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KEYWORDS Abstract Norfloxacin belongs to the group of fluoroquinolone antibiotics which has been

approved for treatment in animals. However, its residues in animal products can pose adverse side

Complementarity determin- ‘
effects to consumer. Therefore, detection of the residue in different food matrices must be con-

ing region;

Fl%loriquinolone; cerned. In this study, a single chain variable fragment (scFv) that recognizes norfloxacin antibiotic
Norfloxacin; was constructed. The cDNA was synthesized from total RNA of hybridoma cells against nor-
Single chain variable floxacin. Genes encoding Vi and Vi regions of monoclonal antibody against norfloxacin
fragment (Norl55) were amplified and size of Vi and Vi fragments was 402 bp and 363 bp, respectively.

The scFv of Norl55 was constructed by an addition of (Gly,Ser); as a linker between Vy and
V. regions and subcloned into pPICZaA, an expression vector of Pichia pastoris. The sequence
of scFv Norl55 (GenBank No. AJG06891.1) was confirmed by sequencing analysis. The comple-
mentarity determining regions (CDR) I, II, and III of Vi and V| were specified by Kabat method.
The obtained recombinant plasmid will be useful for production of scFv antibody against nor-

floxacin in P. pastoris and further engineer scFv antibody against fluoroquinolone antibiotics.
© 2017 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org
licenses/by-nc-nd/4.0/).
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treat urinary bacterial infection in animal [3,10,33]. However,
the extensive abuse of this antibiotic has caused severe food
safety problems. Meanwhile, some researches indicate that
low-level doses of antibiotic exposure for long periods could
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result in bacteria resistance [3,11,34]. Due to the concern of
antibiotic residue in animal products, maximum residue limits
(MRLs) for several antibiotics have been established in many
countries to protect consumers [5]. In the case of norfloxacin,
the MRLs were set between 0.02 and 0.1 ppm depending on
the types of the target tissues. In order to ensure human food
safety and the entire ecosystem security, various chromatogra-
phy methods have been developed for the determination of
norfloxacin in different food matrixes [3,15,21,29]. However,
these instrumental methods are time-consuming and costly,
and sample preparations are demanding. During the last two
decades, various immunoassay methods have been developed
to detect fluoroquinolone (FQs) based on polyclonal antibody
(PAb) and monoclonal antibody (MADb) [5,13,17,26]. Com-
pared with the instrumental analysis methods, the immunoas-
say methods especially enzyme linked immunosorbent assay
(ELISA) are more preferable for rapid screening large mem-
bers of samples due to its simplicity, sensitive and inexpensive
[30]. In ELISA, the most important component is antibody
which binds specifically to the desired drug residues. However,
PADbs sometimes experience nonspecific reactivity while the
more preferred MAbs require time-consuming and costly
preparation and production. As a result, the preparation of
high quality antibodies is still a bottleneck issue when estab-
lishing immunoassay methods [3]. Therefore, low cost and sim-
ple alternative antibody production system is of interest.
Consequently, fermentation of antibody-producing yeast has
been studied to produce MAD.

Single-chain fragment variable (scFv) is the smallest unit of
immunoglobulin (Ig) molecule that functions in antigen-
binding activities. The structure of scFv consists of variable
regions of heavy (Vy) and light (VL) chain, which are joined
together by a flexible peptide linker [6,12,27] such as (Gly,sSer)s
[22] that can be easily expressed in the functional form. This
allows protein engineering to improve the properties of scFv
such as increase in affinity and alteration of specificity. The
order of the domains can be either Vy-linker-Vy or Vi-
linker-Vy and both orientations have been applied [1]. This
structure remains the original specificity and full monovalent
binding of the intact parent Ab [25].

To date, scFv antibodies have been successfully isolated
and displayed as fragments in various expression systems such
as mammalian cells, bacteria, plant cells, insect cells, and also
yeast [7]. However, yeasts are frequently used as the host for
heterologous gene expression to produce eukaryotic proteins
[16]. During the last decades, the methylotrophic yeast, Pichia
pastoris has become popular and successful host for expression
of recombinant proteins [2,4,6,23]. The advantage is that the
target proteins can be expressed as secretory forms [14]. More-
over, the production of the target proteins can be increased by
high-cell-density fermentation. As a yeast cell, P. pastoris, can
express proteins for clinic application without contamination
by endotoxins [§]. Furthermore, they have the ability to per-
form many of the post-translational modifications usually per-
formed in higher eukaryotes e.g. correct folding, disulfide bond
formation, O- and N-linked glycosylation and processing of
signal sequences [2,8,9,24,32].

The Institute of Biotechnology and Genetic Engineering
(IBGE), Chulalongkorn University, Thailand, has successfully
produced MAD against norfloxacin [28]. However, the produc-
tion of norfloxacin-specific recombinant antibody and the
expression of scFv fragments using yeast expression system

have not yet been reported. In this study, gene encoding for
Vu and Vi of MADb against norfloxacin (Norl55) was identi-
fied for future use in the study of antibody-producing methy-
lotrophic yeast.

2. Materials and methods

2.1. Strains, plasmids, culture medium and reagents

Escherichia coli strain TOP10F’, pPICZaA expression vector
and Zeocin™ were purchased from Invitrogen (USA). E. coli
TOPI10F was used for all plasmid constructions. The growth
medium, Luria-Bertani (LB) medium, used in shake flask
experiments consisted of 5 g/L yeast extract, 10 g/L tryptone
peptone and 10 g/ NaCl and 10 mg/L ampicillin. All medium
components except ampicillin were sterilized by autoclaving
together at 121 °C for 15 min. Ampicillin was sterilized by
0.22 pm filtration and added to the medium immediately prior
to inoculation. Low salt LB medium with Zeocin™ (25 pg/mL)
was used for screening of transformants.

2.2. Preparation of first-stand cDN A

Total RNA extraction from 5 x 10° hybridoma cells against
norfloxacin (Norl55) wusing a NucleoSpin® RNA II
(Macherey-Nagel) was carried out according to the manufac-
turer’s instruction. First strand cDNA coding for the variable
heavy and light chains was synthesized from the total RNA
extract (approximately 1pg RNA) by using a first-strand
cDNA synthesis kit (Fermentas).

2.3. Construction of scFv antibody gene

Here, the scFv antibody gene was mainly constructed by PCR
amplification and ligation-reaction (Fig. lA) using the
following:

2.3.1. Amplification of Vi and V

The 1st cDNA fragments encoding the variable heavy chain
(Vy) were amplified by using VHFwMHI1 as forward primers
and VHRwIgG1 as a reverse primer while those encoding the
variable light chain (Vi) were amplified by using VLFwMk as
a forward primer and VLRwKc as a reverse primer (Table 1).
Each PCR reaction contains 2 pL of 1st cDNA, 20 pmol of 5
and 3’ primers, 5 uL of 2.5 mM dNTPs, 5 uL of Taq poly-
merase buffer, and 0.5 uL of i-Tag DNA polymerase (Intron
Biotechnology). The final volume was brought to 50 pL with
nuclease-free water. Cycling conditions were initial melt at
94 °C for 3 min followed by 30 cycles of three-step program
(94 °C, 1 min; 45 °C, 1 min; and 72 °C, 2 min). The reactions
were then held at 72 °C for 10 min and cooled to 4 °C [31].
Then, the amplicons were electrophoresed through 1% low-
melting point agarose gel and visualized by staining with ethid-
ium bromide. Each of the amplified DNA fragments corre-
sponding to the predicted size was excised from the gel and
was purified by using QIAquick PCR Purification Kit (QIA-
GEN). The purified fragments then were ligated individually
into the pGEM® T-easy vector (Promega) and subsequently
introduced into competent E. coli TOP10F’. The blue/white
screening was used to select the positive clones on LB agar
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(a) The schematic strategies of scFv antibody construction by PCR amplification and enzymatic reaction, L; linker (Gly,S)s. (b)

Map of recombinant vector pPICZaA-scFv (pJMO1). The plasmid map of the scFv containing plasmid pPICZaA, 5AOX1: alcohol
oxidase 1 promoter region induced by methanol. scFv gene encoding anti-norfloxacin gene. Zeocin: zeocin resistance gene. AOXI1TT:
native transcription terminator. The scFv antibody gene was inserted into the EcoRI and Kpnl sites of the pPICZaA vector.

Table 1

Primers for Vi and Vi amplification, scFv construction, PCR and sequencing analysis. The underline letters represent

cloning sites, EcoRI (GAATTC), Sacl (GAGCTC), BamHI (GGATCC), Bg/ll (AGATCT) and Kpnl (GGTACC).

Primer 1D Sequence (5'-3") Purposes References
VHFwMH1 GAATTCSARGTNMAGCTGSAGSAGTC VH [31]
VHRwIgGl GAATTCAATGACAGATGGGGGTGTCGTTTTGGC amplification

VLEwMk  GGGGAGCTCGAYATTGTGMTSACMCARWCTMCA VL

VLRwWKe  GGGGAGCTCGGATACAGTTGGTGCAGCATC amplification

N1 GAATTCGAAGTAGAGCTGGAGGAGTCTGGG VH-linker This study
N2 GGATCCACCTCCGCCTGAACCGCCTCCACCATAGACAGATGGGGGTGTCGTTTTGG amplification

N3 GGCGGAGGTAGATCTGGCGGTGGCGGATCGGACATTGTGATGACACAGTCTACA  Linker-VL

N4 CGAGGTACCGGGAGCTCGGATACAGTTGGT amplification

SAOXI1 GACTGGTTCCAATTGACAAGC Confirmation

3’AOXI1 GCAAATGGCATTCTGACATCC

TJOIF AAGGAAGCTGCCCTGTCTTAAACCTTT

TJOIR TAGGTTACAAATAAAAAAGTATCAAAA

T3F ATGAGATTTCCTTCAATTTTTACTGCT Sequencing

T4F AGAGGCTGGAGTGGGTCGCAA

T5F CCGCCACCGCCAGATCCACCT

T6R GCCTCCCCCAGACTCCTCCAG

Degenerate bases: R = (A/G), Y = (C/T), M = (A/C), S = (C/G), W = (A/T), N = (A/G/C/T).

plates containing 100 pg/mL ampicillin, 50 uL X-gal (20 mg/
ml) and 30 uL IPTG (0.1 M) respectively.

2.3.2. Construction of Vi and V' gene with flexible polypeptide
linkers

A 15 amino acid linker encoding (Gly,Ser); was introduced
behind the Vi domain and in front of the Vi domain to pro-
duce a full-length scFv which was oriented as Vy-(GlysSer)s—
VL (Fig. 1A) by using specific designed primer N1-N4 based
on the Vi and Vi gene sequences as shown in Table 1. After
PCR, the Vy-linker and linker-V{ amplicons were separated
and purified by 1% (w/v) agarose gel electrophoresis. After-
ward, the synthesized genes were cloned separately to the

pGEM® T-easy vector and was selected as above. Plasmid
of the ampicillin-positive clones was extracted and analyzed
by restriction enzyme digestions and electrophoresis. The plas-
mids containing the fragments of the specified sizes were con-
firmed by DNA sequencing. Finally, the transformant clones
with the accurate sequence were then used to generate the
expression plasmid.

2.3.3. Construction of recombinant scFv antibody expression
plasmid

The Vy-linker and linker-Vy clones having the BamHI-Bg/II
restriction enzyme sites and EcoRI-Kpnl linearized pPICZaA
vector were assembled by ligation reaction and then intro-
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duced into E. coli TOP10F’ to generate the pPICZaA-scFv
construct named pJMO1 (Fig. 1B). The pJMO01 was cloned in
frame with the a-factor secretion signal sequence open reading
frame of the pPICZaA vector.

2.4. Verification of pJMOI plasmid

To confirm the ligation-reaction of constructed pJMO1 plas-
mid, the following three methods were carried out.

2.4.1. PCR analysis of positive transformants

Five zeocin-resistance transformant clones were analyzed by
using PCR with designed primers TJO1F/TJO1R, NI1/N4,
respectively (Fig. 2A) based on the pJMOl sequence map
which could detect the ligation of the scFv antibody gene into
the pPICZaA, while pPICZaA vector (Fig. 2B) was used as the
negative control to compare with the positive clones. To
obtain the DNA template, plasmid DNA was extracted.
PCR components and conditions were as follows: AmpliTaq
Gold® 360 Master Mix (AB Applied Biosystem), 0.5 uM of
each primer, 1 cycle of 95°C for 5 min, 30 cycles of three-
step program (95°C, 15s; 55°C, 30s and 72 °C, 1.30 min).
The reactions were then held at 72 °C for 7 min and cooled
until used at 4 °C.

2.4.2. Restriction enzyme digestion

The positive clones with the specified size according to the
expected map were tested with EcoRI and Kpnl, respectively.

2.4.3. Sequencing

To consider the scFv antibody gene was cloned in frame with
the o-factor secretion signal sequence. The positive clones,
which showed the expected size from 2.4.1 and 2.4.2 methods
were sequenced with BigDye® terminal sequencing kit and
ABI PRISM® 3130x1 Genetic Analyzer (Applied Biosystems,
USA) using four oligonucleotide primers, TO3F, TO4F,
TOSF, and TO6R which were designed based on pJMO1
sequence as shown in Table 1.

5'A0X1
Pmel  TIOIF [
\ L

2.5. Identification of complementarity determining region
(CDRs) and framework sequences (FR)

The obtained sequence was aligned by searching against the
Genbank database for sequence homology analysis. The
CDR and framework sequences were identified by comparison
with IgG1 and light chain sequence database from GenBANK
(NCBI) or published data.

3. Results and discussion

In this study, we designed, constructed, and sequenced the
pIJMO1 (scFv antibody) plasmid derived from MADb against
norfloxacin (Norl55). Monoclonal antibody against nor-
floxacin clone 155 that showed high sensitivity with the limit
of detection value of 1.01 ng/mL and high specificity was used
as the source of genetic information. Its isotype was found to
be IgG1 [28].

3.1. Construction of scFv antibody

Total RNA was extracted from MADb nor 155, and the first
stand cDNA was synthesized by RT-PCR kit using total
RNA as template. The Vi and Vi genes were amplified sepa-
rately by PCR using the 1st cDNA template, and the lengths of
Vyu and Vi, DNA fragments were approximately 402 bp and
363 bp, respectively (GenBank, accession no. KJ623260).
These fragments were used to construct the Vy-linker and
linker-V fragments by adding the flexible linker (Gly,Ser)s.
Then, these fragments were cloned into pGEM® T-easy vector
and identified by restriction enzyme digestion, electrophoretic
analysis and DNA sequencing (data not shown). The lengths
of Vy-linker and linker-Vi DNA fragments were approxi-
mately 426 bp and 380 bp, respectively. Afterward, the recom-
binant scFv (Vyu-(GlysSer);—Vy) fragment (800 bp) was
assembled with EcoRI/Kpnl linearized pPICZaA to generate
the recombinant plasmid named pJMO01, whose expected size
was 4354 bp (Fig. 1B).
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3593 bp

Figure 2

Schematic illustration of the strategy of linear pJMO1 plasmid (a) and linear pPICZaA vector (b).
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3.2. Verification of pJMOI plasmid

To improve and facilitate the expression of the antibody frag-
ment, Vy-linker and linker-V; DNA fragments were inserted
into the open reading frame of the P.pastoris expression vector
pPICZaA under the regulation of 40X1 promoter using the
EcoRI (bp 1203-1213) and Kpnl (1241-1246) restriction sites.
At the C-terminal, the constructs were fused to a c-myc epitope
tag and a hexahistidine-tag. Colonies were screened for inser-

M2 1 2 3 4 5

M2 3 4w

2.0
1.65
1.0

0.85
0.65

1461

700>

800

800

tion using PCR analysis and restriction cleavage reactions.
The plasmid of five zeocin-positive transformants was
extracted. The presence of scFv antibody in those plasmids
was tested by PCR technique with N1 and N4 primers as
shown in Table 1. These primers were designed for up-
stream amplification of Vy and down-stream of Vi gene.
The result reveals the 800 bp (Fig. 3A) of PCR product accord-
ing to the right size of the predicted restriction map of the lin-
earized pJMOI plasmid (Fig. 2A). This information indicates
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Figure 3  Electrophoretic analysis of (a) PCR product of five zeocin-positive transformants, Lane 1-5: positive transformants No. 1-No.
5, respectively, Lane M2: the 1 Kb plus DNA ladder (Invitrogen™). (b) Restriction enzyme digestion, Lane 1: intact pJMOI1, lane 2-5:
pIMO1 plasmid of transformants No. 1 digested with EcoRI, Kpnl, EcoRI/Kpnl, and Pmel, respectively, Lane M1: supercoiled plasmid
ONESTEP Ladder (Wako Nippon GENE). (c) PCR product, Lane 1: pPICZaA, lane 2: zeocin-positive transformants No. 1. Lane 3:
pPICZaA. Lane 4: zeocin-positive transformants No. 1. (d) PCR product by using 5AO0X1/3’AOX1, Lane 1: pPICZaA vector, lane 2:

zeocin-positive transformants No. 1.
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Figure 4 The nucleotide sequence and deduced amino acid sequence of the scFv (Norl55) antibody fragment. Amino acids are shaded
italic in blue. The (G4S); linker between Vi and Vi is labeled in bold. The complementarity determining regions (CDRs) of Vi and Vi are
predicted as CDR 1 (underline), CDR II (double underline), and CDR III (opened underline). This sequence has been submitted in

GenBank No. AJG06891.1.
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that all of the five positive transformants have a scFv antibody
gene inserted into the pJMO1 expression plasmid. In addition,
we concerned about the accuracy of the nucleotide sequence of
scFv antibody gene when it was cloned in frame with a-factor
secretion signal in the pPICZaA vector and translated to
amino acid. For this reason, the plasmid of the zeocin-
positive transformant No. 1 was selected to be digested with
several restriction enzymes. In accordance with the expected
map, EcoRI, Kpnl, and Pmel were used. These enzymes have
only one position of enzymatic digestion that means, after
digestion completely and through electrophoresis, the digested
plasmid should show the linearized plasmid. Fig. 3B shows the
result bands corresponding to the correct size of 4354 bp plas-
mid (lanes 2, 3, and 5), while lane 4 represented the use of
EcoRI and Kpnl in the plasmid digestion at the same time. It
showed the 800 bp of scFv antibody gene when compared with
the DNA marker. Moreover, we also confirmed the plasmid of
clone No. 1 by PCR with primers as described in Table 1.
Fig. 3C exhibits the positive bands approximately 1461 bp of
the PCR product (lane 2) by using TJO1F/TJOIR primers,
approximately 800 bp of the PCR product (lane 4) by using
N1/N4 primers and approximately 1350bp by using
5’AOX1/3'AOX1 primers (Fig. 3D). As the control, these pri-

mers were used with pPICZaA vector showing approximately
700 bp (Fig. 3C, lane 1) and 589 bp (Fig. 3D, lane 1) and any
band could be detected by using N1/N4 primers (Fig. 3C, lane
3).

3.3. Sequencing analysis

The pJMOI plasmid of zeocin-positive transformant No. 1 was
sequenced with specified primers (Table 1). The result showed
the nucleotide sequence of scFv antibody gene with 800
nucleotides. The translation of this sequence was predicted
to encode 266 amino acids with a molecular weight of
32.67 kDa including a flexible amino acid linker of (Gly,Ser);
as shown in Fig. 4.

3.4. Identification of complementarity determining region
(CDRs) and framework sequences (FR)

Complementarity determining regions (CDRs) are part of the
variable chains in immunoglobulins (antibodies), where these
molecules bind to their specific antigens. As the most variable
parts of the molecules, CDRs are crucial to the diversity of

Vy CDR 1
AAW62444 o ——mmm—m—————— AQPAMAQGKLQQSGGGLVKPGGSLKLSCAASGETESDYNMYWIRQTP 47
AAW28931 = —mmmmmmmmm——————— MAQVKLQQSGGGLVKPGGSLKLSCAASGETFSSYGMSWVRQTP 43
AAAB3268 = —mmmmmmmmmm—m———————— QVKLQESGGGLVKPGGSLKLSCAASGETFSSYAMSWVRQTP 41
CCG26104 MDFGLSWVFLVLVLKGVQCEVKLVESGGGLVKPGGSLKLSCAASGETENSYAMSWVRQTP 60
AAL11475 = —mmmmmm——m—————— LOPQVKLLESGGGLVRPGGSLKLSCAASGETESTYVMSWVRQTP 44
scFv ~ mmmmmmmm—— EFEVELEESGGGLVKPGGSLKLSCAASGESFSDYYMYWVRQTP 43
:\k :*\k****:**************:*' * ok ‘k:‘k*‘k*
Vi CDR 1T Vi CDR 1T
AAW62444 EKRLEWVATVTDGGSHTYYPDSVKGRFTISRDNAKNNLYLOMSSLKSEDTAMYYCARG== 105
AAW28931 DKRLEWVATISSGGSYTYYPDSVKGRFTISRDNAKNTLYLOMSSLKSEDTAMYYCAR=== 100
AAAB3268 EKRLEWVATISSGGSYTYYPDSVKGREFTISRDNAKNTLYLOMSSLRSEDTAMYYCARQD= 100
CCG26104 EKRLEWVAFISTGGS-IYYPDSVKGRFTISRDNARNILYLOMTSLRSEDTAMYYCARG== 117
AAL11475 EKRLEWVATITSGGDHTYYPDSMKGRFTISRDNAKNTLYLOMSSLRSEDTTMYYCVRR== 102
scFv EKRLEWVATISEGASYIYYSDSVKGRFTISRDNARNTLYLOMSSLKSEDTAIYYCTRAYN 103
cRKKKKAK e K kk Kk skkAAkAAkkAk sk kAkkk o okk o kkAKks s kkk K
Vy CDR IIT
AAWG62444 == -AWFAYWGQGTTVTVS---—-————-- SGGGGSGGGGSGGGGSDIELTQSPAIMSASPG 152
AAW28931  E==== LGRYWGQGTTVIVS-———-—————— SGGGGSGGGGSGGGGSDIELTQSPTTMAASPG 146
AAAB3268 GYYPGWFANWGQGTTVTIVS————-—-———— SGGGGSGGGGSGGGGSDIELTQSPAIMSASLG 151
CCG26104 GDYYGYFDYWGQGTTLTVS———-—-—-—--—-— SGGGGSGGGGSGGGGSQIVLTQSPALMSASPG 168
AAL11475 GNDYGSFDYWGQGTSVTVSQVTVS----SGGGGSGGGGSGGGGSDIELTQSPAILSASPG 158
scFv NYVSKYFDVWGAGTTVTIVSSAKTTPPSVYGGGGSGGGGSGGGGSDIVMTLSTAILSASPG 163
* * **::*** **********‘k*‘k*‘k:‘k :* *': ::** *
Vi CDR I Vi CDR IT
AAWG62444 EKVTMTCSASSSISYIHWYQQKPGTSPKRWIYDTSKLASGVPARFSGSGSGTSYSLTISS 212
AAW28931 EKVTITCRASSSVSYMHWFQOKSGTSPKPWIYDTSKLASGVPDRFSGSGSGTSYSLTISS 206
AAAB3268 EEITLTCSASSSVSYMHWYQQOKSGTSPKLLIYSTSNLASGVPSRFSGSGSGTFYSLTISS 211
CCG26104 EKVTMTCSASSSVSYMYWYQQKPRSSPKPWIYLTSNLASGVPARFSGSGSGTSYSLTISS 228
AAL11475 EKVTMTCRASSSVSFMHWYQQOKARSSPKPWIYGTSNLASGVPSRFSGSGSGTSYSLTISR 218
scFv EKVTMTCRASSRVNYIHWFQQOKAGSSPKPWIYATSNLASGVPDRFSGRGSGTSYSLTISR 223
Koeakekk kkk s seakekkk | skkk  kk kkakkkAKkk kkkk KkKkk KkkKKkKKA o
Vi CDR III
AAWG62444 MEAEDAATYYCHORSSYPYTFGGGTKLEIKRA-——-—-—-—-—-————— 244
AAW28931 MEAEDAATYYCLORSSYPPTFGGGTKLEIKR-————-—-—-—-————— 237
AAAB3268 VEAEDAADYYCHOWSSY--TFGGGTKLEIKR-—————-—-—————-— 240
CCG26104 MEAEDAATYYCQOWSSNPLTFGAGTKLELKRADA-—-—-—-—-————— 262
AAL11475 VEAEDAATYYCQOWSTNPPTFGAGTKLEI-—-—————-—-—-—————-— 247
sckv VEAEDAATYYCQOWSNNPWTFGGGTKLEIKRADAAPTVSELPVP 267

sekkkAkkk Kkk Kk K Kkhkk KKk KkKK o

Figure 5 Primary sequence alignment of scFv (Norl55) antibody and those of five known scFv sequences with accession number were
taken from GenBank. Predicted CDR indicates the complementary-determining regions (CDRs) and framework regions that exist
between the CDRs. Asterisk (*) indicates the amino acid that is the same. Hyphen (-) indicates the amino acid that is missed compared

with others.
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Table 2 Summary of using BLASTp searched through the GenBank database.

Accession Definition Amino Max Total Query cover E-value Ident
acid score score (%) (%)
AAA83268 scFv antibody, partial [Mus musculus] 240 326 326 94 1.00E—108 71
AALI11475 Single chain antibody 12G9, partial 247 325 325 93 3.00E-108 78
CCG26104 Anti-porcine sialoadhesin scFv antibody, partial 262 324 324 96 1.00E—107 75
AAWG62444  ScFv B4 anti-pectinase antibody, partial 244 318 318 94 1.00E—105 74
AAW28931 Anti-isoketal-adduct single chain variable 237 315 315 94 3.00E-104 74

fragment, partial

antigen specificities. Within the variable domain, CDR I, CDR
11, and CDR III are found in the variable region of a polypep-
tide chain, and CDRIII is the most variable [18-20,33,34].

The complementarity determining regions (CDRs) I, II,
and III of the variable region of both heavy chain (Vy) and
light chain (V) were identified according to the method pro-
vided by Kabat [19]. The predicted CDRI, CDR II and
CDR III of Vg domain were located at positions 29-37, 52—
60, and 99-112 in the primary protein sequences, while the pre-
diction of CDRI, CDR II and CDR III of V| domain was
specified at positions 170-180, 195-202, and 235-243 as
depicted in Fig. 4, respectively.

The deduced amino acid sequence of the scFv Norl55 anti-
body gene (GenBank No. AJG06891.1) was aligned by search-
ing against GenBank database (Fig. 5). Over 50 different scFv
antibodies homologous sequence was found. Comparative
analysis of the predicted amino acid sequence with the known
scFv sequences is shown in Table 2. It was found that the scFv
antibody was most closely related to the single chain antibody
12G9 (78% identity) followed by anti-porcine sialoadhesin
scFv antibody (75% identity) and both of scFv B4 anti-
pectinase antibody, and anti-isoketal-adduct single chain vari-
able fragment (74% identity), and scFv antibody from Mus
musculus (71% identity), respectively.

4. Conclusion

We have successfully designed, constructed, and sequenced a
single-chain variable fragment (scFv Nor155) antibody derived
from the monoclonal antibody against norfloxacin. The CDRs
of scFv Norl55 that contribute the binding activity of anti-
body were predicted. Various results have been supported that
the pJMO1 expression plasmid contains scFv Norl55 antibody
gene which is possible to be used for antibody production in
methylotrophic yeast, P. pastoris.
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