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Jkoun3anorornyeckme 0COOGEHHOCTU XOAOAOBOW aAanTaummn xykos Upis
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Ecophysiological Peculiarities of Cold Adaptation of Upis ceramboides
Beetles Habitant in Central Yakutia

JanHble 0 Temneparype 3aMmep3aHus xyka Upis ceramboides, a Takke 0 HaJIM4YMM B €ro reMoiuMde HyKIeaTopoB Jibaa
CBHJICTEILCTBYIOT O MOPO30TOJICPAHTHOCTH ITOTO BHJIa HACEKOMBIX. Pe3ynbTaThl HCCIISOBAaHUM MOKa3ald BBICOKYIO aKTHBHOCTh
HYKJICaTOPOB JIbJIa, KOTOPbIE COCOOHBI MHULIMHPOBATh JIbA000pa3oBanue npu temneparype —7°C. s uccinenyeMblX HaCeKOMBIX
XapakTepHa 00JIbIIIast BOJOCOXPAHSIOIIAs CIIOCOOHOCTB JISTOM [0 CPAaBHEHUIO C 3SMMHUM IIEPUOJIOM, BCIISCTBUE CHI)KEHHUS CKOPOCTH
JbIxaHus. Bo3aMoxHO, 3T0 00yCIIOBIICHO SKOJIOTHYECKUMH 0COOCHHOCTSIMHU 00UTaHusI HaceKoMbIX. UyBcTBUTENBHOCTE U. ceramboides
K CKOPOCTH OXJIaXICHHUS U 3aBUCHMOCTH 3TOTO IMapaMeTpa OT TEMIIEPATyPhl CPEbl CBUACTEIBCTBYIOT 00 0COOCHHOCTIX MEXaHHU3Ma
MOPO30TOJIEPAHTHOCTH, TPEOYIOIUX 00JIee NeTaTbHOTO U3y YeHHS.

Knroueesvie cnoga: xonoq0ycToiuuBbIe HACEKOMBIC, MOPO30TONIEPAHTHOCTh, TOUKA MEPEOXJIAXACHHS, HyKJIeaToOphl Jbla,
OCMOJISUTBHOCTb, TeMonuMa.

Jani oo Temneparypu 3amep3anssi )xyka Upis ceramboides, a Takox HasBHOCTI B Horo remoitimMdi HyKJieaTopiB JIbOJY CBiT4aTh
PO MOPO30TOJIEPAHTHICTh LIOTO BUIY KOMax. Pe3ysbTaT 1OCHiKEeHb TOBEIN BUCOKY aKTHBHICTh HYKJIEATOPIB JbOMY, SIKi 37aTHI
iHiLifoBaTH JIbon0yTBOpeHHs pH — 7°C. JlociipKyBaHi KOMaxH MaloTh O1JIbIIy 31aTHICTh 30epiraTé BOy BIIITKY, Hi’K B3UMKY, BHACITIIOK
3HIKEHHsI IIBUIKOCTI AuXaHHs. [IpumyckaeTbes, o e 00yMOBJICHO €KOJOTiYHHMH yMOBAaMHU HPOXHMBaHHS KoMax.UyTnuBicTh
U. ceramboides no mBUIKOCTI OXOJIOKEHHS Ta 3aJIEKHICTh OO apaMeTpa BiJ] TEMIIEpaTypH CepeIOBHIIA CBIT4aTh PO OCOOIUBOCTI
MEXaHi3My MOPO30TOJICPAHTHOCTI, SIKi MOTPeOyIOTh GBI AETaTLHOTO BUBYCHHS.

Kniouosi cnosa: xonomoctiiiki KOMaxu, MOPO30TOJICPAHTHICTh, TOUKA MEPEOXOIOKEHHS, HYKJICaTOPH JIbOY, OCMOJISUIBHICTS,
reMoiimda.

The data on freezing temperature for Upis ceramboides beetle as well as presence in its hemolymph of ice nucleators testify to a
cold-tolerance of this insect species. Research results have shown a high activity of ice nucleators, capable of initiating ice formation
even at —7°C. For the insects under study a high water-keeping ability in summer if compared with winter period is characteristic, pre-
conditioned with a respiration rate reduction. It is likely stipulated with ecological peculiarities of their habitat. U. ceramboides
sensitivity to cooling rate and dependence of this parameter on environmental temperature testify to the peculiarities of a cold-

resistance mechanism, requiring a detailed study.

Key-words: cold resistance, freeze tolerance, over-cooling point, ice nucleators, osmolality, hemolymph.

Hacexomele, oOuTaromiye B pernoHax ¢ X0JIOJHBIM
KJIUMAaTOM, JOJKHBI OBITh MOPO30TOJIEPAHTHBIMHU
6o uzberatomumu 3amep3anus [4, 9, 13].

Y MOpO30TONIEpaHTHBIX HACEKOMBIX B TeMouMde
MPHUCYTCTBYIOT HYKJICATOPHI JIbJA, YTO 00ECIIeunBaeT
KOHTPOJIHPYEMOE JIbI000pa3oBaHuE 0€3 IeCTPYKTUB-
HBIX MIPOLIECCOB B KieTkax. [lokasano, 410 Mopo30-
ToJIepaHTHBIE HacekoMmble B Kanane n Ha Ausicke
BCTPEUAIOTCS 3HAYHUTENBHO 4Yaile, yeM B CKaHIu-
HaBHH, JUISI KOTOPOHW XapakTepeH OoJiee TEIIbIN
knumar [4, 18].

B cootBerctBun ¢ kiaccudukanueii Lundheim
pa3IUYalOT aJanTHBHBIC U CIy4ailHble HYKJIEaTOPBI
npaa [6]: BemlecTBa, HHUIMHUPYIOIIHUE JIbI000pa30-
BaHHE B OpPraHu3Me, 00ECIEeYMBAIOT peajbHOE
MIPEUMYIIECTBO B MPEOIOJICHUH CYPOBBIX KIMMATH-
YECKUX YCJIOBUH M BBIMOJHSIOT aJIalTHBHYIO (QyHK-
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Insects whose habitat is cold climate regions should
be either cold-tolerant or avoiding freezing [4, 9, 13].

In cold-tolerant insects hemolymph there are ice
nucleators providing the controlled ice formation with
no destructive processes in cells. It has been shown
that cold-tolerant insects in Canada and Alaska are
found more frequently than in Scandinavia where
warmer climate is characteristic [4, 18].

According to Lundheim’s classification adaptive
and incidental ice nucleators are distinguished [6]:
substances initiating ice formation in an organism
provide a distinct advantage in preventing severe
climate conditions and accomplish adaptive functions;
if the function of nucleators is not related to cold-
resistant mechanism, they are incidental and likely
participating in other physiological processes of an
organism.
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uuio. Ecm yHKIUS HyKJIeaTOpOB HE CBs3aHA C
XOJIOIOYCTOMYHMBBIM MEXaHU3MOM, OHU SIBISIOTCS
CIy4YalHBIMH U, BEPOSITHO, YYacCTBYIOT B APYTHX
(PU3NOTOTHUECKUX MPOILIECCaxX OpPraHu3Ma.

Hanuune ananTuBHBIX HYKJIEATOPOB JIbJa B TEMO-
nuMde X0JT0I0yCTOHYMBBIX HACEKOMBIX BIIEPBBIE
ycranoBunu Zachariassen 1 Hammel [17]. Briio no-
Ka3aHo, YTO HyKJIEaTOPhI — 3TO COCIUHEHUI OSIIKOBOM
MPUPObI, HHUIIMHUPYIOIINE 3aMep3aHrue BHEKJIe-
TOYHOM XKUIKOCTH HACEKOMBIX IPH OTHOCHTEIHHO
BBICOKHMX IJIsI TaHHOTO TpoIlecca TeMIeparypax
(=7 +-12°C).

AnanTUBHBIE HYKJIEAaTOPHI JbJa, HaXOISICh B
reMonuMde, HHUIUUPYIOT 00pa3oBaHUe KPUCTAIIIOB
JIb/1a, YTO BBI3BIBAET OTTOK >KUAKOCTH U3 KJIETOK BO
BHEKJIETOUHYIO cpeny. Ilpn 3ToM BHyTpHKIIETOUHOE
COEPKUMOE KOHLEHTPUPYETCs, a TeMIeparypa
MIEPEOXTAXKACHUSA TOHMKAETCS. Y HEKOTOPBIX HACEKO-
MBIX JAETHIpaTalys KJIETOK COMPOBOXKAAETCS CHHTE-
30M TJIMLEPOJIa, YTO HOMOJIHUTENHHO MOHUKAET
TeMIEepaTypy MepPeoxXIaKACHH U B [IEJIOM IOBBIIIAET
XOJIOIOYCTOWYIMBOCTD. TakuM 00pa3oM, HyKJI€aTOPHI
NbJla BBICTYNAIOT B KAY€CTBE BHYTPUKIETOUYHBIX
anTu(pu3oB [4].

J1s HyKiieaTopoB JibAa XapaKTepHa JIbI0HYKIIEH-
pyroIas akTUBHOCTBD (TeMIlepaTypa HyKJICAI|H JIba),
3aBUCSIIAsA OT KOHIIEHTPALUH PaCTBOPEHHBIX BEIIECTB
B CpeJie, B KOTOPOM MPOMUCXOIUT NPOLeCC HyKIJIealluu
[11-14]. OTn XapakTepUCTUKH BaXKHbI AJI51 HOHUMaHHSA
MeXaHHU3Ma MOPO30TOJIEPAHTHOCTHU U OLIEHKH XOJIOHO-
ycToituuBoro 3¢dexra y MOpo30TOIepaHTHBIX Hace-
KOMBIX.

CornacHo naHHeIM [7, 18] MOpO30TOIEpaHTHEIE
HaCceKOMEIE 00J1aatoT MeHee dPPEKTUBHBIM BOIOCOX-
PaHSAIOIMM MEXaHW3MOM, YeM BH[bI, H30eraromune
3aMep3aHus, YTO CBSA3aHO C PUZNIECKUM COCTOSTHIEM
nx remonuMmdsl B 3uMHee Bpema. Cyxoil kimmar
SKyTHH MOXKET BIMATH Ha BOAHBIN OajaHc MOpPO30-
TOJIEPAHTHBIX HACEKOMBIX.

Lenb paboTbl — U3YUYHUTh CTPATETUIO XOJIOJOBOM
aJlanTally U CBA3aHHOE C HEH COCTOSHHE BOAHOTO
Oananca xxykoB Upis ceramboides, obutaomux B
HenTpaneHoii SxyTun.

Martepnaabl 1 meToAbl

Kyxu U. ceramboides OTHOCATCS K CEMEHCTBY
Tenebrionidae (Coleoptera). Hacekomple 3UMYIOT O]
KOpO#t morudImx nepepbeB (Oepesa, cocHa), MHOTIA
BBIIIIE YPOBHS CHEXKHOTO IOKPOBA M B 3UMHEE BpEMsI
MOJIBEPTAIOTCS] BO3JICHCTBUIO SKCTPEMAILHO HU3KUX
temmeparyp (—45+-55°C).

Hacexombix (MMaro) coOupaiii B OKPeCTHOCTSIX
r. flkyrcka B centsiope 2003 T. ¥ BBACPKUBAIH B
TEUEHHE 3UMBI B YCJIOBUIX, NPUOIUKECHHBIX K
OPUPOAHBIM. [l SKCIEpUMEHTOB OTOMPANIU TOIBKO
KHUBBIC 3K3EMILISIPHIL.
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The presence of adaptive ice nucleators in
hemolymph of cold-resistant insects was established
for the first time by Zachariassen and Hammel [17].
The ice nucleators have been shown as the compounds
of protein origin, initiating freezing of extracellular
liquid of insects under relative high temperatures for
this process (—7+-12°C).

Adaptive ice nucleators being in hemolymph
initiate the formation of ice crystals that causes liquid
out-flux from cells into extracellular medium.
Herewith intracellular content is concentrated and
overcooling temperature reduces. In some insects cell
dehydration is accompanied by glycerol synthesis that
in addition decreases overcooling temperature and in
awhole increases cold-resistance. Thus ice nucleators
act as intracellular antifreezes [4].

For ice nucleators ice-nucleating activity is
characteristic (ice nucleation temperature), depending
on concentration of dissolved substances in the
medium where the nucleation occurs [11-14]. The
parameters are important for understanding the
mechanism of cold-tolerance and assessment of cold
resistance in cold-hardy insects.

According to the data [7, 18] cold-tolerant insects
have less effective water-preserving mechanism in
comparison with the species avoiding freezing that is
related to physical state of their hemolymph in winter
period. Dry climate of Yakutiya in its turn may affect
water balance of cold-tolerant insects.

The research aim was to study the strategy of cold
adaptation and associated with it state of water balance
of Upis ceramboides beetles habitant in Central
Yakutia.

Materials and methods

U. ceramboides beetles are referred to the
Tenebrionidae (Coleoptera) family. The insects
overwinter under the rind of dead trees (birch tree,
pine) sometimes higher than snow mantle and in winter
period are subjected the effect of extreme low
temperatures (—45+-55°C).

Insects (imago) were gathered in the vicinity of
the city of Yakutsk in September 2004 and were kept
within the winter under conditions close to natural
ones. For the experiments only living individuals were
chosen.

Overcooling temperature for the insects was
measured with a traditional method [5]. In this case
freezing temperature was recorded with sensitive
thermocouple adjusted to ventral side of the insects
and fixed with scotch tape and then connected to a
recorder. The insects were cooled in a fridge with the
rate approximately 1°C/min up to spontaneous
freezing. Overcooling temperature was recorded at the
moment of the liberation of heat, released during the
transition of body’s liquid into a solid state.
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Temnepatypy nepeoxiakJeHHss HAaCEKOMBIX
H3MEPSUTH B COOTBETCTBUH C OOIETIPHHSATEIM METOJIOM
[5]. ITpn 5TOM TeMIepaTypy 3aMep3aHus PErUCTPUPO-
BaJIM C IOMOIIBIO YYBCTBUTEIBHOM TEPMOIIAPHI, KOTO-
PYIO MIPUKPEIUISIIN K BEHTPaJIbHOM CTOPOHE HACEKO-
MBIX, PUKCHUPOBAJIH C TIOMOLIBIO CKOTYA U COCTHHSIN
C perucTpupyrouum camonucueMm. Hacexombix
OXJIAXK/IAJIH B XOJOIMIIBHUKE CO CKOPOCTBIO IPUMEPHO
1°C/mMuH 10 CIOHTAHHOTO 3aMep3aHus. Temneparypy
MEPEOXITAKICHNS PETUCTPUPOBAIIN B MOMEHT BbIJIEIIE-
HUSI TeT1a, 0CBOOOXKIAEMOTO TIPH ITEPEX0/Ie YKUAKOCTH
TeJa HaCEKOMOTO B TBEPAOE COCTOSTHHE.

HacekoMbIX OTHOCWIIM K MOPO30TOJIEPAHTHBIM,
€CJIM [IOCJIE 3aMEP3aHusl U MOCIEeYIOEr0 0TOIpeBa
OHH COXPaHSJIN CIIOCOOHOCTH K KOOPANHUPOBAHHOMY
JBIDKEHHUIO M JBIXaHUIO.

O6pa3ubl reMOTUM(BI TOTYYaIH ITyTeM IPOKaJIbl-
BaHusa umaro U. ceramboides B obnactu Opromka
TOHKHM CTEKJISHHBIM KanujisipoM. YtoOsl mpen-
OTBPATUTh HCIApEHHE M OKHUCIECHHE TeMOIUMHI,
00pa3nsl U30JUPOBANHM BHYTPU KaluWiusipa ¢ To-
MOIIBIO Karenb MUHEepalsHOro Macna. s ompene-
JICHHUST OCMOJISUTBHOCTH TeMoinMQy (5 Hir) oTOupanu
U3 Kanwuisipa CIelaibHO U3TOTOBICHHBIM MUKPO-
HITPHUIIOM.

OcMOITSUTBEHOCT TeMOTHM (bl HACEKOMBIX OTIpe/ie-
JSUIM TI0 3HAYEHHUIO TeMIepaTypbl IJIABIECHHUS C
nomo1nkto ocmometpa (Otago, Hosast 3emanaus) [12].
I'emonumdy HaHOCKIIM HA TOBEPXHOCTH [TOP U3MEPH-
TEJIbHOW SYEHKH, KOTOpPBIE MpeaBapUTENbHO 3arod-
HSUTM MUHEPAJIbHBIM MaciioM. S4eiiKy oXJIaxaanu 10
3aMep3aHus oOpasla, 3aTeM ero MEAJICHHO OTorpe-
Banu. Temmneparypoil NiaaBieHUS CUUTAIH TEMIIe-
parypy, Ipu KOTOPOI Jie/l MOTHOCTBIO HcUe3all.

Hdns ompeneneHus rucrepe3nca pacTasiBIIHIA
o0pa3zer] BHOBb 3aMOpa)KWBaJH, 3aT€M MEIJICHHO
OTOTPEBAIIM U BBIJICP)KUBANIY | MHH IIPU TEMIIEpaType
HUWKE TeMIIepaTyphl TUTABJICHUS, IPH 3TOM B 00pasie
OCTaBaJOCh HECKOJbKO KpucTasuioB. Ilocie storo
oOpazerl ¢ reMoauM(Oil BHOBb MEIUIEHHO OXJIaX1aJIH
co cpenneit ckopoctbio 0,1°C 1o Tex mop, moka He
HaYMHAJICS OBICTPBIA POCT KPUCTAILIOB. TeMmeparypy,
[IPY KOTOPOI HAYMHAETCS POCT KPUCTAILIOB, IPUHSIH
3a TUCTEPE3UCHYIO TEMIIepaTypy 3amep3anus [12].

Jiist mpoBenieHns TecTa Ha HANW4YKUe HYKJICaTOpOB
np1a obpaszer reMouMQbl HEHTPUPYTHPOBAIN TIPU
3000 g B TeueHne 5 MUH TSI yAAJICHUS TEMOITUTOB,
BIMSAIONINX Ha JIbJIOHYKICUPYIONIYI0 aKTUBHOCTD
FeMOTMMBI.

[IpucyTcTBUE HYKIEaTOPOB JlibJa B reMoJIuMde
BBISIBIISUTH C TIOMOTIBIO MeToza [ 15]. Kaxkmbrit o6pazert
TFOTOBUJIM B TOHKHMX CTEKJSHHBIX Kalujsipax Mo
npuHuuny “csuasuua’: pactBop NaCl (5 mkin)
HaxXOAMJICA MEXIY CJIOSMHU MHHEPaJbHOTO Macia,
remonumy (5 Hi) BBoaunu B pactsop NaCl ¢ momo-
LIbI0 MUKPOIINPHIIA.
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The insects were referred to cold-tolerant if after
freezing and following thawing they preserve the
ability of coordinated movement and respiration.

Hemolymph samples were obtained by pinning of
U. ceramboides imago in belly site with a glass
capillary. To prevent evaporation and oxidation of
hemolymph the samples were isolated inside a
capillary with the mineral oil drops. To examine
osmolality the hemolymph (5 nl) was removed from a
capillary with specially designed micro-syringe.

Hemolymph osmolality of insects was examined
on the value of melting temperature with osmometer
(Otago, New Zealand) [12]. Hemolymph was layered
on a surface of measuring cell pores, preliminarily
filled with mineral oil. The cell was cooled down to a
sample freezing then it was slowly thawed. The
temperature under which an ice completely disappea-
red was considered as melting one.

To determine hysteresis the melted samples was
repeatedly frozen and then slowly thawed and main-
tained for 1 min at the temperature lower the melting
one, herewith in a sample some crystals remained.
Afterwards the sample with hemolymph was once
again slowly cooled with an average rate until a rapid
growth of crystals starts. Temperature under which
the growth of crystals starts was assumed as hysteresis
freezing temperature [12].

To test the presence of ice nucleators the hemo-
lymph sample was centrifuged at 3,000g for 5 min to
remove hemocytes affecting ice-nucleating activity of
hemolymph.

The presence of ice nucleators in hemolymph was
revealed with the method [15]. Each sample was prepa-
red in a thin glass capillaries on “sandwich” principle:
NaCl solution (5 pl) was between the layers of mineral
oil, hemolymph (5 nl) was introduced into NaCl
solution by means of micro-syringe.

For the measurement three similar capillaries were
prepared, they were fixed with scotch tape and
introduced the end of measuring thermocouple
between them. Obtained sample was slowly cooled
with the rate of 1°C/min until freezing temperature of
samples was recorded as the heat released at solution
crystallization. In the experiment there were used the
following NaCl concentrations: 0.509, 0.998, 1.500
and 1.991 mOsm.

Aqueous balance was estimated on the rate of
weight loss for U. ceramboides species during
respiration process. The weight loss was found by
weighing of the insects before and after keeping them
in closed boxes at 20°C where with silica gel 5%
humidity was maintained. During the experiment the
insects were not fed therefore the weight loss because
of excrements was excluded.

Oxygen consumption rate was measured with glass
respirometer at 20°C with the methods [1].
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s u3MepeHuss TOTOBHJIM TPH OJUHAKOBBIX
KaIUIIpa, CKPETUISUTA UX CKOTIEM U BBOIFLTH MEXKTY
HUMHU KOHELl U3MepUTenbHoi Tepmonapsl. [lonyueH-
HBI 00pa3elr] MeJIEHHO OXJIAXIadl CO CKOPOCTBIO
1°C/MuH 10 TeX 1op, MOKa TeMIieparypa 3aMep3aHust
00pa31oB He OblIa 3aPETUCTPUPOBAHA B BHJIE TEILIA,
BBICBOOOXKIAEMOT0 TIPY KPUCTAJLTU3AIUN PACcTBOPA.
B skcnepuMenTe UCONb30BANIH CIIEAYIOIINE KOHLICH-
tparuu NaCl: 0,509; 0,998; 1,500 u 1,991 mOcmors.

Bonneriii 6anaHc OIeHUBAIH IO CKOPOCTH MTOTEPH
Beca ocobeit U. ceramboides B miporiecce IbIXaHUS.
[ToTepro Beca ompenensiin MyTeM B3BEIIUBAHUSI
HaCEKOMBIX IO U TOCJIC BEICPKUBAHUS X B 3aKPbHI-
ThIX Orokcax mpu 20°C, re ¢ MOMOIIbIO CHIIMKArelis
noanepxxuBaiu 5%-10 BIaxxHOCThb. B xozme skcnepu-
MEHTOB HAaCEKOMbIE HE MUTAIKCH, TOATOMY IMOTEPS
Beca 3a CYET IKCKPEMEHTOB ObLla HCKITFOUYCHA.

CKOpOCTh MOTIIOUIEHUS KUCIOPOJA U3MEPSIIU HpU
MOMOIM CTEKIISIHHOTO pecrimpomerpa npu 20°C mo
meronuke [1].

Pe3ynprarel mpeAcTaBiIeHBl B BUIE CPEIHUX 3HA-
YEHUH U3MEPEHUN U UX CTAHJAPTHBIX OTKIOHEHUH C
ITOMOIIBIO CTATUCTHYECKOTO MmaKeTa Statistica 6.0.

Pe3yAbTatbl M 00CYy)XAeHHue

CTpaTeruu Xo0J0J0yCTONYUBOCTH (M30eTraHue
3aMep3aHHs U TOJEPAHTHOCTH K 3aMep3aHHIO)
XapaKTEePU3YIOTCSl TEMIIEPATYPOil MepeoXIaxaeHus,
BEJIMYMHON OCMOJISIILHOCTH, TEMIIEPATYPOH IIaBiie-
HHUSl, TUCTEPE3UCHOH aKTHUBHOCTBHIO IeMOJIUMQHBEI
HaCEeKOMBIX, HAJIMYNEM HYKIICaTOPOB JIbJIa M aHTH-
¢puzos [4, 9, 10, 12].

E>xemecsiunble H3MEpEHUs TEMIIEPATYPhI IEPEOX-
naxnaenust umaro U. ceramboides B teuenne 2003-
2004 rr. moka3anad, 9TO OHH 3aMep3al0T IPH OTHO-
CUTEJIbHO BBICOKHX OTPHIIATEIBLHBIX TEMIIEpaTypax,
0CTaBasiCh TPH ITOM KUBbIMU. M3 puc. 1 BUIHO, 4TO
TeMIeparypa mepeoxiax/IeHus MOHWKAeTCS B
HaunboIee XOIOTHBIE MECSIIBI, HO HE OITyCKAEeTCsI HIKE
—12°C. IlocTeneHHOE NOHUXEHUE TEMIIEPaTypbl
MepeoxJIaXkIeHUs] 00yCIIOBIEHO YaCTUYHOU TMOTepei
BOJIBI OPTaHU3MOM H ITOBBIMIEHUEM OCMOIISIIBHOCTH
BHEKJIETOYHOM JKUJKOCTH, a TAaK)KE€ HAKOILICHHEM
oyinoioB. [I0BONBHO BBICOKAs TeMIleparypa mepe-
OXJIAXKICHHUS HACEKOMOTO CBHUJIETEIBCTBYET O HAIH-
YHH HYKIJICATOPOB JIbJIa B TeMOJIUM{eE.

Hcmons3ys meton [15], MBI TOKa3au MPUCy TCTBHE
HYKJICHUPYIONUX areHTOB B reMoliuMdpe 3UMHUX
ocobeit U. ceramboides.

[Mocne BHeceHuss reMONUM(pBl HACEKOMBIX B
pactBopsl NaCl pa3nnyHoi 0CMOISIIBHOCTH HaOJI0-
JIAJIH TIOBBIIIIEHUE TEMIIEPaTyPhl 3aMep3aHUs PaCTBO-
pa, 4TO CBUAETEILCTBYET O HAIMYHMH B TreMoiuMde
HYKJIEaTopoB JibJia (puc. 2).

W3 puc. 2 BUIHO, YTO OCMOISUIBHOCTH CPEIbI
OKa3bIBaeT OOJIBIIOE BIMSIHUE Ha MPOSIBICHUE HYKJICH-
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The results are represented as means of the
measurements and their standard deviations using
Statistica 2.0 softaware.

Results and discussion

Cold resisitance strategies (avoiding freezing and
freeze-tolerance) are characterized with overcooling
temperature, the value of osmolality, melting
temperature, hysteresis activity of insect’s hemolymph,
presence of ice nucleators and anti-freezes [4, 9, 10,
12].

Monthly measurements of cooling temperature for
U. ceramboides imago within 2003-2004 years have
shown that they freeze under relatively high negative
temperatures remaining alive herewith (Fig 1). Fig 1.
demonstrates that overcooling temperature decreases
within the coldest months but does not reduce lower
than —12°C. Gradual reduction of overcooling
temperature is stipulated by a partial loss of water by
an organism and rise in osmolality of extracellular
liquid as well as accumulation of polyols. Quite a high
temperature of insect overcooling testifies to the
presence of ice nucleators in hemolymph.

Using the method [15] we have demonstrated the
presence of nucleating agents in hemolymph of winter
individuals of U. ceramboides.

After insect hemolymph introduction into NaCl
solutions of various osmolalities a rise in freezing
temperature was observed an increase in freezing
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Puc. 1. Temneparypa nepeoxnaxaenus U. ceramboides 1o
Mecsam (2003-2004 rr). Kaxas Todka KprBO#i peicTaB-
JSieT cpeHee 3HAYCHHE eKEMECSYHBIX N3MEPEHHH TeM-
MepaTypsl NepeoxiaxaeHus Kyka (n=4) + crangapTHoOe
OTKJIOHEHHE. * — TOCTOBEPHBIC Pa3JIniHs 110 CPABHEHUIO C
MepUoOAOM BeCHa-oceHb, p<0,05.

Fig. 1. Overcooling temperature for U. ceramboides by
months (2003-2004 years). Each point of the curve reprsents
a mean value of monthly measurements of beetle overcoo-
ling temperature (n=4) = SD. * — statistically significant
differences comparing to spring-autumn months, p<0.05.
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pymoleil akTUBHOCTHU. BennunHa oCcMONSITIBHOCTH
reMOUM@BI O0Tpa)XkaeT yPOBEHb CONEPIKAHHS OCMO-
TUYECKU aKTHBHBIX BEIIECTB, MHOTHE U3 KOTOPBIX
00J1aafoT KPUONPOTEKTOPHBIMH CBOMCTBaMHM (IJIH-
LEpOJ1, caxapa u Ap.), U SBJISIETCS OJHUM U3 OCHOBHBIX
napaMeTpoB MEXaHU3Ma XOJOJ0YyCTOMYHBOCTH
HAaCEKOMBIX.

B pabote [12] npu n3yyeHHHn CKaHAMHABCKUX H
appUKaHCKUX KYKOB ITOKa3aHO, YTO OCMOJISUTBHOCTD
reMoiauM@bl JTETHHX HACEKOMBIX COCTaBISET
400-600 MmOcMmounb/kr. TIpy HAKOTUICHHH IOJHOJIOB
OCMOJISUTBHOCTD TEMOJTUM(BI B 3SUMHUI IIEPHOJT MOXKET
Bo3pactarth 110 3000 MOcmonk/kr 1 6oee. [TockombKy
MTOBBIIIEHHE OCMOJISUIBHOCTH SIBJISIETCS] PE3YIBTaTOM
AKKyMYJIMPOBaHHS OCMOTUYECKH aKTHBHBIX BEILIECTB,
[JIaBHBIM 00pa30M TOJIMOJIOB, TO €€ BEJIMYMHA MOKET
OBITh MHAMKATOPOM HAIUYHS [OJIHONOB.

U3smepeHHbIe (U3MOJIOTHYECKHE MapaMeTphl
oburtaromux B Skytum xykoB U. ceramboides,
XapakTepu3yrIue UX MOPO30TOJEPAHTHOCTD,
TaKOBBI: TEMIeparypa nepeoxiaxaenns —7,0+0,65°C;
BEJIMYMHA OCMOJISTIbHOCTH reMonumbbr 930,0£5,5
MOcMmoiib; Temmneparypa miaasienus —2,0+0,35°C;
cozepxkanue Bobl 52,0+2,3°C (n=4; uamepeHus ObLH
npoBeneHs! B ssuBape 2005 r). Hamm uccnenopanms
OMoxXMMHUYECKOro cocraBa remonumbsr U. ceram-
boides He BBIABUIN HAJIWYHUS B HEW IIIHMIIEPOIIA, YTO
coriacyercsi ¢ JaHHbIMU [3], COIIacHO KOTOPBIM B
remonumde U. ceramboides 0TCyTCTBYeT TIMLEPOI,
1 BMECTO HETO CUHTE3UPYIOTCSl TPEUTON U COPOUTOI.

lemonumda U. ceramboides ue obmanaer rucre-
PE3UCHON aKTHBHOCTBIO, YTO CBUACTEILCTBYET 00
OTCYTCTBUH B Hel aHTH(PpU3HBIX OenkoB. [lepeoximax-
JNEHHOE XUJKOE COCTOSHHE HAaCEKOMBIX SIBIISETCS
MeTacTa0MIILHBIM — IPY IOHMKESHUHU TEMITEPATYPHI B
TaKoil cucTeMe MOXKET MPOMCXOAUTH BHE3AIMHBIN U
CIIOHTaHHBIN POCT KPUCTAIUIOB. AHTU(PUIHBIE OCIIKH,
00Jaaronyie THCTEPE3UCHON aKTUBHOCTHIO, CTA0H-
JTU3UPYIOT MEPEoXIaXKIACHHOE KUIKOE COCTOSHHE,
[TOHIDKAS TEMIIEPATy Py CIOHTAHHOTO POCTa KPUCTA-
noB. [ToaToMy crHTE3 aHTU(DPU3HBIX OETKOB SBISIETCS
Ba)KHEWIIIEH XapaKTePUCTUKON MPEXKIE BCETO HACEKO-
MBIX, u30eraroniux 3amep3anus [12, 18].

Crparerust MOpO30TOJIEPAHTHOCTH 00ECIIEUNBACT
orpezesieHHbIe TPEUMYIIeCTBa HACEKOMBIM B OTHO-
IICHUH BOJHOTO OastaHca [ 7] 1o CpaBHEHUIO C BHIAMH,
M30eTaroyMH 3aMep3aHus. JTH Pa3Iudus B BOAHOM
OaaHce yKa3aHHBIX KaTeTOPUH HACEKOMBIX MPOSB-
JISFOTCS B TOM, 9TO JJIS1 KYTHUKYJIBI MOPO30TOJIEPAHT-
HBIX HACEKOMBIX, KaK PaBUJIO, XapaKTepHa XOpoIas
BOJIHAS IPOHUIIAEMOCTB, a IS Ky TUKYJIbl HACEKOMBIX,
n30erarnux 3aMep3aHus, — OYeHb HU3Kas BOJO-
MIPOHUIIAEMOCTh, CPABHUMASI C TAKOBOW Y ITYCTBIHHBIX
KyKOB [7].

CpaBHHTENBbHOE M3yYEHHE BOJHOTO OanmaHca
JIETHUX M 3UMHHUX ocobeil xyka U. ceramboides (c
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Fig. 2. Overcooling temperature of 5 ml NaCl solution, con-
taining 5 % (w/w) hemolymph of U. ceramboides, presented
as the function of NaCl solution concentration, represented
in osmolality units.

temperature of the solution, testifying to the presence
of ice nucleators in hemolymph (Fig. 2).

Fig 2. shows that medium osmolality affects greatly
the manifestation of nucleating activity. The value of
osmolality of hemolymph reflects the content level
for osmotically active substances, many of those have
cryoprotective properties (glycerol, sugars etc.) and
is one of the main parameters of insect cold resistance
mechanism.

In the paper [12] when studying Scandinavian and
African beetles it has been shown that osmolality of
hemolymph of summer insects makes 400-600
mOsm/kg. During accumulation of polyols the
hemolymph osmolality in winter period may increase
up to 3,000 mOsm/kg and higher. Since a rise in
osmolality is the result of accumulation of osmotically
active substances mainly polyols then its value may
indicate their presence.

Measured physiological parameters of habitant in
Yakutia U. ceramboides beetles, characterizing their
freeze-tolerance are as follows: overcooling temperature
is 7.0£0.65°C; the value of hemolymph osmolality is
930.0+£5.5 mOsm; melting temperature is 2.0+0.35°C,
water content is 52.042.3°C (n=4; measured in January
2005). Our researches of biochemical composition of
hemolymph U. ceramboides did not reveal the pre-
sence of glycerol in it, that corresponded to the data
[3] stating about the absence of glycerol in hemolymph
of U. ceramboides and synthesizing of treitol and
sorbitol instead of it.

U. ceramboides hemolymph does not possess
hysteresis activity that testifies to the absence of
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Puc. 3. [BoiiHo# norapudmudecknii rpaduK CKOPOCTH
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Adpuku [4]. dns cpaBHEHHs NPUBENEHBI JaHHBIE IS
U.ceramboides mBenckoii mormymnsimu [4].

Fig. 3. Double logarithm graph of respiration rate and weight
loss rate in winter and summer species of U. ceramboides
beetles, plotted in respect of regression line for African
desert beetles [4]. To compare there are presented the data
for Swedish population of U. ceramboides [4].

HCIIOJIb30BAHUEM PErpeCcCCHOHHON 3aBUCHMOCTH,
MOJYYEHHOM B [7] AT MyCTBIHHBIX )KYKOB AQPHUKN)
[0Ka3ajo, 4TO XyKH 00anaT O0JbIIed crocob-
HOCTBIO COXPaHSTh BOAY B CBOEM OpPTaHU3ME JIETOM,
4eM 3WMOM 3a CYEeT CHIIKEHHSI CKOPOCTH JIbIXAHMSI
(puc. 3). Jleto B SIkyTmu, Kak MpaBUIIO, CYXO€ U
XKapKoe, MUKPOKIIMAT B MecTax obutanus U. ceram-
boides (mox KOpOW yMepIIUX NEPEBHEB) CXOIEH C
MHKPOKJIMMAaTOM apUKaHCKHX caBaHH (mepco-
HaJbHbIE AaHHbIe). [loaTOMy 3TH XKyKH, HMelOLINe
BBICOKYIO IPOHHMILIAEMOCTb KYTHKYJbI, HpHcHocad-
JUBAIOTCSA K KApPKUM U CyXHM YCJIOBHUSIM JIETHETO
nepuoaa B SIKyTHM 3a CUET CHUXKECHHUS CKOPOCTH
JBIXaHMS, YTO IPHUBOIUT K YMEHBLICHHUIO IIOTEPH BOABI
B UX OopranusMme. BeposTHO, STHM MOXKHO 0OBSICHUTD
0oJiee BBICOKYIO CIIOCOOHOCTh YIEpKUBATh BOAY
JETHUMHU 0COOSMHU, MO CPABHEHHUIO C 3UMHUMMU
HaceKOMBIMH. J[JIs1 BBISICHEHUS aJalTHBHBIX MeXa-
HU3MOB, HAIIPaBJICHHBIX Ha MOJJIEPYKAHHUE OITUMAITb-
HOTO YPOBHS BOJIbI B OopraHu3Me 0e3 ymep0Oa s
XOJIOZI0YCTOHYHMBOCTH, HEOOXOMMO POBECTH Ooiee
JeTaubHble MCCIIeOBaHUsI BOOHOrO OajaHca KYKOB
SAKyTCKOH nomymsauuu U. ceramboides B ONMCaHHBIX
KIIMMaTHYECKUX yCIIOBHUSX.

B pa6orte [8] moka3zaHo, uto U. ceramboides nmeet
HECKOJIbKO MHTEPECHBIX acCIeKTOB XO0JOA0YyCTOMi-
yupoctr. OHU Ype3BBHIYAHO YYBCTBUTEIbHBI K
CKOPOCTH OXJIaXAeHUs. [ MOCTUKEHHSI MaKCH-
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antifreeze proteins in it. Overcooled liquid state of
insects is metastable at temperature decrease in such
a system an abrupt and spontaneous growth of crystals
may occur. Antifreeze proteins having hysteresis
activity stabilizes an overcooled liquid state by
reducing the temperature of crystal spontaneous
growth. Therefore the synthesis of antifreeze proteins
is the most important parameter of insects avoiding
freezing [12, 18].

Strategy of cold tolerance provides certain
advantages to the insects in respect of aqueous balance
[7] if compared with the species avoiding freezing.
These differences in aqueous balance of the mentioned
categories of insects manifest in the fact that for cuticle
of freeze-tolerant insects as a rule good water
penetrability is characteristic and very low penetration
ability compared with those in desert beetles for the
cuticle of those avoiding freezing.

Comparative study of aqueous balance of winter
species of U. ceramboides beetles (using regression
dependence obtained in [7] for desert beetles of Africa)
has shown that the beetles possess a higher ability to
preserve water in its organism in summer than in winter
due to a decrease in respiration rate (Fig. 3). Summer
in Yakutia as a rule is dry and hot, microclimate in
U. ceramboides habitat (under rind of dead trees) is
similar to one of African savannas (personal data).
Therefore these beetles with a high penetrability of
cuticle adapt to hot and dry conditions of summer
period in Yakutia due to reduction in the respiration
rate, resulting in a decrease in water loss in their
organism. This may probably explain higher ability
to keep water by summer individuals if compared with
winter insects. To reveal adaptive mechanisms directed
to maintenance of optimal water leveling an organism
with no harm for cold resistance it is necessary to
investigate in details the water balance in beetles of
Yakut population of U. ceramboides under described
climate conditions.

The research [8] depicts that U. ceramboides have
some interesting aspects of cold resistance. They are
quite sensitive to a cooling rate. To achieve maximum
freeze-tolerance at —50°C the rate lower than
0.3°C/min is essential, and increase in the rate down
to 0.35°C/min sharply enhances death rate. Drastic
cooling of beetles during early autumn (quite common
phenomenon in regions with seasonal inland climate)
results in high death rate of beetles at —50°C.

Conclusions

Thus using the data on freezing temperature as well
as test for presence of nucleating agents in hemolymph
of U. ceramboides may be referred to freeze-tolerant
insects. Obtained results testify to a high activity of
nucleating components in hemolymph of insects
capable of initiating ice formation even at —7°C.
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MaJbHOW MOopo3oTojiepanTHocTH pH —50°C Heobxo-
numa ckopocth MeHee 0,3°C/MUH, a TOBBIIICHUE
ckopoctu a0 0,35°C/MUH pe3ko yBeIWYUBAET UX
CMEpPTHOCTh. Pe3koe oxnakJeHue KyKOB paHHEH
OCEHBIO (IPAKTHYECKU OOBIYHOE SIBIEHHE B PETHOHAX
C PE3KO KOHTHHEHTAJIbHBIM KIMMAaTOM) IPUBOAMT K
BBICOKOH CMEPTHOCTH >KyKoB 1pu —50°C.

BbiBOADI

TakuMm 00pazoM, Ha OCHOBAHWU JIJAHHBIX O TEMIIe-
paType 3amep3aHus, a TakKe TecTa Ha HaJIudue
HYKJIEUPYIONINX areHToB B remoiumde U. ceram-
boides M0XXHO OTHECTH K MOPO30TOJEPAHTHBIM
HaceKoMBbIM. [lolydeHHBIE pe3ylbTaThl CBUJIC-
TEJICTBYIOT O BBICOKOH aKTUBHOCTH HYKJICUPYIOILNX
KOMIIOHEHTOB B TeMOJIMM(]e HaCEKOMBIX, CIIOCOOHBIX
WHULMHAPOBATh JIbI000pa30BaHUE yXKe P TeMIIepa-
type —7°C.

3HaueHUsI BOAOYACPKUBAIOIIEH CIOCOOHOCTH
xykoB U. ceramboides SKyTCKOH M CKaHIMHABCKOU
NONyJsIIUA CXOJAHBI, OJHAKO B JIETHUH MEPUON
HaceKOMBbIe SIKYTCKOW MOMYJISIUH UMEIT Ooliee
3¢ (HEKTUBHYIO BOAOYAEPKHBAIOIIYIO CIIOCOOHOCTD
Onaromapsi CHWKEHUIO CKOPOCTH JIbIXaHHSI.

UysctButensHOCTh U. ceramboides x ckopoctn
OXJIQXJICHUS] CBUJICTEICTBYET O HAIIMYHU OCOOCH-
HOCTEH MeXaHu3Ma MOPO30TOJIEPAHTHOCTH, TPeOyIo-
mux 0oJiee AeTadbHOTO U3YyUCHHS.

Hccnedosanus 0viniu nposedenvl npu noododepiscke
epanma POOU Apxmuxa 06-04-96048 (2006-2008 e2.) u
Hopseosicckozo ynusepcumema HAyK u mexHon02uil
(e. Tpouoxetim). Aemop @vipadcaem 061a200aPHOCHb
npogeccopy Zachariassen K.E. 3a memoouueckyo nomoujo
6 NPOBEOeHUlU IKCNEPUMEHMOS.
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Values of water-keeping ability of U. ceramboides
beetles of Yakut and Scandinavian populations are
similar however in summer period the insects of Yakut
population have more effective water-keeping ability
due to reduction of respiration rate.

U. ceramboides sensitivity to cooling rate gives
an evidence to the presence of freeze-tolerance
mechanism peculiarities demanding a detailed study.
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