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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 Pro144-leu155 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 2∙10-9 М. 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.

k e y  w o r d s: protein C, scFv antibodies, phage display.

P rotein C (blood coagulation factor XIV, 
autoprothrombin IIa, 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 VIIIa 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 

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 
Pro144-Leu155 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 µg 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 SfiI and 
NotI 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 Pro144-Leu155 sequence of protein C 
conjugated with BSA was used for screening.

Enzyme-linked immunosorbent assay (ElISa). 
As antigens were used conjugate Pro144-Leu155 pep-
tide with BSA, native protein C (Sigma, USA) and 
BSA. Monoclonal antibodies against marker se-
quence fused with scFv (е-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 рЕТ-22b 
vector. DNA sequences of scFv were ligated with 
рЕТ-22b vector by NotI/NcoI 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 
а0/Aх = 1+kа∙a0, where kа is the affinity constant, 
A0 – the value of absorption in the well without a 
competitive antigen, Ax – the value of absorption in 
the well with certain concentration of a competitive 
antigen, a0 – concentration of competing antigen.

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 Pro144-Leu155: 
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 Trp78-Glu82: WKRME), but its concentration 
in the blood plasma is significantly lower than the 
protein C concentration.

Synthesis of peptide Pro1444-leu155 and its con-
jugation with carrier proteins. The solid-phase syn-
thesis of the peptide, which mimics the Pro144-Leu155 

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 
BSа). 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 Pro144-Leu155 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 
(Gly4Ser)3 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 SfiI and NotI sites. These endonucleases are rare 
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Fig. 1. mass-spectroscopy of peptide Pro144-leu155
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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 Pro144-leu155 sequence conjugated with BSa; 2 – BSa. The results of a typical experiment are pre-
sented
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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 

g3p displayed on the phage tip. Suppression of the 
amber stop codon is about 20%.

The size of constructed library was about 
8.5×105 individual clones that is enough for selection 
of specific antibodies from immune libraries.
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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 Pro144-Leu155 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 5E 

Fig. 4. ElISa of periplasmatic cell extract from 9E clone (a). Electrophoresis (b1) and immunoblotting (b2) of 
periplasmatic extract from 9E clone. ScFv 9E were detected with monoclonal antibodies to E-tag

Fig. 3. PCR-amplification of VH- and VL-domains 
(a) and their assembling into scFv (b)
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and strain XL1-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 pET-22b vector and strain 
E. coli Rosetta was used for further studying of 
selec ted recombinant antibody fragments. The pET-
22b vector contains a strong promoter of bacterio-
phage T7 as well as the Pe1B-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 NcoI/NotI 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 kDа) 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∙10-9 м. 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. 5. Subclonning of scFv 9E into pET-22b vec-
tor: 1-2 – dNa-sequence of pET-22b vector, digested 
by the restriction endonucleases NcoI/NotI; 3-4 – 
dNa-sequence of scFv 9E, digested the restriction 
endonucleases NcoI/NotI, m – markers

Fig. 7. The binding scFv 9E antibodies to target and 
control antigens. The results of a typical experiment 
are presented

Fig. 6. Analysis of scFv 9E expression (а). scFv 9E 
after purification and refolding (b)
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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.
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Рекомбінантні одноланцюгові 
ваРіабельні фРагменти 
антитіл (scfv) пРоти Pro144-leu155 
ділянки пРотеїну С людини
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Н. Е. Луговська, Д. В. Колибо, 
Е. В. Луговськой, С. В. Комісаренко
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метою роботи було одержати рекомбі-
нантні одноланцюгові варіабельні фрагменти 
антитіл (scFv) проти протеїну с людини, клю-
чового компонента антикоагуляційної системи 
крові. Для цього було синтезовано пептид, що 
імітує послідовність Pro144-Leu155 протеїну с, та 
сконструйовано бібліотеку scFv антитіл миші, 
імунну до цього пептиду. методом фагового 
дисплею зі сконструйованої бібліотеки відібрано 
scFv 9е, специфічні до протеїну с. константа 
дисоціації scFv 9е становила 2∙10-9 м. показа-
но, що scFv 9е можуть застосовуватись для виз-
начення протеїну с в імуноензимному аналізі 
та імуноблотингу. Відібрані scFv у подальшо-
му можуть бути використані в дослідженнях 
протеїну с, а також для розробки методу 
кількісного визначення протеїну с у плазмі 
крові людини.

к л ю ч о в і  с л о в а: протеїн с, scFv 
антитіла, фаговий дисплей.

Рекомбинантные 
одноцепочечные 
ваРиабельные фРагменты 
антител (scfv) пРотив Pro144-leu155 
учаСтка пРотеина С человека
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Целью работы было получить рекомби-
нантные одноцепочечные фрагменты антител 
(scFv) против протеина с человека, ключево-
го компонента антикоагуляционной системы 

крови. C этой целью был синтезирован пептид, 
имитирую щий последовательность Pro144-Leu155 

протеина с, и сконструирована библиотека 
scFv антител мыши, иммунная к этому пепти-
ду. методом фагового дисплея из сконструи-
рованной библиотеки были отобраны scFv 9E, 
специфичные к протеину с. константа диссо-
циации scFv 9E составляла 2∙10-9 м. показано, 
что scFv 9E могут применяться для определе-
ния протеина с методами иммуноэнзимного 
анализа и иммуноблоттинга. отобранные scFv 
в дальнейшем могут быть использованы для ис-
следования протеина с, а также для разработки 
метода его количественного определения в плаз-
ме крови человека. 

к л ю ч е в ы е  с л о в а: протеин с, scFv ан-
титела, фаговый дисплей.

References

1. Mateo J., Oliver A., Borrell M., Sala N., 
Fontcuberta J. Increased risk of venous 
thrombosis in carriers of natural anticoagulant 
deficiencies. Results of the family studies of the 
Spanish Multicenter Study on Thrombophilia 
(EMET study). Blood Coagul. Fibrinolysis.  
1998;9(1):71-8.

2. Bouwens E. A., Stavenuiter F., Mosnier L. O. 
Mechanisms of anticoagulant and cytoprotective 
actions of the protein C pathway. J. Thromb. 
Haemost. 2013;11(S 1):242-53.

3. Xue S., Li H. P., Zhang J. B., Liu J. L., Hu Z. Q., 
Gong A. D., Huang T., Liao y. C. Chicken single-
chain antibody fused to alkaline phosphatase 
detects Aspergillus pathogens and their presence 
in natural samples by direct sandwich enzyme-
linked immunosorbent assay. anal. Chem. 
2013;85(22):10992-10999.

4. Wang Z., Chen y., Li S., Cheng y., Zhao H., 
Jia M., Luo Z., Tang y. Successful construction 
and stable expression of an anti-CD45RA scFv-
EGFP fusion protein in Chinese hamster ovary 
cells. Protein Exp. Purif. 2014;94:1-6.

5. Rezania S., Ahn D. G., Kang K. A. Separation 
of protein C from Cohn Fraction IV-1 by mini-
antibody. adv. Exp. med. Biol. 2007;599:125-131.

6. Albericio F. Solid-Phase synthesis: A practical 
guide (1 ed.). CRC Press, 2000; 848 p.

7. Nilsson B. L., Soellner M. B., Raines R. T. 
Chemical Synthesis of Proteins. annu. rev. 
Biophys. Biomol. Struct. 2005;34:91-118.

O. S. OLIINyK, K. O. PALyVODA, N. E. LUGOVSKAyA et al.



ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 294

8. Kitagawa T., Aikawa T. Enzyme coupled 
immunoassay of insulin using a novel coupling 
reagent. J. Biochem. 1976;79(1):233-236.

9. Okamoto T., Mukai y., yoshiok y., Shibata H., 
Kawamura M., yamamoto y., Nakagawa S., 
Kamada H., Hayakawa T., Mayumi T., 
Tsutsumi y. Optimal construction of non-
immune scFv phage display libraries from 
mouse bone marrow and spleen established 
to select specific scFvs efficiently binding to 
antigen. Biochem. Biophys. res. Commun. 
2004;323:583-591.

10. Oliinyk O. S., Kaberniuk A. A., Burka-
leva D. O., Romaniuk S. I., Kolibo D. V., 
Shepelyakovskaya A. O., Laman A. G., 
Komisarenko S. V. Obtaining of recombinant 
scFv-antibodies against diphtheria toxin using 
phage display system. Ukr. Biokhim. Zhurn. 
2007;79(5):91-97. (In Russian).

11. Oliinyk O. S., Kaberniuk A. A., Redchuk T. A., 
Korotkevich N. V., Labyntsev A. J., Roma-
niuk S. I., Kolibo D. V., Komisarenko S. V. 
Construction of immune library of murine 

immunoglobulin genes and screening of single-
chain Fv-antibodies to diphtheria toxin B 
subunit. Ukr. Biokhim. Zhurn. 2009;81(2):60-71. 
(In Ukrainian).

12. Oliinyk O. S., Kaberniuk A. A., Redchuk T. A., 
Kolibo D. V., Komisarenko S. V. Construction 
of bifunctional molecules specific to antigen 
and antibody’s Fc-fragment by fusion of scFv-
antibodies with staphylococcal protein A. 
Biopolym. Cell. 2009;25(3):245-249. (In 
Ukrainian).

13. Bobrovnik S. A. Komisarenko S. V., Ilyina L. V. 
Novel and simple ELISA-based method for 
antibody affinity determination. Ukr. Biokhim. 
Zhurn. 2005;77(2):169-74.

14. Messens J., Collet J.-F. Pathways of disulfide 
bond formation in Escherichia coli. Int. J. 
Biochem. Cell Biol. 2006;38(7):1050-1062.

15. Novy R., Drott D., yaeger K., Mierendorf R. 
Overcoming the codon bias of E. coli for 
enhanced protein expression. Innovation. 
2001;12:1-3.

Received 15.09.2014

експериментальні роботи


