Touka nepeoxAaxkaeHusi U cneunduyeckas AbAOHYKAeUpYIoWasi akTMBHOCTb Kak
napameTpbl OLEHKU MOTEHUMAAA XOAOAOYCTOMYMBOCTU HACEKOMbIX
H.T'. An
UHcTuTyT bruororndeckmx npobaem kpuornto3oHsl CO PAH, r. Skytck
Supercooling Point and Specific Ice Nucleating Activity
as the Parameters for Evaluating of Insect Cold Hardiness Potential
N.G. Li

Institute for Biological Problems of Cryolithozone of Siberian Branch
of the Russian Academy of Sciences, Yakutsk, Russia

Touka nepeoxmaxaenns (TI1) BaxHa TS OTMCAHUS CITO-
COOHOCTH BHJIOB MTEPEKUBATHh 3aMOPaXKHBAHKE, HO ¢ 3Ha-
YEHHUE KaK MPOrHOCTUYECKOI0 NapaMeTpa BbIKUBAEMOCTH
IIPY 3MMOBKE, WJIH B OIICHKE BEPOSTHOCTH BEKUBAHUS TOTO
WM MHOTO BUJIa B HOBBIX YCJIOBHUAX B MECTaX MX 3UMOBKH,
orpanuueHo [Turnock and Fields, 2005]. B HacTosimem
HCCIeI0BaHUY Ha ABYX BUAAX X0JIO0YCTOMYMBBIX HACEKO-
MBIX, oOuTaromux B LleHTpansHOM SIKyTHH, TOKa3aHO, 9TO
MMEHHO cTieriduyecKas JbI0OHYKICHPYIOIIas aKTHBHOCTB,
a He TII noykHa UCIIOIB30BATHCA IS OLICHKH [TOTEHIIMAIIA
XOJIOJIOYCTOMYHUBOCTH Y HACEKOMBIX.

HccnenoBanusa NpOBOAMIUCH HAa aKKIMMHPOBAaHHBIX
K KOMHaTHOU TeMIeparype ryceHuuax Aporia crataegi u
CE30HHO-aKKJIMMHUPOBAaHHBIX XKyKax Upis ceramboides. TI1
TYCEHUI U3MEPSUIH C IOMOILIBI0 TOHKOW M€/Ib-KOHCTaHTaHO-
BOM TEpMOIIaphI, TOMEIIEHHOH OJIM3KO0 K CYyXOH MOBEPXHOC-
TH TeNa.

WHnnpanmio KpucTaIn3aliy BbISIBIISUTH KaK BHE3AITHOE
TOBBILICHUE TEMIIEPATYPBIL, CBI3aHHOE C BBIJICIICHUEM TEILIA
OT *UJKOCTH TeJa, IPEeBpaLatolLeics B JIe, a caMasi HU3Kast
TeMIIEpaTypa, 3aperucCTPUPOBAHHASI 10 TIOBBILICHUS TEMIIE-
patypsl, 6buta mpuHsTa 3a TI1. Crenuduieckyro JbI0HYK-
JICUPYIOLYI0 aKTUBHOCTb TeMOJIMM(bI HACEKOMBIX OTpeie-
JISUTH M30BOJIFOMETPUUYECKUM ITyTEM pa3BelieHHs oOpasia,
KOTIa KaKIBIi 0Opasel] pa30aBIsuIv C OTHUM U TEM JKe KOd(-
(UIIEHTOM pa3BeICHNS, HCTIONB3Y s OJIFH U TOT K€ 0A30BbIiA
pacTBOp. DTOT MeTOJ OBLT BIIEPBEIC IIOAPOOHO OMUcaH Za-
chariassen u coasr.

JlanHbIe uccienoBaHus NOKa3bIBAIOT, UTO, MOCKONBKY TI1
3aBUCHUT OT TaKUX (PaKTOPOB, KAK KOHILIEHTPALIUSI [TOJIMOJIOB B
remoiuMde, oHa MOXKET OBITh 3UMOW HIDKE, YeM BECHOM.
TeMm He MeHee, Ka4eCcTBO MpoIiecca JIbI000pa30BaHHUS BBIIIIE
Yy 3MMHHX HAaCE€KOMbIX. McToleHne Moanoa0B BECHON IpH-
BoauT K yBenuueHuto T11. B ommuume ot ocenu, xorna yBe-
snnyenue TII cBsA3aHO ¢ pa3BUTHEM X0JIOA0YCTOWYUBOCTH,
BeceHHUe u3MeHenus TIIy a3Toro xxyka npoucxoar OJIHO-
BPEMEHHO C MOTepel X0J0J0yCTOMYUBOCTH. MI3MeHeHus
(U3NYIECKUX ¥ XUMIYECKUX MApaMETPOB B AKKITHMHPOBaH-
HOM K Terury remonnMbe 4. crataegi ObLTH TaKXKE CBA3AHBI
c yBenuueHueM T11 Ha 5-i neHp akkiuManuu. XoTs TerioBast
aKKnIuManus A. crataegi mHAynupyetr nosbimenue TII,
HyKJIeAIus JIbJa MPH 3TOW TemIepaType Oblja HEeCHeIlH-
(bUYHOM U TO3TOMY, BEPOSITHO, HE IMeEJIa aTallTHBHOTO 3HAa-
YEHHUSL.

HUrax, TerioBas akKiIMMaLus CONPOBOXKIAETCA aarTUB-
HOM moTepeil HyKJIeaTOpoB JibAa (XOTs OCTAIOTCS Clydai-
HBIE), CBSI3aHHOH C MaICHUEeM TIOTEHIIMAJa X0JI0I0YCTOYH-
BOCTH y HaCEKOMBIX. Takum 00pa3zoMm TeMIiepaTypa Hykiea-
MU caMa 110 ce0e He OTpakaeT MPOLEcC JIbI00pa3oBaHU
Yy HaceKOMBIX, TOJIEPAHTBIX K 3amep3aHuto. [Toxoxe, 4yTo
TOJBKO MPOQIITb AKTHBHOCTH JIBJOHYKJICAIIUN MOXKET CJIe-
JIATh JIbJOHYKJICAIIHIO TeMOJIMM(BI OCHOBHOM YEPTOM MPO-
11ecca X0JIOI0BOH aanTalluu.
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The SCP is a useful parameter for describing the ability
of species to survive freezing but its value as a predictor of
overwintering survival, or in estimating the probability of
a species surviving under new conditions in their overwin-
tering habitats, is limited [Turnock and Fields, 2005]. The
present study on the two freeze-tolerant insects inhabiting
central Yakutia, shows that a specific ice nucleating activity
rather than SCP should be used for evaluating of insect
cold hardiness potential.

The studies were carried out on room acclimated cater-
pillars Aporia crataegi and seasonal acclimatized beetles
Upis ceramboides. The supercooling point (SCP) of the
caterpillars was measured by using a thin copper cons-
tantan thermocouple placed in close contact with the dry
body surface. Initiation of freezing was detected as a sudden
temperature increase due to the release of heat of fusion
from body water being transformed to ice, and the lowest
temperature recorded prior to the temperature increase was
taken as the SCP. Specific ice nucleating activity of the
insects hemolymph was determined by isovolumetric
techinique of sample dilution at which each sample was
diluted by the same factor from the same stock solution.
This method was first described in detail by Zachariassen
etal.

Present studies show that because the SCP is influenced
by such factors as polyol concentrations in the hemolymph,
it can be lower in winter than in spring. Nevertheless, the
quality of ice nucleating process is higher in winter insects.
The depletion of polyols in the spring causes increase of
SCP. Unlike in the autumn, when an increase in SCP is
associated with development of freeze tolerance, spring
changes in SCP for this beetle occur simultaneously with
the loss of cold tolerance. The changes in the physical and
chemical situation in the warm acclimated A.crataegi
hemolymph were also correlated with an increase in SCP by
the 5" day of acclimation. Although warm acclimation of
A. crataegi induces an increase in the SCP, ice nucleation
at this temperature was non-specific and therefore likely
had no adaptive importance.

Hence, warm acclimation is accompanied by a loss of
adaptive ice nucleators (although incidental ones remain),
associated with a drop in the cold hardiness potential of
the insects. Thus, the nucleation temperature (SCP) itself
does not reflect the character of ice nucleating process in
the freeze-tolerant insects. Only the profile of ice nucleating
activity seems to determine the ice nucleation in the
hemolymph as a feature of cold adaptation process.
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