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Monoclonal antibodies and derivative formats such as Fab′ fragments are used in a broad range
of therapeutic, diagnostic and research applications. New systems and methodologies that can
improve the production of these proteins are consequently of much interest. Here we present a
novel approach for the rapid production of processed Fab′ fragments in a CHO cell line that has
been engineered to express the mouse cationic amino acid transporter receptor 1 (mCAT-1).
This facilitated the introduction of the target antibody gene through retroviral transfection,
rapidly producing stable expression. Using this system, we designed a single retroviral vector
construct for the expression of a target Fab′ fragment as a single polypeptide with a furin
cleavage site and a FMDV 2A self-cleaving peptide introduced to bridge the light and truncated
heavy chain regions. The introduction of these cleavage motifs ensured equimolar expression
and processing of the heavy and light domains as exemplified by the production of an active
chimeric Fab′ fragment against the Fas receptor, routinely expressed in 1–2 mg/L yield in
spinner-flask cell cultures. These results demonstrate that this method could have application
in the facile production of bioactive Fab′ fragments.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Antibodies play increasing roles in the fields of therapy,
diagnostics and research owing to their ability to specifically
recognise their target molecule (Reichert, 2008; Borrebaeck,
2000). Themost predominantly used antibody format is the full
length IgG, but other smaller recombinant forms are increas-

ingly being found advantageous in specific circumstances. For
example, in both cancer treatments and diagnostics, smaller
antibody formats such as Fab′ fragments have improved tissue
penetration improving bioavailability and detection of the
tumour respectively (Beckman et al., 2007; Wu and Yazaki,
2000; Yokota et al., 1992; Olafsen et al., 2004; Todorovska et al.,
2001). Similarly, in research applications, the use of smaller
antibody fragments devoid of Fc domains can produce higher
sensitivity and reliability in assays such as surface plasmon
resonance (SPR) assays and ELISA (Ylikotila et al., 2006; Peluso
et al., 2003).

Onemajordifficulty in thegeneration of antibody fragments
is due to their heterodimeric nature; it is not only important to
express both heavy and light chains at high levels, but also to
express them at equimolar levels which can be challenging in
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respect to differences in transcription and translation rates (Li
et al., 2007a, 2007b; Schlatter et al., 2005; Humphreys et al.,
2002). One possible approach to achieve equimolar expression
of the heavy and light chains is to express the chains together as
a single polypeptide incorporating a linker region that is
cleaved in the ER/Golgi allowing the separation, folding and
assembly of the heterodimeric antibody (Fanget al., 2005; Reed
et al., 2007).

Here we demonstrate the application of this methodology
for the production of active Fab′ fragments using a cleavable
linker incorporating a furin cleavage site (Reed et al., 2007;
Thomas, 2002) and a FMDV2A self-cleaving peptide (Fang et al.,
2005; Ryan et al., 1991; de Felipe et al., 2003). We demonstrate
the generation of a chimeric Fab′ fragment against the Fas
receptor, a receptor involved in promotion of apoptosis and a
potential anti-tumour target (Trauth et al., 1989; Yonehara et al.,
1989;Rokhlin et al., 1998; Tillmanet al., 1999). The recombinant
construct was stably expressed in a genetically engineered CHO
cell line expressing themouse cationic amino acid transporter 1
(mCAT-1) receptor and providing an efficacious way of
generating cells stably expressing recombinant proteins by
ecotropic retrovirus-mediated gene transfer (Albritton et al.,
1989; Closs et al., 1993; Scholz and Beato, 1996; Suzuki et al.,
2006). The processed and functional anti-Fas Fab′ fragmentwas
expressed in 1–2 mg/L of culture in this expression system,
demonstrating the potential for the facile production of other
Fab′ fragments.

2. Materials and methods

2.1. Materials

The hybridoma cell line (clone 2A6) expressing a monoclo-
nal antibody raised against the extracellular domain of the
human Fas receptor was a kind gift from Dr. S. Olwill (Fusion
Antibodies Ltd, Belfast, UK). Multiple choice human spleen
cDNA was supplied by Origene (Rockville, Maryland). RNA-
STAT60™ reagent was purchased from Biogenesis (Poole, UK).
The Im-Prom II™ Reverse Transcription System was supplied
by Promega (Madison, USA). The 3′-RACE System™ was
purchased from Invitrogen (Paisley, UK). RNAse was obtained
from Qiagen (Crawley, UK). All primers were ordered from
MWG (Ebersberg, Germany). BioMix Red Taq polymerase was
supplied by Bioline (London, UK). Agarose was ordered from
Cambrex (Wokingham,UK). The TOPO®Cloningkit is a product
of Invitrogen (Paisley, UK). The plasmid MiniPrep kit from
Qiagen (Crawley, UK) was used for plasmid preparation. DNA
sequencingwas done by Fusion Antibodies Ltd (Belfast, UK) on
an ABI3100 DNA analyser. EcoRI and NotI restriction enzymes
and buffers were supplied by Invitrogen (Paisley, UK). Calf
intestinal phosphatase andT4DNALigasewere purchased from
New England Biolabs (Ipswich, Massachusetts). pcDNA5 and
pOG44 vectors were supplied by Invitrogen (Paisley, UK).

Flp-In CHO cells, Dulbecco's modified Eagle medium
(DMEM) and CHO-S-SFM II media, L-glutamine, Pen/Strep,
Zeocin and Hygromycin were supplied by Invitrogen (Paisley,
UK). Ham's F12 and foetal calf serum were ordered from PAA
Laboratories GmbH (Pasching, Austria). Fugene 6 transfection
reagent was supplied by Roche Diagnostics GmbH (Mann-
heim, Germany). Puromycin, Polybrene, Trypan Blue and
Trypsin/EDTA were ordered from Sigma-Aldrich (Poole, UK).

Spinner flasks were purchased from Bellco (Bohemia, New
York).Haemocytometerswerepurchased from ImmuneSystems
Ltd (Paignton, UK). Vivaflow 200 crossflow concentrator was
supplied by Sartorius AG (Göttingen, Germany). Immobilised
metal-ion affinity chromatography (IMAC) AKTA systems and
Hi-Trap Ni-NTA IMAC columns (1 mL) were purchased from GE
Healthcare (Little Chalfont, UK). MicroBCA kits were purchased
from Pierce (Rockford, USA). 4–20% (w/v) Criterion polyacryl-
amide gels were supplied by BioRad (Hemel Hampstead, UK).
The recombinant human Fas receptor extracellular domain
antigen and the Grb2-associating protein (Gasp) antigen were
kind gifts from Dr. Richard Buick (Fusion Antibodies Ltd, Belfast,
UK).Mouse anti-humanVκ light chain antibodywas a product of
BD Pharmingen (San Diego, USA), mouse anti-His5 antibody a
product of Qiagen (Crawley, UK). Goat α-mouse-HRP, goat anti-
human Fab-HRP and diaminobenzidine (DAB) were ordered
from Sigma-Aldrich (Poole, UK). TMBwas supplied by Bio Panda
(Belfast, UK). All other reagents were purchased from Sigma-
Aldrich (Poole, UK).

2.2. Development of a CHO cell line expressing the mCAT-1
receptor

ThemCAT-1open reading framewasamplified frommurine
cDNA using forward 5′ TTTTTTAAGCTTACCATGGGCTG-
CAAAAACCTGCTCGGTC-3′ and reverse 5′ TTTTTTGGATCCT-
CATTTGCACTGGTCCAAGTTGCTG-3′ primers incorporating
HindIII and BamHI restriction sites respectively (as underlined),
and subsequently sub-cloned into pcDNA5/FRT using restric-
tion enzymes HindIII and BamHI. Flp-In CHO cells growing in
complete Ham's F12 medium and 100 μg/mL zeocin were
plated at a density of 2.0×105 cells per 35 mmdish. Cells were
co-transfected 24 h later with pcDNA5/FRT-mCAT-1 and
pOG44 vectors at a ratio of 1:4 respectively, using Fugene at a
1:7 ratio (DNA : Fugene) as per manufacturer's instructions.
The media was removed and replaced at 48 h with complete
Ham's F12 medium containing 500 μg/mL hygromycin. Cells
were routinely passaged in 500 μg/mL hygromycin until a
heterogeneous pool of hygromycin resistant cells expressing
the mCAT-1 receptor was selected.

Expression of the mCAT-1 receptor by pcDNA5/FRT-mCAT-
1 transfected, hygromycin resistant cells was confirmed by RT-
PCR. Briefly, total RNA was extracted from 2×106 pcDNA5/
FRT-mCAT-1 transfected, hygromycin resistant cells as well as
from untransfected Flp-In CHO cells used as a control using
RNA-STAT60™ according to the manufacturer's instructions.
For both cell lines, extracted RNA (0.5 μg) was used for the
synthesis of cDNAwith the Im-Prom II™ Reverse Transcription
System following themanufacturer's instructions. Contaminat-
ing RNA was then removed from the cDNA by incubation with
RNase A (1 μL) at 37 °C for 30 min. For both cell lines, the
sequence encoding the mCAT-1 receptor gene was amplified
from the cDNA using the forward primer 5′-ATGGGCTG-
CAAAAACCTGCTCGGTC-3′ in combination with reverse primer
5′-TCATTTGCACTGGTCCAAGTTGCTG-3′. Briefly, 20 ng of cDNA
was added to a standard PCRmix (25 μl GreenMasterMix, 21 μl
PCRwater) containing themCAT-1 specific forward and reverse
primers (5 pmol each) and amplified using a programme of
10 min at 95 °C followed by 35 cycles of 30 s at 95 °C, 30 s at
55 °C and2 min30 s at72 °C; andafinal elongationof 10 min at
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