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A laboratory method for obtaining immunoaffinity media for chromatographic purification of proteins based on orienting
and non-covalent immobilization of recombinant antibody fragments on cellulose matrix is described. The single-chain an-
tibody (ScFv) against human IFN-0.2b was genetically fused to cellulose-binding domain (CBD) from Clostridium
thermocellum cellulosome and expressed in Escherichia coli. After the isolation of the target protein in functionally active
Jform from bacteria cells the directed immobilization on microgranular cellulose has been carried out. The cellulose with im-
mobilized ScFv-CBD-fusion was used as affinity media to perform the purification of recombinant human IFN-o.2b.

Keywords: single chain antibodies, immunoaffinity chromatography, protein immobilization, fusion protein.

Recombinant antibody fragments (rAbs) construction and
their expression in heterologous systems represents the
modern approach of obtaining highly selective immuno-
logical reagents for fundamental researches, diagnostics
and therapy [1, 2]. Single chain antibodies (ScFv) are the
recombinant molecules, designed by the genetic fusion of
variable domains from heavy and light antibody chains via
the artificial linker, which are expressed by the producers
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as one polypeptide chain [3]. Nowadays, ScFv antibodies
are widely used in many applied and fundamental re-
searches, which are conditioned by the capability of select-
ing the molecules with the desired binding characteristics
and the possibility of their large-scale production using
high-efficient expression systems [4].

One of the attractive directions of rAbs application is
the development of inexpensive matrixes for
immunoaffinity chromatography (IAC). Recently the
principal applicability of antibody fragments for purifica-
tion of target proteins by immunoaffinity chromatography
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(IAC) has been shown [5, 6], and different strategies for
their immobilization on chromatographic matrixes, in-
cluding chemical coupling or indirect binding via some en-
gineered protein partners, have also been reported [7, 8].
The most common disadvantage of chemical immobiliza-
tion methods is the random orientation of antigen-binding
site of antibody molecules on the matrix surface, which
leads to its low availability for the interaction with antigen.
Current work presents the laboratory method of
immunoaffinity media obtaining for chromatographic pu-
rification of human recombinant IFN-a2b, which is based
on direct and oriented immobilization of ScFv antibodies
on cellulose matrix via cellulose binding domain (CBD)
Clostridium thermocellum. ScFv’s against human IFN-a2b
were selected out from an immune mouse cDNA library
according to protocols as described in the Amersham Bio-
sciences (Sweden) Recombinant Phage Antibody System
manual [9]. The gene encoding anti-IFN-a2b ScFv was
amplified from plasmid pCANTAB 5E and subcloned into
plasmid pET-24a (+) (Novagen) as N-terminus fusion
with cellulose binding domain - CBD (GenBank Acession
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Fig.1. The scheme of “ScFv-CBD” expression cassette in plasmid vector
pET-24 a(+)

NeX68233) (Fig.1). For the achievement of the high-level
production of ScFv-CBD the corresponding plasmid was
transformed into . colistrain BL21 (DE3) carrying the T7
RNA polymerase gene and the fusion protein were ex-
pressed as inclusion bodies. After the isolation of inclusion
bodies the ScFv-CBD was solubilized in 6 M GuHCl and
purified under denaturing conditions by Ni?-immobilized
affinity chromatography (IMAC) [10]. The purified
ScFv-CBD was refolded by gradual removing of
solubilizing reagent using Quix Stand ultrafiltration system
(Amersham Biosciences) and the method described in the
work [11].

Refolded ScFv-CBD was directly immobilized on
microgranular cellulose CC31 (Whatman, Great Britain)
[12]. Prepared affinity cellulose (~40 ml) was washed sev-
eral times with the phosphate-saline buffer PBS pH (8.0)
and packed into the chromatographic column XK 16
(Amersham Biosciences). The purification procedure was
carried out using the “Acta Prime” chromatography
equipment (Amersham Biosciences) as follows. Clarified
cell lysates of E.coli cells, containing recombinant human
IFN-62b (VDNK PharBiotech, BHZAK «Mapmbiorex»,
Ukraine), were loaded on the column. After washing the
column for several times with PBS the bound IFN-a2b was

eluted by the buffer, containing 0,1 M glycine-HCI, 0,5 M
NaCl (pH 3,0). IFN-a2b concentration was determined
by measuring adsorption at A,,, and the purity of eluted
IFN-a2b was analyzed by electrophoresis in 15% SDS-
polyacrilamide gel (SDS-PAGE).

Fig.2. The schematic image of fusion protein ScFv-CBD, containing affinity moieties for antigen binding and immobilization on cellulose
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Fig.3. SDS-PAGE analysis demonstrating the protein complexes which
are formed on cellulose with immobilized ScFv-CBD (~45 kDa) after
binding of IFN-a2b (~18 kDa) to the column. Immune complexes were
eluted from cellulose by the buffer containing 8 M of urea, 0,5% of SDS
and 0,1 M of 2-mercaptoethanol. The amount of proteins, loaded to lines
1-3, corresponds to 10; 5 and 2,5 ul of affinity cellulose; M - molecular
weight marker; the gel was stained by Coomassie brilliant blue R-250.

The designed fusion protein (~46 kDa) contains two
affinity moieties, represented by N-terminus of ScFv anti-
body and C-terminus of CBD, which are joining with 13
amino acid spacer- (-Gly,-Ser-Glu-Gly,-Ser-Glu-Gly,-).
Introduced affinity tag sequence “(His),-tag” from the ex-
pression vector facilitates one-step purification of
ScFv-CBD from inclusion bodies by IMAC. The con-
ducted design of fusion protein molecule provides stable
complex formation between cellulose-binding domain and
carbohydrate scaffold of cellulose, and exposes the anti-
gen-binding site of the ScFv to the optimal position for the
interaction with the antigen (Fig.2).

Biologically active ScFv-CBD was recovered from the
E.coli inclusion bodies as described above. The refolding
efficacy was calculated by the percentage of recovered bio-
logical activity separately for each moiety of fusion protein
(ScFv and CBD) using the approach earlier developed by
us (not published data). It has the following principle: the
biological activity for ScFv is the capability of binding anti-
gen, while for CBD it is the selective interaction with cellu-
lose. Thus, the activity of CBD was calculated according to
the percentage ScFv-CBD protein, which was selectively
bound onto cellulose after the refolding. The analysis of
ScFv activity was carried out by estimation of the protein

molar ratio in immune complexes ScFv-CBD / IFN-a2b,
which were eluted from affinity cellulose under harsh de-
naturing conditions and loaded for separation to 15%
SDS-PAGE (Fig.3). Using the described methods, it was
determined that the refolding efficacy for ScFv and CBD
moieties of fusion protein amounts to 98 and 45% respec-
tively.

The usage of effective refolding method allowed recov-
ery of soluble and active material from inclusion bodies
which proved to be enough to obtain preparative affinity
column (40 ml of affinity cellulose with capacity for the
ScFv-CBD of ~2 mg/ml) and to fulfill the purification of
recombinant [IFN-a2b (molecular weight ~18 kDa).

Clarified lysate of E.coli cells, containing expressed re-
combinant human IFN-a2b, was loaded on the affinity
column. The elution of bound IFN-a.2b was carried out at
mild conditions (pH 3,0) which provided its selective dis-
sociation without significant “leakage” of immobilized
ScFv-CBD (Fig.4, a). According to the SDS-PAGE data
the purity of IFN-a2b in eluted fractions amounts to more
than 95% and only one additional minor band is visible
(~45 kDa), which is the product of ScFv-CBD dissocia-
tion from cellulose at pH 3,0 (Fig.4, b). Nevertheless, the
amount of eluted fusion protein was less than 0,1% per one
purification cycle, which practically did not influence the
column performance. The column dynamic capacity for
IFN-a2b was calculated according to the measurement
data of purified IFN-a2b concentration, it amounted to
about 0,1 mg of IFN-02b per 1ml of affinity cellulose. The
important result is the fact that we demonstrated the possi-
bility of repeated purification of IFN-a.2b for the same af-
finity column after its subsequent reloading.

In current work we present the laboratory method for
obtaining affinity media using single chain antibodies
which immobilized via cellulose binding domain. The
principal applicability of immunoaffinity column for
one-step chromatographic purification of recombinant
human IFN-a2b from clarified lysates of producer cells
(purity ~95%) was demonstrated, and high stability of im-
mobilized ScFv antibodies at several subsequent purifica-
tion cycles was also shown.

The authors express sincere gratitude to the workers of
The Institute of Biochemistry named after O.V. Palladin of
NAS of Ukraine S.I. Andrianov, O.Yu. Slominsky and
Professor G.L. Volkov for methodic instructions and the
possibility of using ultrafiltration and chromatography
equipment, to the workers of VDNK PharBiotech for pro-
viding protein extracts from FE.coli producers to fulfill the
purification of recombinant human IFN-a.2b, and to pro-
fessor Y. Shoham (Haifa, Israel) for presenting us a gift of
the plasmid with CBD for investigations .
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Fig.4. Purification of recombinant human IFN-a.2b with immobilized on cellulose single chain antibodies: a — elution profile (1 — loading of clarified
lysate from E.coli cells with IFN-a.2b; 2 — proteins that did not bind to the column and were removed by washing with PBS; 3 — elution of bound
IFN-a2b at pH 3,0); b — SDS-PAGE analysis (1 — proteins in clarified lysate from E.coli cells with IFN-a2b; 2-4 — proteins in eluted fractions; M -
molecular weight marker; the gel was stained by Coomassie brilliant blue R-250.

I1. B. Tunvuyk, O. B. Okynes, JI. M. Hpodos, M. B. I[lasrosa, O. 4.
Skosenko

MMMOOMIM30BaHHBIE OJHOHOLENIOYEUHbIE aHTUTeNa Wit adbUHHOM

ouncTKY pekoMouHaHTHoro IFN-a2b yeoBeka
Pestome

IIpencraBieH n1abopaToOpHbINA METOM TOIyYeHUsT UMMYyHOoaddOUHHOTO
copOeHTa 11 XpoMaTorpadruueckoit 04MCTKY OeJTKOB, OCHOBAHHBIN Ha
OpPUEHTUPOBAHHOM u HEKOBaJIEHTHOM UMMOOWIN3ALINU
PEKOMOMHAHTHBIX (h)parMeHTOB aHTUTE Ha LIEJUTIOJIO3HOM HOCHUTEJIE.
Ha ocHoBe [JAHK-nocnenoBarenbHOCTEN OMHOHUTYATBHIX AHTUTEI

(ScFv) k IFN-a.2b yeaosexa u ceszvigarouieco yeanonosy domera (CBD)

u3 uesunonodogutuueckoro kKomruiekca Clostridium thermocellum
cKOHCTpyupoBaH ciauthlit 6emok (ScFv-CBD). Ilocie skcripeccun
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ScFv-CBD B kietkax Escherichia coli u BbieseHus 1eaeBoro 6ejika B
dopme
MMMOOMIM3ALIMS Ha MUKPOTPaHy IMPOBaHHOM 1ejuTionose. Llemtonosa

(byHKIIMOHATBHO ~ aKTUBHOM MpoBelieHa ero  mpsiMast
¢ ummobuauzoBaHHbIM ScFv-CBD wucnosb3oBaHa Kak ah@UHHBIN

COPOEHT IS OUMCTKU peKOMOMHAaHTHOTO [FN-0.2b yenogexa.

Kuiouesvle cnosa: o0Houenoueunvie anmumena, UMMyHoappuuHas
xpomamoepagus, ummoburuzayus beixa, caumaolii 6eokx.
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