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PEG-6000 Induced Precipitation of Proteins
from Cold-Acclimated Tenebrio molitor larvae

Pecpepat: Y nopiBHANbHOMY acnekTi gocnigkeHo cnekTpu npeuunitoBaHux MNEM-6000 6inkiB HeakniMoBaHUX Ta akniMOBaHUX
nuumHok Tenebrio molitor. Toka3aHo, Lo siKiCHUI cknag KpionpeumniToBaHux Ginkie akniMoBaHUX i HeakniMoBaHWUX NUYUHOK T. molitor
Mae BiaMiHHOCTI. 3okpema, y GinkoBUX crnekTpax insTpaTiB i3 akniMoBaHMUX NUYUHOK 3'aensnucsa G6inku 3 m. M. 11 kfa, ski BigCyTHI
y HeaknimoBaHux komax. ig yac npeuunitauii GinkiB i3 roMoreHaTiB X0NOA0aKMIMOBaHMX i HeakniMoOBaHWX NIMYMHOK criocTepiranacsi
3HauyLLa pi3HMLA B KiINMbKOCTI MpeuuniTaTy Npu KOHUEeHTpauiax nonietunexrnikonto 12% i Ginble. binku i3 dinbTpaTis akniMoBaHux
NMYUHOK Y NpUCYTHOCTI 6%-ro po3uuHy MEM-6000 ocagxyBanucsa Ha 44 i 56% 6inblue, Hix BinkiB i3 HeakniMoBaHUX 0COBWH nNpu 22
i 4°C BignosigHo. 36inbLieHHs koHueHTpauii NEM-6000 3 4 go 6% npv3BoauMno A0 MOsIBYM B NpeuunitaTax i3 akniMoBaHUX MMYMHOK
GinkiB y gianasoni M. M. 30-42,5 k[la, siki BiACyTHI y HeakniMoBaHMUX KOMax.

KniouoBi cnoBa: xonogosa akniMauis, 6inku, nonietuneHrnikonb, npeuunitalis, enekrpogopes.

PedhepaT: B cpaBHMTENBHOM acrnekTe MccrnefoBaHbl CNEKTpbl NpeunnuTupoBaHHblx MAM-6000 6enkoB HeakKNMMUPOBaHHbLIX
M aKKNMMMUPOBaHHbLIX NUYMHOK Tenebrio molitor. NMoka3aHo, YTO Ka4YeCTBEHHbIA COCTaB KPUOMPEUUNUTUPOBAHHbBIX Genkos
aKKNMMUPOBAHHbIX W HEaKKIMMMMUPOBaHHbIX NUYMHOK T. molitor nmeeT otnnynsa. B yacTtHocTu, B 6enkoBbIX cnekTpax cunstpaTtos
13 aKKIMMMPOBAHHbIX NINYMHOK NosBnsnucb 6enkn ¢ M. M. 11 k[la, KOTOpble OTCYTCTBYIOT Y HEaKKMMMMPOBAaHHbLIX HacekoMbix. Mpu
npeumnuTaummn 6enkoB U3 roMoreHaToB X0N0A0aKKIIMMUPOBAHHbIX Y HEAKKMMMMPOBAaHHbIX MUYMHOK Habnioganack 3HayMmas pasHuua
B KONMUYeCcTBe npeuunuTata npu KoHUeHTpauusax nonuatuneHrnukons 12% v 6onee. benkun 3 dunbTpaToB akKNMMMUPOBAHHBIX M-
YMHOK B npucyTcTBUMU 6%-ro pacteopa M3rr-6000 ocaxpanuce Ha 44 n 56% 6Gonblue, YeM Genku 13 HeakKNMMMMPOBaHHBLIX ocobel
npu 22 n 4°C cooTBETCTBEHHO. YBenu4yeHne KoHueHTpauuu M3M-6000 ot 4 oo 6% npvMBOAMMO K MOSIBNEHUIO B npeuunuTtatax u3
aKKNMMMOBAaHHbIX NUYUHOK GenkoB B anana3oHe M. M. 30-42,5 k[la, KOTopble OTCYTCTBYIT B HEAKKIIMMUPOBAHHbLIX HAaCEKOMbIX.

KnioyeBble crnoBa: xonofoBas akknuMaums, 6enku, nonMaTUNeHrnNukons, npeuunuTauus, anekrpodopes.

Abstract: Spectra of PEG-6000-precipitated proteins from cold-acclimated and non-acclimated Tenebrio molitor larvae were
comparatively studied. The composition of precipitated proteins from cold-acclimated and non-acclimated T. molitor larvae was
shown as differed qualitatively. In particular, the protein spectra of filtrates from cold-acclimated larvae had proteins with molecular
weight of 11 kDa, which were absent in non-acclimated insects. There was observed a significant difference in precipitate content
at polyethyleneglycol concentrations of 12% and higher during protein precipitation from homogenates of cold-acclimated and non-
acclimated larvae. Proteins from the filtrates of cold-acclimated larvae in the presence of 6% PEG-6000 were precipitated by 44 and
56% greater, than those from non-acclimated species at 22 and 4°C, respectively. The increasing of PEG-6000 concentration from 4
to 6% resulted in appearance in the precipitates from cold-acclimated larvae of proteins with molecular-weight range of 30—42.5 kDa,
which were absent in non-acclimated insects.

Key words: cold acclimation, proteins, polyethyleneglycol, precipitation, electrophoresis.

Oco0nuBicTIO IPOCcTOpOBOT PYHKIIIT OinTKa € 31aT-
HICTb MOJIIMENTHAHOTO JIAHITFOTA IO YTBOPESHHS MIEBHOT
CTPYKTYPH, sIKa Ma€ He0OXiTHI AMHAMIYHI BJTACTHBOCTI
JUts 31iiicHeHHs Glonmoriuanx ¢yHKIiH. [Ipn obroBopen-
Hi mpo0iemMu cTabiNbHOCTI O1IKIB 0CO0MBA yBara npu-
JTSIETHCS TiApohOOHUM B3aEMOIIAM, SIKi BiIIrPalOTh
CYTTEBY POJIb y (POPMYBaHHI MAKPOMOJIEKYJI 1 € OJTHUM
13 BOXKITMBHX (PaKTOPIB X cTabdimizarrii.

Panime Hamu Oy710 MOKa3aHo, 110 B MPOIIECi XOJI0-
JIOBOT aKJniMariii cKjiaj CUHTE30BaHuX OUIKIB Tenebrio
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The feature of protein spatial function is the ability
of polypeptide chain to create the certain structure with
necessary dynamic properties for implementing biolo-
gical functions. When discussing the problem of protein
stability a special attention is paid to hydrophobic
interactions, playing a significant role in macromolecule
formation and being one of the important factors of
their stabilisation.

We have previously shown, that during cold-
acclimation the composition of synthesized proteins in
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molitor 3MIHIOETBCS KiNbKiCHO Ta sikicHO [1]. Kpim
SKICHUX MOAMQIKaIlii CTIEKTpa O17IKiB XOIOMOCTIHKAX
OpTraHi3MiB y npoueci HU3bKOTEMIEepaTypHUX ajarTa-
i, MOXKJIHBA 3MiHa riIpooOHUX BIACTUBOCTEN MOMTi-
nentuaie. TeHaeHist 10 301IbIIeHHs I1apodoOHOCTI
JESKUX MIPOTETHIB CIIOCTEPIraeThes y 6araTb0X BHIIB
apkTuuHuX puo6 [12, 13, 18] ta Gakrepiit [8—10], mpo-
TEOM SIKUX Y LiIOMY Ma€ OyTH XOJOXOCTAaOLIbHUM.
e mo3Bossie 30epiraTu oro HaTHBHY KOH(OpPMAIIiFO
Ta QYHKI[IOHYBaTH B YMOBaxX HHU3BKHX TEMIIEPATYp.
MoXxJIMBO, L1e MOIINPIOETHCA 1 Ha 1HII BUIU TBApUH,
HaNpUKJIIa]l KOMaX, SKi 31aTHI IO XOJI0JJOBOT aIanTaliii.
Jns BusBneHHs Moaudikamnii OiKiB y miTeparypi
HAaBEJICHO B1IOMOCTI III0/T0 BUKOPHCTAHHS JIETiPaTyIO-
YHX areHTiB, 30KpeMa MO eTHICHIIIIKOMIIO [6, 7], skuit
MIPY OXOJIOAKEHH1 NPU3BOAMTE A0 NpelimiTaiii Oinkis
3aJIe’KHO BiJl CTyHeHs iX rizpodobrHocti. MeToro naHoi
po6oTHu Oyi0 MPOBEACHHS MOPIBHAIBHOTO aHAI3Y
mperimitanii OUTKIB i3 XOJ0A0aKIIMOBaHUX Ta HEaK-
NiMOBaHUX JTUYUHOK Tenebrio molitor npu Bu-
xopuctanHi [TEI'-6000, a Tako)k BUBYCHHS €1EKTPOdO-
PETUYHOTO PO3MOALTY OIIKIB i3 TOMOT'€HATIB Ta OCAJIIB.

Marepianu Ta MeToaHn

PoGoty mpoBOAMIIH HA TMYMHKAX BETTMKOTO OOPOIII-
HsaHoro xpymaka 1. molitor (Coleoptera: Tenebrioni-
dae) ocTaHHIX BiKiB PO3BHUTKY, 5IKi caMe Ha Ll cTamii
OHTOTEHE3y CTaloTh XojomocTidkumu [5]. Jns akmi-
MaIlil IMYMHOK yTPUMYBAIU MPOTITOM TPHOX THXKHIB
mpu 5...7°C.

Tomorenar opepxxyBanu i3 7. molitor y 0,6%-my
po3uuni NaCl na Na-docdparnomy Oydepi 0,1 M
(pH 7,4) y po3paxyuky 2 ma Oydepa Ha 6 TUIHHOK.
[otim #toro nenrpudyrysamm 10 xB mpu 1800g. 3 Haz-
ocajy BiIOMpasn allikKBOTY AJISl IPOBEJCHHS €JIEKTPO-
¢dopesy, a Hagocaa MPOMyCKalIn Yepe3 QiIbTPY Ui
kapTpumk «Sartopore GF2» («Sartoriusy, Himeuunna)
JUTSL BUJIAJIEHHST KJIITHHHOTO AeTpuTy. 3 (imbTpary
BigOupanu amikBOTYy IS €JEKTPOPOPETHIHOTO
nocaimxenns. o ¢insrpary nqomasanu [TEI-6000 y
chiBBizHomeHHi 1:1, mepeminryBanu Ta MPOBOAMIN
PEaKIIito MPeIuITiTamii 3 KIHIEBUMH KOHIICHTPAIli MU
[ET y po3unni 2, 4, 6 Ta 8% mipu 22 Ta 4°C ynponoBx
1,5 ropunHm, onep:kany cymim neHtpudyrysanmu 10 xB
mipu 1800g Ta BigOMpaiy HaA0CaAOBY PiIMHY B OKpEMi
MIPOOIPKHL.

Ocan (~50 MKJ) micns npeurmniTanii pecycrneHmy-
Baiu B 0,6%-my po3unni NaCl na 0,1M Na-¢pocdar-
Homy Oydepi (pH 7,4). 3 orpumaHOro pO34HHY BigOH-
paiu almiKkBOTY IUIA TPOBeAeHHS enekTpodopesy. Bei
00’€MH PO3YHHEHUX 0Ca/1iB IEPEHOCKIIY B Aiai3Hi Mi-
mevku (mmiBka «Visking type 8/32» («Servay,
Himeuunna)) miamerpoM 6 MM Ta JOBXKXHHOIO TPH-
OJIM3HO 5 cM, SIKi MAIOTh MEXY Bi/ICIKaHHS pEYOBHH 13
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Tenebrio molitor was changed quantitatively and qua-
litatively [8]. In addition to qualitative modifications of
protein spectrum in cold-resistant organisms during low
temperature adaptations, a change in hydrophobic
properties of polypeptides is also possible. The tendency
to hydrophobicity increase in certain proteins is obser-
ved in many Arctic fishes [4, 6, 16] and bacteria [1—
3], which proteome should be generally cold-stable.
This allows preserving its native conformation and
functioning at low temperatures. This tendency may
be also extended to other animal species, insects for
example, which are capable of cold adaptation. To
reveal the protein modification one uses dehydrating
agents, in particular polyethylene glycol [7, 10], which
during cooling results in precipitation of proteins
depending on a degree of their hydrophobicity. This
research was aimed to comparatively analyze the
precipitation of proteins from cold-acclimated and non-
acclimated Tenebrio molitor larvae using PEG-6000
and to study an electrophoretic distribution of proteins
from homogenates and sediments.

Materials and methods

The research was carried-out in 7 molitor larvae
(Coleoptera: Tenebrionidae) of last age, which
namely at this ontogenesis stage became cold-resistant
[20]. Larvae were maintained for 3 weeks at 5...7°C
for cold-acclimation.

Homogenate was obtained from 7" molitor in 0.6%
NaCl solution with Na-phosphate buffer 0.1 M (pH 7.4)
in amount of 6 larvae per 2 ml buffer. Thereafter it
was centrifuged for 10 min at 1800g. The aliquot was
collected from the supernatant for electrophoresis and
the supernatant was passed through a filter cartridge
Sartopore GF2 (Sartorius, Germany) to remove cell
detritus. The aliquot was collected from filtrate for
electrophoretic study. Filtrate was supplemented with
PEG-6000 in 1:1 ratio, stirred and the reaction of
precipitation was performed with final PEG concent-
rations in solution of 2, 4, 6 and 8% at 22 and 4°C for
1.5 hrs. The obtained mixture was centrifuged at 1800g
for 10 min and a supernatant was collected into sepa-
rate vials.

The precipitate (~50 ml) was re-suspended in 0.6%
NaCl solution with 0.1 M Na-phosphate buffer (pH
7.4). From the obtained solution we collected the aliquot
for electrophoresis. All the amounts of dissolved
precipitates we transferred into dialysis tubing (Visking
type 8/32 (Serva, Germany)) of 6 mm diameter and
about 5 cm length, which had a molecular weight cut-
off for the substances with MW of 8§—15 kDa. At the
first stage we carried out dialysis of precipitate in 0.6%
NaCl solution in 0.1 M Na-phosphate buffer (pH 7.4)
at 22°C and a constant stirring for 1.5 hrs for PEG
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M. M. 8—15 x/la. Ha mepmromy erarri mpoBOIAIIH Jiauti3
ocany B 0,6%-my po3unni NaCl na 0,1M Na-doc-
¢darnomy Oydepi (pH 7,4) mpu 22°C Ta nocriiHOMY
nepeMilryBaHHi BIPOAOBX 1,5 TOIUHM 3 METOIO BU/Ia-
nerns [1ET. Ha apyromy etarmi 10 ciipKeHHS MITIIEUI0K
nepeHocwtn B HacudeHui po3uuH IIET-40000 Ta
3aiiCHIOBaJIM KOHIEHTpytounit niani3 (22°C) npu no-
cTiliHOMY nepeminryBanHi potsiroM 1,5 rongunu. [Ticas
JIBOXETAITHOTO Jiajli3y BiAOWpanud aliKBOTH IS
enekrpodopesy. Ha KookHOMY eTari eKCIIepIMEHTY BU-
MiproBanu BMicT Oinka 3a metogoMm bpendopaa [4].
SDS-enexropodope3 NpOBOAUIN B TPALI€EHTHOMY
(10-25%) momiakpinamignomy reni (ITAAT) 3a
cTaHIapTHOI MeTomukoro [3]. Jms emekrpodopesy
BUKOPUCTOBYBaJH peakTuBH dipM «Sigmax» (CLIA) Ta
«Serva» (Himeuunna). KinbkicHy OLIHKY BUSIBICHUX
(paxiii 6inkiB Ha mopixkax SDS-ITAAI nmposogmmn
3a TOTIOMOTOI0 KOMITTOTEpHOI mporpamu «Imagel»
(National Institutes of Health, CILIA). []ns cratuctud-
HOTO aHaJi3y eKCIIEPUMEHTAIbHUX JaHUX BUKOPHCTO-
ByBaJIM MPOTrpaMHHN makeT «StatgraphicWin 2.1» 3a
HemapaMeTpUIHUM KpuTepieM ManHa-YiTHI. 3Hauy-
LIMMU BBaXKaJii BiAMiHHOCTI ipH p < 0,05.

Pe3yabTatu Ta 00roBOpeHHA

BaxnuBy poisb y mporieci po3unHEHHS OUIKa y
MOJISIPHUX CHCTEMaX BiJirpae po3noAi riapodiasHux
1 TiApoPOOHNX aMiHOKHCIOTHHUX 3aIMIIKIB Ha HOTO
roBepxHi. Came KiJIbKiCTb MOJISIPHUX aMIHOKHUCIIOTHUX
3aJIMIIKIB BIUTMBAE HA CTYIIHB TipaTaliii mpoTeiHiB.

Binomo, 1110 BHCOKOMOJIEKYIISIPHI IO e THICHTITI KO
BUKOPHCTOBYIOTBHCS AJISI TPELHITITALlI] MAKPOMOJIEKYI,
30KpemMa OUTKiB [6, 7] Ta HyKJIeTHOBHX KUCIIOT [16, 17,
21]. B ocHOBI MexaHi3My Oca/PKeHHS OUIKIB pO3IMHAMHA
[EI" nexxuts npouec aerigpararii. Bzaemonis [MET
13 OlIKaMM y PO3YHMHI MOJIATAE B CTEPUUYHOMY BUKIIIO-
geHHi Monekyn IIEI i3 0iakoBOT 30HU 3a paxyHOK
3B's13yBaHHs Boau noiimepom [11, 20]. Y pesynsrari
PO3YHMHHICTB O1JIKiB 3MEHITYETHCSI, IO TPU3BOJAMTE /10
HecrienuivHoi iX arperanii Ta npeuumnitanii. CTymiHb
OCaDKEHHS TIPOTEiHIB 3aJICKUTH Bijl Oaratbox mapa-
MeTpiB, OIHUM i3 sikux € KoHneHnTpauis [1EL. Y pobori
JI.B. KoponeBcbkoi Ta criBaBT. [2], y sKili BHBYAIIN
BB [1EI" Ha iMyHH1 KOMIIIEKCH, TOKa3aHO, IO MIPH
HU3bKUX KoHeHTparisx [1IED BinOyBaeTbcs mperutti-
TaIlis IepPEeBaYKHO MAKPOMOJIEKYIISIPHUX IMYHHHX O1JIKIB,
a rpu 30UTBIIEHH] KOHIIEHTPALIii HOMIMEpPY 0CaIKyIOTh-
cs1 O1JIKOB1 KOMIIIEKCH SIK BEJIMKOT0, TaK 1 MaJIoro po3-
Mipy. 30Kpema, Ipu OTpPUMaHHI iIMyHOTJIOOYJTiHIB 32
nornomororo IIEI" mpoBogunm omiHKy arperaTHoro
CTaHy OTPUMaHUX KOMIUIEKCiB [2]. BctanoBneHo, mo
BUKopHcTaHHS ABoX koHueHTpauiilt IIEI" (3 ta 4%)
no3BoJsie audeperiioBarn imyHHi 0inku (Ig M, G Ta
A) 3a po3mipom.
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removal. At the second stage we transferred tubing
into the PEG-40000-saturated solution and performed
concentrating dialysis at 22°C and constant stirring for
90 min. After two-stage dialysis the aliquots were
collected for electrophoresis. At each stage of the
experiment we measured a protein content according
Bradford [18]. The SDS-electrophoresis was carried-
out in gradient (10-25%) polyacrylamide gel (PAAG)
by the standard technique [13]. For electrophoresis
we used the Sigma (USA) and Serva (Germany)
reagents. The revealed protein fractions in SDS-PAGE
tracks were qualitatively assessed using ImageJ soft-
ware (National Institutes of Health, USA). Experimen-
tal data were statistically processed with the Statgra-
phics Win 2.1 software using nonparametric Mann-
Whitney U-test. Differences at p<0.05 were conside-
red as significant.

Results and discussion

The distribution of hydrophilic and hydrophobic
amino acid residues on protein surface plays an impor-
tant role in its dissolving in polar systems. Right the
amount of polar amino acid residues affects the degree
of protein hydration.

The high molecular polyethylene glycols are used
for precipitation of macromolecules, particularly
proteins [7, 10] and nucleic acids [14, 15, 21]. The
mechanism of protein precipitation with PEG solutions
is based on dehydration. The interaction of PEG with
proteins in solution consists in a steric exclusion of PEG
molecules from a protein environment due to water
binding by polymer [5, 19]. As aresult the solubility of
proteins decreases, and their non-specific aggrega-
tion and precipitation occurs. The degree of protein
precipitation depends on many parameters, one of
which is PEG concentration. L.B. Korolevskaya et al.
[9] studied the PEG effect on immune complexes, and
demonstrated that at low concentrations of PEG the
precipitation of mainly macromolecular immune proteins
occurred, while when increasing the polymer con-
centration the protein complexes of both large and
small sizes were precipitated. In particular, when
obtaining immunoglobulins PEG was used to assess
an aggregate state of the obtained complexes [9]. The
use of two PEG concentrations (3 and 4%) was esta-
blished to differentiate the immune proteins (Ig M, G
and A) by size.

Due to the mentioned above facts there was a
logical assumption that during a qualitative change in
protein spectrum, particularly in synthesis of specific
proteins (nucleator, cold shock and antifreeze proteins),
or after changing their conformation during cold
acclimation, the modification of protein hydration shell
occurred. Application of a dehydrating agent PEG may
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Ha miacraBi BukianeHux (akTiB JOTiYHO OyIJIO
MIPUITYCTUTH, IO MPH SKICHIA 3MiHI CIIEKTpa OLIKIB,
30KpeMa cuHTe3y crneuudpivyHux OinkiB (Oinku-
HYKJIEaTOpH, OIKH XOJOAOBOIO LIOKY, aHTU(PHU3HI
Oinku), a00 3MiHI X KOH(DOpPMAIIIT Ii7 Yac X0I010BOT
axJimariii BinOyBaeThcst Moauikarlist riapaTHoi 000-
JIOHKH O1TKiB. HerpsaMum MeTo10M BUSBIIEHHS TaKUX
TpaHchopmaniii Moke OyTH BUKOPUCTAHHS Jeriapa-
tytodoro arenta [IEI. [IpunymenHs momao 3MiHU
creKTpa OiIKiB 200 TX KoH(OpMAIIiT i Yac akaimMariii
MiTBEPKEHO pe3yabTaTaMy HAIlTUX E€KCIIEPUMEHTIB.
I3 puc. 1, 2 BUHO, 110 B pe3ynbTaTi MperumiTaii 3a
noromoroto [TEI'-6000 y niama3oni KoHIIEHTpaIii 4—
20% OinKu, SKi OTPUMaHi 13 aKIIMOBAaHUX JTMYUHOK
T. molitor, BUTIAAIOTh B 0CaJ Y 3HAYHO OLITBIIIH Kilb-
KOCTI, Hi)K 13 HEaKIIIMOBAaHUX KOMaX.

[Tipsumenns kornenTpartii [TEI-6000 Bix 4 mo 20%
TIPU3BOIIIIO JI0 301IBIICHHS KIJTFKOCTI O1JIKa B ocai
13 TOMOI'€HATIB aKJIIMOBAHUX 1 HEAKIIIMOBAHHX JIMYHHOK
T molitor. 3Hauyia pi3HUL B KUTBKOCTI MIPELMITITATY,
OJlep’KaHOMY BiJl aKJIIMOBaHHX 1 HEaKJIIMOBaHHX OCO-
6uH, cioctepiranack npu koHeHTpaisax [IEI 12% i
Oinbiue (puc. 1, 2). Cnig 3a3HauuTH, IO TEMIEpaTypa,
3a SIKOT MTPOBOJIMIIOCS OCaPKEHHS OLJIKIB, CYTTEBO HE
BILIMBaJa Ha KIIBKICTH OcamKkeHoro oinka. KinpkicThb
npenumiToBaHoro 0inka mpu 4 ta 22°C 3Hadylie He
BiJpi3HsJIACH Y aKJIIMOBaHUX 1 HEaKJIIMOBaHUX JINYH-
HOK.
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Puc. 1. KoHueHTpauia 6inka B ocagax, oTpuMaHux nicns
npeumnnitauii MEFr-6000 npu 22°C i3 TKAHWUH NUYUHOK
T. molitor: O — HeaknimoBaHi; [ — aknimoBaHi.

Fig. 1. Concentration of proteins from T. molitor larvae in

sediment after precipitation with PEG-6000 at 22°C: O -
non-acclimated; [0 — cold-acclimated.
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be an indirect method for revealing these transforma-
tions. The assumption as to the changes in proteins
spectrum or their conformation during cold-acclimation
has been confirmed by our findings. Fig. 1 and 2 show
that as a result of precipitation by means of PEG-6000
within a concentration range of 4-20% the proteins,
derived from cold-acclimated 7. molitor larvae, preci-
pitate much greater than those from non-acclimated
insects.

An increase in PEG-6000 concentration from 4 to
20% led to the augmentation of protein amount in
sediment from homogenates of cold-acclimated and
non-acclimated 7. molitor larvae. A significant diffe-
rence in the amount of precipitate, obtained from cold-
acclimated and non-acclimated species, was observed
at PEG concentrations of 12% and more (Fig. 1, 2). It
should be noted that the temperature, at which the
proteins were precipitated, did not significantly affect
the amount of precipitated protein. The amount of
precipitated protein at 4 and 22°C did not significantly
differ in cold-acclimated and non-acclimated larvae.

Since the dissolving the proteins in water is due to
their hydration, and the stabilisation of protein molecule
depends on its charge and hydration shells, consisting
of the oriented water molecules, the effect of any
factor, breaking hydration processes and destroying
hydration shells of proteins (the main principle of
dehydrating agent action), leads to their precipitation.
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npeuunitadii MEMr-6000 npn 4°C i3 TKAHUH NUYNHOK
T. molitor: O — HeaknimoBaHi; [ — aknimoBaHi.

Fig. 2. Concentration of proteins from T. molitor larvae in
sediment after precipitation with PEG-6000 at 4°C: O —
non-acclimated; 0 — cold-acclimated.
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OCKITBbKY pO3YMHEHHS O1JTKIB y BOJII TIOB’sI3aHE 3 iX
rigparariero, a crtabimi3ais MOJeKynu Oika 3aie-
JKUTH BiJ ii 3apATy Ta TiIpaTHUX 000JIOHOK, IO CKJIa-
JAIOThCA 3 OPIEHTOBAHUX MOJEKYJ BOIH, TO BIUIMB
OyIib-sIKHX (haKTOPIB, sIKi TTIOPYILYIOTh MPOLIEC TipaTariii
Ta pyWHYIOTb TiIpaTHI 0O0JOHKH OiNKIiB (TOJIOBHHMA
MIPUHLIMII Aii IeTiApaTyounX areHTiB), IPU3BOAUTH J10
ix ocamkeHHs. ToOTO MOXKHA 3pOOUTH MPHUITYIIICHHS,
10 y MPOIeCi X0I0A0BOI afanTallii OUTKH TUIUHOK
T molitor 3a3Ha10TH KOHPOPMAIIITHUX 3MiH, SIKi TPHU3-
BOJATH JI0 IEPEPO3NOILTY NOSPHUX Ta HEMOJISPHUX
TpyT Ha X IOBEPXHi, 110 KOHTAKTYOTh 13 PO3YNHHUKOM,
00yMOBITIOIOUHM 3HI)KEHHS iX CTabIIbHOCTI y PO3YMHI
ITET-6000.

[Ipu mopiBHsIHHI OITKOBUX CIEKTPiB (imbTpariB
i3 aKITIMOBaHMX 1 HEAKITIMOBaHUX JIMYMHOK 1. molitor
OyJIO BCTAHOBJICHO, III0 BOHU MAIOTh SKICHI 3MiHH, a
0CO0IMBO 1€ IOMITHO B aiama3oHax M. M. 10-15 ta
15-85 k/la. 3okpema, B 30Hi, siKa Bixmosinae M. M. 10—
15 xlla, y 3pa3kax i3 akmimoBaHux 1. molitor
3 ABJIETHCS HU3BKOMOJIEKYJISIpHA O1IKOBa cMyra 3
M. M. 11 x/la, a B 30H1 M. M. 15-85 k/la y akmiMoBaHHX
KOMaXx 3HUKAIOTh OUTKH 3 M. M. 22,5, 49 Ta 75 x/la
(puc. 3). Mo)kHa TPHITYCTHTH, 1110 HA3FKOMOJIEKYIISIPHI
nporeinu (11 k/la) HaxexaTb 10 pOAVHY aHTU(PPUIHHUX
0inkiB, sIKi HaKomuuylOTbes y 1. molitor min 4ac
xonooBoi akmimMartii [14, 15, 19].

OckiIbKH IpoLIeC AeriApaTarii OUIKiB y PUCYTHOCTI
OpTaHiYHUX ITOJIIMEPIB MPU3BOIUTS 0 IX arperariii, sika
00yMOBJIEHa €NEeKTPOCTATUYHUMH B3a€EMOJISIMU Ta
BaH-/IepP-BaaIbCOBIMH CHUJIAMH MiK O1TKOBUMH MOJIe-
KyJIaMH, TO Ha Ii/ICTaBi OTPUMaHUX JAaHUX MOXKHA
MIPUITYCTUTH, 11O SKICHI 3MiHH cHIeKTpa OinKiB abo ix
KoH(oOpMallii y mpolreci akiiMarii mpu3BoIsiTh 110
3MEHILEHHS I IpoQiTsHOCTI YacTHHHM O1IIKiB Ta 1X cTa-
O1TPHOCTI B IPUCYTHOCTI AeTiaparytodoro arerrta [ 1EL.
Bucnosnene npunymeHHs NiATBEPIKYETHCS AAHUMH
SDS-enexTpodopesy ocaiB, OTpUMaHUX ITij] 9ac Ipe-
mumitanii OUIKIB 13 aK/IIMOBAHHX 1 HEAKIIMOBAaHUX
anunHok T, molitor 3a nonomororo ITET-6000.

Sk Oymo 3a3nadeno y poboti JI.b. Kopomnescrkoi
Ta criBaBr. [2] y mpucytHocTi [IEI'-6000 BinOyBa€eTs-
cs1 arperartisi IMyHOTJIOOYITiHIB, TPUYOMY 3 ITiJBUIIICH-
HSIM KOHIIEHTpAIlii moJiMepy po3Mip arperaTiB 3Ha4HO
3011y €eThes. OCKIIBKY BETMYNHA arperaTHIX KOMII-
JIEKCiB BIJIMBAE HA MPOLIEC eJIEKTPOodOopesy MpH BUKO-
puctaHHi ioHHOTO eTeprenTa SDS, a BoaHi po3unHU
IIET" i3 M. M. Bume 3000 [la MaroTh BUCOKY B’ SI3KIiCTb,
110 IPU3BOJMTE 0 CIIOTBOPEHHS ENEKTPO(HOPETUIHOT
PYXJIUBOCTI O1TKOBUX MOJIEKYJ Y HPUCYTHOCTI
nolimepy, Tomy Hamu Jutst SDS-enekrpodopeTinaHoro
aHajizy OITKOBUX CHEKTpiB Oynn BHOpaHi HU3BKI
xorteHTpartii [TEI-6000.
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Therefore we can assume that cold adaptation of the
T. molitor larvae is accompanied with conformational
changes of proteins, and thus to redistribution of polar
and non-polar groups on their surfaces, which contact
with solvent, thereby stipulating a decrease in their
stability in PEG-6000 solution.

Comparing the protein spectra of filtrates from cold-
acclimated and non-acclimated 7. molitor larvae
revealed the qualitative changes, especially notice-able
within the molecular weight ranges of 10—15 and 15—
85 kDa. In particular, in the MW area of 10—15 kDa,
the samples from cold-acclimated 7. molitor showed
a new low-molecular protein band with 11 kDa MW,
and in 15-85 kDa weight area of cold-acclimated
insects the proteins with 22.5, 49 and 75 kDa MW
disappeared (Fig. 3). We can assume that low mole-
cular proteins (11 kDa) belonged to antifreeze protein
family, which are accumulated in 7" molitor during cold
acclimation [11, 12, 17].

Since dehydration of proteins in the presence of
organic polymers results in their aggregation, stipulated
by electrostatic interactions and van-der-Waals forces
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Puc. 3. Cnektpu 6inkiB cinbrpatis romoreHaTiB IMYNHOK
Tenebrio molitor: M — mapkepwn monekynspHoi macu; 1 —
HeakniMOBaHi NUYMHKN; 2 — akniMOBaHi NINYMHKM.

Fig. 3. Protein spectra of Tenebrio molitor larvae homo-
genate filtrates: M — molecular weight markers; 1 — non-
acclimated larvae; 2 —cold-acclimated larvae.
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CrekTp OUIKIB HPELHUITITATIB, SKI BUIAAAIOTh
B 0ocaj i3 (inabTpariB TOMOTeHaTiB aKkJIiMOBaHUX Ta
HEaKJIIMOBaHMUX JIMYUHOK 1. molitor y mpuCyTHOCTI
4% IIET'-6000 mpu 22°C, sikicHO BiAgpi3HSETHCA.
VY npenunitarax i3 akjJiMOBaHHMX KOMax BiACYTHI
cmyru 3 M. M. 73 ta 18 x/la, axi Oyau BUSBIEHI Y
HEaKJIIMOBAHUX OCOOMH, a TAKOXK 3'SIBISIOTHCS OLIKH
3 M. M. 41,5; 31,5; 28,5; 27,5; 25; 20 ta 14,5 x/la.
Cxknag O11KOBUX OCaIiB Micis MpeLUITiTanii NpoTeiHiB
i3 aKkJIIMOBaHMX Ta HEaKJIiMOBaHHX JIMYMHOK 3a
nonomorow 4%-ro pozunny IIET-6000 npu 4°C
TaKOX BIAPI3HAETHCA: Y aKJIIMOBAaHUX KOMax 3HHUKA€E
cmyra 45 k/la, a KibKicTh Oika 3 M. M. 56 k/la
3MEHIIYETHCS 10 BiTHOMIEHHIO J0 OLIKOBUX CITEKTPIiB
13 HeakJiIMOBaHMX Komax. [Ipu mpbomMy B ocaji 3
aAKJTIMOBAHUX JIMYUHOK CHOCTEPITaloThCsA O1ITKH

kDa

200
150

120
100

85

70
60

50

40

30
25
20

15

10

MEr-6000: M — mapkepu mornekynspHoi macu; 1, 3 —
HeakniMoBaHi NMNYUHKK; 2, 4 — akniMoBaHi NNUYNHKK; 1, 2 —
npeuunitauis npu 4°C; 3, 4 — npeumnitayia npu 22°C.
Fig. 4. Spectra of proteins prior to and after cold acclimation
of T. molitor after their precipitation with 4% PEG-6000,
M — molecular weight markers; 1, 3 — non-acclimated
larvae; 2, 4 — cold-acclimated larvae; 1, 2 — precipitation at
4°C; 3, 4 — precipitation at 22°C.
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between the protein molecules, the obtained data
allowed to assume that either qualitative changes in
protein spectrum or their altered conformation during
acclimation resulted in a decreased hydrophilicity of
some proteins and therefore their stability in the pre-
sence of a dehydrating agent PEG. The suggested
assumption was confirmed by SDS-electrophoresis
data of sediments, obtained during protein precipitation
from cold-acclimated and non-acclimated Tenebrio
molitor larvae using PEG-6000.

L.B. Korolevskaya et al. [9] described the aggre-
gation of immunoglobulins in the presence of PEG-
6000, moreover the higher was the polymer concent-
ration the bigger was size of aggregates. Since the
dimensions of aggregate complexes may affect the
electrophoresis when using ionic detergent SDS, and
aqueous PEG solutions with molecular weight above
3000 Da have a high viscosity, resulting in distortion of
electrophoretic mobility of protein molecules in polymer
presence, we selected only low concentrated PEG-
6000 for SDS-electrophoretic analysis of protein
spectra.

The protein range in precipitates from homogenate
filtrates of cold-acclimated and non-acclimated
T. molitor larvae in the presence of 4% PEG-6000 at
22°C, was qualitatively different. In the precipitates
from cold-acclimated insects no bands with 73 and
18 kDa MW were found, unlike non-acclimated spe-
cies, where these as well as the proteins with 41.5,
31.5,28.5,27.5,25,20 and 14.5 kDa MW were present.
The composition of protein sediments after precipitating
proteins from cold-acclimated and non-acclimated
larvae using 4% PEG-6000 solution at 4°C was also
different: 45 kD band disappeared in cold-acclimated
insects, and the amount of protein of 56 kD MW
decreased in respect to the protein spectra from non-
acclimated insects. Moreover, in the precipitate from
cold-acclimated larvae we observed the proteins with
42.5, 31.5, 30, 20 and 15 kDa MW. In those from
acclimated larvae the amount of proteins with 62.5
and 59 kDa MW also increased during precipitation at
4°C (Fig. 4).

Thus, the spectra of revealed protein fractions from
filtrates of cold-acclimated and non-acclimated
T. molitor larvae, precipitated with 4% PEG-6000 at
different temperature conditions were different.

Qualitative composition of sediment proteins, obtai-
ned by precipitation with 6% PEG-6000 from cold-
acclimated and non-acclimated 7. molitor larvae did
not significantly differ from the precipitates obtained
in the presence of 4% PEG-6000 (Fig. 5). Changing
the precipitation temperature conditions in the presence
of 6% PEG-6000 did not significantly affect a quali-
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3 M. M. 42,5; 31,5; 30; 20 ta 15 x/la. Takox y
MPELHMITITaTax i3 aKIiMOBAaHUX JIMYMHOK 301IbIIY€EThCS
KUIBKICTb OUIKIB 13 M. M. 62,5 Ta 59 k/la ipu ocapKeHHI
3a remnepatypu 4°C (puc. 4).

OTXe, CIIEKTPU BUSABICHHUX OIIKOBHX (paKiiif i3
¢binpTpaTiB aKIIMOBaHMX 1 HEAKIIMOBAaHUX JTHYUHOK
T. molitor, npeunumTOBaHUX 3a NTONOMOTo0 4%-10
IEI-6000 3a pi3HUX TeMIIEPaTypHUX YMOB, BiApI3-
HSIOThHCA.

SkicHui# ckiaz O1IKIB OcaiB, OTPUMAaHHUX ITij] 4ac
MIperuITiTantii 3a gormoMoroo 6%-ro pozurnny [TEI-6000
13 aKJIIMOBAHUX 1 HEAKIIMOBAaHMX JIMUNHOK 1. molitor,
CYTTEBO HE BIAPI3HAETHCS BiJI IPELMITITATIB, OIepiKa-
Hux y npucytHocti 4% IIET-6000 (puc. 5). 3mina
TeMIIEpaTyPHUX YMOB HPELHUITITAIlli Y MPUCYTHOCTI
6%-ro [IEI'-6000 3Ha4HO He BIUIMBAE Ha SKICHUH
CKJaja OIIKOBUX CIEKTPiB, OTPUMAHUX 3a YMOB
ocamxeHHs OunkiB 7. molitor 3a nonomoroio 4%
[TET"-6000 npu aHanoriunux temneparypax. OnHax y
ocajzax, OTPUMaHMUX 13 TOMOTEHATIB aKJIiIMOBaHUX
TUIrHOK 1. molitor miJ 4ac MpeuuIiTaii 3a A0mo-
Mororo 6% ITEI-6000 mpu 22°C, 3’ IBISIOTHCS O17IKOBI
cMyrd i3 M. M. 73 Ta 62,5 k/la, gKxi BiacyTHI 3a yMOB
nperumitanii 4%-m pozuannom [MET-6000 npu anaso-
FIYHUX TeMIlepaTrypax.

OTxe, SIK BUAHO 3 MPOBEICHUX AOCTIKECHD i3
BUKopuctaHHsaMm SDS-enektpodopesy Ta merin-
parytouoro arenra IIET-6000, y mporeci xomnomo-
BOI ajanTallii JTM4uHoK 7. molitor crocTepiraloThes
SIKICHI 3MiHH iX OUIKIB, TIPO 1110 CBiT4aTh MOSBA OLTKOBHX
CMYT Ha eJIeKTpodoperpamax i3 iHIIOH eaeKTpodope-
TUYHOIO PYXJIMBICTIO Ta BUMAJaHHSI B OCaJ 3HAYHO
OUTBIIOT KITBKOCTI OLJIKIB 13 TOMOTEHATIB aKJIIMOBAaHUX
JIUYMHOK. BusiBieH] GakTH MOXYTh OyTH OB’ s13aHI
3 mpoIecaMu TMepenporpaMyBaHHs TeHETHYHOTO
arapary XOJIOIOCTIHKHMX KOMax y MPoLeci iX akymiMariii
a00 3 popMyBaHHIM aJBTEPHATUBHUX (POPM ICHYIOUHX
6inkiB (i30opm), abo 3 koH(POpMaLIHHUMH 3MiHAMH
OiNKIB, sIKi BiOYBalOThCS 3a PaxXyHOK HAasBHOCTI Y
AKJIIMOBaHUX KOMaX HU3bKOMOJICKYJISIPHUX KPi03aXHucC-
HUX pedoBUH (I[yKpH Ta MOJTIOJHN), SIKI B pe3y/IBTaTi B3ae-
MOJIii 3 MPOTeTHAMU IPU3BOIATH JI0 CTa0LII3aIliT OUTKIB
B YMOBAX MMEPEOXOJIOKCHHSI.

BucnoBknu

VY pesysbraTi MpOBEACHUX NOCIIIKEHb BHSIBIICHA
pi3HHLSA B el1eKTpOGOPETHUUHIH PyXIMBOCTI OiNKiB
13 (iNBTPaTIiB aKJIIMOBAHUX 1 HEAKTIMOBAHHUX JINYMHOK
T. molitor. [loBeeHO, IO O1JIKK XOJI0A0aKTIMOBaHHX
nuauHOK 1. molitor BUNIaAarOTh B Oocaja y OiNbIIii
KUIBKOCTI, HIXK O1JIKM 3 HEaKJIIMOBAHHUX KOMaX, II[0 MOYKE
CBimuuTH Npo KoH(OpMalliiiHi 3MiHH O1JIKiB y mporeci
XOJIO/IOBOT a1anTariii.
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MEr-6000: M — mapkepu monekynspHoi macu; 1, 3 —
HeakniMoBaHi NMUYMHKK; 2, 4 — akniMoBaHi NNYnHKK; 1, 2 —
npeuunitauis npu 4°C; 3, 4 — npeuunitauis npu 22°C.
Fig. 5. Spectra of proteins prior to and after cold acclimation
of T. molitor after their precipitation with 6% PEG-6000,
M — molecular weight markers; 1, 3 — non-acclimated
larvae; 2, 4 — cold-acclimated larvae; 1, 2 — precipitation at
4°C; 3, 4 — precipitation at 22°C.

tative composition of protein spectra obtained during
T’ molitor protein precipitation with 4% PEG-6000 at
similar temperatures. However, in the sediments,
obtained from homogenates of cold-acclimated 7. mo-
litor larvae during precipitation with 6% PEG-6000 at
22°C, the protein bands with 73 and 62.5 kDa MW
appeared, which were absent in precipitates with 4%
PEG-6000 under similar temperature conditions.
Thus, the studies with SDS-electrophoresis and
dehydrating agent PEG-6000 allowed to reveal the
qualitative changes in proteins following 7. molitor
larvae cold adaptation, evidenced as the appearance
of protein bands with other electrophoretic mobility in
electrophoregrams and precipitation of significantly
higher amount of proteins from homogenates of cold-
acclimated larvae. Our findings may be associated
either with the reprogramming of genetic apparatus of
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cold-resistant insects during their cold-acclimation or
the formation of alternative forms of existing proteins
(isoforms), or conformational changes in proteins,
occurring due to the presence in cold-acclimated insects
of low molecular cryoprotective substances (sugars
and polyols), which could lead to their stabilisation during
supercooling as a result of interaction with proteins.

Conclusions

In our findings we revealed the difference in
electrophoretic mobility of proteins from filtrates of
cold-acclimated and non-acclimated 7. molitor larvae.
It was proven that the proteins from cold-acclimated
T. molitor larvae precipitated in greater amount, than
those from non-acclimated insects, that might indicate
conformational changes in proteins during cold adap-
tation.
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