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Mertonamu 3JIeKTPOHHOI U (IIyopecleHTHON CHEeKTPOCKOIHMH M3y4YeHO BiusiHHE auMmeTwicyiabdokcuaa (AMCO) u qustui-
cynaspoxcuaa (JJOCO) Ha TepMudeckyio (TEIUIOBYIO M XOJIONOBYIO) IEHATYPalHIO CBIBOPOTOYHOrO alibOyMHHA YeloBEKa B
TemmneparypHoM uaTepsaiie oT —20 10 90°C. BrisiBieHo, uTo npu TeIuIoBol AeHaTypauun B npucytctBuu JJICO HabmonaeTcs nepexon
KHCIIOTHOTO Xapaktepa mpu temieparype 47,61°C, a nmpu X0J0[A0BOH AeHATypanuu MpsMbie TUAPOGOOHBIC B3aUMOACHCTBUS
CyIb(QOKCHIOB ¢ TOBEPXHOCTHIO OEJIKa MPUBOIAT K 00Pa30BaHUIO CTAOMILHON “NIEASHOM 00070YKH, KOTOPast MpeAoXpaHsIeT OeIoK
OT HEOOPATUMBIX CTPYKTYPHBIX H3MEHCHUH.

Kniouegvie cnosa: ansOymuH, TepMuuecKas IeHATypalHsl, IEKTPOHHAS CIIEKTPOCKOMHS, (IIyOpeCleHTHas CIIEKTPOCKOMus,
JUMETHICYIb(GOKCH, TUITHICYIb()OKCU.

MeronamMu eJIeKTPOHHOI Ta (IIyOpecUeHTHOI CIEeKTPOCKOIii JOCIiKeHo BILIUB AuMeTHicyaspokcuny (JAMCO) i gietun-
cynbdokcuny (AECO) Ha TepmiuHy (TEIUIOBY Ta XOJIOZOBY) ACHATYpPALil0 CUPOBATKOBOTO AIbOYMiHY JIIOAMHU B TEMIIEPaTypHOMY
inTepsaii Big —20 go 90°C. BeraHoBneHo, 1110 3a TerioBoi qeHarypauii y npucytaocti JJECO crocTepiraetbes nepexi KUCIOTHOTO
xapakrtepy npu Temneparypi 47,61°C, a 3a xononoBoi neHarypauii npsmi rizpodo6Hi B3aemMonuii Cyab(pOKCHIIB 3 TOBepXHEIO Oika
HPUBOATH JI0 TOSIBU CTA0IIBHOT “INBO/SIHOT” 000JIOHKH, sIKa 3aXHIIa€e OLIOK BiJl HEOOOPOTHUX CTPYKTYPHHX 3MiH.

Knruoei cnosa: anpOyMiH, TepMidHA JEHATypallisi, CJICKTPOHHA CIIEKTPOCKOIIsI, (PIyOpeCHEeHTHA CIIEKTPOCKOIIisl, TUMETHII-
CyITb(QOKCUI, TIETHICYTb()OKCHUI.

The effect of dimethyl sulfoxide (DMSO) and diethyl sulfoxide (DESO) on thermal (heat and cold) denaturation of human serum
albumin within temperature range from —20 to 90°C was investigated by electron and fluorescent spectroscopy. It has been estab-
lished that at heat induced denaturation in the presence of DESO an acid-neutral transition was observed at 47.61°C. It was shown
that at cold induced denaturation the direct hydrophobic interactions of sulphoxide molecules with protein surface result in the
formation of stable “ice” layer, providing the protein protection from irreversible structure changes.

Keywords: albumin, thermal denaturation, electron spectroscopy, fluorescent spectroscopy, dimethyl sulfoxide, diethyl sulfoxide.

HenarypupoBanHas popma Oenka — CTPyKTYpHOE
COCTOSIHHE, KOTOPOE 3aBUCHUT OT BHJA J€HATypaluu
(HarpeBaHue, 3aMOPaKMBAHUE, BIHSIHUE NABICHUS),
Y CBOMCTB cpensl (CopacTBOpUTENs, pH, HOHHAs cuia)
[11, 16, 21]. B HaTuBHOM Oenke TOMUHUPYIOT HEKO-
BaJICHTHBIE CETMEHT-CETMEHTHBIE B3aUMOZCHCTBHA, a
TaK)ke B3aMMOZCHCTBHS aMUHOKHCIOTHBIX OCTaTKOB
C MOJIEKYJIaMU OKPYXarolllero pacteopurens. B “paz-
BOpaYMBaHUK O€JKa PaCTBOPHUTENH UT'PAET TIIABHYIO
pOJb, TaK KaK MEXMOJIEKYJISIpHBIE B3aMMOAEHCTBUSA
MOAYIUPYIOTCSI CBOMCTBaMH M COCTaBOM PaCTBOPUTEIIS.

st 321U Thl OMONIOTUYECKUX MOJIEKYIT IPU 3aMO-
paXMBaHHUH UCIIONB3YIOT PA3INYHbIE KPHO3AILUTHBIE
BEIIeCTBA: HAaTypalbHBIE caxapa, 00ecrneynBaonue

EpeBaHCKMI rocyAapCTBEHHbIN yHUBEPCUTET
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Denaturated form of protein is a structural state
depending on denaturation type (heating, freezing,
pressure effect) as well as medium properties
(cosolvent, pH, ionic strength) [11, 16, 21]. In native
protein the non-covalent segment-segment inter-
actions prevail as well as those of amino acid residues
with molecules of surrounding solvent. In protein un-
folding the solvent plays the main role, since inter-
molecular interactions are modulated by the solvent
properties and composition.

To protect biological molecules during freezing
different cryoprotective agents are used: natural su-
gars, providing the protection without penetration into
a cell; polyalcohols, alcohols, glycerol, penetrating

Yerevan State University, Yerevan, Armenia

* To whom correspondence should be addressed: 1, A. Manukyan
str., Yerevan, Armenia; fax: (+387410) 57 6421, e-mail: kara@ysu.am

PROBLEMS
OF CRYOBIOLOGY
Vol. 19, 2009, Ne1



3anuTy 0e3 MPOHUKHOBEHUS B KIIETKY; TIOJIMCITHPTEHI,
[JIMLIEPHH, KOTOPbIE TIPOHUKAIOT B KJIETKY ¥ YMEHb-
LIAI0T BEPOATHOCTH 00pa30BaHUs KPUCTAIIIOB JIbJA.
YcTaHOBJIEHO, YTO PACTBOPEIL, COAEpIKALINE TUMETHII-
cynbdokeun (IMCO), nuatuncynbdokrcun (I13CO),
SBISIFOTCS 3(phEeKTUBHBIMU KPHOTIPOTEKTOpamu [ 5, 14,
23]. Kpuonporekropusie cBoiictBa JIMCO 00ycnos-
JICHBI €0 CIIOCOOHOCTHIO 3aMeIaTh MOJIEKYJIbI BOJHI,
CBSI3aHHBIE C KIIETOYHBIMH DJIEMEHTaMH, ¥ BIHAThH Ha
CTPYKTYPY BOJBI.

B pa6otax [13, 15] mpuBeneHbI pe3yabTaThl HCCIIE-
JIOBaHUSI CTPYKTYPHBIX 0COOEHHOCTEH BOJHBIX PacT-
BopoB JIMCO u JI2CO. B Hacrosiiee Bpems n3ydaer-
csl ToBeIeHHe OMOJIOTMIECKUX MOJIEKYJI B CMEIIaHHBIX
pactBoputessix. B paborax [3, 7, 12] npuBeaeHsl
JIaHHBIe 00 M3MeHeHun tepmocTtabmnbHOocTH JIHK,
¢dochonunuankix nunocom u E. coli B 3aBUCHMOCTH
OT KOJM4ecTBa A00aBIsIEeMOro COpacTBOPUTENS —
JTUATIKUIICYIb(POKCHIA.

Lenb pabotel — m3yunts Biaustare JIMCO u JI9CO
Ha TeMIlepaTypHbIe 3aBUCUMOCTH CIIEKTPaJIbHBIX
CBOWMCTB CHIBOPOTOYHOTO aIbOyMHHa YelOBEKa B
temneparypHoM uaTepBaie —20...90°C.

MaTtepuaabl 1 meToAbI

Hcnonp3oBainu CBIBOPOTOYHBIN aTbOyMUH YeJI0Be-
ka (CAY) c comepkaHueM >KHPHBIX KHCIOT MEHee
0,005% u IMCO (Sigma, CIIIA), pacTBop XJiopuaa
Harpus (“JIuxsop”, Apmenns). I2CO Obu1 cuHTE3U-
pOBaH U ouulleH coriacHo Metonuke [4]. Bo Bcex
JKCIIEPUMEHTAX PacTBOPHI O€JIKa TOTOBHIIM HA OCHOBE
OMHapHOW cCMeCH pacTBOpa XJIOpUIa HATPHs U CyIbd-
okcuzaa. B pabore ncnonap3oBaiu OOUHAKOBYIO KOH-
neHrpanuio 6enka 0,4 mr/mi. Konmenrparuio Oenka
B PacTBOPE ONPEAEIISIN C IOMOIIBIO YD-CIIEKTPOCKO-
nuu npu A = 280 HM. Mousipabiii K03hduIneHT
MOTJIONICHUST TPHHUMAIK paBHBIM 36,500 M™"-cMm™'.
Kounentpanus IMCO cocransna 7,5-37,5%,
JA2CO - 0,25-25,0% (v/v).

Y®-cnekTpoMeTpruecKie U3MEPEHHS IPOBOIIN
¢ momotsio criektpomerpa Specord SOPC (I'epmanust)
u tepmoctara Lauda A100 (I'epmanus). CkopocTb
CKaHMPOBaHUS TeMmmeparypsl coctaBisa 1°C/MuH.
Kpusrie nnaBnenus Hopmuposanu (ot 0 mo 1) c
[TOMOIIIBIO KoMIIbroTepHOU niporpammsl ORIGIN 7.5.
Jns aHanm3a KPUBBHIX IJIaBJIEHHS HCIOJIb30BaIN
Monenp OipunHra u Jlampu “HaTUBHBIA OenoK —
oOparnMmas AeHaTypauusi — HeoOpaTuMas JeHaTypa-
s, [1o KpUBBIM TIIABICHUS OTIPEIEISUIA TEMITepa-
Typy OTIENbHBIX CTaIui eHaTypannu Oenka ¢ abco-
JOTHOM morpenrHocThio pacuera +0,3°C.

@dnyopecueHTHbIE U3MEPEHUs] TPOBOJAMIN C II0-
MouIpto hIIyopeceHTHOrO ciekTpodoromerpa Varian
Cary Eclipse (ABcTpanus) B TeMIiepaTypHOM HHTEPBa-
ne —20...20°C. CreKTpbl perucTpupOBaId B HHTEPBa-
ne A =310-450 HM npu AJTUHE BOJTHBI BO30Y XK ICHHUS
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into a cell and preventing ice crystal formation. It has
been established that the solutions, containing dime-
thyl sulfoxide (DMSO), diethyl sulfoxide (DESO), are
effective cryoprotectants [5, 14, 23]. Cryoprotective
properties of DMSO are stipulated by its ability to
substitute water molecules, bound with cell elements
and affect water structure.

Structural peculiarities of DMSO and DESO aque-
ous solutions are presented in the [13, 15]. At present
the behavior of biological molecules in mixed solvents
has been studied. The effect of added cosolvent, dialkyl
sulfoxide, on the thermostability of DNA, phospholipid
liposomes and E. coli is presented in [3, 7, 12].

The aim of the research is to study the effect of
DMSO and DESO on temperature dependences of
spectral properties of human serum albumin within
temperature range of —20...90°C.

Materials and methods

Human serum albumin (HSA) with the content of
fatty acids less than 0.005% and DMSO (Sigma,
USA), sodium chloride solution (“Likvor”, Armenia)
were used. DESO was synthesized and purified accor-
ding to the method [4]. In all the experiments the solu-
tions were prepared using binary mixture of sodium
chloride and sulfoxide solution. The same protein con-
centration of 0.4 mg/ml was used. The protein concen-
tration was determined by UV-spectroscopy at A =
280 nm, using molar coefficient of absorption of
36.500 M!-cm™'. The concentrations of DMSO and
DESO were kept 7.5-37.5%, and 0.25-25.0% (v/v),
correspondingly.

UV spectrometric measurements were performed
using spectrometer (Specord 50PC, Germany) and
thermostat (Lauda A100, Germany). The temperature
scanning rate was 1°C/min. The melting curves were
normalized (from O to 1) using computer software
ORIGIN 7.5. For analysis of melting curves the model
of Eyring and Lamry “native protein — reversible
denaturation — irreversible denaturation” was used.
From melting curves the temperature of certain dena-
turation stages was determined with absolute accuracy
of calculations of +0.3°C.

Fluorescent measurements were performed by the
fluorescent spectrophotometer (Varian Cary Eclipse,
Australia) within temperature interval —20...20°C. The
spectra were recorded within the range A = 310—
450 nm and excitation wavelength A = 295 nm. The
width of excitation and emission slits was 5 nm. For
low temperature measurements the cryostat Optistat
DN (Oxford Instruments, UK) was used. The studied
samples were placed into cryostat at room temperature,
afterwards the temperature was lowered with liquid
nitrogen. The temperature reduction with the rate of
1°C/min (£0.1°C) was controlled by the temperature
controller (ITC-502S, UK). The melting curves of
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A =295 uM. 3HaueHWsI ITUPHUHBI BXOJHOMN ¥ BBIXOAHOM
menei cocrapisuin 5 HM. [l HU3KOTEMIIepaTy pHbIX
HU3MEpPEeHHH Mcnoib30Bain Kpuoctar Optistat DN
(Oxford Instruments, BenukoOpuranus). Mccnenye-
MbIe 00pa3Ibl HOMEIAIN B KpHOCTAT TPH KOMHATHOM
TEeMIIeparype, MOociie Yero CHIDKaIU TeMIepaTypy
KUIKAM a30ToM. [loHMXeHHe TeMIepaTrypbl cO
ckopocthio 1°C/mun (£0,1°C) xoHTpONHpOBaIH C
moMomIpi0 TemieparypHoro perymaropa ITC-502S
(Benmukobputanwus). KpuBbie miaBieHusT X0I0J0BOM
neHarypaiuu Hopmuposaiu (o1 0 1o 1) ¢ momornrsio
koMIbroTepHON Tiporpammsl ORIGIN 7.5.
Nsmepenus pH nposogwim Ha pH-metpe Jenway
4330 (Benmukobpurtanus). AGCONIOTHAS TIOTPEITHOCTh
u3mepenus cocranisiia 0,003 enunun pH.

Pe3yAbTaTbl M 00CYy)XXA€HHME

ChIBOpPOTOUYHBIN albOYMHH YelOBEKa SIBISAETCA
OIIHUM M3 Ba)KHEHIINX TPAHCIIOPTHBIX OEJIKOB IJIa3MBbI
KpoBu U cocrtasnsieT 60% or olmiero KonuyecTna
CBIBOPOTOYHBIX OJIKOB. TpeTruHas CTPYKTypa ajib0y-
MuHa chopmupoBaHa u3 Tpex agomenos (I, 11, III),
KOTOpbIe 00pa3yIoT CEPALEBUAHYIO MOJIEKYITy. AMH-
HOKHMCIIOTHASI TIOCIIEIOBATEILHOCTD U CTPYKTYpa J10-
MeHOB cxonHbl. Ha moBepxHOCTH OeNKa pactoiokeHo
OJIMHAKOBOE YUCIIO TUAPOPHIBHBIX U THIPOPOOHBIX
AMHHOKHUCIIOTHBIX OCTATKOB, KOHTAKTUPYIOIIHX C BOA-
HBIM pacTBOpoM. BrIsiBiI€HO, 4TO BCe JOMEHBI allb0y-
MUHa [T0JIBEPTaloTCA IeHATypaLiy HE3aBUCUMO APYT
ot apyra [18].

Bmusane IMCO n IDCO Ha TeIoBylo JeHaTypa-
uuio ansOymuHa uccienosanu npu 20...90°C meto-
oM Y®-criekTpockonuy. B 9TuX ycnoBusx TepMudec-
Koe “‘pa3BopaunBaHue”’ ajqhL0yMHHA OMHUCHIBACTCS
MHOTOCTYTIEHYaThIM MEXaHHW3MOM I10 alpOKCHMa-
IHOHHOM Moxenu Dipunra u Jlampu [19], cormacHo
KOTOPOM JIeHaTypalus anb0yMrHa UMEET 00paTHMYIO
1 HeoOpaTumyto ctaauu. [lepBas cTanus — mpeBpartiie-
HUE ‘““HATHBHBIN OCJIOK — 00paTUMOE pa3BEPHYTOE
coctostaue” (63,20°C), Bropasi — HeoOpaTumasi IeHaTy-
panus (74,30°C).

Ha puc. 1 npuBeaensr YO-mpoduiiu TepMUUIeCKOit
JneHatypauuu ansOymuna B npucytctsun JMCO u
A3CO0, 110 KOTOPBIM ONPEAETIUIN TEMIIEPaTypy 00pa-
tumoii 7, v HeoOparumoit T , nenatypanuu (puBe-
neHsl B Tabnune). B nmpucyrcrBum 19CO kpuBas
JIeHaTypaluy XapaKTEePU3yeTCs TPEXCTyHeHIaThIM
[IEPEXOIOM: IOTIOTHUTEIHHO TOSBIIETCS IIEPEXO]] IPU
47,61°C (T ,). Xon KpUBOH yKa3bIBaeT Ha HAIM4UE
Tpex (HopM, 9TO MOKHO OOBSICHHUTH W3MEHEHHEM pH
pacTBopoB. M3 maHHBIX TAONHIEI CIEAYET, YTO B
npucytctun IMCO pH pacTBopoB pakTHYECKH HE
u3MeHsiercs, a B npucytctBuu JJICO — pesko nagaer
10 3,5. KucnotHo-nenarypupoBanHast (popma OenkoB
OIIMCBHIBAETCS KaK COCTOSIHHE “paCIIaBICHHOM I100Y-
7617, T. €. KaK npeodnaaatonias npoMexxyTouHas ¢op-
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denaturation were normalized (from 0 to 1) with
ORIGIN 7.5 software .

Measurements of pH values were performed on
pH-meter Jenway 4330 (UK). Absolute accuracy of
measurements was +0.03 pH units.

Results and discussion

Human serum albumin is one of the most important
blood plasma transport proteins and makes 60% of
total amount of serum proteins. Tertiary structure of
albumin developed of three domains (I, II, III) form
heart-shaped molecule. Amino acid sequence and
structure of domains are similar. On the protein surface
the same number of hydrophilic and hydrophobic amino
acid residues, being in contact with aqueous solution
are located. It has been revealed that all albumin
domains denaturate independently [18].

The effect of DMSO and DESO on heat denatu-
ration of albumin was studied at 20...90°C by UV-
spectroscopy method. Under these conditions the ther-
mal “unfolding” of albumin is described by multistep
mechanism according to Eyring and Lamry appro-
ximation model, according which the albumin denatu-
ration has reversible and irreversible stages. The first
stage is the transformation of “native protein — rever-
sible unfolded state” (63.20°C), the second one is
irreversible denaturation (74.30°C).

Fig. 1 shows the UV-profiles of thermal denatura-
tion of albumin in the presence of DMSO and DESO
by means of which the temperature values of reversible
T, and irreversible 7 , denaturations were found
(shown in Table). In the presence of DESO the dena-
turation curve is characterized by three-step transition:
additional transition appears at 47.61°C (7 ). The
trend of curve points to the presence of three forms
that may be explained by the change in pH of solutions.

1.04 1 o002
-I“

0.8
0.6

0.44

0.2+

Mornowenne npu 280 HM (HOpM.)
Absorption at 280 nm (normalized)

20 30 40 50 60 70 80 90 100
Temnepartypa, °C  Temperature, °C

Puc. 1. YO-npoduny TepMruaecKoi AeHaTypanuy anb0yMu-

Ha B pucyTtcTBun 15% AMCO (1) u 25% A3CO (2).

Fig. 1. UV-profiles of thermal denaturation of albumin in the
presence of 15% DMSO (1) and 25% DESO (2).
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3Ha4YeHUs TEMIIEPATyPHI IJIaBJICHHUS aTbOyMUHa

B npucytctBuu JJMCO u I5CO

Values of melting temperature of albumin in the
presence of DMSO and DESO

Temnepatypa AeHaTypanuu, °C
Denaturation temperature, °C
PacTBopuTenn H
Solvent P
Tml Tm2 Tm3
H,0* 7,4 63,43 74,35 -
H,0* 7,4 63,20 74,30 -
H,0* 43 63,10 74,00 46,20
AMCO-H,0 —
DMSO—H;O 7,5 59,99 74,52
ASCO-H,0
DESO—HZZO 3,5 51,85 74,44 47,61

Ipumeuanue: * — nojyueHHbIe faHHbIC; ¥ — nanHbie [19].
Notes: * — finding data; * — data of [19].

Ma Oenka mpu JeHATypaluu MEXAy HAaTUBHOWU U
neHatypupoBaHHo# [17]. 3BecTHO, 4TO OEIKU MOTYT
(hopmMEpOBaTh “pacIuIaBICHHYO ITI00YTY , €CIIH THIPO-
(hoOHBIE B3aMMOJIEHICTBUS UMEIOT CPAaBHUTEIHHO
CHJIBHBIN 1 ObICTpBI XapakTep [8]. Ha puc. 2 npuse-
JeHbl (GIyopecUEeHTHBIE CIIEKTPHI abOyMUHa B IPU-
cyrcreun IMCO nipu 20°C. YcTaHOBICHO, 4TO C YBE-
nruenueM kounentpanuu JJMCO (¢ 7,5% no 37,5%)
HaOII01a10TCs OBBILIEHNE HHTEHCUBHOCTH (hiryopec-
LEHIUU TpUunTohaHa U KOPOTKOBOTHOBOE CMEIICHHUE
SMHCCHH, YTO CBHJIETEIHCTBYET O BO3PACTAHUU THPO-
(hoOHOCTH MUKPOOKPY KEHHS TpUNTOo(daHa B IPUCYT-
ctBuu JIMCO.

Takum 00pa3om, IpHU BHICOKHMX KOHIIEHTPALUSIX
AMCO mnpsameie tuapodoOHbIe B3aUMOASHCTBUS
CYNb(HOKCHIOB € TOBEPXHOCTHIO OelIka MOTYT IPHUBO-
JWTH K ACHATYpaLUH albOyMuHa. ITOT 3¢ PEKT IposiB-
nsieTcs npu 6onee HU3KuX KoHueHTpauusx J3CO. ITpu
WHTEPIPETANNN JTaHHBIX TEIIOBOM NeHATypaluu
anrO0ymuHa B mpucyTcTBun J3CO BaXKHO YUUTHIBATH
n3MeHenune pH pactBopos.

MHorue 67Ky HaX0AATCsl B HATUBHOM COCTOSIHUH
npu 10...40°C, npu Oosiee BBHICOKHUX TeMIIEpaTypax
MIPOMCXOIUT oOpaTuMas AeHATypalys, a IpU HUZKUX
TeMIepaTypax — XoioaoBas neHarypanus [20]. Muo-
rue (prU3NKO-XMMHUYECKHE CBOMCTBA OEIKOB 3aBUCST
OT U3MEHEHMSI CTPYKTYPBI pAaCTBOPUTEIS BCIEICTBUE
CHIDKEHHS TeMIepatypsl [6, 9]. B BogHbIX pacTBOpax
MOHMKEHUE TEMIIEPaTyPbl IPUBOAUT K 00pa30BaHHIO
00NbLI0H (PpaKLNKU TeKCaroHAIBHOTO JIbJIA, IIPH 3TOM
HENOJISIPHBbIE TPYNIBI OelKa SKCIOHUPYIOT B JIBO-
00pa3HyI0 BOIHYIO a3y U MPOUCXOAMT XOJIOJOBAS
JneHaTypauus [22].

ChIBOPOTOUYHBIN abOyMHH Y€JIOBEKa COHCPIKHUT
TOJIBKO OJTMH TPUNITO(PaHOBEIH ocTaTok (1rp-214), ko-
TOPBIH OTPY>XKEH B THAPO(OOHYIO TOJIOCTH B TOMEHE
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From table it follows that in the presence of DMSO
the pH of the solutions does not practically change
and in the presence of DESO sharply reduces down
to 3.5. Acid-denaturated form of proteins is described
as an intermediate form of protein at denaturation
between native and denaturated one [17]. It is known
that proteins can form “molten globule” if hydrophobic
interactions are strong and rapid [8]. Fig. 2 demonstra-
tes the fluorescent spectra of albumin in presence of
DMSO at 20°C. It has been established that with the
increase of DMSO concentration (from 7.5 up to
37.5%) an increase of fluorescence intensity for trypto-
phan and short wave shift of the emission is observed
that testifies to a rising hydrophobicity of tryptophan
microenvironment in the presence of DMSO.

Thus, under high concentrations of DMSO the direct
hydrophobic interactions of sulfoxides with protein
surface may lead to albumin denaturation. This effect
is manifested under lower DESO concentrations.
When interpreting the data on heat denaturation of
albumin in the presence of DESO it is important to
consider the changes in solution pH values.

Many proteins are in native state at 10...40°C, under
higher temperatures reversible denaturation takes pla-
ce and the cold induced denaturation under low tem-
peratures [20]. Many physical and chemical properties
of proteins depend on the changes in the solvent struc-
ture due to temperature reduction [6, 7]. In aqueous
solutions the temperature lowering results in the for-
mation of big fraction of hexagonal ice, herewith non-
polar groups of proteins contact with ice forming aque-
ous phase and the cold denaturation takes place [22].

Human serum albumin contains only one trypto-
phan residue (trp-214), immerged into hydrophobic

900-— > : . :
800
- 700
600
500
400-
300
200

100+

MHTEHCUBHOCTb hriyopecLieHumn, Y. e.
Fluorescence intensity, rel. units

1 T Ll L] Ll
300 350 400 450 500
OnuHa BonHbl, HM  Wavelength, nm

Puc. 2. Criextps! ¢iayopecueHnny aap0yMUHA B TIPUCYT-
ctBun JIMCO (1 —0%; 2 —7,5%; 3 — 18,75%; 4 —30,0%;
5—37,5%) npu temneparype 20°C u 1JTHHE BOJTHBI BO30Y K-
neHus 295 aM.

Fig. 2. Fluorescence spectra of albumin in the presence of
DMSO (1 — 0%; 2 — 7.5%; 3 — 18.75%; 4 — 30.0%; 5 —
37.5%) at 20°C and 295 nm excitation wavelength.
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II. ®nyopecnennus TpunrtodaHa B HATHBHBIX OelTKax
YyBCTBHUTEIbHA K N3MEHEHUSIM IOJIIPHOCTH OKPYKAF0-
el cpenbl. C HOHMKEHUEM TEMITEPATyPbl NHTEHCHB-
HOCTB (pryopecueHIuy TpunTodana yBenuInuBaeTcs,
OJJHAKO MAaKCUMYM 3MHCCHU M (opMa CIEKTpa He
MEHSIFOTCSl, YTO MOKHO OOBSICHUTh M3MEHEHHUEM 3Kpa-
HUPOBaHUs TpUNITOHaHOBOro ocTarka. [Ipu nanpHei-
€M MOHM)KEHHMM TEMIIEPaTypbl PEe3KO CHHMXKAETCS
HWHTEHCHBHOCTH ()NTyOpPECIICHIMH U PACTBOP AIb0yMH-
Ha IIEpeXONT B KpUCTAIIHIecKoe coctostaue. [locne-
Jyroliee noBkienne Temieparypsi (10 20°C) npuso-
JUT K BOCCTAHOBJIEHHUIO CIIEKTPAJIbHBIX XapaKTepHC-
TuK (hryopecueniun. [1o ciekTpanbHBIM XapakTepHuc-
THKaM TI0CJIe OTOrpeBa 3aMOPOXKEHHOH TIITa3MbI KPOBU
MOYKHO YCTaHOBHUTHh M3MEHEHHE COCTOSHUS IOBEPX-
HOCTHBIX (TIOJISIPHBIX U HETIONSIPHBIX) Y4acTKOB OeJI-
KOB Iu1a3Mbl [2]. Hamu ucciaenoBanus mokasaiu, 4To
CHEKTpaJIbHBIE XapaKTePUCTUKU adb0yMUHA BOCCTa-
HaBJIMBAIOTCS [TOCJIE OTOTPEBA, YTO CBUIETEIBCTBYET
00 00paTuMoM XapakTepe MPOUCXOASAIINX CTPYKTYP-
HBIX U3MEHEHMUII.

Ha puc. 3 npezncrasieHsl GpruyopeciieHTHBIE MPO-
(bmm X0MOOBOM EHATYpaIiH ATbOYMHIHA B TIPUCYT-
cteun JIMCO u JI9CO B TeMiiepaTypHOM HHTEPBAIC
—20...20°C. Tlpu oTcyTcTBHU CYNH(OKCHIOB HU3KO-
TeMIIepaTypHBIE HCCIIEAOBAHIS HEBO3MOXKHBI, TAK KaK
pactBop 3amep3aet. DiryopecueHTHbIE TPOGUITH IeHa-
Typauuu XapakTepU3yI0TCs IBYXCTYIIEHUaThIM Mepe-
xonom: B cirydae JIMCO T =10,86°CuT = —1,38°C;
HOCO~T =12,75°Cu T ,=-1,94°C. Henuneiinoe
HW3MEHEHHE CIEKTPAIbHBIX XapaKTEPUCTHK MIPH TEM-
nepatypax Huke 0°C oTpakaeT Mo3TaHoe 3aTopMa-
KHUBaHUE TIOABMKHOCTH KOOIIEPaTUBHOMN BOAHO-0€EII-
KOBO# Marpuilsl. B padote [ 1] moka3zaHo, 4To pH TeM-
neparypax —10...—20°C 3amep3aioT cliab0CBsI3aHHbIC
¢ 6enkom ciou Boabl, a pu —50...—60°C 3amep3aet
onmusnesxamnias kK OeKy Boza, COCTaBIISIFOIIAst KOoTepa-
TUBHYIO CHCTEMY C €T0 MOBEPXHOCTHBIMHU 00JIACTSMH.
Kax BHIHO M3 MOMyYeHHBIX NAHHBIX, BO3/IEHCTBHE,
nocturaemoe npu ucnonbzoBanuu JIMCO (20%),
NpOSIBIISIETCS NPHU Oojiee HU3KUX KOHLEHTPALMIX
A3CO (0,25%).

Bo3MokHO, BIUsSHIE OPraHU4eCKOTr0 COPaCTBOPH-
TeJIs Ha Mpollecc JeHaTypalun Oenka oObACHSIETCS
HW3MEHEHHEM MOJSIPHOCTH pacTBoputena. B cimyuae
TMATTKUIICYITE(OKCHIOB TIOJISIPHOCTH COPACTBOPUTEIISI
HE UTPaeT ONPENEIIAIONel POJH, TaK KaK JUIIEKTPH-
geckue koHCTaHThI JIMCO u JI3CO nmpakTudecku He
OTIMYAIOTCS B TemmeparypHoMm uHTepsaie 20...50°C
(mMdnexkTpruecKkne KOHCTAaHThI H3MEHAIOTCS ¢ 46,6 10
43,0 u c 44,1 no 39,4 coorBerctBenHo) [10]. DaxTH-
YECKU MOJIIPHOCT PACTBOPUTEINSI HE MOXKET paccMar-
PHBaTHCS KaK BaKHBIN (hakTOp JeHATypaluy ajabOyMu-
Ha B npucytctBun JIMCO u J3CO. Monekynsl
JAMCO B3anMOIEHCTBYIOT ¢ IOBEPXHOCTHIO O€NKa B
OCHOBHOM 3a c4eT TuApo(oOHBIX B3aUMOACHCTBHH,
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cavity in the domain II. Tryptophan fluorescence in
native proteins is sensitive to the changes of environ-
mental polarity. With the temperature reduction the
fluorescence intensity of tryptophan increases, howe-
ver the maximum of emission and spectrum form
remain unchanged that may be explained by the change
of tryphtophan residue shielding. With further lower-
ing of the temperature the fluorescence intensity falls
and albumin solution transits into crystal state. Sub-
sequent temperature rise (up to 20°C) leads to recovery
of fluorescence spectral characteristics. On spectral
characteristics after thawing of blood plasma one may
reveal the changes in state of surface (polar and non-
polar) sites of plasma proteins [2]. Our studies show
that spectral characteristics of albumin are reduced
after thawing testifying to the reversibility of structural
changes.

Fig. 3 shows fluorescent profiles of cold denatura-
tion of albumin in the presence of DMSO and DESO
within temperature range of —20...20°C. In the absen-
ce of sulfoxides low temperature studies are impossible
because of the solution freezing. Fluorescent profiles
of denaturation are characterized by two-stage
transition: for DMSO 7, = 10.86°Cand 7 ,=-1.38°C;
for DESO T, = 12.75° C and 7 ,=-1. 94°C The non-
linear change of spectral characterlstlcs at tempera-
tures lower than 0°C reflects stage-by-stage inhibition
of cooperative water-protein matrix mobility. In [1] it
has been shown that at temperatures of —10..-20°C
the loosely bound with protein water layers freeze,
and at —50..-60°C the neighboring to protein water
consisting the cooperative system with its surfaces
freeze. The obtained data show the effect achieved
for DMSO (20%) can be reached at lower DESO
concentrations (0.25%).
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Puc. 3. drnyopecueHTHbIC TPOGUITH XOJIOI0BOH ACHATYpa-
in anpOymuHa B ipucyterBun 20% JIMCO (1) u 0,25%
A3CO (2).

Fig. 3. Fluorescence profiles of cold denaturation of albumin
in the presence of 20% DMSO (1) and 0.25% DESO (2).
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a nonsipHast S=0O rpymnmna y4acTByeT B 00pa3oBaHUH
BOJOPOJHBIX CBSI3€H MEXIY MOJICKYJIaMH BOABI H
Cynb(OKCcHIa, BCISICTBUE YETO MEHIETCS CTPYKTypa
Bozsl. B crywyae /I9CO atn B3anMoaeicTBHS CTaHO-
BATCS OoJiee BeIpakeHHBIMU. Kak rmokasany Hal uc-
cnenosanus, B npucytctBun JJIMCO u I9CO cHmxka-
eTcs TeMIepaTypa AeHaTypaluy, OTHAKO MPH HUZKHIX
TEeMIEpaTypax yMeHbIIeHHE THAPO(HOOHBIX B3aUMO-
JNEHCTBUI U CBSI3BIBAHHE MOJIEKYJ CyIb(OKCHAA C
AKTHUBHBIMH MOJIOCTSIMH Ha IOBEPXHOCTH Oeka mpu-
BOJSIT K JOPMUPOBAHUIO CTAOWIBHOU “JeasiHON”
000JI09KH, KOTOpas MpeAoXpaHseT 0eIok oT HeoOpa-
THUMBIX CTPYKTYPHBIX U3MEHEHUH.

BbiBOAbI

[TomydeHHbI€ pe3yabTaThl HO3BOJISIOT 3aKIIIOUNTH,
YTO MPU TEIUIOBOW JeHAaTypaluy aJbOyMHHA B IPU-
cyrctBun JJOCO nposBiseTcs nmepexos KUCIOTHOTO
xapakTepa npu temneparype 47,61°C. B npucyr-
cteun [IMCO u JI9CO temmepaTypa TEIIOBOH IeHa-
typanun CAY cHuxaeTcs, NO-BUANMOMY, B PE3Yb-
tare ruApooOHOro B3aUMOAEHCTBUS CYNb()OKCHIIOB
¢ moBepxHocThIO Oenka. Ilpuuem mis JIDCO stor
¢ dexT HabMogaeTCS IPH 3HAYMTEIIPHO MEHBIIMX
KOHIIEHTpanusx, yeM A JIMCO. @nyopecLieHTHbIE
HU3MEPEHHs CBUIETEIBbCTBYIOT, UTO 0Opa3oBaHUE
rupodoOHOH 000I0UKH IPeIOXPaHIET OSJIOK OT He-
00paTUMBIX CTPYKTYPHBIX M3MEHEHHH MPHU HU3IKHUX
TeMIepaTypax .
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The effect of organic cosolvent on protein dena-
turation is probably explained by the changes in sol-
vent polarity. In case of dialkyl sulphoxides the polarity
of cosolvent does not play a determining role, since
dielectric constants of DMSO and DESO do not prac-
tically differ within temperature range of 20...50°C
(dielectric constants vary from 46.6 to 43.0 and from
44.1t0 39.4, correspondingly) [ 10]. In fact, polarity of
solvent cannot be considered as an important factor
of albumin denaturation in the presence DMSO and
DESO. DMSO molecules interact with protein surface
mainly due to hydrophobic interactions, and polar S=O
group participates in the formation of hydrogen bonds
between molecules of water and sulfoxide, leading to
the change in water structure. In case of DESO these
interactions become more pronounced. Our findings
showed that in the presence of DMSO and DESO the
temperature of denaturation is reduced, however under
low temperatures the decrease in hydrophobic inter-
actions and binding of sulfoxide molecules with active
cavities on protein surface result in the formation of
stable “ice” layer, preventing protein from irreversible
structural changes.

Conclusions

Obtained results enable to conclude that at thermal
denaturation of albumin in the presence of DESO a
transition of acid character at 47.61°C is observed. In
the presence of DMSO and DESO the temperature
of thermal denaturation of HSA reduces probably as
aresult of hydrophobic interactions of sulphoxides with
protein surface. Moreover, for DESO this effect is
observed at lower concentrations if compared with
DMSO.The fluorescent measurements testify the
formation of hydrophobic layer prevents the protein
against irreversible structural changes under low tem-
peratures.
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