
Im mo bi lized sin gle chain an ti bod ies for af fin ity pu ri fi ca tion
of re com bi nant hu man ifn-a2b

P.V. Gilchuk, O.V. Okunev, D.M. Irodov, M.V. Pav lo va, O.Ya. Yakovenko

The In sti tute of Mo lec u lar Bi ol ogy and Ge net ics, NAS of Ukraine

150, Ac a de mi cian Zabolotny Str., Kyiv, 03143, Ukraine

1 Na tional Taras Shevchenko Uni ver sity of Kyiv

64, Volodymyrska Str., Kyiv, 01033, Ukraine

gilchuk@ukr.net 

A lab o ra tory method for ob tain ing immunoaffinity me dia for chro mato graphic pu ri fi ca tion of pro teins based on ori ent ing
and non-co va lent im mo bi li za tion of re com bi nant an ti body frag ments on cel lu lose ma trix is de scribed. The sin gle-chain an -
ti body (ScFv) against hu man IFN-a2b was ge net i cally fused to cel lu lose-bind ing do main (CBD) from Clostridium
thermocellum cellulosome and ex pressed in Esch e richia coli. Af ter the iso la tion of the tar get pro tein in func tion ally ac tive
form from bac te ria cells the di rected im mo bi li za tion on microgranular cel lu lose has been car ried out. The cel lu lose with im -
mo bi lized ScFv-CBD-fu sion was used as af fin ity me dia to per form the pu ri fi ca tion of re com bi nant hu man IFN-a2b.
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Re com bi nant an ti body frag ments (rAbs) con struc tion and
their ex pres sion in heterologous sys tems rep re sents the
mod ern ap proach of ob tain ing highly se lec tive im mu no -
log i cal re agents for fun da men tal re searches, di ag nos tics
and ther apy [1, 2]. Sin gle chain an ti bod ies (ScFv) are the
re com bi nant mol e cules, de signed by the ge netic fu sion of
vari able do mains from heavy and light an ti body chains via
the ar ti fi cial linker, which are ex pressed by the pro duc ers

as one polypeptide chain [3]. Now a days, ScFv an ti bod ies
are widely used in many ap plied and fun da men tal re -
searches, which are con di tioned by the ca pa bil ity of se lect -
ing the mol e cules with the de sired bind ing char ac ter is tics
and the pos si bil ity of their large-scale pro duc tion us ing
high-ef fi cient ex pres sion sys tems [4].

One of the at trac tive di rec tions of rAbs ap pli ca tion is
the de vel op ment of in ex pen sive ma trixes for
immunoaffinity chro ma tog ra phy (IAC). Re cently the
prin ci pal ap pli ca bil ity of an ti body frag ments for pu ri fi ca -
tion of tar get pro teins by immunoaffinity chro ma tog ra phy
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(IAC) has been shown [5, 6], and dif fer ent strat e gies for
their im mo bi li za tion on chro mato graphic ma trixes, in -
clud ing chem i cal cou pling or in di rect bind ing via some en -
gi neered pro tein part ners, have also been re ported [7, 8].
The most com mon dis ad van tage of chem i cal im mo bi li za -
tion meth ods is the ran dom ori en ta tion of an ti gen-bind ing
site of an ti body mol e cules on the ma trix sur face, which
leads to its low avail abil ity for the in ter ac tion with an ti gen.

Cur rent work pres ents the lab o ra tory method of
immunoaffinity me dia ob tain ing for chro mato graphic pu -
ri fi ca tion of hu man re com bi nant IFN-a2b, which is based
on di rect and ori ented im mo bi li za tion of ScFv an ti bod ies
on cel lu lose ma trix via cel lu lose bind ing do main (CBD)
Clostridium thermocellum. ScFv’s against hu man IFN-a2b
were se lected out from an im mune mouse cDNA li brary
ac cord ing to pro to cols as de scribed in the Amersham Bio -
sci ences (Swe den) Re com bi nant Phage An ti body Sys tem
man ual [9]. The gene en cod ing anti-IFN-a2b ScFv was
am pli fied from plasmid pCANTAB 5E and subcloned into
plasmid pET-24a (+) (Novagen) as N-ter mi nus fu sion
with cel lu lose bind ing do main - CBD (GenBank Acession

№X68233) (Fig.1). For the achieve ment of the high-level
pro duc tion of ScFv-CBD the cor re spond ing plasmid was
trans formed into E. coli strain BL21 (DE3) car ry ing the T7
RNA poly mer ase gene and the fu sion pro tein were ex -
pressed as in clu sion bod ies. Af ter the iso la tion of in clu sion
bod ies the ScFv-CBD was solubilized in 6 M GuHCl and
pu ri fied un der de na tur ing con di tions by Ni+2-im mo bi lized
af fin ity chro ma tog ra phy (IMAC) [10]. The pu ri fied
ScFv-CBD was re folded by grad ual re mov ing of
solubilizing re agent us ing Quix Stand ultrafiltration sys tem 
(Amersham Bio sci ences) and the method de scribed in the
work [11].

Re folded ScFv-CBD was di rectly im mo bi lized on
microgranular cel lu lose CC31 (Whatman, Great Brit ain)
[12]. Pre pared af fin ity cel lu lose (~40 ml) was washed sev -
eral times with the phos phate-sa line buffer PBS pH (8.0)
and packed into the chro mato graphic col umn XK 16
(Amersham Bio sci ences). The pu ri fi ca tion pro ce dure was
car ried out us ing the “Acta Prime” chro ma tog ra phy
equip ment (Amersham Bio sci ences) as fol lows. Clar i fied
cell lysates of E.coli cells, con tain ing re com bi nant hu man
IFN-б2b (VDNK PharBiotech, ВНДК «ФармБіотек»,
Ukraine), were loaded on the col umn. Af ter wash ing the
col umn for sev eral times with PBS the bound IFN-a2b was 
eluted by the buffer, con tain ing 0,1 M glycine-HCl, 0,5 M
NaCl (pH 3,0). IFN-a2b con cen tra tion was de ter mined
by mea sur ing ad sorp tion at A280, and the pu rity of eluted
IFN-a2b was an a lyzed by elec tro pho re sis in 15% SDS-
polyacrilamide gel (SDS-PAGE).
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Fig.1. The scheme of “ScFv-CBD” ex pres sion cas sette in plasmid vec tor
pET-24 a(+)
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Fig.2. The sche matic im age of fu sion pro tein ScFv-CBD, con tain ing af fin ity moi eties for an ti gen bind ing and im mo bi li za tion on cel lu lose



The de signed fu sion pro tein (~46 kDa) con tains two
af fin ity moi eties, rep re sented by N-ter mi nus of ScFv an ti -
body and C-ter mi nus of CBD, which are join ing with 13
amino acid spacer- (-Gly3-Ser-Glu-Gly3-Ser-Glu-Gly3-).
In tro duced af fin ity tag se quence “(His)6-tag” from the ex -
pres sion vec tor fa cil i tates one-step pu ri fi ca tion of
ScFv-CBD from in clu sion bod ies by IMAC. The con -
ducted de sign of fu sion pro tein mol e cule pro vides sta ble
com plex for ma tion be tween cel lu lose-bind ing do main and 
car bo hy drate scaf fold of cel lu lose, and ex poses the an ti -
gen-bind ing site of the ScFv to the op ti mal po si tion for the
in ter ac tion with the an ti gen (Fig.2).

Bi o log i cally ac tive ScFv-CBD was re cov ered from the
E.coli in clu sion bod ies as de scribed above. The refolding
ef fi cacy was cal cu lated by the per cent age of re cov ered bi o -
log i cal ac tiv ity sep a rately for each moi ety of fu sion pro tein
(ScFv and CBD) us ing the ap proach ear lier de vel oped by
us (not pub lished data). It has the fol low ing prin ci ple: the
bi o log i cal ac tiv ity for ScFv is the ca pa bil ity of bind ing an ti -
gen, while for CBD it is the se lec tive in ter ac tion with cel lu -
lose. Thus, the ac tiv ity of CBD was cal cu lated ac cord ing to 
the per cent age ScFv-CBD pro tein, which was se lec tively
bound onto cel lu lose af ter the refolding. The anal y sis of
ScFv ac tiv ity was car ried out by es ti ma tion of the pro tein

mo lar ra tio in im mune com plexes ScFv-CBD / IFN-a2b,
which were eluted from af fin ity cel lu lose un der harsh de -
na tur ing con di tions and loaded for sep a ra tion to 15%
SDS-PAGE (Fig.3). Us ing the de scribed meth ods, it was
de ter mined that the refolding ef fi cacy for ScFv and CBD
moi eties of fu sion pro tein amounts to 98 and 45% re spec -
tively.

The us age of ef fec tive refolding method al lowed re cov -
ery of sol u ble and ac tive ma te rial from in clu sion bod ies
which proved to be enough to ob tain pre para tive af fin ity
col umn (40 ml of af fin ity cel lu lose with ca pac ity for the
ScFv-CBD of ~2 mg/ml) and to ful fill the pu ri fi ca tion of
re com bi nant IFN-a2b (mo lec u lar weight ~18 kDa).

Clar i fied lysate of E.coli cells, con tain ing ex pressed re -
com bi nant hu man IFN-a2b, was loaded on the af fin ity
col umn. The elu tion of bound IFN-a2b was car ried out at
mild con di tions (pH 3,0) which pro vided its se lec tive dis -
so ci a tion with out sig nif i cant “leak age” of im mo bi lized
ScFv-CBD (Fig.4, a). Ac cord ing to the SDS-PAGE data
the pu rity of IFN-a2b in eluted  frac tions amounts to more
than 95% and only one ad di tional mi nor band is vis i ble
(~45 kDa), which is the prod uct of ScFv-CBD dis so ci a -
tion from cel lu lose at pH 3,0 (Fig.4, b). Nev er the less, the
amount of eluted fu sion pro tein was less than 0,1% per one
pu ri fi ca tion cy cle, which prac ti cally did not in flu ence the
col umn per for mance. The col umn dy namic ca pac ity for
IFN-a2b was cal cu lated ac cord ing to the mea sure ment
data of pu ri fied IFN-a2b con cen tra tion, it amounted to
about 0,1 mg of IFN-a2b per 1ml of af fin ity cel lu lose. The
im por tant re sult is the fact that we dem on strated the pos si -
bil ity of re peated pu ri fi ca tion of IFN-a2b for the same af -
fin ity col umn af ter its sub se quent re load ing. 

In cur rent work we pres ent the lab o ra tory method for
ob tain ing af fin ity me dia us ing sin gle chain an ti bod ies
which im mo bi lized via cel lu lose bind ing do main. The
prin ci pal ap pli ca bil ity of immunoaffinity col umn for
one-step chro mato graphic pu ri fi ca tion of re com bi nant
hu man IFN-a2b from clar i fied lysates of pro ducer cells
(pu rity ~95%) was dem on strated, and high sta bil ity of im -
mo bi lized ScFv an ti bod ies at sev eral sub se quent pu ri fi ca -
tion cy cles was also shown.
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NAS of Ukraine S.I. Andrianov, O.Yu. Slominsky and
Pro fes sor G.L. Volkov for me thodic in struc tions and the
pos si bil ity of us ing ultrafiltration and chro ma tog ra phy
equip ment, to the work ers of VDNK PharBiotech for pro -
vid ing pro tein ex tracts from E.coli pro duc ers to ful fill the
pu ri fi ca tion of re com bi nant hu man IFN-a2b, and to pro -
fes sor Y. Shoham (Haifa, Is rael) for pre sent ing us a gift of
the plasmid with CBD for in ves ti ga tions .
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Fig.3. SDS-PAGE anal y sis dem on strat ing the pro tein com plexes which
are formed on cel lu lose with im mo bi lized ScFv-CBD (~45 kDa) af ter
bind ing of IFN-a2b (~18 kDa) to the col umn. Im mune com plexes were
eluted from cel lu lose by the buffer con tain ing 8 M of urea, 0,5% of SDS
and 0,1 M of 2-mercaptoethanol. The amount of pro teins, loaded to lines
1-3, cor re sponds to 10; 5 and 2,5 ml of af fin ity cel lu lose; M - mo lec u lar
weight marker; the gel was stained by Coomassie bril liant blue R-250. 



П. В. Гильчук, О. В. Окунев, Д. М. Иродов, М. В. Павлова, О. Я.
Яковенко

Иммобилизованные одноноцепочечные антитела для аффинной

очистки рекомбинантного IFN-a2b человека

Резюме

Представлен лабораторный метод получения иммуноаффинного

сорбента для хроматографической очистки белков, основанный на

ориентированной и нековалентной иммобилизации

рекомбинантных фрагментов антител на целлюлозном носителе.

На основе ДНК-последовательностей однонитчатых антител

(ScFv) к IFN-a2b человека и связывающего целлюлозу домена (CBD) 

из целлюлозолитического комплекса Clostridium thermocellum

сконструирован слитый белок (ScFv-CBD). После экспрессии

ScFv-CBD в клетках Esch e richia coli и выделения целевого белка в

функционально активной форме проведенa его прямая

иммобилизация на микрогранулированной целлюлозе. Целлюлоза

с иммобилизованным ScFv-CBD использована как аффинный

сорбент для очистки рекомбинантного IFN-a2b человека.

Ключевые слова: одноцепочечные антитела, иммуноаффинная
хроматография, иммобилизация белка, слитый белок.
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Fig.4. Pu ri fi ca tion of re com bi nant hu man IFN-a2b with im mo bi lized on cel lu lose sin gle chain an ti bod ies: a – elu tion pro file (1 – load ing of clar i fied
lysate from E.coli cells with IFN-a2b; 2 – pro teins that did not bind to the col umn and were re moved by wash ing with PBS; 3 – elu tion of bound
IFN-a2b at pH 3,0); b – SDS-PAGE anal y sis (1 – pro teins in clar i fied lysate from E.coli cells with IFN-a2b; 2-4 – pro teins in eluted frac tions; M -
mo lec u lar weight marker; the gel was stained by Coomassie bril liant blue R-250. 
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