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ABSTRACT

Aim: To construct an express a mouse-human chimeric antibody against IL-23p19 using a
synthetic peptide as immunogen. Methods: Immunization of mice with a synthetic peptide derived
from the IL-23p19 sequence and generation of hybridoma secreting specific antibodies. The
chimeric antibody was created using two eukaryotic plasmid constructions; one of them carrying
the light mouse-human chain and the other the heavy mouse-human chain. CHO-K1 cells were co-
transfected with both plasmids and stable transfectants were grown in selective culture medium.
Results: A chimeric version of anti-IL-23p19 was successfully constructed and expressed in
eukaryotic cells. The expressed chimeric antibody showed specific recognition not only of the
peptide used as immunogen but also the subunit pl9 and the complete interleukin 11-23.
Conclusion: A Chimeric antibody that was developed against a synthetic peptide, which is able to
recognize the parent protein IL23 biologically active, could be developed into a targeted therapy
in diseases with chronic inflammation.

Keywords: IL-23, chimeric antibody, peptide
Introduction

Targeted therapy using specific monoclonal antibodies (mAb) offers an alternative for the treatment of diverse
chronic diseases such as autoimmune disease or cancer[1]. Initial developments used mouse monoclonal antibodies,
nevertheless with very poor clinical achievement, undesired anti-mouse response; low half-lives in humans and lack
of efficacy of the Fc functions were the main drawbacks[2-4]. Construction of human-mouse chimeric antibody,
human reshaped antibody and humanization via epitope guided selection by phage display are the main approaches
available to overcome those difficulties [5-9]. Chimeric antibodies keep the parent murine variable regions
consequently the binding specificity and affinity. Though preserve more mouse sequence than other methods, they
have the advantage of easier to construct and can be easily in vitro reshaped[10]. In this work we successfully
generate a chimeric antibody that recognizes the p19 subunit of the interleukin IL-23 after immunization of mice
with a synthetic peptide derived from the protein sequence, as immunogenic epitope. IL-23 is a member of the IL-12
family, structurally consist in a heterodimer of two subunits, a smaller subunit named p19 and a larger one named
p40, which is counterpart of the p40 of the 1L-12[11]. Also IL-23 and IL-12 both are ligands for the I1L-12 receptor
beta subunit (IL-12RB1)[12]. Physiologically, IL-23 is produced by antigen presenting cells (APC) and promotes the
expansion and survival of Th17 cells, but has no role in the differentiation of the lineage. In pathologic situation IL-
23 is strongly associated to autoimmune diseases and chronic inflammation [13-16], in particular its involvement in
Psoriasis [17], Miastenia Gravis [18], Rheumatoid Arthritis[19] and inflammatory bowel disease [20-22] has been
described. Currently, the study of the combination IL-23, IL-12/Th17 as a therapeutic target is of great interest as
demonstrated by the various antibodies recently subjected to clinical studies[14]. Hueber et al. showed that using
antagonist of the path IL-17A / IL-17AR provided good results in psoriasis but in the contrary resulted in
exacerbation in Chron disease [23]. Experiment in mice showed that IL-17A and IL-22 are produced in the gut
constitutively, in a independent manner of IL-23, the authors propose that those basal levels could be essential for
keeping normal function of the epithelium and high levels induced by IL-23 in presence of other pro inflammatory
cytokines could develop pathogenic situation with tissue damage [24]. Suppression of IL-23 by means anti IL-
23p19 could partially inhibit IL-17A and reduce inflammation, whereas an anti-1L-17 therapy would neutralize all
IL-17A including protective ones[14]. We selected IL-23 based on its therapeutic value and developed a specific
chimeric antibody anti-1L-23p19 by means of hybridoma technique. Immunization of mice was done with a
synthetic peptide representing an exposed epitope of p19. Once having a hybridoma secreting reactive antibodies
(mab-3D7); RNA was extracted from hybrid cells and mouse immunoglobulin variable heavy and light chain were
amplified. The chimeric chains were constructed using two eukaryotic vectors, one of them containing the mouse-
human light chain and the other the mouse-human heavy immunoglobulin chain. CHO-K1 cells were transfected
with both plasmids simultaneously and we selected co-transfectants by antibiotic resistance. Stable transfectants
expressing the chimeric antibody (ch-3D7) with desired specificity was obtained. We proved that the chimeric
antibody originally generated against a synthetic peptide recognizes the protein in its native form.
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Materials and Methods

Antigens

The peptide KEEGDEETTNDVP was obtained by Fmoc solid-phase synthesis (ResPep Intravis AG, Bioanalytical
Instrument). The sequence was designed following a computational study of hydrophilic domains of the p19 amino
acid sequence using several applications of the EXPASy Proteomics Server (http://web.expasy.org/protscale)[25].
The first arginine residue constitutes the positively charged tag used to favor an oriented binding.

Bovine serum albumin (BSA) (Sigma USA) and Keyhole limpet hemocyanin (KLH) (Sigma, USA) were used as
protein carriers for immunization. Protein-peptide conjugates were prepared as follows: firstly, the peptide, the BSA
and the KLH were separately derivatized with succinimidyl 3-(2-pyridyldithiopropionate (SPDP) (Thermo
Scientific, USA) in order to generate active intermediates. Briefly, 2mg of each biomolecule was dissolved in 1ml of
Phosphate Buffer Saline (PBS), ImM EDTA (Sigma, USA); then 20mM SPDP dissolved in DMSO (Sigma, USA),
(mol to mol ratio) was added to each reaction incubating 1h at room temperature. Finally, protein reaction solutions
were dialyzed against 0.1M Acetic acid (Dorwil, Argentine) 100mM NaCl (Dorwil, Argentine) pH 4.5 and 50mM
DTT (Sigma, USA) in 0.1M Acetic acid, 100mM NaCl pH 4.5 was then added to each tube with subsequent
incubation 30min at room temperature. Excess DTT was removed using a PD-10 Desalting Column (GE Healthcare,
USA) following manufacturer’s instructions. BSA-peptide and KLH-peptide conjugates were obtained by mixing
Iml of activated peptide solution with 1ml of each activated protein solution. Incubation time was 18h at room
temperature.

To prepare peptide-peptide conjugate, 2mg of peptide were dissolved in 500ul 0.1M MES buffer (Sigma, USA)
pH 5.0, mixed with 50ul of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) (Thermo
Scientific, USA) in ultrapure water, and incubated 2h at room temperature.

To measure the specific antibody response against the peptide by ELISA, a conjugated to the synthetic maleic
anhydride-alt-methyl vinyl ether copolymer (P(MAMVE)) (Sigma, USA) was prepared. 100ul 0.1M KH,PO, pH
6.8 containing 18ug of peptide and 5ug of P(MAMVE) in DMSO were mixed during 3h at 37° C with
agitation[26].  All conjugates were analyzed by Size Exclusion Chromatography using BIOSEP-SEC-S3000
(Phenomenex, USA) 0.5ml/min (data not shown).

Two recombinant forms of p19 (rHis-p19 and rGST-p19) previously generated and purified in our lab were used.
Recombinant human I1L-23 biologically active was purchased at eBioscience (San Diego, USA).

mAbs

Mab-3D7 was obtained as follows; three mice were primed subcutaneously with 20g of BSA-peptide conjugate in
Alumina adjuvant (Sigma, USA), and boosted two times once a week using 20ug peptide-peptide conjugate and
20pg KLH-peptide conjugate respectively in Freund’s incomplete adjuvant (Sigma, USA). Three days after the last
booster the mouse with the highest antibodies titer against the P(MAMVE)-peptide conjugate was Killed and the
splenocytes fused with SP2/0-Agl4 cells (ATCC, USA), basically as described in[27]. The protocol used for
immunization was accepted by the corresponding authorities (Comision Honoraria de Experimentacién Animal
(Consejo de Facultad de Quimica, UDELAR; Exp. N° 101900-000502-11)

Isolation of the cDNA encoding p and ¥ murine immunoglobulin variable regions

Variable p (MVp) and variable x (MV«) murine regions were obtained from RNA of 3D7 hybridoma cells, reactive
against the peptide.

The 5’RACE System for Rapid Amplification of ¢cDNA Ends (Invitrogen, Life Tecnchnologies) was used in
combination with a set of four specific antisense primers designed from murine p and « constant regions coding
sequences reported at Genbank (NIH, Bethesda, MD, USA). Available sequences were aligned using Multiple
Sequence Alignment ClustalW (http://fembnet.vital-it.ch/software/ClustalW.html/) (EMBL-EBI, Wellcome Genome
Campus, Hinxton, Cambridgeshire, UK) and oligonucleotides were analyzed using Oligo Analyzer - 1.5
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(GeneLink™) (Figure 4). Briefly, total RNA was isolated from 3D7 hibridoma cells using Trizol® Reagent (Sigma,
USA) according to the manufacturer’s instructions and antisense oligonucelotides MIgMR (5°-
ACAGGGGGCTCTCGCAGGA-3") and MCkR (5"-AGAAGCACACGACTGAGGC-3") were used to reverse-
transcribe 1 and « variable regions (MVL and MV« respectively). Then cDNAs were tailed as described by the kit
manufacturer and subsequently amplified by PCR at Tm=55°C using Pfu Polymerase (Invitrogen, USA) with a
second corresponding antisense primer (MIgMR_N:5"-CATTTGGGAAGGACTGACTCTC-3" for MVu  and
MCkR_N: 5"-ACTGGATGGTGGGAAGATG-3" for MVx) and the abridged anchor primer provided by the kit,
essentially as described by the manufacturer. The PCR products thus obtained were cloned into the Topo TA
Cloning Vector (Invitrogen, USA) following standard procedures and sequenced at Macrogen, Inc., Korea. The
results from sequencing were submitted to informatics analysis by Translate Tool (http://www.expasy.org/translate),
SignalP 4.1 Server[28] (http://www.cbs.dtu.dk/services/SignalP/) and IMGT/V-QUEST [29] .

Construction of chimerical DNA fragments encoding Heavy and Light Immunoglobulin chains by overlap
extension PCR

Heavy and light chimerical immunoglobulin’s encoding DNA were obtained by overlap extension PCR[30] from
cDNAs encoding fragments of murine MV« and MV mentioned above and human encoding constant x and 1gG1 y
fragments, previously cloned and kindly provided by Dr. Molina-Sampayo (ICBM, Facultad de Medicina
Universidad de Chile)[31]. Briefly, murine and human encoding fragments were amplified by PCR (Pfu
Polymerase) using the primers listed in Table 1 and Figure 6.

The PCR products obtained were analyzed and isolated from 1.5% agarose gels according to standard techniques
and then combined into two sets of overlap extension PCR reactions. The chimerical p-y fragment was obtained by
combining equimolar amounts of MV and constant IgG1 y fragments (final mass of 3ng of DNA) in a 25ul PCR
mix, using VmuMF and Cg1HR pair of primers, HotStart Polymerase (Bioline, UK) and a Tm= 53°C. Likewise, the
chimerical k-« chain was created using equimolar amounts of MV« and human encoding constant « in a 25pl mix
with final mass of 3ng of DNA, using VkMF and CkHR, sense and antisense primers, HotStart Polymerase and a
Tm=51°C.

The PCR products were analyzed and purified form gel, and digested with Nhel and BamHI (Fermentas, USA). The
p-y fragment was cloned between the corresponding sites in the pcDNA 3.1 (-) vector (Invitrogen, USA) to
construct the pcDNA 3.1 (-)/p-y plasmid and the chimerical k-k between the corresponding sites in the pSecTag2B
vector (Invitrogen, USA) to generate the pSecTag2B/ k-« vector.

Expression of anti-p19 chimeric antibody

Adherent CHO-K1 cells (ATCC, USA) were co-transfected with the purified plasmids containing heavy and light
chains respectively, using Lipofectamine (Invitrogen, USA). Solutions of lipofectamine:DNA were prepared in a 2:1
molar ratio. Briefly, 75ul of DMEM:Ham’sF12 (1:1) (PAN Biotech, Germany) containing 2ug of pSecTag2B/ k-«
and 2ug of pcDNA 3.1(-)/u-y were mixed with 75ul of DMEM:Ham’sF12 (1:1) containing 8pg of Lipofectamine
and incubated 20min at room temperature, after that 350ul of DMEM:Ham’sF12 (1:1) were added. Meanwhile
CHO-K1 cells were grown to 70% confluence (37°C, 5% CO,), in wells of a 24 well plate (Greiner, Austria), after
washing with DMEM: Ham"sF12 (1:1), the mixture of the complex Lipofectamine:DNA was added to each well and
further incubated in the same conditions. The same procedure was performed with a solution of Lipofectamine
without DNA as control. After 4h incubation the supernatant was removed, fresh Ham’s F12 medium supplemented
with 10% Fetal Bovine Serum (FBS) (PAA Cell Culture Company, UK) was added and further incubated 72h (37°C,
5% CO,). Then supernatant was collected and tested by Western blotting. Selection was performed by adding
together 1.4mg/ml Neomicine (Sigma, USA) and 1mg/ml Zeocine (Invitrogen, USA) into each change of fresh
medium Ham’sF12 supplemented with 10% FBS. Culture was expanded to flasks by standard procedures and
chimeric antibody ch-3D7 was purified from supernatant using HiTrap Protein G HP (GE, USA) following
manufacturer’s instruction.
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Monoclonal antibodies immuno-analysis

ELISA, Western blot and immunochromatography were used to evaluate the diverse antibodies developed during
this work. ELISA plates (Nalgene, Thermo Scientific, USA) were coated overnight 4°C with 100ul per well of:
20pg/ml P(MAMVE)-peptide or 5pg/ml protein (BSA , HSA, KLH or recombinant p19) diluted in PBS. Next day,
the plates were blocked with 200pl per well PBS-Tween 20 (Sigma,USA) 1% 1h at 37°C, and washed. The mouse
serum samples (100pl diluted 1/1000 in PBS) or hybridoma supernatants (100pul) were assayed by triplicates in each
plate incubating 1h at 37°C, after washing anti-mouse: Horseradish Peroxidase conjugated (Sigma, USA) (diluted
1/5000 in PBS) was added and incubated 1h at 37°C. Then the plates were washed and H,0, with TMB (Thermo
Scientific, USA) was used as substrate, absorbance at 450nm was measured.

Western blot was performed as follows: Briefly rHis-p19 (10ug); rGST-19 (10ug) or BSA (10ug) were subjected to
electrophoresis under denaturing conditions, and transferred into a nitrocellulose membrane (0.45 pum pore size,
Amersham, USA). The membranes were then blocked with PBS-Tween 20 1% and incubated either with mouse
monoclonal, or chimeric mouse-human monoclonal. Mouse hiperimmune anti-peptide serum was used as positive
control. The mab-3D7 was pre-treated with DTT (50 mM 30min, 37°C) and iodoacetamide (1h, 37°C) to cause
smooth reduction and fracture the pentamer enhancing the following step with the secondary antibody. The
membranes were revealed with anti-mouse IgM alkaline phosphatase conjugate, or anti- human IgG alkaline
phosphatase using 5-bromo-4-chloro-3-indolyl phosphate and Nitro Blue Tetrazolium (Sigma, USA) as substrate.

The reactivity of the chimeric antibody against the recombinant human IL-23 was assayed by
immunochromatography. Briefly, two nitrocellulose membranes (Memb UniStart CN140 Polyester Backing 100ym,
Sartorius Biotech, Germany) were coated either with 50ng recombinant IL-23 or 50ng BSA as negative control, then
devices were finished by applying sample paper at the bottom (Millipore, Brazil) and the absorbent pad at the top of
the membranes (Millipore, Brazil). The ch-3D7 was colloidal-gold-labeled, as described in [32] , 100ul of this
conjugate was added to the sample pad of each device and allow migrating for 5min.

Competitive Inhibitory Test

ELISA plate was prepared by coating with rHis-p19 (5pug/mL in PBS, 100ul per well) by overnight incubation at
4°C and blocked next day with PBS-Tween 20 1% (200ul/well, 37°C, 1h). 200ul chimeric antibody ch-3D7
antibody or parental 3D7 monoclonal antibody were incubated with diverse concentration of rHis-p19 (0.225, 0.175,
0.105, 0.056 and 0 M) at 37°C , after 1h, each one was transferred to the ELISA plate (in duplicates) and incubated
for additional 2h. After washing, anti- human 1gG: Horseradish Peroxidase conjugated or anti-mouse IgM:
Horseradish Peroxidase conjugated was used as secondary antibodies. H,O, with TMB was used as substrate and
absorbance at 450nm was measured.

Results and discussion

In this work the following strategy was used. First the immunization of mice with a synthetic peptide derived from
the sequence of protein p19 was investigated. Then, after generation of hybridoma secreting mAb reactive against
recombinant protein p19, clone 3D7 secreting IgM subclass was used to generate a chimeric chain. Chimeric
antibody (ch-3D7) was created using two eukaryotic expression plasmids carrying one the chimeric light
construction and the other the chimeric heavy chain construction. Expression of chimeric antibody was performed
by co-transfecting CHO-K1 cells with both plasmids.

Generation of a monoclonal antibody anti-peptide able to recognize the recombinant human IL-23 biologically
active

An informatic analysis of potentially immunogenic regions in IL-23p19 was performed using online software, in
order to investigate its immunogenicity and preliminarily evaluate a peptide as an effective antigen for mouse
antibodies generation.

Hydrophilic domains that could be exposed on the surface were explored; for that purpose the p19 amino acid
sequence was input and analyzed by the Hphob./Rao &Argos method [33]; HPLC/TFA retention method [34]; and
% buried residues method[35] in the EXPASy server (http://web.expasy.org/protscale) [25]. The three methods
accordingly evidenced that the most hydrophilic region occupy amino acids located at positions 39-60 as shown in
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Figure 1 . Based on that, and trying to avoid the presence of proline in the middle of the peptide, the string
EEGDEETTNDVP between positions 39 and 50 was selected for synthesis. Finally, to verify that this sequence was
exposed in the parent protein, it was explored within the hypothetical quaternary structure of IL-23, obtained from
EMBL-EBI service (www.ebi.ac.uk , EMBL-EBI, Wellcome Genome Campus, UK), as shown in figure 2, from this
approach it looks like the peptide is on the surface. Using Blast-p
(http://blast.nchbi.nlm.gov/Blast.cgi?PAGE=Proteins) (National Center for Biotechnology Information, U.S. National
Library of Medicine, Bethesda, USA) we corroborated that the sequence selected only showed homology with the
human IL-23 (data not shown).

In order to make possible the generation of antibodies anti-hapten, the peptide was conjugated in various forms, and,
to favor an oriented binding an arginine was added at the N-ter as a charged tag. Two carrier proteins and the
peptide conjugated to itself were prepared and used to immunize the mice as described in materials and methods,
additionally a synthetic polymer was used as carrier for ELISA plate coating to analyze hyperimmune anti-sera.
ELISA outcome of hyperimmune anti-sera analysis showed that immunization resulted in response against both
carrier proteins, as expected, but also against the peptide itself, furthermore the pool of anti-sera reacted positively
against the complete protein by dot blot (data not shown) confirming that the peptide was exposed in the parent
recombinant biologically active 1L-23. Hybridoma supernatants were screened against recombinant rHis-p19 by
ELISA, only three clones were positive, one of them named 3D7 was subcloned and further analyzed. Isotype of
mab-3D7 was determined by capture ELISA, and resulted to be IgM subclass. Evaluated by western blot, mab-3D7
showed specific reactivity against recombinant rHis-p19 as shown in figure 3.

Construction of the Eukaryotic Expression Vectors

Initially, the murine MV« and MV variable genes of mab-3D7 were amplified by 5"RACE System from the total
RNA of the hybridoma cells, using specific reverse primers designed from the available sequences of constant
regions for both chains (Figure 4). The two gene fragments were inserted into Topo TA Cloning vector and
sequenced. The light chain murine variable region is 408bp in length, containing the 72bp leading sequence. The
MVu fragment is 399bp in length including the 60bp leading sequence. When the sequences were submitted to
software analysis using IMGT/VQUEST (htpp://www.imgt.org) probable CDR regions could be predicted for both
chains (Figure 5). Subsequently, two chimeric genes were constructed by overlap extension PCR, and cloned into
two eukaryotic expression vectors. For this purpose, a set of eight primers (Table 1) were designed for the creation
of the k-x and p-y chimeric genes as schematized in figure 6. To start with, murine variable chains and human
constant chains were amplified by PCR (named PCR 1 and PCR 2 in the figure). The forward primers for MV« and
MV variable strings include the KOZAC sequence at the 5’ end, and forward primers for human constant « and y
chains include, at the 5° end, the corresponding complementary sequence of the 3” end of variable murine sequence
for the light and heavy chain in that order. PCR 1 and PCR 2 results showed each, a sole product of ca. 500bp for
both the MV« and MV 500 bp product for the constant light human k chain and a product of 750bp corresponding
to the constant heavy human vy chain (Figure 7). Afterward, an overlap extension PCR mix (PCR 3 in the figure 6)
was set for each chimeric construction, using: i) equimolar amounts of the corresponding PCR products purified
from agarose gels (MVk + human «) or (MV + human vy), ii) a full forward primer matching the variable 5’ region,
iii) a full length reverse primer matching the constant 3’ region, and iv) a Tm according to the complementary
region between the light and heavy chain. The product obtained for the chimeric light chain was inserted into
pSecTag2B vector to form the chimeric light chain antibody vector (pSecTag2B/k-k) and sequenced, in the same
way, the chimeric heavy chain was cloned into pcDNA 3.1 (-) (p¢cDNA3.1(-)/u-y and sequenced. The sequences
obtained, submitted to informatic analysis, showed a length of 733bp for the light chain and 1157 bp for the heavy
chain and absence of mutations in comparison with the parent monoclonal antibody.

Transfection of the CHO-K1 Cells

Purified pSecTag2B/«x-x and pcDNA3.1(-)/u-y plasmids were used to co-transfect CHO-K1 cells by means of
Lipofectamina complex. 72h after the transfection, the culture was assayed for the transient expression of ch-3D7 by
Western Blot confirming the presence of human IgG in the culture supernatant. Stable transfectants were achieved
by culturing in selective media. The clones that survived were expanded and culture to production of ch-3D7.
Expression level obtained was as high as about 8 mg/mL.
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Characterization of the Expressed Antibody

We demonstrate that ch-3D7, which was generated against a synthetic peptide, binds IL-23p19 as well as the
complete IL-23 (recombinant forms) using Western Blot and immunochromatography (Figure 8). To further
analyze the chimeric antibody, a competitive inhibitory assay was performed to determine the dissociation constant
of antibody-antigen complex, following the method described by Friguet et al. [36]. Both ch-3D7 and mab-3D7
were allowed reacting with recombinant rHis-19 in solution, and then the amount of unbound antibody was
measured by classic indirect ELISA. In figure 9 are shown the results of OD/OD, vs ng of protein showing a typical
sigmoid curve. Kp was determined from the slope of the curve v/a [37] v defined by method described by Friguet et
al. [37] and considering de Scarchard equation. From this, K, determined as 1/ Ky was calculated for ch-3D7 and
mab-3D7, being of 6 X 10-°M for the ch-3D7 and 5 X 10-°M for mab-3D7. Regarding those values, chimerization
did not affect the affinity of the parent antibody, though low, are in accordance with the class of the parental
monoclonal antibody.

Conclusions

Targeted therapy using specific antibodies is nowadays an existing option for several chronic diseases. In this work
we generated a chimeric antibody that recognizes specifically the minor subunit of IL-23, an interleukin with
demonstrated pathogenic character in several autoimmune diseases. Firstly, a computational study of potentially
exposed regions of IL-23p19 was done in order to choose a peptide as epitope for immunization and subsequent
generation of monoclonal antibodies. Once the hybridoma secreting specific antibody was selected, the sequences of
the monoclonal antibody variable chains were isolated from genetic material and cloned into two eukaryotic vectors,
containing the corresponding constant heavy or light chain for human immunoglobulin. Our eukaryotic expression
system, concerned the transfection of CHO-K1 cells with two constructions simultaneously, one of them carrying
the chimeric light chain and the codifying resistance to Zeocin and the other delivering the chimeric heavy
construction and resistance to Neomycin. Thus, after co-transfection and addition of both antibiotics to favor a
selective pressure, only those stably transfected with both plasmid cells would survive. The chimeric chains are then
translated, secreted and assembly to form the quaternary structure of the immunoglobulin molecule. Expression of
soluble protein into the culture medium was evaluated by ELISA and Western Blot and the expected reactivity
against p-19 was demonstrated. Reactivity against human recombinant 1L-23 biologically active was evaluated by
non-denaturing methods showing that the antibody may be useful recognizing the interleukin in its native form.
Affinity constant for the produced chimeric antibody calculated against the recombinant form of p19 resulted in 10
M, though low, is in accordance with values expected for antibodies of subclass M, as is the monoclonal parental
antibody. Having corroborated the specificity of the new antibody it could be of potential use in therapeutics, the
necessary improvement of affinity could be performed by bioinformatic analysis of the sequence and subsequent
modification[10].
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Figure 1. Informatic analysis of the amino acid sequence of IL23-p19. (A) Hydrophilic region prediction using
HPLC/TFA retention method[34]. (B) Amino acid sequence of human 1L-23p19 (Genebank NM_016585)[11]. The
selected peptide for synthesis is underlined.
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Figure 2. Quaternary structure of IL-23 (EMBL-EBI (www.ebi.ac.uk/). p19 subunit and p40 subunit are signaled;
Balls: peptide between amino acids 39-50, candidate for synthesis.
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Figure 3. Western Blot analysis of mab-3D7 against (a) rHis-p19 and (b) BSA. 10ug of each protein were
submitted to SDS-PAGE 12% and transferred to a nitrocellulose membrane. 1: membrane stained with amido black;
2: membrane incubated with mab-3D7; 3: membrane incubated with mouse hyperimmune anti-peptide serum; 4:
Control for the anti-mouse alkaline phosphatase conjugate. The mouse serum recognizes mostly the BSA used as
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carrier, but also the recombinant rHis-p19 by means of the anti-peptide antibodies successfully generated. The
monoclonal antibody recognizes specifically the p-19 subunit.

CLUSTAL W (1.83) multiple sequence alignment

Ml4@99.1 GAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCATOTCCTGLGAGAGCCCCCTGTICTGAT
5509a5.1 GAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCATOTCCTGLGAGAGCCCCCTGTICTGAT
Jeeddz.1 GAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCATOTCCTGLGAGAGCCCCCTGTICTGAT
Jeeddl.1 GAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCATOTCCTGLGAGAGCCCCCTGTICTGAT
Xe3g9a.1 GAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCATOTCCTGLGAGAGCCCCCTGTICTGAT
X@5794.1 GAGAGTCAGTCCTTCCCAAATGTCTTCCCCCTCATOTCCTGLGAGAGCCCCCTGTICTGAT

FRFEAEEEEEIFRRRREI XX R IR FR R TR R RTHEARREET R R R IR TR R R R bk
Ml4@99.1 AAGAATCTGETOGCCATEGECTOCCTGOCCCOGGRACTTCCTGOCCAGCACCATTTCCTTC
5509a85.1 AAGAATCTGETOGCCATEGECTOCCTGOCCCOGGRACTTCCTGOCCAGCACCATTTCCTTC
Jeeddz. 1 AAGAATCTGETOGCCATEGECTOCCTGOCCCOGGRACTTCCTGOCCAGCACCATTTCCTTC
Jeeddl.1 AAGAATCTGETOGCCATEGECTOCCTGOCCCOGGRACTTCCTGOCCAGCACCATTTCCTTC
Xe3g9a.1 AAGAATCTGETOGCCATEGECTOCCTGOCCCOGGRACTTCCTGOCCAGCACCATTTCCTTC
X@5794.1 AAGAATCTGETOGCCATEGECTOCCTGOCCCOGGRACTTCCTGOCCAGCACCATTTCCTTC

S R e e el R R R R e e Sk e
Ml4@99.1 ACCTGOAACTACCAGAACAACACTOAAGTCATCCAGGGTATCAGAACCTTCCCAACACTG
5509a85.1 ACCTGOAACTACCAGAACAACACTOAAGTCATCCAGGGTATCAGAACCTTCCCAACACTG
Jeeddz. 1 ACCTGOAACTACCAGAACAACACTOAAGTCATCCAGGGTATCAGAACCTTCCCAACACTG
Jeeddl. 1 ACCTGOAACTACCAGAACAACACTOAAGTCATCCAGGGTATCAGAACCTTCCCAACACTG
Xe3g9a.1 ACCTGOAACTACCAGAACAACACTOAAGTCATCCAGGGTATCAGAACCTTCCCAACACTG
X@5794.1 ACCTGOAACTACCAGAACAACACTOAAGTCATCCAGGGTATCAGAACCTTCCCAACACTG

B e e e e

B cLustaL u (1.83) multiple sequence alignment

Xe7@ll.1 - - -ACTOAAATGEAGCCCTTCCTTGTTACTTCATACCATCCTCTGTGCTTCCTTCLTCAG
Xe7oe6.1 TACACTGAAATGGAGCCCTTCCTTGTTACTTCATACCATCCTCTGTGCTTCCTTCCTCAG
Xe7@l2.1 ---ACTGAAATGGAGCCCTTCCTTGTTACTTCATACCATCCTCTGTGCTTCCTTCCTCAG
Xa7oed4.1 ---ACTGAAATGGAGCCCTTCCTTGTTACTTCATACCATCCTCTGTGCTTCCTTCCTCAG
Xe7ee5.1 ---ACTGAAATGGAGCCCTTCCTTGTTACTTCATACCATCCTCTGTGCTTCCTTCCTCAG
R EREEEFRFEEEZEZFAAAESEIFIZARETIFRRR R EZ TR R R R EZF AR RS R R TRTEF R &

X67@11.1 GEECTEATGCTGCACCACTGTATCLATCTTCCCACCATCCAGTRAGCAGTTAACATCTGE
X67086.1 GEECTEATGCTGCCCAACTGTATCLATCTTCCCACCATCCAGTRAGCAGTTAACATCTGE
Xe7@12.1 GEECTEATGCTGCACCACTGTATCLATCTTCCCACCATCCAGTRAGCAGTTAACATCTGE
Xe7084.1 GEECTEATGCTGCACCACTGTATCLATCTTCCCACCATCCAGTRAGCAGTTAACATCTGE
X67085.1 GEECTEATGCTGCACCACTGTATCLATCTTCCCACCATCCAGTRAGCAGTTAACATCTGE
& & ¥ FEEZFEEE F ARARFEXZFAFEFEZFRRFREZETREREEEFFAARET IR AR TR EE R R &

X67@11.1 AGGTECCTCAGTCGTGTGCTTCTIGAACAACTCTACCCCAGAGACATCAATGTCAAGTGE
X67086.1 AGGTECCTCAGTCOTGTGCTTCTIGAACACTTCTACCCCAAAGACATCAATGTCAAGTGE
Xe7@12.1 AGGTECCTCAGTCOGTGTGCTTCTIGAACAACTCTACCCCAAAGACATCAATGTCAAGTGE
Xe7084.1 AGGTECCTCAGTCOGTGTGCTTCTIGAACAACTCTACCCCAAAGACATCAATGTCAAGTGE
X67085.1 AGGTECCTCAGTCOGTGTGCTTCTIGAACAACTCTACCCCAAAGACATCAATGTCAAGTGE
sEkbEkE bk kR SRk kSRR h kR kkEEEkhkk SIkkkEEEEkhkEREEkEK

Figure 4. Alignment of sequences for the murine p and «x constant chains using Clustal W (http://embnet.vital-
it.ch/software/ClustalW.html/). (A) murine p fragment; (B) murine k chain. In boxes are denoted the regions used
to design the antisense primers for the isolation of total RNA from hybridoma cells in combination with the 5’RACE
System for Rapid Amplification of cDNA Ends.
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Table 1. List of primers designed for the overlap extension PCR. Restriction sites for Nhel or BamHI enzymes are
underlined; Kozak sequence is in italics in VmuMF and VkMF. Complementary sequences of corresponding
variable chain are in black type in forward primers FusVmuM/CgHF and FusV « M/CKHF for overlap extension.

Primer Name Sequence 5°-3"

VmuMF AAAAGCTAGCCACCATGGGATGGAGCTCTA Sense Murine u

FusVmuM/CgHR TGAGGAGACTGTGAGAGTGGT Antisense I(i/rllz;?ne M

VkMF AAAAGCTAGCACCATGATGTCCTCTGCTC Sense ﬂi;?ne K

FusVkM/CkHR  GGATACAGTTGGTGCAGCAT Antisense id:s;?ne K
chain

FusVmuM/CgHF ACCACTCTCACAGTCTCCTCACAAGGGCCC  Sense Humanyl
overlap chain

CglHR GGGGGGATCCTCATTTACCCGGAGAC Antisense  Humanyl
chain

FusVkM/CkHF  ATGCTGCACCAACTGTATCCACTGTGGCTGCA Sense Human K
overlap chain

CkHR CCCCCGGATCCTCAACACTCTCCCC Antisense  Human K
chain

A Nucleic and aminoacid sequences of k chain variable region of 3D7

M M5 52 Qg F L GLULULILCFOQRGTRERC

gatatccagatgacacagactacatccteeoctgtetgectetetgggagacagagteace
p I gMTQTTJ S SLSASTLG?DZ RTUVT
atcaqttgcagtgcaagt_ttaaactgqtatcaqcagaaacca
5 ¢35 A8 @QGI SNZYULNWYOQOQZ KE
qatgqaactgttaaactcctqatctat_aqtttacactcaqqaqtcccatca
b 6gTVEKLTLTIVYYTS S SUILHSG GV P S
agqttcagtggcagtggqtctngacaqattattctctcaccatcaqcaacctgqaacct
R F S G6GSG6GS GTDYSTULT S N L E P
gaagatattgccacttactattgt_tthgctcg
I A2TYYcC@Q@yY S KLU&PFTTFG S
qqqacaaaqttggaaataaaacgqqctqatgctqcaccaactqtatcc
G T KLETII XU RUAZADA ARZPTTWVS
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B Nucleic and aminoacid sequences of L chain variable region of 3D7

g =eCag
MGWSSIILFLVATATGVHSQ
gtccaactgeageagectgggtotgtgetggtgaggectggagetteagtgaagetgtoo
v g L. g ¢ P G 5 VvV L v R P G A 5 V K L S
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Zc K A 5 YT FT S 3 WMHWAIEK QR P
ggacaaggccttgagtggattggagag_aactacaat
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b L s s L T S EDS AV Y Y CADNG Y F
-tggggccaaggcaccactctcacagtctcctca
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Figure 5. Nucleic acid and amino acid sequence of variable light and variable heavy chains of 3D7. Signal
peptides are underlined, predicted CDR1; CDR2 and CDR3 are highlighted. Informatic analysis was performed by
using Translate Tool, SignalP 4.0 (http://www.expasy.org/), IMGT/V-QUEST (http://www.imgt.org).
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Figure 6. Schematic representation of the construction of chimerical DNA fragments encoding Heavy and Light

Immunoglobulin chains. Chimerical p—y chain was amplified at a Tm= 53°C and chimerical - chain was
amplified at a Tm= 51°C. For the overlap extension PCR reactions, equimolar amounts of corresponding DNA
fragments were used in a 25l mix with final mass of 3ng of DNA.

A
PCR 1 ¥ 2 Cr
1 2 1 3 1 4
1000 ‘ —
oo - i e
1000
750
600 ———r
400 500 400
250
B
PCR 1 PCR PCF
1 2 1 3 1 2
7 e
P ———
S ——
1000 — foia 1000« S—
900 S— 750 750 | T <=
0 . . 500 -— 500 . ‘S
400 20

14




IRA-International Journal of Applied Sciences

Figure 7. PCR steps for the construction of the chimeric chains. (A) ch-3D7 p-y Lane 1: DNA Ladder (bp), Lane
2: Murine 3D7 Vu chain ; lane 3: human y; lane 4: overlap extension PCR (VMp- human y) using products of

PCR1 and PCR2. (B) chimeric ch-3D7 k—x Lane 1: DNA Ladder (bp), Lane 2: Murine 3D7 Vx chain ; lane 3:

human «: lane 4: overlap extension PCR (VMxk—human ) using products of PCR1 and PCR2. Single bands can be
observed in the amplification of murine and human immunoglobulin chains, some incomplete or unspecific sub

products appear after the overlap extension reactions. Complete and specific p—y and x—x products are denoted
with arrows.
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Figure 8. (A) Western Blot analysis of mab-3D7 and ch-3D7 against rGST-p19. 10ug of protein was submitted to
SDS-PAGE 12% and transferred to a nitrocellulose membrane. 1: membrane stained with amido black; 2:
membrane incubated with mab-3D7; 3: membrane incubated with ch-3D7; 4: Control for alkaline phosphatase
conjugates. In lines 2 and 3 a band corresponding to the recombinant fusion protein GST-p19 is recognized by both
mouse and chimeric antibodies, demonstrating that the chimeric form retains the reactivity of the parent antibody.
(B) Immunochromatographic analysis of ch-3D7 against 1: BSA, 2: human recombinant IL-23. Five minutes after
applying 100 pl (5ng/ul) of gold labeled-ch-3D7 reactivity was observed against IL-23 .
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Figure 9. Graphic representation of the results of the competitive inhibitory test. (A) Competitive ELISA. (B)
Scatchard plots of the binding of 3D7 and ch-3D7 to rHis-p19 measured by ELISA. (v) is the fraction of bound
antibody and (v/a) the concentration of free antigen at equilibrium, as defined by Friguet et al.
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