
IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 4, No. 2, 2006

104

Abstract
With the aim of the production of human factor VIII antigen
and its corresponding antibody an epitope coding fragment
of the light-chain of hFVIII, fused to a His6-tag, was isolated
and over-expressed in Escherichia coli. The over-expressed
hFVIII-epitope containing peptide was confirmed by its reac-
tion with a rabbit serum directed against native hFVIII as well
as antiHis6-tag antibody. An expression level of 6.5 mg/l (of
culture) of the C1C2-related peptide was estimated. The
purified product was used to develop antibody in rabbit. The
immunoblotting experiment confirmed that the rabbit poly-
clonal antibodies developed against the purified bacterially
expressed hFVIII sub-fragment, recognizes human plasma
derived FVIII. Both the produced hFVIII-related antigen and
its corresponding antibody are useful in experiments using
for detection and purification of hFVIII as well as the clinical
diagnosis of hFVIII related disorders. 
Keywords: Human factor VIII light chain, C1C2 domain,
E. coli expression system.

INTRODUCTION

Human coagulation factor VIII (hFVIII), a 300 kD
glycoprotein with 2332 amino acids is an essential
cofactor in the intrinsic pathway of blood coagulation
(Gitschier et al., 1984; Toole et al., 1984). In its acti-
vated form, hFVIII serves as a cofactor and enhances
the activation of factor X by factor IXa in the presence
of Ca2+ ions and phospholipids. Human FVIII circu-
lates as a heterodimer composed of A1-A2-B-A3-C1-
C2 domains. This large protein is stabilized by the for-

mation of a complex with von Willebrand factor
(vWF), from which it is released after proteolytic acti-
vation by thrombin (Scandella, et al., 1988, 1995;
Toole et al., 1984). Upon secretion the precursor pro-
tein is proteolytically processed to generate a heavy
chain (A1-A2-B) of 90-200 kDa and a light chain (A3-
C1-C2) of 80 kDa that are held together by metal ions.
The absence or malfunction of hFVIII is associated
with the X-chromosome-linked recessive bleeding dis-
order, known as hemophilia A (Scopes, 1982). In
patients with hemophilia A, the bleeding tendency can
be corrected by the administration of FVIII concen-
trates. Considering its key role in coagulation and its
corresponding medical applications, most researches
have been focused on the molecular aspects of hFVIII
(Miao et al., 2004). At present a number of prepara-
tions of rhFVIII are commercially available and
numerous forms of rhFVIII including several B-
domain-deleted hFVIIIs (BDDhFVIII) have been
expressed through eukaryotic expression systems
(Meulien et al., 1988; Pittman et al., 1993; Amirizadeh
et al., 2005). 

After multiple infusions of hFVIII, some patients
with hemophilia A develop antibodies that neutralize
the procoagulant activity of FVIII (Toole et al., 1984).
The roles of common epitopes in the A2 and C2
domains of hFVIII for the development of antibodies
in hemophilia A patient after replacement therapy have
been doccumented (Scandella et al., 1995; Van den
Brink et al., 2000).  It has been shown that the bacteri-
ally produced FVIII fragments containing the major
epitopes are capable of neutralizing antibodies that
inhibit hFVIII activity (Scandella, et al., 1988).
Indeed, both hFVIII antigens and their corresponding
antibodies have various applications in hFVIII-related
studies. Therefore, to develop specific anti-hFVIII
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antibody, expression of some epitope-containing frag-
ments of hFVIII in E. coli was considered. 

In this report the over-expression of the hFVIII-
C1C2 in a T7/lac regulated E. coli expression system
is presented. The bacterially derived hFVIII sub-frag-
ment was then used to develop polyclonal anti-hFVIII-
C1C2 antibody in rabbit serum. The specificity of the
generated antigen and its related antibody were exam-
ined and their further applications are discussed. 

MATERIALS AND METHODS

Bacterial strains, plasmids and primers: DH5α and
BL21(DE3) strains of E. coli, were used as hosts for
sub-cloning and expression steps, respectively. The
PCR product cloning Kit (InsT/Aclone Fermentas,
Canada) was used for the cloning of the PCR product
containing hFVIII-C1C2. Plasmid pET26b+
(Novagen) was used for the construction of hFVIII-
C1C2 expressing plasmid. A plasmid containing B-
domain-deleted hFVIII cDNA was kindly provided by
Dr. John H. MacVey (MRC- Clinical Science Center at
the Imperial College School of Medicine, London,
UK) (David et al., 2001) and used as template for the
PCR amplification of the hFVIII-C1C2 cDNA.  The
following primers (synthesized by MWG-Germany)
were designed for amplification of the coding region
of hFVIII-C1C2. Primer C1C2-VIIIF (5´-CATGC-

CATGGATAAGTGTCAGACTCCCCTG-3´) and with
NcoI restriction site (underlined) and primer C1C2-
VIIIR (5´-CCGCTCGAGGTAGAGGTCCTGTGCCTC-

GC-3´) with XhoI restriction site (underlined) were
designed respectively in forward and reverse direc-
tions from the C1-C2 domains of hFVIII cDNA. 

Media, enzymes, antibodies and chemicals: Luria-
Bertani (LB), containing 10 g/l Bacto-tryptone
(Biotech. lab.), 5 g/l Bacto yeast extract (Merk-
Germany), and 10 g/l NaCl adjusted to pH 7.0 with
NaOH, was used as culture medium. Where necessary,
100 µg/ml ampicillin (during PCR product cloning) or
60 µg/ml Kanamycin for providing selective pressure
and 1 mM Isopropyl-β-D-1-thyiogalactopyranoside
(IPTG) for expression induction were added to the cul-
ture medium. Enzymes including NcoI, XhoI, Taq
DNA polymerase and T4 DNA ligase were purchased
from Roche-Germany. Polyclonal rabbit antiserum
against the plasma derived hFVIII was prepared in
NIGEB-Iran. Immuno-reactive material was detected
using peroxidase conjugated antibody (Tebsan-Iran).
Commercially prepared columns (Roche-Germany)
were applied for the purification of plasmids and DNA

fragments from agarose gel as well as PCR products.
Plasma derived hFVIII samples (Biovitru,Sweden)
were kindly donated by the Comprehensive
Hemophilia Care Center-Iran. 

DNA manipulation: Plasmid DNA isolation, DNA
digestion and sub-cloning steps were performed
according to standard methods (Sambrook and Russell
2001). PCR reaction for the amplification of the com-
plete sequence coding for hFVIII-C1C2 domains was
performed according to standard protocols. In addition
to restriction analysis, PCR was employed for confir-
mation of recombinant plasmids using the specific
primers, followed by nucleotide sequence analysis
(MWG, Germany). The comparison of the obtained
sequences against those in the Gene-Bank was per-
formed using the Blast program. 

Growth and inducing conditions: Isolated colonies
were used to inoculate shake flasks containing 5 ml of
LB medium containing kanamicin. Cells were grown
at 37°C until OD600=0.5-0.7 was reached. Then the
recombinant bacteria were induced by adding IPTG to
a final concentration of 1mM. Incubation continued at
37°C for various post-induction times. The cells were
harvested and the total protein content of samples were
prepared for further analysis. 

Periplasmic fluid preparation: Periplasmic-osmotic
shock fluid from hFVIII-producing E. coli strains was
obtained by a modified method described by Libby
and co-workers (1987). Briefly, after reaching the
OD600=1.0, 50 ml of fermentation medium was cen-
trifuged at 1500 ×g for 5 min and the pellet was placed
on ice. All the subsequent steps were carried out at
4°C. The pellet was resuspended in 15 µl of ice cold
TES buffer (Tris-HCl 0.2 M, EDTA 0.5 M, Sucrose 0.5
mM) pH 8.0. A volume of 22.5 µl of ice-cold double
distilled H2O was added and the incubation was con-
tinued for 30 min. The cells were centrifuged at
15800 ×g for 20 min. Tri-chloro acetic acid was added
to the supernatant up to 12% of the final volume. The
mixture was centrifuged at 15800 ×g for 20 min. The
pellet was dissolved in sample buffer and saved as the
periplasmic fraction for further protein analysis.

SDS-PAGE and Western blotting: SDS-PAGE was
performed by a method described by Laemmli (1970),
with slight modifications and gels were stained with
coomassie brilliant blue. The specificity of the
expressed recombinant hFVIII-C1C2 was examined
by Western blotting. Electroblotting of proteins onto
nitrocellulose PVDF membrane (Roche, Germany)
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was performed using the wet-blotting procedure. For
the Western blotting experiment, electerophoresed
proteins were transferred to a nitrocellulose membrane
in a transfer buffer (Tris 25 mM, glycine 192 mM,
methanol 20%) at 86 mA for 16h, and then probed
with either polyclonal antiserum prepared against
hFVIII-C1C2 or monoclonal anti-His6. The C1C2-
antibody complex was then treated with horseradish
peroxidase-conjugated anti-rabbit (in the case of poly-
clonal anti-hFVIII) or anti-mouse immunoglobulin (in
the case of anti-His6) using a solution of 4-chloronaph-
tol with hydrogen peroxidase as the substrate.

Estimation of the expressed rhFVIII-C1C2: Total
protein patterns of the recombinant bacteria, visualized
on comassie brilliant blue stained gels, were scanned
by a Beckmann model R-112 densitometric gel scan-
ner for estimation (%) of the expressed rhFVIII-C1C2
among total bacterial proteins. 

Protein purification and solubilization: After soni-
cation, the lysed cells were centrifuged at 1500 ×g for
15 min and the resulting supernatant and pellet were
taken as soluble and non-soluble fractions respective-
ly, for further analysis. For the solubilization of non-
soluble proteins, lysed cells were incubated with either
8 M urea or a solution containing; guanidine
hydrochloride 6 M, Phenyl Methyl Sulfonyl Fluoride
(PMSF) 1 mM, EDTA 5mM, Triton X100 0.1-1%
(named as GPET), for 2-3 h at room temperature with
shaking, followed by a centrifugation at 15800 ×g for
20-30 min. The obtained supernatant was taken as the
solubilized protein. The dissolved proteins from the
previous step were subjected to purification of the
His6-tagged C1C2 protein via either Ni-NTA resin
(Qiagen, USA), or a two step ultra-filtration method
using commercially produced filters (Millipore, USA),

as follows; a 50 KD-cut off filter (XM-50) was used in
the first-step. The permeated fraction, obtained at this
step was passed through a 30 KD filter (PM30) and the
concentrated fraction of this step was dialyzed and
used for protein analysis by SDS-PAGE. The purified
protein was quantified by the Lowry assay (Scopes
1982) and used for immunization of rabbit. 

Rabbit Immunization: For antibody production, a
mature female rabbit was immunized with a solution
composed of 1 ml of antigen (the purified bacterially
derived hFVIII C1C2-related peptide), mixed vigor-
ously with 1 ml of complete Freud's adjuvant, and
injected  subcutaneously to rabbit at four sites (in
shoulder and lumber regions). Before injection 5 ml of
test blood was collected. First booster injection was
performed similarly, using incomplete Freud’s adju-
vant in the 4th week. Finally the 2nd booster was took
place on the 6th week with crude antigen (half dose,
used in previous times). Blood samples were collected
for antibody titration, before the 3rd immunization.
After 2 months the animal was bled and serum was
collected for further applications. In order to determine
the specificity of the produced antibody, an
immunoblotting experiment was carried out to demon-
strate its recognition of the native hFVIII.

RESULTS

Construction of the hFVII-C1C2 expressing plas-

mid: After the first round of cloning in a T-vector, the
942 bp DNA fragment coding for the C1C2 domain
was sub-cloned between the NcoI and XhoI sites of a
T7-based periplasmic expression vector, next to a pelB
signal sequence and in-frame with a His6-tag coding
sequence, on its 3´ end (Fig. 1). Therefore periplasmic
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Figure 1. Physical maps of the constructed recombinant plasmids.  (A) The recombinant T-vector

(pTZ-FVIII-C1C2) was constructed  by the insertion of  a PCR product coverring a 942 bp subfrag-

ment of hFVIII lightchain sequence in a pTZ57R plasmid. (B) The insert was then isolated by

NcoI/XhoI digestion and subcloned in a T7-based expression plasmid. 
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expression of a (His)6-tagged hFVIII-C1C2 was
expected. The use of the His6-tagged tail was consid-
ered for detection as well as purification of the
expressed recombinant protein. After verification of
the cloned fragment by restriction analysis (data not
shown) and nucleotide sequencing, the 6240 base pair
recombinant expression plasmid (pT7.hFVIIIC1C2)
was used in the transformation of the BL21(DE3)
strain of E. coli. 

Expression analysis: The recombinant bacteria carry-
ing the pT7.hFVIIIC1C2 plasmid were induced with
IPTG for various post induction durations and their
cytoplasmic as well as perplasmic proteins were sub-
jected to protein analysis. Due to presence of the pelB
signal peptide in the expression plasmid an over-
expression of the recombinant protein in the periplas-
mic space was expected. However as the data indi-
cates, an over-expression of a protein of approximate-
ly 37KD, compatible with the size of the hFVIII-C1C2
peptide, was observable among the cytoplasmic pro-
teins (Fig. 2). Presence of the 37 KD protein among
the cytoplasmic proteins could be explained by a pos-
sible formation of non-soluble particles (inclusion
bodies) of the over expressed C1C2-related peptide
(Fig. 2). The possibility of inclusion body formation
was examined by the analysis of the soluble and non-
soluble fractions of total bacterial proteins, obtained
from the homogenized recombinant bacterial cells
(Fig. 3). Indeed, the over-expressed protein was
detectable in the non-soluble fraction of the bacterial
proteins, and therefore the expressed protein was sep-
arated together with cytoplasmic proteins of the
induced bacteria. The specificity of the over-expressed
protein was further confirmed by the immunoblotting

the cytoplasmic proteins of the induced bacteria after
2, 4 and 8 h of post-induction time, using rabbit serum
directed against native hFVIII (Fig. 4). The results
showed that a regulated expression of the hFVIII-
C1C2 taking place, where a relatively higher level of
expression occurs after 8 hrs of induction. Therefore,
in the subsequent steps, total proteins obtained from
the recombinant bacteria, induced with 1mM IPTG for
8 h, were subjected to purification of hFVIII-C1C2.

Purification of the hFVIII-C1C2::(His)6: The
recombinant hFVIII-C1C2 related protein was collect-
ed as non-soluble inclusion bodies trapped in cells.
Therefore, to purify the recombinant protein, after
homogenization of the induced recombinant cells, the
non-soluble fraction was subjected to solublization
using either 8 M urea or guanidine hydrochloride
denaturants. As it is shown in Figure 5A, the non-sol-
uble proteins were dissolved more efficiently in the
solution containing guanidine hydrochloride. The sol-
ubilized proteins were then subjected to the purifica-
tion of His6-tagged C1C2-related protein, using a Ni-
NTA-based resin. The specificity of the purified
rhFVIII-C1C2 protein was confirmed by an
immunoblotting experiment, using the anti-(His)6 anti-
body (Fig. 5B and C). Appearance of two protein
bands in the final products may indicate the presence
of a residual fraction of the expressed protein which
has been left unprocessed among the bacterial pro-
teins. Considering the 22 amino acid legth of the sig-
nal peptide used for the periplasmic expression of the
protein in E. coli, the size difference between the
processed and unprocessed proteins is estimated
around 2 KD.

A two-step ultra-filtration method was also used
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Figure 2. SDS-PAGE (10%) analysis of the periplasmic (A) and

cytoplasmic (B) proteins of the recombinant hFVIII-C1C2 express-

ing E. coli. Panel A: lanes 1, 2 and 3: periplasmic proteins obtained

after 2, 4 and 8 h of post induction, respectively. Panel B: lanes 1, 2

and 3: cytoplasmic proteins obtained after 2, 4 and 8 hrs of post-

induction, respectively. Lane 4: protein size marker. Lane 5: nega-

tive control. The over- expressed protein band of approximately 37

KD is indicated with an arrow head.

Figure 3. Analysis of soluble and non-soluble fractions of the total

proteins of the rhFVIII-C1C2 expressing bacteria by SDS-PAGE

(10%). Lane 1: non-soluble proteins of the negative control. Lane 2:

soluble proteins of the negative control.  Lane 3: non-soluble pro-

teins of the induced recombinant bacteria. Lane 4: soluble proteins

of the induced recombinant bacteria.  Lane 5: protein size marker.

The C1C2-related protein-band is indicated by arrow-head.
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for the purification of the expressed hFVIII-C1C2 and
appeared to be more efficient than the previous method
(Fig. 6). Based on the quantitative measurement of
hFVIII-C1C2 obtained from the two purification pro-
cedures, an expression rate of approximately 6.5 mg of
rhFVIII-C1C2 per liter of the culture was estimated.

Development of polyclonal anti-hFVIII-C1C2: With
the aim of the production of a specific polyclonal anti-
hfVIII antibody, the bacterially derived hFVIII-C1C2
(brhFVIII-C1C2) was used to direct rabbit serum
against a major epitopic region of hFVIII (C1C2
domains). The serum obtained from the immunized
rabbit was used for a set of immunoblotting experi-
ments to confirm its specificity (Fig. 7). As the results
indicate, the rabbit anti- bacterially-derived hFVIII-
C1C2 (brhFVIII-C1C2) polyclonal antibody recog-
nizes the human plasma-derived hFVIII. Appearance

of multiple bands in the Western blotting experiment
of the native hFVIII, shown in Figure 7B, suggests the
presence of various hFVIII-derived fragments of dif-
ferent sizes in human plasma.

DISCUSSION

Two major epitopes of hFVIII are localized at amino
acid sequences Arg484-Ile508 and Val2248-Ser2312,
within the A2 and C2 domains respectively (Scandella
et al., 1995). In the present work, a 314-amino acid
length peptide derived from the light-chain of hFVIII
containing the entire C1C2 domains of hFVIII coagu-
lation factor, carrying a His-tag on its C-terminal was
expressed in E. coli. The cytoplasmic as well as per-
plasmic protein patterns of the isolated clone taken
after induction with IPTG showed an over-expression
of a protein, comparable to the expected size of the
hFVIII-C1C2 peptide. No protein of expected size
appeared in the osmotic shock-fluid obtained from
periplasmic fractions that can be explained by a possi-
ble formation of non-soluble particles of the over
expressed C1C2-fragment. The formation of inclusion
bodies is most likely, the major cause of the processing
inhibition of the protein precursor (kiany et al., 2003;
Ghasemi et al., 2004; Lim et al., 2000). The partial
processing of the C1C2 preprotein in this work may
also be caused by the formation of inclusion bodies. It
is thought that the optimization of inducer concentra-
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Figure 5. Solubilization and Purification of the bacterially expressed hFVIII-C1C2. Bands corre-

sponding to the purified hFVIII-C1C2 are indicated by arrow-heads. Panel A: SDS-PAGE (10%)

analysis of the bacterial proteins during solubilization of: Lane 1: total protein pattern of the recom-

binant bacteria. Lane 2 & 3: non-soluble and soluble fractions of normal bacterial proteins (negative

control), after treatment with urea, respectively. Lanes 4 & 7: non-soluble fraction of the recombi-

nant bacteria after treatment with either urea or  a solution containing guanidine hydrochloride 6M,

containing PMSF 1mM, EDTA 5 mM, Triton X100 0.1-1% (GPET), respectively. Lanes 5 & 8: solu-

ble fractions of the recombinant bacteria after treatment with urea and GPET, respectively. Lane 6:

protein size marker. Panels B & C: SDS-PAGE (10%) and western blot of the purified rhFVII-C1C2,
respectively.  Lanes 1: protein size marker. Lanes 2: total bacterial proteins dissolved in GPET.

Lanes 3: eluted fraction.

Figure 4. Analysis of the cytoplasmic proteins of the rhFVIII-C1C2

expressing bacteria by  SDS-PAGE (10%) (Panel A) and Western

blotting using polyclonal anti-hFVIII antibody (Panel B). The hFVIII-

C1C2 corresponding band is indicated by arrow-heads.  Lanes 1, 2

and 3 : 8, 4 and 2 h of post induction with IPTG, respectively. Lane

4: protein size marker.  Lane 5: negative control.
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tion in combination with different parameters involved
in expression efficiency may improve the processing
efficiency of the preprotein. Many other factors are
involved in the maturation process of recombinant
proteins, including; host strain, growth and inducing
conditions as well as expression level (Clave et al.,
1996; Chang et al., 1987; Ghorpade and Garg, 1993;
Goldstein, 1990). These factors are very much influ-
enced by the nature of the signal sequence and its com-
bination with corresponding protein (Berges et al.,
1996). Therefore, the competence of the fusion protein
being processed and translocated through the inner
membrane depends on both the amino acid sequences
in the signal peptide (Denefle et al., 1989) and bio-
process conditions (Chang et al., 1987; Cheah et al.,
1994; Ghorpade and Garg, 1993; Goldstein, 1990;
Hockney, 1994). PelB signal peptide is an example of
well characterized signal peptides that is not efficient-
ly processed, when used for the secretion of human
growth hormone (Kiany et al., 2003) and G-CSF
(Chung et al., 1998). In a previous work, we also
showed that a suitable condition for efficient process-
ing of pelB::hGM-CSF is achievable by using lower
concentrations of lactose (under preparation).
Therefore, in the cases of lac-operator regulated sys-
tems that the over-expression of proteins results in for-
mation of inclusion bodies a slower induction rate by
lactose can be considered as an alternative option. The
over-expression of heterologous proteins may cause a
drastic decrease in normal metabolic load known as
metabolic burden (Mattanovich et al., 1998). In this
regard, a number of molecular approaches have been
suggested to decrease the extent of the metabolic load,
such as the use of low copy number plasmid vector
(Makrides, 1996). In addition, bioprocess strategies for
optimization of the level of the target protein including

manipulation of induction time (Neubauer et al.,
1992), inducer availability (Gombert and Kiliian,
1998) and control of pre-induction specific growth rate
(Curless et al., 1994) have been recommended.

The specific reaction of the plasma-derived hFVIII
and the polyclonal antibody against the expressed
hFVIII-C1C2 showed that, neither the carbohydrates
nor the conformation of the native hFVIII, play critical
roles in the epitopes of these domains. The data pro-
vided by Western blotting experiments demonstrate
the potential of the generated antibody in experimental
applications such as detection and purification of
hFVIII. Based on these results and reports from other
researchers (Scandella et al., 1988), it is assumed that
the bacterially generated hFVII-C1C2 peptide might
be able to recognize the inhibitory antibodies
(inhibitors) generated against the infused hFVIII, in
hemophilia A patients. This assumption is further sup-
ported by the fact that most inhibitors are directed
against epitopes located in the A2 or C2 domains of
hFVIII (Fulcher et al., 1985; Scandella et al., 1988;
Toole et al., 1984). Using the peptide produced in this
work and a number of plasma samples taken from
hemophilia inhibitor patients in an ELISA, we have
recently demonstrated a specific Ab::Ag reaction
between the rbhFVIII-C1C2 and the patient's plasma
(data not shown) that supports the idea of medical
application of bacterially produced hFVIII-C1C2 as
neutralizing factor in FVIII inhibitor patients
(Scandella et al., 1995). The possible antigenic activi-
ty of the hFVIII sub-fragments that may cause further
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Figure 6. SDS-PAGE analysis of the fractions obtained from two-

step purification of the GPET-solubilized rhFVIII-C1C2. Lane 1: pro-

tein size marker, Lane 2: concentrated fraction obtained from the

XM-50 filter. Lanes 3 & 4: permeated fraction of XM-50. Lane 5: con-

centrated fraction obtained from the PM-30 amicon filter. 

Figure 7. Immunoblotting the native plasma derived hFVIII and the

rhFVIII-C1C2, using rabbit serum directed against the bacterially

expressed hFVIII-C1C2. Panels A: use of 10-4 dilution of the immu-

nized rabbit serum.  All the samples were replicated to exclude any

false signals. Sample 1: rhFVIIIC1C2 (dissolved proteins obtained

from the recombinant bacteria). Sample 2: negative control (dis-

solved proteins obtained from normal bacteria). Sample 3: native

hFVIII. Panel B: western blotting of the plasma derived hFVIII and

the recombinant hFVIII-C1C2 protein, using polyclonal anti-hFVIII-

C1C2. Lane 1: plasma derived native hFVIII. Lane 2: purified

rbhFVIII-C1C2.
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immunological problem for the inhibitor patients
should be considered in future investigations. Both the
recombinant hFVIII-light chain sub fragment as well
as its specific polyclonal antibody has provided valu-
able tools for further studies concerning the structure
of rhFVIII and its related clinical and diagnostic appli-
cations.

Acknowledgments

This work was supported by grants from the Ministry of

Science, Research and Technology of the I.R. Iran and

International Center for Genetic Engineering and

Biotechnology (ICGEB, Italy). The authors are thankful to

Fariba Ataie and Tahereh Maddah for their technical assis-

tance. 

References

Amirizahdeh N, Zomorodipour A, Deezagi A, Pourfathollah AA,

Khodabandeh M, Rastegar-Lari G, Lenjannejadian H, Ataie F,

Salek M (2005). Transient and stable expression of biologi-

cally Active B-domain-deleted recombinant human factor

VIII in mammalian cells.  J Sci IR.Iran. 16:103-112.

Berges H, Joseph-Liauzun E, Fayet O (1996). Combined Effects of

the signal sequence and Major chaperone proteins on the

export of human cytokines in Escherichia coli. Appl Env
Microbiol. 62: 55-60.

Calve HL, Green M, Baty D (1996). Increased efficiency of alka-

line phosphatase production levels in Escherichia coli using a

degenerate PelB signal sequence. Gene 170: 51-55.

Chang CN, Rey M, Bochner B, Heyneker H, Gray G (1987). High-

level secretion of human growth hormone by Escherichia
coli. Gene 55: 189-96.

Cheah KC, Harrison S, King R, Crocker L, Wells JR, Robins A

(1994). Secretion of eukaryotic growth hormones in

Escherichia coli is influenced by the sequence of the mature

proteins. Gene 138:9-15.

Chung BH, Sohn MJ, Oh SW, Park US, Poo H, Kim BS, Yu MJ,

Lee YI (1998). Overproduction of human granulocyte-colony

stimulating factor fused to the PelB signal peptide in

Escherichia coli. J Fermentat Bioeng. 85:443-446. 

Curless CE, Pope J, Loredo L, Tsai LB (1994). Effect of preinduc-

tion specific growth rate on secretion of granulocyte

macrophage colony stimulating factor by Escherichia coli.
Biotechnol Prog, 10: 467-471.

David D, Saenko EL, Santos IM, Johnson DJ, Tuddenham EG,

McVey JH, Kemball-Cook G (2001). Stable recombinant

expression and characterization of the two haemophilic factor

VIII variants C329S (CRM(-)) and G1948D (CRM(r)). Br J
Haematol. 113:604-15.

Denefle P, Kovarik S, Ciora T, Gosselet N, Benichou JC, Latta M,

Guinet F, Ryter A. Mayaux JF (1989). Heterologous protein

export in Escherichia coli; influence of bacterial signal pep-

tides on the export of human interleukin 1 beta. Gene 85: 499-

510.

Fulcher CA de Graaf Mahoney S Roberts JR, Kasper CK,

Zimmerman TS (1985). Localization of human factor FVIII

inhibitor epitopes to two polypeptide fragments. Proc Natl
Acad Sci USA. 82:7728-7732. 

Ghasemi F, Zomorodipour A, Shojai Sh. Ataei F, Khodabandeh M,

Sanati MH (2004). Using L-arabinose induction for produc-

tion of human growth hormone in Escherichia coli, studying

the processing of GIII::hGH precursor. Iran J Bioteccnol.
2:250-260.

Ghorpade A, Garg LC (1993). Efficient processing and export of

human growth hormone by heat labile enterotoxine chaine B

signal sequence. FEBS  lett. 330: 61-65. 

Gitschier J, Wood W I, Goralka TM, Wion KL, Chen EY, Eaton D

H, Vehar GA, Capon DJ, Lawn RM (1984). Characterization

of the human factor VIII gene. Nature 312: 326-330.

Goldstein J (1990). Enhancment of protein translocation across the

membrane by specific mutation in the hydrophobic region of

the signal peptid. J Bacteriol. 1225-1231.

Gombert AK, Kiliian BV (1998). Recombinant gene expression in

Escherichia coli cultivation using lactose as inducer. J
Biotechnol. 60:47-54. 

Healey JF, Lubin IM, Nakai H, Saenko EL, Hoyer LW, Scandella

D, Lollar P (1995). Residues 484-508 contain a major deter-

minant of the inhibitory epitope in the A2 domain of human

factor VIII. J Biol Chem. 270:14505-9.

Hockney RC (1994). Recent developments in Heterologous pro-

tein production in Escherichia coli. Trend Biotechnol. 12:

456-463.

Kiany J, Zomorodipour A, Ahmadzadeh Raji M, Sanati MH

(2003). Construction of recombinant plasmids for periplasmic

expression of human growth hormone in Escherichia coli
under T7 and lac promoters. J Sci IR Iran. 14: 311-316.

Laemmli UK (1970). Cleavage of structural protein during the

assembly of the head of bacteriophage T4.  Nature 227: 680-

685.

Libby R, Braedt G, Kronheyim S, March CJ, Urdal DL, Chiaverotti

TA, Tushinski RJ, Muchizuki DY, Hopp TP, Cosman D

(1987). Expression and purification of native human granulo-

cyte-macrophage colony stimulating  factor from an E. coli
secretion vector.  DNA 6: 221-229.

Lim HK, Jung KH, Park DH, Ching SI (2000). Production charac-

teristics of interferon-a using an L-arabinose promoter system

in a high-cell-density culture. Appl Microbiol Biotechnol. 53:

201-208.

Makrides SC (1996). Strategies for achieving high-level expres-

sion of genes in E. coli. Microbiol Rev. 60: 512-538.

Mattanovich D, Kramer W, Luttich C, Weik R, Bayer K, katinger

H (1998). Rational design of an improved induction scheem

for recombinant Escherichia coli. Biotechnol Bioeng. 58:296-

98.

Meulien P, Faure T, Mischler F, Harrer H, Ulrich P, Bouderbala B,

Dott K, Sainte Marie M, Mazurier C, Wiesel ML (1988).  A

new recombinant procoagulant protein derived from the

cDNA encoding human factor VIII. Protein Eng. 2:301-306.

Miao HZ, Sirachainan N, Palmer L, Kucab P, Cunningham MA,

Kaufman RJ, Pipe SW (2004). Bioengineering of coagulation

factor VIII for improved secretion. Blood. 103:3412-9.

Neubauer P, Hofmann K, Holst O, Matiasson B, Kruschke P

(1992).  Maximizing the expression of a recombinant gene in

Escherichia coli by manipulating of induction time using lac-

tose as inducer. Appl Microbiol Biotechnol. 36:739-44.

Pittman DD,  Alderman EM, Tomkinson KN, Wang GH, Giles AR,

Kaufman RJ (1993). Biochemical, immunological, and in

vivo functional characterization of B-domain-deleted factor

VIII. Blood 81: 2925-35.

Sambrook J, Russell DW (2001). Molecular Cloning: A
Laboratory Manual, Cold Spring Laboratory Press. 

Sandberg H, Almstedt A, Brandt J, Castro VM, Gray E, Holmquist

IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 4, No. 2, April 2006

110

Archive of SID

www.SID.ir



L, Lewin M, Oswaldsson U, Mikaelsson M, Jankowski MA,

Bond M, Scoble HA (2001). Structural and functional charac-

terization of B-domain deleted recombinant factor VIII.

Semin Hematol.  38 :4-12. Review. 

Scandella D, Gilbert GE, Shima M, Nakai H, Eaglson C, Flech M,

Prescott R, Rajalakshmi KJ, Hoyer LW, Saenko E (1995).

Some factor VIII inhibitor antibodies recognize a common

epitope corresponding to C2 domain amino acids 2248

through 2312, which overlap a phospholipid-binding site.

Blood 86: 1811-1819.

Scandella D, Mahoney SD, Mattingly M, Roeder D, Timmons l,

Fulcher CA (1988). Epitope mapping of human factor VIII

inhibitor antibodies by deletion analysis of factor VIII frag-

ments expressed in Escherichia coli. Proc Natl Acad Sci USA.

85: 6152-6156.

Scopes RK (1982). Purification, principles and practice, New

York, Springer-verlay, PP. 240:265-266.   

Toole JJ, Knopf JL, Wozney JM, Sultzman LA, Buecker JL,

Pittman DD (1984). Molecular cloning of cDNA encoding

human antihaemophilic factor. Nature 312: 342.

Van den Brink EN, Turenhout EA, Bank CM, Fijnvandraat K,

Peters M, Voorberg J (200). Molecular analysis of human

anti-factor VIII antibodies by V gene phage display identifies

a new epitope in the acidic region following the A2 domain.

Blood 96:540-545. 

Amiri Yekta et al.

111

Archive of SID

www.SID.ir


