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The aim of this work was to obtain the recombinant single chain variable fragments of antibodies
(scFv) against human protein C, the key component of blood anticoagulation system. For this purpose a pep-
tide that mimics a Pro'-Leu™ sequence of protein C was synthesized and the murine immune scFv library
against this peptide was constructed. The protein C specific scFv 9E were selected from the constructed li-
brary by the phage-display method. The scFv 9E dissociation constant was found to be 2107 M. It was shown
that scFv 9E were suitable for protein C detection by ELISA and Western blotting. Selected scFv could be
further used for protein C investigation and for the development of quantitative methods for protein C detec-

tion in human blood.
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autoprothrombin Ila, EC 3.4.21.69) is vita-

min K-dependent serine proteinase which
plays a key role in the anti-coagulation system. The
activated form of protein C has powerful anticoagu-
lant and profibrinolytic properties due to its ability to
inactivate Va and Vllla factors. The decrease of pro-
tein C plasma level correlates with the risk of throm-
bogenesis and has an important diagnostic value [1].
Moreover protein C demonstrates cytoprotective
properties such as increasing of cell viability, anti-
apoptotic and anti-inflammatory effects. The investi-
gation of protein C regulating properties is essential
for development of new therapeutic approaches for
correction of numerous pathological states [2].

Antibodies are an important tool both for stu-
dying of protein C biological activity and developing
of test systems for quantitative measurement of its
blood concentration.

The aim of this study was to obtain the recom-
binant murine single-chain variable fragment anti-
body (scFv) to carboxyterminal end of human pro-
tein C light chain. ScFv-antibodies could be easily
modified and fused with enzymatic and fluorescent
labels [3, 4]. This could be farther used for develop-
ment of the system for quantitative determination of
protein C, as well as for investigation its biological
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properties. Also the recombinant antibodies may be
used for the affine purification of protein C [5].

Materials and Methods

Conjugation of synthetic peptide with car-
rier proteins. The synthetic peptide, which imitates
Pro'**-Leu'” amino acid sequence of human protein
C, was conjugated to hemocyanine of mollusk Mega-
thura crenulata (KLH) or bovine serum albumin
(BSA) in accordance with the methods described in
[6, 7]. Conjugation was performed in two steps: first
carrier protein was modified by maleimidopropionic
acid and then peptide was added to maleimidopropi-
onyl-KLH or maleimidopropionyl-BSA [8].

Immunization of experimental mice. BALB/c
mice (4-month old females) immunized with conju-
gate of synthetic peptide with KLH were used in the
work. Antigen was administered intraperitoneally
(100 pg per animal). The first immunization was
performed in the complete, two next — in incomplete
Freund ajuvant (Sigma, USA), the interval between
immunizations was two weeks.

Construction of immune phage library. Total
RNA, which was used as a matrix in kDNA synthe-
sis, was isolated from the spleen tissue of immunized
mice by TRI Reagent (Sigma, USA). The sequences
encoding the variable domains of the light and heavy
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immunoglobulin chains (VH and VL) were ampli-
fied with the set of specific primers designed accord-
ing to [9]. The high-fidelity polymerase AccuTaq LA
DNA Polymerase (Sigma, USA) was used for am-
plification. Nucleotide sequences VH and VL were
assembled by SOE-PCR (splicing by overlap exten-
sion PCR). DNA sequences of scFv were inserted
into the phagemide vector pCANTAB-5E by Sfil and
Notl restriction sites. The ligase mixture was used
for transformation of Escherichia coli XL1-blue by
the electroporation.

The positive clones were selected by the phage
display method as described before [10]. Peptide
which imitates Pro*#*-Leu'>® sequence of protein C
conjugated with BSA was used for screening.

Enzyme-linked immunosorbent assay (ELISA).
As antigens were used conjugate Pro'**-Leu'> pep-
tide with BSA, native protein C (Sigma, USA) and
BSA. Monoclonal antibodies against marker se-
quence fused with scFv (E-tag) (Amersham, USA)
were used to determine scFv antibodies; and anti-
mouse IgG HRP were used as the secondary anti-
bodies. O-phenylenediamine (Sigma, USA) was
used as chromogen substrate. The color reaction was
quantified by measuring the absorbency at 490 nm.

Periplasmic extracts were prepared by the os-
motic shock method. The extracts were 8-fold con-
centrated.

Immunoblotting was performed as described
previously [11]. For detection of scFv were used
monoclonal antibodies against E-tag (Amershem,
USA). The method of enhanced chemoluminescence
was used for visualization of results.

Subclonning of selected scFv into pET-22b
vector. DNA sequences of scFv were ligated with
pET-22b vector by Notl/Ncol restriction sites using
T4 DNA ligase (Fermentas, Lithuania). The E. coli
Rosetta were transformed by this ligase mixture.

Separation and purification of scFv antibodies.
ScFv were purified from insoluble fraction by metal
affine chromatography method with farther refolding
[12].

The affinity constant was determined as de-
scribed previously [13] according to the formula
AJA = 14K -a, where K is the affinity constant,
A, — the value of absorption in the well without a
competitive antigen, A _— the value of absorption in
the well with certain concentration of a competitive
antigen, a, — concentration of competing antigen.
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Results and Discussion

One of the most important characteristics of
antibodies is their specificity, i. e., the capacity to
bind with the target antigen without crossed reac-
tions with other antigens. The carboxy-terminal
part of protein C light chain (sequence Pro'**-Leu'*:
PWKRMEKKRSHL) was chosen for generation
of highly specific scFv to protein C. In accordance
with the analysis in the BLAST search system this
protein C sequence is unique. The only blood pro-
tein with the partial homology is erythropoetin (se-
quence Trp®-Glu®*: WKRME), but its concentration
in the blood plasma is significantly lower than the
protein C concentration.

Synthesis of peptide Pro'*4-Leu'” and its con-
Jjugation with carrier proteins. The solid-phase syn-
thesis of the peptide, which mimics the Pro'**-Leu'*
sequence of protein C, was performed in the Labora-
tory of Peptide Immunogens of the State Scientific
Centre Institute of Immunology FMBA. According
to results of mass-spectroscopy and analytical HPLC
the synthesized peptide had the expected molecular
weight and purity above 92% (Fig. 1). The peptide
was conjugated with carrier proteins (KLH and
BSA). The peptide conjugated with KLH was used
for mice immunization, and conjugate with BSA for
measurement of antibody level.

Immune library of murine recombinant anti-
bodies. According to ELISA the titer of antibodies
against peptide Pro'**-Leu'> conjugated with BSA in
the serum of immunized mouse was about 1:32000
(Fig. 2).

Total RNA from splenocytes of immunized
mouse was used as the matrix for amplification of se-
quences encoding the variable domains of the heavy
and light immunoglobulin chains. Electrophoresis on
agarose gel showed 380 and 400 b.p. PCR products
corresponding in size to VL and VH, respectively
(Fig. 3, a).

The purified VH and VL were assembled in a
single step of assembly PCR. The linker encoding
(Gly,Ser), was generated by overlap of the two in-
ner primers. In assembled scFv VL was located on
the 5’-end and VH- on the 3'-end. After SOE-PCR
were obtained PCR-products about 800 b.p. that cor-
responded to expected size of scFv (Fig. 3, b).

For library construction the pCANTAB 5E
phagemid vector was used and scFv were inserted
by Sfil and Notl sites. These endonucleases are rare
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Fig. 1. Mass-spectroscopy of peptide Pro'*-Leu!”
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Fig. 2. IgG level to the target and control antigens in the serum of immunized mouse: 1 — peptide which mimics
protein C Pro™-Leu' sequence conjugated with BSA; 2 — BSA. The results of a typical experiment are pre-

sented

for V-segments sequences, thus their use minimize
the loss of diversity during restriction. As host cells
E. coli XL1-blue supE+ strain were used. In these
cells translation could continue through the amber
stop codon to produce scFv fused to phage protein
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23p displayed on the phage tip. Suppression of the
amber stop codon is about 20%.

The size of constructed library was about
8.5x10° individual clones that is enough for selection
of specific antibodies from immune libraries.
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Fig. 3. PCR-amplification of VH- and VL-domains
(a) and their assembling into scFv (b)

Characteristics of scFv antibodies specific for
protein C. After selection of library against protein C
9E clone was isolated. By ELISA was shown that
scFv 9E was specific both for peptide which mimics
the protein C Pro'**-Leu'> sequence conjugated with
BSA and for the native protein C (Fig, 4, a).

After immunoblotting of periplasmatic cell
extract additional bands probably correspond to
products of degradation of scFv and their protein
g3p fusion have been found (Fig. 4, b). This means
that the system based on the vector pCANTAB SE

and strain XLI1-blue optimized for selection but
not expression of recombinant antibodies was low-
productive for scFv 9E. That is why another expres-
sion system based on the pE7-22b vector and strain
E. coli Rosetta was used for further studying of
selected recombinant antibody fragments. The pE7-
22b vector contains a strong promoter of bacterio-
phage T7 as well as the PelB-signal for transporting
of recombinant protein to periplasmatic space, where
formation of disulfide bonds is possible [14]. Strain
E. coli Rosetta designed to enhance the expression of
eukaryotic proteins that contain AGG, AGA, AUA,
CUA, CCC, GGA codons rarely used in E. coli [15].

DNA-sequence of scFv 9E was inserted into the
pET-22b vector by the Ncol/Notl sites (Fig. 5) and
E. coli Rosetta cells were transformed by ligase mix-
ture. After electrophoresis of obtained clones lysates
bands with expected for scFv 9E molecular weight
(about 30 kDa) were found (Fig. 6, a). Part of the
target protein was about 27% of total bacterial pro-
teins. So the scFv 9E production was considerably
intensified. Expectedly, scFv 9E were synthesized
mainly in a form of inclusion bodies and thus they
were purified by further refolding in vitro (Fig. 5, b).

Specificity of scFv 9E to human protein C was
confirmed by ELISA (Fig. 7). Dissociation constant
of scFv 9E was about 2-10° M. Thus, the obtained
recombinant antibody fragments to C-terminus of
protein C light chain were characterized by quite
high affinity.

It is important that the antibodies, which could
be used to study protein C properties, were capable
to identify it not only in immunoenzyme analysis
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Fig. 4. ELISA of periplasmatic cell extract from 9E clone (a). Electrophoresis (bl) and immunoblotting (b2) of
periplasmatic extract from 9E clone. ScFv 9E were detected with monoclonal antibodies to E-tag
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Fig. 5. Subclonning of scFv 9E into pET-22b vec-
tor: 1-2— DNA-sequence of pET-22b vector, digested
by the restriction endonucleases Ncol/Notl; 3-4 —
DNA-sequence of scFv 9E, digested the restriction
endonucleases Ncol/Notl, M — markers
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Fig. 6. Analysis of scFv 9E expression (a). scFv 9E
after purification and refolding (b)
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Fig. 7. The binding scFv 9E antibodies to target and
control antigens. The results of a typical experiment
are presented
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Fig. 8. Protein C detection by immunoblotting with
obtained scFv 9E

but also in immunoblotting. Since a synthetic pep-
tide was used for selection of scFv 9E, they had to
be specific for linear epitope. And as was shown,
scFv 9E recognized protein C in immunoblotting.

Therefore, the recombinant scFv antibodies
to important component of anticoagulation blood
system protein C were obtained. It was shown that
the selected antibodies could be used in enzyme-
linked immunosorbent assay and immunoblotting
for protein C detection. The obtained scFv antibody
could also be further used for studying protein C as
well as for design of the diagnostic systems for its
quantitative determination.

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 2



O. S. OLIINYK, K. O. PALYVODA, N. E. LUGOVSKAYA et al.

PEKOMBIHAHTHI O/JTHOJIAHIIOI"OBI
BAPIABEJIBHI ®PATMEHTHU
AHTHUTLUI (scFv) IPOTH Pro'*‘-Leu's
JTIIAHKY MIPOTEIHY C JIOAUHA
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Mertoro poboTu Oylo oxmepKaTh peKkoMOi-
HAHTHI OJHOJIAHIIOTOBi BapiabenbHi (parMeHTH
autuTin (scFv) mportm nporeiny C JMIOAWUHU, KITIO-
YOBOI'0 KOMITIOHEHTa aHTHUKOATYJISIIIHOT CUCTeMH
KpoBi. [lis nporo OyJ0 CHHTE30BaHO MENTHJ, IO
iMmiTye mocimimoBHicTs Pro'**-Leu'> npoteiny C, Ta
CKOHCTpy#oBaHO 0i0yioTeky scFv aHTUTIN Muii,
iIMyHHY 10 Lbporo mentuay. Meromom ¢aroBoro
JIMCTLIIEIO 31 CKOHCTPYOBaHO1 610110TeKH BiAiOpaHo
scFv 9E, cneundiuni go mpoteiny C. Koncranra
aucorianii scFv 9E cranosuna 2:10° M. Ilokasa-
HO, 110 sScFv 9E MOXYyTb 3aCTOCOBYBATHUCH JJISI BU3-
HaueHHs nporeiny C B IMyHOCH3MMHOMY aHali3i
Ta iMyHOONMOTHHTY. BinmiOpani scFv y momanbmio-
My MOXYTh OyTH BHKOPUCTaHI B JOCIIJIKEHHSIX
nporeiny C, a TakoX [ PO3pOOKH METOHy
KiJgpKicHOTO BH3HaueHHs mpoTeiHy C y mia3mi
KpOBI JIOIMHU.

KnmoyoBi cmoBa:
aHTHTINA, paroBUil THUCILICH.

nporein  C, scFv
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YYACTKA MNPOTEMHA C YEJJOBEKA
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Llenbto paboOTHl OBUIO TONYYUTH PEKOMOH-
HAHTHBIC OJHOLICIIOYCYHBIC (bpaFMeHTI)I AHTUTCII
(scFv) mpotuB mporenna C uenoBeKa, KJIIOYEBO-
'O KOMIIOHCHTAa aHTHKanYHHHHOHHOﬁ CHUCTEMBI
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kpoBu. C 3TOH Lenblo ObLI CHHTE3WPOBAH MENTH/I,
UMHUTHPYIOIIUI TOCIeA0BATENbHOCTh Pro'*t-Leu'
npotenHa C, W CKOHCTpyuUpoBaHa OuOIHOTEKa
scFv aHTUTEN MBIIIM, UMMYHHasi K 9TOMY TENTH-
ny. MertomoM ¢aroBoro Aucrjies U3 CKOHCTPYH-
poBaHHOW OuOnMoTexkn Obutn oToOpanbl scFv 9E,
cneuuduunsie Kk nporeuHy C. Koncranrta amcco-
nuanuu scFv 9E cocrasisuia 2-10° M. Tloka3sano,
gTo scFv 9E MoryT mpuMeHSATBCS ISl Ompesesie-
HUsi nporenHa C MeTomaMu HMMYHOYH3UMHOTO
aHanu3a ¥ uMMyHoOnoTTuHra. OToOpanHble scFv
B JaJIbHEHIIEM MOT'YT OBITh HCIIOJIb30BAHBI JIJISl MC-
cienoBanus npotenna C, a Taxxke s pa3paboTKu
METO/Ia €ro KOJIMYECTBEHHOT0 ONpeIeIeHU s B I1J1a3-
Me KPOBH YeJIOBEKa.

Knwuessie cunosa: nporeun C, scFv an-
THTENA, (ParoBbIi TUCILICH.
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