diagram shows that
rate of specific ice-nucleating activity lowering in au-
tumn hemolymph samples of U. ceramboides depend-
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JIUPyeMOoe JIbI000pa30BaHUE C BHICOKOW BEPOSITHOC-
TBIO. Hapsimy ¢ CHHTE30M TakKuX KPHUOMPOTEKTOPOB,
KaK COPOUTOI ¥ TPEUTOIT, JTbIOHYKIICUPYIOIIIUE areHTHI,
MO-BUJUMOMY, 00yCIIaBIUBAOT TOJEPAHTHOCTH
U. ceramboides x HU3KUM TeMIIEpaTypaM BILIOTh J0
—83°C. O4eBHUIHO, YTO TaKasi BRICOKAS X000y CTOM-
YUBOCTH AKyTCKOW momynsiuuu U. ceramboides siB-
JII€TCS PE3yNETaTOM 3BOJIOIMOHHON aJanTaiuu K
CYpPOBBIM KJIMMATHIECKAM YCIIOBHSIM 3TOTO PETHOHA,
KOTOPBIE IPEABSBIISIOT BHICOKHE TPEOOBAHUSA K XOJIO-
J03JaNTUBHBIM CTPATErHsIM, PA3BUBAIOIIMMCS B Ha-
MpaBJICHUH UX 00JIee BEICOKOH CIICIMATH3aIIH.

Hccnedosanus noodepacanvt epanmom PODOU “Apk-
muka”, npoexm 06-04-96048
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ing on its dilution is significantly higher than for winter
hemolymph samples (see the coefficient in equation).
The same investigations of spring samples showed that
dilution of hemolymph led to the more significant ac-
tivity decrease of spring nucleators unlike the winter
ones. Fig. 6, b shows that the character of the curve of
summer hemolymph nucleating activity does not fol-
low the general regularity that denotes the predomi-
nance of non-specific nucleation mechanism. The main
difference of the curve of spring ice-nucleating activ-
ity comparing to the winter one is the absence of "pla-
teau" (Fig. 6). The reason of this difference has not
been established yet. Physiological changes in hemo-
lymph during the period of preparation to diapauses,
probably contribute to the formation of nucleating po-
tential of "winter" type (Fig. 6, a). In spite of observed
changes of physical and chemical properties of U. ce-
ramboides spring and autumn hemolymph in contrast
to the winter one the beetles are freezing-tolerant in
this period. Only in summer they become freezing-sen-
sitive.

Conclusions

The carried-out investigations firstly revealed the
presence of endogenous protein ice nucleators in the
representative of Tenebrionadae tfamily and deter-
mined the character of seasonal changes in its hemo-
lymph physico-chemical properties. Being a frost-tol-
erant species, the U. ceramboides produces highly ef-
fective ice nucleators which are accumulated in opti-
mal concentration in hemolymph during winter and pro-
vide controlled ice nucleation with a high probability.
Along with the synthesis of such cryoprotectants as
sorbitol and threitol, ice nucleators obviously stipulate
the tolerance of U. ceramboides to the low tempera-
tures down to —83°C. Evidently, such a high freezing
tolerance of Yakutian population of U. ceramboides
is the result of evolutional adaptation to severe climatic
conditions of this region, that make the high demands
to the strategies of cold adaptation, becoming more
specialized.

The investigations are supported by grant of Russian
Foundation of Fundamental Investigations, “Arctics”
project 06-04-96048.
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