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Single-chain antibody variable fragment (scFv) is widely used at screening stage. However, the scFv format often proves to
be inefficient in downstream stages such as crystallization and in vivo applications. Conversion of a scFv format to other
ones such as a fragment antigen binding (Fab), a scFv-fragment crystallizable region (scFv-Fc), a scFv-constant heavy
chain (scFv-CH) and an immunoglobulin (IgG) formats can be cumbersome due to different sets of restriction enzyme sites
in multiple vectors. To facilitate antibody format conversion in laboratory settings, we developed a cloning platform, called
“AbVec”, with the common restriction enzyme sites across various forms of vectors. In the AbVec platform, a scFv clone
selected from phage display is modularized into VH and VL regions and transferred to vectors for Fab, scFv-Fc, scFvCH and IgG production using the same restriction enzyme sites. Using scFv F9, specifically recognizing a pneumococcal
secreted peptide, we demonstrated the AbVec platform yielded the expression vectors within a week. Different formats of
the antibodies were successfully expressed and purified homogenously, supporting the usefulness of the AbVec platform.
The AbVec platform will facilitate otherwise time-consuming conversion process in laboratory settings.
INTRODUCTION
Single-chain antibody variable fragment (scFv) is a single
polypeptide containing only one variable heavy chain (VH)
and one variable light chain (VL) of a full-length antibody. The
scFv format, a minimal antibody fragment, has proven to be
useful tools for screening specific antibodies by phage display
(Vaughan et al., 1996). Despite its simplicity optimized for rapid
antibody screening, the scFv format imposes technical issues in
downstream stages including in vitro structural characterization
and in vivo functional assays. For instance, the scFv is not ideal
for structural analysis by crystallization due to the high flexibility
of the linker region connecting VH and VL (Kim et al., 2016).
A fragment antigen-binding (Fab) format has been utilized for
crystallographic analysis because Fab has no glycosylation site
and flexible hinge regions (Kovari et al., 1995). Fab and scFv
can also be expressed in bacterial system, rendering these two
formats cost effective (Shin et al., 2018). Although scFv and Fab
recognize antigens, they lack effector functions due to absence
of constant domains such as VL, CH1, CH2 and CH3. Constant
domain-containing formats such as scFv-fragment crystallizable
(scFv-Fc) which contains scFv, CH2 and CH3 domains and
scFv-constant heavy chain (scFv-CH) which harbors scFv, CH1,
CH2 and CH3 domains can be alternatively used in lieu of fulllength immunoglobulin G (IgG) format by transfecting only

bdjn.org

single vector to mammalian cell culture systems rather than two
vectors in case of IgG (Figure 1). The scFv-Fc and scFv-CH are
suitable for in vivo experiments because these formats have
long-half life and confer effector functions (Bujak et al., 2014).
Bispecific antibodies with CH1 length regulated can produce a
synergetic effect and can precisely target (Moore et al., 2014).
So scFv-Fc and scFv-CH can be used to achieve a similar
effect. The IgG format, being natural, has been favorite format
as biotherapeutics. Since muromonab-CD3, an IgG format, was
first approved by US Food and Drug Administration (FDA) in
1986, more than 50 IgG format antibodies have been used as
therapeutic antibodies (Emmons and Hunsicker, 1987; Walsh,
2010). In addition, IgG-based antibody-drug conjugates are one
of the fastest growing classes of oncology therapeutics (Beck et
al., 2017).
Given the differential applications of aforementioned antibody
formats, several efforts have been made to facilitate conversion
among various antibody formats. In most cases, genes encoding
variable and constant domains are combined by PCR or gene
synthesis and inserted to the desired vectors using shared
restriction enzyme sties (Jones et al., 2010; Li et al., 2015;
Steinwand et al., 2014). In the conventional PCR method, the
transformable antibody format is limited or can be converted by
two or more steps. And despite recent technological advances,
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FIGURE 1 I Schematic diagram of the various antibody formats. Single-chain antibody variable fragment (scFv) contains only variable domains from heavy
(blue) and light chains (orange) connected by a linker (dark worm-like line) in single polypeptide. Fragment antibody-binding (Fab) additionally has constant domains
from heavy and light chains (gray) in separate polypeptides. Fragment crystallizable (Fc) and constant domains from heavy chain only (CH) can be fused to scFv for
conferring effector functions. Full-length immunoglobulin G (IgG) is also shown.

gene synthesis can still be cost-ineffective and time-consuming,
up to 2 to 3 weeks, depending the length of the antibody
fragments to be inserted to expression vectors in laboratory
settings (Vazquez-Lombardi et al., 2018). Surprisingly, only
limited number of attempts have been made to build a platform
for antibody format conversion using conventional subcloning
schemes (Pohl et al., 2012; Steinwand et al., 2014). To facilitate a
subcloning-based antibody format conversion using the shared
restriction enzyme sites with a shorter period time, we developed
a cloning platform, termed AbVec.

RESULTS AND DISCUSSION
We designed the AbVec platform to be different from the existing
method so that inserts for subcloning were prepared to contain
only the variable regions of scFv using polymerase chain reaction
(PCR) with minimal number of primers. The amplified inserts
were ligated to expression vectors which had the constant
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region of IgG heavy chain incorporated and contained the shared
restriction enzyme sites. We modified the following existing
expression vectors: pComb3X vector for bacterial expression of
scFv (Barbas et al., 2001), pBad vector for bacterial expression
of Fab (Shin et al., 2018), and pSF vector for expression of IgG
in mammalian cells (Oxford Genetics) (Figure 2). Fab was histagged and scFv-Fc, scFv-CH and IgG were not tagged. The
shared restriction enzyme sites - Not I, Nco I, Hind III and Xho I
- were selected so that they did not exist in antibody-coding
regions. We made three kinds of inserts: Not I-scFv-Xho I, Not IVH-Nco I and Hind III-VL-Xho I. We then combined the inserts in
different ways to construct specific expression vectors: for Fab
expression in E. coli and human 293FT cells, Not I-VH-Nco I and
Hind III-VL-Xho I were subcloned into the modified pBad vector,
yielding pBad-Fab (E. coli ) and pSF-Fab-CH and pSF-Fab-CL
vectors (293FT); for IgG expression in human 293FT cells, Not IVH-Nco I and Hind III-VL-Xho I were subcloned into the modified
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FIGURE 2 I AbVec cloning scheme. AbVec constituent vectors for expressing (a) scFv (pComb3X-scFv), (b) Fab for E. coli expression (pBad-Fab), (c) Fab for 293FT
cell expression (pSF-Fab-CH and pSF-Fab-CL), (d) scFv-Fc (pSF-scFv-Fc), (e) scFv-CH (pSF-scFv-CH) and (f) IgG (pSF-Ig-CH and pSF-Ig-CL) are modified so
that they share the same restriction enzyme sites. Variable domains from heavy chain (blue) and light chain (orange) are modularized and ligated to each expression
vector. In (a), four primers are indicated. CH, constant domain of heavy chain; CL, constant domain of κ light chain; and 293FT, a fast-growing, highly transfectable
cell line derived from human embryonal kidney cells (ThermoScientific). Refer to the main text for details.
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FIGURE 2 I Continued.
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TABLE 1 I Comparison of cost and time to preparing a DNA fragment needed for reformatting in the existing gene synthesis-based system and the primerbased AbVec system
Gene synthesis

AbVec

800-1,800 bp

15-40 bp

375-556

1,250-1,333

300,000-1,000,000

20,000-50,000

2-3 weeks

1-2 days

Length of a DNA fragment (bp)
Unit cost for preparing a DNA fragment (KRW/bp)
Total cost for preparing a DNA fragment (KRW)
Time for preparing a DNA fragments

TABLE 2 I Number of primers required for cloning
Format converted from scFv

Number of primers needed
Existing system

AbVec

Differencea

Fab (E.coli)

14

4

10 (71% ↓)b

Fab (293FT)c

18

4

10 (71% ↓)b
8 (80% ↓)

scFv-Fc

10

2

scFv-CH

8

2

6 (75% ↓)

IgG

16

4

12 (75% ↓)

Total number of non-overlapping
primers required for the whole system

30

4

26 (87% ↓)

a

“Difference” indicates how less number primers is used in the AbVec system in comparison with the existing system.
The down-arrows emphasizes such a reduction in the number of primers required. The percentiles describe the extent of the reduction of the primers required to
convert scFv to each format.
c
Fab is expressed in human 293FT cells.
b

pSF-CH and pSF-CL vectors, generating pSF-IgG-CH and
pSF-IgG-CL vectors; and for scFv-Fc and scFv-CH expression
in human 293FT cells, NotI-scFv-XhoI was subloned to the
modified pSF-Fc and pSF-CH vectors, thereby producing pSFscFv-Fc and pSF-scFv-CH vectors.
The AbVec platform features cost-effectiveness and short
time period for conversion. Unlike gene synthesis, primers are
cost-effective and only take 1-2 days to synthesize (Table 1).
The number of primers used to express antibody formats using
vectors without a constant domain is 3-7 more than when using
the AbVec platform (Table 2). Total estimated time for completion
of format conversion using the AbVec platform is a week,
assuming standard cloning protocols were used. By contrast,
gene synthesis-based format conversion would take up to 3-4
weeks. Therefore, our AbVec platform can be more cost-effective
and less time-consuming in laboratory settings.
To validate the AbVec platform-based antibody format
conversion, we employed a pneumococcal scFv F9, recognizing
a pneumococcal secreted peptide Pep27 with its molecular
characterization having been reported (Kim et al., 2018). We
desired to convert scFv F9 to Fab (F9-Fab), scFv-Fc (F9-Fc),
scFv-CH (F9-CH) and IgG (F9-IgG) formats and express them in
bacterial and mammalian expression systems. The scFv F9 was
converted to Fab, scFv-Fc, scFv-CH and IgG and the converted
formats were successfully expressed and purified homogenously
(Figure 3). F9-Fab was purified by immobilized metal affinity
chromatography while F9-Fc, F9-CH and F9-IgG were purified by
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FIGURE 3 I Purification of F9 based Fab (E. coli and 293FT), scFv-Fc,
scFv-CH and IgG constructed using AbVec. Each format of F9-antibody
was expressed and purified using affinity chromatography. SDS-PAGE analysis
was performed by Coomassie Blue staining. Samples were analyzed under
non-reducing conditions. Molecular mass markers are shown in the leftmost
lane with their sizes indicated in kDa.
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protein A agarose affinity chromatography. The total yield of each
format was 30-80 mg/L. These results demonstrated that the
AbVec platform can convert scFv format to at least four different
formats (scFv-Fab, scFv-Fc, scFv-HC and IgG) in less than a
week and provide reasonable amounts of pure antibody proteins
for further characterization and validation in laboratory settings.
Once we successfully purified various formats of F9-based

antibodies, we validated the antigen binding capabilities of F9based antibodies in Fab, scFv-Fc, scFv-CH and IgG against GST
and GST-Pep27 by immunoblotting. All four formats of F9-based
antibody showed affinity for Pep27 (Figure 4), confirming the
functionalities of different formats of F9-based antibody.
The AbVec platform provides a rapid, cost-effective and
convenient subcloning platform for converting initially screened
scFv to various formats in laboratory settings. Considering
recent developments of biosimilars and biobetters, it is emerging
that initial antibody screening and characterizations should be
done much faster. Phage display remains as a very powerful
tool for initial antibody screening. However, subsequent format
conversion from scFv could often delay further characterization
and optimization of the initially screened scFvs. Our AbVec
platform can facilitate antibody format conversion in laboratory
settings, thereby enabling researchers to focus more on
biological applications of the screened scFv rather than to
consume undesirable time and resources in antibody format
conversion.

METHODS
Cloning of F9-Fab, F9-Fc, F9-CH and F9-IgG
Anti-Pep27 scFv F9 was selected using phage display (Kim et al., 2018).
DNA encoding F9 was in pComb3X vector (Barbas et al., 2001; Yang et al.,
2009). Primers P1 and P2 (Table 3) were used to make F9 variable heavy
chain insert; P3 and P4 were used to make F9 variable light chain insert;
and P1 and P4 were used to make scFv F9 insert. Briefly, 200 ng pCom3X
F9 and 10 pmol 2 μM each of the amplification primers were mixed with
0.2 mM dNTPs, 1x PCR buffer and 2.5 units of Pfu DNA polymerase
(SolGent) to make total volume of 50 μl. Parameters of PCR reactions were
as follows: 95ºC, 1 min; 25 cycles of 0.5 min at 95ºC, 0.5 min at 50ºC, and
1 min at 72ºC; and 2 min at 72ºC. The products were digested with the
enzymes listed in Table 3 and ligated into pBad and pSF vectors (Oxford
Genetics).

FIGURE 4 I Immunoblotting analysis of activity of Fab, scFv-Fc, scFvCH and IgG. Analysis of activity of Fab, scFv-Fc, scFv-CH and IgG against
GST and GST-Pep27 by immunoblotting is shown. All antibody formats are
based on F9. Primary antibodies (Fab, scFv-Fc, scFv-CH and IgG 1mg/mL,
dilution 1:100) in the immunoblots are Fab, scFv-Fc, scFv-CH and IgG, and
the secondary antibodies are the anti-His-HRP (0.2 mg/mL, dilution 1:1000) for
detection of Fab and anti-human IgG1 Fc-HRP (1 mg/ml, dilution 1:1000) for
detection of scFv-Fc, scFv-CH and IgG.

Expression and purification of F9-Fab in E.coli
The pBad-F9 was transformed into E. coli strain Top10F (Shin et al.,
2018). A single colony was inoculated into 10 mL Luria-Bertani (LB)
broth supplemented with 100 μg/mL of ampicillin and incubated at 37℃
overnight. The next day, the culture was transferred into 500 mL LB media
containing 50 μg/mL of ampicillin, and grown until OD600 reached 1.0. A
0.2% L-(+)-arabinose was added to the culture and grown at 30˚C for 16
h with shaking. Cells were harvested and the pellet was resuspended in
resuspension buffer (50 mM Tris-HCl pH 7.5 and 150 mM NaCl), and lysed

TABLE 3 I Primers used for this study
Primer name

Primer ID

Sequence (5’-3’)

Primers for the Fab and IgG
NotI-VH-F

P1

ATAAGAAT GCGGCCGCC GAGGTGCAGCTGTTGG

VH-NcoI-R

P2

AAAACATG CCATGG TGAGCTCACGGTGACC

HindIII-VL-F

P3

AAAAACCC AAGCTT CAGTCTGTGCTGA

VL-XhoI-R

P4

AAAAACCG CTCGAG GCCTAGGACCGTCAGC

NotI-VH-F

P1

ATAAGAAT GCGGCCGCC GAGGTGCAGCTGTTGG

VL-XhoI-R

P4

AAAAACCG CTCGAG GCCTAGGACCGTCAGC

Primers for the scFv-Fc and scFv-CH
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by sonication. The cell debris was cleared by centrifugation at 13,000
rpm for 30 min and the supernatant was added to Ni-NTA Agarose resin
(Qiagen). The resin was washed with wash buffer (50 mM Tris-HCl pH 7.5,
150 mM NaCl and 20 mM imidazole). The F9-Fab was eluted in elution
buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl and 300 mM imidazole) and
dialyzed in dilution buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl) at 4ºC for
overnight.
Expression and purification of F9-Fab, F9-Fc, F9-CH and F9-IgG
in mammalian cell
We used Expi293F cells (Thermo Scientific) in order to expression four
types of scFv F9 based antibody forms (F9-Fab, F9-Fc, F9-CH and F9IgG). In one day before transfection, cells were seeded at 2.0 x 106 cell
ml-1 in 125 ml Erlenmeyer flask. After 24 h, cells were transfected with 30
μg of each vector and 80 μl of Expifectamine (Thermo Scientific). After 5-7
days, cells were centrifuged at 13,000 rpm for 30 min. The supernatant
containing the soluble target protein was loaded on to a Ni-NTA agarose
column (Qiagen) or protein A agarose column (Thermo Scientific). The
columns were pre-equilibrated with 50 mM Tris-HCl pH 7.5 and 150 mM
NaCl, washed with wash buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl
and 20 mM imidazole), eluted in elution buffer A (50 mM Tris-HCl pH 7.5,
150 mM NaCl and 300 mM imidazole) for the Ni-NTA agarose column and
elution buffer B (100 mM glycine pH 2-3) for the protein A agarose column
followed by immediate addition of 1/10 volume of neutralization buffer (50
mM Tris-HCl pH 8.0) and dialyzed against to 50 mM Tris-HCl pH 7.5 and
150 mM NaCl at 4ºC for overnight.
Immunoblot
DS-PAGE for the purified GST-Pep27 and GST (Kim et al., 2018) was
performed using 12% SDS PAGE gel and transferred onto a PVDF 3-5
kDa membrane (45 V for 60 min). Membrane was blocked with 5% skim
milk in TBS with Tween20 (30 mM Tris-HCl pH7.5, 150 mM NaCl and 0.1%
Tween20) overnight. F9-Fab, F9-Fc, F9-CH and F9-IgG were used for
primary antibody. Anti-His-HRP (Santa Cruz Biotechnology, sc-8036) and
anti-human IgG1 Fc-HRP (Thermo Fisher Science, A10648) were used as
secondary antibodies.
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