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HUMAN MONOCLONAL ANTIBODY

Human monoclonal antibodies against the rabies virus were selected from non-
immunized human scFv library (YAMO-I library) and immunized library (Yamo-Rb
library) by using phage display technology. The affinity selection (Bio-panning) was
performed for 1-5 rounds by using two types of inactivated rabies vaccines as targets.
These were purified vero cell rabies vaccine (PVRV) and purified chick embryo cell
vaccine (PCEC). In addition, a viral coat protein (RVG) was also used as a target for
biopanning. A total of 16 positive clones from various methods of biopanning that can
bind specifically to rabies virus, i.e.; IRA7c (IVB4cv), IIIRC2c, IRC3c, IYCllc,
IYC12c, IYDl1c, IYF5c, IIRDSv, I1YB5v, IIYG4v, IIYESv, IIYGS8v, IIYD4v, R1, R4
and Y6 were isolated and their genes were sequenced. The ELISA results showed that
the positive clones always bind strongly to the targets that were used for the
biopanning. However, some clones can cross-react to the related virus. All of the
clones isolated using viral glycoprotein contained only partial scFv fragments and
none of them could bind to the whole inactivated virus (PCEC and PVRV). The amino
acid sequence analysis of the selected clones was performed using information

obtained from automated DNA sequencing. The 3D structure of clones I'YF5c, IRA7c



and IIRC2c were predicted. In addition, selected scFv clones were engineered to
create scFv- alkaline phosphatase (scFv-AP) fusions and used as reagents for one-step
detection in the ELISA format. In vitro neutralization assay using different phage
clones showed that clones IRA7c and IIIRC2c could inhibit viral infection. The
selected scFv antibody fragments were expressed as soluble forms using E. coli non-
suppressor strain, HB2151, or cloned into pET27b vectors and expressed in E. coli
BL21 (DE3). Then selected soluble antibody fragments were tested for their ability to
bind the rabies virus by using an enzyme-linked immunosorbent assay (ELISA).
Finally, purified soluble scFv antibody fragments of clones IYF5c, IRA7c and
IIIRC2c were tested for neutralization activity. While clone IYF5c interacted
specifically and strongly to the PCEC target, it did not neutralize the virus. Only
clones IRA7c and IlIRC2c, which were derived from immunized library showed
neutralization of the rabies virus in vitro at 4.54 1U/mg and 0.20 1U/mg, respectively.
These isolated recombinant scFv antibodies could be further developed to be used for

diagnostic and therapeutic purposes in the future.
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CHAPTER I

INTRODUCTION

1.1 Significance of this study

Rabies is a fatal zoonotic central nervous system (CNS) disease that is
transmitted by both wild and domestic animals. Globally, it is estimated that at least
55,000 people die of rabies each year. This disease is an endemic disease, which
usually occurs in Africa and Asia (Zhao et al., 2008; Matsumoto et al., 2010). In Asia,
over 30,000 people die due to rabies and more than 3 million people in developing
countries in Asia are exposed to rabid dog every year (Yousaf et al., 2012).
Nowadays, pre-exposure and post-exposure prophylaxes are used in human for
prevention and treatment of rabies. According to the World Health Organization
(WHO), people who expose to rabies virus (category Ill) are treated by post-exposure
prophylaxes which consisting of thorough wound cleaning and immediate
administration of rabies immune globulin (RIG) together with a full course of rabies
vaccination. There are about 10 millions people who receive post-exposure
vaccination annually (Zhao et al., 2008; Houimel and Dellagi, 2009a). Currently
available RIG for clinical use are Equine Rabies Immunoglobulin (ERIG) and Human
Rabies Immunoglobulin (HRIG). These plasma-derived, polyclonal products are
obtained from rabies vaccinated horses or human, and can only be produced in limited
amounts (Bakker et al., 2005; Matsumoto et al., 2010). Moreover, HRIC is too costly,

not easily available; suffer from potential disadvantages, such as limited capacity,



batch-to-batch variation and possible contamination with blood borne adventitious
agents. ERIG also has drawbacks of animal origin that carries a risk of occasional
adverse reaction, including anaphylaxis (Kramer et al., 2005; Kruif et al., 2007,
Houimel and Dellagi, 2009a; Matsumoto et al., 2010). Therefore, utilization of Phage
display technology for the production of human antibody specific to rabies virus is
attractive and suitable alternative strategy for the prevention, treatment and diagnostic

of rabies.

1.2 Research objective

1.2.1 To select phage displayed-scFv antibodies against Rabies virus by
biopanning from both naive and immunized human scFv antibody library.

1.2.2 To produce scFv antibody that can neutralize Rabies virus.

1.2.3 To develop a specific scFv antibody for the detection of Rabies virus.

1.3 Scope and limitation of the study

scFv antibody fragments from human will be investigated only by various in

vitro analyses.



CHAPTER Il

LITERATURE REVIEW

2.1 Rabies

2.1.1 Rabies and rabies virus

Rabies is a fatal neurological infectious disease caused by infection of
rabies virus (RABV) (Duana et al., 2012 and Kaku et al., 2011). This disease has been
threatening the lives of mankind for more than 4,000 years (Liu et al., 2011; Schnell
et al., 2010). The virus is transmitted among mammals through close contact with
saliva from infected animals (Okumura and Harty, 2011). This virus belongs to the
genus Lyssavirus in the Rhabdoviridae family (Ando et al., 2005; Schnell et al.,
2010). The virions or virus particles have a bullet-shaped structure (75 nm diameter
and 100-300 nm length), a single-stranded and negative-sense RNA genome of about
12 kb nucleotide (Liu et al., 2011; Houimel and Dellagi., 2009b). Rabies virus
encodes five subgenomic mRNAs that encodes five structural proteins. The viral
proteins include (i) the nucleoprotein (N), which encapsidates the genomic and
antigenomic RNA to form the ribonucleoprotein (RNP) complex ; (ii) the
phospoprotein (P), which is the noncatalytic subunit of the RNA polymerase complex
; (iii) the viral polymerase protein (L), which transcribes and replicates the RNA
genome; (iv) the transmembrane glycoprotein (G), which is the surface spike protein
involved in attachment to host cell; and (v) the matrix protein (M), which is the major

structural protein involved in virion assembly and egress (Okumura and Harty, 2011,



Liu et al.,2011). All rhabdoviruses have two major structural components i.e., a
helical riboneucleoprotein core (RNP) and a surrounding envelope. The capsid is
surrounded by the host cell-derived membrane that interacts with two viral proteins,
the matrix protein and glycoprotein. The N, P and L together with the genomic RNA
form the riboneucleoprotein complex (RNP) (Ando et al., 2005; Okumura and Harty,
2011; Yousaf et al., 2012). Among these, the rabies virus glycoprotein (G) is the only
one that is exposed on the viral particle surface and can mediate viral entry into the
host cell (Duana et al., 2012). The G protein is a key protein for both virus infectivity
and eliciting protective immunity as an antigen. Nevertheless, the nucleoprotein (N) is

also a significant rabies virus antigen (Yang et al., 2013).
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Figure 1. The rabies virus viron (Schnell et al., 2010).



RABYV G protein (RVG), a typical type | membrane glycoprotein, forms
a homo-trimer structure projecting from the surface of the virion. G protein not only
has a pivotal role in virion attachment to the host cell, but is also a crucial component
of immune resistance against RABV. As a result, eight antigenic sites (I-VI, minor
“a”, and GI) have been identified. Two of these eight antigenic sites, antigenic site Il
and Ill, have been defined as major conformational sites. Rabies virus glycoprotein
(RVG) antigenic site | (226-KLCGVL-231) (Sun et al, 2012), 1l (34-GCTNLSGFS-
42) (198-KRA-200) (Masumoto et al., 2010; Aavula et al, 2011) or Il (330-
KSVRTWNEI-338) (Houimel et al, 2009).

Rabies caused by rabies virus (RABV) genotype 1 is one of the most
common fatal infections worldwide. However, the existence of lyssaviruses that are
closely related to rabies virus and that can also causes clinical diseases has been
known for several decades. There are 7 major species within the genus: classical
rabies virus (RABV), Lagos bat virus (LBV), Mokola bat virus (MOKYV), Duvenhage
virus (DUVV), European bat lyssavirus type 1 (EBLV-1), European bat lyssavirus
type 2 (EBLV-2), and Australian bat lyssavirus (ABLV). Currently, more than 7

strains have been isolated worldwide as shown in Table 1 (Both et al., 2012).



Table 1. Global distribution of lyssaviruses (Both et al., 2012).

Phylogroup Distribution Host
Rabies virus 1 Worldwide (although a Dogs, cats, wild carnivores,
number of countries are insectivorous bats,
rabies free) haematophagous bats,
livestock, man
Lagos bat virus 2 Central African Republic, Dogs, cats, mongoose,
Ethiopia, Nigeria, Senegal, ~ frugivorous bats
South Africa, Zimbabwe
Mokola virus 2 Central African Republic, Dogs, cats, shrews, rodents,
Cameroon, Ethiopia, Nigeria, mMan
South Africa, Zimbabwe
Duvenhage virus 1 Kenya, South Africa, Insectivorous bats, man
Zimbabwe
European bat 1 Denmark, France, Germany,  Insectivorous bats, man,
lyssavirus-1 Netherlands, Poland, Russia, ~ Sheep, stone martens, cats
Slovakia, Spain
European bat 1 Germany, Netherlands, Insectivorous bats, man
lyssavirus-2 Switzerland, UK
Australian bat 1 Australia Insectivorous bats,
lyssavirus frugivorous bats, man
Aravan virus 1 Southern Kyrgyzstan Insectivorous bats (lesser
mouse-eared bat)
Khujand virus 1 Northern Tajikistan Insectivorous bats
(whiskered bat)
Irkut virus 1 Eastern Siberia Insectivorous bats (greater
tube-nosed bat)
West Caucasian 3+ Caucasus mountains Insectivorous bats (common
bat virus bent-winged bat)
Shimoni bat 2 Kenya Insectivorous bats
lyssavirus (Commerson’s leaf-nosed
bat)
Bokeloh bat 1 Germany Insectivorous bats
lyssavirus* (Natterer’s bat)
Ikoma lyssavirus* 3+ Tanzania African civet

*Species are unclassified. TTentative classification only

2.1.2 Pathogenesis and symptoms of rabies
In 1802, George Zinke showed that rabies could be transmitted from
saliva of a rabid dog to a healthy dog and cause disease (Schnell et al., 2010). All

mammals, but mainly carnivores and bats, are susceptible and can transmit rabies



virus (Both et al., 2012), though the companion animal, the dog, is the major vector in
most developing countries. Infection is usually acquired from transcutaneous or
mucosal exposure to virus-laden saliva of a rabid animal (Dodet et al., 2008; Ullas et
al., 2012; Wang et al., 2012). A person or animal can become a victim of rabies in
many ways including bites, non-bite exposure and human to human transmission.
Rabies is an acute infection of the central nervous system (CNS) (Kaku et al., 2011;
Yousaf et al., 2012). The clinical stages of rabies are: incubation, prodrome, acute
neurological signs, and death. The incubation period or eclipse phase can vary from
weeks to years, but lasts 1-2 months on average (Hemachudha et al., 2013). Clinical
manifestations of rabies in humans have two forms: the furious (classical) form (80%
of infections), and the numb (non-classical or paralytic) form (20% of infections).
When the first prodromal symptoms such as fever, flu like symptoms and
gastrointestinal disturbances appear, the virus is already widely disseminated
throughout the CNS. The furious form of rabies is characterized by hydrophobia:
terror and excitation with spasm of inspiratory muscles, larynx and pharynx
precipitated by attempts to drink, and episodes of hallucinations and excitement are
common (Both et al., 2012). Animals often present with extreme aggression and
randomly attack objects, other animals or humans. These behavioral changes occur
simultaneously with the shedding of large amounts of rabies virus in the saliva, which
facilitates the spread of the virus to a new host. If the virus successfully infected an
exposed individual and causes clinical disease, death is almost inevitable. The numb
form of rabies is characterized by weakness and flaccid paralysis, which sometimes
causes misdiagnosis at the onset of this clinical form of rabies (Bakker et al., 2008;

Schnell et al., 2010; Both et al., 2012).



2.1.3 Rabies treatment

Rabies vaccines have evolved from the first crude nerve tissue vaccines
developed by Louis Pasteur and his colleagues in 1885 (Smith et al., 2011; Schnell et
al., 2010). Nowadays, the use of inactivated cell culture rabies vaccines, i.e. purified
chick embryo cell rabies vaccine (PCEC), purified vero cell rabies vaccine (PVRV),
purified duck embryo cell vaccine (PDEV) is increasing around the world (Briggs et
al., 2000; Quiambao et al., 2005). In the early 1890s, Behring and Kitasato
entertained the possibility of passive antibody therapy protecting against a bacterial
toxin. After that, development of antibody therapies against disease for which no
antimicrobial therapy was available led to a renewed interest in passive antibody
therapy in the second half of the 20" century. Administration of virus-neutralizing
antibodies represents a proven and effective method for the prevention or treatment of
several infections, including rabies. In the 1930s, Shortt, Proca, and Hoyt provided
evidence that crude anti-rabies serum increased rabies virus incubation period and
contributed to survival. Subsequent studies showed that anti-rabies serum combined
with vaccination was more efficient than vaccination or serum alone in the prevention
of rabies in several animal models (Both et al., 2012; Kramer et al., 2005). Nowadays,
the administration of rabies immune globulin (RIG) or antibody against rabies as soon
as possible after exposure is essential to inhibit viral spread in the interval before
sufficient immunity is developed in response to vaccination. The recommended
treatment for individuals exposed to rabies virus is the combined administration of
rabies vaccine and rabies immune globulin (RIG) (Dodet et al., 2008; Both et al.,
2012; Bakker et al., 2008; Kruif et al., 2007). According to the categorization of

exposure defined by WHO (Table 2) , the most severe case (category IlI) require



wound cleaning, rabies vaccination, and direct infiltration around the wound site with
specific antibodies against rabies virus or rabies immunoglobulin (RIG) (Dodet et al.,
2008; Bakker et al., 2008 ; Zhao et al., 2009). Currently, there are 2 types of RIG for
rabies treatment; Human rabies immunoglobulin (HRIG) and equine rabies
immunoglobulin (ERIG) (Bakker et al., 2008; Zhao et al., 2009). In Thailand, the
Queen Saovabha Memorial Institute (QSMI) of The Thai Red Cross Society is the
principal rabies diagnostic centre for the central region of Thailand and also manages
most rabies post-exposure treatment of humans. For RIG administration, Human
rabies immunoglobulin (HRIG) is administrated at 20 IU/kg of body weight while
equine rabies immunoglobulin (ERIG) is administrated at 40 1U/kg of body weight

(Mitmoonpitak et al., 1998; Smith et al., 2011)

Table 2. WHO post-exposure prophylaxis (PEP) guidelines based on the category of

exposure to a rabid animal (Both et al., 2012).

Exposure to rabid animal* Treatment

Category | Touching or felling; licked unbroken  None
skin

Category 1l Nibbled uncovered skin; minor Local treatment of the
scratches or abrasions without woundf and immediate
bleeding vaccination

Category IIl  One or more transdermal bites or Local treatment of the
scratches; licked broken skin; woundf, immediate

contamination of mucous membrane  vaccination and
with saliva from lick; any degree of ~ administration of rabies
exposure to potentially rabid bats immunoglobulin

*Exposure to a confirmed or suspected rabid animal or to an animal unavailable for testing. T Wound

cleansing with soap, water, and a virucidal agent is a cheap and effective part of post-exposure

prophylaxis and has been shown to substantially increase survival rates.
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2.2 Making monoclonal antibody by phage display technology

2.2.1 Phage and phage display technology

Phage display technology is an interesting technology that was
established and developed for more than twenty years for the selection of
polypeptides with desired properties. This technology was established by George P.
Smith in 1985 (Smith, 1985). Phage is a virus that infected bacteria (Figure 2). This
virus is a filamentous bacteriophage. The M13 bacteriophage which belongs to Ff
phage family are widely used as vehicle for phage display.The native phage particle is
a thin, cylindrical shape, usually 900 nm long and 6-7 nm in diameter (Willats, 2002 ;
Carmen and Jermutus, 2002). Ff phage (fl, fd, and M13) has a single standed DNA
genome (ssDNA). Each genome encodes 11 genes, the products of which are listed in
Table 2. The unique advantage of this technology is that both the gene and its protein
are selected by the specific interaction with the interested target in vitro (Kay et al.,
2001a; Kehoe et al., 2005; Rodi et al., 2002; Smothers et al., 2002). The protein may
be a short peptide (Kay et al., 2001; Kay et al., 1996; Schumacher et al., 1996), or
various sizes of proteins of approximately up to 500 amino acid long (Kehoe et al.,
2005; Kay et al., 1996), including antibody fragments (Clackson et al., 1991; O'Brien
et al., 2002). Therefore, there are many reports on the applications of this technology
for the study of the interactions between many types of proteins, such as interaction
between specific peptide and binding domains of protein (Yamabhai et al., 1998) or
for selecting protein that can interact with interested protein from cDNA library (Rodi
et al., 2002). Moreover, phage peptide can also be a source of enzyme’s inhibitor and

activator (Betra et al., 2002; Kay et al., 2001b), as well as drug leads (Hancock and
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Sahl, 2006; Ladner et al., 2004; Latham, 1999; McCarron et al., 2005; Sato et al.,

2006).

Figure 2.

Schematic view of a filamentous phage particle. Most of viral capsid

consists of about 2,700 molecules of the major coat protein (pVIII or

g8p). The minor coat proteins pVII (g7p), pIX (g9p), plll (g3p) and pVI

(g6p) are present in approximately five copies each. On one end, the

particle is capped by proteins pVII and pIX. The minor coat proteins

plll and pVI are on the other end of the particle.

Table 3. Genes and gene product of bacteriophage (Webster, 1996).

Gene Function Amino acid
| Assembly 348
1 DNA replication 410
11 Minor capsid protein 406
v Assembly 405
\Y Binding of ssDNA 87
VI Minor capsid protein 112
VIl Minor capsid protein 33
VI Major capsid protein 50
1X Minor capsid protein 32
X DNA replication 111
Xl Assembly 108
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2.2.2 Phagemid vector and phage display antibody library

The most commonly used antibody phage display systems for phage
display library construction are based on phagemid vectors (Figure 3), which produce
the fusion coat protein plll (Type 1) or pVIII (Type VIII). A phagemid is a plasmid
that bears a phage-derived origin of replication, a selective marker, an intergenic (1G)
region, a gene of a phage coat protein, restriction enzyme recognition sites, a
promoter, and a DNA segment encoding a signal peptide. The IG region usually
contains the packing sequence and replication origin of minus and plus strands.
Additionally, a molecular tag can be included to facilitate screening of phagemid-

based library (Carmen and Jermutus, 2002; Paschke, 2006; Qi et al., 2012).

Amber stop codon
(TAG)

Moleculartag
Signal Peptide Coat protein

Promoter

Restriction enzymes recognition sites

Replication origin of plasmid IG region

Selective marker

Figure 3. The scheme of phagemid vector.

Phagemids usually encode no or only one kind of coat proteins. Other
structural and functional proteins necessary to accomplish the life cycle of the
phagemid are provided by the helper phage as indicated in Table 4 (Schirrmann et al.,

2011; Qi et al., 2012).
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Table 4. Helper phage and their features (Paschke., 2006).

Helper phage Features

Ex-phage plli carries amber stop codon

CT-Phage N1-N2 deleted

Hyper-phage plll deletion, special packaging strain
R408d3 plll deletion

MI13A3.2 plll deletion

Phaberge plll carries amber stop codon

KM13 protease site in plll

M13 K07 replication-deficient

VCS M13 derivative of M13 K07

In order to express the antibody fragments on the surface of the
filamentous bacteriophage as shown in Figure 4, phagemids must be converted to
filamentous phage particles with the same morphology as Ff phage by co-infection
(super-infecting) phagemid-carrying cells with the helper phages, such as R408,
M13K07, KM13 and VCSM13 (Paschke., 2006; Qi et al., 2012; Ahmad et al., 2012).
In this procedure, often called “phage rescue”, the helper phage provides all the
proteins and enzymes required for phagemid replication, sSDNA production and

packaging, and also the structural proteins forming the phage coat (Paschke, 2006).
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Antibody fragment gene plilor g3p

glll Antibody fragment

Figure 4. Phage displayed antibodies. The antibody fragments are fused to the minor

coat protein plll.

The antibody genes can be fused either to the pVIII gene or the plll
gene. The most commonly used antibody phage display systems are based on
phagemid vectors encoding the antibody library (as Fv, scFv or Fab fragment
libraries) fused to the minor coat protein plll or its C-terminal (CT) domain. In a
phage displaying system using type Il phagemids harboring the phage gene Ill, there
are three to five copies of fusion proteins in the progeny phages due to structural
properties of the Ff phages. The fused antibody fragment coat protein plll are located
on the top of the phage, which is responsible for attaching the phage to its bacterial
host during infection. The single-stranded DNA genome of the filamentous phage is
coated with approximately 2,700 copies of the major coat protein (pVIIl) and can be
fused together with peptide to result in multivalent display of the fragment (Smith,
1985). However, due to the E. coli folding machinery, only antibody fragments

(Figure 5) like single chain fragment variable (scFv), Fragment antigen binding
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(Fabs), the variable heavy domain of camels (Vuy) or single domain antibodies
human (sdAbs), which bind specifically without a corresponding light chain variable
domain, are routinely use for antibody phage display by fusing with plll (Schirrmann

etal., 2011).

N 4
\\a > ’\\

Ch Fc

‘H or
F

~ sdAb

A.
Whole antibody

(1gG)

Figure 5. Antibody structure and derived fragments. (A) Immonoglobulin subtype
G (1gG), ~150 kilodaltons (kD); (B) Two Fab molecule (F(ab),) , ~100 kD;
(C) Fragment of antigen binding or Fab fragment, ~50 kD; (D) Fv
fragment, ~25 kD; (E) Single-chain Fragment of variation or Fv with 15-17
amino acid long linker (scFv), ~25-30 kDa; (F) The single-domain antibody
(sdAb) is avoid of light chains and can be derived from camelids Vpy
antibody, ~15 kD;. Vy: variable heavy chain; V: variable light chain; Cy:

constant heavy chain; C: constant light chain (Carmen and Jermutus, 2002)

Phagemid vectors can also be engineered for display and secretion of

free antibody fragments from infected bacteria (Figure 6). By incorporating an amber
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stop codon between the antibody fragment gene and plll gene, the antibody fragments
are fused to plll and displayed on phage when the amber stop codon is suppressed and
secreted when it is not. Thus, the growth of phage in suppressor bacteria represent
phage displayed antibody fragments while the free soluble antibody fragment is

produced when the phage is growth in non-suppressor bacteria (Winter et al., 1994).

Soluble antibody fragment (scFv)

Phage display antibody fragment (scFv)
e T

HB2151
(non-suppressor host)

Ori scFv gl |Gregion

AAAAAAAAAAAAAAAAAAAAAAAAA

B. %
+ TG1, DH5a f' 7 Helper phage

Amber{;t;;p} codon (suppressor host) ‘

]- Phagemid vector

vvvvvvvvvvvvvvvvvvvvvv

pll (g3p)

Figure 6. Antibody fragments can be characterized and used as free soluble fragment
or as phage. (A) The free soluble antibody fragment is produced when the
phage is grown in a non-suppressor host. (B) Phage displayed antibody
fragments are produced by growing phage in a suppressor host (E. coli

strain TG1F’ or DH5aF’).
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Phage display technology has been used to produce monoclonal
antibodies since 1990 (McCafferty et al., 1990). At first, the libraries were constructed
from animals that were immunized by antigens (immunized library). In these libraries,
only the specific binding part of antibody fragment , Fab antibody (Chang et al., 1991;
Hoogenboom et al., 1991), or the single chain variable fragments, scFv antibody
(McCafferty et al., 1990), were displayed on the surface of phage minor coat protein
(pH1 site). Those antibody libraries could be successfully used to produce monoclonal
antibodies against many antigens (Bugli et al., 2008; Burton et al., 1991; Cai and
Garen, 1995; Graus et al., 1997; Hof et al., 2008; Lee et al., 2008; Persson et al.,
2008; Shaw et al., 2008). Nevertheless, this method is limited only to the antibody
against the antigen that is used to immunize animal, a time-consuming process.
However, the success in using the immunized library indicated that phage display
technology can be used as an alternative method for the production of specific
monoclonal antibody against various antigens.

Phage display antibody technology has become popular in the past ten
years after the non-immunized library or naive library was constructed (Marks et al.,
1991). This library can be used to select specific antibodies against a wide variety of
antigens because it contains various combinations of the antibody repertoire from the
animal in nature. The selected monoclonal antibodies have high affinity (1-200 mM)
and the specificity is the same as monoclonal antibodies from hybridoma technology

(Nissim et al., 1994; Sheets et al., 1998; Winter et al., 1994).



18

2.2.3 Affinity selection (Bio-panning) of antibody by phage display
technology
In vitro isolation of antibody fragments from antibody libraries by using
their affinity binding activity is called “Bio-panning” (Figure 7), referring to the gold
washer’s tool (Clackson et al., 1991; Schirrmann et al., 2011).
The antigen is immobilized on a solid surface such as nitrocellulose,
magnetic beads, column matrices, and plastic surfaces like polystyrene tubes or 96
well microtitre plates, and incubated with phage displayed antibody library. During
this incubation step, physical (e.g., temperature), chemical (e.g., pH) and biological
(e.g., competitor) parameters can be controlled to select for antibodies that are able to
bind the antigen under these defined conditions. In this “panning” process, binding
phages are captured, whereas, nonbinding ones are washed off. In the next step, the
bound phages are eluted (e.g., by trypsin or pH shift) and amplified by re-infection of
E. coli cells. Subsequently, the phagemid bearing E. coli are super-infected with a
helper phage that provides all the necessary proteins for packaging the phagemid. The
amplified phage population can be subjected to the next round of panning until a
significant enrichment of antigen specific phage is achieved. Usually two or three
panning rounds, and sometimes up to six, are necessary to select specifically binding
antibody fragments. After panning, soluble monoclonal antibody fragments or
antibody phages are produced and specific antigen binding is analyzed by phage
ELISA to identify individual binders. Afterwards, these individual binders can be
sequenced, further biochemically characterized, or re-engineered to fit various

purposes (Paschke, 2006; Schirrmann et al., 2011).
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Figure 7. Schematic overview of the selection of antibodies (“Biopanning”) by
phage display technology. The phage displayed antibodies are exposed to
immobilized target (A). Bound phages are captured whereas nonbinding
ones are washed off (B). After that, bound phages are eluted. (C) The
eluted phage are use to infect E. coli for amplification after super infection
with helper phage (D). The amplified phage population can be subjected
to the next round of panning (E). If the bio-panning steps are repeated, the
populations of the bound phage are enriched and the phage population

becomes less diverse, but the binding affinity tends to be higher.
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The specificity and affinity of the recombinant antibody obtained from
phage display technology can be further improved by genetic engineering approach,
based on directed evolution technique (O'Brien et al., 2002; Hoogenboom et al., 1997)
such as error prone PCR (Fromant et al., 1995; Martineau, 2002) or chain or DNA
shuffling (Crameri et al., 1996; Fermer et al., 2004; Korpimaki et al., 2003; Proba et
al., 1998; Zhang et al., 2003). Especially for chain shuffling, previous study has
shown that this method can be successfully used to improve the binding affinity of
certain antibodies as much as 1,000 folds, or up to 10 ** M™ (Schier et al., 1996a;
Schier et al., 1996b; Yang et al., 1995).

In addition to binding affinity, this technology can also be used to
improve other desired properties of antibodies such as stimulation of a specific
cellular signaling pathway, (Burtrum et al., 2003; Dauvillier et al., 2002; Gejima et
al., 2002; Kovaleva et al., 2006; Li et al., 2004; Paz et al., 2005; Piloto et al., 2005;
Willemsen et al., 2005), enhancement or antagonism of the protein or enzyme
(Rowley et al., 2004; Xie et al., 1997), tolerance of the antibody towards acidic, basic,
or reducing conditions (Kristensen and Winter, 1998; Pedersen et al., 2002),
proteinase resistance (Kristensen and Winter, 1998), development for therapeutic uses
(Almagro and Fransson, 2008; Booy et al., 2006; Hale, 2006; Jolliffe, 1993; Mitra et
al., 2006; Reilly, 2006; Santos and Padlan, 1998; Stowell, 2006), or tags for diagnosis
(Buscomb, 2006; Carter and Merchant, 1997; Filpula, 2007; Howard and Kaser, 2006;

Teillaud et al., 2005; Van et al., 2004).
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In conclusion, application of phage display technology for the
production of monoclonal antibodies has several adventage over the conventional
method as follows (Ahmad et al., 2012);

1. This method does not require animals, and is less expensive.

2. This method is easier, saving time and labors.

3. Many types of antigens can be used by this technique, including toxic
antigens, whole cell, nonimmunogenic antigens, or an antigen that is similar to the
proteins of the animal.

4. This method can be used to produce both polyclonal and monoclonal
antibodies.

5. Human antibodies, which are suitable for therapeutic purposes, can be
produced using this method.

6. There are unlimited supplies of the antibody because the gene can be stored
in the phage or bacteria.

7. Phages are more stable and can be stored for several years at 4 °C, and forever
at -80 °C.

8. This technology can be applied to produce monoclonal antibodies on an
industrial scale.

9. Higher affinity mutants of scFv (single chain fragment variable) can be

generated through site directed or random mutagenesis.
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2.3 Current research on recombinant antibodies against rabies

As recommended by the world health organization (WHO), effective post-
exposure prophylaxes (PEP) treatment of rabies requires the prompt use of human or
equine anti-rabies immunoglobulin (RIG) and the administration of rabies vaccine.
The need to replace these hyper-immune serum preparations is widely recognized.
Monoclonal antibodies (mAbs) that neutralize rabies virus (RABV) have been
recognized as one alternative to overcome the limitations of RIG and offer the
opportunity to replace RIG. The WHO has strongly encouraged the use of mAbs
technology to develop novel treatment to replace RIG for PEP against rabies. The
advantages of mAbs include the possibility of large-scale production, increase
specificity and decrease risk of blood borne diseases (Zhaoet al., 2009; Smith et al.,
2011; Duanet al., 2012). Nowadays, phage display technology has been used for the
generation of monoclonal antibodies against rabies virus (Bakker et al., 2005;
Goudsmit et al., 2006; Kramer et al., 2005). Antibody fragments such as single chain
fragment variable (scFv) (Ray et al., 2001; Kramer et al., 2005; Zhao et al., 2008;
Kaku et al., 2011; Aavula et al., 2011), the fragment antigen binding (Fab) (Ando et
al., 2005; Houimel et al., 2009; Liu et al., 2011; San et al., 2012), the variable heavy
domain (Vyu) of camels or Single-domain antibodies (dAbs) (Hultberg et al., 2011;
Boruah et al., 2013) have been displayed on phage for selection of antibody
fragments against rabies (See summary in Table 4). Ray and colleagues (2001) have
described the selection of anti-GPRV scFvs from a human synthetic scFv phage
display library. scFvs were cloned into a mammalian expression vector carrying the
human 1gG1 Fc region. Two of the scFv-Fc fusion proteins have been shown to

neutralize the PV11 strain in a standard in vivo neutralization assay (Ray et al., 2001).
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In 2005, Crucell has shown the successful construction and isolation of scFvs from a
human immune library (Kramer et al., 2005). Selections were performed by using
three different antigen formats of the RV glycoprotein (gp) resulting in the
identification of 147 unique antibody fragments specific for the RV gp. Their work
was continued and improved in an antibody cocktail aimed for use in rabies post-
exposure prophylaxis. The cocktail antibody derived from phage display technology
developed by Crucell is now in clinical trials (Kramer et al., 2005; de Kruif et al.,
2007). This antibody is a combination of two types of monoclonal antibodies. One is
from hybridoma and the other is from phage display technology. Ando et al. have
reported 132 Fabs selected from a human Fab immune library. Among 132 selected
clones, two Fab preparations revealed neutralizing activities against RV strains. Thus,
there are many reports on isolation of neutralizing Fab and scFv against rabies virus
from human immune libraries by phage display technology (Zhao et al., 2008;
Houimelet al., 2009; Liu et al., 2011; Kaku et al., 2011; San et al., 2012). Heavy
chain antibody fragments (Vyy) from llama has become an interesting alternative for
treatment of viral infections including rabies (Hultberg et al., 2011). These
recombinant antibodies were selected from a llama immune library by phage display
technology. By fusion of Vg with variable linker lengths, multimetic constructs were
made with improved neutralization potencies up to 1,500-fold. Moreover, ribosome
display technology for selection of human antibodies against rabies virus from an
scFv library has been shown. After five rounds of selection, sequence analysis showed
that mutations were introduced at random by PCR among the round of selection and
variants with high affinity were isolated (Zhao et al., 2009). Expression, purification

and characterization of a human scFv antibody fragment targeting a rabies antigen
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fused with the Fc of an IgG1l in yeast (Pichiapastoris) were reported (Wang et al.,
2012). A human scFv antibody fragment was fused with the Fc of an IgG to develop
its use as a component of PEP cocktail. The production of scFv-Fc was optimized and
scaled up in an 80 L fermenter with yields exceeding 60 mg/L and 95% purity of
scFv-Fc (Wang et al., 2012). To enhance the scFv fragment stability and neutralizing
potency, recombinant antibody (scFv) was engineered by introduction of cysteines at
VH44 and VL100. The cysteine at VL85 was mutated to serine to construct the
recombinant antibody in order to avoid potential mis-formed disulfide bonds which
would alter the affinity of the scFv. The stability and activity of the scFv expressed in
Escherichia coli were evaluated. The results with mutant scFv showed that the
stability of scFv was notably improved, and its in vitro neutralizing potency against
RV infection was enhanced. The findings from this stabilization modification study
support the feasibility of developing scFvs for PEP treatment of rabies (Duan et al.,

2012).



Table 5. Monoclonal antibody against Rabies virus by phage display technology.

Target Bio-panning Library Country Reference

The purified PV11 virus 4 rounds scFv library India Ray et al., 2001
(Human)

Inactivated virus, 40 rounds scFv library Natherland Kramer et al., 2005

Purified rabies virus glycoprotein, and cell (Human) (Crucell)

surface expressed rabies virus glycoprotein

RV viron or the purified RV Glycoprotein 5 rounds Fab library Japan Ando et al., 2005
(Human)

Peptide G5-24 4 rounds scFv library China Zhao et al., 2008

(PPDQLVNLHAFVRSDEIEHLVVEE) (Human)

Inactivated virus 4 rounds Fab library Tunisia Houimel et al., 2009
(Human)

Inactivated virus 5 rounds Fab library China Liuetal., 2011
(Human)

Rabies glycoprotein (G protein) - VHH library Spain Hultberg et al., 2011
(Llama)

Recombinant RABV-P protein 3 rounds scFv library Japan Kaku et al., 2011
(Human)

Purifyed native glycoproteins from Pasteur - scFv library India Aavula et al., 2011

virus (PV GP) (Mice)

Purified RV virions (Chinese vaccine strain ~ 3-4 rounds Fab library China Sanetal., 2012

aG) from Vero cell culture (Human)

Rabies virus G protein (RABV-G protein) 3 rounds VHH library China Boruah et al., 2013
(LIama)

G¢
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CHAPTER Il

METERIAL AND METHODS

3.1 Materials

3.1.1 Bacteria
3.1.1.1 Eschericia coli strain TG1 (suppressor host) (S.M. Chemical)
(lac-proAB) Sup E thi hrd D5/F tra D36 pro A+B laclqlacZAM15
3.1.1.2 E. coli strain HB2151 (non suppressor host) were kindly
provided by Prof. Greg Winter and Dr. lan Tomlinson.

K12 ara A (lac-proAB) thi/F’proA+B laclqlacZAM15

3.1.1.3 E. coli strain DH5aF’ (suppressor host) (NEB, USA)
F'/endAl hsdR17 (rK- mK +) supE44 thi-1 recAl gyrA (Nalr)
relAl (LacZYA-argF)U169 deoR (80 dlac (lacZz) M15)
3.1.1.4 E.coli BL21(DE3)
fhuA2 [lon] ompT gal (A DE3) [dem] AhsdS 4 DE3 = A
sBamHIlo AEcoRI-B int::(lacl::PlacUV5::T7 genel) i21 Anin5
3.1.2 Phage
3.1.2.1 Phage display human scFv libraries
Two types of phage display libraries, i.e., non-immunized
(YAMO-I) (Pansri et al., 2009) and immunized libraries (Yamo-Rb) (Yamabhai M.

unpublished) were used.
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3.1.2.2 KM 13 helper phage from the MRC, Cambridge Centre for
Protein Engineering, Cambridge England were kindly provided by Prof. Greg Winter
and Dr. lan Tomlinson, respectively.
3.1.3 Primer
3.1.3.1 Yamo primer
5’CAGGAAACAGCTATGACC3’
3.1.3.2 96 Gl primar
5’CCCTCATAGTTAGCGTAACG3’

3.1.4 Instruments

Autoclave: Hiclave HA-3000MIV, Hirayama, Japan
Balance: Precisa 205A, Precisa Instruments,
Switzerland

Precisa 3000C, Precisa Instruments,
Switzerland

Centrifuge machine: Thermoscientific, Sorvall legend XTR
centrifuge, USA

Eppendrof centrifuge 5810 R, Eppendrof,
USA

Eppendrof minispin plus, wiswspin®
feedback control digital timer function,
Eppendrof, USA

Deep freezer -70 °C: Thermosciencetific, forma 900 series, USA.
ELISA reader: Sunrise, TECAN, Austria
Electroporator : Eppendrof 2510, Eppendrof, USA
Freezer -20 °C: Heto, HLLF 370, Denmark.
Haier, China.

Gel Document set: White/Ultraviolet Transilluminator



Gel dryer:

Gel electrophoresis
apparatus:
Heat Box:

Incubator shaker:

Incubator:

Laminar hood:

Membrane transfer
machine:

Microcentrifuge:

pH meter:

PCR machine:

Rotator:
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GDS7500, UVP, USA

Digital Graphic Printer UP-D890, Sony,
Japan.

Drygel sr. SLAB GEL Dryer model
SE1160, Hoefer Scientific Instruments,
USA

Mini Protean® 3 cell, BioRad, USA

HB1, Wealtee Corp., USA

Innova 4230 refrigerated incubator shaker,
New Brunswick Scientific, USA

Innova® 42 incubator shaker series, USA
Memmert, BE 500, WTB Binder BD115,
Thermoscientific 1300 series A2, USA

BH 2000 Series Classll Biological Safety
Cabinets

BHA120 & BHA180, Clyde-Apac

Semi Phor, Hoefer Scientific instruments,
USA

Mini spin plus, Eppendrof, USA
Eppendorf 54154, Eppendorf, Germany

Ultra Basic pH meter, Denver Instruments,
Germany

DNA Engine PTC 200 peltier Thermal
cycler,

MJ Research, USA

Certomat TCC, B. Braun Biotech
International, Germany



Sequencing machine:

Shaker:

Sonicator:
Spectrophotometer:

Stirrer:

Thermomixer:

Vortex:

3.1.5 Cellline
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ABI prism model 310 Genetic Analyzer,
Applied

Biosystems, USA

Innova 2300 platform shaker, New
Brunswick Scientific, UK

Certomat TC2, B. Braun Biotech
International, Germany

Waken GE100 Ultrasonic processor, Japan
Ultrospec 2000, Pharmacia biotech, UK

Variomag Electronicrihrer Poly 15,
Germany

Magnetic stirrer MSH300, USA

Thermomixer compact, Eppendrof, USA

Vortex-Genie 2 G506, Scientific Industries,
USA

BHK-21, C13 cells were kindly provided by Dr. Pakamatz Khawplod

from Queen Saowabha Memorial Institue, Thai Red-Cross Society.

3.1.6 Rabies virus

CVS-11 was kindly provided by Dr. Pakamatz Khawplod from Queen

Saowabha Memorial Institue, Thai Red-Cross Society.

3.1.7 Target

3.1.7.1 PCEC (LEP-Flury strain, Rabipur, Chiron, India) Potency 7.97

IU/dose/1 ml



30

3.1.7.2 PVRV (VeroRab, Pitman-more/ W138-153-3M strain, Sanofi-
Pasteur, Lyon, France) Potency 9.2 IU/ dose/0.5 ml

3.1.7.3 Rabies G protein pre-coated 8-well strips (BioRad, USA)

3.2 Methods

3.2.1 Library construction (Yamo-Rb library)

Yamo-Rb library was constructed from four human donors immunized
with PVRV (VeroRab, Pitman-more/ W138-153-3M strain, Sanofi-Pasteur, Lyon,
France) or PCEC (LEP-Flury strain, Rabipur, Chiron, India) according to previously
plublished method(Pansri et al, 2009). Peripheral blood from four human donors
including 2 males and 2 females were collected into four pools. Total RNA was
prepared from the B lymphocytes and pooled together before being used as templates
for the construction of V-genes repertoire. A mixure of oligo-dT18 and random
hexamers was used to synthesize cDNA, so that all five antibody isotypes could
potentially be represented. There were 75 independent PCR reactions to amplify V
gene segments using all possible combinations within a primer set (Table 6). The
primer sequences, which in theory encompass the entire repertoire of human antibody
genes, were obtained from V BASE. All primers containing either Sfil or Notl
recognition sites or linker sequence are listed in Table 6. A total of 33 primers were
used for the construction of the scFv library. The final pull-through PCR could be
done with two primers (PTfw & PTrv), compatible with the 5' Sfil or 3'Notl segments
of the heavy and light chain gene repertoires. After the final scFv gene repertoires had
been sequentially digested with the restriction enzymes Sfil and Notl, they were

ligated directly into pre-digested and dephosphorylated phagemid pMODI Vector.
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Finally, an immunized scFv library (Yamo-Rb library) consisting of 1.5 x 10°

different scFv molecules could be obtained.

Table 6. Primers for the construction of human scFv phage display library (Pansri et

al, 2009).

Primer

Sequence

VH5'sfi

VH3'link

VL5'link-x

VL5'link-A

VL3'Notl-k

VL3'NotI-1

PTfw

PTrv

51
51
51
51
51
51

51
51
51
51

51
51
51
51
51
51

51
51
51
51
51
51
51

51
51
51
51
51

51
51
51
51

51

CCTTTCTATGCGGCCCAGCCGGCCATGGCCCAGGTGCAGCTGGTGCAGTCTGG 3'
CCTTTCTATGCGGCCCAGCCGGCCATGGCCGAGGTACAGCTGCAGCAGTCAGG 3'
CCTTTCTATGCGGCCCAGCCGGCCATGGCCCAGGTCAACTTAAGGGAGTCTGG 3'
GCCCAGCCGGCCATGGCCGAGGTGCAGCTGGTGGAGTCTGG 3'
GCCCAGCCGGCCATGGCCCAGGTGCAGCTGCAGGAGTCGGG 3'
GCCCAGCCGGCCATGGCCGAGGTGCAGCTGTTGCAGTCTGC 3'

ACCAGAGCCGCCGCCGCCGCTACCACCACCACCTGAGGAGACGGTGACCAGGGTGCC 3'
ACCAGAGCCGCCGCCGCCGCTACCACCACCACCTGAGGAGACGGTGACCGTGGTCCC 3'
ACCAGAGCCGCCGCCGCCGCTACCACCACCACCTGAAGAGACGGTGACCATTGTCCC 3'
ACCAGAGCCGCCGCCGCCGCTACCACCACCACCTGAGGAGACGGTGACCAGGGTTCC 3'

AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCGACATCCAGATGACCCAGTCTCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCGARATTGTGCTGACTCAGTCTCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCGATGTTGTGATGACTCAGTCTCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCGARATTGTGTTGACGCAGTCTCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCGACATCGTGATGACCCAGTCTCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCGAARACGACACTCACGCAGTCTCC

AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCAATTTTATGCTGACTCAGCCCCA
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCCAGTCTGTGTTGACGCAGCCGCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCCAGTCTGCCCTGACTCAGCCTGC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCTCCTATGTGCTGACTCAGCCACC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCTCTTCTGAGCTGACTCAGGACCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCCACGTTATACTGACTCAACCGCC
AGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCCAGGCTGTGCTCACTCAGCCGTC

CAGTCATTCTCGACTTGCGGCCGCACGTTTGATTTCCAGCTTGGTCCC 3'
CAGTCATTCTCGACTTGCGGCCGCACGTTTAATCTCCAGTCGTGTCCC 3'
CAGTCATTCTCGACTTGCGGCCGCACGTTTGATCTCCAGCTTGGTCCC 3'
CTCGACTTGCGGCCGCACGTTTGATATCCACTTTGGTCCC 3'
CTCGACTTGCGGCCGCACGTTTGATCTCCACCTTGGTCCC 3'

CAGTCATTCTCGACTTGCGGCCGCACCTAAAACGGTGAGCTGGGTCCC 3'
CTCGACTTGCGGCCGCACCTAGGACGGTGACCTTGGTCCC 3'
CTCGACTTGCGGCCGCACCTAGGACGGTCAGCTTGGTCCC 3'
CCTTTCTATGCGGCCCAGCCGGCCATGGCC 3!

CAGTCATTCTCGACTTGCGGCCGCACG 3"

3
3
3
3
3
3

3
3
3
3
3
3
3

*Bold fonts indicate sequence complementary to the VV-gene segments. Recognition sites for restriction

enzymes (Sfil/Notl) and linker sequence are italicised.
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3.2.2 Amplification of phage library for bio-panning

Two types of phage display libraries, i.e., non-immunized (YAMO-I)
(Pansri et al., 2012) and immunized libraries (Yamo-Rb) were constructed using
antibody genes isolated from the peripheral blood of human donors. The YAMO-I
library was constructed from 140 non-immunized (naive) donors; whereas, Yamo-Rb
library was constructed from four human donors immunized with PVRV (VeroRab,
Pitman-more/ W138-153-3M strain, Sanofi-Pasteur, Lyon, France) or PCEC (LEP-
Flury strain, Rabipur, Chiron, India). To rescue phagemid library, 500 ul of library
stock was add into 50 ml of pre-warmed 2xYT containing 100 pg/ml ampicillin
(Emresco, USA) and 1% w/v glucose (Carlo erba, Italy) and grown with shaking at
200 rpm, 37 °C until the cell reached to the mid-log phase (ODgg about 0.4). Then,
2x10" KM13 helper phage was added into 50 ml cultures and was incubated at 37 °C
without shaking for 30 min. The culture was centrifuged at 4,000 rpm for 10 min
following by resuspension of the cell pellet in 100 ml of 2xYT containing 100 ul/ml
ampicillin, 50 pg/ml kanamycin (Fluka, Switzerland) and 0.1% glucose. After that,
the culture was incubated with shaking at 30 °C overnight. The overnight culture was
centrifuged at 4,000 rpm for 30 min. The 40 ml supernatant was precipitated by
mixing with 10 ml PEG (Fluka, Switzerland) /NaCl (Emresco, USA) (20%
Polyethylele glycol 6000, 2.5 M NacCl) for 1 h on ice followed by centrifugation at
4,000 rpm for 30 min. All supernatant was then removed, and the pellet was
resuspended in phosphate buffered saline (PBS, 137 mM NaCl, 3 mM KCI (Emresco,
USA), 8 mM Na,HPO, (Merck, German), 1.5 mM KH,PO, (AnalaR, England), pH
7.4). The phage solution was centrifuged at 10,000 rpm for 10 min, to remove any

pellet. The phage library solution was transferred to the new tube and stored at 4 °C
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before biopanning. For long term storage, phage supernatant was kept in 20% glycerol
(Emresco, USA)/PBS and stored at -70 °C. To determine the phage titer, the PEG
precipitate phage was diluted by making six 100-fold serial dilutions and adding 100
pl of diluted phage into 900 pl of mid-log E. coli TG1. The infected E. coli TG1 cells
were incubated at 37 °C for 30 min followed by plating on separate 2xYT agar
containing 100 pg/ml ampicillin and 1% w/v glucose. The plates were incubated at 37
°C for overnight, before numbers of colonies were count.
3.2.3  Biopanning procedures
3.2.3.1 Using PCEC/PVRY as targets

Selection was performed using inactivated rabies vaccines
(PVRV or/and PCEC) as a target. Two to five rounds of selection were carried out. A
Maxisorp Immuno tube (Nunc, Denmark) was pre-coated with 0.35-1.4 IU of
inactivated rabies virus, at 37 °C for 3 h followed by 4 °C overnight, in 100 mM
NaHCOs, pH 8.5. After that, the immuno tube was stabilized with 5% w/v sucrose
(Carlo erba, Italy), 0.3% w/v BSA (Emresco, USA), and 50 mM NaHCO;3; (Merck,
German) for 45 min. Then the tube was washed three times with phosphate buffered
saline (PBS) and blocked with PBS containing skimmed milk (HiMedia, India) (2%,
w/v, MPBS) for 1 h. For each round of biopanning, the phage library (~10*° phages)
was incubated with pre-coated inactivated rabies virus in 4%, w/v, MPBS for 2 h at
room temperature. Unbound phage was washed away 10 times with PBST (PBS
supplemented with 0.05% (v/v) Tween 20) and with PBS 10 times. Phage antibody
against rabies viruses was recovered with trypsin buffer (10 pl of 10 mg/ml trypsin
stock in 90 ul of PBS) and 0.2 M glycine HCI, pH 2.0. The eluted phage was infected

into E. coli suppressor host by infecting 2 ml of E. coli mid-log phase with 150 pl
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eluted phage and incubated at 37 °C for 30 min. For the output tittering, the infected
E. coli was diluted with 2xYT media. Three 10-fold serial dilutions were performed.
Then the three dilutions, non-infected E. coli and undiluted infected E. coli were
separately spread on to 2xYT agar containing 100 pg/ml ampicillin and 1% w/v
glucose. The plates were incubated at 37 °C for overnight. The recovered phage was
used to infect E. coli in order to amplify for the next round of selection. For each
round of selection, the specificities of individual phage scFv clones were determined
by the enzyme-linked immunosorbent assay (ELISA).
3.2.3.2 Using glycoproteins as target

Rabies G protein pre-coated 8-well strips from BioRad were
used for biopanning. Three rounds of selection were carried out. For each round of
biopanning, the phage library (~10" phages) was incubated with pre-coated
inactivated rabies virus in 4%, w/v, MPBS for 2 h at 37 °C (Biorad, USA). Unbound
phage was washed away with PBS supplemented with 0.05% (v/v) Tween 20 (PBST)
and PBS. Phage antibody against rabies viruses was recovered with trypsin buffer (10
ul of 10 mg/ml trypsin stock in 90 ul of PBS) and 0.2 M glycine HCI, pH 2.0. The
eluted phage was infected into E. coli strain TG1 to obtain individual phage clone and
the output titer was checked as previously described. The recovered phage was
infected into E. coli strain TG1 in order to amplify for further rounds of selection. For
each round of selection, the specificities of individual phage scFv clones were

identified by the enzyme-linked immunosorbent assay (ELISA).
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3.2.3.3 Further rounds of selection

The infected E. coli TG1 or E. coli DH5aF’ colonies on 2xYT
agar containing 100 pg/ml ampicillin and 1% wi/v glucose were scraped and kept as
20% glycerol stock at -70 °C. Ten pl of scraped bacteria was inoculated into 10 ml of
2xYT containing 100 pg/ml ampicillin and 1% wi/v glucose. The culture was grown at
37 °C until the cells reached mid-log phase. After that, 2x10™ KM13 helper phage
was added and the culture was incubated at 37 °C without shaking for 30 min. After
spinning at 3,300 x g for 10 min, the supernatant was discarded and the pellet was
resuspened in 10 ml of 2xYT containing 100 pl/ml ampicillin, 50 pg/ml kanamycin
and 0.1% glucose. After that the culture was incubated with shaking at 30 °C for 18-
20 h. The next day the overnight culture was centrifuged at 3,300 x g for 30 min. The
supernatant was mixed with PEG/NaCl (20 % Polyethylele glycol 6000, 2.5 M NaCl)
for 1 h on ice, and then centrifuged at 3,300 x g for 30 min. The pellet was
resuspended in PBS buffer. This precipitated phage was used for the next round of
selection. For the input titering of the next round, the PEG precipitate phage was
diluted by making six 100-fold serial dilutions and adding 100 ul of diluted phage into
900 pl of mid-log E. coli TG1. The infected E. coli TG1 cells were incubated at 37 °C
for 30 min followed by plated on separate 2xYT agar containing 100 pg/ml ampicillin
and 1% wi/v glucose. The plates were incubated at 37 °C for overnight.

3.2.3.4 Individual Phage Rescue

The individual phage-infected colony was randomly picked
from 2xYT agar containing 100 pg/ml ampicillin and 1% w/v glucose. The cells were
grown in wells of a 96-well plate (Nunc, Denmark) containing 100 pl 2xYT

supplemented with 100 pg/ml ampicillin and 1% (w/v) glucose. After overnight
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incubation at 37 °C with shaking, small inocula (5 pl) from each well were transferred
to a second 96-deep well plate containing 200 pl of 2xYT plus 100 pg/ml ampicillin
and 1% (wi/v) glucose. The first plate was kept as master stock by adding glycerol to a
final concentration of 20% (v/v) and kept at -20 °C. The second plate was incubated at
37 °C with shaking (200 rpm) for 2 h, and later phage was rescued by adding 10*
KM13 helper phage to each well. Following this they were then incubated at 37 °C for
1 h with shaking. Then, the supernatant was discarded after centrifugation of the plate
at 3,300 x g for 10 min. The pellet was then resuspended in 200-400 pl of 2xYT
containing 100 pg/ml ampicillin and 50 pg/ml kanamycin, and cultured at 30 °C
overnight (18-20 h) with shaking (250 rpm). The overnight culture was spun at 3,300
x g for 15 min, and 100 pl of the supernatant-containing phage was used in
monoclonal phage ELISA.
3.2.4 Monoclonal phage ELISA
3.2.4.1 Whole cell virus

A single colony from each round of biopanning was randomly
picked and cultured in 96-deep well plate (costar, USA) followed by super-infection
by KM13 helper phage as described above. Phage supernatants were collected after
centrifugation and subjected to ELISA for screening of monoclonal anti-rabies virus
phage-scFv. The Immuno 96 microwell™ plate (Nunc, Denmark) was immobilized
with 0.1 IU of inactivated rabies at 37 °C for 3 h following by 4 °C overnight in 100
mM NaHCO3; and 2% skim milk in 100 ul PBS buffer as a control. The plate was
stabilized with 5% w/v sucrose, 0.3% w/v BSA, and 50 mM NaHCOs; for 45 min. The
plate was then washed 3 times with PBS and blocked with PBS containing skimmed

milk (2%, w/v, MPBS) for 1 h. The phage supernatant was added to Immuno 96
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microwell™

plate (Nunc, Denmark). Phage was allowed to bind to the target by
incubation for 2 h and the unbound phage was washed off by 3 times PBST and 3
times PBS. The binding phage-scFv was detected with HRP-conjugated anti-M13
antibody (1:5000) (Amersham-Pharmacia Biotech, Sweden). The color of the reaction
was developed with ABTS reagent (Emresco, USA). The reaction was quantified by
measuring the absorbance at 405 nm.
3.2.4.2 Glycoprotein plate

Rabies G protein pre-coated 8-well strips from BioRad (USA)
were used for monoclonal phage ELISA. After the plate was blocked with 100 pl of
3% BSA in PBS, the phage supernatant was added to Immuno 96 microwell™ plate
(Nunc, Denmark). Then, phage was allowed to bind the target by incubated for 2 h.
The unbound phage was washed off by washing 5 times with buffer from the kit. The
binding phage-scFv was detected with HRP-conjugated anti-M13 antibody (1:5000).
The resulting absorbance was read at 450 nm for 3, 3', 5, 5'-Tetramethylbenzidine
substeate (TMB, Emresco, USA) or 405 nm for ABTS substeate.

3.2.5 Expression of soluble scFv
3.25.1 HB2151

To express soluble scFv antibody without plll domain, phage
scFv was infected into an E. coli HB2151 (non-suppressor host). One to ten microliter
phage particles of the selected clone were used to infect 500 ul of mid-log phase of E.
coli HB2151 at an ODgg Of approximately 0.4, and incubated at 37 °C for 30 min.
Then, the infected bacteria were streaked on 2xYT agar containing 100 pg/ml
ampicillin and 1% w/v glucose. After that, the plates were incubated at 37°C

overnight. A single colony was placed into 5 ml of 2xYT containing 100 pg/ml
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ampicillin and 2% w/v glucose. The culture was incubated overnight with shaking at
250 rpm, 30 °C. One percent v/v of each overnight culture was used to inoculate into
2xYT containing 100 pg/ml ampicillin and 2% w/v glucose and incubated with
shaking at 30 °C until the ODgg reached 0.9. The expression was induced by the
addition of 1 mM isopropylthio-galactoside (IPTG, Emresco, USA). After continuing
incubation at 30 °C for 20 h, the secreted antibody could be found in the supernatant.
The hexahistidine tag or myc tag was used for detection and purification.
3.2.5.2 Subcloning and expression in E. coli BL21 (DE3)

The genes of scFv antibody clones IRA7c, I1IRC2c, I'YF5c and
I'YG4v were sub cloned into pET27b vectors (Figure 8) between Ncol and Notl
restriction sites. Plasmid were purified from each clone (QIAgen spin Mini-prepkit,
USA) and transformed into E. coli BL21. The E. coli BL21 harboring recombinant
plasmid was grown at 37 °C in 5 ml of M9ZB media containing 50 pg/ml kanamycin
and 2% wi/v glucose. The culture was incubated for overnight with shaking at 200
rom, 30 °C. One percent v/v of each overnight culture was used to inoculate into
M9ZB media supplemented with 2% w/v glucose and 50 pg/ml kanamycin. Then, the
culture was incubated with shaking at 30 °C for 4 h. After that, the cells were
centrifuged at 16 °C, 5000 rpm for 15 min followed by resuspension with M9ZB
media containing 1% wi/v glycerol, 50 pg/ml kanamycin and 1 mM isopropylthio-
galactoside (IPTG, Emresco, USA). After continuing incubation at 16 °C for 20 h
with shaking, the cell pellet was collected by centrifugation at 16 °C, 8,000 rpm for 15
min. The secreted antibody could be found in the supernatant. The hexahistidine tag

was used for detection and purification.
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Figure 8. pET27b Vector.

3.2.6 Subcloning and expression of scFv-AP fusions
The scFv gene clone (IRA7c and I'YF5c¢) from the pMOD1 phagemid
vector was double digested with the restriction enzymes Ncol and Not | and subcloned
into pMY607AP, an alkaline phosphatase fusion vector (Yamabhai M., unpublished).
The integrity of the constructs was confirmed by automated DNA sequencing. To
produce soluble scFv-alkaline phosphatase (scFv-AP) fusions, a single colony of E.
coli DH5aF’ harboring recombinant plasmid was inoculated into 5 ml of 2xYT

containing 100 pg/ml ampicillin and 2% wi/v glucose for overnight at 37 °C with



40

shaking (200 rpm). After the culture supernatant was centrifuged at 3,000 x g for 10
minute, cell pellets were resuspended in 2xYT containing 100 pg/ml ampicillin
without glucose and incubation continued shaking at 200 rpm, 37 °C with for 2 h.
Expression of soluble scFv-AP was induced by adding 1 mM isopropylthio-
galactoside (IPTG), and the cultures were grown overnight at room temperature with
shaking. The culture supernatant containing the secreted scFv-AP fusion product was
collected by centrifuged and used in direct ELISA of soluble scFv—AP fusion.
3.2.7 Soluble scFv antibody ELISA
3.2.7.1 Monoclonal scFv antibody ELISA

Monoclonal scFv antibody supernatants were collected after

centrifugation and subjected to ELISA as described above. The Immuno 96

microwell™

plate (Nunc, Denmark) was immobilized with 0.1 IU of inactivated
rabies. After the plate was stabilized for 45 min, the plate was washed 3 times with
PBS and blocked with PBS containing skimmed milk (2%, w/v, MPBS) for 1 h. The
monoclonal scFv antibody supernatant (100-200 pl) was added into Immuno 96
microwell™ plate (Nunc, Denmark). After incubation for 2 h, the plate was washed
off by 3 times with PBST and PBS. The monoclonal scFv antibody was detected with
His prob-HRP (1:5000) or Mouse Anti-Myc Tag Monoclonal Antibody (1:5000). The
color of the reaction was developed with ABTS reagent (Fluka, Switzerland). The
reaction was quantified by measuring the absorbance at 405 nm.
3.2.7.2 Direct ELISA of soluble scFv—AP fusion

The 96-well microtiter plate was coated with inactivated rabies

(0.1 IU PVRV, PCEC) at 37 °C for 3 h following by 4 °C overnight in 100 mM

NaHCO3; and 2% skim milk or 3% BSA in 100 ul PBS buffer as a control. The plate
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was stabilized with 5% w/v sucrose, 0.3% w/v BSA, and 50 mM NaHCOj; for 45 min.
Then, the wells were washed 3 times with PBS and blocked with PBS containing
skimmed milk (2%, w/v, MPBS) for 1 h. Later, 150 pl of scFv-AP supernatant and 50
pl of 4% skim milk were added into each well and incubated at room temperature for
2 h. After five time washings with PBST and PBS, 100 pl p-Nitrophenyl phosphate
substrate (pNPP; SIGMA, Switzerland) was added to each well. After incubation for
20 min at room temperature, absorbance was measured at 405 nm.
3.2.8 Purification of soluble scFv antibody

ScFv antibody containing a hexahistidine tag was purified using Ni++
ions immobilized on resin by covalent linkage to nitrilotriacetic acid (NTA). The
supernatant was immediately applied to a Ni-NTA agarose affinity column containing
1-2 ml of bed volume (QIAGEN GmbH, Hilden, Germany), and the chromatography
was carried out gravitationally at 4 °C, following the Qiagen’s protocol. The column
was washed two times with 50 ml of wash buffer (20 mM Tris—HCI buffer, pH 8.0
and 150 mM NacCl) containing 20 mM imidazole. Ni-NTA bound enzyme was eluted
with 250 mM imidazole in the same buffer. The eluted fractions were then dialyzed
by SnakeSkin dialysis tubing (10K MWCO, Thermoscientific, USA) followed by
centrifugal dialysis using Amicon® Ultra-4 Centrifugal Filter Devices (Mr 10,000
cut-off, Millipore, Ireland) to remove imidazole and concentrated soluble scFv
antibody. SDS-PAGE electrophoresis was used to monitor antibody purity.

3.2.9 Western blot

For Western blot analysis, samples were run on SDS-PAGE and the

scFv were blotted onto PVDF membrane (Biorad, USA). The proteins were transfered

to a membrane using a membrane transfer machine and the membrane was blocked
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with 3% BSA in PBS for 1 h. Then, the membrane was washed with PBS. After that,
the membrane was incubated with His probe-HRP (a dilution of 1:5000 in PBS) for 1
h followed by washing with PBS. The 3, 3’, 5-5’-Tetrametrylbenzidine (TMB)
substrate (Emresco, USA) was used for developing the blue color on the membrane.
3.2.10 Neutralization assay

The neutralization capacity of the soluble scFv antibody and phage scFv
antibody were detected by the Rapid Fluorescent Focus Inhibition Test (RFFIT).
HRIG was used as the reference serum. Both forms of scFv monoclonal antibody
were incubated with CVS (Challenge virus standard strain) and then the mixture was
further incubated on the monolayered NA cell (Neuroblastoma cell). Briefly, serial
dilution of soluble scFv antibody (IRA7c, I1YGA4v, IYF5c and scFv anti-Alfa toxin
3C1) and phage scFv antibody (IRA7c, I1IRC2c, IRC3c, IYCllc, 1YC12c, IYD1c,
IYF5c, IIRD5v, IIYB5Sv, IIYG4v, IIYESv, IIYG8v, IIYD4v) were mixed with an
equal volume of CVS (100 TCID50) diluted with MEM containing 2% FCS and then
incubated in a 5% CO, incubator at 37 °C for 90 min. Next, 50 pl of BHK-21 cells
(10°/well) were added and incubated at 37 °C for 21 h. After fixation with 90%
acetone and washing 2 times with PBS buffer, cells infected with rabies virus were
stained directly with fluorescent isothiocyanate (FITC)-labeled anti-rabies virus
conjugate. The infected cells were counted using a fluorescence microscope. The
neutralizing potencies (1U) of the established clones against CVS were calculated by
comparison with the WHO international standards (equine anti-rabies
immunoglobulin, National Institute for Biological Standards & Control) by the
Spearman-Karber method. A RFFIT titer of >0.5 IU/ml was defined as an adequate

concentration of neutralizing ability against RABV (Matsumoto et al, 2010).
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3.2.11 DNA and Amino acid sequence analysis
3.2.11.1 Plasmid preparation

The colonies of the bacteria harboring the desired plasmid were
picked into 5 ml media containing appropriate antibiotic. After the cultures were
incubated for 16-18 h at 37 °C with shaking, the cultures were centrifuged at 6,800 X ¢
for 3 min to collect the cells for DNA extraction. Then plasmid minipreparations were
made from each clone (QIlAgen spin Mini-prepkit, USA).

3.2.11.2 Restriction fragment analysis (cut insert check)

Digestion reactions of DNA were performed in a total volume
of 10 pl. The reaction mixtures consisted of 1 pl of DNA, 0.2 pg of vector DNA 1x
NEB buffer 3, 1 pg/ml BSA, 1 U of Ncol and 1 U of Notl. The reaction was incubated
at 37 °C for overnight and was run on 1% (w/v) agarose gel (Emresco, USA) in TAE
buffer at 100 volts for 45 min.

3.2.11.3 Finger printing analysis

The restriction fragment analysis was performed by using
BstNI. The digestion reactions of DNA were performed in a total volume of 10 pl.
The reaction mixtures consisted of 2 pl of DNA, 0.2 pg of vector DNA 1x NEB
buffer 3, 1 pg/ml BSA, 1 U of BstNI. The reactions were incubated at 65 °C for
overnight and were run on 1% (w/v) agarose gel in TAE buffer at 100 volts for 45
min.

3.2.11.4 DNA sequence analysis

The positive clones were confirmed by ELISA twice. Each

clone of positive phagemid DNA was extracted using DNA miniprep kit (Qiagen) and

the restriction fragment analysis was performed by using BstNI. The selected positive
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clone with variable restriction pattern was confirmed by automated DNA sequencing

(Macrogen, Korea) and analyzed with Igblast software (http://www.ncbi.nlm.nih.gov

/igblast/) and the sequence alignment of the scFv antibodies was done using

CLUSTALW2.1 (http://www.ebi.ac.uk/Tools/msa/clustalw2/)

3.2.11.5 Bioinformatic Analysis for 3D structure prediction
For 3D structure modeling, the nucleotide sequences of clone
IRA7c, HIRC2c and I'YF5c were translated to an amino acid sequence using Expasy

(http://web.expasy.org/translate/). Suitable templates for homology modeling were

searched for in the PDB database using the phyre? program. The binding sites which

are CDR 1, 2, 3 of scFv Human antibodies were indicated by pymol program.


http://www.ncbi.nlm.nih.gov/igblast/
http://www.ncbi.nlm.nih.gov/igblast/
http://web.expasy.org/translate/

CHAPTER IV

RESULTS AND DISCUSSION

4.1 Selection of scFv fragments specific to rabies virus by
biopanning
4.1.1 Selection of scFv fragments specific to rabies from non-immunized
library (Yamo-I library), using PCEC as a target
The phage clones specific to rabies virus from the 1% round were
screened for the positive clone by ELISA method. The mouse anti-M13 antibodies
conjugated to HRP was used for detection and the color of the reaction was developed
with ABTS substrate. The reaction was quantified by measuring the absorbance at
405 nm. The phage clones that had the absorbance value at least two times higher than
binding of phage to the 2% w/v skim milk in PBS (2%, w/v, MPBS) were scored as a
positive clones. After confirmation of the binding by phage ELISA, five positive
clones (Figure 9) were analyzed by automated DNA sequencing (Macrogen, Korea). The
DNA sequencing data revealed that clone D1 and H10 were identical. Clone F5, C11 and
C12 of phages displaying anti-rabies virus were unique (Sequence data shown in
APPENDIX C). Thus, four unique positive clones were selected from non-immunized

library (YAMO-I library), using PCEC as target.
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Figure 9. Binding of specific phage to PCEC from 1% round of panning. Clones were
selected from Yamo-1 library (non-immunized library). Five positive clones
(D1, F5, H10, C11 and C12) showed specific binding to PCEC and not to 2

% (w/v) skim milk (MPBS negative control).

4.1.2 Selection of scFv fragments specific to rabies from immunized
library (Yamo-Rb library), using PCEC as a target
The phage clones specific to rabies virus from the 1% and 5™ rounds were
screened for the positive clone by ELISA method. The specific clones were isolated
from the immunized library (Yamo-Rb library) by using PCEC as a target. After 5"
rounds of bio-panning, the enrichment of specific clone was shown. There were 13.54
% and 25 % of the positive clone from the 1% and 5" rounds, separately (figure 10-
11). After confirmation of the binding by ELISA, the DNA of the positive clones
from the 1% and 5™ rounds were extracted and digested by BstNI. The restriction

fragment analysis demomstrated that almost of the clones show the same DNA pattern
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(Figure 12). To characterize the ELISA positive clones, ten representative clones from
a total of twenty-four ELISA positive clones (Figure 12) were analyzed by
sequencing. The DNA sequencing data revealed that all eight clones of phages
displaying anti-rabies were identical (IRA7c); whereas the anti-Rabies virus clones
IIIRC2c and IRC3c were unique (Sequence data shown in APPENDIX C). This
indicated that the phages recognizing the target are gradually enriched after several
rounds of bio-panning were performed. But the variant of the phages recognizing the
target are decreased. In summary, three positive clones were selected from immunized

library (Yamo-Rb library) by using PCEC as target.
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Figure 10. Binding of specific phage to PCEC from 1* round of panning. Clones
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were selected from Yamo-Rb immunized library. Thirteen positive
clones (D1, H1, D2, B3, F3, G3, F4, C6, A7, H8, E11, E12 and H12)
showed specific binding to PCEC and not to 2% (w/v) skim milk (MPBS

negative control).
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Figure 11. Binding of specific phage to PCEC from 5" round of panning. Clones
were selected from Yamo-Rb immunized library. Twenty-four positive
clones (A1, B1, G1, H1, E2, C3, D3, G3, H3, A4, D5, E5, A6, C6, H6,
A7, C7, E7, B8, H8, A9, D9, A12, and F12) showed specific binding to

PCEC and not to 2% (w/v) skim milk (MPBS negative control).
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Figure 12. DNA fingerprint analysis. The twenty-four scFv clones were digested

with BstN1. The restriction patterns were analyzed on 1.5% agarose gel.

4.1.3 Selection of scFv fragments specific to rabies from non-immunized
library (Yamo-I library), using PVRV as a target.

The phage clones specific to rabies virus from the 1%, 2" and 4™ rounds
were screened for the positive clone by ELISA method. The specific clones were
isolated from the non-immunized library (Yamo-I library) by using PVRV as a target.
After 4™ rounds of Bio-panning, the enrichment of specific clone was shown. There
were 3.13 %, 59.38 % and 95.83 % of the positive clone from the 1%, 2 and 4™
rounds, respectively (Figure 14-16). After confirmation of the binding by ELISA, the

DNA of the positive clones were extracted and digested by BstNI. Six different
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patterns were identified, showing all examined clones to be unique (Figure 13). The
variation in patterns indicated the framework diversity in scFv phage. To characterize
the ELISA positive clones, ten representative clones (Figure 13; lene 3, 4, 5, 6, 11, 13,
14, 15, 18 and 21) from a total of twenty-three ELISA positive clones (Figure 13) were
analyzed by sequencing. The DNA sequencing data revealed that there were five unique

clones of phages displaying anti-rabies; which are clones I1'YB5v, 11YG4v, IIYESy,

I'YG8v and I1'YD4v (Sequence data shown in APPENDIX C).
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Figure 13. DNA fingerprint analysis. The twenty-three scFv clones were digested

with BstN1. The restriction patterns were analyzed on 1.5% agarose gel.
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Figure 14. Binding of specific phage to PVRV from 1% round of panning. Clones
were selected from Yamo-I library. Three positive clones (A2, E2, and
F9) showed specific binding to PVRV and not to 2% (w/v) skim milk

(MPBS negative control).
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Figure 15. Binding of specific phage to PVRV from 2™ round of panning. Clones
were selected from Yamo-I library. Almost all of the selected clones
(57/96) showed specific binding to PVRV and not to 2% (w/v) skim

milk (MPBS negative control).
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Figure 16. Binding of specific phage to PVRV from the 4" round of panning. Clones
were selected from Yamo-l library. Almost of the selected clones
(92/96) showed specific binding to PVRV and not to 2% (w/v) skim

milk (MPBS negative control). None of them were sequence.

4.1.4 Selection of scFv fragments specific to rabies from immunized
library (Yamo-Rb library), using PVRV as a target
The phage clones specific to rabies virus from the 1%, 2" and 4™ rounds
were screened for the positive clone by ELISA method (Figure 17-19). The specific
clones were screened from the immunized library (Yamo-Rb library) by using PVRV
as a target. After 4" rounds of Bio-panning, the enrichment of specific clone was
shown as same as the performing of selection of scFv fragments specific to rabies
virus from non-immunized library (Yamo-I library) using the same target. There are
1.04 %, 73.96 % and 90.63% of the positive clone from the 1%, 2'¢ and 4™ rounds were

found (Figure 18-20). At the 1% and the 4™ rounds of bio-panning, the specific phages
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from Yamo-I library (3.13% and 95.83%) were found more than those of the specific
phages from Yamo-Rb library (1.04% and 90.63%). Whereas, the specific phages
from Yamo-Rb library (73.96%) were found more than those of the specific phages
from Yamo-I library (59.38%) at the second rounds of bio-panning. However, the
signal absorbance value indicated that the specific clones from Yamo-I library (OD
405 nm up to 2.5) bound to the PVRYV stronger than the specific clones from Yamo-
Rb library (OD 405 nm ~0.2-0.7). In order to analyze the diversity of scFv, DNA
segments encoding the scFv genes from ten randomly picked clones were examined.
The phagemid DNA of these clones was digested with BstNI, and their fingerprint
patterns were compared. Two different patterns were identified and sequence (Figure
17; lene 4 and 10). However, only clone IIRD5v (Sequence data shown in APPENDIX

C) is the real binder after comfirmation by ELISA (Data not shown).

Figure 17. DNA fingerprint analysis. The ten scFv clones was digested with BstN1.
The restriction patterns were analyzed on 1.5% agarose gel. Clone 4 and

10 were submitted for automated DNA sequencing analysis.
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Binding of specific phage to PVRV from 1% round of panning. Clones
were selected from Yamo-Rb immunized library. Only one clone (F6)
showed specific binding to PVRV and not to 2% (w/v) skim milk

(MPBS negative control).
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Binding of specific phage to PVRV from 2™ round of panning. Clones
were selected from Yamo-Rb library. Almost of the selected clones
(29/96) showed specific binding to PVRV and not to 2% (w/v) skim

milk (MPBS negative control).
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Binding of specific phage to PVRV from 4™ round of panning. Clones

were selected from Yamo-Rb library. Almost of the selected clones

(261/288) showed specific binding to PVRVand not to 2% (w/v) skim

milk. A) Clone 1-96; B) Clone 97-192; C) Clone 193-288.
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4.1.5 Selection of scFv fragments specific to rabies from immunized
library (Yamo-Rb library), using PCEC and PVRYV as a target
The specific clones were screened from the immunized library (Yamo-
Rb library) by using PVRV or/and PCEC as a target. At the 1% and 4™ round of
biopanning, both targets were mixed and immobilized for using in biopanning
process. In second round, the PVRV was used as a target and the PCEC was used as a
target for the third round. None of the selected clones showed the binding to the target
at the first round (Figure 22) while almost of the selected clones showed specific
binding to the both targets after the 4™ round of bio-panning (Figure 23). After the
positive clone form the 4™ round of biopanning were randomly digested with BstNI,
their fingerprint patterns were compared. All of the clones showed the same pattern.
The same patterns indicated the same framework diversity in scFv phage clone
(Figure 21). Clones 1VB4cv (Figure 23; lene 5) were analyzed by sequencing (Sequence

data shown in APPENDIX C).



Figure 21. DNA fingerprint analysis. The six scFv clones were di
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gested with BstNI.

Clone 5 was submitted for automated DNA sequencing analysis.
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Figure 22. Binding of specific phage to PCEC together with PVRV from 1% round

of panning. Clones were selected from Yamo-Rb immunized library.

None showed specific binding to PCEC together with PVRV and not to

2% (w/v) skim milk (MPBS negative control).
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Figure 23. Binding of specific phage to PCEC together with PVRV from 4™ round of
panning. Clones were selected from Yamo-Rb immunized library. Almost
of the selected clones (266/284) showed specific binding to PCEC
together with PVRV and not to 2% (w/v) skim milk (MPBS negative

control). A) Clone 1-96; B) Clone 97-192.
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Figure 23 (cont.). Binding of specific phage to PCEC together with PVRV from 4t

round of panning. Clones were selected from Yamo-Rb

immunized library. C) Clone 192-288; D) Clone 289-384. Almost

of the selected clones (266/284) showed specific binding to PCEC

together with PVRV and not to 2% (w/v) skim milk (MPBS

negative control).
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4.1.6 Selection of scFv fragments specific to rabies from non-immunized
library (Yamo-I library) and immunized library (Yamo-Rb library), using
glycoprotein as a target

Both non-immunized library (Yamo-I library) and immunized library
(Yamo-Rb library) were used for selection of the phage clone specific to rabies virus
glycoprotein. The phage clones specific to rabies virus glycoprotein from the 3"
round were screened for the positive clone by ELISA method (Figure 24). Phage anti-
Ervinia Clone B10 as a control that should showed specific binding to Ervinia and not
to rabies virus glycoprotein. Six antigens (PCEC, PVRV, BSA, MPBS, rabies virus
glycoprotein and Ervinia) were tested. Clone R1, R2, R4, Y6 and Y8 showed specific

binding to glycoprotein and not to other antigens.
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Figure 24. Binding of specific phage to PCEC, PVRV and glycoprotein plate from
3™ round of panning. Clones were selected from Yamo-Rb immunized
library (clone R1-R7) and Yamo non-immunized library (Y1-Y8). Clone
R1, R2, R4, Y6 and Y8 showed specific binding to glycoprotein plate
and not to PCEC, PVRV, MPBS and BSA. Phage anti-Ervinia Clone

B10 showed specific binding to Ervinia.
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4.2 Summary of the selection of scFv fragments specific to rabies by
biopanning
In summary, a total of 14 positive clones from various methods of biopanning
using PCEC or/and PVRV as a target were isolated (Table 8). These are IRAT7c,
I1IRC2c, IRC3c, IYC1lc, IYC12c, IYDlc, IYF5c, IRDSv, I1YBSv, IIYG4yv, IIYESY,
IYG8yv, 11YD4v and IVB4cv (Table 7). After DNA sequence analysis, we found that
clones 1VB4cv and IRA7c were identical (Table 9). These two clones were isolated
from the same library, i.e., Yamo-Rb by using different biopanning method. Clone
IVB4cv was obtained from the fourth round of biopanning using a combination of
both PCEC and PVRYV as targets; whereas clone IRA7c was from the first round of
panning using PCEC as a target. Clones IRA7c, IlIRC2c, IRC3c, IYCllc, IYC12c,
IYD1c and I'YF5c were selected by using PCEC as a target; while 1IRD5v, 11YB5yv,
IYGA4v, IIYESv, IIYGS8v, IIYD4v were selected by using PVRV as a target. The
ELISA results in Figure 25 showed that the positive clones always bind strongly to
the target that was used for biopanning. Nine clones were obtained from naive library
(YAMO-I) and four clones were from immunized library (Yamo-Rb). Five clones
which are IRA7c, IHIRC2c, I1YGA4v, IIYESv, and 1VB4cv showed cross-reactivity to
both PCEC and PVRV targets.
Three unique phage-displayed anti-rabies were selected from non- immunized
(YAMO-I) and immunized (Yamo-Rb) using glycoprotein as a target. There are R1,
R4 and Y6 (Table 7). Two of them are small peptide fragment. The others clone is

consisted of only VL fragment.



62

Table 7. A total of 16 unique clones from various method of biopanning using

PCEC, PVRV and Glycoprotein as a target.

Naive library (YAMO-I) Immunized library (Yamo-Rb)
PCEC I'YCllc, IYC12c, IYD1c and IRA7c (IVB4cv) ,I1IRC2c and
IYF5c IRC3c
PVRV IYB5v, 11YG4v, IIYESy, IIRD5v
1Y G8v
and 11YD4v

Glycoprotein Y6 Rl and R4




Table 8. Overview of selection of antibodies against rabies virus.

Target PCEC PVRV PCEC+PVRV Glycoprotein

Library YAMO-I Yamo-Rb YAMO-I Yamo-Rb Yamo-Rb YAMO-I Yamo-Rb
Rounds of panning 1 5 4 4 4 3 3
Number of clones after 1% round 4.3x10° 3.4x10? 1.3x10° 1.3x10° 1.7x10° 2x10° 1.36x10°
Number of binding phage after 1* round 4/192 13/96 3/96 1/96 0/96 - -
Number of clones after 2" round - 3.11x10° 1.7x10° 2.1x10° 1.2x10° 5.95x10° 7.05x10°
Number of binding phage after 2™ round - - 57/96 29/96 - - -
Number of clones after 3 round - 8.7x10° 1.4 x10° 8.0x10* 1.5x10° 5.05x10° 1.93x10°
Number of binding phage after 3" round - 44/48 - - - 2/8 3/7
Number of clones after 4" round - 1.47x10° 4.7 x10° 8.2x10" 1.4x10° - -
Number of binding phage after 4™ round - - 92/96 261/288 366/384 - -
Number of clones after 5" round - 4.7x10° - - - - -
Number of binding phage after 5" round - 24/96 - - - - -
Number of difference scFv clones 4 3 5 1 1 1 2
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Table 9. Amino acids sequence of selected positive clones against rabies.

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline Amino acid Family
different from
germline

VH

IRA7c QVQLVQSGGGLVQPGG DYGMHW  VRQIPGKGL VIYARGINTY FTISRDNSKNILYLEMNRL DDPPSGTGSY IGHV3-33*01 18 VH3

SL RLSCAASGFSFS EVA YGDSVKGR SSEDTAVYYCAT HVNWGQGTL
IIRC2c QVQLQESGPGLVKPFG SVNSYW  FIRQPPGKG SIYYRGTTYY RVTLSVDTSQNQISLKLTS ESVTRGTFD IGHV4-39*07 19 VH4
DPGPHCTVSGGSLS D LEWIG NPSLKS LTAADTAVYYCAR MWGQGTMV
IRC3c
IYCllc QLVESGAEVKKPGASV AYYIHW  VRQAPGQGL WINPNSGTTT RVTMTRDTSISTAYMELSR DFGGYWRWGAF  IGHV1-2*02 7 VH1
KVSCKASGYSFT EWMG YAQRFQG LRSDDTAVYYCAR DIWGQGT TV
IYC12c ESGGGLVQPGGSLRLS SYAMSW VRQAPGKGL ITYSGTATS RETISRDNSKNTLYLQMNS GYSTFDYWG IGHV3-23*01 6 VH3
C AASGFTFS EWVSS YADSVKG LRAEDTAVYYCAK QGTLVTV
1YD1c ESGGGLVQPGGSLRLS SYAMSW VRQAPGKGLE ITYNGASTAY RFTISRDNS*NTLYLQMNS GYSTFDYWGQ IGHV3-23*01 6 VH3
C AASGFTFS WVSA ADSVKG LRAEDTAVYYCAK GTLVTV
VL
IRA7c QSALTQPASVSGSPGQ TGTSSD WYQQHPGKAP EVSKRPSG VPDRFSGSKSGNTASLTVS SSYTSITAA IGLV2-14*02 7 VL2
S ITISC VGSYNL  KLMIY GLQAEDEADYYC AVFGTGTKV
VS TVL
IIRC2c QSALTQPASVSGSPGQ TGTSSD WYQQHPGKA VSNRPSG VSNRFSGSKSGNTASLTIS SAYTSSSSL IGLV2-14*01 8 VL2
SITISC VGGY PNLMIY RLQAEDEGIYFEC GVFGTGTKL
NYVS TVL
IRC3c QSALTQPASVSGSPGQ TGTSSD WYQHHPGKAP DVSNRPSG VSNRFSGSKSGNTASLTIS SSYTSSSTLV IGLV2-14*01 3 VL2
SITISC VGGYNY  KLMIY GLQAEDEADYYC VEGGGTKVTV
VA L
IYCllc SYVLTQPPSVSVAPGK GGNNIG  WYQQKPGQAPV DDSDRPSG IPERFSGSNSGNTATLTIS QVWDSSSDHY IGLV3-21*03 0 VL3
T ARITC SKSVH LVVY RVEAGDEADYYC VEGTGTQLTV
IYC12c QAVLTQPSSTSGTPGQ SGGSSN  WYRHLPGTA DDRRPSDI PDRFSGSRSGTSASLAISG AAWDDSLNG IGLV1-44*01 13 VL1
R VTISC IGSN PKLLIYI LQSEDEADYYC LVFGGGTQL
TVN TV
1YD1c SSKLTQDPAVSVALGQ QOGDSLR  WYQQKPGQA GKNNRPSG IPDRFSGSKSGTSASLDIS AAWDDSLNG IGLV3-19*01 8 VL3
T VRITC SYYA PVLVIY GLQSEDEADYYC VLFGGGT
S
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Table 9. Amino acids sequence of selected positive clones against rabies. (Continued)

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline Amino acid Family
different from
germline

VH

IYF5¢ QVQLVQSGAEVKKPGA SYGISW  VRQAPGQGL WISAYNGNTN RVTMTTDTSTSTAYMELRS GGNFDYWGQGT  IGHV1-18*01 0 VH1

SVKVSCKASGYTET EWMG YAQKLQG LRSDDTAVYYCAD LVTV
IIRD5v VQLVESGTEVRKPGDS DYYLHW  VRQAPGQGLEW WIYPKRGGTHSA  RVTMTRDTSINTAYMELTR DRDIEDAFDIW IGHV1-2*02 15 VH1
VKVSCKSGYTFT VG QKFQG LRSDDTAVYFCAR GQGTMVTV
1YB5v QV*LVQSGAEVKKPGS SYAIS WVRQAPGQGLE GIIPIFGTANYA  RVTTADESTSTAYMELSSL DRELPGFDYWG  IGHV1-69*01 1 VH1
SVKVSCKASGGTFES MG QKFQG RSEDTAVYYCAR QGTLVTVYYCA
R
1Y G4v QVQLQQSGPGLVKPSQ SNSAAW  WIRQSPSRGLE RTYYRSKWYNDY  RITINPDTSKNQFSLQLNS ERMGGFDPWGQ  IGHV6-1*01 0
TLSLTCAISGDSVS N WLG AVSVKS VTPEDTAVYYCAR GTLV
I'YESv QVQLQQSGPGLVKPPQ SNTAAW  WIRQSPSRGLE RTYYRSKWHNDY RISINPDTSKNQFSLQLDS DRYYGSGSYYR  IGHV6-1*01 5 VH6
TLSLTCAISGDSVS N WLG AVSVNS VTPEDTAVYYCAR GFDYW
1YG8v EVQLVESGGGLVQPGR DYAMH WVRQAPGKGLE GISWNSGSIGYA  RFITSRDNAKSSLYLQMNS GGHRGAFDIWG  IGHV3-9*01 1 VH3
SLRLSCAASGFTFED WVS DSVKG LRAEDTALYYCAK QGTMVTV
VL
IYF5¢ QAVLTQPSSASGTPGQ SGSSSN  WYQQLPGTAPK RNNQRPSG VPDRFSGSKSGTSASLAIS AAWDDSLSGPV  IGLV1-47*01 2 VL1
RVTISC IGSNYV  LIY GLRSEDEADYYC FGGGTKLTVL
Y
IIRD5v QSALTQPASVSGSPGQ TGTSSD  WYQQHPAKAPN DVSNRPSG VSNRFSGSKSGNTASLTIS SSYTTSSTLVF  IGLV2-14*01 5 VL2
SITISC VGGYNY  LLIY GLQAEDEADYFC GGGTKVTVL
VS
1YB5v VLTQPPSASGTPGQRV SGSSSN  WYQQLPGTAPK  SNNQRPS GVPDRFSGSKSGTSASLAT ATWDNRNAEWV  IGLV1-44*01 3 VL1
TISC IGSNTV  LLIY SGLQSEDEADYYC FGGGTKLTV
N
1Y G4v NFMLTQPHSVSESPGK TRTSGS  WYQQRPGSSPT EDTARPSG VPARFSGSIDPFSNSASLT HSYDVHNQVEG  IGLV6-57*01 11
TVTISC IASNYV  TVIF ISGLKAEDEADYYC GGTKLTVL
Q
I'YE5v NFMLTQPHSVSGSPGK TRNSGS  WFRQRPGSAPT EDNQRPSG VPARFSGSIDSSNSASLTI QSYDFTNYVEFG  IGLV6-57*01 11 VL6
TVTLSC IASAYV  TVIY SGLQTEDEADYYC TGTQLTV
Q
1Y G8v VLTQPPSASGTPGQRV SGGSSN  WYQVPPRTAPK NNNQRPSG VPDRFSGSKSGTSASLAIS ATWDDSLHGVV  IGLV1-44*01 8 VL1
TISC IGGNTV  LIY GLQSEDEADYYC FGGGTKVTVL
N
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Table 9. Amino acids sequence of selected positive clones against rabies. (Continued)

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline Amino acid Family
different from
germline

VH

1YD4v QVNLRESGGVVVQPGG GFTFNN  MNWVRQAPGKG ISSGSSYI YYADSVKGREFTISRDNAKN ARVGGRHAYGM  IGHV3-026 11 VH3

SL RLSCAAS YN LEWVSS SLFLOMNSLRAEDTAVYY DV
C
IVB4cv QV*LVQSGGGLVQPGG GFTFSS MSWVRQAPGK ISGSGGST YYADSVKGRFTISRDNSKN AKNPVTSYYF IGHV3-157 3 VH3
SL RLSCAAS YA GLEWVSA T DY
LYLQMNSLRAEDTAVYYC
VL
1YD4v QSVLTQPPLVSGTPGQ SSDVGG  VSWYQQHPGK DVS NRPSGVSNRFSGSKSGNTA SSYTSSSTLV IGLV2-137 7 VL2
RV TISCTGT YNY APKLIY S
LTISGLQAEDEADYYC
IVB4cv QAVLTQPSSLSASPGA SGLNVG  MYWYQKKPGS YKSESSN HRASGLSSRFSGSKDSSAN MIWHNSVVEI IGLV5-062 22 VL5
SA RLTCTLR AYR PPQFLLM E GGGTQLT
GILSISGLQSADAADYYC
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Figure 25. ELISA of isolated 14 clones. A. ELISA plate showing positive reactions

(green color) with PCEC or PVRV and negative reaction (clear) with 2%

skim milk and 3 % BSA. B. ELISA signal at O.D. 405 nm.
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Finally, the individual clone from each selection was tested by ELISA together
using PCEC, PVRV or Glycoprotein as a target (Figure 26-27). Clones IRA7c(A7),
IIRC2¢(C2), IRC3c(C3), 1YC11c(C1l), 1YC12¢(C12), 1YD1c(D1) and IYF5c(F5)
were selected by using PCEC as a target; while IIRD5v(D5), 11'YB5v(B5),
IYG4v(G4), IIYESV(ES), IYG8v(GS), I1'YD4v(D4) were selected by using PVRV as
a target. Specific binding of VL of human IgG to the target has never been report
before. A very small antibody fragment might be able to pass through blood brain
barrier and can be use to treat the disease. Clones IIRC2c (C2) and IRC3c (C3)
showed the binding to the glycoprotein even if they were selected by using PCEC for
biopanning. This indicated that these clones bound to the glycoprotein of the
inactivated rabies virus. Clones R1, R2, R4, Y6 and Y8 were selected by using
glycoprotein as a target. Every clone bound strongly to the target that was used for
selection. All of the clones isolated using viral glycoprotein contained only partial
scFv fragments and none of them could bind to whole the inactivated virus (PCEC

and PVRV).
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Figure 26. ELISA plate showing positive reactions (green color) with PCEC, PVRV

or Glycoprotein and negative reaction (clear) with 2% skim milk and 3%
BSA. (A) The immunized human serum is a positive control and NC is a

non-immunized human serum (negative control).
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Figure 27. Binding of specific phage to PCEC, PVRV and glycoprotein plate.
Positive clones were selected from Yamo-Rb immunized library and

Yamo non-immunized library with various method of biopanning.



70

4.3 DNA and Amino acid sequence analysis
4.3.1. Finger printing analysis
The BstNI fingerprinting analysis of 14 positive clones was performed.
All the fingerprinting of the positive clones were selected by using PCEC or/and
PVRYV as a target. The fingerprinting was shown in Figure 28. In this figure pMOD

(empty vector) was digested to compare with the positive scFv clones (pMOD+scFv

gene).

IRC3c
1YC12¢c
IYG8v

O
AN
Q
&

IYF5¢
IIYE5v
IVB4cv
YG4v
IIlYD4v
IRA7c
IYB5v
IYD1c
lIRD5v
IYC11c

pMod vector

Figure 28. DNA fingerprint patterns of scFv gene from the selection against

inactivated rabies vaccines (PVRV and PCEC). The BstNI digest of scFv

genes identified fourteen positive clones compare to pMOD1 vector.

Lene 1 and 17, DNA marker (100 bp ladder).
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4.3.2. DNA sequence analysis

4.3.2.1 Selected positive clones from biopanning using PCEC or/and
PVRYV as a target.

After the positive cloned were confirmed by automated DNA
sequencing. The DNA sequence of each scFv clone was analyzed with Igblast and the
sequence alignment of the 14 scFv antibodies was done using CLUSTALW software.
The origin of germline and family of all the isolated VH and VL segments were
summarized in Table 9; whereas, the amino acid sequence alignment of all positive
clones were illustrated in Figure 29. It is interesting to note that clone IRC3c, which
consist only VL, could still bind to the target, even if the signal is quite low when
compared to other positive clones. There have been many reports on the binding of
Vuu, Which is a single-domain antibody (sdAb) that consists only of VH domain from
camelidae (Kierny et al., 2012, Hultberg et al., 2011 and Vanlandschoot et al., 2011).
Our data is the first report on the binding of single VL domain of human antibody. It
is very small antibody fragment and it might be able to pass through blood brain
barrier and can be use to treat the disease.

Figure 29 showed the amino acid sequence alignment of all isolated scFv
clones. The TAG amber stop codons were found in clone 1I'YB5v, 1IYD4v and
IYD1c. These codons are translated as glutamine instead of stop codon in E. coli
suppressor strain such as DH5aF’ or TG1; therefore, the functional antibody can be
displayed on filamentous phage. The complementary determining regions (CDRs) of
the heavy and light chain of the antibody (VH/CDR1, VH/CDR2, VH/CDR3,

VL/CDR1, VL/CDR2 and VL/CDR3) and the linker sequence were indicated. Amino
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acid sequence analysis revealed that all isolated positive clones have only the lambda
type of the light chain (VL) from family 1, 2, 3, and 6; while variable heavy chains
(VH) were from family 1, 3, 4 and 6. No clone containing the kappa type of the light
chain (VK) was isolated (Table 9). The previous work shown that anti-rabiesD7 was
identical with clone I'YF5c which was previously selected from the same library by

using the same target (Pansri et al, 2009).

IYF5c MAQVQLVQSGAEVKKPGASVKVSCKASG--YTFTSYGISWVRQAPGQGLEWMGWISAYNG 58
IIYB5v MAQVQLVQSGAEVKKPGSSVKVSCKASG——GTFSSYAISWVRQAPGQGLEWMGGIIPIFG 58
IYCllc -—--MQLVESGAEVKKPGASVKVSCKASG--YSFTAYYIHWVRQAPGQGLEWMGWINPNSG 55
IVB4cv MAQVQLVQSGGGLVQPGGSLRLSCAASG--FSFSDYGMHWVRQIPGKGLEWVAVIYARGI 58
IRA7c MAQVQLVQSGGGLVQPGGSLRLSCAASG--FSFSDYGMHWVRQIPGKGLEWVAVIYARGI 58
IIIRC2c MAQVQLQESGPGLVKPFGDPGPHCTVSGGSLSSVNSYWDFIRQPPGKGLEWIGSIY-YRG 59
IRC3c MAQVNLRESG-—————————————————— - — - m - — e —————— 10
IIRDSvV MAEVQLVESGTEVRKPGDSVKVSCKASG--YTFTDYYLHWVRQAPGQGLEWVGWIYPKRG 58
IYDlc MAQVNLRESGGGLVQPGGSLRLSCAASG--FTFSSYAMSWVRQAPGKGLEWVSAITYNGA 58
IYCl2c MAQVNLRESGGGLVQPGGSLRLSCAASG--FTFSSYAMSWVRQAPGKGLEWVSSITYSGT 58
IIYG8v MAEVQLVESGGGLVQPGRSLRLSCAASG--FTFDDYAMHWVRQAPGKGLEWVSGISWNSG 58
IIYESvV MAQVQLQOQSGPGLVKPPQTLSLTCAISGDSVSSNTAAWNWIRQSPSRGLEWLGRTYYRSK 60
IIYG4v MAQVQLQOQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSK 60
IIYD4v MAQVQLVQSGGGVVQPGRSLRLSCAASGFTFSS—-YAMHWVRQAPGKGLEWVAVISYDGS 58
..k . kox

IYF5c -NTNYAQKLOQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCADGG--———=——— NFDYWG 108
IIYB5v —TANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYCARDRE-——-—— LPGFDYWG 111
IYCllc ~TTTYAQRFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARDFGGY--WRWGAFDIWG 112
IVB4cv ~NTYYGDSVKGRFTISRDNSKNILYLEMNRLSSEDTAVYYCATDDPPS--GTGSYHVNWG 115
IRA7c -NTYYGDSVKGRFTISRDNSKNILYLEMNRLSSEDTAVYYCATDDPPS--GTGSYHVNWG 115
IIIRC2c ~TTYYNPSLKSRVTLSVDTSQONQISLKLTSLTAADTAVYYCARESVTR--GT---FDMWG 113
IRC3C s m e e
IIRD5v ~GTHSAQKFQGRVTMTRDTSINTAYMELTRLRSDDTAVYFCARDRDIE--DA---FDIWG 112
IYDlc —STAYADSVKGRFTISRDNSQNTLYLQMNSLRAEDTAVYYCAKG ———————— YSTEFDYWG 109
IYCl2c —ATSYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKG-——————— YSTFDYWG 109
IIYG8v -SIGYADSVKGRFTISRDNAKSSLYLOQMNSLRAEDTALYYCAKGGH-—-—--—— RGAFDIWG 111
IIYESvV WHNDYAVSVNSRISINPDTSKNQFSLQLDSVTPEDTAVYYCARDRYYGSGSYYRGEFDYWG 120
IIYG4v WYNDYAVSVKSRITINPDTSKNQFSLOLNSVTPEDTAVYYCARERMG——————— GFDPWG 113
IIYD4v —NKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLDITMIPEGPDAFDIWG 117
IYF5c QGTLVTVSSGGGGSGGGGSGGGGS-QAVLTQPSSASGTPGQRVTISCSGSSSNIGSNY-V 166
IIYBSv QGTLVTVSSGGGGSGGGGSGGDGS-SYVLTQPPSASGTPGQRVTISCSGSSSNIGSNT-V 169
IYCllc QGTTVTVSSGGGGSGGGGSGGSGS-SYVLTQPPSVSVAPGKTARITCGGN--NIGSKS-V 168
IVB4cv QGTLVTVSSGGGGSGGGGSGGGGS-QSALTQPASVSGSPGQSITISCTGTSSDVGSYNLY 174
IRATcC QGTLVTVSSGGGGSGGGGSGGGGS-QSALTQPASVSGSPGQSITISCTGTSSDVGSYNLV 174
IIIRC2c QGTMVTVSSGGGGSGGGGSGGGGS-QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYV 172
IRC3c --TTVTVSSGGGGSGGGGSGGGGS-QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYV 67
IIRDSvV QGTMVTVSSGGGGSGGGGSGGGGS-QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYV 171
IYDlc QGTLVTVSSGGGGSGGGGSGGGGS-SSKLTQODPAVSVALGQTVRITCQGDS--LRSYY-A 165
IYCl2c QGTLVTVSSGGGGSGGGGSGGSGS-QAVLTQPSSTSGTPGQRVTISCSGGSSNIGSNT-V 167
IIYG8V QGTMVTVSSGGGGSGGGGSGGGGS-SYVLTQPPSASGTPGQRVTISCSGGSSNIGGNT-V 169
IIYESvV QGTMVTVSSGGGGSGGGGSGGGGS-NFMLTQPHSVSGSPGKTVTLSCTRNSGSIASAY-V 178
IIYG4Av QGTLVTVSSGGGGSGGGGSSGGGS-NFMLTQPHSVSESPGKTVTISCTRTSGSIASNY-V 171
IIYD4v QGTMVTVSSGGGGSGGGGSGGGGSSNFMLTQPHSVSESPGKTVTISCTRSSGSIASNY-V 176

R Rk kb bk kb kb 3k b S S * Kk Kk e K e K. ..k .
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YWYQQLPGTAPKLLIYRNNQRPSGVPDRFSGSK--SGTSASLAISGLRSEDEADYYCAAW 224
NWYQQLPGTAPKLLIYSNNQRPSGVPDRFSGSK--SGTSASLAISGLQSEDEADYYCATW 227
HWYQQKPGQAPVLVVYDDSDRPSGIPERFSGSN--SGNTATLTISRVEAGDEADYYCQVW 226
SWYQQHPGKAPKLMIYEVSKRPSGVPDRFSGSK--SGNTASLTVSGLQAEDEADYYCSSY 232
SWYQQHPGKAPKLMIYEVSKRPSGVPDRFSGSK--SGNTASLTVSGLQAEDEADYYCSSY 232
SWYQQHPGKAPNLMIYDVSNRPSGVSNRFSGSK--SGNTASLTISRLQAEDEGIYFCSAY 230
AWYQHHPGKAPKLMIYDVSNRPSGVSNRFSGSK--SGNTASLTISGLQAEDEADYYCSSY 125
SWYQQHPAKAPNLLIYDVSNRPSGVSNRFSGSK--SGNTASLTISGLQAEDEADYFCSSY 229
SWYQQKPGQAPVLVIYGKNNRPSGIPDRFSGSK--SGTSASLDISGLQSEDEADYYCAAW 223
NWYRHLPGTAPKLLIYIDDRRPSDIPDRFSGSR--SGTSASLAISGLQSEDEADYYCAAW 225
NWYQVPPRTAPKLLIYNNNQRPSGVPDREFSGSK--SGTSASLAISGLQSEDEADYYCATW 227
QWFRQRPGSAPTTVIYEDNQRPSGVPARFSGSIDSSSNSASLTISGLQTEDEADYYCQSY 238
QWYQORPGSSPTTVIFEDTARPSGVPARFSGSIDPFSNSASLTISGLKAEDEADYYCHSY 231
QWYQORPGSAPTTVIYEDNQRPSGVPDREFSGSIDSSSNSASLTISGLKTEDEADYYCQSY 236

K. * . % . . KKK . * kKKK ek ek ek . . kK * ek

DDSLSGP-VFGGGTKLTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 271
DNRLNAEWVFGGGTKLTVLRAAAHHHHHHGAAGPEQKLISEEDLNGTA 275
D-SSSDHYVFGTGTQLTVLRAAAHHHHHHGAAGPEQKLISEEDLNGTA 273
T-SITAAAVFGTGTKVTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 279
T-SITAAAVFGTGTKVIVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 279
T-SSSSLGVFGTGTKLTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 277
T-SSSTLVVFGGGTKVTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 172
T-TSSTL-VFGGGTKVTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 275
D-DSLNGVLFGGGTKVTALRAAAHHHHHHGAAGPEQKLISEEDLNGTA 270
D-DSLNGLVFGGGTQLTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 272
D-DSLHGVVFGGGTKVTVLRAAAHHHHHHGAAGPEQKLISEEDLNGTA 274
D---FTNYVFGTGTQLTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 283
D---VHNQVFGGGTKLTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 276
D---SSNVVFGGGTKVTVLGAAAHHHHHHGAAGPEQKLISEEDLNGTA 281

Skk kok s ek ok kkkkkkkokokkkkokkokk ok ok ok kkokk ok ok ok kk

Figure 29. Amino acid sequence alignments of all positive clones are shown. The

a target

GC-rich sequence that links V and V. segments is indicated (lItalic). The
three complementary determining regions (CDRs) are marked with box.
These scFv antibodies are linked with 6xHis and Myc epitope at the C-
terminal. Under line Q is glutamine that is translated from an amber stop

codon in suppressor E. coli strains.

4.3.2.2 Selected positive clones from biopanning using glycoprotein as

The positive clones selected from biopanning using

glycoprotein as a target were confirmed by automated DNA sequencing. The DNA

sequence of each clone was analyzed with Igblast and the sequence alignment of the 5
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positive clones were done using CLUSTALW software (Figure 30). Clone R1 and R2
are identical. Both clones contain just 77 amino acids whereas the normal scFv
usually contain approximately ~250 amino acids. Clone R4 is similar to these two
clones (R1 and R2). This clone contains 76 amino acids. Clone Y6 and Y8 are also
identical. They are consist only VL. All of the selected clone could still bind to the
target (Figure 26-27), even if none of the clones contains full length of scFv. All

clones contain concensus motif DIVMTQSP.

R1 MAQVNLRESGTTVTVSSGGGGSGGGGSGGGGSDIVMTQSPS———=————=—————————— 41
R2 MAQVNLRESGTTVTVSSGGGGSGGGGSGGGGSDIVMTQSPS———=————————————-——— 41
R4 MAQVQLOESGTMVTVSSGGGGSGGGGSGGGGSDIVMTQSP——-—==—————————————— 40
Y6 MAQVNLRESGNPGHRLLRWWWQRGGGSGGGGSDIQMTQSPSSLSASVGDRVTVTCRASQS 60
Y8 MAQVNLRESGNPGHRLLRWWWQRGGGSGGGGSDIQMTQSPSSLSASVGDRVTIVTCRASQS 60
Kkokk ok kk k| L KKKk A KKK KKK KA KKK

Rl S

R2 S e

R4 S

Y6 ISSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC 120
Y8 ISSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLOQPEDFATYYC 120
rRL e GPRLEIKRAAAHHHHHHGAAGPEQKLISEEDLNGTA 77

rR2  mmmmme———— GPRLEIKRAAAHHHHHHGAAGPEQKLISEEDLNGTA 77

rRe e GTKLEIKRAAAHHHHHHGAAGPEQKLISEEDLNGTA 76

Y6 QOSYSTPTFGQGTRLEIKRAAAHHHHHHGAAGPEQKLISEEDLNGTA 167

Y8 QOSYSTPTFGQGTRLEIKRAAAHHHHHHGAAGPEQKLISEEDLNGTA 167

Figure 30. Amino acid sequence alignments of all positive clones selected from
biopanning using glycoprotein as a target. Amino acid sequence
alignments are shown. These clone sequence are linked with 6xHis and

Myc epitope at the C-terminal.
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4.4 Production of soluble antibody fragment

4.4.1 Expression and purification of soluble antibody fragment in E. coli
HB2151
The pMOD-I phagemid vector harboring human scFv gene of the
positive clones were expressed in E. coli HB2151, which is non-suppressor strain.
This strain of E. coli reads the amber stop codon (TAG) as a stop signal, thus the
soluble scFv antibody is expressed. Thirteen anti-rabies clones were selected for
expression. These are IRA7c, IlIRC2c, IRC3c, IYCllc, IYCl2c, 1YD1c, IYF5c,
[IRD5v, 1IYB5v, IIYG4v, IIYESv, IIYG8v and IIYD4v. Anti-alfatoxin clone 3C1
(Rangnoi et al., 2011) and used as a control. After overnight of expression, the
secreted antibody could be found in the supernatant. The supernatant were testd by
ELISA technique. Since these scFv antibodies are linked with 6xHis and Myc epitope,
functional monoclonal scFv antibody could be detected with His prob-HRP or mouse
anti-Myc tag monoclonal Antibody. Only one out of thirteen clones produced
functional antibody fragment against rabies virus (Figure 32). The result showed that
His prob-HRP could detect the expressed antibodies better than mouse anti-Myc tag

monoclonal antibody (Figure 31-32).
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Figure 31. ELISA for testing of the binding of soluble scFv antibody fragment to
inactivated rabies vaccines (PVRV and PCEC) compare to MPBS and

BSA. The monoclonal scFv antibody was detected with Mouse Anti-Myc

Tag Horseradish peroxidase (HRP)
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Figure 32. ELISA for testing of the binding of soluble scFv antibody fragment to
inactivated rabies vaccines (PVRV and PCEC) compare to MPBS and

BSA. The monoclonal scFv antibody was detected with His probe

Horseradish peroxidase (HRP).



78

Soluble anti-Aflatoxin clone 3C1 and anti-Rabies virus clone I'YF5c
were successfully purified by IMAC (Figure 33). The recombinant antibody scFv
proteins were purified from the supernatant. These scFv antibodies encode a carboxy-
terminal to hexa histidine tag. Thus, the Ni-NTA nickel-charged resin was added to

the supernatant for purification of scFv.

M S FT WIW4 E1 E2 E3 E4 E5 S FT W1 W4 E1 E2 E3 E4 E5 M
= s
5;;& =
"'ezg -
37kDa
"g wa 37kDa
- e a—
23kDa ey T € e 25kDa
— AB =

Figure 33. SDS PAGE of purified scFv antibody. SDS-PAGE stained with CBB; (A)
Anti-Aflatoxin clone 3C1 and (B) Anti-Rabies virus clone IYF5c; Lene
M, protein molecular weight marker; lene S, culture supernatant fraction;
lene FT, flow-through fraction; lene W1 and W4, wash fraction; lene P,

purified scFv antibody by IMAC.

Purified anti-rabies virus clone IYF5c was tested the binding affinity by
ELISA. Ten fold dilution of PCEC target were coated into the well. The binding
of purified anti-rabies virus was detected by HIS-prob HRP. The signal
indicated that I'YF5c could not bind to the target at 0.5x10° IU (Figure 34). The
various amount of purified anti-rabies virus clone I'YF5c¢ (5 ug, 2.5 pg, 1.25 ug,
0.5 pg, 0.25 pg and 0 pg) were also tested the binding ability by ELISA (Figure

35).
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Figure 34. Binding affinity of soluble anti-rabies I'YF5c (1).
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4.4.2 Expression and purification of soluble antibody fragment in E. coli

BL21
Since only 1 scFv clones could be produced in E. coli HB2151, the
selected scFv genes (I1'YG4v, IRAT7c, I'YF5c and IHIRC2c) were cloned into pET21b
between Ncol and Notl site for expression in E. coli BL21 (Figure 37). This
expression vector allows the expression of 6xHistidine-tag-fusion-proteins.
Restriction fragment analysis was performed in order to confirm the successful of
cloning. The agarose gel in figure 36 showed the positive clones were digested by
restriction endonuclease (Ncol and Notl) and generated 2 fragments with the

approximately size ~5000 bp of vector and ~800 bp of scFv genes.

IIYG4v IRA7c IYF5¢ 1lIRC2c
A A A A

r \ [ \ f \ [ \
12 3456 7 8 91011121314

Sig

KR Insert

Figure 36. Agarose gel analysis of Ncol and Notl digestion product to check positive
clone. Lene 1 and 8, 1 kb DNA ladder; lene 2-4, clone 11YG4v were
digested with enzymes; lene 5-7, clone IRA7c were digested with
enzymes; lene 9-11, clone I'YF5c were digested with enzymes; lene 12-

14, clone IHIRC2c were digested with enzymes.
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Recombinant expression plasmids carrying the 11YG4v, IRA7c, IYF5c
and I1IRC2c genes were transformed into E. coli BL21 (DE3). The expression
was performed overnight at 16 °C with shaking. The secreted antibody could be
found in the supernatant. The supernatants were used to test by Western blot
and ELISA techniques. The recombinant scFv fused with 6xHistidine could be
detected by HIS-prob HRP as shown in figure 37 and figure 38. The results of
Western blot analysis (Figure 37) showed that the scFv-hexahistidine fusion
antibodies with a size of about 30 kDa were successfully expressed in E. coli
BL21 (DE3). The ELISA confirms the binding of the soluble scFv to the target.
Only clone I'YF5c showed high signal by ELISA. Whereas, the signal of the

others clone are relatively low.

M1 2 3 45 6

37 kda

25kda

10kda

Figure 37. Western blot analysis. Western blot probed with His prob-HRP.
Color was developed by using TMB substrate. Lane (M): Protein
Molecular weight Markers (Sigma Colour burst prestain); Lanel:
pMOD1+ IYF5c (Positive control). Lane 2: pET21b+ 1IYGA4v. Lane 3:
pET21b+ IRA7c. Lane 4: pET21b+ IYF5c. Lane 5: pET21b+ IIRC2cC

and Lane 6: pMOD1+ 3C1 (Positive control)



82

4.5

3.5 -

2.5 -

OD 405 nm

1.5 -

0.5 -
0 - = = = = - —

IYF&c IRA7C YG4v IIC2c

mPCEC 1 PVYRV MPES OB sa

Figure 38. ELISA for testing of the binding of soluble scFv antibody fragment to
inactivated rabies vaccines (PVRV and PCEC) compare to MPBS and

BSA.

The recombinant antibody scFv proteins were purified from the supernatant.
After purification by IMAC, the purified fraction was examined on SDS-PAGE gel
(Figure 39). The results of SDS-PAGE showed that the scFv-hexahistidine fusion
antibodies with a size of about 30 kDa were successfully purified from the supernatant

using Ni-NTA resin.
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Figure 39. SDS-PAGE of purified scFv antibody. SDS-PAGE stained with CBB;

(A) Anti-Rabies virus clone IRA7c, (B) Anti-Rabies virus clone I'YF5c,

(C) Anti-Rabies virus clone 111C2c, (D) Anti-Rabies virus clone 11'YG4v;

Lene M, protein molecular weight marker; lene S, culture supernatant

fraction; lene FT, flow-through fraction; lene W1-W3, wash fraction;

lene P, purified scFv antibody by IMAC.

4.4.3 Expression and purification of soluble antibody fragment in E. coli

DHSfP

The selected scFv genes (IRA7c and IYF5c) were cloned into

PMY607AP. The two scFv-AP clones; scFv-IRA7c-AP and scFv-1YF5c-AP were

expressed by using DH5aF’. Crude cell lysate and supernatant were used to test the

specific to bind inactivated rabies by ELISA using PNPP as substrate. The yellow

color was developed and measured absorbance at 405 nm. The supernatant of clone
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IRA7c-AP showed the signal bound to PCEC. scFv-AP fusion result indicated that
this format can be used for diagnostic purpose. Moreover, scFv-GFP format could be

further developed to be used as diagnostic probe in the future.
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Figure 40. The binding of scFv-IRA7c-AP and scFv-1YF5c-AP; (A) scFv-IRAT7c-
AP from crude cell lysate, (B) scFv-IRA7c-AP from crude supernatant ,
(C) scFv- IYF5c -AP from crude cell lysate, (D) scFv- IYF5¢c AP from
crude supernatant, PNPP was used to be substrate for AP. Absorbance
signals were present with standard deviation of duplicate wells as

depicted above.
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4.5 Neutralization assay

The neutralization capacity of the scFv antibody was detected by the Rapid
Fluorescent Focus Inhibition Test (RFFIT). By using this method, the field where
virus has been neutralized (Figure 41A) or the field where virus was not neutralized
(Figure 41B) were counted under a fluorescence microscope and then calculated as
IU/ml. The neutralizing potencies (IU) of the established clones against RABV were
calculated by comparison with theWHO international standards (equine anti-rabies
immunoglobulin, National Institute for Biological Standards & Control) by the

Spearman-Karber method.

Figure 41. An example of a microscopic field from neutralization assay. (A) An
example of a microscopic field where virus has been neutralized. (B) An

example of a microscopic field where virus was not neutralized.

Phage displayed antibodies (Crude supernatant or PEG precipitate) and soluble
scFv antibodies were used for RFFIT. The neutralizing efficiency was shown in table
10-12. The neutralizing efficiency of soluble scFv antibodies were calculated by

comparison with WHO international standards and expressed as IU per mg. The
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neutralization abilities of IRA7c and IIIRC2c against CVS were 4.54 1U/mg and 0.2
IU/mg as shown in Table 12. Among the different methods for preparation of
antibodies, the soluble scFv antibodies performed the best neutralize activity to the
rabies virus. IRA7c can neutralize the virus better than I1IRC2c as shown in Table 10-
12. Phage displayed antibody showed the lower neutralizing activity than soluble scFv
when testing by RFFIT method. It is interesting to note that the ELISA results prove
that IRA7c was not bind to the glycoprotein whereas the 1HIRC2c could bound to the
glycoprotein. While clone 1'YF5c interacted specifically and strongly to the PCEC
target, it did not neutralize the virus. Only clones IRA7c and I1IRC2c, which were
derived from immunized library showed neutralization of the rabies virus in vitro at
4.54 1U/mg and 0.20 IU/mg, respectively. The result proved that the ELISA signal is
not corresponded with the neutralizing activity. Finally, the soluble scFv antibody
IRA7c was concentrated using Amicon® Ultra-4 Centrifugal Filter Devices and tested
by RFFIT. The neutralizing efficiency was increased about 10 times after the
concentration of soluble scFv antibody IRA7c was concentrated 10 times (Table 12).
Nevertheless, the neutralization assay would be better to performed with other RABV
strains (such as ERA, HEP-Flury, and Nishigahara) to analyze the activity of the
recombinant antibody against a broad spectrum of RABV (Masumoto et al., 2010).
There are many reports worldwild about recombinant monoclonal antibody against
Rabies virus by phage display technology (Ray et al., 2001; Kramer et al., 2005; Zhao
et al., 2008; Kaku et al., 2011; Aavula et al., 2011; Ando et al., 2005; Houimel et al.,
2009; Liu et al., 2011; San et al., 2012; Hultberg et al., 2011; Boruah et al., 2013).

Almost of them showed the neutralizing activity higher than this work. However, it is
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important to note that this antibody is 100% Thai human. Nevertheless, the
neutralizing potency and stability of these antibodies can be further improved by
various methods of affinity maturation (Dean et al., 2012). These two human MAbs
against rabies are expected to be utilized as a tool for future post-exposure

prophylaxis. For therapeutic use, clone IRA7c should be converted to full-length 1gG.

Table 10. In vivo neutralizing potency determined by RFFIT using phage scFv

antibody (PEG precipitate)

Phage scFv antibody 1IU/ml

(PEG precipitate)

IRA7C 0.06
IYF5c Negative
111C2¢ 0.03
IRC3c Negative
IYCllc Negative
IYCl2c Negative
IYD1c Negative
IIRD5v Negative
I1YB5v Negative
1YG4v Negative
I'YESv Negative
IYG8v Negative

11YD4v Negative
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Table 11. In vivo neutralizing potency determined by RFFIT using phage scFv

antibody (crude supernatant)

Phage scFv antibody 1U/ml

(crude supernatant)

IRA7C 0.12
IYF5c Negative
cC2c 0.08

Table 12. In vivo neutralizing potency determined by RFFIT using soluble scFv

Soluble scFv antibody 1U/mi IU/mg
(concentration)
IRA7c (500 ug/ml) 2.27 4.54
IRA7C (4900 ug/ml) 20.13 4.10
I'YF5c (284 ug/ml) Negative Negative
[11C2c (500 ug/ml) 0.10 0.20
I1YG4v (125.21 ug/ml) Negative Negative
3C1 (368 ug/ml) Negative Negative
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4.6 Bioinformatic Analysis for 3D structure prediction

The nucleotide sequences of clone IRAT7c, IIIRC2c and I'YF5c were translated
to an amino acid sequence and three dimention structures were predicted by
homology. The binding sites which are CDR 1, 2, 3 of scFv Human antibodies were
indicated by pymol program. Surface cartoon representation of binding site of the
single chain variable fragment (scFv) of clone IRA7c and IIIRC2c are shown in
Figure 42. The three complementary determining regions (CDR1, CDR2 and CDR3)
are indicated. As shown in Figure 42, the three complementary determining regions of
clone IRA7c and IIIRC2c form flat structure, in contrast to deep binding pocket of
Anti-alfatoxin the previous report of 3D structure prediction showed the binding
pocket, a deep cavity, is highly complementary to the hapten AFB1 (Li et al., 2012).
The schematic ribbon cartoon of IRA7c, I1IRC2c and I'YF5c was depicted in Figure

43, 44 and 45.

/ CDR3 of VL

B0

VH <

CDR3 of VH CDR3 of VH

Figure 42. Three-dimensional structure prediction. A) IRA7c. B) I1IRC2c.
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Figure 43. Three-dimensional structure prediction of neutralized single chain variable
fragment (scFv) against rabies; IRA7c. The disulfide bond of heavy chain

(DBH) and the disulfide bond of the light chain (DBL) are located.



91

Figure 44. Three-dimensional structure prediction of neutralized single chain
variable fragment (scFv) against rabies; IIIRC2c. The disulfide bond of
heavy chain (DBH) and the disulfide bond of the light chain (DBL) are

located.
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Figure 45. Three-dimensional structure prediction of non-neutralized single chain
variable fragment (scFv) against rabies; I'YF5c. The disulfide bond of
heavy chain (DBH) and the disulfide bond of the light chain (DBL) are

located.



CHAPTER V

CONCLUSION

1. Thirteen unique phage-displayed anti-rabies scFv antibodies were
successfully selected from non-immunized (YAMO-I) and immunized (Yamo-Rb)
libraries using PVRV or/and PCEC as a target. These are clones IRA7c, IIRC2c,
IRC3c, IYCllc, 1YC12c, IYD1c and IYF5c (selected by using PCEC as a target)
IIRD5v, I1YB5v, IIYGA4v, IIYESv, I1YG8v, IIYDA4v (selected by using PVRV as a
target).

2. Three unique phage-displayed anti-rabies were selected from non-
immunized (YAMO-I) and immunized (Yamo-Rb) using glycoprotein as a target.
There are R1, R4 and Y6. Two of them are small peptide fragment. The others clone
is consisted of only VL fragment. All clones contain concensus motif DIVMTQSP.

3. All scFv antibodies possessed variable heavy chains (VH) from family 1,
3, 4 and 6 and only A light chains (VL) from family 1, 2, 3, and 6. No « light chain
(Vk) was isolated.

4. Two clones consisted of only VL fragments. One was from immunized
(Yamo-Rb) library using PCEC as a target. The others one is from non-immunized
(Yamol) library using glycoprotein as a target.

5. Two out of 13 selected phage scFv antibodies can neutralize the virus

using RFFIT assay. There are clone IRA7c and I1IRC2c.
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6. Soluble scFv clone IRAT7c, IIIRC2c, IYF5c and 11YG4v were expressed
and tested by RFFIT assay. Only clones IRA7c and IIRC2c showed neutralizing
activity. Clone IRA7c neutralized rabies virus better than clone 11IRC2c.

7. This result indicated that both non-immunized library from exposed
population and immunized library can be used to generate scFv nanobodies for
detection of the virus, but only antibody from immunized library can neutralize the

virus.



Table 13. Characteristics of all selected positive anti-rabies clones.

ELISA result ELISA result ELISA Neutralization
(Phage) (Soluble scFv) result
Clone (scFv AP) Remark
GP PCEC PVRV GP PCEC PVRV PCEC Crude PEG/Nacl  Soluble
Phage Phage scFv
IYF5c - +++ - N/A +++ - - No No No -
IYCllc - ++ - N/A N/A N/A N/A N/A No N/A -
IYC12c - ++ - N/A N/A N/A N/A N/A No N/A -
I'YD1c - ++ - N/A N/A N/A N/A N/A No N/A -
1Y G4y - ++ +++ N/A + ++ N/A N/A No No -
I1YG8v - - + N/A N/A N/A N/A N/A No N/A -
1Y D4v - - + N/A N/A N/A N/A N/A No N/A -
IIYE5v - + + N/A N/A N/A N/A N/A No N/A -
IYB5v - - +++ N/A N/A N/A N/A N/A No N/A -
Y6(Y8) +tt - - N/A N/A N/A N/A N/A N/A N/A Consist
only VL

G6



Table 13. Characteristics of all selected positive anti-rabies clones. (Continued)

ELISA result ELISA result ELISA Neutralization
(Phage) (Soluble scFv) result
(scFv AP) Remark
Clone GP PCEC PVRV GP PCEC PVRV PCEC Crude PEG/Nacl  Soluble
Phage Phage scFv
IRA7c - ++ + N/A + - ++ Yes Yes Yes -
(4.54
1U/mg)
iC2c  +++ ++ + N/A + - N/A Yes Yes Yes -
(0.20
IU/mg)
IRC3c  +++ + - N/A N/A N/A N/A N/A No N/A Consist
only VL
IIRD5v - - ++ N/A N/A N/A N/A N/A No N/A -
R1(R2) +++ - - N/A N/A N/A N/A N/A N/A N/A Short
peptide
R4 +++ - - N/A N/A N/A N/A N/A N/A N/A Short
peptide

Note: Signal of OD 405 nm

- No signal compared with negative control + Low signal compared with negative control
++ Medium signal compared with negative control +++ High signal compared with negative control
No haven’t got neutralizing activity Yes have neutralizing activity

N/A is an abbreviation for not applicable
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ADDITIONAL REAGENTS

A.1 100 MM NaHCO; pH 8.5 100 ml
- NaHCO; 0.84¢

- DI H,O 70 ml
- Adjust pH 8.5 and add DI H,0 to 100 ml
- Autoclave

A.2 20% Glucose 40 ml

- Glucose 8 ¢

- DI H,O to 40 ml

- Filter-sterilize

A.3 20% Sucrose 40 ml

- Sucrose 8 ¢

- DI H,O to 40 ml

- Filter-sterilize

A.4 2xYT broth 100 ml
- Tryptone 1 g

- Yeast extract 1 g

- NaCl 05 g

- DI H,O to 100 ml

115



A5

Autoclave
2xXYT with Amp + 1% glucose

Tryptone

Yeast extract

NaCl

Bacto agar

DI H,0O to

Autoclave

50 mM Glycine-HCI pH 2.0
Glycine

DI H,O

Adjust pH to 2.0 by using conc.HCI
DI H,0O to

Autoclave

116

400 ml
149
149
05 ¢
32 ¢

400 ml

30 ml

011 g

20 mi

30 mil

A.7 50 mM citric acid monohydrate pH 4.0, 300 ml (Solvent of

ABTS substrate used 1 mg ABTS to 1mL of 50 mM citric acid monohydrate pH4.0)

A8

Citric acid

DI H,O

Adjust pH 4.0, add DI H,0 to
Autoclave

Neutralization solution

8.1 0.2M NaH,P0O42H,0

- NaH>PO42H,0

3.15¢
200 ml

300 ml

20 ml

0.62g
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- Add DI H,0 20 ml
- Autoclave
8.2 0.2M NayHPO, 60 ml
- Na;HPO,4 1.70 g
- Add DI H,0O 60 ml
- Autoclave
A9 2% skimmilk 10 ml
- skim milk 029
- 1x PBS 10 mi
A.10 5x PEG/NaCl 500 mi
- Polyethylene glycol 8000 65 g
- NacCl 46.8 g
- DI H,0O to
500 mi

- Filter-sterilize 0.2 um

A.11 10xPBS 1L

- NaCl 80¢g

- KCI 29

- Na,HPO, 179

- KH.PO, 1.63¢

- DI water 950 ml,
- adjust pH to 7.4 with 50 ml DI water

- Autoclave
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A.12 M9ZB Medium:

12.1 Solution A.

- BactoTryptone 109
- Yeast extract 59
- NaCl 50
- NH,CI 1g

- Dissolve in 800 ml RO water, autoclave.
12.2 Solution B.
- KH,PO, 39
- Na;HPO4 69
- Dissolve in 100 ml RO water, autoclave.
12.3 Solution C.
- 20% glucose OR 10% glycerine
- Autoclave.
12.4 Solution D. (IM MgSO, Mw 120),
- MgSO, 129
- Dissolve in 10 ml RO water, autoclave.
For complete medium, combine
Solution A 400 ml
SolutionB 50 ml
SolutionC 50 ml

Solution D 0.5ml
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APPENDIX B

STEP-BY-STEP METHODS

B.1 Biopanning with PCEC or PVRYV target

1. A Maxisorp Immuno tube (Nunc, Denmark) was pre-coated with 0.35-
1.4 1U of inactivated rabies virus (PCEC or PVRV), at 37 °C for 3 h followed by 4 °C
overnight,
Example
Prepare 1 IU of PCEC for immobilized into immuno tube
(Bio-Panning)
PCEC (LEP-Flury strain, Rabipur, Chiron, India)
Potency 7.97 1U/dose/1 ml
7.97 1U dissolved in 1000  pl
11U ”? 125.47 pl
- Add 125.47 ul of PCEC into the immuno tube
- Add 100 MM NaHCO3, pH 8.5 into the immuno tube to 200 ul
- Incubate at 37 °C for 3 h.

- Incubate at 4 °C for overnight.



121

Example

Prepare 1 IU of PVRV for immobilized into immuno tube
PVRV (VeroRab, Pitman-more/ W138-153-3M strain, Sanofi-Pasteur, Lyon,

France) Potency 9.2 1U/ dose/0.5 ml

9.21U dissolved in 500 pl
11U ” 54.35 pl
- Add 54.35 ul of PCEC into the immuno tube

- Add 145.65 ul of 100 MM NaHCOs;, pH 8.5 into The Immuno 96
microWellTM plate (Nunc, Denmark)

- Incubate at 37 °C for 3 h.

- Incubate at 4 °C for overnight.

2. Next day, stabilized with 200 pul of immobilized target by 5 % w/v
sucrose, 0.3 % w/v BSA, and 50 mM NaHCO3

Prepare 5 % w/v sucrose, 0.3 % w/v BSA, and 50 mM NaHCO;

Sucrose 025 ¢
BSA 0.015 g
100 mM NaHCOs3 25 mil
PBS 2.5 ml
Total 10 ml

- Incubate at room temperature for 45 min

3. Wash tube 3 times with PBS (pour into the tube and then pour it
immediately out again).

4.  Block; Fill tube to brim with PBS containing skimmed milk (2 %, wi/v,

MPBS) then incubated at room temperature by standing on the bench for 1 h.
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Prepare phage library

Add phage library (titer 10*) 10 pl in 190 pl of 4%, w/v, MPBS

Mix well and keep it on ice

6.

Add phage display scFv antibody library.

Pour out PBS containing skimmed milk.

Add 200 pl of the mixture of phage display scFv antibody library.
Incubate at room temperature for 2 h.

Prepare log phase TG1.

Add 50 pl of overnight E. coli TG1 in in 2 ml of 2xYT broth
Incubate at 37 °C with shaking for 2 h.

Wash tube 10 times with PBST and 10 times PBS.

Elute.

Add 100 pl Trypsin

Incubate at room temperature for 15 min

Take trypsin into 1.5 ml tube.

Acid elution by adding 100 pl of 0.1M glycine HCI pH 2.0
Incubate at room temperature for 10 min

Prepare neutralization sol.

0.2 M NaH;P042H,0 16 pl

0.2 M NayHPO4 84 pl

Total

100 ul

Take glycine into 1.5 ml tube and neutralize with 100 pl neutralization
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** Elute phage = Eluted phage Trypsin + Eluted phage Glycine with

Neutralization sol.

10.

Infect; Add Elute phage 150 ul into TG1 log phase 2 ml (keep the rest

phage in 4 °C). Incubate 37 °C for 30 min (Infected E. coli by eluted phage).

11. Make a serial dilution of infected E. coli TG1 with 2xYT
12.  Spread plate on 2xYT with Amplicillin + 1% glucose
- 1:10 (10™") spread 100 pl
- 1:100 (10) spread 100 pl
- 1:1000 (10°%) spread 100 pl
- All (centrifuged 2ml TG1 log phase) spread all
- All (centrifuged 2ml infected E.coli TG1) spread all
13. Phage titre (Output)
Example
Colonies Titre (pfu/ul)
10" 19 1.9x10?
10- 1 1x10°
10° 0 ]
All 2,520 -

Negative control 0 -
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B.2 Biopanning with Glycoprotein
1. Rabies G protein pre-coated 8-well strips kit from BioRad was block
with 200 pl with PBS containing skimmed milk (2 %, w/v, MPBS).
2. Prepare phage library;
- Add phage library (titer 10') 10 pl in 190 pl of 4 %, w/v, MPBS
- Mix well and keep it on ice
3. Add phage;
- Pour out PBS containing skimmed milk.
- Add 200 pl of phage
- Incubate at room temperature for 2 h.
4.  Prepare log phase TG1,;
- Add 50 pl of overnight E. coli TG1 in 2 ml of 2xYT broth
- Incubate at 37 °C with shaking for 2 h.
5. Wash 5 times with buffer from kit
6. Elute;
- Add 100 pl Trypsin
- Incubate at room temperature for 15 min
- Take trypsin into 1.5 ml tube.
- Acid elution by adding 100ul of 0.1M glycine HCI pH 2.0 and neutralize
with 100 pl solution.
- Incubate at room temperature for 10 min
- Take glycine into 1.5 ml tube with neutralization sol.
** Elute phage = Eluted phage Trypsin + Eluted phage Glycine with

Neutralization sol.
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- Add Elute phage 150 pl into TG1 log phase 2 ml (keep the rest phage in

4°C),

- Incubate 37 °C for 30 min (Infected E. coli by eluted phage).

8.  Phage titre (Output)

Make a serial dilution of infected E. coli TG1 with 2xYT

Spread plate on 2xYT with Amplicillin + 1 % glucose

- 1:10 (10™") spread 100 pl
- 1:100 (10) spread 100 pl
- 1:1000 (10-3) spread 100 pl
- All (centrifuged 2 ml TG1 log phase) spread all

All (centrifuged 2 ml infected E.coli TG1)  spread all

Example

Colonies Titre (pfu/ul)
10 Too many to count -
10” 280 2.8x10°
10° 19 1.9x10°
All 4 4x10°
Negative control 0 -
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B.3 Amplified phage for the next round

1. One milliliter of 2xYT with 1% (w/v) glucose and 100 pg/ml ampillicin
media was added to a plate that contained all colonies from first round of selection
and loosens E. coli with spreader.

2. Scraped cell 5 pl was added to 5 ml of 2xYT with 1 % glucose and 100
pg/ml amplicillin and incubated at 37 °C 200 rpm for 2-3 h.

3. Helper phage 0.5 pl (titre 10™) was added and incubated at 37 °C for 30
min.

4.  Spin at 3,000 x g for 10 min. Resuspend in 5 ml of 2xTY containing 100
ug/ml ampicillin, 50 pg/ml kanamycin and 0.1% (w/v) glucose.

5. Incubate shaking at 30 °C overnight (18-20 h)

6.  Next day, spin the overnight culture at 3,300 g for 15 min.

7. Add 1 ml PEG/NaCl (20 % Polyethylene glycol 6000, 2.5 M NaCl) to 40
ml supernatant. Mix well and leave for 1 hr on ice.

8. Spin 3,300 x g for 30 min. Pour away PEG/NaCl. Respin briefly for 5
min to remove all remaining supernatant.

9. The phage precipitate pellet was resuspended in 200 ul of 1xPBS and
phage particle can be store at 4 °C for several weeks.

10. Repeat selection. For round two-five of selection 100 pl of amplified
phage was mixed with 100 pl of 4 % MBPS to perform the selection.

11. The same selection protocol as described in round one of selection was

done.
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B.4 ELISA

1. Coat a Immuno 96 microWellTM plate with 100 pl (0.1 IU) of
inactivated rabies virus (PCEC or PVRV), at 37 °C for 3 h followed by 4 °C
overnight.

2. Stabilized with 100 pl of 5 % wi/v sucrose, 0.3 % w/v BSA, and 50 mM
NaHCO; for 45 min.

3. Wash wells 3 times with PBS.

4.  Add 200 pl per well of PBS containing skimmed milk (2 %, w/v, MPBS)
to block and incubate for 1 hr at room temperature.

5. Pour out PBS containing skimmed milk and add 50 ul of PBS containing
skimmed milk (4%, w/v, MPBS)

6. Add 100-150 pl of phage scFv or soluble scFv or 100 ul of 1:100 IgG
(serum) in PBS.

7. Incubate for 1-2 h at 37 °C or room temperature.

8. Wash wells 3 times with PBST and 3 times PBS.

9.  Add 100 pl/well of secondary antibody.

Sample Secondary antibody Antibody/PBS (Ratio)

Phage scFv (M13)  AntiM13- HRP 4 pl/20ml (1:5000)

Soluble scFv (Myc-Tag) Mouse Anti-Myc HRP 4 ul/20ml (1:5000)

Soluble scFv (His-Tag)His probe-HRP 4 ul/20ml (1:5000)

IgG (serum) Protein A-HRP 2.5 ul/20ml (1:8000)

10. Incubate for 1 h at room temperature.

11. Wash wells 3 times with PBST and 3 times PBS.

12. Add 100 pl of TMB or 200 pul of ABTS.
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13. For TMB substrate; incubate for 20 min and add 50 ul of 1 M sulphuric
acid to stop the reaction. For ABTS; the reaction was quantified by measuring the

absorbance at 405 nm. And read the OD at 450 nm for TMB.

B.5 Expression using E.coli BL21 (DE3)

1.  Pick single colony of E.coli BL21 (DE3) harboring pET27b+scFv into
M9ZB (C=20% glucose) medium with 50 pug/ml kanamycin and incubate overnight,
shaking at 30 °C.

2. Inoculate 1:100 into fresh M9ZB (C=20% glucose), shaking 200 rpm for
4 hat30°C.

3. Spinat 5,000 rpm, 15 min, 16 °C.

4. Replace medium for M9ZB (C = 10 % glycerine) with 50 pg/ml
kanamycin and 1 mM IPTG (final concentration).

5. Incubate with shaking 200 rpm overnight, 16 °C.

6.  Spin at 8,000 rpm, 15 min, and 4 °C. The secrete antibody fragment can

be found in the supernatant.
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B.6 Expression using DH5aF’

1.  Pick single colony of E.coli DH5aF’ harboring pMY607AP+scFv into 5
ml 2xYT medium with 100 pg/ml ampicillin and 1% glucose and incubate overnight,
shaking at 37 °C.

2. Spin at 3,000 rpm for 15 min.

3. Replace medium with 2xYT medium containing 100 pg/ml ampicillin
and 1 mM IPTG (final concentration).

4.  Incubate with shaking 200 rpm at room temperature for 20 h.

5. Spin at 8,000 rpm, 15 min, 4 °C. The secrete antibody fragment can be

found in the supernatant

B.7 Expression using HB2151

1.  Pick single colony of E.coli HB2151 harboring pMOD1+scFv into 5 ml
2xYT medium with 100 pg/ml ampicillin and 2%glucose and incubate overnight,
shaking at 30 °C.

2. Next day, inoculate 50 pl of overnight culture (1 % inoculum) in 5 ml
2xYT broth containing 100 pg/ml ampicillin and 2 % glucose incubate shaking at 30
°C until OD600 is 0.9 (~ 4 h).

3. Add IPTG to a final concentration of 1mM and continue shaking at 30
°C for 20 h.

4.  Spin at 3,000 rpm for 10 min to remove bacteria and debris. The secrete

antibody fragment can be found in the supernatant.
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B.8 Neutralization assay (Rapid Fluorescent Focus Inhibition
test; RFFIT)

1.  Dilute sample with desired dilution 50 pl/well (2-fold interval) in 96-
well tissue culture plates with multichannel pipette by using maintenance medium (2
% DMEM)

2. Add 50 pl of rabies virus suspension (100 TCIDsp), Incubate 37 °C for
90 min in CO; incubater

3. Trypsinize a bottle (75 cm®) of BHK-cells and prepare cell suspension of
10° cell/ml

4. Add 50 ul of BHK-21 (10° cell/well),

5. Incubate 37 °C for 21 h in CO; incubater

6. Remove medium after incubation

7. Wash cell monolayer with PBS, Fix with 90 % acetone and dry in the
incubator

8.  Stain with FITC labeled anti-rabies for 30 min at 37 °C

9.  Wash with PBS and dry in the incubator

10. Observe the wells and count (8 fields per well). Field is judged as
positive if it includes at least one attained cell.

11. Calculate the TCIDsg using the Spearman-Karber method.

Log TCID50 =L-D(s-0.5)
L = Log of the strongest dilution
D = Difference between log dilution

S = sum of proportion of negative filed
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Count infected cell using a fluorescence microscope (negative field/8 fields)
Example

Dilution 1:16  1:32 1:64 1:128 1:256

Negative field / 8 fileds 8/8 7/8 4/8 1/8 0/8

Proportion 1 088 05 012 O

Sum of proportions = 1.5 (from 1:32 to 1:256 dilutions)
The starting dilution is 1:32; log = -1.5

The dilution are twofold log 2 = +0.3

Log TCIDs = -1.5.0.3 (1.5-0.5) = -1.8

Antilog = dilution giving 50 % reduction in negative fields = 1: 63

Convert to international units using the WHO standard serum

One tissue culture ID50 (TCID50) is the infectious dose of virus that will
result in 50 % of the observed fields having one or more infected cells.

Test Validity: for each test

- Reproducibility of standard TCIDsg

- Reproducibility of challenging virus (working dilution)

- Reproducibility of internal control serum titers

- Good homogenicity of result between two difference wells for each

dilution.
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APPENDIX C

DNA AND AMINO ACID SEQUENCE

C.1 DNA sequence,

C.1.1 IRA7c_pMOD1 (IVB4cy_pMOD1)
>IRA7c_pMODl (IVB4cv pMOD1)

ATGGCCCAGGTGCAGCTGGTGCAGTCTGGGGGAGGCTTGGTCCAGCCTGGGGGGTCCCTGAGACTCTCC
TGTGCAGCGTCTGGATTCAGTTTCAGTGACTATGGCATGCACTGGGTCCGCCAGATTCCAGGCAAGGGA
CTGGAGTGGGTGGCAGTTATATATGCTCGTGGAATCAATACATATTATGGAGACTCCGTGAAGGGCCGA
TTCACCATCTCCAGAGATAATTCCAAGAACATTCTGTATTTGGAAATGAACAGGCTGAGCTCCGAGGAC
ACGGCTGTCTATTACTGTGCGACAGACGATCCCCCGAGTGGTACGGGGTCTTATCACGTCAACTGGGGC
CAGGGAACCCTGGTCACCGTCTCCTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTGGTGGA
TCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGC
ACTGGAACCAGCAGTGATGTTGGGAGTTATAACCTTGTCTCCTGGTACCAACAGCACCCAGGCAAAGCC
CCCAAACTCATGATTTATGAGGTCAGTAAGCGGCCCTCAGGGGTCCCTGATCGCTTCTCTGGCTCCAAG
TCTGGCAACACGGCCTCCCTGACCGTCTCTGGGCTCCAGGCTGAGGATGAGGCTGATTATTACTGCAGC
TCATATACAAGCATCACCGCTGCCGCTGTCTTCGGAACTGGGACCAAGGTCACCGTCCTAGGTGCGGCC
GCACATCATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAAC

GGTACCGCATAG

C.1.2 IYF5¢c_pMOD1

>IYF5c pMOD1

ATGGCCCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTCTCC
TGCAAGGCTTCTGGTTACACCTTTACCAGCTATGGTATCAGCTGGGTGCGACAGGCCCCTGGACAAGGG
CTTGAGTGGATGGGATGGATCAGCGCTTACAATGGTAACACAAACTATGCACAGAAGCTCCAGGGCAGA

GTCACCATGACCACAGACACATCCACGAGCACAGCCTACATGGAGCTGAGGAGCCTGAGATCTGACGAC
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ACGGCCGTGTATTACTGTGCGGACGGTGGTAACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCCAGGCTGTGCTCACTCAG
CCGTCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTGGAAGCAGCTCCAACATC
GGAAGTAACTATGTATACTGGTACCAGCAGCTCCCAGGAACGGCCCCCAAACTCCTCATCTATAGGAAT
AATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCC
ATCAGTGGGCTCCGGTCCGAGGATGAGGCTGATTATTACTGTGCAGCATGGGATGACAGCCTGAGTGGT
CCGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTGCGGCCGCACATCATCATCACCATCACGGG

GCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAACGGTACCGCATAG

C.1.3 I1IRC2c_pMOD1

>ITIIRC2c_ pMOD1

ATGGCCCAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTTCGGAGACCCTGGCCCTCAC
TGCACTGTCTCTGGTGGCTCCCTCAGCAGTGTTAATAGTTACTGGGACTTCATCCGCCAGCCCCCAGGG
AAGGGACTGGAGTGGATTGGGAGTATCTATTATAGGGGGACCACTTACTACAACCCGTCCCTCAAGAGT
CGAGTCACCTTATCAGTGGACACGTCCCAGAATCAAATCTCCCTGAAGCTGACCTCTCTGACCGCCGCG
GACACGGCCGTATATTACTGTGCGAGAGAATCAGTCACCAGGGGAACTTTTGATATGTGGGGCCAAGGG
ACAATGGTCACCGTCTCTTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCCAG
TCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGC
ACCAGCAGTGACGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAC
CTCATGATTTATGATGTCAGTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGC
AACACGGCCTCCCTGACCATCTCTAGGCTCCAGGCTGAGGACGAGGGTATCTATTTCTGCAGCGCATAT
ACAAGCAGCAGCTCTCTCGGGGTCTTCGGCACTGGGACCAAGCTGACCGTCCTAGGTGCGGCCGCACAT
CATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAACGGTACC

GCATAG

C.14 1YCllc_pMOD1
> IYCllc pMODI1

ATGCAGCTGGTGGAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTCTCCTGCAAGGCT
TCTGGATACAGCTTCACCGCCTACTATATACACTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGG

ATGGGGTGGATCAATCCTAACAGTGGTACCACAACCTATGCACAGAGGTTTCAGGGCAGGGTCACCATG
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ACCAGGGACACGTCCATCAGCACAGCCTACATGGAGCTGAGCAGGCTGAGATCTGACGACACGGCCGTG
TATTACTGTGCGAGAGATTTCGGGGGCTACTGGAGGTGGGGTGCTTTTGATATCTGGGGCCAAGGGACC
ACGGTCACCGTCTCCTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTAGTGGATCCTCCTAT
GTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGAAAGACGGCCAGGATTACCTGTGGGGGAAAC
AACATTGGAAGTAAAAGTGTGCACTGGTACCAGCAGAAGCCAGGCCAGGCCCCTGTGCTGGTCGTCTAT
GATGATAGCGACCGGCCCTCAGGGATCCCTGAGCGATTCTCTGGCTCCAACTCTGGGAACACGGCCACC
CTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTCAGGTGTGGGATAGTAGTAGT

GATCATTATGTCTTCGGAACTGGGACCCAGCTCACCGTTTTACGTGCGGCCGCAGTCGAC

C.1.5 1YCl2c_ pMOD1
> IYCl2c pMODI1

ATGGCCCAGGTCAACTTAAGGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGACTCTCC
TGTGCAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGG
CTGGAGTGGGTCTCATCTATTACTTATTCTGGTACTGCTACATCTTACGCAGACTCCGTGAAGGGCCGG
TTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAGCCGAGGAC
ACGGCCGTATATTACTGTGCGAAAGGTTATTCTACTTTTGACTACTGGGGCCAGGGAACCCTGGTCACC
GTCTCCTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTAGTGGATCCCAGGCTGTGCTCACT
CAGCCGTCCTCAACGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTGGAGGCAGCTCCAAC
ATCGGAAGCAATACTGTCAATTGGTACCGGCATCTCCCGGGGACGGCCCCCAAACTCCTCATCTACATT
GATGATCGGCGGCCCTCAGATATCCCTGACCGATTCTCTGGCTCCAGGTCTGGCACCTCAGCCTCCCTT
GCCATCAGTGGGCTCCAGTCTGAGGATGAGGCTGATTATTATTGCGCAGCATGGGATGACAGCCTGAAT

GGTCTCGTTTTTGGCGGAGGGACCCAGCTCACCGTTTTAGGTGCGGCCGCAGTCGAC
C.1.6 IRC3c_pMOD1

> IRC3c_pMOD1l (Consist only VL)

ATGGCCCAGGTCAACTTAAGGGAGTCTGGGACCACGGTCACCGTCTCTTCAGGTGGTGGTGGTAGCGGC
GGCGGCGGCTCTGGTGGTGGTGGATCCCAGTCTGCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCT
GGACAGTCGATCACCATCTCCTGCACTGGAACCAGCAGTGACGTTGGTGGTTATAACTATGTCGCCTGG
TACCAACATCACCCAGGCAAAGCCCCCAAACTCATGATTTATGATGTCAGTAATCGGCCCTCAGGGGTT

TCTAATCGCTTCTCTGGCTCCAAGTCTGGCAACACGGCCTCCCTGACCATCTCTGGCCTGCAGGCTGAG
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GACGAGGCTGATTATTACTGCAGCTCATATACAAGCAGCAGCACTCTCGTGGTATTCGGCGGAGGGACC

AAGGTCACCGTCCTAGGTGCGGCCGCAGTCGAC

C.1.7 1YD1c_pMOD1

> IYDlc pMOD1

ATGGCCCAGGTCAACTTAAGGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGACTCTCC
TGTGCAGCCTCTGGATTCACCTTTAGCAGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGG
CTGGAGTGGGTCTCAGCTATTACTTATAATGGTGCTTCTACAGCTTACGCAGACTCCGTGAAGGGCCGG
TTCACCATCTCCAGAGACAATTCCTAGAACACGCTGTATCTGCAAATGAACAGCCTGAGAGCCGAGGAC
ACGGCCGTATATTACTGTGCGAAAGGTTACTCTACTTTTGACTACTGGGGCCAGGGAACCCTGGTCACC
GTCTCCTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCTCTTCTAAGCTGACT
CAGGACCCTGCTGTGTCTGTGGCCTTGGGACAGACAGTCAGGATCACATGCCAAGGAGACAGCCTCAGA
AGCTATTATGCAAGCTGGTACCAGCAGAAGCCAGGACAGGCCCCTGTACTTGTCATCTATGGTAAAAAC
AACCGGCCCTCAGGGATCCCAGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGACATC
AGTGGGCTCCAGTCTGAGGATGAGGCTGATTATTACTGTGCAGCATGGGATGACAGCCTGAATGGTGTG

TTATTCGGCGGAGGGACCAAAGTCACCGCCCTACGTGCGGCCGCAGTCGAC

C.1.8 1IRD5v_pMOD1

> IIRD5v_pMOD1

ATGGCCGAGGTGCAGCTGGTGGAGTCTGGGACTGAGGTGAGGAAGCCTGGGGACTCAGTGAAGGTCTCC
TGCAAGGCTTCTGGATACACATTTACCGACTACTATCTGCACTGGGTGCGACAGGCCCCTGGACAAGGG
CTTGAGTGGGTGGGATGGATCTACCCTAAGAGGGGTGGCACACACTCTGCACAGAAGTTTCAGGGCAGG
GTCACCATGACCAGGGACACGTCCATCAACACAGCCTACATGGAGCTGACCAGACTGAGATCTGACGAC
ACGGCCGTATATTTCTGTGCGAGAGATCGCGACATTGAAGATGCTTTTGATATCTGGGGCCAAGGGACA
ATGGTCACCGTCTCTTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCCAGTCT
GCCCTGACTCAGCCTGCCTCCGTGTCTGGGTCTCCTGGACAGTCGATCACCATCTCCTGCACTGGCACC
AGCAGTGACGTTGGTGGTTATAACTATGTCTCCTGGTACCAACAACACCCAGCCAAAGCCCCCAACCTC
CTGATTTATGATGTCAGTAATCGGCCCTCAGGGGTTTCTAATCGCTTCTCTGGCTCCAAGTCTGGCAAC
ACGGCCTCCCTGACCATCTCTGGGCTCCAGGCTGAGGACGAGGCTGATTATTTCTGCAGCTCATATACA

ACCAGCAGCACTCTGGTGTTCGGCGGAGGGACCAAGGTCACCGTCCTAGGTGCGGCCGCACATCATCAT
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CACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAACGGTACCGCATAG
CATCATCATCACCATCACGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAACGGTA

CCGCA

C.1.9 IlIYB5v_pMOD1
> ITIYB5v pMOD1

AAGGGCTTGAGTGGATGGGAGGGATCATCCCTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGG
GCAGAGTCACGATTACCGCGGACGAATCCACGAGCACAGCCTACATGGAGCTGAGCAGCCTGAGATCTG
AGGACACGGCCGTGTATTACTGTGCGAGAGATCGGGAGCTACCAGGATTTGACTACTGGGGCCAGGGAA
CCCTGGTCACCGTCTCCTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTGATGGATCCTCCT
ATGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTGGAA
GCAGCTCCAACATCGGAAGTAATACTGTAAACTGGTACCAGCAGCTCCCAGGAACGGCCCCCAAACTCC
TCATCTATAGTAATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCT
CAGCCTCCCTGGCCATCAGTGGGCTCCAGTCTGAGGATGAGGCTGATTATTACTGTGCAACATGGGATA
ACAGGCTGAATGCCGAATGGGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTACGTGCGGCCGCACATC
ATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAACGGTACCG

CATAG

C.1.10 11'YD4v_pMOD1

> IIYD4v_ pMOD1

ATGGCCCAGGTGCAGCTGGTGCAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTCTCC
TGTGCAGCCTCTGGATTCACCTTCAGTAGCTATGCTATGCACTGGGTCCGCTAGGCTCCAGGCAAGGGG
CTGGAGTGGGTGGCAGTTATATCATATGATGGAAGCAATAAATACTACGCAGACTCCGTGAAGGGCCGA
TTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAGATGAACAGCCTGAGAGCTGAGGAC
ACGGCTGTGTATTACTGTGCGAGGTTAGATATTACTATGATACCAGAGGGTCCAGATGCTTTTGATATC
TGGGGCCAAGGGACAATGGTCACCGTCTCTTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGT
GGTGGATCCTCCAATTTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACGGTAACC
ATCTCCTGCACCCGCAGCAGTGGCAGCATTGCCAGCAACTATGTGCAGTGGTACCAGCAGCGCCCGGGL
AGTGCCCCCACCACTGTGATCTATGAGGATAACCAAAGACCCTCTGGGGTCCCTGATCGGTTCTCTGGC

TCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGACTGAGGACGAGGCTGAC
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TACTACTGTCAGTCTTATGATAGCAGCAATGTGGTATTCGGCGGAGGGACCAAGGTCACCGTCCTAGGT
GCGGCCGCACATCATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGAC

CTGAACGGTACCGCATAG

C.1.11 I1YG4v_pMOD1
> IIYG4v_ pMOD1

ATGGCCCAGGTACAGCTGCAGCAGTCAGGTCCAGGACTGGTGAAGCCCTCGCAGACCCTCTCACTCACC
TGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTGCTTGGAACTGGATCAGGCAGTCCCCATCG
AGAGGCCTTGAGTGGCTGGGAAGGACATACTACAGGTCCAAGTGGTATAATGATTATGCAGTATCTGTG
AAAAGTCGAATAACCATCAACCCAGACACATCCAAGAACCAGTTCTCCCTGCAGCTGAACTCTGTGACT
CCCGAGGACACGGCTGTGTATTACTGTGCAAGAGAAAGGATGGGGGGGTTCGACCCCTGGGGCCAGGGA
ACCCTGGTCACCGTCTCCTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTAGTGGTGGTGGATCCAAT
TTTATGCTGACTCAGCCCCACTCTGTGTCGGAGTCTCCGGGGAAGACGGTTACCATTTCCTGCACCCGC
ACCAGTGGCAGCATAGCCAGCAACTATGTGCAGTGGTACCAGCAGCGCCCGGGCAGTTCCCCCACCACT
GTGATCTTTGAGGATACCGCAAGACCCTCTGGGGTCCCTGCTCGCTTCTCTGGCTCCATCGACCCCTTC
TCCAACTCTGCCTCCCTCACCATCTCTGGACTGAAGGCTGAGGACGAGGCTGACTACTACTGTCACTCT
TATGATGTCCACAATCAAGTGTTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTGCGGCCGCACATCAT
CATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAACGGTACCGCA

TAG

C.1.12 IIYE5v_pMOD1
> IIYES5v pMOD1

ATGGCCCAGGTACAGCTACAGCAGTCAGGTCCAGGACTGGTGAAGCCCCCGCAGACCCTCTCACTCACC
TGTGCCATCTCCGGGGACAGTGTCTCTAGCAACACTGCTGCTTGGAACTGGATCAGGCAGTCCCCATCG
AGAGGCCTTGAGTGGCTGGGAAGGACATACTACAGGTCCAAGTGGCATAATGATTATGCAGTATCTGTG
AACAGTCGAATAAGCATCAACCCAGACACATCCAAGAACCAGTTCTCCCTGCAGCTGGACTCTGTGACT
CCCGAGGACACGGCTGTGTATTACTGTGCAAGAGATCGTTACTATGGTTCAGGGAGCTATTATAGGGGG
TTTGACTACTGGGGCCAGGGGACAATGGTCACCGTCTCTTCAGGTGGTGGTGGTAGCGGCGGCGGCGEGC
TCTGGTGGTGGTGGATCCAATTTTATGCTGACTCAGCCCCACTCTGTGTCGGGGTCTCCGGGCAAGACG

GTGACCCTCTCCTGCACCCGCAACAGTGGCAGCATTGCCAGCGCCTATGTGCAGTGGTTCCGGCAGCGC
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CCGGGCTCTGCCCCCACTACAGTGATCTATGAAGATAATCAAAGACCTTCTGGGGTCCCTGCTCGGTTC
TCTGGCTCCATCGACAGCTCCTCCAACTCTGCCTCCCTCACCATCTCTGGACTGCAGACTGAGGACGAG
GCTGACTACTACTGTCAGTCTTATGATTTCACCAACTATGTCTTCGGAACTGGGACCCAGCTCACCGTT
TTAGGTGCGGCCGCACATCATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAA

GAAGACCTGAACGGTACCGCATAG

C.1.13 I1'YG8v_pMOD1

> IIYG8v_ pMOD1

ATGGCCGAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGCAGGTCCCTGAGACTCTCC
TGTGCAGCCTCTGGATTCACCTTTGATGATTATGCCATGCACTGGGTCCGGCAAGCTCCAGGGAAGGGC
CTGGAGTGGGTCTCAGGTATTAGTTGGAATAGTGGTAGCATAGGCTATGCGGACTCTGTGAAGGGCCGA
TTCACCATCTCCAGAGACAACGCCAAGAGCTCCCTGTATCTGCAAATGAACAGTCTGAGAGCTGAGGAC
ACGGCCTTGTATTACTGTGCAAAAGGGGGCCACCGGGGTGCTTTTGATATCTGGGGCCAAGGGACAATG
GTTACCGTCTCTTCAGGTGGTGGTGGTAGCGGCGGCGGCGGCTCTGGTGGTGGTGGATCCTCCTATGTG
CTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGAGGGTCACCATCTCTTGTTCTGGAGGCAGC
TCCAACATCGGAGGTAACACTGTAAATTGGTACCAGGTCCCCCCAAGAACGGCCCCCAAACTCCTCATC
TATAATAATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCGGGCACCTCAGCC
TCCCTGGCCATCAGTGGGCTCCAGTCCGAGGATGAGGCTGATTATTACTGTGCAACATGGGATGACAGC
CTGCATGGTGTGGTATTCGGCGGAGGGACCAAGGTCACCGTCCTACGTGCGGCCGCACATCATCATCAC

CATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAAGACCTGAACGGTACCGCATAG

C.1.14 R1_pMOD1 (R2_pMOD1)
> R1_pMOD1 (R2_pMOD1)

ATGGCCCAGGTCAACTTAAGGGAGTCTGGGACCACGGTCACCGTCTCCTCAGGTGGTGGTGGTAGCGGC
GGCGGCGGCTCTGGTGGTGGTGGATCCGACATCGTGATGACCCAGTCTCCCAGTGGGCCAAGACTGGAG
ATTAAACGTGCGGCCGCACATCATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCT

GAAGAAGACCTGAACGGTACCGCATAG
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C.1.15 R4_pMOD1

> R4 pMOD1

CATGGCCCAGGTGCAGCTGCAGGAGTCGGGGACAATGGTCACCGTCTCTTCAGGTGGTGGTGGTAGCGG
CGGCGGCGGCTCTGGTGGTGGTGGATCCGACATCGTGATGACCCAGTCTCCAGGGACCAAGCTGGAGAT
CAAACGTGCGGCCGCACATCATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGA

AGAAGACCTGAACGGTACCGCATAG

C.1.16 R6_pMOD1 (R8_pMOD1)
> Y6 _pMOD1 (Y8 pMODI1)

ATGGCCCAGGTCAACTTAAGGGAGTCTGGGAACCCTGGTCACCGTCTCCTCAGGTGGTGGTGGTAGCGC
GGCGGCGGCTCTGGTGGTGGTGGATCCGACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCT
GTAGGAGACAGAGTCACCGTCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTAAATTGGTATCAG
CAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTT
GCAACTTACTACTGTCAACAGAGTTACAGTACCCCTACCTTCGGCCAAGGGACACGACTGGAGATTAAA
CGTGCGGCCGCACATCATCATCACCATCACGGGGCCGCAGGGCCCGAACAGAAACTGATCTCTGAAGAA

GACCTGAACGGTACCGCATAG

C.2 Amino acid sequence

C.2.1 IRA7c_pMOD1 (IVB4cv_pMOD1)
>IRA7c _pMOD1 (IVB4cv pMOD1)

MAQVQLVQOQSGGGLVQPGGSLRLSCAASGEFSFEFSDYG
MHWVRQIPGKGLEWVAVIYARGINTYYGDSVKGRTF

TISRDNSKNILYLEMNRLSSEDTAVYYCATDDPPS



C.22

I'YF5c_pMOD1

>IYF5c_pMOD1

M

>ITIIRC2c

A QV

H

Q

R

H

L

H

C.23

MAQYV QL

S

Y

Y

T

W

L

D

G

F

Y

A

A

C24

>TYCllc

HGAAGPEDQ

111C2c_pMOD1

LOAEDEGTI

A HHHHHHG

1'YCllc_pMOD1
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S RVEAG

A AAHHH

C.25

>IYCl2c

>TIYDlc

MAQ

MSW

T IS

V N L

V R Q

R DN

DEADYYCQ

HHHGAAGP

I'YC12c_pMOD1

EADYYCAA

HHGAAGTPE

1'YC3c_pMOD1

A HHHHHHEG

TQLTV
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QO SEDEA-A

HHHHHH

C.28

>IIRD5v

M A

E

A

G

A

L

H

C.29

>IIYBSv

A

Q

A

DYYCAAWD

GAAGPEQK

IIRD5v_pMOD1

H

H

D

H

H

G

A

Y

A

11YB5v_pMOD1

H

D

H

E

Y

A

D

N

Y

N

Y

HHHGA

C.2.10 11'YD4v_pMOD1

>IIYD4v

MAQVQLVQSGGGVYV

MHWVROAPGEKGLETW

TISRDNSKNTTLYTLOQ

IPEGPDAFDIWGOG
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SSNFMLTOQPHSVSE
VOWYQOQRPGSAPTT
SSSNSASLTTISGLHK

GTKVTVLGAAAHHH

C.2.1111YG4v_pMOD1
>IIYG4v_pMOD1

MAQVQLQQSGPGLYV
AAWNWTIROQSPSRGL

SRITINPDTSZ KNGO QTF

ASLTISGLEKAETDEHA-A

VLGAAAHHHHHHGA

C.2.12 IIYE5v_pMOD1

>IIYES5v_pMOD1

MAQVQLOQQSGPGLYV
AAWNWIROQSPSRGL

SRISINPDTSZKNOQOQF
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>IIYG8v

M

M

> R1 pMOD1

C.2.13 I1'YG8v_pMOD1

AEV

HWYV

S G L

A A A

C.2.14 R1_pMOD1 (R2_pMOD1)

Q

H

H

E

H

D

E

A

D

Y

HHHGA

Y

A

(R2_pMOD1)

C

G

A

P

T

E

W

Q

D

K

MAQVNLRESGTTVTVS SG

MTQSPSGPRLETIKRAAAH

EDLNGTA*

> R4 _pMOD1

C.2.15 R4_pMOD1

G GGSD

EQKTLTI

Met AQVQLQESGTMet VITVSSGGGGSGGGGSGGGGG

IVMet TOQSPGTKLETI KRAAAHHHHHHEHGARAGEPEQ QK

SEEDLNGTA *

> Y6 _pMOD1

M

M

C.2.16 R6_pMOD1 (R8_pMOD1)

A QV

T Q S

N

P

L

(Y8 pMOD1)

RESGNPG

SLSASVG

KLLIYAARA

PEDFATY

HHGAAGTP

G

G

GGGZSD

YLNWY

S GTDF

RLETK

145

Iv

S E

S D

IQ
Q Q
T L

R A



APPENDIX D



147

APPENDIX D

LIST OF PATENTS APPLICATION

D.1 Thai Patent Application no. 1201005939

Yamabhai M and Pruksamethanan N. Twelve human scFv antibody specific to

rabies virus. Thai Patent Application no. 1201005939
D.2 Thai Patent Application no. 1201005940

Yamabhai M and Pruksamethanan N. Light chain human antibody specific to

rabies virus. Thai Patent Application no. 1201005940

D.3 Thai Patent Application no. 1201005941

Yamabhai M and Pruksamethanan N. Human scFv antibody specific to rabies

virus strain FLURY _LEP 25. Thai Patent Application no. 1201005941
D.4 Thai Patent Application no. 1201005938

Yamabhai M Pruksamethanan N. Production of human scFv antibody fused
with His-tag and Myc-tag for diagnostic of Rhabdoviridae Lyssavirus (rabies virus)
by fluorescence in situ hubridization. Thai Patent Application no. 1201005938
D.5 Thai Patent Application no. 1301000990

Yamabhai M Pruksamethanan N and Yoohat K. Production of human scFv
antibody conjugated with FITC for diagnostic of Rhabdoviridae lyssavirus (rabies

virus) by fluorescence in situ hubridization. Thai Patent Application no. 1301000990



APPENDIX E



149

APPENDIX E

LIST OF AWARD

E.1 The recipient of Best Conference Paper Finalist Award

The 6" IEEE International Conference on Nano/Molecular Medicine and
engineering, November 4-7, 2012, Imperial Queen’s Park Hotel, Bangkok, Thailand
(Oral presentation; in “Selection of Single Chain Human Monoclonal Antibody (scFv)
Against Rabies Virus by Phage Display Technology”; recipient of Best Conference
Paper Finalist Award).

E.2 The winner of the most popular vote for the oral presentation

She has been awarded as the winner of the most popular vote for the oral
presentation at the SUT International Agricultural Colloquium in June 5-6, 2013
Suranaree University of Technology, Nakhorn Ratchasima, Thailand (Oral
presentation; in “Production of Single Chain Human Monoclonal Antibody (scFv)

Against Rabies Virus by Phage Display Technology”).
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APPENDIX F

LIST OF PUBLICATION

F.1 Selection of Single Chain Human Monoclonal Antibody (scFv)

Against Rabies virus by Phage Display Technology

Pruksametanan, N., Khawplod, P., Yamabhai, M., 2012. Selection of Single
Chain Human Monoclonal Antibody (scFv) Against Rabies virus by Phage Display
Technology. 6th IEEE Int. Conf. on Nano/Molecular Medicine and Engineering
(IEEE-NANOMED 2012), Imperial Queen’s Park Hotel, Bangkok, Thailand,

November 4-7 Proceeding. (Recipient of Best Conference Paper Finalist Award).
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G.1 Invivo neutralizing potency determined by RFFIT using phage

scFv antibody (crude supernatant)

Sample Dilution TCID50 IU/ml
RAI 1/32 1/64 1/128 1/58.6882 1.0
Dilution; 8 3 0

undilute 8 3 0

11U 1/32 1/64 1/128 1/56.20005 | 0.96
Dilution; 8 3 0

undilute 7 3 0

101U 1/200 1/400 1/800 1/59.07305 | 10.065
Dilution; 8 6 2

1:100 8 7 2

IRA7c 1/4 1/8 1/16 1/7.025 0.119
Dilution; 8 3 1 (0.12)
undilute 7 2 0
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Sample Dilution TCID50 IU/ml
IYF5c 1/2 1/4 1/8 Negative
Dilution; 0 0

undilute 0 0

IIRC2c 1/2 1/4 1/8 1/ 4.555 0.078
Dilution; 7 5 1 (0.08)
undilute 7 6 1

G.2 Invivo neutralizing potency determined by RFFIT using phage

scFv antibody (PEG precipitate)

Sample Dilution TCID50 IU/ml
RAI 1/32 1/64 1/128 1/76.10923 | 1.0
Dilution; 8 5 0

undilute 8 6 1

11U 1/32 1/64 1/128 1/79.4788 1.04
Dilution; 8 5 1

undilute 8 6 1

101U 1/400 1/800 1/1600 1/835.419 10.97
Dilution; 8 4 0

1:100 8 5
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Sample Dilution TCID50 IU/ml
IRA7c 1/2 1/4 1/8 1/ 4.555 0.0598
Dilution; 8 4 1 (0.06)
undilute 8 4 2

IYF5c 1/2 1/4 1/8 Negative
Dilution; 0 0

undilute 0 0

IIIRC2c 1/2 1/4 1/8 1/2.4837 0.0326
Dilution; 4 2 0 (0.03)
undilute 5 2 0

IRC3c 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IYCllc 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IYC12c 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IYD1c 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0




156

Sample Dilution TCID50 IU/ml
IIRD5v 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IIYB5v 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IYG4v 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IIYE5vV 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IIYG8v 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0

IIYD4v 1/2 1/4 Negative
Dilution; 0 0

undilute 0 0
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G.3 In vivo neutralizing potency determined by RFFIT using

soluble scFv
Sample Dilution TCID50 IU/ml
RAI 1/32 1/64 1/128 1/66.83352 | 1.0
Dilution; 8 3 1
undilute 8 4 1
11U 1/32 1/64 1/128 1/64 0.96
Dilution; 8 4 1
undilute 7 4 1
101U 1/400 1/800 1/1600 1/672.717 10.07
Dilution; 7 2 0
undilute 7 3 0
IRA7c 1/32 1/64 1/128 1/152.218 2.27
(500 ug/ml) |7 5 2
7 5 2
IRA7c 1/400 1/800 1/1600 1/1345.43 20.13
(4900 ug/ml) | 7 6 4
6 5 4
IYF5c 1/2 1/4 Negative
(284 ug/ml) | 0
0 0
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Sample Dilution TCID50 IU/ml
lC2c 1/2 1/4 1/8 1/ 4.7568 0.07
(500 ug/ml) |g 4 1 (0.1)
8 5 2
lYG4v 1/2 1/4 Negative
(125.21 ug/ml) | o 0
0 0
3C1 1/2 1/4 Negative
(368 ug/ml) | o 0
0 0
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