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AHHOmMauus

B Oaunoii cmamve npusedenvl OaxHvle CPABHUMENLHOZ0 AHA-
JIU3A 4ermvLpex Menooo8 KOnuU1ectmeeHHOL OUeHKU CO0epiIcais
6e1K060-NeNMUOHDIX KOMNIIEKCO8 8 IKCMPAKIMAX, NOJLYHeHHbIX
HA OCHOBE COIPLA IHUBOMHO20 NPOUCXONOEHUS, A MAKHEe HU3-
KOMOJIEKYNAPHOLX U BbICOKOMONEKYTAPHOIX PPAKUUIX IKCMPAK-
ma: npamozo cnekmpogomomempuneckozo onpedeseHus npu
onunax éont 260 u 280 Hm ¢ nocnedyouum pacuemom no ¢op-
myne Kanvkapa; 6uypemogoti peaxyuu no memoody Kumnecness —
Betixcenvbayma; ¢ ucnonvsosaruem peaxkmuea bpaodopoa u no
cmandapmuomy memody Jloypu. Ananus nomyueHHvix sKcnepu-
MeHMANbHOIX 0AHHbIX NOKA3A, 4O 6 Cy4ae ¢ IKCHPAKHOM,
codepicaugum 6enKo80-nenmuoHvle KOMNEKCol 8 PA3NIU4HOM
ouanasoxe MONEKYNAPHLIX MACC HAUOONee KAUECHBEHHO NOKA-
3vieaem KoHueHmpauuto benka memod Kumecnes-Beiixcenv6a-
YMa, NpU UCCIE008aHUY BbICOKOMOTIEKYNSPHOLL Ppakiyuu (6oree
30 x/a) 6onvuie uHpopmayUU B03MONCHO NOLYHUMb NPU COUe-
MAaHuU cnexmpopomomempu1eckozo memooad u makice memooa
Kunecnes-Beiikcenvbayma. Huskomonexynspmote (menee 30 klla)
ppaxyuu cnedyem uccnedosamv KOMNIEKCHO, ¢ NpumeHeHUem
cnexkmpogomomemputeckozo mermooa, memooos Jloypu u Bpa-
Ogopoa. Hantvie memoovl 0aiom 603MONHOCHb NPeONOnoNcU-
MenvHO OueHUMs OUANa3oHvl Pasmepos OenKoBbIX MONEKYL
(no uucny nenmuoHbIX c6s3eil), a makice onpedenumny Hanuuue
2UOPOPOOHDLX U APOMAMULECKUX AMUHOKUCTIOM.

BBegenne

KiroyeBbIM MOMEHTOM OOJIBIIMHCTBA MCCIEHOBAHUI
B 0071aCTV BBIZIe/IeHVsI OMOTOTMYeCKM aKTUBHBIX MOJIEK /I
SB/ISIETCSL TIPeBapUTEe/IbHOE OIIpefieNieHre CONepIKaHMs
6enKa B 9KCTpaKTe, YTO IMO3BOJsIET OO/ee KaueCTBEH-
HO ¥ TOYHO BBIIIOJIHATDL [JA/IbHEJIIINII aHA/IN3 CBOJCTB
u pyHKUMIT 6eTKOBBIX MOJIEKYN (aneKTpodopeTnyecke,
xpomarorpadudeckre 1 nHble nccnenoBanms). Kpurude-
CKUM MOMEHTOM SIB/ISI€TCS IPABMIbHBIN BHIOOp MeTOfa
ompefieNieHNst Coflep>KaHusl Oenka u ero MomuduKaiuii,
IOCKOJIBKY B 3aBUCUMOCTH OT IPUPOAbI 00pasija, MOXHO
HOTY4YUTb OO0 3aBbIIIEHHBIE, TNO0 3aHV>KEHHbIE Pe3Y/Ib-
taThl [1]. OGHUM 13 CaMBbIX B&YKHBIX TPeOOBaHUIL, KOTOPbIE
HPEebsB/IOTC K METOAY OIpeie/ieHNsI KOHLeHTpalun
OesKa, SIB/ISETCS €r0 MHEPTHOCTD K IIPUCYTCTBUIO TTOCTO-
POHHUX BHYTPUK/IETOYHBIX KOMIIOHEHTOB M K COCTaBY
9KCTparupylouiei cMecu. B HacTosIee BpeMs He CyILIecT-
ByeT MeTOJa KOMMYEeCTBEHHOTO OIpefie/ieHns Oenka, Ko-
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Abstract

The article presents a comparative analysis of four methods for
quantifying the protein-peptide complexes content in extracts ob-
tained from animal raw materials, as well as the low- and high-
molecular weight extract fractions: the direct spectrophotometric
determination at wavelengths of 260 and 280 nm with subse-
quent calculation by the Kalckar formula; the biuret reaction by
the Kingsley-Weichselbaum method; the method with Bradford
reagent and the standard Lowry method. Experimental data
analysis demonstrates that in case of the extract that contains pro-
tein-peptidic complexes in different molecular weights range, the
Kingsley-Weichselbaum method shows the highest quality of pro-
tein concentration determination; while studying highmolecular
weight fraction (more than 30 kDa), it is possible to obtain more
information by combining the spectrophotometric method and
the Kingsley-Weichselbaum method. Low-molecular weight frac-
tions (less than 30 kD) should be investigated by complex methods
including the spectrophotometric method, Lowry and Bradford
methods. These methods make it possible to presumably estimate
protein molecules size ranges (by amount of peptide bonds), and

also to determine hydrophobic and aromatic amino acids presence.

Introduction

A key moment in the most of investigations in the field
of biologically active molecules extraction is protein con-
tent preliminary determination in an extracts, which al-
lows performing with higher quality and more accurately
following analysis of protein molecules properties and
functions (electrophoretic, chromatographic and other in-
vestigations). Critical moment is aright choice of protein
content determination method and its modifications as
overestimated or underestimated results can be obtained
depending on a sample nature [1]. One oft he most impor-
tant requirements to a method for protein concentration
detection is its inertness to foreign intracellular compo-
nents presence and to extraction mixture composition. At

present, there are no methods for quantitative protein de-
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TOPBIIT 06/1aa1 6bI B paBHOI CTEHEHN CrIelnUIHOCTBIO,
4yBCTBUTEIBHOCTDBIO, BOCIIPOU3BOAMMOCTDIO, OBICTPOTON
U TIPOCTOTOJ HPOBEEHNs, a TaKXKe OTCYTCTBMEM BINs-
HYIS1 HeOeTIKOBBIX KOMIIOHEHTOB. Y KaXK[JOTO MeTOfja OIl-
penenieHNs cofiep>KaHus 6eka eCTb CBOY IpeyMyIIecTBa
U HeJocTaTKu [2].

Haubomnee monynspHbIMM U TOCTOBEPHBIMM MeETOHA-
MM, MCTIOTIb3YeMbIMU B COBPEMEHHOII IIPAKTIKe, SIB/IAIOT-
csi: CIeKTpooTOMETpUYECKOe OIpefieieHrie KOHIIeHTpa-
uu 6enka, merop, Kuurcnes — Belikcenbbayma, MeTof
Jloypu n metop, bpandopna [3].

CrekTpodoTOoMeTprYecKnii MeTO, OCHOBAaH Ha IIO-
IJIOIIeHNN  YAbTPadIOIETOBOTO W3ITy4eHMsT apoMaTH-
YeCKMMM aMMHOKMC/IOTaMu (TMpo3uHa, Tpunrodaxa,
u QeHNIaaHNHa), BXOAAIMMM B HOC/IEOBATEIbHOCTD
6enkoBoit Monekynbl. CopepykaHne OeKa HAXORAT IO
¢dbopmyne Kanbkapa, KoTopast jaeT BO3MOXKHOCTb MCKITIO-
4UTh BIVSHME HYK/IEMHOBBIX KUCTIOT B 0Opasiax, Ha oc-
HOBE JIaHHBIX OIpefe/ieHNs] ONTUYECKON IUIOTHOCTH K
280 n 260 uM [4].

Merop, Kunrcnes — Belikcenmbbayma BriepBble ObIT
omucaH B 1914 ropy, OCHOBaH Ha OMYypeTOBON peakuun
U ABJISIETCs KonmopuMeTpudeckuM. [IpuHumm mMetozna co-
cTOoUT B 00pasoBaHUM (GUIOTEBOTO KOMIUIEKCA MOHOB
Meyu ¢ 6eIKOBBIMY MOJIEKY/IaMI B II[e/IOYHOIT Cpefie: CBs-
3bIBaHMe aTOMa KUCIOPO/a C MIOHOM MeZ IIPOVCXOANT 3a
CYeT MOSIB/IEHNs OTPULIATEIBHOTO 3aps/ja, BO3HUKAIOIIETO
IIpY OTIIEIVIEHNY aTOMa BOJZOPOJAa OT €HONbHOI TPYIIIIbI
HeNnTUIHON CBsA3M [5]. B 61ypeToByIo peakijuio BCTyIaoT
Oe/Ky ¥ HMEeNTHUAbI, COCTOSINE He MeHee 4eM U3 3 aMu-
HOKUCIOT. KoHIjeHTparmio 6e/ka yCTaHaBIMBAIOT IO VMH-
TEHCUBHOCTH CBETOIIOIVIOIEHNS IIPY JINHE BOTHBI 540
580 HM. IIpenen 4yBCTBUTENIBHOCTI OMYPETOBOTO METOfA
orpaHMYeH KOHIeHTpalyeit 6enka 300 mr/n [6].

Mertop JIoypu 0CHOBaH Ha peaknuu ¢ peareHToM Qo-
nnHa — YoKanTey, aKTMBHBIM KOMIIOHEHTOM KOTOPOTO
SIBJIsSIETCS KOMIUIEKC 13 MOnmnbara, Bonbdpamara u doc-
¢dopHOIT KMCTIOTBL. B Xopie 6MypeToBOIT peakiuy 1 BOC-
cTaHOBJIeHU:A peakTnBa PonyHA IUKINYECKUMI aMIHO-
Kucmotamn [7](rmaBHBIM 00pasoM THUPO3KMHOM, a TaKXKe
tpuntodaHoM 1 (QeHUIaTaHNHOM, B MeHbIIEN CTelle-
HY — LJCTEMHOM ), IPOVCXOUT OKpaIliBaHMe PacCTBOpA.
Mertop Jloypu 60ee 4eM B CTO pa3 4yBCTBUTENIbHee O1I-
YyPEeTOBOTO, OJJHAKO SIB/ISETCS] HEBBICOKOCTENVDUUHBIM,
($uU3NONIOrNYecKy aKTUBHbIE AMVMHBI MEIIAIOT TOYHOMY
OIIpefie/IeHNI0 KOHL[eHTpauyn benka [8].

Metrop, bpandoppa ¢ mpumenenmem Kpacutens Ky-
maccu 6pummantoBoro cutero (KBC) G-250 sBnsercs
JIOCTATOYHO YYBCTBUTENBHBIM 1 IIPOCTHIM. [Ipenonoxu-
TE/IbHO, MOJIEKY/Ia KpacuTe/sl 00pa3yeT MOCTUK MEXAY
[IByMsI OTPULIATe/IbHO 3apsDKEHHBIMM IPYIIIAMI MH/VIKA-
TOpa U MOJIOKUTEIBHO 3apsDKEHHBIMM MOJIEKy/IaMu Oer-
Ka, pearupys ¢ HUMU, B pe3yibrate 4ero GopMupyercs
OTHOCKTENBHO KPYIIHBIN KOMIUTEKC 13 Geka 1 Kpacure-
JIs, OKpALIeHHBIT B CMHMIT 1BeT [9]. [JaHHBIN KpacuTeb
He oOpasyeT OKpalIeHHOTO KOMIIEKCAa CO CBOOOTHBIMMU
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tection, which have specificity, sensitivity, reproducibility,
rapidness and simplicity of performance in an equal de-
gree, and also free of non-protein components effect. Each
protein determination method has its own advantages and
disadvantages [2].

The most popular and reliable methods used in the
modern practice are: spectrophotometric determination of
protein concentration, the Kingsley-Weichselbaum meth-
od, Lowry method and Bradford method [3].

The spectrophotometric method is based on ultraviolet
radiation absorption by aromatic amino acids (tyrosine,
tryptophan and phenylalanine), which are constituents
of protein molecule sequence. The protein content is de-
termined by the Kalckar formula, which allows excluding
an nucleic acids effect in samples based on data on optical
density at 280 and 260 nm [4].

The Kingsley-Weichselbaum method was described for
the first time in 1914. It colorimetric method based on the
biuret reaction. The principle consists in the development
of violet colored copper ions complex with protein mol-
ecules in the alkaline medium: oxygen atom binding with
the copper ion takes place due to negative charge appear-
ance that occurs upon splitting of hydrogen atom from of
the peptide bond enol group [5]. Proteins and peptides that
contain not less than 3 amino acids enter into the biuret re-
action. The protein concentration is determined by the in-
tensity of light absorption at a wavelength of 540-580 nm.
Biuret reactionsensitivity limit is restricted by protein con-
centration of 300 mg/1 [6].

The Lowry method is based on reaction with the Folin-
Ciocalteu’s reagent, which active component is a molyb-
date, tungstate and phosphoric acid complex. In the course
of biuret reaction and reduction of Folin reagent by cyclic
amino acids [7] (primarily, tyrosin as well as tryptophan
and phenylalanine, to a lesser degree by cystein), solution
coloring takes place. The Lowry method is a hundred times
more sensitive than the biuret method; however, it is not
highly specific and physiologically active amines impair
accurate determination the protein concentrations [8].

The Bradford assay with the Coomassie brilliant blue
G-250 dye (CBB) use is high sensitive and simple. Presum-
ably, the dye molecule forms a bridge between two nega-
tively charged groups of indicator and positively charged
protein molecules reacting with them; as a result, relatively
large protein complex and the dye having blue color is
formed [9]. This dye does not form a stained complex with

free amino acids and low molecular weight oligopeptides
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aAMMHOKJC/IOTaMM ¥ HM3KOMOJIEKY/IIPHBIMY OJIUTOIIEII-
TUJAaMM, COlepKallMMI MeHee 15 aMMHOKUCIOT, B TO e
BpeMsI JIETKO CBA3BIBASICh C OCHOBHBIMM aMUHOKMCIIOTA-
MU: TM3VHOM, TUCTUAVHOM, apruamnuaoM [10, 11].

Ilenpio faHHOI pabOTHI SABSJICA NMOAOOP ONTHMAIb-
HBIX MeTOIOB OIIpefie/ieHVs] KOHILIEHTpauuyu OeTKOBO-
HENTUIHBIX KOMITTIEKCOB, COTePXKAIMXCsI B KOMIIEKCHBIX
BOJIHO-COJIEBBIX 9KCTPAKTAX KUBOTHOTO CHIPbSI U OTHENb-
HBIX QpaKLMsX.

Marepuanbl 1 METOAbI

B xadyecTBe OCHOBHBIX 00'bEKTOB MCC/IEJOBAaHNIT: KOM-
IIJIEKCHBIN BOJHO-CO/IEBOI SKCTPAKT Ha OCHOBE IMMYHO-
KOMIIETEHTHBIX OPTaHOB CBMHeN (TMMYC, Cele3eHKa, Me-
3eHTepa/IbHble MMMpATIYeCKIe Y37Ibl); PpaKIuy JaHHOTO
9KCTpPAKTa, Cofep)Kaliue 6elKOBO-NeNTUHbIe KOMIIIEK-
Cbl C MOZeKyIApHbIMM Maccamy MeHee 30 kx/la m 6omee
30 xJla. TexHonorusa 6eIKOBO-IENTUNHBIX KOMIIIEKCOB
BKJIIOYAJIa MCIIO/Ib30BaHMe BOJbI C PA3/IMYHBIM COfepKa-
HUeM feliTepus B kadecTBeskcTparenta (D/H 40 n 150
ppm). OpakuyoHupoBaHue O€TKOBO-TENTULHBIX KOM-
IIEKCOB IIPOBOAVIV METO/IOM CTYHNEHYaTON Y/IbTpapuIb-
Tpanuy Ha ycTaHoBKe Brmammcapt (Bmmpumcapt, Poccus)
nopt gapneHueM P = 2,5 6ap ¢ ucrnonp3oBaHueM MOAYIIei
u3 nomuadupcynbpoHa ¢ IIACTUKOBBIMU (PUTTUHIAMU
u emkoctsamu VivaFlow200 (Sartorius, Tepmanus). B pe-
3y/bTaTe ObUIN OMTy4YeHbl PpaKIUK B AMaITa30He MOTIEKY-
nspHBIX Macc MeHee 30k/a u 6omee 30 x/[a [12].

Omnpepenenne KOHIEHTpauuy Oe/ka IPOBOAVIIN de-
TBHIPbMSI METOJAMU: IIPAMOE CIIEKTPO(OTOMETprIecKoe
ompefielieHNe KOHLeHTpauyuy Oenka, 6uypeTroBas peak-
1y no Merony Knnrcnes — Betikcenb6ayma, ¢ IIOMOIIbIO
peaktusa bpandopna u metoom Jloypu.

[Ipamoe cmexTpodoTOMeTpUYecKOoe —OIpefe/eHre
KOHIIeHTpanyu 6e/Ika IPOBOAMIN IyTeM M3MepeHNUs Oll-
TUYECKON IJIOTHOCTU PacTBOPOB IIPM JIMHAX BOMH 260
n 280 HM B KBapLEBbIX KIOBETaX C [IMHOV ONTUYECKOTO
nyTy 1 cM. Pesynbrarel oneHuBamm ¢ npumMeHeHneM ¢op-
mynel Kanpkapa [13].

Meton Kunrcmes — Beiikcenbbayma MCIIOnb3oBa-
Csl ¢ IpYMEHEeHMeM IOTyaBTOMAaTUYEeCKOTO aHaINM3aTopa
BioChemSA (HTI, CIIIA) no cTaHZapTHbIM MeTORMKAM,
npunaraeMeiM K peaktusam (HTI, CIIIA).

KonopumeTrpudeckuit Merop, Jloypu mposBopguau Io
CTaHIAPTHOII MeTO/UKe 6e3 IpeBapUTETIbHOTO OCaXKIe-
Husa Oenka, npepnoxeHHoit Ommeepom X. B 1951 ropy
(14]. Peakums 6enkoB ¢ moHamyu Cu2+ HPOMCXOAMIA
B 1IIeJIOYHOM PACTBOPE B NPUCYTCTBUY BOCCTAaHAB/IMBA-
fouterocst GpochopHOMONUOEHO-BONbYPAMOBOTO peax-
tuBa (Folin&Ciocalteu’s phenol reagent, Sigma-Aldrich,
Germany), cofiepaHye 0e/Ika pacCYNTBIBAIN IO K-
6poBOYHOMY rpaduKy.

Merop, Bpapdoppa mpoBogwau ¢ ¥CHONb30BaHUEM
kpacutena Kymaccum OpwimmanroBoro cmuero G-250.
OnTuyeckyo IJIOTHOCTb M3MEPS/IN NPU JJIMHE BOJIHBI
595 HM HPOTUB KOHTPOJIS, COZlEPIKAIlero BMeCTO Oenka
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that contain less than 15 amino acids; at the same time, it
easily binds with basic amino acids: lysine, histidine, argi-
nine [10, 11].

The aim of this studywas an optimal methods selec-
tion for detecting protein-peptide complexes contained in
complex aqueous-salt extracts of animal raw material and
individual fractions.

Materialsand methods

The main research subjects were the complex aqueous-
salt extract based on porcine immunocompetent organs
(thymus, spleen, mesenteric lymph nodes); fractions of this
extract that contain the protein-peptide complexes with
molecular weightsless than30kDa and more than 30kDa.
The technology of the protein-peptide complexes included
the use of water with different deuterium content as an ex-
tracting agent (D/H 40 and 150 ppm). Fractionation of the
protein-peptide complexes was carried out by the method
of stepwise ultrafiltration on a Vladisart unit (Vladisart,
Russia) under pressure of 2.5 bar using the polyethersul-
fone modules with plastic fittings and containers Viva-
Flow200 (Sartorius, Germany). As a result, fractions in a
molecular weights range less than 30kDa and more than
30kD awere obtained [12].

Protein concentration determination was carried out
by four methods: the direct spectrophotometric protein
concentration determination, the Kingsley-Weichselbaum
biuret method, method with Bradford reagent use and the
Lowry method.

The direct spectrophotometric protein concentration de-
termination was carried out by measuring the optical den-
sity of solutions at wavelengths of 260 and 280 nm in quartz
cuvettes with an optical path length of 1 cm. The results were
assessed with the use of the Kalckar formula [13].

The Kingsley-Weichselbaum biuret method was used
with the semi-automatic analyzer BioChemSA (HTI,
USA) according to the standard methods supplied with the
reagents (HTI, USA).

The colorimetric Lowry method was carried out by the
standard methodology without a preliminary protein pre-
cipitation proposed by Oliver H. Lowry in 1951 [14]. The re-
action of proteins with Cu** occurred in the alkaline solution
in a presence of the reducing reagent containing molybdate,
tungstate and phosphoric acid (Folin&Ciocalteus phenol
reagent, Sigma-Aldrich, Germany); the protein concentra-
tion was calculated by using the calibration curve.

The Bradford method was applied with the use of the
Coomassie brilliant blue G-250 dye. The optical density
was measured at a wavelength of 595 nm against the con-
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Bony. KoHuenTpaiuio Oeka ompepensimm 1mo Kamopo-
BOYHOMY I'paduKy, [JIs1 IOCTPOEHNSI KOTOPOTO MCIIONb30-
Ba/IM CTAHJAPTHBII PaCTBOP CBIBOPOTOYHOTO anbOyMIHa
0,5 mr/mn (BCA) [15].

Pe3ynbrarsl 1 06cyKeHMe

Omnpenenenne KOHIEHTpauun O6enKa B 9KCTPaKTe IMO-
Ka3ajio, 4TO OMypEeTOBBIM METOOM MOXKHO OIIPEefieINTh
MaKCUMaJIbHO€ KOIMYECTBO OEIKOBBIX COENVHEHNIT, B TO
BpeMs KaK IIOKa3aTeny, IOMy4eHHble CIeKTpogdoToMe-
TpudeckuM MetonoM u Metomamu Jloypu u Bpapdopna,
6bUTK 3aHIDKEeHBbI 60mee 4eM Ha 20 MpoleHTOB. Bo3MOXK-
HO, 9TO OOYC/IOBJIEHO [JOCTaTOYHO Y3KVM JValla3OHOM
omnpepenenns 0eKa, 4YTo AB/IAETCS Crel(uKol JaHHBIX
METO/IOB.

CpaBHUTE/IbHBII aHAN3 Pe3y/NbTaTOB, MOTYYEeHHBIX
BBIOpaHHBIMY METO[AMIA, TIOKA3aJI, YTO Hanbosee moixo-
JALIMMY IS aHAJIM3a BBICOKOMOJIEKY/IAPHON (paKLuy
(c mMonexynsapHoit Maccoit 6omee 30 k/la) ¢ comep>xaHu-
eM pasINIHbIX OeTKOBBIX COENVMHEHMIl SBSIOTCSA M-
MOJl CrIeKTpodOoTOMETpUYeCKUil MeTon U OuyperoBas
peaxuys. ITorydeHHBIe JaHHBIE CBUAETENBCTBYIOT O TOM,
YTO B IaHHON (paKUMK COREP)KATCsI B OCHOBHOM CO€[V-
HEeHMsI, cofiepyKalue OONbIIoe KOMUYECTBO CBA3AHHBIX
apOMaTNYeCKNX aMMHOKMCIOT (TpuntodaHa, TMPO3MHA
U B MEHbIIIel! cTeneHy (peHnIasaHHa), a TakKe 0 Hajlu-
4y 6€/IKOB, IMEIOIINX B CBOEV CTPYKType He MeHee IByX
OH-rpymn 1 Tpex aTOMOB a30Ta, HAXOASALINXCS B MOJIN-
HenTUIHONM 1eTn.

[IpucyTcTBue B 9KCTpPaKTe HYKJIEMHOBBIX KUC/IOT
Y HYKJICOTHOB IIPAKTUYEeCKY He TIOB/IVSAT Ha aHanu3 6e-

trol, which contained water instead of protein. The protein
concentration was determined by using the calibration
curve, in which construction the standard solution of se-
rum albumin (0.5 mg/ml) (BSA) was used [15].

Results and discussion

Protein concentration determination in the extract
showed that it is possible to determined the maximum
protein compounds amount by the biuret method, while
the levels obtained by the spectrophotometric method, the
Lowry method and the Bradford method were underesti-
mated by more than 20 percent. It is possibly conditioned
by a comparatively narrow range of protein determination,
which is a specific characteristics of these methods.

A comparative analysis of the results obtained by the
chosen methods demonstrates that the direct spectro-
photometric method and the biuret reaction are the most
suitable for high molecular weight fraction analysis (with
the molecular weight more than 30 kDa) containing dif-
ferent protein compounds. The obtained data suggest that
this fraction largely contains the compounds with the high
number of bound aromatic amino acids (tyrosine, tryp-
tophan and, to a lesser degree, phenylalanine), as well as
proteins, which have in their structure not less than two
OH- groups and three nitrogen atoms present in the poly-
peptide chain.

The presence of the nucleic acids and nucleotides in the
extract practically did not influence an analysis of protein
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KOBOTO COCTaBa CIIEKTPOPOTOMETPUYECKUM METOHOM,
OTKJIOHEHNe OT 0011ero 61ypeToBOro MeTOAa COCTABIIIO
He 6oree 7 %.

VcnonbsoBanne meropna Jloypu n meroma Bpandop-
fla TaKKe ITOKA3aI0 CXOXKUe MeXJy 000l pe3ynbTaThl,
OJIHAKO IIO/y4eHHBINl Pe3yIbTaT OTINYA/ICS OT JAHHBIX,
HOTy4YEeHHBIX OMYPETOBBIM 1 CIIEKTPOPOTOMETPUIECKIM
MeTtofiamu 6oree 4eM B 2 pasa. Ilogo6Hast OrpentHocTh
MO>XKET CBUJETENbCTBOBATh O TOM, YTO IIPOM3OLIIO Ypes-
BBIYAJIHO aKTVBHOE CBA3bIBaHNUE C APTVHUHOM U TMAPO-
($OOHBIMM AMUHOKVC/IOTHBIMU OCTaTKaMu (B cCiIydae
¢ metonoM bpandopza), a Takke 06 aKTMBHOM BOCCTa-
HaB/IMBAIOLIEM B/IVSHUY BOJBI C TIOHVYKEHHBIM COepyKa-
HIeM Jieiitepus (B crydae ¢ MetofoM JIoypn), 4To 6b110
mokasaHo pasee [16].

AHanu3 [aHHBIX, MOTYYEHHBIX HPU MUCCIESOBAHUM
HI3KOMOJIEKY/IIPHOI (pakiuyu (C MONEKyIAPHOI Mac-
coit meHee 30 k/la), mokasas, 4TO B JAHHOM CTy4ae Hefjo-
IMYCTUMO MCIIO/Ib30BaHMe OMypeTOBO peakluy BBUAY
CIMIIKOM MAJioro cofepKaHus 6enka B obpasiie, B 1O-
IO6OHOI cuTyanuy obpasel; clefyeT CKOHIIEHTPUPOBATh
(HampuMep, MMO(UIBHO BBICYLIINTH), KPOMe TOTO OuUy-
peToBast peakius He 03BOIsET ONPeeNATh el TUIHbIe
coenuHeHns. Hanbonplee 3HaueHue Oeka ObIIO Ompe-
feneHo MetonoM JIoypu, 4TO CBU[ETEIbCTBYeT O Ha-
nuyuyu B obpasije 3HAYMTETbHOTO KOMMYeCcTBa OEnKOoB
U HENTHU/IOB, UMEILINX B CBOEN CTPYKType apoMaTnye-
CKIfe aMMHOKVC/IOTBI, YTO TaKXKe OBIIO MOATBEPX/IEHO
criekTpodoToMeTpudeckuM MetogoM. Kpome Toro, me-
tooM bpapdopaa 6p110 MokasaHo Hamuue ruApodo6-
HBIX aMIHOKVCTIOTHBIX OCTaTKOB.

[Ipu 06Cy>XKeHNN MONyYeHHbIX PE3y/IbTaTOB CIEAyeT
00paTuTh BHMMaHUe IIPY OLIEHKe KOHIleHTpauum Oenka
B 9KCTpaKTe Ha B3auMoJelicTBMe peakTuBa Kymaccu co
CTPOTrO OIpefie/leHHBIMI aMIUHOKIC/IOTaMU OOKOBBIX Iie-
el MOJIEKY/IbI OeJiKa, TIOCKO/IbKY OCTajIbHble OenKOBBIe
COelMHEHMsI, B COCTaBe KOTOPBIX HET apryMHMHA U apo-
MaTUYeCKVX KVC/IOT, BBIIAJAIOT U3 aHAIUTUYECKOI BBI-
6opku [17, 18]. Takum 06pasoMm, OTMEYEHO 3aBeLOMOE
3aHIDKEHNUE Ppe3yIbTaTOB IPM MCIIONb30BAaHUU METOfA
Bpandopn orHocuTenpHO Metopa Jloypu. IIpu ananmse
HEM3BECTHBIX II0 OEITKOBOMY COCTaBY >XMIKOCTENl TaK-
JKe CTIOKHO Tof00paTh HEOOXOAUMBIN CTaHAAPT IS T10-
CTpPOeHMsI KamuOPOBOYHOI KPUBOIL, B CBS3M C Ye€M BBIHY-
JKIeHHOe JICIIONb30BaHNue cTangapra bCA MoxeT Takxe
BIMATb Ha IONMydeHHble naHHble [19]. KammbpoBounsbie
KpMBbIe, MTOCTPOEHHbIE II0 pe3yabTaTaM CIEeKTPo¢OTO-
MeTPUYECKOTrO MCCIeJOBaHNsA, ABIAITCA 60Jee YeTKUMU
U TIO3BOJISAIOT MCIIONIb30BATh JAHHYI0O METORUKY 6e3 pu-
CKa IIOTEPATh IPM ONpefe/IeHNM KOHIeHTpauuy Genka
HM3KOMOJIEKY/IAPHbIE NeNTUHbIe COCNVHEHNA, KOTOpbIe
obnmagaoT Hanbosbleit QYHKIVOHATBHON aKTUBHOCTDIO
U ABJIAIOTCA LjelIeBBIMM, OFHAKO B JAHHOM C/Iy4ae Ha pe-
3y/IbTaThl MOTYT BIMSATH TEXHUYECKIE M KOHCTPYKTUBHbIE
XapaKTepPUCTUKIU IPUOOPOB, C UCTIONb30BAHMEM KOTOPBIX
npoBoautcs aHamus [20,21].
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composition by the spectrophotometric method; deviation
from the general biuret method was not more than 7 %.

The use of Lowry and Bradford methods also gave
results that were similar to each other; however, they
differed from the data obtained by the biuret method
and the spectrophotometric method by more than two
times. This discrepancy can be indicative of an extreme-
ly active binding with arginine and hydrophobic amino
acid residues (in case of the Bradford method) and of
an active reducing effect of water with lowered deute-
rium content (in case ofthe Lowry method), which was
shown earlier [16].

Analysis of the data obtained when studying the low
molecular weight fraction (with molecular weight less
than 30 kDa) shows that in this case, it is infeasible to use
the biuret reaction because of too low protein content in
a sample; in this situation, a sample is to be concentrated
(for example, lyophilized). In addition, the biuret reaction
does notal low determination of peptide compounds. The
highest protein level was determined by the Lowry meth-
od, which points to the presence in the sample of the high
amount of proteins and peptides that have aromatic ami-
no acids in their structure, which was also confirmed by
the spectrophotometric method. Moreover, the Bradford
method revealed the presence of hydrophobic amino acid
residues.

While discussing obtained results and assessing a pro-
tein concentration in an extract, it is necessary to pay at-
tention to the interaction of the Coomassie reagent with
specific amino acids of the side chains of the protein
molecule, as other protein compounds that do not con-
tain arginine and aromatic acids fall out of the analytical
sample [17, 18]. Therefore, undoubted underestimation of
the results when using the Bradford method compared
to the Lowry method was noted. In analysis of liquids
with an unknown protein content, it is also difficult to
choose a needed standard for constructing a calibration
curve. In this connection, the necessary use of the BSA
standard can also influence the obtained data [19]. Cali-
bration curves constructed by the results of the spectro-
photometric analysis, are more clear and allow using this
method without a risk of losing low molecular weight
peptide substances, which have the highest functional
activity and are a target, in determination of the protein
concentration. However, in this case, the results can be
influenced by technical and design features of equipment,
which is used in analysis [20, 21].
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3akiaoueHne

Takum 06pa3oM, MOXHO CZielIaThb BBIBOJ, YTO IIPM KO-
JINYECTBEHHOM OIIpeielleHNN Cofiep)KaHus Oeka B 9KC-
TPaKTaX Ha OCHOBE CBIPbA >KMBOTHOTO IIPOVCXOXK/ICHNA,
C IIVPOKMM CIIEKTPOM 0€KOBO-TIENTH/IHBIX COeMHEHMIT,
HanOOo/IbIIIell TOYHOCTBIO 00/1aiaeT 6MypeTOBbII METO.
I[Ipu mccnenoBanyy Qpakimii SKCTPAKTOB C MOJIEKYIIAP-
HoOII Maccoit 6oree 30 x/la Hambosee monHyo MHGOpPMa-
V0 MOYKHO HOJTYYNTH C HOMOIIBIO CIIEKTPOMETPIYECKO-
ro MeTofia U 6MYpPeTOBO peaklny, a Py UCCIeSOBaHUN
HV3KOMOJIEKY/ISIPHBIX (PpaKIMil C MOIEKY/IIPHON Maccoi
MeHee 30 kJla clegyeT mpoBOAUTH KOMIIIEKCHOE VICCTIEHO-
BaHIe ¢ coueTaHneM MeTozos Jloypu, bpandopaa u criex-
TPOHOTOMETPUIECKUM METO[IOM, 8 OUMYpPEeTOBBINI METOJ
B JaHHOM C/Ty4ae HeIPUTOfieH.
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Conclusion

Therefore, itispossible to conclude that upon quantita-
tive protein content determination in extracts based on
animal raw material with a high range of protein-peptide
substances, the biuret method is the most accurate. While
studying the extract fractions with a molecular weight
more than 30 kDa, the most comprehensive information
can be obtained using the spectrophotometric method
and the biuret reaction. When studying the low molecular
weight fractions with a molecular weight less than 30 kDa,
it is necessary to carry out a complex analysis combining
the methods of Lowry, Bradford and spectrophotometric
analysis, while the biuret method is not suitable in this
case.
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