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The behavior of globular proteins (lysozyme, husamum albumin) and humic acids of coal (Powhu-
mus) in aqueous/oil and aqueous/graphene systesistwdied by means of tritium tracer. Tritium ladzl
biomolecules were obtained by tritium thermal ation method. Adsorption isotherms were obtained by
liquid scintillation spectrometry of tritium eithér traditional performance or in scintillation pka technique

INTRODUCTION

The behavior of biomacromolecules in hy-
drophilic/hydrophobic systems plays an important
role in different fields of technology and industry
The interest was extremely increased with the
development of nanotechnology. Mechanisms of

not obtained with any other isotopes. For interfa-
cial researches tritium-labeled compounds can be
obtained by means of tritium thermal activation

method [14]. The technique is based on the bom-
bardment of solid target of organic compounds
with tritium atoms which forms on tungsten fila-

ment at 1500-2000 K. Since tritium can substitute

the processes which occur at the interfaces are protium in any possible position, double purifica-

under the high influence of both nature of hydro-
phobic surface and biomolecule itself. There are
a number of instrumental methods used for
studying the adsorption either at liquid/solid or
liquid/liquid interfaces. X-ray photoelectron
spectroscopy [1], reflectometry [2], and Raman
spectroscopy [3] are most frequently used for the
investigation of adsorption on aqueous/solids.
Liquid/liquid interfaces are more challenging
for the experimental studying. The most prevalence

experiments are conducted by pendant-drop tech-

nique [4], Fourier transform infrared spectroscopy
[5], total internal reflection fluorescence micros-
copy [6] or by radiotracer method witfC-labeled
proteins first introduced by D.E. Graham and
M.C. Phillips in 1978 [7] and still used for study-
ing proteins adsorption at aqueous/oil interfaces
[8]. Thus the universal method for agueous/solids
and aqueous/oil interface has not yet developed.
For this purpose radiotracer assay is rather
promising. In our previous researches we have
shown that tritium is a perspective tracer in stefa
experiments [9-13]. Since tritium is a radioactive
isotope of hydrogen, it is related to all classkés o

organic molecules. On the other hand, the advan-

tion is usually conducted. First, treated compound
is purified from labile tritum (OH-, COOH-,
NH-—, SH-groups). Ther’fl]-product is released
from the mixture of labeled compounds. This la-
beling technique is applicable to most kinds of or-
ganic materials from low molecular weight amino
acids [15] to humic substances [16].

Because of unigue nuclear-physical properties
of the isotope (=12.4 years, k,=18.6 keV) the
path length of tritiunP-particles reaches few mi-
crons in the condensed media. This fact was used
when tritium labeled compounds were applied to
studying the adsorption of individual surfactants
and their mixtures with polymers at aque-
ous/organic liquid interface [10, 11].

The only way to determine tritum labeled
compound is liquid scintillation spectrometry. For
sorption experiments with solid/liquid surfacessit
used in the traditional performance for measuring
aqueous solution [17]. In case of the systems of tw
immiscible liquids, liquid scintillation spectronngt
is applied in variant of scintillation phase method
[10-13]. It is a direct method of the determination
of both bulk concentration of tritium labeled com-
pound and its excess at aqueous/organic scintillato

tages of tritium as a tracer would not have become interface. The technique is based on the measuring

applicable to such a wide extent if it were noa+el
tively easy to label organic molecules with tritium
at high specific activities and in versatility that
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counting rate of the system of aqueous solution of
tritium labeled compound /organic scintillator
which is immiscible with water. The counting rate
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results in both distribution of labeled compound in
the bulk of scintillator and its concentration lag t
liquid/liquid interface. The radiochemical theorly o
the method was previously described in [13].

In this manuscript we have compared the ad-
sorption for biomacromolecules on hydropho-
bic/hydrophilic interfaces including aqueous/solid
and aqueous/organic liquid interfaces. Since re-

(specific radioactivityca. 1.5 pCi/mL) 3 mL of scin-
tillation phase (hon-aqueous scintillator basegon
xylene or toluene) was added. The amountidf-[
compound in both oil phase and interfacial excess
were calculated as it was previously described [10]
Sorption experiments on solids were conducted
for graphene. To 4-5 mg sample of carbon nanoma-
terial 0.8 mL of aqueous solution 6H]-compound

cent increased interest in hanoscale particles gra- (specific radioactivityca. 3 uCi/mL) was added.
phene was used as hydrophobic solids. In case of Ultrasonication of the dispersion was carried out f

liquid/liquid experiments scintillators based eithe
on toluene op-xylene were applied. Two globular
proteins lysozyme and human serum albumin and

20 min using a bath sonicator with rated power of
50 W. Then systems were incubated at room tem-
perature during 24 hrs. 200 pL of suspension was

coal humic acid were under the test. Based on our picked out and centrifuged. 100 pL of the solution

previous experimental data the conditions of tritiu
labeling were chosen according to formation of la-
beled product with high specific radioactivity dret
background of small amount of by-products.

EXPERIMENTAL

Graphene was synthesized in Institute of Ele-
mentoorganic Compounds RAS, Moscow. Specific
surface 107 Afig was determined by BET.

Lysozyme and human serum albumin were
purchased from MP Biomedicals and used with-
out further purification. Coal humic acid (CHA-
Pow) was a commercially available preparation
Powhumus (Humintech GmbH, Germany) de-
salted using dialysis before the experiments [16].

Tritium label was introduced into the bio-
polymers by means of tritium thermal activation
method [16, 18]. Briefly, 0.8 mL of aqueous solu-
tion of compound (1.25 g/L) was distributed on the
walls of glass reactor and lyophilized. Then the
reactor was connected to the gas tritium devise
which includes W-wire in the middle of glass reac-
tor and a cooler. Air was pumped out and the reac-
tor was filled with tritium gas till 1.2 Pa. W-wire
was heated with electric current up to 1800 K dur-
ing 10 s. After the reaction the compound was dis-
solved in 2 mL of aqueous solvent: 0.4% NaOH
for CHA-Pow and phosphate saline buffer (PBS,
pH 7.2+0.1) for globular proteins. To purify la-
beled compound from the labile tritum and la-
beled by-products 30 days dialysis and size exclu-

was filtered throw the syringe filter with 0.2 um
PVDF membrane (Life Science). 10 pL aliquot of
filtered solution was picked out for radioactivity
measuring. Radioactivity of aqueous solution was
measured in scintillation cocktail OptiPhase Hi
Safe 3 (PerkinElmer) by means of scintillation spec
trometer RackBeta 1215 (Finland).

Protein concentration in aqueous solution was
calculated as

I
= : 1

v, D

Herel is counting ratey; is volume of aliquotg
is the registration efficiency of tritiufrradiation
(for OptiPhase Hi Safe 8= 53+2%).

The value of protein sorption was calculated as

c, — ¢ )V

( 0 1) 0 , (2)
mLCE

Co is the initial concentration of protein solution,

V is the initial volumem is mass of graphen§,
is specific surface of nanomaterial.

RESULTS AND DISCUSSIONS

Tritium labeled compounds are useful in study-
ing their behavior in different systems. Here we
have labeled biological macromolecules with trit-
ium to investigate their hydrophobic and surface
active properties. Experiments were conducted for
aqueous/oil and aqueous/graphene interfaces. Fig. 1
and Fig. 2 show the comparison of adsorptions of
lysozyme, human serum albumin and CHA-Pow at

<

sion chromatography were used as it described in aqueous/arene and aqueous/graphene interfaces in

[16, 19]. Specific radioactivities of final prodsct
were 1.5, 3.2 and 12.8 Ci/g for human serum al-
bumin, lysozyme, and CHA-Powgspectively.
Adsorption experiments were conducted for
aqueous/oil and aqueous/solids interfaces. Finst we
carried out by means of scintillation phase method.
To 1mL of aqueous solution ofHJ-compound
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semi-logarithmic coordinates. One can see that for
all tested compounds the adsorption at liquidiqui
interface is higher than one obtained for aque-
ous/graphene. It can be explained by the strong in-
teraction between molecules of organic phase either
with hydrophobic amino acids residue of proteins or
with hydrophobic core of humic acids.
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In, [umol/m?] albumin that was subjected to vacuum evaporation
o and then it was dissolved in water. We have ob-
served the 2.5xf@m emulsion by means of pho-
ton correlation spectrometry that allowed suggest
that associates of proteins with molecules of or-
ganic phase do not destruct even under vacuum
while organic phase itself is volatile liquid.
Not only interaction with hydrophobic interface
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o L but also the nature of sorbate itself is of sigaifice
o 2 4 6 8 0 2 W 1% in the adsorption mechanism. Fig. 3 shows the
IR comparison of adsorption isotherms of globular pro-

Fig. 1. The comparison of the adsorption of globular t€ins on graphene surface. While albumin adsorp-
proteins at different aqueous/hydrophobic inter- tion was subjected to Langmuir model in monolayer

faces.1 — human serum albumin at aquepus/  region, adsorption of lysozyme linearly increased i
xylene interface2 — human serum albumin at  whole concentration range®€E 0.97). Henry con-
aqueous/graphene interfacg;- lysozyme at stants calculated from the liner part of the isotise
aqueougrxylene interface and — lysozyme at  \ere 4x1¢ and 1x1G mol/mf/mol/L for albumin
aqueous/graphene interface and lysozyme, respectively.
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Fig. 2. The adsorption of coal humic acids at aque- oo
ous/toluene 1) and aqueous / graphen® (n- 005
terfaces o 0 o . w 0
Such associates possess high surface activity livsozymel, pmol/L
compared with aqueous/air interface [8] and can pe- Fig. 3. Comparison of adsorption of human serum al-
netrate into the bulk of organic liquid with thetpa bumin ¢top) and lysozyme kotton) on aque-
tion coefficients (1.0£0.2)xT}) (3.2+0.6)x1G and ous/graphene interface
(3.740.2)x10 for lysozyme, albumin, and CHA- The data obtained for albumin were compared

Pow, respectively . It has to be emphasized titat tr  with one obtained for carbon single-walls nanotubes
ium labeling procedure and purification secured the in [2]. In cited paper, adsorption of bovine serum
radioactivity of organic phase provide only by la- albumin was tested by reflectometry at different pH
beled compound not by exchangeable tritium. At pH 7 the authors observed a plateau with the
As to liquid/liquid interface tritium tracer have  value of maximum adsorption 2.3+0.2 mg/mt

unquestionable advantage compared with methods concentration 0.5 mg/mL (7.24x1énmol/L) and
based on measuring interfacial tension which lies did not discuss future behavior. In case of graphen
in the fact that it is applicable in both monolayer we also observe first plateau at concentrationerang
region and higher concentration limited by the from 1.71x1C to 7x10° mmol/L. The value of ad-
formation of stable emulsion of water in the or- sorption corresponds to the formation of monolayer
ganic phase in presence of surfactant [10]. The of this protein.

formation of stable associates with biomolecules One can see that the values of lysozyme adsorp-
was confirmed with the experiment when organic tion in ten times higher than for aloumin at thenea
phase without scintillation additives saturatechwit  concentration range. The difference in adsorption
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mechanism of albumin and lysozyme can also be and aqueous/oil can be studied by radiochemical as-
explained by peculiarities of the physical progsti  say where tritium is used as a tracer. The adearpti
of tested globular proteins. Since lysozyme isemrath  process is hydrophobic interaction controlled dasd i
small and structural stable molecule, it probably mechanism is under high influence of the structural
preserves the possibility to interact with molesule peculiarities and stability of sorbate molecules.

in the bulk of aqueous phase, when a_lds_orbed on ACKNOWLEDGEMENTS

graphene surface. Human serum albumin is a mole-
cule of large size and non-stable structure. When This work was supported by RFBR (grant # 08-
adsorbed on hydrophobic surface, it loses the in- 03-00819) and by Federal Targeted Program "Scien-
teraction possibility with proteins both in aqueous tific and scientific-pedagogical personnel of inaov
phase and adsorbed on graphene surface. One cation Russia" for 2009—-2013 years (project # 2351P).
see that at high concentrations of albumin adsorp- We also acknowledge Dr. Kvacheva (Institute of
tion corresponds to formation of polylayers but Elementoorganic Compounds RAS) and Dr. Cher-
this adsorption is a reversible process. Desorption vonobrodov (LLC Carbonlight) for graphene synthe-
at monolayer region for albumin and in case of sis; Dr. Perminova (Lomonosov Moscow State Uni-
lysozyme was less than 2% even if 10 order ex- versity) and her scientific group for their helgpiuri-
cess of sodium dodecylsulfate was added. When fication and analysis of humic compounds; Dr.
albumin polylayers were formed, desorption Vlasenko (Lomonosov Moscow State University) for

started in pure buffer. graphene specific surface determination.
Furthermore, samples of initial graphene and

of that modified by proteins were analyzed by REFERENCES

photon correlation spectrometry after purification 1. Chen R.J., Choi H.Ch., Bangsaruntip S. et al.

from free protein that was performed by centrifu- An investigation of the mechanisms of elec-

gation of the system then supernatant was care- tronic sensing of protein adsorption on carbon

fully collected followed by the addition of pure nanotube devices / J. Am. Chem. Soc. —

PBS and further ultrasonication. The purification 2004.—V. 126, N 5. — P. 1563-1568. '
procedure was controlled by radioactivity meas- 2. ValentiL.E., Fiorito P.A, GarciaC.D., Gia-

uring and it was continued until radioactivity of comelli C.E.The adsorption—desorption proc-
supernatant archived a background value. ess of bovine serum albumin on carbon nano-

It was found that graphene modified by ly- tubes // J. Colloid Interface Sci. — 2007. -
sozyme was identical with the initial. In both case V. 307. — P. 349-356.
average size of the particles veas1.3x10 nm on a 3. Karajanagi S.S., Yang H., Asuri P. et &lo-
background of high polydespersity. In case of albu- tein—assisted solubilization of single—walled
min modification (Fig. 4), the suspension contains carbon nanotubes // Langmuir. — 2006. —
particles with average size 556 nm (88% intensity). V. 22. - P. 1392-1395.

SteDstbienty iersy 4. Freer EMM., YimK.S., Fuller G.G., Radke C.J.

Interfacial rheology of globular and flexible
proteins at the hexadecane/water interface:
comparison of shear and dilatation deforma-
tion // J. Phys. Chem. B. — 2004. — V. 108. —
P. 3835-3844.
5. Adams S Higgins A.M., Jones R.A.LSur-
face-mediated folding and misfolding of pro-
‘ , ‘ teins at lipid/water interfaces // Langmuir. —
IJCII 1 1o 100 1000 10000 2002 - V 18 - P 4854—4861
_ _ o slm o 6. Gajraj A., Ofoli R.Y. Quantitative technique
Fig. 4. Particle size distribution of graphene-albuminoass for investigating macromolecular adsorption
ates determined by photon correlation spectrometry . . AT,
and interactions at the liquid-liquid interface //

en

Inte s by (%60
s

CONCLUSIONS Langmuir. — 2000. — V. 16. — P. 4279-4285.
In present research we have shown that adsorp-7. Graham D.E., Phillips M.C.JProteins at lig-
ton of biomacromolecules at hydropho- uid interfaces // J. Colloid Interface Sci. —

bic/hydrophilic interfaces included aqueous/solids 1979. -V. 70. — P. 403-414.

358 X®T12010. T. 1. Ne 3



Radiochemical Study of Biopolymers Sorption on Hydrophobic Surfaces

8. Sengupta T., Razumovsky L, Damodaran S 14. Shishkov A.V., Filatov E.S., Simonov E.F. et al.
Energetics of protein-interface interactions and Preparation of trittum-labeled biologically ac-
its effect on protein adsorption // Langmuir. — tive compounds // Dokl. Akad. Nauk SSSR. —
1999. - V. 15. — P. 6991-7001. 1976. - V. 228. — P. 1237-1239.

9. LukashinaE.V., Badun G.A., Chulichkov.AL 15. Chernysheva M.G., Badun G.A., Tyasto Z.A.
Atomic tritium as an instrument for study of pro- et al Nonequilibrium processes in reactions of
tein behavior at the air—water interface // Biomol. hot tritium atoms with cooled solid targets. In-
Eng. —2007.-V.24,N1.—P. 125-129. fluence of the atomizer temperature on forma-

10. Badun G.A,, Soboleva O.A.,, Cherny- tion of labeled substances // Radiochemistry. —
sheva M.GSurfactant adsorption at the water- 2007.-V.49,N2. - P. 186 — 189
p-xylene interface as studied by the scintilla- 16. Badun G.A., Chernysheva M.G., Tyasto Z.A.
tion phase method // Mendeleev Commun. — et al. A new technique for tritium labeling of
2007.-V. 17, N 6. . 357-358. humic substances // Radiochim. Acta. —

11. Chernysheva M.G.,  Soboleva O.A., Ba- 2010.-V.98,N 3. - P. 161-166.
dun G.A. Adsorption of surfactant mixture at 17. Severin A.V., Badun G.A., Tyasto ZZadionu-
water — p-xylene interface as studied by scin- clide sorption diagnostics of nanoagglomerates
tillation phase techniqgue // Mendeleev and textures based on them // Radiochemistry. —
Commun. —2008. — V. 18, N 6. — P. 345-346. 2009.-V.51,N 1. - P.55-58.

12. Chernysheva M.G., Tyasto Z.A., Badun G.A. 18. Badun G.A., Chernysheva M.Glow to in-
Scintillation phase method: A new approach crease labeling efficiency by tritium thermal
for studying surfactant behavior at activation method? // VIII Finnish-Russian
liquid/liquid interface // J. Radioanal. Nucl. Symp. on Radiochemistry (4-5 Sept. 2009,
Chem. — 2009. — V. 280, N 2. — P. 303-306. Turku, Finland). — P. 96-97.

13. Badun G.A., Chernysheva M.G., Tyasto Z.A., 19. Chernysheva M., Badun Gn vitro study of
Fedoseev V.MLiquid scintillation spectrome- proteins surface activity by trittum probe // 16
try of tritium in the investigation of compound Radiochemical Conf. (18-23 Apr. 2010, Mari-
adsorption at a water/nonpolar liquid interface // anske Lazne, Czech Republic). — P. 217.

Moscow Univ. Chem. Bull. — 2009. — V. 64,

N 5. — P. 282—288. Received 19.05.2010, accepted 17.08.2010

BuBuenHs copOuii OionoJrivepiB Ha rigpooOHNX MOBEPXHAX 32 J0NMOMOI 00
paaioxXiMiyHMX MeTOAIB

M.T. Yepuumena, I'.O. banyn

Mocxkoscvruil deporcasnuil yHisepcumem im. M.B. Jlomonocosa, ximiunuii paxynemem, kageopa padioximii
Jlenincoki eopu 1, 6yoiena 3, Mockea 119991 Pocis, masha.chernysheva@gmail.com

Memood padioakmugHux iHOUKamopie 6y 3acmoco8aHuil 07 O0CTIONCEHHSL NOGEOIHKU 2N0OYIAPHUX OLIKIG (ni304um, cu-
PosamKosull abOyMin 1ooun) ma 2yminosux kuciom gyeiuii (Powhumusy cucmemax 6odalonis ma sooalepagpen. Miveni
mpumiem 6iononivepu O)yu 00epicani Memooom mepmiuHoi akmusayii mpumiro. [3omepmu adcopoyii Oionoziunux Makpo-
MONEKYL Ha Medici nodiny eodalepaghen i na misicgpasnii 2panuyi sooalonis 6y ompumani 3a 00ONOMO20i0 8i0ROGIOHO PIOUH-
HO-CYUHMUWIIYIIHOT CReKMPOMEMpPIL mpumiio 8 mpaouyitiHomy eapianmi ma Memooom CYUHMUTIONYOL (a3u.

N3yuyenne copouun 0MonommMepoB Ha rAPOGOOHBIX MOBEPXHOCTAX € MOMOIILIO
PaIHOXHMHUYECKHX METO10B
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Memoo paduoaxmueHvix UHOUKAMOPOE GbLI NPUMEHEH OJi UCCTe008AHUS NOGEOEHUs 2N0OYIAPHbIX 6enkos (iu-
30YUM, CbIOPOMOUHBLIL ANLOYMUH Yel06eKd) u 2ymunogslx kuciom yeas (Powhumusy cucmemax sodalmacno u eo-
oalepagen. Ucnonvsyemvie meuenvie mpumuem OUOROIUMEPLL ObLAU NOTYYEHbL MEMOOOM MEPMULECKOU AKMUSAYUU
mpumust. Uzomepmvl adcopoyuu 6UOIO2UUECKUX MAKPOMOIEKYN HA NOGEPXHOCMU pasdena sodalepaghen u mesxcghas-
HOU epanuye 600almMacno 6vLIu HAlOeHbl ¢ NOMOWBIO HCUOKOCHMHOU CYUHMULIAYUOHHOU CREKMPOMEMPUY Mpumus 6
MPAOUYUOHHOM APUAHME U 8 8APUAHME MeMOOd CYUHMUIAUPYIOWell (hazbl COOMEEMCmMEeHHO.
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