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Features of Protein-Peptide and Carbohydrate Composition
of Supernatants From Tenebrio Molitor Larvae After Cold Acclimation

Pecbepat: B paboTe xpomaTtorpadmyeckum MeToAoM UCCNefoBany MONeKynspHO-MaccoBoe pacnpefenieHne 6enkos n nenTuaos
13 CynepHaTaHTOB, MOMYYEHHbIX M3 NMYUHOK Tenebrio molitor nocne xonogoBol akknvMaumun. Havbonbliee KONMMYecTBO NENTUAHbLIX
dpakuni UMelT cynepHaTaHTbl M3 HEaKKNMMUPOBAHHbIX K Xorogy Nu4uHok T. molitor. NokaszaHo, YTO XONOA0aKKIIMMUPOBaHHbIE
nuuunHkm T. molitor copepaTt HU3KOMOMEKyNsipHble NenTuaHble dpakuum ¢ M. M. (540 + 20) — (2255 + 85) [1a, a HeaKkNMMMMPOBaHHbIE —
3HaYMTENbHOE KONMMYECTBO BbICOKOMOMEKYMAPHbIX NenTnaoB ¢ M. M. (4675 = 225) — (6595 + 550) Oa. OnpegeneHo coaepxaHune
caxapoB M CaxapoCnUpPTOB B CyrnepHaTaHTax akKMMMUPOBAHHbBIX K XONMOAY W HeaKKNMMUPOBAHHbBIX MYUHOK T. molitor. YcTaHOBMEHO,
4YTO KOHLUEHTpaUWs rM0KO3bl Y HeakKNMMUpoBaHHbIX ocoben T. molitor B 1,34 pa3a Bbille, YEM Y XONOAOAKKIIUMUPOBAHHbIX.
AKKNUMMUpOBaHHbIE NUYUHKK T. molitor copepxanu 6onbluee KOMMYecTBO MAPOMUIIBHBIX U MEHbLUEE KONMUYECTBO rMApPOdOOHbIX
6enkoB Mo CpaBHEHMWIO C HeaKKNMMMUPOBaHHbIMU. Takxe OBHapyXeHO, YTO HeaKKNMMMUPOBaHHbIe NUYMHKK T. molitor copepxanu
HM3KME KOHLEHTpauumn caxapocnmpTtoB (copbuTona v MaHHUTONA), KOTOpPble OTCYTCTBOBANM Y akKMUMMUPOBAHHbIX.

KnioueBble cnoBa: Tenebrio molitor, xonofoBas akknumauusi, xpomatorpadusi, NenTuabl, caxapa, caxapocnupTbl.

PecpepaTt: Y poboTi xpomaTorpadivHumM mMeToAoM AOCHiAXyBanu MONEKynsipHO-MacoBuUiA po3nodin GinkiB i nentuais i3 cynep-
HaTaHTIB, OTPMMaHKX i3 NUYNHOK Tenebrio molitor nicna xonogoBoi akniMauii. Hanbinbwy KinbkicTb nenTugHux dpakuii matoTb
cynepHaTaHTW i3 HeakniMOBaHUX OO0 xonody NuYuHok T. molitor. NokasaHo, WO XOornogoakniMoBaHi NMYuHkn T. molitor micTaTb
HU3bKOMONEKYNApHI nenTuaHi dpakuii 3 M. M. (540 + 20) — (2255 + 85) [la, a HeakmniMOBaHi — 3HA4Hy KiNbKiCTb BYCOKOMOIMNEKYNSAPHUX
nentuais 3 M. M. (4675 + 225) — (6595 + 550) [da. Bu3HauyeHO BMICT LyKpy Ta LyKPOCMMPTIB y CynepHaTaHTax akniMoBaHUX 4O Xonogy
Ta HeakniMoBaHWX NUYnHoOK T. molitor. BCTaHOBMNEHO, L0 KOHLEHTPAL|is FMIOKO3U Y HeakniMoBaHUX NuduHok T. molitor 6yna B 1,34 pasun
BYLLIE, HIXK Yy XornogoakniMoBaHuxX. AkniMoBaHi nuunHkn T. molitor manun GinbLuy KinbKiCTb rigpodinbHNX i MeHLLY KinbKiCTb rigpodobHMxX
GinkiB y NOPIBHSIHHI 3 HEakNiMoBaHMMW. TaKoX BUSIBNEHO, WO HeakniMoBaHi NMYMHKK T. molitor Manu H13bki KOHLEHTPaLIi LyKpocnmpTis
(copbitony Ta maHniTony), ski 6ynu BiACYTHI y akniMOBaHMX.

KnrouyoBi cnoBa: Tenebrio molitor, xonogosa aknimadisi, xpomaTtorpadisi, nenTnan, LyKpu, LyKPOCIUPTK.

Abstract: The paper describes the chromatographic studies on the molecular-mass distribution of proteins and peptides of
supernatants, derived from Tenebrio molitor larvae during cold acclimation. Supernatants of non-acclimated larvae of T. molitor had
the highest amount of peptide fractions. It has been shown that cold-acclimated T. molitor larvae comprised the low-molecular peptide
fractions with MW of (540 + 20) — (2.255 + 85) Da, and high-molecular peptides with MW of (4.675 £ 225) — (6.595 + 550) Da were
characteristic for non-acclimated larvae. The content of sugars and polyols in supernatants of cold-acclimated and non-acclimated
T. molitor larvae was determined. It has been found that glucose concentration in non-acclimated T. molitor larvae was in 1.34 times
higher than in cold-acclimated ones. Acclimated T. molitor larvae had more hydrophilic and less hydrophobic proteins as compared to
non-acclimated ones. As well it has been established that non-acclimated T. molitor larvae had low concentrations of polyols (sorbitol
and mannite), which were absent in acclimated insects.

Key words: Tenebrio molitor, cold acclimation, chromatography, peptides, sugars, sugar alcohols.

MHorue X0I010yCTOWYNBBIE OPTaHU3MBI (apKTH-
gecKas ¥ aHTapKTudeckas peioa [7, 11, 19, 21], mace-
KombIe [4, 5,8,9, 13,14, 17, 18] u 6akrepuu [12, 20])
CIOCOOHBI aaNTUPOBATHCS K HU3KUM TEMIIepaTypam
Oraromapsi TeMITepaTypHO-KOMIICHCATOPHBIM ITPOTIEC-
caM Ha pa3HbIX YPOBHSIX OMOJIOrMYEeCKON OpraHn3allHy.
Tax, Ha MOJIEKYJIIPHOM YPOBHE Y XOJIOI0Y CTOMUUBBIX
OPraHU3MOB CHUHTE3UPYIOTCSI U aKKyMYJIUPYIOTCA
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Many of cold-resistant organisms (Arctic and An-
tarctic fishes [5, 9, 18, 21], insects [1, 3,6, 7, 11, 12,
16, 17] and bacteria [10, 20] are adaptable to low
temperatures due to the temperature-compensatory
processes at various levels of biological organization.
For example, at molecular level in cold-resistant orga-
nisms the specific proteins (antifreeze proteins and

glycoproteins, cold shock proteins), peptides, low mole-
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cnenuduueckue Oenku (aHTHPPU3HBIE OCIKH H
IJIMKOTIPOTEHHBI, OEITKH XOJI00BOTO IIOKA), TENTH/IBI,
HU3KOMOJIEKYJISIPHbIE KPUO3aIUTHbIE BelecTBa (ca-
Xapa, MOJUOJbI), a TAKKE MPOUCXOASIT CTPYKTYPHBIE
MEepPECTPONKN HEKOTOPHIX MPOTEHHOB, B pE3yJbTare
KOTOPBIX MOBBIILAETCS THOKOCTH [6] M CTAaOUIBHOCTD
OenkoBbIx Mosieky: [ 10, 15], cHmkaercst ux ruapodoo-
HOCTh [16]. IMeHHO OnoxuMHuYecKre MOAU(DUKAIIH,
HaOMroIaeMble BCIIEICTBHE M3MEHEHUS TeMIleparyp-
HBIX YCIIOBUH Cpellbl, CIOCOOCTBYIOT COXPAaHEHUIO H
ONITUMH3AIMHY QYHKIMI IPOTEHHOB, YTO 00ECIICUBACT
BBDKMBaHUE Onosiormueckoro Buma. IIporecc aman-
TaIUH JKUBBIX OPTaHU3MOB K HU3KHM TEMIIEpaTypam
MIPENMYIIIECTBEHHO CBA3aH CO CTPYKTYPHBIMHU H3Me-
HEHUSMH OEJIKOB, a TAKKE C Ka4eCTBEHHBIMU MO (U~
KallUsIMU CIIEKTpa OENKOB M YIJIEBOIOB, MO3TOMY
MPEACTABIISIIO UHTEPEC YCTAHOBUTH OCOOECHHOCTH
ajanTaluy XOJIONOYCTOWYMBBIX JUUUHOK Tenebrio
molitor K HU3KUM TeMIIepaTypam.

Lenp paboThl — M3YUUTH C TIOMOILBIO TeTb-IIPOHU-
Karomiei u npsiModazHoi BEICOKOAI(PEKTUBHOIM JKHUJI-
KOCTHO# Xpomarorpaduul NeNTHIHBINA U YIIICBOTHBIH
COCTaB CYNEpPHATAHTOB, MOJYYEHHBIX W3 JTUIMHOK
T. molitor, a Taxxe MCCIEAOBATH C IMMOMOIIBI0 00pa-
meHHo-($ha30Boi XpomaTtorpaduu pacmpeacacHue
OCJIKOB TI0 CTETeHN HX TUAPO(OOHOCTH MOCIE XOJO0-
JIOBOM aKKJIMMALMU JIMYUHOK 1. molitor.

MatepuaJjbl 1 MeTOABI

B pabore rcrnosp30Baiu IMIUHOK (72 = 6) OOJBIIOTO
MYYHOro Xpymaka 1. molitor ocneaHux BO3pacToB,
KOTOPBIX cofepaxkau npu 25°C B Ipo3payHbIX KOHTEH-
Hepax, 3alOJHEHHBIX MIIEHUYHBIMU U OBCSHBIMH
otpyOsivu. [Tepen HawaaIoM SKCTIIepUMEHTa HACEKOMBIX
aKKJIMMUpPOBaJH 1pu 5...7°C B TeUeHHE TpeX HEAETb.
Ju1s momydeHrst OEIIKOB ¥ IENTHIOB JIMIUHOK 1. molitor
romorenusuposanu B 0,6%-m pacTtBOpe Xiopuaa
Harpusi Ha 0,1 M Na-docdaraom Oydepe (pH 7,4) ¢
no0aBlieHHEM MHTHOUTOpa MpoTea3 (GpeHUIMeTHI-
cynbonmndropuga («Sigmay, CIIA) u3 pacuera
miecth ocobeli Ha 2 mit Oyepa. [omorenar nenTpudy-
rupoBanu 10 mun npu 1800g, 3atem B TeueHue 60 MuH
HAJ0CAZ0YHYI0 KHUJIKOCTh LEHTPU(YTHPOBAIN MIPH
100 000g. B nccnenoBaHusX MCIONB30BAIN CyIEp-
HATaHT.

KonnuecTBo Genka B mpobax ompeaensiau Mo
merony bpendopna [3].

KonndecTBeHHYIO M Ka4€CTBEHHYIO OICHKY TICTI-
THJTHOTO COCTaBa CyTNIePHATAHTOB U3 TMIMHOK 1. molitor
MIPOBO/IVIIH C TIOMOIIBIO TeJIb-ITPOHUKAIONIEH XpOoMaTo-
rpadud [ 1] va komonke pazmepom 400 X 16 mm, 3amosn-
HenHo# nonmBrHWIOBBIM resieM «TSK-Gel Toyopearl
HW-40 Fine» («Toyo Soda Manufacturing Co», fmo-
HUsI), IPUMEHEHHE KOTOPOIO MO3BOJISIET Pa3ACisaTh
MTOJIMIIENTHIHBIE MOJIEKYJbI ¢ M. M. 100-12 000 a.
Uepes neTieBoi HHKEKTOP B KOJIOHKY BBOIUIIU IIPOOBI
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cular weight cryoprotectants (sugars, polyols) are syn-
thesized and accumulated, as well there are structural
reorganization of some proteins, resulting in an increa-
sed flexibility [4] and stability of protein molecules [8,
14] and decrease in their hydrophobicity [15]. The very
biochemical modifications observed due to the changes
in environment temperature conditions, promote the
maintenance and optimization of protein functions, pro-
viding species survival. Adaptation of living organisms
to low temperatures is mostly associated with the struc-
tural changes in proteins as well as with qualitative mo-
difications of protein and carbohydrate spectrum, there-
fore it was of interest to establish the cold-adaptation
features of Tenebrio molitor larvae to low temperatures.

The research aim was to study peptide and carbo-
hydrate composition of supernatants derived from
T. molitor larvae by gel-permeation and high perfor-
mance liquid chromatography, as well as to investigate
the protein distribution on their hydrophobicity extent
after cold acclimation of 7. molitor larvae by reverse
phase chromatography.

Materials and methods

The research was performed in the larvae (n = 6)
of T molitor mealworm of last ages, kept at 25°C in
transparent containers filled with wheat and oat bran.
Before the experiment the insects were acclimated at
5...7°C for three weeks. To derive the proteins and
peptides, the larvae were homogenized in 0.6% NaCl
in 0.1 M Na-phosphate buffer (pH 7.4) supplemented
with protease inhibitor phenylmethylsulfonyl fluoride
(Sigma, USA) putting six insects per 2 ml of buffer.
The homogenate was centrifuged for 10 min at 1,800g
then the supernatant was centrifuged for 60 min at
100,000g. The supernatant was then used for studies.

Protein concentration in the samples was determi-
ned by the Bradford method [19].

Peptide composition of supernatants of 7. molitor
larvae was quantitatively and qualitatively analyzed
using the gel-permeation chromatography in the
400%16 mm column filled with polyvinyl gel TSK-Gel
Toyopearl HW-40 Fine (Toyo Soda Manufacturing Co,
Japan), the use of which allows to separate polypeptide
molecules with MW 100-12,000 Da.

The samples of 0.2 ml were injected through a loop
injector into the column and eluting phosphate buffered
saline (18 mM Na,HPO,, 12 mM NaH PO,, 100 mM
NaCl (pH 7,4)) was delivered using a Microperpex
LKB 2132 peristaltic pump (LKB, Sweden). Eluent
flow rate was 1.63 ml/min. The obtained fractions of
low molecular weight peptide compounds were recorded
with UV/optical monitor Uvicord SII LKB 2238 (LKB)
at 280 nm wavelength. Monitor signal was collected
by Recorder LKB 2210 two-channel potentiometer
(LKB) in terms of chromatograms and was supplied
to an integrator Waters 746 Data Module (Waters
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00bemMomM 0,2 MJT ¥ C TIOMOIIBIO TIEPUCTATBTUIECKOTO
Hacoca «Microperpex LKB 2132y («LKBy, [1IBerust)
roJ1aBaJjIy Amoupyronuii pocdarno-coneBoit Oydep-
Hpli pacteop (18 MM Na HPO,, 12 MM NaH, PO,,
100 MM NaCl (pH 7,4)). CkopocTb ITOTOKa 3ITFOEHTA
cocraBisina 1,63 ma/mun. Ilonyuennsle ¢ppakuun
HU3KOMOJICKYJISIPHBIX BEILECTB MENTHIHONW IPUPOIBI
PErHCTPUPOBAHN C MOMOIIBIO YIbTPadUOIETOBOTO
ontudeckoro mouutopa «Uvicord SII LKB 2238y
(«LKB») ipu aimuae BosHb! 280 HM. CHTHAI MOHUTOpA
PETUCTPHUPOBAIICS JABYXKAHAIBHBIM CAMOTIHIITYIIUM
noternuomerpoM «Recorder LKB 2210» («LKB»)
B BUJIC XpOMAaTOI'paMM H TMOJABAJICSl HA HUHTETPaTOP
«Waters 746 Data Module» («Waters Milliporey,
CIIA) nnsa ompenesneHuss BpeMEHHU yIEpKUBAHUS
(¢pakuuu M miIoLaaM 1mox NUKoM. B kauecTBe map-
KEPOB MOJIEKYJISIPHBIX MACC UCIOJIB30BaIH proOoda-
BHH ¢ M. M. 376,40 [a, anruoren3ud I ¢ m. M. 1046,18 [1a,
nuaHokoOamaMuH ¢ M. M. 1355,37 Jla, MEIUTHH C
M. M. 2846,46 Jla, uncynux yenoseka ¢ M. M. 5807,57 [la
(Bce BemiecTBa MPOU3BOMCTBA «Sigmay).

AJIMKBOTBI, B3SIThIE U3 CYIIEPHATAHTOB, [TPOITY CKaITH
yepe3 MemOpannbie GuinbTpel «Chromafil GF/PET-
45/25 ZF-S» («Macherey-Nagel», ['epmanus), 3atem
uAeHTU(HUIMPOBAIH U onpeiesisi pu 75°C conepika-
HUE CcaxapoB M CaxXapOCIUPTOB METOJOM BBICOKOI(-
(exTrBHOH NpsAMO(a3HOH KHUAKOCTHON Xpomarorpadun
CHCTIONBb30BaHMeM xpoMatorpada «Smartline» («Knauer»,
I'epmanus) Ha kononke «Erokat Hy» («Knauer») paz-
MepoM 300 X 8 MM, 3aIIOJTHEHHOH MONEPEYHO CIIUTHIMU
CONOJIMMEPAMH MIOJMCTHUPOJIA ¢ pazMepoM 1op 10 MKM.

B xononky BBoauiu npoOy oovemom 0,015 mu.
B kauecTBe noaBmKHOMN (a3bl HCIOIB30BAIIM BOAY IEp-
BOH CTEMEHN OYUCTKH CO CKOPOCTHIO OTOKA 0,5 MII/MUH.
ConeprkaHue caxapoB B CylepHaTaHTaX OMPEIeIIsITH
C MOMOIIIBIO PEPPAKTOMETPUICCKOT0 AeTekropa «RI
Detector 2300» («Knauer»). 11 00pabOTKH 1 BBIUHC-
JICHHS Pe3yJIBTaTOB MPUMEHSUIH IPOrpaMMHOE 00ec-
neuenue «Clarity Chromy» («Knauer»). B xauectse
CTaHJAPTOB HUCIIONb30BAJIN IITIOKO3Y, Caxapo3y, PPyKTo3y,
JIAKTO3Y, COPOUTON, MaHHUTOJ (BCE BEILECTBA MPOU3-
BOJICTBa «Sigmay).

Jns uccnenoanust ruapodoOHOCTH OEITKOB M3
nuauHOK 1. molitor meronoMm oOpaieHHO-(a30Boi
BBICOKOA((EKTUBHON KUJIKOCTHON XpomaTtorpaduu
HCIIOJIb30BAJIH )KUIKOCTHBIN Xpomarorpad «Shimadzu
LC-2010» («Shimadzuy, SIoHus1) ¥ KOJIOHKY pa3MepoM
250 x 4,6 mm «Vydac C4» («The Separations Groupy,
CIIA), 3anomHeHHY 0 chepruecKIM CHIIHKArelleM ¢
pazmepom mmop 300 A

Benku rpajieHTHO SITFOMPOBAIIH U3 KOJIOHKH JIBYMSI
noBroKkHBIME (pazamu (I1D) peaxtrBos pupmer «Fluka
Chemie» (Ilseituapus) (II® A — 90% Oydepnoro
pactBopa ¢ pH 4,2, 10% aneronutpmia u 11O b —
10% 6ydepnoro pactsopa ¢ pH 4,2, 90% aueronut-
puia) mo cienyrolield nporpaMme: nepBbie 8§ MUH
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Millipore, USA) to determine the retention time of
fraction and the area under the peak. Riboflavin with
MW 376.40 Da, angiotensin Il with MW 1046.18 Da,
cyanocobalamin with MW 1,355.37 Da, melittin with
MW 2,846.46 Da, human insulin with MW 5,807.57
Da (all the substances were of Sigma production) were
used as the molecular weight markers.

Aliquots derived from the supernatants were passed
through membrane filters Chromafil GF/PET-45/25
ZF-S (Macherey-Nagel, Germany), and then the con-
tent of sugars and sugar alcohols were examined and
revealed at 75°C by high performance liquid chroma-
tography using Smartline chromatograph (Knauer,
Germany) in the 300 X 8 mm column Erokat H (Knauer)
filled with cross-linked polystyrene copolymers with a
pore size of 10 pm.

The sample of 0.015 ml was introduced into the
column. Water of the first purification degree with
0.5 ml/min flow rate was used as mobile phase.
Content of sugars in supernatants was determined by
RI Detector 2,300 refractometric detector (Knauer).
To process and calculate the results the Clarity Chrom
software (Knauer) was applied. There were used glu-
cose, sucrose, fructose, lactose, sorbitol, mannite (all
substances of Sigma production) as standards.

To investigate 7. molitor larvae protein hydrophobi-
city by reverse phase high performance liquid chro-
matography we have used a liquid chromatograph
Shimadzu LC-2010 (Shimadzu, Japan) and the
250%4.6 mm column Vydac C4 (The Separations
Group, USA) filled with spherical silica gel having a
pore size of 300 A.

Proteins were gradient eluted from the column with
two mobile phases (MP) reagents of Fluka Chemie
(Switzerland) (MP A — 90% of buffer solution at pH
4.2, 10% of acetonitrile and MP B — 10% of buffer
solution at pH 4.2, 90% of acetonitrile) according to
the following program: first 8 mins elution was
performed with buffer A; from 9 to 35 mins buffer B
amount was increased from 0 to 80%; from 36 to
40 min, the concentration of buffer B was not changed.

To prepare buffer solution we have used 0.026 M
lithium dihydrogenphosphate solution, which was
brought to concentrated phosphoric acid to pH 4.2.
Mobile phase flow rate made 0.75 ml/min, column
temperature was 30°C.

Proteins were identified at 280 nm wavelength with
a UV detector SPD-M6A (Shimadzu).

The experimental data were statistically processed
using the non-parametric Mann-Whitney criterion. The
differences between the samples were considered as
significant at p < 0.05.

Results and discussion
The study of molecular mechanisms, adaptation of
biological objects under conditions of temperature
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ANMIONPOBAHKE MPOBOAMIHN Oydepom A; ¢ 9 o 35 Mun
konmuuecTBo Oydepa b yBemmunBamu ¢ 0 g0 80%; ¢
36 no 40 muH KOHLEHTpauuio Oydepa b He n3mensm.

s mpurotosnenus OyhepHoro pacTBopa UCIOJb-
3oBanu 0,026 M pactBop nutusa nuruapodocdara,
KOTOPBIN JOBOANIN KOHIIEHTPUPOBAaHHOH PochopHOii
kucnoroit 1o pH 4,2. CkopocTh NOTOKa MOJBUAKHON
¢azbl cocrasisna 0,75 Mi/MHH, TEMITEpaTypa KOJIOHKH —
30°C.

Wnentndukaruio 0SIKOB MPOBOAWIN TIPH JJTHHE
BoJiHBI 280 HM ¢ ucmoib3oBaHueM Y®D-meTekTopa
«SPD-M6A» («Shimadzuy).

Craructuueckyro 00paboTKy KCIEpUMEHTATb-
HBIX JaHHBIX BBIOJHSIIN, UCTIONB3YS HEMapaMeTpH-
yeckuil kputepuil ManHa- YutHH. Paznuuns mMexnay
BbIOOpKAMH CUMTAIH 3HAYMMbIMH Tipu p < 0,05.

Pe3syabTarsl m o0cyxaeHune

AxTyalibHasi 3a]1a4a COBPEMEHHON KPUOOHOIOTHI —
M3y4YeHUE MOJIEKYJSIPHBIX MEXaHW3MOB aJanTaluu
OMOOOBEKTOB B YCIIOBHSIX W3MEHEHHS TeMIepaTyp-
HOTO pexuma. [Iporecchl, mponcxoasIye Ha MOJIEKy-
JISIPHOM YPOBHE OpPTraHU3aIMH ITPY HU3KOTEMITEPaTypHOU
aJarTaIiu, SBIISIOTCS KITFOUYEBBIMHA JJISI BEDKUBAHUS U
COXpaHEeHHs1 OMOJIOTUIECKOTO BU/IA.

Anantanus >KHBBIX OPTaHU3MOB K HU3KUM TeMIIe-
paTypam — CJIOXKHBIA M1 MHOTO3TAITHBIH TIPOIECC, TIPH
KOTOPOM HaOJIONAIOTCSI U3MEHEHHUS CHIEKTpa OEJIKOB,
CTPYKTYPHBIE MIEPECTPOHKH HEKOTOPBIX OSITKOBBIX MO-
JIEKYJI, a TaK)Ke Ka4eCTBEHHBIE U KOJMYECTBEHHBIC
Mou(HUKAIMH KPUO3AIIUTHBIX BEIIECTB, CaXxapoB U
[IOJINOJIOB. B 3TOM CBS3M MpenCcTaBIsIIOCh HHTEPEC-
HBIM M3Y4UTh OCOOCHHOCTH aJIalTaI[UH XOJI0/I0yCTOH-
YUBOTO OMOJIOTHYECKOTO BHJA K JACHCTBHIO HU3KHX
TeMITepaTyp.

CornacHO JaHHBIM JINTEPATyPhI YI0OHOH MOJIEITBIO
JUTSL ICCIIEIOBAHNS MOJICKYJISIPHBIX MEXaHHU3MOB XO-
JIOJI0YCTOMYMBOCTH KUBBIX OPTaHU3MOB SIBISIOTCS
JWYUHKHA OOJIBIIIOTO MY4YHOTO Xpymaka 1. molitor
(cemeiictBo: Tenebrionidae), KOTOpBIE, KaK HaMHU
ObLIO TIOKa3aHO ¢ momotso SDS-amekrpodopesa B
[TAAT [2], ciocoOHBI TIpY AByXHEIEIIEHON XOJIOI0BON
AKKJIMMAIUH MPOTyIIUPOBaTh Oesku ¢ M. M. 5—10, 30
n 65 x/la. Taxxe ObLIM H3yUEHBI aHTUPPUIHBIE OCIIKH
[5, 14, 17, 18], obecnieunBaroIIne MEPEOXITAKIACHIC
TUIuHOK 1. molitor B ycmoBUSAX NEHCTBUS HU3KUX
temneparyp. OTHaKo U3MEHEHHUS BCETo CIIEKTPa BOJI0-
PacTBOPUMBIX OEJKOB M TENTH/IOB, HX CTPYKTYpPHBIE
0COOEHHOCTH, a TAK)KE KaYeCTBEHHBIN 1 KOJIMYECTBEH-
HBII COCTaB CaxapoB U MOJIMOIIOB MPH XOIOJ0BOH aKKIIH-
Malliu U3y4eHbl HEOCTAaTOYHO.

C TIOMOIIIBIO TelNb-TIPOHUKAIONIEH XpoMaTorpadun
MBI TIOJTY YHITH MOJIEKYJISIPHO-MACCOBBIC PACIIPE/ICIICHHS
OEJIKOBO-IICNITH/IHBIX BEIIECTB U3 CYIEPHATAHTOB,
BBIJICJICHHBIX U3 aKKJIMMHUPOBAHHBIX K XOJOAY U
HEaKKJIMMHUPOBAaHHBIX TUYMHOK 1. molitor (Tabm. 1,
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changes is an actual task of current cryobiology. The
processes occurring at the molecular level during low
temperature adaptation are a key in understanding of
survival and conservation of species.

Adaptation of living organisms to low temperatures
is complex and multi-step process, accompanied with
the changes in protein spectrum, structural rearrange-
ments in molecules of some proteins, as well as quali-
tative and quantitative modifications of cryoprotectants,
sugars and polyols. Therefore, it is of interest to study
the adaptation features of cold-resistant species to low
temperatures.

As reported widely the mealworm 7. molitor larvae
(Tenebrionidae family) is a convenient model to inves-
tigate molecular mechanisms of cold resistance of living
organisms. As we have earlier shown using SDS-PAGE
electrophoresis [13] they were capable to produce the
proteins with MW of 5-10, 30 and 65 kDa during two
weeks of cold acclimation. Antifreeze proteins [3, 12,
16, 17] providing hypothermia of 7. molitor larvae
under low temperature conditions wre also studied.
Nevertheless, the information about the changes of
the whole spectrum of watersoluble pro-teins and
peptides, their structural features, as well as qualitative
and quantitative composition of sugars and polyols
during cold acclimation are not comprehesive yet.

Using gel-permeation chromatography, we obtained
molecular weight distributions of proteins and peptides
from supernatants derived from cold-acclimated and
non-acclimated 7. molitor larvae (Fig. 1, Table 1).
Substances with MW < 7,000 Da were defined as
peptides and substances with MW > 12,000 Da were
considered as proteins.

Analysis of the experimental data presented in Fig. 1,
showed that qualitative composition of low-molecular
substances of protein-peptide nature from 7. molitor
larvae during cold acclimation was significantly chan-
ged. A decrease in peptide fractions number was
observed in 7. mollitor larvae acclimated for three
weeks. A high molecular weight fraction of proteins
with MW > 12,000 Da and low molecular weight
fractions with MW (2.255 £ 85), (1.525+ 115),(1.105 £+
115), (825 £ 55) and (540 + 20) Da were the main
protein-peptide fractions of supernatants derived from
cold-acclimated and non-acclimated 7. molitor larvae.

Figure 1 shows that supernatants derived from cold
acclimated 7. molitor larvae contain six low molecular
weight peptide fractions with MW (540 £ 20) —
(2.255 £ 85) Da. It should be noted that cold acclima-
tion 7. molitor larvae resulted in disapperance of four
high-molecular peptide fractions with MW (6.595 +
550), (6.040+280), (5.325 + 195) and (4.675 £225) Da
and apperance of low-molecular peptides with MW
(1.295 + 75) Da.

Moreover it should be noted that compositions of
protein and peptide substances in supernatants, derived
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puc. 1). BemectBa ¢ M. M.
< 7000 la uneHTHGUITIPOBA-
JIU Kak TeNTH[BI, a BEIIeCTBa

Tabnuua 1. MapameTpbl 6enkoBo-NENTUAHBIX OpaKLMIA CynepHaTaHToB

13 nuunHok T. molitor

Table 1. Parameters of protein-peptide fractions of supernatants from T. molitor larvae

cM. M. > 12000 Ila—KaK 6CHKI/I. CpepHnan HeaKkknMmunpoBaHHbIe SIMYMHKN AKKIIMMNUPOBaHHbIE NUYUHKM
AHaHI/IS 3KCHepI/IMeHTaHB- MO”;’;\Q‘(I:F;PHGH Non-acclimated larvae Acclimated larvae

n ,

HBIX HaHHBIX, MPEACTaBJICH- pev;Kk qarf\';;l:lageua CpepHAa nnowaas CpepHAn nrnowaas
| | nuka, mm? Mnowaab nuka, % nuka, mm? Mnowaab nuka, %
HBIX B Ta6ﬂ-1 M Ha pHC' 1: ITOKa- T\,gigﬁ;‘ sfr Average peak Peak area, % Average peak Peak area, %
(v . 2 2
31, YTO KQYE€CTBEHHBIM COCTAB fraction, Da area, mm area, mm
HU3KOMOJICKYJIIPHBIX BELIECTB Pr 212 000 1452 = 214 34,05 + 5,01 3323 + 548 69,80 + 11,51
0CJIKOBO-TICTITHTHOM MTPUPO/IBI
U3 JIAYMHOK T moll'tor B Hpo_ A, 6595 + 550 271 £ 21 6,36 + 0,49 - -
HECCC XOIOA0BOH aKKIIMMalu1 A, 6040 + 280 334 + 14 7,83 £ 0,32 - -
CYIIECTBEHHO U3MEHSIETCS. Y aK-
KITMMHAPOBAHHBIX 1K 5...7°C B A, | 5325+ 195 483 = 29 11,33 + 0,68 - -
TequI/.Ie TpeX HCNCTIE JTMIHHOK A, 4675 + 225 126 + 31 2,95 + 0,72 - -
T molitor oTMeuaeTcs yMeHb-
IICHUE KOJIMYECTBA IIENTUTHBIX A, 2255 + 85 119 + 43 2,79 += 1,00 16 + 8* 0,35 + 0,18*
kryid. OCHOBHBIMHU BO-

(bpa OC o 6eﬂ-K0 0 B, 1525 + 115 145 + 28 3,40 + 0,65 63 + 22*% 1,47 + 0,51*%
HIECNTUAHBIMA (bpaK]_lI/IﬂMI/I nu3Ccy-
TNEPHATAHTOB, IOJYYCHHBIX U3 B, 1295 + 75 - - 133 + 38 2,79 £ 0,79
XOJIOAOAKKITMMHPOBAHHBIX 1 HE-

C 1105 + 115 717 + 34 16,82 + 0,79 599 + 20* 12,68 + 042*
AKKJIIMMUPOBAHHBIX JIMYUHOK
T. molitor, ABISAIOTCS BBICOKO- D 825 + 55 407 + 39 9,55 + 0,91 372 + 53 7,81 + 1,11
MoJieKysipHas (pakuus Oen-

F 540 + 20 210 + 29 4,92 + 0,67 248 + 9 5,20 £ 0,18
KOB ¢ M. M. > 12 000 [la u HH3-
KOMOJICKYJIAPHBIC TCITUAHBIC O6uiee conepxaHnue

BeulecTs
@pammn C M. M. (2255 + 85), Total content of 4264 + 176 4753 + 578
bst.

(1525 + 115), (1105 = 115),

(825 + 55) u (540 = 20) Ja.
Kak Bugno u3 puc. 1, B
CyliepHaTaHTaX, BbIICICH-HbIX
U3 aKKIIMMUPOBAaHHBIX K XOJI0-
ny auuuHok T. molitor, NIpUCYTCTBYIOT MIECTh
HU3KOMOJICKYJSIPHBIX MENTUAHBIX (PAKIHA C M.M.
(540 +£20) — (2255 £85) Ha. CiemyeT OTMETUTH, YTO
noclie akKJIMMAIMU K XOJIONYy y JHYuHOK T. molitor
HCUE3aI0T YEThIPE BEICOKOMOJICKYIISIPHBIC TENTH THBIC
¢bpakmuu ¢ M. M. (6595 +550), (6040 + 280), (5325 +
195) u (4675 + 225) Jla u MOSBISAOTCS HU3KOMO-
JIeKyIApHbIe menTuasl ¢ M. M. (1295 + 75) Jla.
YcTaHOBIIEHO, YTO COCTAB OEIKOBO-TIENTHUAHBIX BE-
LIECTB B CyNepHATaHTaX, MOJYYSHHbIX U3 aKKIMMH-
POBAHHBIX K XOJI0/1y M HEaKKIMMHUPOBAHHBIX TMIMHOK
T. molitor, nMeeT KOJIMYECTBEHHbIC Pa3IHYHUS.
B 4yactHOCTH, CTaTUCTUYECKH 3HAYMMbIC H3MEHEHHUSI
HaOMIOMAI0TCA BO Qpakiuiax ¢ M. M. (2255 + 85),
(1525 + 115) u (1105 + 115) Jla, KOTOpBIE COOTBET-
CTBYIOT IIUKaM xpomarorpamm A ,, B, u C (puc. 2).
B npouecce X0g010BOM aKKJIMMAIUU JIMUMHOK
T. molitor oTMedaeTcss YMEHbBIICHHE KOJTHMYECTBA
MENTHI0B ¢ M. M. (2255 +85)u (1525+115) laB8u
2,3 pasa COOTBETCTBEHHO (muku A, u B)).
CpaBHeHHE XpOMAaTOrpaMM pacripeaeicHus Oen-
KOBO-TICTITHIHBIX (PPAKLHIA CyTIepHATAaHTOB, BBIJCICH-
HBIX U3 aKKJIMMHAPOBAHHBIX U HEAKKIMMUPOBAHHBIX K
xonony nuuuHOK 1. molitor, mokasano, 4To oduiee
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MpumeyaHue: * — pa3nnymsa CTaTUCTUHECKM 3HAYMMbl MO CPABHEHMWIO C HeaKKIMMUPOBAH-
HbIMU Hacekombimn, p < 0,05.

Note: * — differences are statistically significant if compared with non-acclimated insects, p < 0.05.

from cold-acclimated and non-acclimated 7. molitor
larvae, have quantitative differences. In particular, the
statistically significant changes were observed in the
fractions with MW (2.255 + 85), (1.525 £ 115) and
(1.105 £ 115) Da corresponding to A, ,, B,, and C
chromatogram peaks (Fig. 2). During cold acclimation
of T. molitor larvae a decrease was observed in the
number of peptides with MW (2.255 + 85) and (1.525 +
115) Da by 8 and 2.3 times, respectively (A, , and B,
peaks).

Comparing the chromatograms of protein-peptide
fractions distribution for supernatants derived from
acclimated and non-acclimated 7. molitor larvae, we
have revealed that the total contents of all the com-
ponents slightly differed. In particular, the content of
substances absorbing in UV region of spectrum in cold-
acclimated insects was by 1.11 times higher than in
non-acclimated ones.

During acclimation the distribution of protein and pep-
tide components significantly changed. A comparative
analysis of chromatographic data of protein-peptide
fractions from 7. molitor larvae showed that the number
of protein fraction (Pr peak) with MW > 12,000 Da in
non-acclimated larvae was in 2.3 times lower than in
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Puc. 1. TunnyHble xpomaTorpammbl pacnpeperneHs 6enkoBo-nenTUAHbIX pakunii cynepHaTaHTOB U3 NUYUHOK
T. molitor: A — HeakknMMUpoOBaHHble; B — akknnmMmnpoBaHHbIe.

Fig. 1. Typical chromatograms for protein and peptide fractions distribution in supernatants of non-acclimated (A) and

acclimated (B) T. molitor larvae.

COJICp)KaHUE BCEX KOMIIOHEHTOB OTJIMYAETCs HE3Ha-
YUTEJIbHO. B 4acTHOCTH, coiepikaHue BEIIECTB, KOTO-
phie moromaT B YD-00acTi ciekTpa, y X0JI010-
AKKJTMMHUPOBAHHBIX HACeKOMBIX B 1,11 pa3za Oombiie,
YeM y HEaKKJIMMUPOBAHHBIX.

CymecTBeHHO M3MEHSJIOCh paclpenelieHne
OCNKOBO-TIENITUIHBIX KOMIIOHEHTOB B IpPOIecCe
akknuManuu. CpaBHUTENBHBIN aHAIH3 XpoMaTorpa-
(bnyeckux JaHHBIX OSITKOBO-TIENITUIHBIX (PPAKIIHA 13
nuduHoOK T. molitor moka3zal, 4TO KOJIHYECTBO
6enkoBoii (ppakumu (muk Pr) ¢ m. M. >12 000 [la y
HEaKKJIIMMHAPOBAHHBIX JTMUHHOK
B 2,3 pa3a MeHbIIE, YeM Yy
800

cold-acclimated ones. In non-acclimated 7. molitor
insects we have found an increase in the number of
peptides with low MW: (2.255 £ 85) Dain §; (1.525 +
115)Dain2.3;(1.105£115) Dain 1.3, and (825 + 55) Da
in 1.22 times.

Analysis of the findings enable to assume that the
change in protein-peptide composition of the super-
natants derived from 7. molitor larvae, during low-
temperature acclimation is associated either with
synthesis of protein and peptide components de novo,
or structural modifications of existing proteins.

XOJIOZIOAKKJIIMMHUPOBAaHHBIX. Y He-
AKKJIMMHAPOBAaHHBIX HACEKOMBIX
T. molitor yCcTaHOBIICHO YBEIH-
YeHUE KOJIMYECTBA MEMNTUI0B
C HU3KOHU M. M.: (2255 + 85) [la—
B 8; (1525 + 115) Ja — 2,3;
(1105 £ 115) Ta— 1,3 m (825 +
55) Jla — 1,22 pasa.
AHaIU3Upys MOJydYCHHBIC
JIAHHBIE, MOXKHO MTPEMOJIOKHTH,
4TO M3MEHEHHE OeJIKOBO-IIeI-
THHOTO COCTaBa CylepHaTaH-
TOB, MOJYYECHBIX W3 JIMUYUHOK

CpegHsia nnowadb nuka, Mm?
Average peak area, mm?

N N w N [¢)] (o] ~

o o =] o o =] o

S S S S S S S
1 1 1 1 1 1 1
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T. molitor, B mporiecce HU3KO-
TeMIEepPaTypHOU aKKJIMMaIlnu
CBsI3aHO JIMOO ¢ CHUHTE30M Oe€llI-
KOBO-IIENTUIHBIX KOMIIOHEHT de

Al

A11

Cc D F

A3 Aa2 B1

B2
dpakummn nenTnaos
Peptide fractions

A2

novo, 100 CO CTPYKTYPHBIMHU
MOJH(DHUKAIMSAME yKE CYIIeCT-
BYIOIIHNX OCITKOB.
OO06HapyXeHHBIC KaueCTBEH-
HbIC U KOJINYECTBCHHBIC H3MEHE-

npo6nembl KpMOOGMONOrMN N KPNOMEAVLIMHDI
problems of cryobiology and cryomedicine

Tom/volume 26, Ne/issue 4, 2016

Puc. 2. MonekynsipHo-maccoBoe pacnpegerneHne nentuaHbIx dpakumi cynepHaTaH-
TOB M3 HeakkNMMMpoBaHHbIX () u akknumuposaHHbix (l) nuuuHok T. molitor ; * —
pasnuuMs 3Ha4YMMbl MO CPABHEHWUIO C HEAKKIIMMUPOBAHHBIMU NndmHKkamu, p < 0,05.
Fig. 2. Molecular weight distribution of peptide fractions in supernatants from
non-acclimated (J) and acclimated (M) T. molitor larvae; * — differences are sig-
nificant as compared to non-acclimated larvae, p < 0,05.
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HUSI COCTaBa OEIKOBO-TIENTU- s 0,06

HBIX BEIIECTB CYNEePHATAHTOB ;

U3 ITUYuHOK 1. molitor MOTYT X e 005

CBHUACTEALCTBOBATH O HAU- g_g

YUM MOJIEKYJISPHBIX MEXaHU3- E & 0,04

MOB aJIalTaI[i¥ XOJIO0A0YCTOM- % i

YUBEIX THUYUHOK 1. molitor k 3% 003-

JNeHCTBUIO HU3KKMX TEMIIEPATyp, L& & ’

CIOCOGCTBYIOMIMX MX BBDKHBA- & E

HUIO B HEOJIArOMPUATHBIX YCII0- g S 0,02 7

BHSIX CPEIbI OONTaHUS. 25
3BeCTHO, 4TO B mIpoLecce 3 jé’ 0,017

HHU3KOTEMIIEpaTypHOU ajanTa- lafa

M XOJIOI0yCTONYUBBIX Opra- < 0

HU3MOB HAOIIONAIOTCS CTPYK- 0
TypHBIE MOAW(HUKALNH HEKO-
TOPBIX OETIKOBBIX MOJIEKYJ, B
4acTHOCTH (epMeHTOB [6].
BeposiTHO, YTO OTHUM U3 TAKHX
W3MEHEHUH SIBJISIETCS CIBUT IO
crerneHu rupooOHOCTH, KO-
TOPBIA MOXKET OBITh U3yUeH C
ITOMOIIFI0 METOIa 0OpaIieH-
HO-(ha30BoOM Xxpomarorpaduu, 4To TO3BOJIUT OTpeie-
JHUTH paclpeeneHne OENKOB, BBIACIEHHBIX W3
XOJIOJIOAKKITMMHUPOBAHHBIX M HEAKKIUMHUPOBAHHBIX
nauHoK 1. molitor (puc. 3).

[To BpeMeHM ynep>kuBaHUs OEIKOB Ha KOJOHKE,
MOYXXHO YCTaHOBHTD, YTO KOJIMYECTBO IHIPOPOOHBIX
0€JIKOB Yy HEaKKIMMUPOBAHHBIX JTMUYUHOK 1. molitor
Oosiblie, YeM y XOJIOJOAKKIMMHPOBAaHHBIX (puC. 3).
Benku, koTopble yaepKuBaIich Ha KOJIOHKE, 3alI0IHEH-
HOU TUAPO(GOOHBIM BEIIECTBOM, MaKCHUMAaJbHOE
BpeMs SIBISIOTCS TUAPO(OOHBIMU MPOTEMHAMH, a
O€JIKM ¢ MUHU-MAJIbHBIM BPEMEHEM YACP>KUBAHUS —
rUIPOPUILHBIMU. Y aKKITMMHPOBAHHBIX HACEKOMBIX
T. molitor BBIIBIEHO OOJbIEE KOIUYECTBO T'HMJIPO-
(uIpHBIX OETKOB MO CPABHEHHUIO C HEAKKIMMHPO-
BaHHBIMH. Pe3ysbTaThl SKCIIEpUMEHTaIbHBIX HCCIIe-
JIOBAaHUU COTJIACYIOTCSI C JTAHHBIMH JIUTEPATYpPHI 00
YMEHBIIIEHUH CTETIeHU THAPO(HOOHOCTH OEIKOB XO0JI0-
JOYCTOWYUBBIX OPraHU3MOB IPU HHU3KOTEMIIepa-
TYpHBIX aganTanusx [6, 16].

W3BecTHO, YTO OJHUM M3 MEXaHU3MOB €CTECTBEH-
HOM X0JIONIOBOM aJanTalun y )KUBOTHBIX U PACTEHUN
SIBJISICTCSl HAKOIIJICHUE NMPUPOAHBIX KPUO3AIIUTHBIX
BELIECTB (CaxapoB U CaxapOoCIUPTOB), [IO3TOMY C IO-
MOMIBIO NPsiIMO(a3HOM BBICOKOI(D(PEKTHBHOM JKUIIKOCT-
HOU XpoMarorpadu Hamu ObLTO U3YYEHO COJICpIKaHUE
caxapoB M CaxapOCIHPTOB B CyINl€pHATaHTaX, MOJIY-
YCHHBIX W3 THIUHOK 1. molitor (Tadm. 2).

Kak BuiHO 13 JaHHBIX Ta0JI. 2, y HEAaKKIIMMHPOBaH-
HBIX TMYUHOK 7. molitor ypoBeHb ToK03bI B 1,34 paza
BBIIIIE, YEM Y aKKIMMHUPOBaHHBIX. Kpome Toro, y Heak-
KIIMMHPOBaHHBIX 0cobelt 1. molitor oOHapy>KeHbI ca-
XapOCIUPTHl ¢ HU3KOW KOHLEHTpanuen (copouTon u
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Bpewms, MuH
Time, min

Puc. 3. O6palleHHo-ha3zoBass xpomaTorpamma 6enkoB M3 nuumMHoK T. molitor:
HeakknumunpoBaHHble (H); akknumupoBaHHble (A).

Fig. 3. Reversed-phase chromatogram of proteins from: non-acclimated (N) and
acclimated (A) T. molitor larvae.

The observed qualitative and quantitative changes
in the composition of proteins and peptides of the
supernatants from 7. molitor larvae may indicate the
presence of molecular mechanisms of adaptation of cold-
resistant 7. molitor larvae to low temperatures contri-
buting to their survival under adverse habitat conditions.

It is known that low-temperature adaptation of cold-
resistant organisms is accompanied with some structu-
ral modifications of some protein molecules, i. e. enzy-

Tabnuua 2. CocTaB cynepHaTaHTOB, MOJTy4YEHHbIX U3
nunynHok T. molitor

Table 2. Composition of supernatants derived from
T. molitor larvae

KoHueHTpauua BewecTBa, Mr/mn
Substance concentration, mg/ml
BewiecTtBo
Substance HeakknumupoBaHHble AKKNUMUPOBaAHHbIE
T.molitor T.molitor
Non-acclimated Acclimated 7. molitor
7. molitor larvae larvae
[Jioxosa 2,035 = 0,195 1,615 + 0,105
PpykTO3a B B
Fructose
Caxaposa B B
Sucrose
NakTo3a B B
Lactose
Copouron 0,025 + 0,005 -
Marnnron 0,020 + 0,005 -
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MaHHHTOJ ), KOTOPBIE OTCYTCTBYIOT Y aKKITMMHPOBaH-
HBIX K XOJIOJIy HACEKOMBIX. MI3MEeHeHUe yIIIeBOTHOTO
cocTasa B IIpoliecce akKKJIMMaluu JMIUHOK 1. molitor
MOJKET CBUETENbCTBOBATH O TpaHC(HOPMALUU METa-
00JIMUECKHX MPOLIecCcOB 00pa30BaHMsI CaXapoB U caxa-
pocnupToB MO0 O BO3MOXHOM (POPMHUPOBAHUU Y
HACEKOMBIX BO BpeMsl aKKJIMMAIMH CIOXKHBIX KOM-
MIOHEHTOB, HAaNpPUMEp, YIIIEBOJHO-OCIKOBBIX COEIHU-
HEHH. DTO MO3BOJISIET COXPAHUTH M ONTHMHU3HPOBATH
(hyHKIIMM IPOTEUHOB U CTA0MITU3UPOBATH MAaKPOMOJIE-
KyJIbl B YCIIOBHSX CTpecca.

AHaNMM3Upys NOJyYeHHbIE YKCIIEPUMEHTAIbHbIC
JIAHHBIC, MOXKHO TIPEJIOJIOKUTh, YTO B MEXaHH3ME
CIIO’KHOTO M MHOTOATAITHOTO SIBJICHUSI XOJIO0BOH afar-
TaIMH KJIIOUYEBYIO POJIb UIPAIOT IEPECTPONKH B METa-
O0onu3Me OeNKOB, BKJIIOYAs YH3MMBI, OCJIKU XOJO-
JIOBOTO LII0KA, & TAKKE PETYJISITOPHBIC OCIIKHU 1 TSI THIBI.
Jist noATBEpKACHUS JaHHON THITOTE3bI HEOOXOANMBI
JIOTIOJTHUTENBHBIE HCCIICAOBAHMS C UCIIOIb30BAHUEM
HHTUOMTOpa CHUHTE3a OCNIKOB (HAampuMep, LUKIOTeK-
CHUMU/Ia), UTO SBJIAETCS LIETBIO MOCIETYIOMIEH dKCTIe-
PUMEHTATEHON PabOTHI.

BoiBoabI

[TokxazaHo, 4TO BO BpeMsi HU3KOTEMIIEpATypHOil
aJian-Taluy JHYUHOK 7. molitor IpOUCXOJISIT N3MEHHS
CHieKTpa OeJIKOBO-TIENTHIHBIX BELIECTB B UX TKAHSX:
yBellnueHne odbema OenKOBOH (pakLUU C M. M.
12 000 a, ymeHbleHHE 0OBbEMa MENTHIOB C M. M.
(2255 £ 85) m (1525 £ 115) la B 8 u 2,3 paza
COOTBETCTBEHHO, a TAK)XE CTPYKTYPHBIE MOIU(HUKA-
Iuu OCNIKOB, XapaKTEPU3YIOIUECs CHIKCHHEM HX
ruapodoOHOCTH.

YcTaHOBIIEHO, UTO B IIPOLIECCE XOJIONOBOM aJaNTallin
TUYUHOK 1. molitor yMeHbIIaeTCsa coepsKaHue TIo-
KO3BI, HICYE3aI0T CaXapOCIUPTHI (COPOUTOI M MAHHHTOI).
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mes are observed [4]. One of these changes is likely
hydrophobicity degree shift which can be studied using
the method of reversed-phase chromatography. It will
enable to determine the distribution of proteins derived
from cold-acclimated and non-acclimated 7. molitor
larvae (Fig. 3).

Retention time of proteins in a column allowed to
establish, that the amount of hydrophobic proteins in
non-acclimated 7. molitor larvae was higher than in
cold-acclimated ones (Fig. 3). Proteins retained in the
column filled with hydrophobic substance during
maximum time were hydrophobic proteins and the pro-
teins with a minimal retention time were hydrophilic.
A larger amount of hydrophilic proteins in acclimated
T molitor insects compared to non-acclimated ones
was revealed. The findings were consistent with the
reported data on diminishing the degree of protein
hydrophobicity in cold-resistant organisms following
low temperature adaptations [4, 15].

Accumulation of natural cryoprotective agents
(sugars and sugar alcohols) had been known to be one
of the mechanisms of cold adaptation in animals and
plants, therefore we investigated the content of sugars
and sugar alcohols in supernatants, derived from 7. mo-
litor larvae using high-performance liquid chroma-
tography (Table 2).

Table 2 demonstrates, that in non-acclimated 7.mo-
litor larvae the glucose level is 1.34 times higher than
in acclimated ones. Moreover, low concentrations of
sugar alcohols (sorbitol and mannite) were observed
in non-acclimated 7. molitor larvae, and absent in cold-
acclimated insects. Change in the carbohydrate compo-
sition during acclimation of 7. molitor larvae may
indicate to either transformation of metabolic processes
of sugars and sugar alcohols formation or possible for-
mation of complex components such as carbohydrate-
protein compounds in insects during acclimation. It
allows preservation and optimizations of protein func-
tions, as well as stabilization of macromolecules under
stress conditions.

The analysis of experimental data enabled us to
assume that in the mechanism of the complex and
multistep cold adaptation a key role was played by the
rearrangements in protein exchange, including
enzymes, cold shock proteins, as well as regulatory
proteins and peptides. To confirm this hypothesis there
is a need in additional studies using protein synthesis
inhibitor (e. g., cycloheximide), which will be the goal
of further experiments.

Conclusions

It has been shown that low-temperature adaptation of
T. molitor larvae was accompanied with the changes
within spectrum of protein and peptide substances in their
tissues occurred. There was an in increase in the amount
of protein fractions with MW of 12.000 Da, a reduced
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volume of peptides with MW (2,255 + 85) and (1,525 +
115) Da by 8 and 2.3 times, respectively, structural modi-
fications of proteins, characterized by the decrease in
their hydrophobicity as well.

It has been found that during cold adaptation of
T. molitor larvae the glucose content was decreased, and
the sugar alcohols (sorbitol and mannite) disappeared.
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