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1. Introduction

Monoclonal antibodies (mAbs) are monovalent antibodies derived from a single B cell
clone and have an affinity with the same epitope (Liu, 2014; Wang, 2011). The first mAb was
produced in mice in 1975 by hybridoma technology. This technique involves immunization of a
certain species (for example mice) with a mixture of antigens and collection of B lymphocytes
from the spleen of the animal (Liu, 2014, Steinitz, 2009; Wang, 2011). Then the B cells are fused
(by a chemical- or virus-based method) with an immortal myeloma cell line deficient in the
hypoxanthine-guanine-phosphoribosyltransferase (HGPRT) gene to transform into hybridoma
cells. These cells are then grown in vitro in a selective medium including hypoxanthine -
aminopterin - thymidine, where only the hybridomas can remain alive due to the inheritance of the
immortality from the myeloma cells and the hgprt gene from the B cells (Liu, 2014). Meanwhile,
the myeloma cells cannot grow because they lack the HGPRT enzyme necessary for nucleotide
synthesis via the salvage pathway and are inhibited by the de novo biosynthesis of nucleotides by
aminopterin (Hnasko & Stanker, 2015; Liu, 2014). The primary B lymphocytes possess the
HGPRT enzyme and can use the salvage pathway for survival, but they will die in time when
growing in cell culture owing to their mortality (Hnasko & Stanker, 2015).

At the initial stages of hybridoma cell culture, the cells secrete a variety of antibodies that
bind to different antigens. The antibodies are derived from different B cell clones and are called
polyvalent or polyclonal antibodies. Each clone can be separated by dilution into various 96-well
plates. Afterward the conditioned media from hundreds of different wells are screened to find out
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a clone that expresses the interested antibody (Liu, 2014). At this time, the antibody is monoclonal.
The clone will then be proliferated in two ways to produce the mAb: (1) by injecting into the
peritoneal chamber of another mouse (called the in vivo method) or (2) by culturing in vitro (called
the in vitro method) (Groff, Brown, & Clippinger, 2015). However, the big drawbacks of
hybridoma technology are low yield (Liu, 2014) and genetic instability (Costa, Rodrigues,
Henriques, Azeredo, & Oliveira, 2010; Liu, 2014; Pasqualini & Arap, 2004). Meanwhile, the
recombinant monoclonal antibody engineering is increasingly becoming popular and has received
a great amount of attention from scientists around the world. The antibody built by this technique
is called a recombinant antibody (rAb) or a genetically engineered antibody.

Recombinant antibody technology entails the collection of antibody coding genes from
source cells, amplification and cloning of the genes into a proper vector, transfection of the
recombinant vector into host cells, and accomplishment of expression of the desired antibody
(Karu, Bell, & Chinet, 1995). Source cells are antibody-secreting cells, including B lymphocytes
from the spleen or the peripheral blood of an immunized animal, hybridomas, or genes from a
phage display model (Abcam, 2018; Babrak, McGarvey, Stanker, & Hnasko, 2017; Johnson &
Bradbury, 2015; Karu et al., 1995). Therefore, this method will allow manufacturing antibodies in
vitro without using animals (Echko & Dozier, 2010; Groff et al., 2015; Karu et al., 1995). In
addition, recombinant antibody technology also has a lot of benefits compared to the hybridoma
technique. Typically, recombinant antibody supplies are not in danger of dying out since the
nucleotide sequence of the antibody is known. The batch-to-batch variability of rAb production is
low. Its affinity and specificity can be improved by modifying the antibody’s sequence (Groff et
al., 2015). On those bases, we conducted to isolate the full-length genes encoding the anti-human
CD45 antibody from the hybridoma cell line 16E8-F2 and used the genes as the main material
source for the generation of the recombinant monoclonal anti-human CD45 antibody.

2. Materials and methods
2.1. Hybridoma cell line

The hybridoma cell line 16E8-F2 with the ability to produce the anti-human CDA45
antibody was generated by the Department of Medical Biotechnology at the Biotechnology Center
of Ho Chi Minh City.

2.2. Total RNA extraction

Total RNA was extracted from the hybridoma cell line 16E8-F2 by a High pure RNA tissue
kit (Roche) according to the manufacturer protocol.

2.3. cDNA synthesis

First-strand cDNA was synthesized from total RNA using oligo (dT)18 primer (Roche).
For this purpose, 5ul of total RNA (approximately 1ug), 0.2ul of 50uM oligo (dT)18 primer, 4.8ul
of DEPC treated water (Bioline) were mixed and incubated at 70°C for 05 minutes, then lowered
to room temperature for 05 minutes. Afterwards, this mixture was combined with 4ul of 5x RT
buffer (Bioline), 1ul of 10mM dNTPs (Bioline), 1ul of 200 U/ul Reverse transcriptases (Bioline),
and 4ul of DEPC treated water. The reaction was then incubated sequentially at 25°C for 10
minutes, 45°C for 60 minutes (to activate the reaction), and 85°C for 05 minutes (to inactivate the
enzyme). The reaction product was stored at -20°C.

2.4. Primer design

The mouse Ig-Primer set (Merck) was used to amplify the heavy chain variable region
(VH) and the light chain variable region (VL) by a PCR technique with the freshly synthesized
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cDNA as atemplate. Setting up the PCR reaction accorded to the attached manual using Platinum®
Taq DNA Polymerase High Fidelity (Thermo scientific). The PCR reactions for VH or VL had the
same reverse primer but different, forward primers. Thanks to agarose gel electrophoresis and
sequencing of PCR products, appropriate forward primers for the Heavy Chain gene (HC) and the
Light Chain gene (LC) were selected from the forward primer mix of the Mouse Ig-Primer set.

On the other hand, reverse primers for HC and LC genes were designed in silico.
Specifically, 20 nucleotide sequences of the mouse IgG2b constant region and 34 mouse kappa
gene sequences were downloaded from IGMT (IMGT, n.d.), NCBI (NCBI, n.d.) and aligned by
an online alignment tool, MUSCLE (MUSCLE, n.d.). The primers were picked up from the
consensus sequences by the naked eye. The BLAST program served as a tool to check the
specificity of primers.

2.5. Collection of HC and LC genes

Full-length HC and LC genes of the anti-human CD45 antibody were obtained by PCR
using specific primer pairs previously designed. The PCR reaction of 20ul total volume contained
1x High Fidelity PCR buffer (Thermo scientific), 2mM MgSO4 (Thermo scientific), 500nM of
forwarding primer, 300nM of reverse primer, 200uM for each ANTP (Thermo scientific), 2ul of
newly synthesized cDNA and 1 U of Platinum® Taq DNA Polymerase High Fidelity (Thermo
scientific). Thermo cycling of the PCR reaction followed the manufacturer procedure with the
annealing temperature of 59°C for HC and 56°C for LC.

2.6. Plasmid construction

HC and LC genes were individually inserted into the cloning vector pJET1.2/blunt through
CloneJET PCR Cloning Kit (Thermo scientific) following the supplier procedure. The
recombinant vector was then transformed into competent E. coli DH5a cells using the heat shock
method as previously described (Froger & Hall, 2007) with LB medium instead of S.O.C.

2.7. Colony PCR

Only E. coli DH5a cells carrying the recombinant plasmid grew into colonies on the
selection medium (LB agar plates contain 100 pg/ml ampicillin). The colony was checked if the
gene of interest is present by a PCR technique called colony PCR.

The single bacterial colony for amplification was suspended in 5ul of DEPC treated water
(Bioline). PCR was prepared in a 20ul volume reaction including 1x DreamTaq buffer (Thermo
scientific), 300nM of each primer, 200uM for each dNTP (Thermo scientific), 2ul of the bacteria
suspension, and 0.625 U of DreamTaq DNA Polymerase (Thermo scientific). The reaction
conditions followed the manufacturer’s instructions with the annealing temperature of 59°C for
HC and 56°C for LC. The primers used herein were specific for HC and LC genes.

2.8. Gel electrophoresis and sequence analysis

10ul of a PCR product was electrophoresed on 1% agarose gels using GelRed (ATB) as a
staining reagent.

The generated VH, VL, HC and LC sequences were visualized by a free software program
called BioEdit. VH and VL sequences were analyzed by an online tool as IMGT/V-QUEST
(www.imgt.org/IMGT _vquest).
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3. Results and discussion
3.1. Primer design

The design of specific primers for genes encoding HC and LC genes was extremely
necessary since this was a prerequisite for isolation of full-length HC and LC genes through a PCR
method. In particular, forward primers were selected from the mouse Ig-Primer set (Merck) used
to amplify variable regions of a mouse antibody. Meanwhile, reverse primers were built in silico.

In respect of forwarding primers, the PCR reaction using the commercial primer set with
cDNA as a template was conducted. The cDNA was a product of RT-PCR with oligo (dT) primer
and RNA template derived from the cell line hybridoma 16E8-F2. Because the oligo is specifically
bound to the poly(A) tail at the 3’ end of mRNA molecules, only mRNAs in the total RNA sample
were converted into cDNA. PCR products were electrophoresed on 1% agarose gels.
Amplification of the heavy chain variable region VH showed only one band of about 500 bp
appeared on the gel when the forward primer IgVH5'-B was used (Figure 1a). Otherwise, up to
three different products of some 500 bp corresponding to the forward primers IgVL5'-B, C and G
were generated (Figure 1b). All these products were suspected to be variable regions of the
antibody. To confirm if the variable regions were correctly amplified, therefore, all four products
were sequenced and analyzed in silico.

A B C D E F (+) M A B CMDE FG (+)

(a) (b)
Figure 1. Agarose gel electrophoresis of the variable region of the heavy chain (a)
and the light chain (b)

A, B, C, D, E, F, G: names of forward primers; M: DNA marker; (+): positive control using the forward primer B and
the plasmid supplied in kit

Analysis of the PCR-generated sequences via IMGT/V-QUEST indicated the VH sequence
amplified with the forward primer IgVH5'-B had a full structure containing CDR1, CDR2, CDR3,
FR1, FR2, FR3 and FR4 regions (Figure 2). These components were also found in the VL sequence
created by the forward primer IgVL5'-B (Figure 3). On the contrary, the remaining two VL
products showed the same sequences but had unusual structures with presence of a premature stop
codon (Figure 4). This phenomenon was possibly caused by the existence of aberrant kappa
transcripts derived from the original myeloma cells (Carroll, Mendel, & Levy, 1988). Hence, the
cell line hybridoma 16E8-F2 expressed not only normal kappa transcripts from B cells but also
non-productive kappa mMRNA molecules originating in myeloma cells.

As a result of these data, IgVH5'-B was used as a forward primer to amplify; the HC gene,
the forward primer IgVL5'-G was chosen for the LC gene. However, IgVL5'-G is a mixture of
different primers containing 1gVL5'-G1, G2, G3 and G4. Basing on the sequencing result of the
VL product, IgVL5'-G1 was selected and artificially synthesized.
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Figure 2. Analysis of VH sequence amplified by IgVH5'-B primer compared to different

heavy chain variable regions of mouse antibodies
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Figure 3. Analysis of VL sequence amplified by IgVVL5'-G primer compared to different
light chain variable regions of mouse antibodies
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Figure 4. Analysis of VL sequences amplified by IgVL5'-B, C primers compared to different

light chain variable regions of mouse antibodies

With regard to reverse primers, 34 mouse kappa nucleotide sequences and 20 gene
sequences of the mouse 1gG2b constant region were downloaded from IGMT, NCBI and aligned
by an online alignment tool called MUSCLE. This is because the anti-human CD45 antibody from
the hybridoma cells 16E8-F2 belongs to the IgG2b isotype and has the kappa light chain type (Ta,
Nguyen, & Nguyen, 2020). Alignment results revealed a very great similarity between the mouse
kappa sequences (Figure 5) as well as the mouse IgG2b constant sequences (Figure 6). On this
basis, reverse primers were designed to specifically amplify HC and LC genes. Information on
primers were listed in Table 1.
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CERGT AT A A A AT A A AT AT A I T GAGGC A T O AR A G R AT A A T T TCACCCAT TG TCARGAGCTT CRACAGGAAT GRAGTGITAR
CERGTAT AR A AT R A ARG T AT A T I G T R AGG A T AR AR AT CA A T TCACCCATIGTCARGAGCTTCRRCAGGRAT GAGTGTTAR
LG AT G A A AT A A AT AT A T T AGG O A T ACA A G AC AT CA AT TCACCCAT CGTCARGAGCTTCRACAGGRAT GAGTGTTAR
CERGTAT GAA A AT R A ARG T AT A I G T RAGG AL T AR A RC AT CAR CTTCACCCATIGTCARGAGCTTCRACAGGRAT GAGTGITAG
R GT AT A A A AT A A ARG T AT A I G T A A T AR A G R AT CA A T T TCACCCATIGTC A RGAGCTTCRACAGGRAAT GAGTGTTAG
CERGET AT A A A AT A A A TAT A I T GAGGC A T O AR A R C AT CAA T T TCACCCAT CGTCARGAGCTT CRACAGGAAT GRAGTGITAR
CERGTAT G.‘.ACEB.C.P;:‘L‘LC};ECTL:‘B.CC:‘EFG};GGCﬂ;CTCJ‘.CBASACPL’I CRACTTCACCCATIGTCARGAGCTTCRACAGGAATGRGTGTITAG
ARG AT G A A AT A AT ARG T AT A T T AGG O A T A CA A G AC AT CA AT TC ACCCAT CGTCARGAGCTTCRACAGGRAT GAGTGT———
CERGTAT A A A AT A A A TAT A I T GAGGC A T oA A R C AT CA A T T TCACCCAT CGTCARGAGCTT CRACAGEAAT GRAGTGT ———
R GT AT A AR A T A A ARG T AT A I G T A A T AR A G A AT CA A T T TC AT CCAT CETC A RGAGCTTCRACAGGRAAT GAGTGTTAG
CEAGTAT G A A AT A A ARG T AT A T T GAGG O A T A CA A G AC AT CA AT TC ACCCATTGTCARGAGCTTCRACAGGRAT GAGTGTTAG
CERGTAT GAACERC AT R A AGC T AT A I G T RAGG AL T ACR AGRC AT CAR T TCACCCATIGTCARGAGCTTCRRCAGERAT GAGTGITAG
R GT AT GeA A AT A A ARG T AT A I G T A A T A A G A AT CA A T T TC AT CCAT TG T A RGAGCTTCRRCAGGRAAT GAGTGT ———
CERGT AT GAA A AT A A AT AT A I T GAGGC T A T O AR A R C AT CA A T T TCACCCATIGTCARGAGCTT CRACAGGAAT GAGTGITAR
CERGTAT GAACERC AT R A AGC T AT A I G T RAGG AL T AR AGRC AT CAR T TCACCCATIGTCARGAGCTTCRRCAGERAT GAGTGT ———
CEAGTAT G A A AT A A ARG T AT A T T GAGG O A T A CA A G AC AT CA AT TC ACCCATTGTCARGAGCTTCRACAGGRAT GAGTGTTAG
CERGT AT GAA A AT A A AT AT A I T GAGGC T A T O AR A R C AT CA A T T TCACCCATIGTCARGAGCTT CRACAGGAAT GAGTGITAR
R GT AT A A A AT A A ARG T AT A I G T A A T A A G A AT CA A T T TC AT CCAT TG T A RGAGCTTCRRACAGGAAT GAGTGT ———
CERGET AT A A A GAT A A AT AT A I G T GAGGC T A T oA A R C AT A A T T TCACCCAT I G TCARGAGCTT CRACAGEAAT GRAGTGT ———
CERGTAT GAACERGAT R A AGC T AT A I G T RAGG AL T ACR A G RC AT CAR T TCACCCATIGTCARGAGCTTCRACAGGRAT GAGTGT ———

LAALLEAL Sddd SAdLbAALLbAdliAdllAAdlbAd b bAd bl Al b lAd b bEd bl ARl AL AR LAl b S ALl ALk &

Figure 5. Alignment of the mouse kappa sequences

*: indicates all the sequences have the same nucleotide
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ARG T T T T AT R A O T L A C R R e T T GA R L R A TTAC TR C TR LR L GACCATCTOCCEETCTOOGEETARLTER
ARG TT T T T C AT G A O T A G A C A GG TC T GAR R R TTAC TACC TR LA R CACCATCTCOCCECTCTOOEEETARLTCR
A AT T T I T AT G A O T A A C R A GG T T AR R R TT A TACC TR LA R CACCATCTCCCECTCTOOCEETARLTCR
ARG T T T T AT R A O T L A C R R e T T GA R L R A TTAC TR C TR LR L GACCATCTOCCEETCTOOGEETARLTER
A AT T T I T AT G A O T A A C R A GG T T AR R R TT A TACC TR LA R CACCATCTCCCECTCTOOCEETARLTCR
AR GRT T T I T CAT G AR G T AR C R A GG TCT AR R R TTACTACCTER R GRR GACCATCTCOCCECTCTOOGEETAR TR
A RGRT T T T T C AT A R e G T R A R O R G T O T G AR R R A TTAC TR C TR LR L G R CC AT CTOCCECTCTOOEEETARLTER
A AT T T I T AT G A O T A A C R A GG T T AR R R TT A TACC TR LA R CACCATCTCCCECTCTOOCEETARLTCR
RRCAGARTTCCTTCTCATGCRACGT GRGRCACGRGEGTCTGARR AR TTACTACCTGRARGRLGRACCATCTCCCEETCTCCGEETARRT R
A RGRET T T T T C AT A R O G T R R O A G T O T G AR R R R TTAC TR C TR LG RR G R CC R TCT OO TCT O EETARLTCR
RRCAGARTTCCTTCTCATGCRACGT GRGRCACGRGEGTCTGARR AR TTACTACCTGRARGRLGRACCATCTCCCEETCTCCGEETARRT R
ARG T T T T AT R A O T L A C R R e T T GA R L R A TTAC TR C TR LR L GACCATCTOCCEETCTOOGEETARLTER
ARG TT T T T C AT G A O T A G A C A GG TC T GAR R R TTAC TACC TR LA R CACCATCTCOCCECTCTOOEEETARLTCR
ARG T T T T AT AR O G T L A C R R e T T AR L R A TTAC TR C TR R R L GACCATCTOCCEETCTOOEEETARLTER
ARG T T T T AT R A O T L A C R R e T T GA R L R A TTAC TR C TR LR L GACCATCTOCCEETCTOOGEETARLTER
A AT T T I T AT G A O T A A C R A GG T T AR R R TT A TACC TR LA R CACCATCTCCCECTCTOOCEETARLTCR
ARG T T T T AT R A O T L A C R R e T T GA R L R A TTAC TR C TR LR L GACCATCTOCCEETCTOOGEETARLTER
A RGRET T T T T C AT A R O G T R R O A G T O T G AR R R R TTAC TR C TR LG RR G R CC R TCT OO TCT O EETARLTCR
AR GRT T T I T CAT G AR G T AR C R A GG TCT AR R R TTACTACCTER R GRR GACCATCTCOCCECTCTOOGEETAR TR
A RGRT T T T T C AT A R e G T R A R O R G T O T G AR R R A TTAC TR C TR LR L G R CC AT CTOCCECTCTOOEEETARLTER

R

Figure 6. Alignment of the mouse 1gG2b sequences

*: indicates all the sequences have the same nucleotide

Table 1

Primers for amplification of HC and LC genes

Sequence Primer Target
5’- GGGAATTCATGRAATGSASCTGGGTYWTYCTCTT-3’ IgVu5'-B
HC
5’-TCATTTACCCGGAGACCGGGAGATG-3’ Rv-1gG2b

5’- ACTAGTCGACATGAAGTTGCCTGTTAGGCTGTTGGTGCT-3’ IgVi5-G1

LC

5’-TCAACACTCATTCCTGTTGAAGCTCTTG-3’ Rv-LC

3.2. Isolation of HC and LC genes

Clone 16E8-F2 secreting the antibody of interest was used as source cells to obtain HC and
LC genes. With the constructed primers (Table 1), PCR reactions amplifying HC and LC genes
were carried out with the cDNA template. After electrophoresis of PCR products, the expected
DNA bands appeared in the agarose gel (Figure 7), namely a length of around 1,500bp for the HC
gene and approximately 750bp for the LC gene.

LC () M M (=) HC

Figure 7. Agarose gel electrophoresis showing PCR products of HC and LC genes
(-): Negative control (water instead of cDNA); M: DNA marker
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3.3. Cloning HC and LC genes into pJET1.2 plasmid

The PCR product of each HC and LC genes was directly ligated into the pJET1.2 plasmid.
The presence of the HC or LC gene on the pJET1.2 vector was checked by colony PCR. Four
colonies of E. coli DH5a cells growing on LB agar plates were randomly opted for the colony
PCR followed by electrophoresis. In case of the cells transformed with the pJET1.2-HC vector in
which the HC gene was inserted, colonies numbered 1, 2 and 3 gave the expected bands of about
1,500bp in the agarose gel (Figure 8). Likewise, as for the pJET1.2-LC vector, PCR products of
colonies marked 1, 2 and 3 showed the intended size of around 750bp (Figure 8).

LC HC

M () 1 2 3 4

Figure 8. Colony PCR products of HC and LC genes cloned into pJET1.2 vector

HC: pJET1.2-HC; LC: pJET1.2-LC; 1-4: colonies of E. coli DH5a cells; (-): Negative control (water instead of the
bacterial colony); M: DNA marker

Because the nucleotide sequences of HC and LC genes were unknown and it was to avoid
mutations of these two genes during the proliferation of E. coli cells, the pJET1.2-HC and pJET1.2-
LC vectors each were collected from two different colonies (colonies labeled 1, 2 for each) and
sequencing afterward. Sequencing results of the HC gene from both colonies showed the same
sequences with 1,427bp in length. Similarly, the LC gene of 721bp isolated from colony 1 was
identical to that from colony 2. Therefore, the likelihood of mutations during the plasmid
propagation was excluded. In addition, analyses of HC and LC nucleotide sequences in silico
demonstrated the genes contain fully functional domains agreeing with a typical antibody
structure. Variable regions were composed of the necessary domains mentioned before. As a result
of BLAST, the constant region of the HC gene was the same as mouse 1gG2b sequences. In like
manner, the constant region of the LC gene was identical to mouse kappa sequences.

4. Conclusion

The results of this research showed that HC and LC genes encoding the anti-human CD45
antibody originating in the hybridoma cell line 16E8-F2 were successfully isolated by PCR
method. The two genes were then cloned into the pJET1.2 cloning vector and served as primary
source materials for the generation of a recombinant antibody in the future.
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