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CopOuis BTC meTremorno00iHOM AOHOPCBKOI i MAAUEHTApHOI KpOBi

Y po3uMHax etuAaeHraikoalo i TEr-3000

1O.B. Ky4epeHko, b.M. AroHoB, K.A. Po3aHOBA
[HcTuTYT npobaem kpiobioaorii i kpiomeanumHn HAH Ykpaitn, m. Xapkis

Sorption of Bromthymol Blue with Methaemoglobin of Donor and
Placental Blood in Ethylene Glycol and PEG-3000 Solutions

KucHERENKO YU.V., LEoNov B.N., Rozanova K.D.
Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

Hocnimkysanu cop6uiro 6pomtrmonoBoro cuuboro (BTC) meTreMorio6iHOM HOHOPCHKOT 1 IUTALEHTAPHOI KPOBi Y PO3UMHAX
erunernnikonto (EIN) i [TET-3000 ogHakoBO1 AieACKTPUYHOT IPOHUKHOCTI CEPEIOBHIIA €. IIpoBeneHi DOCIiIKEHHS BKa3yIOTb, 1110 HE
CIIOCTEPIraeThest YiTKOT B3a€MO3aNIeKHOCTI Misk € 1 mapameTpamu cop6uii BFTC noHopcekuM i mtanleHTapHUM MeTremMorIo0inoM. Kpim
TOTr0, OTPUMaHI JJaHi CBiq4aTh Npo MOXJIINBY cop6Ouiro monekyi [IET-3000 Ha noBepxHi Oinka.

Knrouogi cnosa: metremorno6in, eruinenrikons, [TIET-3000, copOrist OapBHUKA.

Hccnenosaim copOLnio GpOMTHMOJIOBOTO CHHETO METTeMOIIOOMHOM JIOHOPCKOH 1 IIJTalleHTApHOW KPOBH B PaCTBOPAX ATHJICHIINKOIS
1 I19I'-3000 ouHAKOBOM TUANIEKTPUIECKOH MPOHUIIAEMOCTH cpeibl € . [IpoBenieHHbIe HeceI0BaHHMs TTOKA3BIBAIOT, YTO HE HabIronaeTCs
YETKOH B3aMMO3aBUCHMOCTH MEX Ty € U mapameTpamu copoiuu BTC 1oHOpcKuM 1 TialieHTapHbIM MeTreMoriobunom. Kpome Toro,
HOJTyYeHHBIE JaHHBIC CBUACTENLCTBYIOT O BO3MOXKHOI copbumu monekyn [191-3000 Ha moBepxHOCTH OenKa.

KitoueBsbie ciioBa: METreMOrIo0MH, 3TUIEHIIUKOIb, [191°-3000, copOrust kpacuTes.

The authors studied the sorption of bromothymol blue (BTB) by donor and placental blood haemoglobin in ethylene glycol (EG)
and PEG-3000 solutions with the same value of dielectric constant, € . The performed investigations show that there is no distinct
correlation between € and parameters of BTB sorption by methaemoglobin from donor and placental blood. In addition, the obtained
data testify to the possible sorption of PEG-3000 molecules on protein surface.

Key words: methaemoglobin, ethylene glycol, PEG-3000, dye sorption.

Bimomo, 1110 HaTuBHA KOHGpOpMaIlis OIIKOBHUX
MOJIEKYJI y BOJHUX PO3YMHAX HIATPUMYETHCS Oa-
JIAHCOM 10HHHUX, BOJHEBHX, €JICKTPOCTATUIHHUX 1 T1APO-
(OoOHMX CHII MIXK MOJIEKYJIOI0 PO3UMHHHKA 1 OLITKOM.
3aMiHa pO3YMHHUKA HA MEHIU HOJSIPHUN IPU3BOIUTD
JI0 3MiH CTPYKTYpPH PO3YHHY, HOTO (hi3HKO-XIMIYHHX
BiactuBocteil. [lani [4, 6, 8-10] BKa3yOTh Ha BRXKIIUBY
POJIb IieNeKTPUYHOI MPOHUKHOCTI cepeloBUILa y 30e-
peXeHH1 QpyHKLIOHAIBHUX BIACTUBOCTEH 010MOJIEKYII.
Hawmu Oyira mokazaHa MOKJIUBICTE TiIpopOoOHUX B3ae-
MOJifi METHJIPHUX 1 METHJICHOBUX TPYIl €TaHOY,
oninepuny, ITEI'-1500 3 MoseKymnoo MeTreMorio6iny
[3]. Ane HeBiTOMO, SK BIUIMBAIOTH HE3HAYHI 3MiHU
JlieIeKTPUYHOT MPOHUKHOCTI Cepeio-BHIIIA IHKyOallii Ha
3B*S13yBaHHS O1JIKOM HEEJIEKTPOJIITIB.

Y po6oTi nocnimKyBaiu copOLiro aHiOHHOTO OapB-
HuKa — 6pomtumonoBoro cuaboro (BTC) — metremo-
[I00IHOM JOHOPCHKOI 1 ITALEHTaPHOI KPOBi Y pO3YMHAX
EI'i[TET-3000 omHaKOBOT [ieneKTpHYHOT POHUKHOCTI.

Martepiaan i meroan

Eputporuti 1oOHOPCHKOI 1 ManeHTapHOi KpoBi
BUJIUTSIUTH 3T1AHO 3 3araJbHOTPUHHITOI0 METOIUKOIO.
Jist oTprMaHHS TeMOII001HY €PUTPOIIUTH JTi3HUPYBAIH
y muctuinboBaHiit Boni (1:1, 24 ron, 4°C), ueHTpu-

Native conformation of protein molecule in aqueous
solutions is known to be supported by the balance of
ionic, hydrogenous, electrostatic and hydrophobic
strength between the solvent molecule and protein.
Replacement of solvent to less polar one results in the
changing of solvent structure, its physical and chemical
peculiarities. The data [4, 6, 8-10] show that the role
of dielectric constant in keeping the biomolecules
functional properties is very important. We have shown
the possibility of hydrophobic interaction of methyl and
methylene groups of ethanol, glycerol, PEG-1500 with
methaemoglobin molecule [3]. However the effect of
slight alterations in dielectric constant of incubation
environment on protein binding of non-electrolytes is
unknown.

In the work we have studied similar EG and
PEG-3000 dielectric constants of anion sorption on
BTB donor and placental blood in solutions.

Materials and methods

Donors and placental blood erythrocytes were
derived according to traditional methods. For isolating
haemoglobin the erythrocytes were lysed in distilled
water (1:1, 24hrs, 4°C), centrifuged (15 min, 10000g).
Methaemoglobin was derived by adding 2M of
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¢yrysanu (15 xB, 10000g). MeTremorno6in oTpumy-
BaNy A0AaBaHHAM 2M HaanumKy depulianiay Kamito,
OYMINAITH METONOM TeNb-(UIBTpaIlii Ha KOJIOHII 3
cedpanekcom G-100. Buxin ¢paxiiit kKOHTporOBAIH
CHEKTPO(HOTOMETPUYHO 32 CITIBBiJHOIICHHSIM 1HTEH-
cuBHoctei npu 275 i 500 um. KoHneHnTparito met-
reMorio0iHy BU3HAYAIH CIIEKTPOPOTOMETPUYHO IIPH
630 am (€=3.7 MM-'cm! Ha 1 Tem ISt JOHOPCHKOTO i
€=3.8 MM-cm! Ha | rem qas maaneHTApHOTO
remMoro0iny). 38 s3yBannsa BTC 3 meTremorno6inom
BHM3HAYaJIHW 34 3MEHIIEHHSIM ONTHYHOI MIIJILHOCTI
po3uuHiB npu 614 HM. CrieKTpyY MOTIIMHAHHS PEECTPY-
Bay Ha cnekrpodoromerpi “PYE UNICAM SP8000”
(Benuxka bpuranis). TpusamicTs iHKyOaii reMorio0iny
3 15-120%-Mu po3dnHAMH ETHISHTITIKOMIO Ta 3 6.05-
18.42%-mu pozumaamu [TEI™-3000 ckianana 20 xB. Haxi
L1010 AieNeKTpruaHOi npoHuKHOcTi pozunHiB EI" i I1EI -
3000 Oynu orpumani 3 [2]. TpuBamicTb KOHTAaKTY
remorio0iny 3 posuuHamu BTC cknamana 15-20 xB
(pH 7.4, 22°C).

[Tapamerpu copOuii 30H1Y Ha MOBEpXHI OlIKa
po3paxoByBasiu 3a MmerogoM Ckertuapna [5].

Pe3yAbTatn i iX 0OOroBopeHHs

Binomo, mo BTC € ciabkoto kuciororo 3 pK 7.1
npu 20°C. Sk 3a3naueno B [1, 7], B3aemonis BTC 3
reMOIIIO01HOM 3IHCHIOETHCS 32 PAXyHOK I'ipodoOHHX
CUJ NIpU HEUTpaJIbHUX
3Ha4eHHAX pH po3unHy 1
CYIPOBOJIXKYETHCS 3MEH-
LICHHSM 1HTEHCHBHOCTI
CHEKTPAJILHOI MOJIOCH 3

ferricyanides of potassium, methaemoglobin was
purified by method of gel-filtration on the sephadex
G-100 column. Yield of fractions was controlled
spectrophotometrically according to the correlations
of intensities at 275 and 500 nm. Methaemoglobin
concentration was defined spectrophotometrically at
630 nm (e=3.7mM'cm' to 1 haeme for donor and
€=3.8mM cm! for 1 haeme for placental haemoglobin.
BTB binding with methaemoglobin was revealed
according to decrease of optical density of solutions
with 614nm. Absorption spectra were recorded with
spectrophotometer “PYE UNICAM SP8000” (Eng-
land). The duration of haemoglobin incubation with 15
and 20% solutions of EG and with 6.05% and 8.42%
solutions of PEG-3000 made 20 minutes. Data on
dielectric constant of EG and PEG-3000 was obtained
from the paper [2]. Duration of haemoglobin contact
with BTB solutions was 15-20 min (pH 7.4, 22°C).
Parameters of sorption probe on protein surface were
calculated by Skdtchard method [5].

Results and discussion

It is known that BTB is a weak acid with pK 7.1
with 20°C. As it is shown in the papers [1, 7], the
interaction of BTB with haemoglobin is performed at
the expense of hydrophobic forces in presence of
solution pH neutral values and is accompanied by

BanexHicTh mapametpis copOitii BTC 10HOPCHKHM 1 IJIAIIEHTAPHUM METTEMOTIIO0IHOM BifT
JIeJIEKTPUYHOT IPOHUKHOCTI CepeIoBUINA
Dependence of BTB dielectric constant with donor and placental parameters of
methaemoglobin on dielectric constant

MakcuMyMoM tipu 610-
615 um. JlomaBanHs y

AlerekTpruYHa IPOHUKHICTL CePeAOBHUINa, € = 76
Dielectric constant of solution, & =76

PO34MH iHKYOAail HeeleK-

TPOJITIB MPU3BOAUTE JI0 MetHb A MetHb F
3MEHIIECHHS JieJIeKTpHU-
. . . n 1,43+0,32 0,90=0,27

YHO1 IPOHUKHOCT1 SS 110
HOCHJICHHA MDKMOJICKY= ¢ 40-5 0 0,2350,064 0,219%0,075
JIAPHUX B3a€EMOI1M (1OH—
HUX 1 BaH-J€p-BaajbCco- ,A'iej\eK"[:pI/I‘{H(:} TIPOHUKHICTH cepepoBuUIIa, € = 73,6

. . Dielectric constant of solution, € =73,6
BHX). Y IOCIHIIKyBaHOI

1 01 _He- MetHb A+ 15% — 1t MetHb A +6,05% — i MetHb F +15% — 11 MetHb F +6,05% — #
Hamu CI/IC"I‘CMI 61']101( HC posuun EI' posuuu ITET — 3000 posumuu El posuns [TET — 3000
CJICKTPOIT-30H] TAKOXK MetHb A+ 15% EG MetHb A+ 6,05% MetHb F+15% EG MetHb F+15%
CJTi T O4iKyBaTH MOCHIICH- solution PEG — 3000 solution solution PEG — 3000 solution
Hs1 IOHHMX i TipodhoOHNX n 1,19%0,32 2,23+0,87 0,98+0,075 1,24%0,64
B33€MO,Z[H71 MI1K 30HAOM 1
MOHeKyJ'IOIO TeMOTIJIO- Kd,IO’6 M 0,107%+0,068 0,074=+0,031 0,075%+0,04 0,128+0,041
61Hy' AlereKTpuvHa IPOHUKHICTD CEPeAOBHUING, € = 71,84

3 JaHuX, HaBEACHUX Yy Dielectric constant of solution, € =71,84
Tad, »B 0, H'IO O6p06_ MetHb A+ 20% — 1 MetHb A+ 8,42% — i MetHb F+20% — i1 MetHb F +8,42% — i1
Ka MCTFGMOI‘J'[O61Hy a0- posuuH EI' posuus ITET — 3000 posumuH EI' posuus ITET — 3000
s . MetHb A+20% EG MetHb A+ 8,42% MetHb F +20% EG MetHb F +8,42%

HOPCBHKO1 1 TIIAIICHTApHO1 solution PEG — 3000 solution solution PEG — 3000 solution
kpoBl po3unHamu EI 1
TIIET-3000 PU3BOJUTE n 1,44=+0,27 2,39=+0,62 2,365=+0,390 2,570%+0,025
AO 3MCHH.I'CHI-'I.%IIIEOHCT3,H— K, 107 M 0,071+0,03 0,077+0,034 0,059=+0,037 0,092=+0,042
TH AUCOI1aI1l o KOMII-
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JIEKCY O1IOK-0apBHUK, IO ¥ CBOIO YEPTY O3HAUAE
36iumbmenns criopinaenocti BTC no metremoriio6iny.
Opnnax nocunenns cop6Ouii BTC (30ibIIeHHs MiCITb
3B‘s13yBaHHS OapBHHMKA Ha MOBEpXHI Oijika n) mpu
HOHIKEHHI € CepesioBUIIa iHKyOauii cocTepiranocs
nue y posunrnax I[TET-3000. Y poszunnax EI, € saxux
criBIajana 3 €, po3uuniB [1EI-3000, He BUsABIEHO
JOCTOBIPHHUX 3MiH IIapaMeTpa n 'y po3unHax JOHOPCh-
KOTO METTeMOII00iHy. Y BHUMANKY IJIAICHTapHOTO
MeTreMonIo0iHy 301bIIeHHs h (Y 2 pa3u y MOpIBHAHHI
3 KOHTpoIeM) 3adikcoBano sumre y 20%-my pozunHi EI.
Jani Tabnuiii He BpaxoBYIOTh MOMKITIBOI B3a€EMO/Ti 1
monexyn EI i TIEI'-3000 3 monexynamu BTC, sike
TAaKOX MOXKE 3MIHIOBATHCS TIPH 3MiHI1 € . SIK OKa3aHo
Ha PUCYHKY, Ha BiAMiHy Big po3uuHiB EI, y po3unnax
IIEI'-3000 cmocTepiranocs 3MeHLIEHHS KiTbKOCTI
BUIBHOT'0 OapBHHMKA Y PO3YHHI, IO CBIAYUTH MPO
cop6uito mosnexkyn bTC monexyramu ITET-3000.
Po3paxyHku BKa3yIOTb, 110 KUIBKICTh COPOOBAHOTO
monexynamu [1EI-3000 i meTremornobiny 6apBHUKA
HE MIAOPSIKOBYETHCS MPABUITY aAUTUBHOCTI, TOOTO
n@e #FnT 4+ nvett 10 BKa3ye Ha B3a€MOJIII0
Mixk Monekynamu IIET-3000 i meTremorio0iHOM,
BHACJIIJIOK IKOT0 IeHTpH 3B s3yBaHHs bTC Ha moBepxHi
MeTreMoro0iny ekpanoBani monekyaamu [1EI-3000.
BpaxoBytoun, mo KiTbKiCTh MICIb 3B‘sS3yBaHHS
BTC na mosepxni [IET-3000 cknagae n[¥, MmoxHa
MIPUITYCTUTH, 110 301IbIIEHHS TapaMeTpa Ny po34rHax
IMEI-3000 (muB. TabnuIr0) HAcTpaBi MOB‘SI3aHO 3
copOuiero 6apBHrka Ha noBepxHi [TEI-3000.
301bIIEHHS N y PO3UYMHAX IUIALEHTAPHOTO METIe-
Morno0iny, oopoonenoro 20%-m EI, oueBumHO, OB S-
3aHe 31 3MiHOIO KOH(opMallii Oika y po3unHi HeeneKT-

0,5
1
0,4 1
2
0,3
s €
I C
2 5021
0,1 A
0 T T T
0 10 20 30 40
C.er 10° M Cyrgr 106 M

3aie)HOCTI ONTHYHOI IITBFHOCTI TpH 614 HM BiJ KOHICH-
tpamuii BTC: 1 — 10 MM docdatauii 6ydep (pH 7,4), 15-1
20%-Bi pozuunan ET'; 2 —6,05- 1 8,42%-Bi pozunan I[TEI™-3000.
Optic density dependence (614nm) on BTB concentration:
1—10mM phosphate buffer (pH 7.4), 15-20% EG solutions;2
—6.05-8.42% PEG-3000 solutions.
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reduction of the intensity of spectral band with
maximum at 610-615 nm. Adding of non-electrolytes
to the incubation solution results in the decrease of
dielectric constant € and in the reinforcement of
molecular interactions ( ionic and Van der Waals ones).
In our protein-non-electrolyte-probe research system,
there is supposed the reinforcement of ionic and
hydrophobic interactions between the probe and
haemoglobin molecule.

The table data demonstrate that, the treatment of
methaemoglobin of donor and placental blood by EG
and PEG-3000 solutions leads to the decrease of
dissociation constant (Cd) of the protein-dye complex,
that, in its turn, means the increase of affinity of BTB
with haemoglobin.

However the reinforcement of BTB sorption (the
increase of sites of dye binding on the protein surface,
n) with the decrease in es of the incubation medium
were observed only in PEG-3000 solutions. In EG
solutions, € of which, coincides with € of PEG-3000
solutions there is no statistically true changes of the n
parameter in the solutions of donor methaemoglobin.
In the case of placental methaemoglobin increase of n
(in comparison with the control in 2 times) is found
only in 20% EG solution.

The Table data do not take into account a probable
molecule interaction of EG and PEG-3000 with BTB
molecules, which also can alter in the case of €
changing. As it is shown in the figure in contrast to EG
solutions there is a decrease of free dye in PEG-3000
solution, this testifies to the sorption of BTB molecules
by PEG-3000 ones.

Calculations show that the amount of dye, which
was sorbed by PEG-3000 molecules and those of
methaemoglobin, does not depend on additivity that is
pMetvtPEG # nPFO AnMet o that shows the inter-
action between PEG-3000 molecules with methaemo-
globin, due to which the centres of BTB binding on
methaemoglobin surface are screened by PEG-3000
molecules.

Taking into account that the number of sites of BTB
binding on PEG-3000 surface is n~4, it can be assumed
that the increase of n parameters in PEG-3000 solutions
(see the Table) is really related to the sorption of dye
on PEG-3000 surface.

The increase of n in placental methaemoglobin
solutions, which was treated by 20% EG, is apparently
connected with the changes of protein conformation
in non-electrolyte solution. So long as, according to
the data [8], EG and alcohols under the concentrations,
which are lower than 30%, do not affect considerably
on size, shape and molecular mass of haemoglobin
molecule and the denaturation of protein begins when
the concentration is 50-60%, it is possible to consider
that conformational changes of protein are linked with
the increase of non-polar surroundings of charged
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podita. Ockinbky, 3rigHo 3 nanumu [8], EI' i ciupt y
KOHIIeHTparisx Hikde 30% 3Ha9HO HE BIUIMBAIOTH Ha
po3Mip, GopMy i MONEKYISIPHY Macy MOJIEKYJIH IeMO-
100iHY, a 1eHaTypauis 01J1ka TOYNHAETHCS IPH KOH-
neHTpamisx 50-60%, MoxkHa BBaxaru, 0 KoH(OP-
MaliiiiHi 3MiHHM OLJIKA ITOB ‘s13aH1 31 301IbIIEHHSIM HEIO-
JISIPHOTO OTOYEHHS 3apsIKEHHUX TPy Ha MOBEPXHI
0Oinka, 1110 ToJIeTYye COpOLIiI0 aHIOHHKX OapBHUKIB. Bin-
cytHicTh edekry 20%-ro EI' Ha koH(bopmarito 1o-
HOPCHKOTO METTEMOIIIO0IHY CBITYHUTH PO O1JIBII JIETKY
CTPYKTYpHY allbTepallil0o MOJEKYJ IUIalleHTapHOTro
METreMOrNIO0iHy Y MOPiBHIHHI 3 JOHOPCHKHM.

BucHosok

Takum 4nHOM, TPOBEICHI JOCIIAKEHHS BKa3yIOTh,
10 HE CIIOCTEPITa€ThCS YiTKOT B3aEMO3aJISKHOCTI MiXK
€ 1 mapamerpamu copOuii anionnoro 6apsauka bTC
JOHOPCHKUM 1 MJIaleHTapHUM METIeMOTI00IHOM.
Kpim Toro, orpumani naHi cBig4aTh IpO MOXKIUBY
cop6uito monexyn [1EI'-3000 na moBepxHi Oinka.
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groups on the protein surface, that facilitates the
sorption of anion dye. The absence of effect on confor-
mation of donor methaemoglobin in case of 20% EG
solution testifies to slighter structural alteration of mole-
cules of placental methaemoglobin in comparison with
donor one.

Conclusion

Thus the performed investigations show the absence
of a distinct relationship between € and the sorption
parameters of BTB anion dye by donor and placental
methaemoglobin. In addition, the received data testify
to the possible sorption of PEG-3000 molecules on
protein surface.
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