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LATERALFLOW/IMMUNOASSAY

Aflatoxins are carcinogenic toxins that produced from Aspergillus flavus and
A. parasiticus. These toxins are. commonly. found to contaminate in agricultural
products, human food and animal feed. Because of their effects on human and animal
health, many countries around the world have set their maximum level for aflatoxin
contamination. Therefore; an effeetive method for aflatoxin detection is required.
Immuno-based method, such as Enzyme linked immunosorbant assay (ELISA) and
lateral flow immunoassay, is a-rapid, -sensitive and cost-effective method for the
detection of aflatoxin. This method needs high sensitivity antibody as a detection
reagent. PreviouSly «an anti-aflatoxin scFv antibody, pataed YAF-C3 was isolated
from a naive phage display antiboay library (Y AMO library). However, this clone was
not sensitive enough for detecting the aflatoxin at the limit concentration, provided by
CODEX international standard legislation. Therefore, the chain shuffling and phage
display techniques were used to improve the affinity and sensitivity of the scFv
antibody (affinity maturation). After three round of affinity selection, three clones
designated sAFH-3E11, sAFH3F11 and sAFH-3E3, showing 3-7.5-folds sensitivity
improvement over the original scFv clone, were isolated. The three dimensional

structure of clone sAFH-3E3 scFv which, showed the highest sensitivity was predicted



IV

and the interaction with aflatoxin was studied by molecular docking. Amino acid
sequence analysis indicated five amino acid mutations in framework 1 (FR1) and
CDRI1 regions of variable domain of heavy chain (Vy). In addition, the affinity
matured scFv fragments were engineered to generate three formats of recombinant
antibodies, i.e., scFv-AP, scFv-Fc and full length IgG. The scFv-AP was successfully
expressed in Eschericia coli, while the scFv-Fc and IgG could be expressed at high
yields in human cell (HEK293-6E). Competitive ELISA was performed to compare
the sensitivity of these various formats. The scFv-AP showed the highest sensitivity in
ELISA. Therefore, this format was further developed for the detection of aflatoxin in
agricultural products. Moreover, the full-length antibody clone sAFH-3E3 IgG, which
showed the similar sensitivity to scEy fragment, 'was conjugated with colloidal gold
and latex particles, and used as detection reagent in a lateral flow immunoassay. Spike
experiment using corn sample indicated that the detection limit of scFv-AP and IgG
were 20 and 5 ng/ml for ELISA and lateral flow immunoassay, respectively. This
improved clone has ‘potential to be -used ~as detecting reagent for aflatoxin

contamination it agricultural products in various immune-deteCtion kits in the future.
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CHAPTERI
INTRODUCTION

1.1 Significant of this study

Aflatoxins are highly toxic secondary metabolites produced by fungi strains
Aspergillus flavus and A. parasiticus. The contamination of aflatoxin is found in
various food products including peanuts, corn, oil seeds such as cottonseed, wheat,
sorghum, almonds, walnuts, pecans, dried fruits, legumes, peppers, potatoes, rice,
copra, filberts, milk, and milk products (Wild and Gong 2010). Aflatoxin B1 (AFB1)
is the most toxic of all aflatoxins and|i§ generally found in the highest concentration in
food and animal feeds in many area of the world (Taylor et al. 1997). These toxins
have been accused as the cause of high mortality in livestock and in some cases of
death in human beings (Murjani 2003).. They are listed as group I carcinogens to
human by thé“international Agency for Research on . Cancer (IARC). As a
consequence, the rowtinggescicening of productse déstimed for animal and human
consumption are necessary. Several analytical methods for the determination of
aflatoxins have been developed such as thin layer chromatography (TLC), gas liquid
chromatography (LC), high-pressure liquid chromatography (HPLC), and mass
spectrometry. However, these methods are laborious, time-consuming, require
expensive instrumentations for analysis and clean-up of the samples (Kolosova et al.
2006). Immunological methods, which are simple, rapid, cost-effective and adaptable

to the situation of developing countries, have been developed for quantitative



estimation of aflatoxin. These immunological methods need the polyclonal or
monoclonal antibody as detection reagents. Productions of high affinity polyclonal
and monoclonal antibodies need the immunization of animals, which are costly and
time-consuming. Thus, an alternative method for large-scale production of specific
monoclonal antibody at lower cost in the form of a recombinant antibody is attractive.
In recombinant antibody technology, the recombinant antibody fragments are
displayed on the surface of filamentous phage or other display format such as yeast
(Boder and Wittrup 1997), bacterial-surface (Fleetwood et al. 2013), or ribosome
(Hanes and Pliickthun 1997). Phage display antibody technology has been proposed to
be beneficial for the development of convenient test kits for the detection of
mycotoxin, which can be distributed o @ wide range of customers and users at lower
cost, resulting in a better quality of/life of the population in the future (Yuan et al.

1997).

The most commonly used technology among the various in vitro strategies for
the production of recombinant antibody is phage display (Hust and Dubel 2004)
which is, recogniged as a powerful tool for selecting recombiant antibody fragments
with specific binding pfopeftiessfiom.a yvast abmben 6f Variants against a wide range
of target molecules, such as proteins, glycoproteins, oligosaccharides, nucleic acid,
toxins or low molecular weight compounds — haptens (Willats 2002, Yau et al. 2003).

Phage display antibody library can be produced from immune or non-immune
source. The procedure for selecting phage is simple and inexpensive. This procedure
is commonly called bio-panning method. Following bio-panning, the antibody can be
inserted into vector and expressed in the bacteria, yeast or plants. Advantages of

recombinant antibody technology are several (i) selection of antibodies from a phage



library is unbiased by the immunogenicity and less dependent on quantitative
abundance of the target ligands (Schier et al. 1996), (ii) antibodies are produced in
DNA-encoded plasmids that are readily cloned and modified, (iii) antibodies can be
produced in large quantities from Escherichia coli or cell lines, without the use of
animals, (iv) the antibody gene can be further engineered to obtain increase affinity
and modified specificity.

Human antibodies produced from phage display libraries typically tend to have
low binding affinities (Kp) for hapten antigen, ranging from 107’ to 10~ M (Hudson
and Souriau 2003). The antibodies selected from immune libraries may possess higher
affinity than naive, but it is not always the case, especially with hapten specific
antibodies (Charlton et al. 2001). ‘A higher-affinity antibody is important for efficient
binding to the antigen for use as sensitive diagnostic reagents. Affinity maturation can
be performed to improve the sensitivity, affinity and stability of recombinant
antibody. The affinity maturation process involve introduction of diversity in antibody
V gene, creation of a secondary mutant. library from selected low affinity or,
specificity clone§gand selection of higher affinity from low aifinity variants.

Several strategréy Gan,be used to affipitypmatnéthe’antibodies derived from the
original libraries. These include site-directed mutagenesis based on structural
information, combinatorial mutagenesis of complementarity-determining regions
(CDRs), random mutagenesis of the entire gene, and antibody shuffling (Clackson et
al. 1991). Random mutagenesis consists of randomly mating the antibody, for
example, gene mutations over V-domain genes, which can be derived from
Escherichia coli mutator strain (Low et al. 1996), homologous gene rearrangements or

error-prone PCR (Hawkins et al. 1992) whereas, site directed mutagenesis generally



directs or assigns mutations to chosen antibody gene sequence.

In this thesis, the scFv antibody specific to aflatoxin, previously selected from
naive phage display antibody library in our laboratory (Rangnoi et al. 2011) was used
as a template for affinity maturation to enhance the affinity and sensitivity by chain
shuffling technique. Two chain shuffling libraries were constructed and affinity
selections or biopanning were performed. The scFv with greater binding property than
the original scFv antibody was determined by competitive Enzyme-linked
Immunosorbent Assay (ELISA). In -addition, the scFv genes were engineered to
generate different formats of antibody; namely, scFv-Fc, full-length IgG antibody, and
scFv fuse to bacterial alkaline phosphatase (scFv-AP). These antibodies were used to
detect aflatoxin in different assay foumats. The seFv-AP was used as convenient one
step detection reagents by competitive ELISA. ScFv-Fc and IgG were conjugated to
colloidal gold and latex particles for using in Lateral Flow Immunochromatography
Assay (LFIA). Finally, an efficient expression system for the production of
recombinant antibody was developed for the detection of aflatoxins in agricultural and

food products itrthe future.

1.2 Research objectives

The key objectives of this study are:
1. To improve the affinity and sensitivity of scFv antibody against aflatoxin.
2. To engineer anti-aflatoxin antibody so that it can be conveniently used as

a convenient probe for the detection of aflatoxin.



1.3 Scope of the study

The affinity and sensitivity of anti-aflatoxin human scFv antibody was improved
by chain shuffling technique. The source of antibody genes was from human origin.
Experiments on the characterization of binders, binding affinity were conducted. The
improved antibodies were engineered to generate different formats of antibody to be

used as detection reagents in ELISA and lateral flow based assay.
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CHAPTER 11
LITERATURE REVIEWS

2.1 Aflatoxins

Aflatoxins were first discovered in the early 1960 when 100,000 turkeys died in
England after consuming contaminated brazillian peanut meal (Hartley et al. 1963).
These toxins are highly carcinogenic secondary metabolites of Aspergillus flavus and
A. parasiticus, which are produced during fungal infection of a susceptible crop in the
field or after harvest. Aflatoxins can be produced at high temperatures and humidity,
therefore their contamination are ndoSt€6mimon in tropical and subtropical countries.
Contamination can oecur in the field, during-harvest, transportation, storage under
optimal conditions for fungal grewth and processing of the food (Bedard and Massey
2006). Conditioms that contribute to fungal growth and the jproduction of aflatoxins
are hot and humid glimate, kernel moisture, favorable substrate characteristics, and
factors that decrease the host plantsiimmunwy (miscct damage, poor fertilization, and
drought).

Aflatoxins are crystalline structures that fluoresce under UV radiation. These
toxins are hydrophobic in nature and can dissolve in various polar organic solvents
including methanol, chloroform, dimethyl sulfoxide (DMSO), aqueous acetone and
aqueous hexane-acetone-water azeotrope, which were developed for extraction
procedures. They are extremely stable in the absence of light and UV radiation and

heat stable, even at temperatures in excess of 100°C. These toxins have closely similar



structures and form a unique group of highly oxygenated, naturally occurring
heterocyclic compounds. Aflatoxins are broken down by oxidizing reagents such as
sodium hyperchlorite, hydrogen peroxide and potassium permanganate resulting the
loss of fluorescence.

There are four principle types of aflatoxin: B1, B2, G1 and G2, which are
named for their respective innate fluorescent properties and mobility in chromatogram
(Pitt 2000). The B designation of aflatoxins B1 and B2 resulted from the exhibition of
blue fluorescence under UV-light, while the G designation refers to the yellow-green
fluorescence of the relevant structures under UV-light. The two additional aflatoxin
M1 and M2 are major metabolites of aflatoxin B1 and B2 respectively. The aflatoxins
M1 and M2 were first isolated from milk of lactating animals fed with aflatoxin.
AFBL has the highest toxicity, carcinogenicity, and mutagenicity, followed by G1, B2

and G2 with decreasing toxicity (Cortés et al. 2010).

2.1.1 Effect of aflatoxin contamination

Aflatoxins are often contaminated in agricultyral products with fungi
that can produce xic.metabolites. Among these, aflatoxigs,ave assumed economic
importance because of theirinfitence onfihe heakth ‘et hiiman beings and livestock and
on the marketability of agricultural products. The tolerance levels currently set by the
regulatory bodies worldwide are typically 0.05 ppb for AFM1 in milk, 10 ppb for
AFB1 and 20 ppb for total aflatoxins in food intended for human consumption and
20-300 ppb for total aflatoxins in animal feeds (Lee et al. 2004). Food and Drug
Administration (FDA) has established specific guidelines on acceptable level of
aflatoxins present in human food as 20 ppb, in milk as 0.5 ppb and in corn for feeding

animal as 20-300 ppb. The action level for most feedstuff is 20 ppb. The regulation
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level for aflatoxin contamination in foods and animal feeds are varied depending on

whether country setting limit for importer and exporter as shown in Table 2.1.

Table 2.1 Aflatoxin regulations in the world.

Maximum level (ppb)

Foods Animal feed
AFB1 Trotal AFB1 Total
EU 2-8 4:15 20 -
USA (FDA) - 20 - 20-200
Singapore 5 5 - -
China 5-20 - 10-50 -
Malaysia - 5-15 - -
Japan - 10 -
Indonesia 15 20 - -
Korea 10 15 10:0 -

- Not report

Aflatoxins are both acutely and chronically toxic to animals and humans
worldwide, causing acute liver damage, liver cirrhosis, induction of tumours and
possibly mutagenesis and teratogenesls (Stoloff 1977). In humans, numerous studies
have linked the incidence of primary hepatocellular carcinoma with the intake of
aflatoxins, leading to the classification of AFB1 as Group 1 human carcinogen by

WHO-IARC (World Health Organization and International Agency for Research on
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Cancer) (IARC 1993). Toxic and especially carcinogenic effects of aflatoxins have
been reported in several different animals, but susceptibility to these toxins varies
greatly with sex, age, species and strain within a species (Busby and Wogan 1984,
CAST 2003). In animals, aflatoxins have effect to the growth and are
immunosuppressive. Numerous animal studies have shown that the liver is the main
target organ and therefore the main symptoms of aflatoxin exposure in domestic and
laboratory animals are hepatic injuries. Aflatoxin is hepatotoxic and its acute and
chronic effects in swine are largely attributable to liver damage (Armbrecht 1978). In
poultry, they can cause an increase in liver and kidney weights, multifocal hepatic
necrosis, biliary hyperplasia, diarrhoe@ immunosuppression, decreased feed intake,
and decreased weight gain (Rossi et al. 2012)..In cattle, the primary symptom is
reduced weight gain as well as liver and kidney damage. Milk production is reduced
in cow (Keyl 1978). Lower aflatoxin doses may lead to milder hepatic injuries and
reduced growth rate, especially:in-young animals (Pier-1992).

Aflatoxins have been recently considered as an important sanitary
problem because”human can be exposed to aflatoxins from iggestion of plant derived
foods that are contaminéteel, with-toxins apd #helrzmetabolites (which are present in
animal products such as milk, meat, visceral organs and eggs) (Versantvoort et al.
2005). The contaminated food will pose a potential health risk to human such as

aflatoxicosis and cancer (Jeffrey and Williams 2005).
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It is clear that exposure to aflatoxins is hazardous to human and animal
health. For that reason, most countries have regulations governing the allowable
concentrations of aflatoxin in food and feed (Van Egmond 1989, Lizarraga-Paulin et

al. 2011).

2.1.2 Recent methods for detection of the aflatoxins

Rapid methods for the .detection of aflatoxins are mostly used to
determine the approximate level of contamination for the analyses sample. They are
generally less sensitive and precise than laboratory methods like chromatography
method (HPLC, TLC and GLC).

A widely used application based on specific antibodies is the enzyme-
linked immunosorbent assay (ELISA). Generally, this technique involves the reaction
of antigen and antibody din micrgplaie=wells. Competitive ELISA techniques are
mainly used for determining aflatoxins because they. are low molecular weight
compound. After adding a substrate-this test-allows the quantification of the results by
means of an optical ELISA reader. In indirect competitive ELISA, an antigen
conjugated with“a"carier protein such as bovine serum aMgumin (BSA), ovalbumin
(OVA) is bound to microptate auetl [Intthe course of analysis, specific antibodies are
added to the sample. The free antigen and the conjugated antigen incubated on well
compete for binding to the specific antibodies in the solution. The antibodies labeled
with an enzyme are added to determine the amount of bound antibodies. If there is no
aflatoxin in the sample, the antibodies will bind to the aflatoxin conjugated with
protein on the well, leading to a larger value of an OD. On the other hand, the
competitive reaction between aflatoxin in the sample and the anchored aflatoxin will

lead to a lower OD value. Moreover, the biosensor technology such as surface
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plasmon resonance (SPR) biosensor is a promising attractive technology for rapid
aflatoxin detection. The principle of surface plasmon resonance is based on the
property that binding of materials to a surface can alter the refractive index near that
surface. SPR devices measure the small changes in the angle, or intensity, of
internally reflected light that result from the binding event. For this analytical method
portable equipment may be used (Zheng et al. 2006).

Non-instrumental antibody based applications are lateral flow tests,
dipstick tests or flow-through tests. This method is very simple, take few minutes for
analyzing and easy for user. In contrast to ELISA, these applications use antigens or
antibodies that are immobilized on carrier membranes instead of microtiter plates. The

analyst content is indicated by-appearance or absence.

2.2 Phage display antibody techralogy

Phage display antibody technology is an-advance in generation and selection of
recombinant antibodies from phage antibody library-that produces from immune or
non-immune source. Typically, the antibody fragmenis areydisplayed on surface of
filamentous bacteripphage in difference formats, including scFv fragment, Fab
fragment, Fv fragment and Nanébadies (Fig 2.1) “h Conjunction with, the recombinant
antibody fragment and coat protein (plll) fusion product into phage coat exposes the
antibody on the surface of phage while its coding material resides within the phage
particle. Phage populations are exposed to the targets in order to selectively capture
binding phage during the affinity selection (bio-panning). Throughout repetitive
rounds of binding, washing, elution and amplification, the original diverse phage
population is increasingly enriched by phages with a potential binding affinity to the

target (Willats 2002).
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2.2.1 Antibody fragments

There are different antibody formats that can be displayed on the surface
of phage, including single chain Fv (scFv) fragment, Fab fragment, Fv fragment, and

the variable fragment (VHH) of single-domain heavy chain antibodies (HCAb) from
camelids. The larger Fab fragment consists of VH -CH and V| -C_ segments linked
by disulfide bonds. The smaller Fv fragment is composed of the V|_ and VH domains.

The recombinant version of the Fv iIs termed the single-chain variable fragment
(scFv). A flexible (Gly,Ser)s; peptide linker, usually a 15 aa linker is used to join the
two variable regions together, and expressed as a single polypeptide chain. The linker

allows the association of the 'VH %and V| to form the antigen-binding site.

Recombinant monoclonal antibodies from human and various animals such as mouse,
rabbit, chicken, sheep or camelids can'be.produced by amplified antibody gene using
PCR. These antibody fragments are smaller in size-and can easier to manipulate
genetically and express in bacterial systems. Displayed. antibody fragments remain
functional for the purpose of affinity selection. As a result, specific antibody
fragments and their coding sequences can he selected simuktaiieously from a diverse
phage display antibodydibfary.-Schematic repfesentaios of natural immunoglobulin

molecule and recombinant antibody fragments are presented in Fig 2.1.
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Fab

scFv

human antibody ule” (lgG) and its different recombinant

formats. CDR; C ementarity region (B) Naturally occurring
single-domain-heavy chatn-antibody (HCAD) from camelids and its

variable domain‘VH.

2.2.2 Ph%_dlsplay antibody library 70’
) ~

Phage daﬂm?t librar Wed from immune and non-
immune source. In general, tv?;,e g/pes ofrllbrary can be used: naive and immune.
Immune libraries are created by cloning antibody genes from B cell of immunized
human or animals such as mice (Tout et al. 2001), chickens (Andris-Widhopf et al.
2000), rabbits (Li et al. 2000, Kramer et al. 2002), camelids (Muyldermans and
Lauwereys 1999) and sheep (Charlton et al. 2000). This library takes advantage of the
fact that antibodies directed against antigen-specific antibody are enriched in such

donors and they have been subjected to in vivo affinity maturation by the host immune
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system (Clackson et al. 1991). However, the immune libraries is not always feasible,
due to the lack of immune response to some antigen, the unpredictability of the
immune response of the animal, ethical considerations in human antibodies and long
time requirement.

Naive libraries are derived from natural non-immunized human V genes,
isolated from peripheral blood lymphocytes, bone marrow and spleen cells or from
animal and human sources. These naive libraries were used to isolated antibodies
against multiple antigens because they are not biased towards any specific antigen.
The affinities of isolated antibodies correlated with the library size. Therefore, it was
necessary to construct very large libraries to obtain the high affinity antibodies (de
Haard et al. 1999, Strachan etial. 2002). The next generations of non-immune libraries
are synthetic or semisynthetic librarigs. These libraries are built artificially by in vitro
assembly of antibody gene segments (Desiderio et al. 2001). These can be constructed
by generation light and heavy chain. CDR3 diversity using synthetic oligonucleotides
(Strachan et al. 2002).

2.2.3 SeletCiion of phage antibody (bio-panning)

Bio-partwing method- was used tarselegtthe’specifically binding clones
from phage display antibody libraries. The phage antibodies libraries are incubated
with immobilized target or interested antigen onto plastic tubes or Petri dishes (Marks
et al. 1991), or specifically coated BIAcore sensorchip (Hoogenboom et al. 1998).
After washing away a large portion of unbound phages, the phage clones bearing
antibodies with specific binding properties to the target can be eluted in different ways
with acidic solution such as glycine-HCI buffer, with basic solutions like

triethylamine, by enzymatic cleavage of protease site engineered between the
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antibody and gene Il or by competition with excess antigen (Clackson et al. 1991).
After elution, the specifically bound phages are amplified in E.coli cells for further
rounds of bio-panning. Ideally, only one round of selection should be required, non-
specific binding limits the enrichment that can be achieved per selection round. In
most cases, several rounds (approximately 2-4 rounds) of selection and amplification
are needed to select the best binders from the phage display library.

The optimal condition in selection specific phage antibody procedure
can be adjusted. For example, high concentration of antigen, short washing times and
elution were used in first round of selection that allows keeping the rare binders in the
selectable pool. Stringent conditions are applied along with the growing number of
selection cycle. The phage antibody with higher affinity may be enriched during
rounds of selection by decreasing the eancentration of antigen and washing times and

also by using combinations of different elution-steps.

2.2.4 Expression and purification-of-recombinant antibody

Recombinant antibody fragments (scFv, Fab) are expressed efficiently in
many microorgansiys, particularly in selected strains of &, toli. Especially, E. coli
host strains such as BLEZ21 o) HB2451) ANt ¢heir derivatives become especially
attractive for economical production of large amounts of sole scFv fragment (An et al.
2002). If the phagemid contain amber stop codon after the recombinant antibodies
gene, the soluble recombinant antibodies can be produce by infecting E. coli strain
HB2151 is nonsuppressor cells as they recognize an amber stop codon, engineered
between the recombinant antibodies gene and glll in the phagemid. Thus only express
the recombinant antibodies will be expressed without the g3p protein. Soluble

antibody fragments can be produced in culture supernatant, bacterial periplasm and
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bacterial cytoplasm, depending on the signal sequence on N terminus of recombinant
antibody.

E. coli. is the basic organism for antibody production. In contrast, the
antibody fragment also have been expressed in mammalian cells (Uppala and
Koivunen 2000), yeast like Pichia pastoris (Marty et al. 2001) and plant (Yuan et al.
2000). Mostly, the selectable of expression host must be consistent with final
application of antibody molecule.

Immobilized metal ion affinity chromatography (IMAC) is commonly
method for purification of bacterially produced antibodies because of its favorable
cost /efficiency ratio (Blank et al. 2002)). This method is based on the binding affinity
of metal ions such as Ni’" or-Cu* chelated to a chromatography matrix, which form

complex with 6 histidine residues on the N- or C-terminus of an antibody fragment.

2.3 Affinity maturation

The low affinity of recombinant antibodies specific to hapten can be improved
by mimicking in. vitro somatic hypermutation called “Affinity maturation”. Affinity
maturation can gefierate.extended and functional variability, in recombinant antibodies
(Borrebaeck and Ohlin 2002) afd dead torselection 6f recombinant antibody fragments
with increased affinity and specificity for target antigen. Several strategies have been
described for affinity maturation of antibody fragment, namely random mutagenesis,

site-directed mutagenesis and antibody shuffling.
2.3.1 Random mutagenesis

2.3.1.1 Error-prone PCR

Error-prone  PCR uses low-fidelity polymerization PCR
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conditions to introduce point mutations randomly over a gene sequence (Stemmer,
1994). Taqg DNA polymerase is commonly used because it lacks proofreading activity.
The error rate is further increased by employing unbalanced dNTP concentrations and
reaction buffers containing Mn?* (Cadwell and Joyce 1992). This technique has been
successfully applied to the affinity maturation of an scFv directed against cardiac
glycoside digoxigenin (Daugherty et al. 2000). More recently, the conjunction of
error-prone PCR with an additional affinity maturation process has been described.
Zahnd and collages have described a method involving ribosomal display, error-prone
PCR and DNA shuffling for the affinity maturation of a peptide binding scFv, which
lead to a 500-fold affinity improvement over its potential germ line precursor (Zahnd

et al. 2004).

2.3.1.2 Bacterial mutatosstkain

E. coli mutator cells allows very. rapid selection of antibody
mutants with significant improvements ‘in-affinity or expression levels (Irving et al.
1996, Coia et al. 2001). This method consists of the selection,of recombinant antibody
from a library followed mutagenesis through amplificatidp “in a bacterial mutator
strain of E. coli such as MutD5; swhichi-are alconettiofal mutant shown to produce
single base substitutions (transversions or transitions) at high frequency compared to
normal E. coli cells. Mutator strains can produce a large number of mutant
recombinant antibody and can then be selected by phage-display or other methods
(Irving et al. 1996). However, three to ten rounds of mutation or passage through
mutator cells are required before high affinity mutant is selected (Coia et al. 2001).
For example, three rounds of growth in mutator strain and subsequent display on

phage surfaces for affinity selection, scFv specific to hapten 2-phenyl-5-oxazolone
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with 100-fold increase in affinity were isolated (Low et al. 1996).

2.3.2 Site directed mutagenesis

Site-directed mutagenesis involves amino acid substitutions within one
or more of the CDRs followed by the subsequent selection of clones with higher
affinity for the target antigen. For example, Davies and Riechmann have investigated
the effect of randomizing CDRs 1 and 2 residues in V4 domains specific for both
haptens and protein antigens (Davies and Riechmann 1996). This research was
successful in terms of generating randomized repertoires which were displayed on
phage and affinity selected to imprave antigen binding. Yang and associates reported
increase the affinity of an anti-gp 120 Fab by 420 fold by mutating four CDRs and
also described the largest affinity increase when optimizing CDR3 regions were
observed (Yang et al. 1995). Simalarly=the anti-ErbB2 antibody was mutated by
sequentially targeting.mutagenesis to the two CDR3 resulting a 1200-fold increase in
affinity over the parental scFv.was observed (Lou and Marks 2010). An alternative
method of sitesdirected mutagenesis, termed “parsimonious mutagenesis” was
described by Balintand Larrick (1993). In this method, akl three CDRs of a variable
region gene are simultaneousiyl and [ theraughly-"searched for improved variants in
libraries of manageable size (Balint and Larrick 1993, Schier et al. 1996, Schier et al.
1996). In parsimonious mutagenesis, synthetic codons are used to mutate about 50 %
of all targeted amino acids while keeping the other 50% of targeted residues intact
(wild type) (Chames et al. 1998). Chames and associated (1998) used this technique to
build the mutant library and selected the scFv specific to cytosol with up to eightfold

better affinity and fivefold less cross-reactivity than the wild-type scFv.
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2.3.3 Antibody Shuffling

2.3.3.1 DNA shuffling

DNA shuffling have been described by Stemmer (Stemmer
1994, Stemmer 1994). This shuffling technique involves digesting of a large antibody
gene with DNase I and performing a PCR reaction in the absence of primers.
Following several cycles, a full-length- gene is produced by homologous or site-
specific recombination. DNA shuffling was used to improve the production and
function of a hapten-specific llama single-domain antibody fragment. The result show
that one of the selected shuffled mutants had both increased 3.4 fold expression and 4

fold affinity while another clone had idproved stability (van der Linden et al. 2000).

2.3.3.2 Chain shuffling
The heavy.and light chains of antibody isolated from an
immune library can be recombined, thereby generating a vast number of functional
antibodies from an initially limited genetic repertoire (Kang et al. 1991). Chain

shuffling has been used to obtain high affinity human scFv'afitibody that bound the
hapten phenyloxazolofie by mereasing the affimity 3Q0<totd from 3.0 x 107" Mto 1.0

x 100 M (Marks et al. 1992). Typically, Shuffle the VL gene of the scFv is done
first, because more of binding energy is usually contained within the VH. If the
affinity of the affinity-matured light chain shuffled scFv is inadequate, the heavy-
chain shuffling will process (Marks 2004). It has been reported that the scFv specific
to halofuginone was improved 185 fold over the original scFv by using light chain

shuffling (Fitzgerald et al. 2011).
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2.4 Previous research on recombinant antibody against AFB,

There have been some previous researches on the use recombinant antibodies

for the detection aflatoxins. Some of them isolated anti-AFB1 single chain fragment

variables (scFvs) from a human lymphocyte antibody library and a semi-synthetic

antibody library against AFB1-BSA (Moghaddam et al. 2001, Pansri et al. 2009,
Yang et al. 2009, Rangnoi et al. 2011). Daly et al. used AFB1-dextran and AFB1-
BSA as antigens and panned murine anti-AFB1 scFvs from an immunized phage

displayed antibody library (Daly et al. 2002). The ELISA and SPR inhibition assays
were used to determine analytic affinities and sensitivity of antibodies. The affinity
and sensitivity of recombinant ‘antibody, against AFB1 from previous study were
varies depend on selection method @f recombinant antibodies from phage antibody
libraries.

Because aflatoxins have a low molecular weight,ithey must be covalently linked
to an immunogenic carrier protein such as BSA, which will elicit a strong immune
response following immunization. The protein conjugate is also used at the screening
and analytical stages of_antibody production. So, several agtibodies isolated bound to
AFB1-BSA but not to AFB1 @lane (Meghaddam™et at. 2001). In 2009, Yang and
associate develop new strategy on bio-panning by directly immobilized soluble AFB1
on to the microtiter plate instead of AFB1-BSA to get more chance to select an scFv
antibody that bind to soluble AFB1 (Yang et al. 2009). Rangnoi and associate
generated scFv fused to alkaline phosphatase (AP) specific to AFB1 resulted in 3 fold
increase sensitivity. Another format of recombinant antibody against AFB1 have been
reported. Fab antibody specific to AFB1 was used to compare the method to

immobilized AFB1 on to microtiter plate. The sensitivity of Fab antibody was
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improved when using the covalently immobilized AFB1 compare with passively
absorbed AFB1-BSA (Edupuganti et al. 2013). In 2013-2014, the alpaca was
immunized with AFB1-BSA or anti-AFB1 to produce VHH antibody. Wang and
associate was successfully selected VHH, which is mimic to AFB1 binding site from
VHH library that produced by injected high sensitivity of monoclonal antibody
against AFBL1 to alpaca (Wang et al. 2013). This VHH was immobilized as antigen
instead of AFB1-BSA in ELISA assay. In the following year, the phage display VHH
library was constructed from blood lymphocytes from alpaca immunized with AFB1-
BSA. The high sensitivity VHH was obtained.

On acceptable level of aflatoxinsteontaminated in agricultural products by FDA,
the high sensitivity of anti-AFB1'is needed. Several researches have been described
low sensitivity of scFv-AFB1 (Moghaddam et al. 2001, Min et al. 2011, Rangnoi et al.
2011). The sensitivity and affinity of scFv canhe improved by affinity maturation. So
far, there are two publications, describing the-improvement of scFv antibody specific
to AFBL1 by using affinity maturation by site directed mutagenesis (Li et al. 2012) and
random mutagenesis (error prone PCR) (Min et al. 2015). Th& mutant scFv increased
the sensitivity againstAFB4, by 9-20 fold compareto@riginal clone. The summary of
previous reports on recombinant antibodies specific to aflatoxin is shown in Table 2.2.

However, none of them has been used commercially for the detection of aflatoxin.



Table 2.2 Recombinant antibodies for aflatoxin selected from hybridoma cell lines or from phage libraries derived from naive human and

immunized animals.

Library Antibody fragment Assay platform  Affinity Reference
Human naive ScFv SPR Kp: 6x 107 M (Moghaddam et al. 2001)
Immunized mouse (splenocytes) scFv SPR LOD: 3 ng/ml (Daly et al. 2002)
Not published scFv monomer/dimer  SPR ICso: 2 ng/ml, (Dunne et al. 2005)
LOD: 0.3 ng/ml
Human synthetic (Tomlinson 1) scFv ELISA IC50: 0.4 pg/ml (Wang et al. 2009)
Human synthetic (Tomlinson 1+J)  scFv ELISA 1Cs0::0.4 ng/ml (Yang et al. 2009)
SPR Keid.2 x 102 M
Human naive (Yamo-I) scFv ELISA ICs50: 0.12 pg/ml  (Rangnoi et al. 2011)
scFv-AP 1Cs0: 0.03441g/ml
Human synthetic (Tomlinson I) scFv-AP {CgpeQ' ¥4 g/ml

ve



Table 2.2 (continued).

Library

Antibody fragment

Assay platform

Affinity

Reference

Immunized mouse (hybridoma)
Immunized mouse (hybridoma)
Immunized Alpaca

Not published

Immunized mouse (hybridoma)
Immunized Alpaca

Immunized mouse (hybridoma)

sckv

scFv

VHH

Fab

scFv

VHH

scFv

SPR

ELISA

ELISA

ELISA

ELISA

ELISA

SPR

Kp: 1.16 x 107 M
ICs0: 0.02 ng/ml
ICs0: 0.16 ng/ml
ICso: 27 ng/ml
ICs0: 0.01 ng/ml
ICsp: 0.75 ng/ml

Kp: 9.2 x 108 M

(Min et al. 2011)
(Lietal. 2012)

(Wang et al. 2013)
(Edupuganti et al. 2013)
(Lietal. 2013)

(He et al. 2014)

(Min et al. 2015)

Abbreviations: Kp = equilibrium dissociation constant, 1Csg = The half maximal inhibitory concentration

T4
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CHAPTER III

IMPROVEMENT OF THE SENSITIVITY OF HUMAN

SCFV ANTIBODY AGAINST AFLATOXIN B1 BY

CHAIN SHUFFLING AND MOLECULAR

DOCKING,ANALYSIS

3.1 Abstract

Recently an anti-aflatoxin scFv antibody. named YAF-C3 was isolated from a naive
human phage display library (YamgHibraiy) in our laboratory (Rangnoi et al. 2011)
This clone was expressed well wn Escherichia coli. However, its binding affinity was
not enough to detect the toxin at the limit conceatration, provided by CODEX
international standard legislation, The aim of this study was to improve the binding
affinity of this clépe by chain-shuffling technique and to stydy the molecular binding
between antibody and "AEB I Awe, ehat-shiifled ) sekv libraries were constructed
from variable heavy (Vy) chains repertoire, amplified from the naive library,
recombined with variable light (VL) chain of clone YAF-C3, and vice versa. Then,
these two libraries were used to select for enhancing scFv antibody by standard bio-
panning method. While heavy chain (Vy)-shuffled library yielded clones with
improved binding affinity, none of the clones from light chain (Vi)-shuffled library
showed improvement in the binding sensitivity. One clone, designated sAFH-3E3,

showing 7.5-folds improvement in sensitivity over the original scFv clone, was
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isolated. The affinity of this clone against AFB1-BSA conjugate was 2.29 x 10 M,
which was 20-fold higher than that of the original scFv. Amino acid sequence analysis
indicated that there are two amino acid mutations in framework 1 (FR1) and three
mutation in CDR1 region. Homology modeling and molecular docking were used to
compare the binding of this clone and the original clone. The results indicated that Vy
is more important for AFB1 binding than V.

Key words: Aflatoxin, Single chain fragment variable (scFv), chain shuffling,

Enzyme linked immunosorbant assay (ELISA), molecular docking

3.2 Introduction

Aflatoxins are carcinogenic toxins that. can be produced as secondary
metabolites from Aspergillus flavus ‘and Aspergillus parasiticus. These toxins are
regularly found to contaminate-foed and feed that contain peanut, chili, or maize.
Because of their harmful toxicity, an effective-method for the detection of aflatoxins
below the legal limit isnecessary. Enzyme linked-immunosorbant assay (ELISA) is a
technique for rapid and sensitive detection of aflatoxin. THis“method requires high
sensitivity antibody ds{éteetion reagent.

Phage display technology is a powerful technique for producing monoclonal
recombinant antibody fragment. The small fragment of antibody such as scFv
fragement can be displayed on the surface of phage and easily selected for the desired
binding property from phage display scFv antibody library. The human phage display
antibody selected from human naive library tend to produce low binding affinities
(Kp) for hapten antigen (Irving et al. 1996). However, the antibody obtained from the

original libraries can be further engineered by various techniques of affinity
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maturation such as sites directed or random mutagenesis, and antibody chain
shuffling. Successful improvements by affinity maturation have been reported.,
incluing as high as 1200-fold increase in affinity by mutation the two CDR3 (Lou and
Marks 2010). Three to six-fold affinity improvement have been reported when using
heavy chain shuffling technique to improve the scFv specific to preS1 of hepatitis B
virus (Park et al. 2000).

In this study, the scFv antibody specific to aflatoxin B1, selected from human
phage antibody library (Pansri et al., 2009), has been improved by affinity maturation.
The original scFv antibody could detect aflatoxin at 0.04 pg/ml (40ppb) by
competitive ELISA (Rangnoi et ‘al, 2009). Since, the acceptable limits of aflatoxin
contamination in agricultural-product are 20 ppb (Shephard, 2008); therefore, this
antibody was not sensitive enough [to use as diagnostic reagent. To improve the
sensitivity of this antibody, the ehain shuffling technigue was performed. A heavy and
light chain shuffled library were-constructed-and used to select new specific scFv
antibodies to AFB1. Three clones selected .froam heavy chain shuffling library that
showed higher ‘'s€isitivity than the original clones were obtaified. One of the mutant
scFv (SAFH-3E3) shewsde 7.5 fold and 20 feld Higherthan the original YAF-C3
clone, when analyzed by competitive ELISA and SPR analysis, respectively.
Moreover, homology modeling and molecular docking were performed to elucidate

the nature of antibody-AFB1 interactions.

3.3 Materials and Methods

3.3.1 Materials

All reagents were molecular grade or analytical grade. Ani-aflatoxin
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scFv antibody YAF-C3 (YM1-C3) was produced in our laboratory. Aflatoxin Bl
standards and AFB1 conjugated with BSA were obtained from Aokin (Germany).
Bovine serum albumin (BSA), goat anti-mouse 1gG-peroxidase antibody, hapten,
polyethylene glycol 8000 (PEG 8000), Tween 20, and 3,3',5,5'-tetramethylbenzidine
(TMB) were obtained from Sigma (St. Louis, MO). 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) were obtained from Amresco (USA).
Escherichia coli TG1 was used for cloning and amplification of phage; whereas E.
coli HB2151 was used for the production soluble scFv fragments. Both E. coli were
obtained from MRC, Cambridge, UK. Mause anti-M13 —HRP, His probe-HRP and
Protein L-HRP were purchased from Amersham-Pharmacia Biotech (Uppsala,

Sweden), Thermo Fisher Scientific, USA and Sigma, Germany, respectively.

3.3.2 Construction of chainsshwitling libraries

The Vi and V| repertoires were prepared-from clone YAF-C3 and DNA
extracted from YAMO library (Pansri et al.- 2009). The variable heavy chain and light
chain were amplified by PCR using Tag and pfu polymerase..,Primer for amplification
was shown in Table2.1, PCR amplification was in a total y&lume of 50 ul, consisting
of 1X pfu DNA polymerase baffer (Promega, | USA), 0:2 mM dNTP (New England
Biolabs (NEB, USA), 2.5 U of Tag DNA polymerase (NEB, USA), 1.5 U of pfu DNA
polymerase (Promega, USA), 100 ng of DNA template, 1 pM of forward and reward
primer (Table 1) under conditions: 95°C for 2 min, 30 cycles of 95°C for 1 min, 66°C
for 30 sec, 72°C for 3 min and a final extension of 72°C for 5 min.

The Vy gene of YAF-C3 were assembled to a pool of V| genes from
YAMO library, and vice versa to generate new variety of scFv fragment at linker

sequence by PCR producing a library of scFv fragments of approximately 800 bp, as
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decribeded by Pansri (Pansri et al. 2009). The assembled was performed in two steps.
In the first step, assembly PCR with absence of primer in total volume of 40 pl
consisted of 400 ng each of VH and VL, 1X pfu DNA polymerase buffer, 0.2 mM
dNTP, and 1.2 U of pfu DNA polymerase. The mixture reaction was done at 95°C for
2 min, 25 cycles of 95°C for 1 min, 66°C for 30 sec, 72°C for 3 min and a final
extension of 72°C for 5 min. Second step, the assembled scFv fragments were
amplified by PCR with pull through primers (ShufFw5’ and ShufRv3’). The PCR
reaction in total volume 50 pl compesed of 5 pl of assembled scFv, 1X of pfx50
buffer, 0.2 mM dNTP, 1uM of each forward and reward primer and 5 U of pfx50
DNA polymerase (Invitrogen, USA). PCR condition was performed at 94°C for 2
min, 30 cycles of 94°C for 45 sec,/66°C for 30 sec, 68°C for 1 min and a final
extension of 68°C for 5 min. The scFVIDNA fragment products were purified from gel

using Wizard SV clean up kit (Promega, USA).

Table 3.1 Primers for amplification-of heavy-chain and light chain.

Primer Sequence

VH amplification

ShufFw5’ 5" CCTTTCTTGCGGCCCAGCCGGCCATGGCC 3°
LinkBa3’ 5" CCACCAGAGCCGCCGCCGCCGCTAC 3°

VL amplification

LinkFw5’ 5 GTAGCGGCGGCGGCGGCTCTGGTGEG 3°

ShufRv3’ 5 CCCGTGATGGTGATGATGATGTGCGGCCGCACC 3°

Sequences corresponding to Sfil and Notl restriction sites are underlined
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The scFv DNA fragments and pMOD1 was sequentially digested with
Notl-HF and Sfil (New England Biolabs, USA) at a ratio of 20 enzymes units per 1 pg
DNA. The scFv DNA was ligated to 1 ug digested pMODI1 vector at vector:insert
molar ratio of 1:2 ratio, with 2400 T4 DNA ligase Units (New England Biolabs,
USA). Finally, ligated DNA was transformed into TG1 electrocompetent cells. Cells
were grown on TYE agar plates containing 100 ug/ml ampicillin and 1 % glucose.
Libraries were amplified and the phage display scFv antibody library was rescued
with M13 helper phage. Then, phage particles were purified from bacterial
supernatant by precipitation with 20% polyethylene glycol 8000 and 2.5 M NacCl,

according to previously published methed (Pansri et al. 2009).
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3.3.3 Screening of phage and scFv antibody specific to aflatoxin

3.3.3.1 Bio-panning

Twenty ug of AFBI1 conjugated BSA was immobilized on well

of 96 well microtitre plates by dissolving in 100 pul of phosphate buffer saline (PBS)

and incubated at 4°C for overnight. The target was re-use for another round of bio-

panning. The remaining sites on well were blocked with 2% skim powder milk, which
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dissolved in PBS buffer (MPBS) for 1 hr at room temperature. Before adding to
AFB1-BSA coated well, the chain-shuffling libraries were pre-incubated in 2% (w/v)
skim milk powder and 1% (w/v) BSA in PBS at room temperature for 30 min. Then,
the libraries were incubated with target for 1 hr at room temperature. Unbound phages
were eliminated by washing wells with 10 times PBS containing 0.05% (v/v) Tween
20 (PBST), following by 10 times PBS. For 2" and 3" round of selection, the
washing times were increased to 15 times with PBST, following 15 times with PBS,
20 times with PBST, following 20 times with PBS, respectively. Bound phages were
eluted with 100 pl of 1 pg/ml trypsin buffer by incubating for 10 minutes at room
temperature. Then, phage was incubatée for another 10 minutes at room temperature
with 50 pl of 100 mM glycine-HCIL/pH 2 and neutralized with 50 pl of neutralize
solution. Then, both elution solutions were mix together and then separately in half
volume to infect E coli TGl and HB2151. E. caoli TG1 was used for phage
amplification to use in the nextround of bio=panning..\Whereas E. coli HB2151 was
use for induction scFv fragment. After first and.third round of bio-panning, individual
colony was rand@mly picked up from 2xYT agar plates supplémented with 100pg/ml
ampicillin and 1% (W/¥) ghucose and tested ¢he zhirdiRg ability to AFB1-BSA by

ELISA.

3.3.3.2 Confirmation phage and scFv positive clone by ELISA
After 1% and 3" selection round, the individually phage clone
was rescued as previous described (Rangnoi et al. 2011) before screening by indirect
ELISA. Immuno 96 Wells Plate (Nunc, Denmark) was coated with 1 pg AFB1-BSA
and 1% (w/v) BSA (negative control) in a volume of 100 pul of PBS. Then, plate was

blocked as described in 3.3.3.1. After incubation for 1 hr at room temperature, the
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wells were washed 3 times with PBS. After that, 100 ul of phage supernatant or scFv
fragment and 50 pl PBS were added into each well of the plate. Plates were stand on
the bench for 1 hr. After that, unspecific phages or soluble scFv fragment were
washed away 3 times with PBST and 2 times with PBS. Subsequently, 100 ul HRP-
anti-M13 (1:5000 dilutions in PBS) and HisProbe-HRP or ProteinL-HRP was added
to each well to detect phage and soluble scFv fragment, respectively. After incubation
for 1 hr at room temperature, the wells were washed again and 100 pl substrate
solutions ABTS (AMRESCO, USA) or TMB (SIGMA, USA) was added to each well
and incubated at room temperature for 15 mins-2 hrs. Absorbance was measured at
405 nm. When using TMB as substraté, the reaction was stopped with 10% (v/v) HCI
after incubation for 10-30 min. The yellow color was developed after adding HCI.

Absorbance was measured at 450 nm;|

3.3.3.3 Competitive ELISA
Competitive-or inhibition ELISA was performed as described in
the normal ELISA methods, except that optimal amount of phage or scFv were pre-

incubated with iR€rgasing amount of soluble AFB1 befgre adding into previously

coated, blocked, and washed" wells! ot ELISA ‘plates. For every assay, appropriate
dilutions of Phage or scFv that showed a linear relationship by ELISA were used.

All antibody dilutions and standard AFB1 were performed in
TBS buffer. Immuno 96 wells plate was coated with AFB1-BSA and block as
described in 3.3.3.1 was coated on an ELISA plate. The antibodies, at dilutions
previously determined by an antibody titre, were pre-incubated with varying
concentrations of soluble aflatoxin-B1 (AFB1) from 5 ug/ml to 0.019 ug/ml. After

incubation at 37°C for 30 minutes, the mixture was then transferred to the previously
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coated and blocked microtitre plate and incubated for 1 hour. The unbound antibodies
were washed away 3 times with PBST and 2 times with PBS. Protein L-HRP or His
Probe -HRP was added to wells and incubated for 1 hour at room temperature.
Following this, the substrate solution was added as described in 3.3.3.2. The positive

clone was showed decreasing signal when the concentration of AFB1 was increased.

3.3.4 Sequence analysis
Plasmid DNA were extracted and purified from overnight culture by
using a commercially plasmid preparation kit (Mini Preps: Qiagen, Germany) and
were completely sequenced by Macrogen (Seoul, Korea) using primers: Yamo5’ Fw
5’CAG GAA ACA GCT ATG ACC3” and 96 genelll Rv 5°CCC TCA TAG TTA
GCG TAA CG3’. Immunogenic analysis of variable regions was done using IGMT
(Lefranc 1999) and V-Base database.=he/@amino acid sequences were translated using

Snapgene software.

3.3.5 Expression‘and. purification of scFv, fragment

Agingle colony of E. coli HB2151 containing pi#OD phagemid bearing
positive clones was‘ifioculated into 5 ml 2XYT _contauatn@ *00 pg /ml Ampicillin, 2%
(w/v) glucose and was grown overnight at 37°C with shaking. in the next day, 2 ml of
overnight culture was inoculated into 200 ml 2XYT broth, containing 100 pg/ml
Ampicillin, 0.1% (w/v) glucose at 30°C with shaking for 3 hrs and 30 mins to reach
OD600 is 0.9. After that, the culture was induced with 1mM IPTG and continued
shaking for 6 hrs at 250 rpm. The scFv fragment can be found in periplasmic
extraction.

For periplasmic extraction, the culture was centrifuged at 3,000 g for 20
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mins at 4°C and the supernatant was discarded. The pellet was resuspended in 8 ml of
cold periplasmic buffer (1xPBS, 1 M NaCl and 1 mM EDTA) and left on ice for 20
mins. The resuspended solution was spun at 3,000 g for 10 mins at 4°C. The
supernatant which carrying the periplasmic fractions containing scFv fragments were
collected and was added with MgCl; to be 1 mM as final concentration. Soluble scFv
was purified by immobilized metal affinity chromatography (IMAC) using Ni-NTA
by Akta purifier (AKTA pure, GE Healthcare). Before purification, cell debris was
removed from periplamic supernatant by filtering through 0.2 um. One ml His-Trap
column (GE Healthcare) was equilibrated with 10 ml buffer (20 mM NaPQO,4, 500 mM
NaCl, 20 mM imidazole, pH 7.5). Then, the filtered periplasmic was loaded into the
column. To remove loosely bound protein, the column was washed with the same
buffer. The scFv was eluted from the ‘eelumn with buffer gradient buffer programme
containing high concentrationsefimidazole (20 mM NaPO,, 500 mM NaCl, 500 mM
imidazole, pH 7.5). The antibody fraction wasdialysed with PBS buffer using 10 kDa
snakeskin dialysis tubing (ThermaoScientific). Protein concentration was quantified by

a Nanodrop ND2000 spectrophotome (Thermo Scientific).

3.3.6 Kinetic Binding ofsekFy aniinadiesby SPR
The kinetic binding of purified scFv antibody as performed by Biocore
3000 SPR instrument. The AFB-BSA was immobilized on the CM5 chip (GE health
care, USA) using amide-coupling chemistry as described by instrument instruction
(GE Healthcare). BSA was immobilized as a control in another flow cell on the same
sensor chip. Unbound ligand was washed away with HEPES containing 0.01% Tween
20 and blocked the inactivated site by injection 30 pl of 1M ethanolamine, pH 8.5.

Purified scFv at different concentrations were each injected over the captured AFB1-
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BSA at constant flow of 30 pl/min for 3 min of contact time and 9 min of dissociation
time. The captured surface was regenerated between each binding reaction with 15
mM NaOH at a flow rate of 30 pul/min for 1 min. BIAvaluation software was used to

analyze the kinetic binding data and fit globally to a 1:1 binding model.

3.3.7 Antibody modeling and molecular docking

Homology modeling of the three-dimensional (3D) structures of scFv
YAF-C3 and sAFH-3E3 as generated from the amino acid sequences using the
SWISS-MODEL website (Biasini et al. 2014). The server chose the template by
sequence identity analysis. After that, the sequences were processed by the server for
modeling. Models were visualized with, the program PyMOL (www.pymol.org).
MolProbty website was used to analyse Ramachandran values of the scFv model. To
understand the molecular interactign=between AFB1 and the scFv antibody, GOLD
software was used to-analyze antigen-antibedy docking. An AFB1 molecule was
obtained from PubChem compound-database (www.pubchem.ncbi.nlm.nih.gov). All
scoring functions that were available for GOLD at the time of the study (ChemPLP,
GoldScore, Chem&core, and Astex Statistical Potential (ASR)) were tested in separate
runs. The active site for dockiag was defined fellow as homology model of scFv at
the position of CB, Ala33 incase of YAF-C3 antibody; CB, His33 atoms in the case of
SAFH-3E3 within 6A radius. The best scored solution (ChemPLP) was considered,

and viewed in Discovery studio 2016 (BIOVIA, San Diego).
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3.4 Results

3.4.1 Chain-shuffling libraries construction
The variable heavy chain and light chain were amplified from YAF-C3
and Yamo DNA by PCR using Tag and pfu polymerase. PCR products of the variable
heavy chain (VH) and light chain (VL) showed at the size 350-400 bp. (Fig 3.2). The
variable gene that amplified from Yamo DNA was shown smear band and have
several non specific bands whereas the hand of variable from YAF-C3 have a one
clear band at the size 350 bp for VL and 400 bp for VH.

The variable genes were assembled with (G4S)3 peptide by overlap

extension PCR, resulting in the scF of approximately 800 bp. Therefore, the

assembly of VH Yamo—Linker—VL F-C3 and VH YAF-C3—Linker—VL Yamo
were amplified to create scFv frag pull-through PCR. There are 2 groups of
scFv products for using to construct heavy chain and light chain shuffling libraries.
The gel analysis after PCR reaction. showed several non- specific products were
amplified in adgion to the 800 bp desired product (Fig 3.3).7'58 get only correct band

f\
of scFv, all PCR?F}ESetS were loaded onto agarosg gaﬂé@cut DNA at the size 800

[7 -
bp. The gel purification waes’ Jﬁ&ﬂlﬁlﬂ;@bﬂ@&a bp‘scFv gene.



49

(A) (B)

Figure 3.2 Agarose gel analysis R of VH amplified from Yamol and VL
amplified from YAF- “Lane 1, DNA marker (100 bp ladder); lane
2, VH of Yamol;-lane 3, VL of YAF-C3..PCR of VH amplified from
YAF-C3 and. VL amplified from Yamol (B). Lane 1, DNA marker (100

b[g&dder) lane 2, VH of YAF-C3; lane 3, VL of Yamo.
\

The fmr?ﬂ&ﬂdwﬁ%% into pMOD1 vector at the

Sfil and Notl sites. The agarose gel analysis of pMOD1 vector and two ScFv
fragments after Sfil and Notl digestion are shown in Fig 3.4. The ligate products were
transformed into electrocompetent E. coli TG1 cells, rescued and the library size
calculated. The heavy chain and light chain shuffling library size were 3.48x10° and

2.26x10* cfu/ml with 0.43% and 3.54% background, respectively.
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Figure 3.3 Agarose gel analysis of scFv products from pull-through PCR. Lane 1,

DNA marker (100 bp ladder); lane 2, scFv of bias light chain for heavy

chain shuffling constructian; lane 3, scFv of bias heavy chain for light

(B) 1 2
T
3 kb \
>
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/
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Figure 3.4 Agarose gel analysis of Sfil and Notl-HF digestion products. pMOD, scFv

bias heavy chain (A). Lane 1, DNA marker (1 kb ladder); lane 2 pMOD
vector; lane 3, scFv fragment bias light chain. ScFv bias light chain (B)
Lane 1, scFv fragment bias heavy chain; lane 2 DNA marker (100 bp

ladder)
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The qualities of libraries were checked by randomly picked 10-13
colonies. Plasmid of individually clone from heavy chain and light chain shuffling
libraries were analyzed by restriction fragment analysis with Sfil and Notl-HF (Fig
3.5A) and PCR amplification, respectively (Fig 3.6A). Percent full length inserted

scFv of H chain and L chain shuffling libraries were 100% and 69%, respectively.

(A)
1 2 3 4 5 6 7 8 9 10 11 12 13
5
3 kb —_— — — — ———
-
e
1kb
0.5 kb
)
(B)

10

11 12 13

Figure 3.5 Agarose gel analysis of pre-panned plasmid of heavy chain shuffling
library digested Sfil and Notl-HF (A). Lane 1, DNA marker (1 kb ladder);
lane 2-12 randomly picked clones 1-11, respectively; lane 12, pMOD
vector; lane 13, DNA marker (100 bp ladder). DNA fingerprint of heavy
chain shuffling library (B). Plasmid of 10 clones were digested with
BstN1 at 60°C for 3 hrs. Lane 1,13 DNA marker (100 bp ladder); lane 2-

11, Clone 1-10, lane 12, pMOD vector.
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The plasmid or PCR products of randomly picked clones from two
libraries were digested with the BstNI. The fingerprint patterns of two libraries are
shown in Fig 3.5B and 3.6B. To check the variety of scFv fragment in the libraries,
plasmids of random clones were sequenced. After sequencing, the IGMT and V -Base
database were used to indicate the family and CDR of variable region. For heavy
chain shuffling library, ten random clones are different which are revealed 4 different
VH gene families (VH1, VH3, VH4 and \VH5) (Table 3.2) and VL are identical to VL
from YAF-C3, which is belonged to VK1 (IGKV1-39*01). In case of light chain
shuffling library, seven random clones were analyzed. The result showed that VH are
identical to VH from YAF-C3, which isibelonged to VH3 (IGHV1-3*01) and five VL
gene families (Vk1, Vi3, and VA2, VA3, VA6) (Table 3.3). These two libraries were

further amplified and used for 'screening the impraved sensitivity clones.
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Table 3.2 Amino acids sequences of pre-panned heavy chain shuffling library clones.

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline Amino Family
acid
different
from
germline
SAFH-1 EVQLVQSGAEVKKPGS  GGTFSSYA ISWVRQAPG IKPSGGTT TYAQKFQGRLTMTRDTSTR  ARDPRGYSYPR IGHV1-46*01 14 VH1
SVKVSCKAS QGLEWMGT TVYVELSSLASEDTAVYYC DYGMDV
SAFH -2 EVQLVESGAEVKTPGA  GYTFTGYY MHWVRQAPG INPNSGGT NYAQKFQGRVTMTRDTSIS ARDRGTPATSM IGHV1-2*02 6 VH1
SVKVSCKAS QGLEWMGW TAYMKLSILRSEDTAVYY VRGVPFGMDV
SAFH-3 QVQLVESGAEVKKPGE  GYSEFTSYW IGWVRQOMPG IYPGDSDT RYSPSFOGQVTISADRSIS ARRMVRGAPDA IGHV5-51*01 3 VH5
SLKISCKGS KGLEWMGI TAYLOQWSSTKASDTAMYYC FDI
SAFH-4 EVQLVQSGAEVKKPGS GGTFSSYA ISWVRQAPG INPNSDGT KEFQOGRVTMTRDTSIS ARMDWTEMATI IGHV1-2*02 9 VH1
SVKVSCKAS QGLEWMGW ELSRLRSDDTAVYYC PGDY
SAFH-5 QVOLOESGPGLVKPSE  GGSIYPYY WSWIRQSPG IYYNGAT SLRSRVTMSVDTSKN  ARVAKDDYNSG IGHV4-59*01 11 VH4
TLSLTCTVS KGLEWIGY LRLSSVIAADTATYYC ALD
SAFH-6 *VQLVQSGAEVKQPGA  GYTFTSYG INWVRQATG MNPNSGNA FOQGRVTMTRDTSIS ASVYSSGGY IGHV1-8*01 7 VH1
SVKVSCKAS QGLEWMGW SSLRSDDTAVYYC
SAFH-7 QVQLVQSGGGVVQPGR  GFSFEFSTYA MHWVRQAPG TSYDGTNQ YYGDSVKGRETISRDNAKN  ARDPVYSSSWY IGHV3-30-3*01 11 VH3
SLRLSCVAS KGLOWVAL SLYLOMNSLRAEDTAVYYC GY
SAFH-8 QVQLVQSGGGLVKPGE  GFTEFSSYA MHWVRQAPG ISYDGSNK YYADSVKGRETTSRDNSKN  AKPTGIQLWLL  IGHV3-30*04 7 VH3
SLRLSCTTS KGLEWVAV TLYLOMNSLRAEDTAVYYC S
SAFH-9 QVQLMQSGGGLIQPGG  GEFTEFSNYA MTWVRQAPG VSGVGSHT YYADSVKGRETISRDNSKN  AKEDRVYGSGS IGHV3-23*01 12 VH3
SLRLSCVAS KGLEEVSG TLYLOMNSLRAEDTAVYYC 7 YYKDAFDI
sAFH-10 EVQLVESGGGLVQPGG  GFTFRNHA IT %@PG ISASGTST YYADSVEGRFTISRDNSKN GFSGSYLDY IGHV3-23*04 13 VH3
SLRLSCAAS KGLEWVSE ~

TLYLOMS SLRVDDTATYYQ DP
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Table 3.3 Amino acids sequences of pre-panned light chain shuffling library clones.

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline Amino acid Family
different from
germline
SAFL1-2 *SALTQPASVSGCPGQ  SSDVGSYNL  VSWYQORPG  EVS KRPSGASNRFSGSKSGNTAS QSYDGSSWV IGLV2-23*02 8 VL2
SITISCTGT KAPKLMIY LTISGLOAEDEADYYC

SAFL1-3 SSELTQDPAVSVALGQ SLRSYY ASWYQOKPG QDS KRPSGIPERFSGSNSGNTAT QAWDSSTAV IGLV3-19*01 16 VL3
TVRITCQGD QAPVLVIY LTISGTQAMDEADYYC

sAF1-10 QSALTQPASVSGSPGQ NSDIGAYYF  VSWYQQOHPD  NVS HRPSGVSDREFSGSKSGNTAS CSYAGSSTPL IGLV2-23*02 12 VL2
SITISCTGS KPPKLMIY SGLOAEDEADYYC v

sAFL2-12 DIQOMTQSPSSFSASTG QGISSY LNWYQOKPG  AAS VPSRESGSGSGTDET  QQSYSTPPYS IGKV1-39*01 5 VK1
DRVTITCRAS KAPRLLIY SLOQPEDEATYYC

SAFL1-8 NEMLTQPHPVSESPGK  SGSIASNY VOWYQORPG  EDN SGVPDRESGSIDSSSSS QSYDNSNRAV  IGLV6-57*01 5 VL6
TVSISCTGS SSPTTVIY TISGLKTEDEADYYC

sAFL2-4 NFMLTQPHPVSESPGK  SGSIASNY VOWYQORPG  EDN PGREFSGSIDSSSNS QSYDGANQWL IGLV6-57*01 5 VL6
TVTISCTRS SSPTTVIY ASLTISGLKTGDEADYYC

SAFL2-8 EIVLTQSPGTLSSSPG QSVSSSY LAWY *QKPGgn"GAS TRATGIPARFSGSGSGTDEFT QQYGSSLWT IGKV3-20*01 6 VK3
ERATLSCRAS QAPRLLIY LTISSLEPEDFAVYYC
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3.4.2 Screening of AFB1 binder

The shuffling libraries were grown to use for selecting scFv specific to
Aflatoxin. The results in Table 3.4 showed the overview of selection antibody specific
to AFB1 from two libraries. Three rounds of selection were performed. After first and
third round of selection, the positive phages and soluble scFv clones that bind to
AFB1-BSA were monitored by Indirect ELISA. To obtain antibody that bind to

soluble aflatoxin B1, the competitive ELISA was performed.

Table 3.4 Overview of screening of antihody against AFB1.

Heavy Light
chain chain
shuffling  shuffling

scFv library source

Number of clone after 1*panning 2.1x10"  32x10*
Number of clone after 2" panning 2.1x10° 2.0 x 10’
Number of clone after 3" panning 1.0x10°  3.0x 10’
Number of positive phage clones after. 1* round 93/95 N/A
Number of posi#fve phage clones after 3 round 95/95 51/96
Number of soluble sERv/cFanes-expressed aftef 45 Gound 90/95 72/96
Number of soluble scFv clones expressed after 3™ round 89/95 91/96
Number of scFv fragments that bound soluble AFB1 32/32 17/17
Number of scFv producing different clones 9/18 3/17
Number of original scFv 8/18 13/17
Number of scFv with improved binding properties 3/9 0/3

*The number of positive clones/ the number of screened clones. N/A is an
abbreviation for not applicable
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3.4.2.1 Indirect ELISA

Three rounds round of bio-panning of both libraries were
performed and out put of each round of selection determined (Table 3.4). During bio-
panning process the AFB1-BSA was reused and the number of washing was
increased. After 1% and 3" round of bio-panning, 95-96 clones were randomly picked
and screened the specific binding to AFB1-BSA by phage and scFv ELISA using
mouse anti-M13 antibodies conjugated to HRP and His Probe-HRP for detection. The
phage and scFv clones were scored as positive by ELISA when the absorbance value
on AFB1-BSA coated wells was at least two times higher than binding of phage to 1%
(W/v) BSA coated-wells. From 1% and@™ round ELISA result, it was determined that
more than 50% of the clones weref AFB1-BSA specific. The positive phage and
soluble scFv clones were ‘enriched from 1° round of selection. The numbers of

positive clones in each round of-selection are-shown in Table 3.4.

3.4.2.2 <«Competitive-ELISA

The AFB1 binder was screened by competitive ELISA. The
scFv fragments Were produced by infecting phage to E. coli MB2151 as described by
Rangnoi et al, 2011. Phate/add36luhie serv fafiet 45 “and 3™ round in total 32 clones
selected from heavy chain shuffling library, which showed positive binding to AFB1-
BSA on indirect ELISA assay were analyzed the binding to soluble AFB1 compare to
original clone (YAF-C3). Competitive ELISA results showed that 4 clones, namely,
SAFH-3E11, sAFH-3E3, sAFH-3F11 and sAFH-3D4 performed higher sensitivity to
AFB1 than that of original clone (Fig 3.8). All of them are the clone derived from 3"
round of selection whereas no clone from 1% round selection showed higher sensitivity

than YAF-C3 (Fig 3.7).
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Figure 3.7 Con@t}tis@ ELISAanalysis of‘phages (A) an%'t‘bluble scFv (B) antibody
eng AR
AFB1-specif I?mej‘@ﬂf 1* round bio-panning from
heavy chain shuffling library. An optimal dilution of phage and soluble
scFv antibodies was incubated with decreasing concentrations of AFB1
from 5,000 to 2.28 ng/ml. Any bound phage and scFv antibody was
detected by anti-M13 HRP-labelled and His Probe-HRP, respectively. The
results are shown as A/A0, where the absorbance values of the evaluated
samples (A), are normalised by expressing them as a function of the blank

standard (Ao).
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Figure 3.8 Coméf’yise ELISA analysis of phages’SA) an@uble scFv (B) antibody
AFBl—specngllzmm&ﬁaar% 3" round bio-panning from
heavy chain shuffling library. An optimal dilution of phage and soluble
scFv antibodies was incubated with decreasing concentrations of AFB1
from 5,000 to 2.28 ng/mL. Any bound phage and scFv antibody was
detected by anti-M13 HRP-labelled and His Probe-HRP, respectively. The
results are shown as A/A0, where the absorbance values of the evaluated
samples (A), are normalised by expressing them as a function of the blank

standard (Ao).
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Figure 3.9 Competitive ELISA sis of soluble scFv antibody heavy chain
shuffled clone sA "OsAFH-3E11, sAFH-3F11 and YAF-C3
(parent)~AFB1-specific clones..An optimal dilution of soluble scFv
antibodies was incubated with decreasing concentrations of AFB1 from
‘5800 t0 40.028 ng/ml. Any bound phage iggl scFv antibody was
de@é%by Protein L-HRP, respeﬂivelé&}e results are shown as
AJAOQ, Wﬁglg tlajﬂdﬂﬂ‘m@si%éﬁe evaluated samples (A), are
normalised by expressing them as a function of the blank standard (Ay).
The ICso values for the scFv YM1-C3, sAFH-3E11, sAFH-3F1land
SAFH-3E3 were found to be 0.15, 0.05, 0.06 and 0.017 pg/ml,

respectively.
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After that, plasmids of these 4 clones were sequenced. After
sequencing, there are 3 clones (SAFH-3E11, sAFH-3E3 and sAFH-3F11), showed
different amino acid. Three clones were confirmed the sensitivity compare to the
original clone by competitive ELISA (Fig 3.10). The Icso of improved heavy chain
shuffled cloned are vary between 0.02-0.06 pug/ml which is 2.5- 7.5 fold greater than
parental clone (YAF-C3).

Phage and soluble scFv after 1% and 3 round in total 17 clones
selected from light chain shuffling library, which showed positive binding to AFB1-
BSA on indirect ELISA assay were also analyzed the binding to soluble AFB1
compare to the original clone (YAF-G3). Competitive ELISA results indicated that 5
clones, namely sAFL-B2, sAFLL-3B2; SAFL-3B12, sAFL-3H4 and sAFL-H7 showed
higher sensitivity to AFB1 than that aferiginal clone (Fig 3.10).

The aminoacid from-allof 17 clones were sequenced. There
are only 3 clones, namely sAFL=3B2, SAFL-3B12, sAFL-3H1 showed different amino
acid from YAF-C3. These 3 clones were confirmed the sensitivity compare to the
original clone by.competitive ELISA (Fig 3.11). No clone y&s shown the improved

sensitivity to soluble'AFB L
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bio-panning from light chain shuffling library. An optimal dilution of

phage and soluble scFv antibodies was incubated with decreasing

concentrations of AFB1 from 5,000 to 0.028 ng/ml. Any bound phage

and scFv antibody was detected by anti-M13 HRP-labelled and His

Probe-HRP, respectively. The results are shown as A/A0, where the

absorbance values of the evaluated samples (A), are normalised by

expressing them as a function of the blank standard (Ao).
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—&— sAFL3H1

----- @ YAF-C3

Figure 3.11 Competitive ELIS
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Concentrati aflatoxin (ug/ml)

is of seFv antibody AFB1-specific clones,
which selected from 1% and 3™ round-bio-panning from light chain
shuffling library. An optimal dilution-of soluble scFv antibodies was
incubated with decreasing /concentrations of AFB1 from 5,000 to

l
09.28 ng/ml. Any: bound and scFv antib cowas detected by His

Probe I‘i{[ rrag'\ﬁh“\j‘la@a(e shown as A/AQ, where the
absorbance values of the evaluated samples (A), are normalised by
expressing them as a function of the blank standard (Ao). The ICso
values of light chain shuffled clones (sAFL-3B2, sAFL-3B12 and
SAFL-3H1) and parent clone were found to be 0.18, 0.11, 0.12 and

0.08 pg/ml, respectively.
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3.4.3 Sequence analysis of shuffled clones

Eighteen heavy chain shuffled and seventeen light chain shuffled clones
that can be inhibited by soluble aflatoxin B1 in competitive ELISA were sent to
Macrogen company (Macrogen, Korea) for sequencing. The DNA sequences were
translated to amino acid using Snapgene software and were aligned using Clustal
Omaga software. The origin of the V gene and complementarity determining region
(CDR) were determined using VV BASE immunoglobulin V' gene database (Tomlinson
et al. 1996) and IGMT database. The closest germline sequence for anti-aflatoxin scFv
antibody could be identified by comparison to database. There are 50% and 88.24%
shuffled clones selected from heavy chain shuffled and light chains are identical to
amino acids of YMAF-C3 (Table 3.5 and 3.6). The VH and VL of shuffled clones
belonged to VH3 (IGHV1-3*01) and VK1 (IGKV1-39*01), which are the same
family as original clone (YAF-C3).

For heawy chain shuifled clones;-the VVH gene of all of 18 clones were
classified as human heavy chain family VHL with derived germline V1-3*01 and V1-
69*01. From fee improved heavy chain shuffled clones (SAFH-3E11, sAFH-3E3,
SAFH-3F11 and sARH-8D4), DNA sequepcing results tdicated that SAFH-3E3 and
SAFH-3D4 are identical. The deduced amino acid sequences of VH of improved
clones (SAFH-3E11, sAFH-3E3 and sAFH-3F) are illustrated in Figure 3.12. There
are 3-5 amino acids different from original clone at position in framework 1 and

CDR1.
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YAF-C3 MAQVQLVQSGAEVKKPGASVKVSCKAS
SAFH-3E3 MAGVQLVESGAEVKKPGASVKVSCKAS
sAFH-3E11 MAQVQLVQSGSEVLKPGASVKVSCKAS

sAFH-3F1l1 MAQVQOLVQSAAEVKKPGASVKVSCKAS
hhkokkkk ok hkkokhkkkkkkkhkhhhkkk. ¥k *

KY
KY
KY
XY

ckkkkkhkkkkkkkkkk

CDRH3
YAF-C3 SQKFQGRVTITRDTSASTAYMELSSLRSEDTAVYYC DYGSGSYGFDYWGQGTLVTVSS
sAFH-3E3 SQKFQGRVTITRDTSASTAYMELSSLRSEDTAVYYC DYGSGSYGFDYWGQGTLVTVSS
sAFH-3El1l SQKFQGRVTITRDTSASTAYMELSSLRSEDTAVYYC DYGSGSYGFDYWGQGTLVTVSS

sAFH-3F11 SQKFQGRVTITRDTSASTAYMELSSLRSEDTAVYYC DYGSGSYGFDYWGQGTLVTVSS

Ahkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhhkhhkhhhhkhkhkhhkhhkhkhkhkhkhhhkhkkhkhkkhkhkkkhkhkhkhkhkhkhhhk

Figure 3.12 Multiple alignments of amino acid sequences of the VH of heavy chain
shuffled clones. The alignment was performed using the Clustal Omega
database. The highlighted sequences in purple box show the CDRs of
VH of the recombinant antibody fragments. The amino acids sequence,
which showed -the different from original clone (YAF-C3) were
indicated in red letter. (*) Symbol indicated that amino sequence are
identical"in the row; (:) symbol, one amino acid different; (.) symbol,

more than one amino-acid different in the row.

For 4ight=chain shuffled clones, VL fell int@Yuman kappa light chain
family Vi1 derived germtine €V 1:39%04; [ The @natysis showed that 3 clones were
different from YAF-C3. The deduced amino acid sequences of VL of improved clones
(SAFL-3B2, sAFL-3B12 and sAFL-H1) are illustrated in Figure 3.12. There are 1-2
amino acids different from original clone at position in framework 1 and 4 not in CDR

region.
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The CDR is critical importance in the interaction of an antibody with its

respective antigen. Three improved heavy chain shuffled clones have 1-3 amino acids

different from original clone in CDR1 region, which shown different sensitivity to

AFB1. sSAFH-3E3 is shown the highest sensitivity than others in competitive ELISA

also represented the highest amino acids different from YAF-C3. The interaction

between recombinant scFv fragment antibody to aflatoxin were described in 3.4.5.

YAF-C3
sSAFL-3H1
sSAFL-3B2
sSAFL-3B12

YAF-C3
sAFL-3H1
sSAFL-3B2
SAFL-3B12

CDRL1 CDRL2

LNWYQQKPGKAPRLLIYAASSLQSGVP
DIOMTQSPSSLSASVGDRVTITC Q. LNWYQQOKPGKAPRLLIYAASSLQSGVP
DTVMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPRLLIYAASSLOSGVP

DTVMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQOKPGKAPRLLIYVAASSLQSGVP
o+ ke ok ok ok ok ok ke ok ok ok ok ok ok ok o ok ok ok ok k| ok ok ke ke ke k ok ke ke ke ok

DTVMTQSPSSLSASVGDRVTITC

SRFSGNGSGTDFTLTISSLOP
SRFSGNGSGTDFTLTISSLQP
SRFSGNGSGTDFTLTISSLQP

SRFSGNGSGTDFTLTISSLQP
hkkkhkhkhkhkhkk kR rkhkkkk* kK dek KRk Kk cokkkkkk

Figure 3.13 Multiple-alignments-of amino acid sequences of the VH of light chain

shuffled clones. The alignment was performed using the Clustal Omega

d%&lse The highlighted sequences in green bgiohow the CDRs of VH

of th @%mam_ antlbod‘_ frf%‘rgtaﬁg amino acids sequence,
1aginalu

which showed the different from original clone (YAF-C3) were

indicated in red letter. (*) Symbol indicated that amino sequence are

identical in the row; () symbol, one amino acid different; (.) symbol,

more than one amino acid different in the row.



Table 3.5 Amino acids sequences of selected heavy chain shuffling library clones.

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline Amino acid Family
different from
germline
SAFH-D1 QVQLVQSGAEVKKPG  GYTFTSYG ISWVRQAPG IIPIFGTA NYAQKFQGRVTITADEST  ARADDYGSG  IGHV1-69*01 4 VH1
ASVKVSCKAS QGLEWMGG STAYMELSSLRSEDTAVY  SYGFDY
YC
YAF-C3, sAFH-E2. QVQLVQSGAEVKKPG  GYTFTSYA MHWVRQAP INAGNGNT KYSQKFQGRVTITRDTSA  ARADDYGSG  IGHV1-3*01 0 VH1
SAFH-C4, sAFH -A7,  ASVKVSCKAS GQRLEWMG STAYMELSSLRSEDTAVY  SYGFDY
SAFH -G12, sAFH - w YC
H9, sAFH -3H6,
SAFH -3D12, SAFH -
3A3
SAFH -G1 QVQLVQSGAEVKKPG  GYTFTSYA MHWVRQAP INAGNGNT YSQKFKGRVTITRDTSA  ARADDYGSG  IGHV1-3*01 1 VH1
ASVKVSCKAS GQRLEWMG TAYMELSSLRSEDTAVY  SYGFDY
w C
SAFH -B5, sAFH -D5  EVQLLQSAAEVKKPG GYTFTSYA MHWVRQAP INAGNGN KYSQKFQGRVTITRDTSA  ARADDYGSG  IGHV1-3*01 3 VH1
ASVKVSCKAS GQRLEWMG YMELSSLRSEDTAVY  SYGFDY
w Y
SAFH -G5 EVQLVESGAEVKKPG GYTFTSYA MHWVRQAP INAGNGNT KYSQKFQGRVTITRDTSA  ARADDYGSG  IGHV1-3*01 3 VH1
SSVKVSCKAS GQRLEWMG STAYMELSSLRSEDTAVY  SYGFDY
w e
SAFH -F8 QVQLVQSGSELKKPG GYTFTSYA MHWVRQAP INAGNGNT KYSQKFQGRVTITRDTSA  ARADDYGSG  IGHV1-3*01 2 VH1
ASVKVSCKAS GQRLEWMG STAYMELSSLRSEDTAVY  SYGFDY
w YC
SAFH -3E11 QVQLVQSGSELKKPG GYTFTSYY WVRQAPG | INAGNGNT KYSQKFQGRVTITRDTSA]%RADDYGSG IGHV1-3*01 4 VH1
ASVKVSCKAS EWMGW STAYMELSSLRSEDTAV YGFDY
b Y

YC ‘0

79, _ )
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Table 3.5 (continued).

Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline Amino acid Family
different from
germline
SAFH -3F11 QVQLVQSAAEVKKPG  GYTFTGYY MHWVRQAP INAGNGNT KYSQKFQGRVTITRDTSA  ARADDYGSG  IGHV1-3*01 3 VH1
ASVKVSCKAS GQRLEWMG STAYMELSSLRSEDTAVY  SYGFDY
w YC
SAFH -3E3, SAFH - GVQLVESGAEVKKPG  GYSFTNYH MHWVRQAP INAGNGNT KYSQKFQGRVTITRDTSA ~ ARADDYGSG  IGHV1-3*01 5 VH1
3D4 ASVKVSCKAS GQRLEWMG STAYMELSSLRSEDTAVY  SYGFDY
w YC

89



Table 3.6 Amino acids sequences of selected light chain shuffling library clones

Amino acid
Clone FR1 CDR1 FR2 CDR2 FR3 CDR3 Germline different from Family
germline
SAFL-3H1 DIQMTQSPSSLSASVGD  QSISSY LNWYQQKPG AAS SLQSGVPSRFSGNGSG  QQSYSTPYA IGKV1-39*01 2 VK1
RVTITCRAS KAPRLLIY TDFTLTISSLQPEDFAT
YYC
YAF-C3, sAFL-B2, sAFL- DTVMTQSPSSLSASVG QSISSY LNWYQQKPG AAS SLQSGVPSRFSGNGSG  QQSYSTPYA IGKV1-39*01 4 VK1
Al0, sAFL-D1, sAFL- DRVTITCRAS KAPRLLIY TDFTLTISSLQPEDFAT
3H11, sAFL-3H12, SAFL- YYC
3H2, sAFL-3F11, SAFL-
3B8, sAFL-3B1, sAFL-
3A6, SAFL-3A1, sAFL-
3H4, sAFL-3H7
SAFL-3B2 DTVMTQSPSSLSASVG QSISSY LNWYQQKPG AAS LQSGVPSRFSGNGSG  QQSYSTPYA IGKV1-39*01 4 VK1
DRVTITCRAS KAPRLLIY TDFTLTISSLQPEDFAT
YYC
SAFL-3E1, sAFL-3B12 DTVMTQSPSSLSASVG QSISSY LNWYQQKPG AAS SLQSGVPSRFSGNGSG  QQSYSTPYA IGKV1-39*01 4 VK1
DRVTITCRAS KAPRLLIY TDFTLTISSLQPEDFAT

YC

<
T

\)E"
) _ 2 AS
NNnaginaiula®e:
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3.4.4 Production and characterization of scFv fragments

Clone sAF-3E3, sAF-3E11, sAF-3F11 and the original were expressed
and purified as described in 3.4.5. The antibody fragment was purified from
periplasmic fraction using HIS Trap column, and analyzed by SDS-PAGE (Figure
3.14). The SDS-PAGE result showed that the scFv- hexahistidine fusion protein of
about 32 kDa was expressed, but the contaminated bands were visible. Each clone
showed different level of expression. Clone sAF-3E3, sAF-3E11, sAF-3F11 and
YAF-C3 were expressed at concentration of 3.85, 3.08, 6.36 and 4.96 mg/I,

respectively of the culture medium.

After purification, the banding Kinetics of all 4 clones was determined
using BIAcoreTM 300 system. Original scFv (YAF-C3) showed Kp value at 5.22 x
10® M. Binding affinity of heawychain shuffled clones showed 3-20 folds
improvement relative to YAF-C3, following to the Ky values of improved scFv
cloned were 3- 20 folds lower than-YAF-C3.The scFv sSAFH-3E3 is the best affinity-
matured scFv, indicating by its had the lowest Kp (2.29 x 10 M) values (Table 3.7).
The affinity enhaacegment was depended on'a combination ef an increase in Ko, and a

decrease in K.



Figure 3.14

71

sAF-3E3  sAF-3F11  sAF-3E11 YAF-C3

P FT Pe P FT Pe P FT Pe P FT Pe

His affinity chromatography purified fractions from periplasmic

expression of scFv of YAFR-C3, sAFH-3E11, sAFH-3F11 and sAFH-

3E3 in E.coli HB2 M, Precision Plus Protein™ Dual Color

Standards; lane Pe iplasmic fraction lane FT, flow-through
fraction; lane P, p Fv antibody. Twenty microliters per lane
of purified proteins were analyzed on-12% polyacrylamide gels and

stained with cogmassie blue: The size of scFv is shown approximately

az kDa.
Table 3.7 Bindin (@ 0
g ymf scEv antibodies ‘ Sa?a%

aﬂlnn jula
ScFv Kon (M-1 S-1) Koff (S-1) Kp (M)
YAF-C3 2.97 x 10* 1.55 x 107 5.22 x 10°®
SAFH-3E11 3.56 x 10 6.69 x 10" 1.88 x 10°
SAFH-3F11 1.4 x 10°* 1.62 x 10" 1.16 x 10°®
SAFH-3E3 1.29 x 10° 2.95 x 10" 2.29 x 107

Kon association constant, Koff dissociation constant and KD equilibrium dissociation

constant (KD = Koff/Kon)
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3.4.5 Molecular docking

The homology models were generated based on template (PDB code:
3uzqlA) with the solution of 1.6 A. The percentage of a sequence identity with
template of YAF-C3 and sAFH-3E3 were 64.41 and 63.98, respectively. The model
was submitted for the Ramachandran plot analysis of MolProbity website. The plot
showed that the YAF-C3 and sAFH-3E3 had 93.33% in flavored regions, 6.2% in
allowed regions and 0.8% in the outlier regions. The three dimensional structure of
scFv YAF-C3 and sAFH-3E3 were depicted in Fig 3.15. The mutant amino acids of
SAFH-3E3 and the corresponding posigion in original scFv YAF-C3 were located in
FR1 and CDRL1 of heavy chain region. Base on the amino acid sequence and 3D
structure, His33 of sAFH-3E3 was considered to be binding site for docking analysis
compared with Ala33. Figure 3.16 revealed that the \VH domain of both antibodies

was the most contacts to-AFB1.
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Figure 3.15 Three-dimensional structure prediction of scFv YAF-C3 (A) and scFv

SAFH-3E3 (B). /The and V_ are shown in green and pink,

respectively. /Fhe co mentarity-determining region (CDR) of Vy
and V_ were labele utated Amino acid residues and its number in
sAFH-3E3 and the corresponding positien.in original scFv YAF-C3 are

indicated in red color:

lo
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25, N\
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Figure 3.16 The binding pockets cular docking with AFB1: scFv YAF-C3
(A) and SAFH-3(B). The complementarity-determining region (CDR)
of Vyand V, were_labeled. The/close up. views of AFB1 interacted
with antibody showed that the AFB1 was surrounded by amino acids

< l
frdﬁ} the VH domain. CDR of VH and VL&fg\/)ved as green and pink
) ~

color,g@&@gﬁ'ﬁﬁfﬂ&a&aﬁ%d in PyMoL.

The common interaction with AFB1 for these two scFvs showed that
four hydrogen bond are formed (one in Thr-L231 of CDR L3, two in Tyr-L233 of
CDR L3 and one in ASN-57 CDR H2) and T- shape = stacking interaction of aromatic
side chain of Trp-H50 of FR H2 formed with benzofuranyl ring of AFB1 (Fig 3.17

and 3.18).
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(A)

THR-23;

TRP
| R-233
AS

]
Figure 3.17 L%parison of the molecular docking of the&Fv YAF-C3 (A) and

SAFH}@QwéﬁﬂticﬁlﬁmtTaﬁa‘% B1 generated using Gold

software. The heavy chain, light chain and linker are shown in green,
pink and yellow, respectively. The amino acid residues involved in the
interactions with the AFB1 are labeled. Hydrogen bonds are shown as
green dash lines. His-H33 and Gly-H103 of sAFH-3E3 forms =
interaction and carbon hydrogen bond whereas Asn-H52 forms
hydrogen bond with AFB1 around the same area. The figure was

generated from Discovery studio 2016.
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Figure 3.18 Two dimensional diagram of ligand (AFBL) interaction to scFv YAF-C3

(A) and sAFH-3E3 (B). The figure was generated from Discovery studio

2016.

The differentinteracti en scFv YAF-C3 and sAFH-3E3 included
Gly-103 in CDR H3 of YAR-CS form carbon-hydrogen bond with AFB1 and & alkyl
interaction at His 33.in CDR H3.while, ASN-52.in FR2 of Y AF-C3 form H-bond with

AFB1 (Fig 3.19). :

(& Z
Beéﬁe of the ""arge"! hydrophobic fra@nts of aflatoxin, the
9

>
hydrophobic interactio%ﬂﬁmﬁﬁ“ﬁ@ﬂﬁ%or to increase the binding

affinity between scFv and AFB1. The result indicated that the mutant amino acids
from Ala-33 to His-33 may be the key amino acid influencing for the binding. As

shown in Fig. 3.20, His-33 showed the hydrophobic interaction with AFB1.
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Acceptor

(B)

H-Bonds

Donor

Acceptor

l
Figure 3.19 A@ses of hydrogen bonding of scFv YAF-G@A) and sAFH-3E (B)

with a{gﬁmﬁgjlrﬁamma@ﬁ?ain and linker are shown in

green, pink and yellow, respectively. The amino acid residues involved
in the interactions with the AFB1 are labeled. The figure was generated

from Discovery studio 2016.
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Figure 3.20 Analyses of hydro IC inte ractlons of scFv YAF-C3 (A) and sAFH-3E
(B) with aflatoxin B1. The heavy chain, light chain and linker are shown
in green, pink and yellow, respectively. The amino acid residues
involved in the interactions with the AFB1 are labeled. The figure was

generated from Discovery studio 2016.
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3.5 Discussions

The chain-shuffling technique was used to improve the recombinant antibody
scFv human anti-aflatoxin for both the affinity and sensitivity. The two chain
shuffling libraries (heavy and light chain shuffling) were constructed by re-
assembling VH of parent clone with VL of pre-selected Yamo | library and vice versa
to get the new varieties of scFvs. The H chain and L chain shuffled library containing
3.48x10° and 2.26x10” independent clones, respectively was subjected to 3 rounds of
panning against AFB1-BSA immobilized on the microtiter plate. Then, the libraries
were processed to select AFB1 binder antibody. After selection and DNA sequencing
analysis, at least fifty percentages of sglected clones showed the same DNA sequence
with YAF-C3, which are belonged to VH3 (IGHV1-3*01) and VK1 (IGKV1-39*01).
The reason why all the clones that were.selected were the same as original contruct
could be because the dibraries are small: Three clones selected from heavy chain
shuffling library were found to_have higher sensitivity and affinity than its parent
(YAF-C3); whereas no clone from light ehain shuffling library was isolated. Among
these three clongs,. sSAFH-3E3 show the highest sensitivitysand affinity than others
compare to parental ClonesThisyisthe.saae, reseditith, Park et al described that they
identify clone from H-chain shuffling library with improve affinity 2.8-6.5 fold
parental clone (Park et al. 2000). The increase of affinity is not to high as another
group reported which they did the light chain shuffling with the group of selected
binding clone to enhance sensitivity 185 fold over the original scFv (Fitzgerald et al.
2011). In addition, the CDR site directed mutagenesis can be increased 420 fold
affinity binding (Yang et al. 1995). Thus, it is suggested that | should use the pool of

V gene repertoires not only one clone and merging with another mutagenesis such as
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error prone PCR and CDR mutagenesis to improve in the affinity achieved by chain
shuffling. The sequencing result of these three improved clones showed that there are
3- 5 amino acids mutation in the framework 1 and CDR 1 of heavy chain. SAFH-3E3
showed the highest number of amino acids mutation. The heavy chain may affect to
the binding of AFB1 which is correlated with previous report (Li et al. 2012). They
have been revealed from crystal structures of several antibody antigen complexes that
the VH have an important role for the most of molecular interactions between
antigens (Morea et al. 1998, Xu and Davis 2000).

The three-dimensional models of scFv mutant and parental were predicted and
studied the molecular interaction with AFBI. After analyzing binding interaction
between scFv and AFBI, :the "result showed: that the hydrogen bonding and
hydrophobic interactions are important roles for the affinity binding which is in
agreement with previous work(Li et ‘al."2012). From the 3D model, the pocket
binding site to AFB1"was surrounded with heavy chain. This is in agreement with the
result observed in ELISA: The amino acid were mutated in heavy chain and affected
to the binding te”AFB1. This'was consistent with previous study by Xu and Davis and
Lopez-Requena et & ddeonstrate that all threcchypervariable regions in the VH
domain affect the antigen binding (Xu and Davis 2000, Lépez-Requena et al. 2007).
SAFH-3E3 showed 5 amino acids mutation in the framework 1 and CDR 1 of VH.
The amino acid His33 located in the pocket binding appears to be important amino
acid involved in the hydrophobic interaction with AFB1. The sensitivity was
improved may be because of this amino acid. This hypothesis can approve by site
directed this amino acid to be another amino acid such as Phe (Phenylalanine) and
tested the sensitivity by competitive ELISA in the future. The improvement clone was

further engineered to different formats of antibody for aflatoxin detection in different
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assay format in the next chapter.

3.6 Conclusions

In conclusion, the chain shuffling technique was successfully employed to
enhanced affinity and sensitivity of scFv YAF-C3. The clone from heavy chain
shuffling library namely, sSAFH-3E3 showed 20 fold improvement in affinity. Three
dimensional model of this clone and parent clone were predicted and the molecular
docking with AFB1 was conducted. The result is in good agreement with the results
observed in competitive ELISA experiment that VH has higher influence for the

binding to AFB1 than the VL.
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CHAPTER 1V

ENGINEERING OF DIFFERENT FORMAT OF

ANTIBODY FOR AFLATOXIN DETECTION

4.1 Abstract

Three clones (sAFH-3E11, sAFH-3F11 and sAFH-3E3) and one parental clone
(YAF-C3) of human scFv antibodies against aflatoxin B1 (AFB1), previously isolated
and engineered by chain shuffling téehmique in our lab as described in chapter 111
were converted into various formats; 1.e., scFv-AP fusions, scFv-Fc, and whole IgG
molecules. These antibodies werd expressed in their appropriate hosts, purified to
apparent homogeneity with theyield of scEFv-Fe and IgG approximately 270 and 490
mg/l, respectively and approxamately 0.7 and 2.3 mg/l for scFv-AP and scFv,
respectively. Afier that the binding properties of various fosmats of these antibodies
were characterizel Byseompetitive ELISA. The results wadigated that scFv-AP fusion
formats showed the highest “semsitivityl | SAFH-3E3 AP clone showed the best
performance by competitive ELISA at detection limit of 20 ng/ml. In addition, the
sAFH-3E3 clone in IgG format was selected to test for the binding property by Lateral
Flow Immunochromatography assay (LFIA). Different conditions for toxin extraction
and antibody conjugations were tested. The results showed that PBS is the best
extraction solution and conjugation with latex lead to better performance than
conjugation with colloidal gold. The limit of detection when using lateral flow strip

test with the recombinant antibody was 5 ng/ml. In conclusion these results indicated
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that the sAFH-3E3 recombinant antibody has a potential to be applied for use in
commercial test kit. It could eventually replace the use of conventional monoclonal
antibody and reduce the cost for the production of lateral flow test strip in the future.

Key words: Aflatoxin, recombinant antibody, Enzyme linked immunosorbant assay

(ELISA), Lateral flow immunochromatography assay (LFIA)

4.2 Introduction

Aflatoxins are highly toxicity produced from Aspergillus Flavus and Aspergillus
parasiticus, which can be found in agricultural communities and animal feed.
Aflatoxin Bl is the most harmful to human and animal health by causing to liver
cancer. AFB2, AFG1 and AFG2 are also frequently found and have toxicity.
Therefore, the maximum level for AEB1 and for total aflatoxins (AFB2+AFG1 and
AFG@G2) have been set by European union and all over the worlds (Shim et al. 2007).

Enzyme linked"immunoassay and lateral flow base assay are fast detection
method, sensitive and easy to use for analytical aflatoxin. These methods used the
antibody as thgsimportant chemical for detection. The antibedy should be sensitive
enough to use in thefassay.

There are several reconibinant” antibodies” were produced and successfully to
used for aflatoxin detection in ELISA assay. Various format of antibody was used, for
example, scFv fragment (Wang et al. 2009, Yang et al. 2009, Rangnoi et al. 2011, Li
et al. 2012, Li et al. 2013, Min et al. 2015), Fab (Edupuganti et al. 2013) and VHH
(Wang et al. 2013, He et al. 2014).

In this study, the recombinant scFv antibody was engineer to different format of
antibody and used in different assay. After engineering all the formats were tested by

competitive ELISA. SAFH-3E3 showed the highest sensitivity. This clone showed the
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same sensitivity in every format. Therefore, scFv was fused to bacterial alkaline
phosphatase to develop one-step detection ELISA by decreasing step for adding of
secondary antibody. In addition, it was converted to full length IgG and used in lateral

flow assay.

4.3 Materials and Methods

4.3.1 Materials
All reagents were molecular grade or analytical grade. Ani-aflatoxin
scFv antibody YAF-C3, sAFH-3E11, sAEH-3F11 and sAFH-3E3 were produced in

our laboratory. Aflatoxin By, By, G|, G, M standards and hapten AFB| conjugated

with BSA were obtained from Agkin, Germany. TMB substrate (3, 3, 5, 5'-
tetramethylbenzidine), PNPP" substrate . (p-Nitrophenyl Phosphate) and Protein L
peroxidase HRP wereobtained from' Sigma (St. douis, MO). Escherichia coli
HB2151 was obtained from the MRC, Cambridge, UK, and used for production
soluble scFv fragments, Goat anti human IgG (H+L) was purchased from Jackson

ImmunoResearchdnc. (PA, USA).

4.3.2 Construction mamihdalian €xpyession vector
The pTT28 (NRC, USA) was used as a basic frame for the construction
of mammalian expression (Fig 4.1). This vector contains the CMV promoter, the
human signal peptide and ampicillin resistance. The constant heavy chain and light
chain was generated from pRom108-3D6 H chain (gift from David’s lab, BOKU,
Austria) and MIS104 (pTT5-3D6 L chain, gift from Florain’s lab, BOKU, Austria),
respectively. All of PCR reaction was set up containing 0.2 uM each of primers, 0.2

mM dNTP,
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0.25 pl (1.25 U) of one Taq polymerase (NEB, USA), 0.5 ul of vector template and
MilliQ water to 50 pl. Primers for mammalian vector construction are listed in table

4.1.

CMV promoter

PTT28 Fw (157) (1140 .. 1160)

I (Signal peptide
Nhel (1238)
BamHI (1247)
Agel (1256)

8xHis

B-globin poly(A) signal

PTT28
4445 bp

(AmpR promoter

Figure 4.1 Map of pTT28. The arrow shows the position of CMV promoter and
ampicillin‘resistanee, genes.

< g
4.3??3&FV-FC vector P 0\

Ffr’ge" gﬂ&ﬂﬂlﬂ‘@?ﬁ‘:tor, the Fc region (Hinge-
CH2-CH3) was amplified from pRom108 by PCR with primer introducing BspEI site
at 5’ end (Fc-BspEIFw) and Agel site at 3’ end (CH-AgelRv) of Fc gene and cloned
into pTT28 via BspEl and Agel (NEB, USA) sites. Moreover, the scFv gene of each
three mutant clones (sAFH-3E11, sAFH-3F11 and sAFH-3E3) and parent clone
(YAF-C3) were amplified with primer introducing Nhel site at 5’ end and BspElI site
at 3’ end of scFv gene by PCR and then cloned into PTT28 vector at Nhel and BspEI

sites. This scFv-Fc vector was designed as KR-scFv-Fc vector.
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at 3’ end of scFv gene by PCR and then cloned into PTT28 vector at Nhel and BspEI

sites. This scFv-Fc vector was designed as KR-scFv-Fc vector.

4.3.2.2 IgG vector

For the generation of IgG expression vector, the heavy chain
and light chain expression vector were separately generated. Constant heavy chain
was amplified from pRom108 3D6 with primer introducing Nhel site at 5’ end (CH-
NhelFw) and Age/ site at 3’ end (CH-AgelRv) of constant heavy chain gene and
cloned into pTT28 at Nhel and Agel (NEB, USA) sites. In addition, VH each three
mutant clones (sSAFH-3E11, sAFH-3F11 and sAFH-3E3) and parent clone (YAF-C3)
were amplified and then also clone in 0 PIT28 vector at Niel/Nhel. This heavy chain
expression vector was called KR-HC|

For light chafhsweetor, the Kappa (k) light chain was amplified
from MIS104 with primer introducing Bsi/Visite at 5 end and Agel site at 3° end of
constant heavy chain gene and cloned ‘into pTT28 at Bsil// and Agel (NEB, USA)
sites. All of four clones have the same VL sequence which are YAF-C3 VL. This
YAF-C3 VL wasamphified and clone into PTT28 at Nhel/BsiWV1 sites. This light chain
(x) expression vector was called kKR LTI

After digestion the insert and vector with restriction enzyme,
the vector and insert was ligated using T4 DNA ligase (400U/ul, NEB, USA) at 25°C
for 1 hour and then was multiplied by transformation of E. coli Top 10. The
individually colonies were picked and cultured overnight for plasmid preparation
using Nucleo spin plasmid (MACHEREY-NAGEL, Germany) according to the
manufacturer’s protocol. The plasmids were confirmed by DNA sequencing. After

checking sequence, the plasmid was amplified in E. coli Top 10 in 100 ml culture
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volume to prepare the large concentration of plasmid by using Nucleo Bond extra

Midi (MACHEREY-NAGEL, Germany) for using in large-scale expression.

Table 4.1 Oligonucleotides for construction scFv-Fc and IgG vector.

Primer Sequence

Fc-BspEIFw 5’AGT CIC CGGAGA GCC CAA GAG CTG CGA C3’
CH-NhelFw 5’ATG CGC TAG CAC CAA GGG CCC CAG CGT GTT CC3F
CH-AgelRv 5’GCC ACC GGT TCA CTT GCC GGG GGA CAG GCT3?

C3 VLNhelFw

LC conAgelRv
C3 VHNhelFw
3E3 VHNhelFw

VL BspEIRv

<

5’AGT GCC_GCT AGC GAC ACC GTG ATG ACC CAG

TCT3’
5’AGT G€C AC T CTA ACA CTC TCC CCT GTT3’
5’GCEC GCT GTG CAG CTG GTG CAG TC3’

57AGT GCC.GCT AGC GGG GTGCAG CTG GTG GAG TC3?
5’GCA CAG TCC GGA-ACG TTT GAT CTC CAC CIT

GGT3;

lo

C3 VHNheIRvé‘j dLTG GTG CTA GCT GAG GAG Ag% GTG ACC AGG G3°

C3 VLNhelFw

’Alggd&iﬂﬂahd‘a@ ACC GTG ATG ACC CAG

TCT3’

Sequences corresponding to Nhel, BspEI, BsiWI and Agel restriction sites are

underlined
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4.3.3 Construction of scFv fused with AP

The three improved scFv gene from the phagemid vector were inserted
into an alkaline phosphatase vector (pKP300AIII) (Pershad et al. 2011) between the
Ncol and Notl sites. The DNA of scFv fragments and pKP300AIII vector was double
digested with Ncol (10U/ul, NEB, USA) and Notl (10U/ul, NEB, USA) enzymes, to
generate compatible sticky ends. The reactions were incubated at 37°C for 3 hours.
The reactions were heat inactivated at 65°C for 20 minutes. After heat inactivate
enzyme, the Ncol/NotI digested vector was dephosphorylated by adding 0.5 pl of CIP
enzyme (10U/ul, NEB, USA) and incubated at 37°C for 1 hour. The inserts and
vectors were separated from stuffer frtagments by gel electrophoresis followed by
illustra GFX PCR DNA and Gel Band Purification kit (GE Healthcare, USA). The
scFv DNA was ligated into pKP300AHI vectors at a 3:1 ratio. The ligation reaction
was incubated at 25°C for 2 hours and heat inactivate enzyme at 65°C for 10 minutes.
Then, the ligation reaction was transformed into 100 nbof £. coli TG1 cells. After that
the transformed cells were spread.on LB plates containing 100 pg/ml ampicillin and
incubated for 0vGrnight at 37°C. Two individual colonies of €dch clone were picked
and analyzed by dowbl@ edigestion with JNeelNet/i-IMoreover, the construct was

confirmed by automated DNA sequencing.
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@ (131 ..153) OmpA

Ncol (307)
NotI (331)
Ascl (347)

PKPAPRV (580 .. 601) @

PKP300AIII
4996 bp

Ascl (1706)

6xHis)

(rrnB T1 terminator)

rrnB T2 terminator)
AmpR promoter

Figure 4.2 Map of pKP300AIII. w shows the position of PhoA promoter,

alkaline phosphatase and ampicillin resistance genes.

434 E)‘ngssion and purification antibody

l
% X
03 O
4.3.4. Qf?ﬁ; expression‘in Tcoﬁag
aginaluiao -

E. coli TG1 harbored pKP300AIII-scFv expression vector was
grown onto LB Agar supplemented with 100 pg/ml ampicillin. Individual colony was
picked with sterilized toothpicks into 5 ml of LB media containing 100 pg/ml
ampicillin at 37°C, 250 rpm. After incubation for overnight, one hundreds microliters
of overnight culture was grown into 100 ml of low phosphate medium supplemented

with 100 pg/ml ampicillin (1:1000 dilution). ScFv-AP was expressed at 30°C for 18-

20 hrs at 250 rpm. After 18-20 hrs, the cultures were centrifuged at 8,000 rpm for 10
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minutes at 4°C. The pellet was resuspended in 8 ml of cold periplasmic buffer
(1xPBS, 1 M NaCl and 1 mM EDTA) and left on ice for 20 mins. The resuspended
solution was spun at 3,000 g for 10 mins at 4°C. The supernatant which carrying the
periplasmic fractions containing scFv fragments were collected and was added with
MgCl, to be 1 mM as final concentration. The periplasmic fraction was used for
protein purification and analyzed on SDS-PAGE.

ScFv-AP  was purified by immobilized metal affinity
chromatography (IMAC) using Ni-NTA by Akta purifier (GE Healthcare, USA).
Before purification, cell debris was removed from cell lysate by filtering through 0.45
um. One ml His-Trap column (GE Healthcare, USA) was equilibrated with 10 ml
buffer (20 mM Tris-HCL, 500 mM/NaCl, 20 mM imidazole, pH 7.9). Then, the
filtered periplasmic fraction was loaded into the column. To remove loosely bound
protein, the column was washed with the same buffer. The scFv was eluted from the
column with buffer”gradient buffer programme containing high concentration of
imidazole (20 mM Tris-HCI, 500 mM. NaCl, 500 mM imidazole, pH 7.9). The
antibody fractiofiavas dialysed with TBS buffer containing LM MgCl, by using 10
kDa snakeskin dialys#/fhbing (Fhermo Seientificy {48A9. Protein concentration was
quantified by a Nanodrop ND2000 spectrophotome (Thermo Scientific, USA). To
monitor antibody purity, SDS-PAGE electrophoresis was used. To determine the
efficiency of purification, the flow through fraction, wash fraction and elution fraction

were compared by SDS polyacrylamide gel

4.3.4.2 IgG and scFv-Fc expression in HEK293-6E cells
The HEK293-6E (Human Embryonic Kidney) cells were used

for scFv-Fc and IgG expression. This cell was maintained in a shaker flask with
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orbital shaker at 37°C. Before transfection, the cells was passaged and cultured in F17
media (Invitrogen, USA) supplemented with 4 mM L-Glutamine, 0.1% Pluronic F68
and 25 pg/ml G418 until the cell density around 1.7-2.0 x 10° cells/ml.

The cell was transfected with plasmid in culture volume 25 ml
F17 media using 125 ml flask. The HEK-293-6E cells was transfected with 1 pg/ml
plasmid DNA by adding a complex solution of plasmid DNA and PEI
(polyethylenimine) (Polysciences, Germany) at a ratio 1:2 ratio. In case of IgG
expression, the HEK-293-6E cells was transfected with equimolar amounts of heavy
chain and light chain vectors. For example, 0.5 pg/ml of each heavy chain and light
chain plasmid DNA was used. The cells were feed with TN1 medium (Tekniscience,
Canada) in final concentration 0.5%/ after culture for 24 hrs at 37°C, 5% CO, with
shaking at 130 rpm. After 48 hrs, the¢leulture was spun at 1,300 rpm for 5 mins. The
scFv-Fc or IgG was found insupernatant. The supernatant was filtered with 0.45 um
filter.

Human IgG. and scFv-Ec iwere purified on a 1 ml HiTrap
Protein-A HP &6lumn (Amersham, Uppsala Sweden). The £0lumn was equilibrated
with 20 ml PBS buffef.,/Thep., the-filtered supernatantwas loaded to column at a flow
rate of 1 ml/min. To remove loosely bound protein, the column was washed with the
same buffer. The scFv was eluted from the column with buffer gradient buffer
programme containing high concentration of imidazole (Glycine-HCI, pH 3.5). The
elution fractions were neutralized with 2 M Tris—HCI pH 8.0. The antibody fraction
was dialysed with PBS buffer by using 10 kDa snakeskin dialysis tubing (Thermo
Scientific, USA). Protein concentration was quantified by a Nanodrop ND2000

spectrophotome (Thermo Scientific, USA). To monitor antibody purity, SDS-PAGE
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electrophoresis was used. To determine the efficiency of purification, the flow
through fraction, wash fraction and elution fraction were compared by SDS

polyacrylamide gel.

4.3.5 Competitive ELISA for different formats of antibody

4.3.5.1 scFv-AP

Competitive ELISA was performed as described in Rangnoi et
al., 2011. The ELISA plate was immobilized with 10 pg/ml AFB1-BSA and blocked
with 2% skimmed milk. After 1 hr incubation, plate was washed three times with
TBS. The optimal amount of scEv-APgwere pre-incubated with increasing amount of
soluble AFBI1 ranging from 0.028 t0/5000 ng/ml at 37°C for 30 mins before adding
into previously coated, blocked, and [washed wells of ELISA plates. For every assay,
appropriate dilutions of scFv:AP. that showed.a linear relationship by direct ELISA
was used. After that, plate was washed 3 times.with TBST and 2 times with TBS. The
PNPP substrate was added to plate. The OD was measured at 405 nm.

Standard curves were plotted as absorbdu@e (A) vs. logarithm of
analyte concentration, /-half-maximum inhibition1E5)¥was estimated at 50% A/A,.
Detection limit was determined as the concentration corresponding to 70% A/A,.

Cross-reactivity with another types of aflatoxin and other
mycotoxin; ochratoxin A and Zearalenone were tested. ScFv-AP antibodies were
assayed for binding against a range of soluble aflatoxins; B1, B2, G1, G2, M1,
ochratoxin A (OTA) and Zearalenone (ZON). Stock solutions of aflatoxins and other
mycotoxinswere were prepared in 100% (v/v) acetonitrile and methanol, respectively

and diluted using TBST. The assays were performed following the competitive
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ELISA protocol, as described above, for each of the aflatoxins tested.

4.3.5.2 IgG and scFv-Fe
The competitive ELISA of IgG scFv-Fc was done followed as
4.3.5.1 except on the detection step. After washing, the secondary antibody Goat anti
human IgG (H+L) was added into plate and incubated for 1 hr. After that, the plate
was washed again and the TMB substrate was added. The reaction was stopped with
10% (v/v) HCI after incubation for 10-30 min. The yellow color was developed after

adding HCI. Absorbance was measured at 450 nm.

4.3.6 Kinetic binding of antibgdies by SPR
The kinetic bindings of purified scFv-Fc and IgG antibodies were

performed by Biocore 3000/SPR insttument as described in 3.3.6.

4.3.7 Passive adsorption of antibodies to colloidal gold and latex

microparticles

437].1 Colloidal gold

@olloidal gold was synthesizedeas, $tgnal reagent for the test
system in a particle size 40 nm (BBI solutions, UK). Anti aflatoxin antibody (IgG)
clone sSAFH-3E3 and YAF-C3 were labeled with colloidal gold. The proper pH of
buffer and concentration of antibodies must be determined to complex with the gold.
The colloidal gold in different buffer; borate buffer pH 8.55 and 0.2 M MES buffer
pH 6.5 were used to couple with different concentrations of antibodies. After ligand
absorption, the solution was blocked with 1% BSA. Excess ligand and aggregation

proteins were removed by centrifugation at 9000 g, 20°C for 20 min. After that, 6%
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BSA and 10% NaN;3; were added for stabilizing the conjugated. The antibody- gold

complex was diluted to 5%- 10 % before used.

4.3.7.2 Latex particles
One hundred microliters of green color microsphere (70 nm and
169 nm, MERKS, Germany) were diluted in 10 mM borate buffer pH 8.7. The
mixture was centrifuged at 10,000 rpm for 5 min. The supernatant was carefully
discarded. The pellet was resuspended in 500 pl of 10 nM borate buffer pH 8.7. For
the passively absorb antibodies solutions IgG and scFv-Fc clone sAFH-3E3 were
added to the particles pellet that resuspended with borate buffer and incubated for 90
min at room temperature by rocking (the solutions. After incubation, 10% BSA was
added to cover the binding site of particles, further incubation for 45 minute. Then,
the particles was washed with bufferand’eentrifuged. The pellet was dissolved with
100 mM borate buffer-pH 8.7..The antibody- latex particles complex was diluted in
1:3 dilution before used.
4.3.8 Lateral Flow Immunochromatography assays (LFIA) test antibodies
couplipg-yith colloidal gold and latex particles
The AgraStrip” AELA! was proyidéd by Romer Labs Division Holding
GmbH (Tulln, Austria), which was used to test the antibodies conjugating with
colloidal gold and latex particles. LFIA base on competitive ELISA, the test strip
were contained mouse monoclonal antibody and aflatoxin conjugated BSA on to
control line and test line, respectively (Fig 4.3). Gold and latex particles complex
were diluted with running buffer before use. Ten gram of Corn sample (Romer labs,
Austria) was weight into bag and 20 ml of 70% methanol or PBS buffer were added.

The bags were shaked for 1 and 2 minute for 70% methanol and PBS buffer
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extraction, respectively. After that, the samples were settled by standing the bag for 2
minutes. Before testing with the lateral flow assay, the extraction solution was diluted
in 1:10 with PBS buffer and 1:20 with 70% Methanol. Fifty microliters of antibody-
latex particles complex were mixed with 50 pl of extraction solution in microwell by
pipetting up and down. One test strip was put into one microwell and allow test strip
to develop color for 3 minutes. The spike AFB1 analysis, different concentrations of
AFBI (100, 50, 25 and 6.25 ppb) were added to the sample extract solution and was
used to mixed with antibody-latex particles complex or antibody conjugated colloidal
gold into the well. Then, the AgraStrip was dipped to the well containing antibody-

latex particles complex.

Test line Control line
(AFB1-BSA) (anti mouse Ab)

(L P

e ARBLEBA \i Anti-aflatoxin conjugated to
c AFBL colloidal gold/ latex particles 7@

25 >

Nega@&‘,aﬂ'nwcmﬂa‘ y

Positive | / I g
C

T

Figure 4.3 Schematic illustration of a lateral flow assay for the detection of aflatoxin.
The visualization of bound antibody occurs at the test line (AFB1-BSA)
and control line (anti mouse IgG) by using anti-aflatoxin-colloidol gold or
latex particles. After testing, the color on control line alway visible

whereas on the test line appears depend on concentraiotn of aflatoxin.
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4.3.9 Spike analysis of scFv-AP in ELISA format

The ten-gram of corn sample with 0 ppb AFB1 (Trilogy, USA) was
added with 100 ml 70% methanol. The glass bottle was vortex for 3 mins and allowed
to stand to let the matrix go down for 10- 20 mins. The solutions were filtered with
Whatman filter paper No.l. The AFBI1 standard was spiked in filtered solution to be
final concentration 2-200 ng/ml. The spiked solutions were diluted 1 in 3 with TBST
before analysis. After that, scFv-AP competitive ELISA was performed as described
in 4.3.5.1 by using this spiked AFBI instead of AFBI standard. This spiked AFB1
was also used to test with commercial ELISA test kit, ScreenEZ (Thailand) and
Romerlabs (Austria). A competitive curve between A/A0 and concentration of spiked

AFBI was plotted. The ICs) and detegtion limit was estimated from the graph.

4.3.10 scFv-AP stability

To test the storage condition of scFv-AP. antibody, it was separately
kept at 4°C and -20°C. After storage time (1, 2'weeks and 1, 3 months), the indirect
ELISA was performed. Plate was immobilized with 10 pgiml AFB1-BSA, blocked
and washed as deScribed in 3.3.3.2. Ten and twenty micgdliters of scFv-AP (sAFH-
3E3) that kept at 4°C and™~20¢C Lraspeblivelyl were added into the plate. After that,
plate was incubated at room temperature for 1 hr. The plate was washed with TBST
and TBS and then PNPP was added. The yellow color was developed. The OD was

measured at 405 nm.
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4.4 Results

4.4.1 Mammalian expression vectors for expression antibodies

All vectors used the same backbone vector (plI28) consisted of a
bacterial origin of replication (ori) and the ampicillin resistance gene (AmpR) for
plasmid amplification and selection in E. coli. This vector contained with gene
fragments encoding CMV promoter which is suitable for expression in HEK 293-6E
cells and the secretory human signal peptide for protein secretion from the cell.

The mammalian expression vector pKR-scFv-Fc (Fig 4.4) was used to
convert scFv to scFv-Fc. The scFy gene of 4 clones was located on this vector at Nhel
and BspEl sites. This vector can be a to used as backbone vector for producing

scFv-Fc by inserting another scFv at [ and BspETI sites.

)Qvtv enhancer

CMV promoter)

pMOD (Phagemid vector)

Nhel BSpEl

o
%

~
pRom108 3D6 HC (mamalian Vec;mn& 758'
BspEIl

PTT28 Fw (157) (1140 .. 1160)

Signal peptide)

BSIWI (1938)

FCBSPEIFwW (23) (1979 .. 2002)
BspEI (1979)

VLBSpEIRv (24) (1958 .. 1984)

Agel (AmpR promoter

CHAgelIRv (14) (2663 .. 2684)
Agel (2685)

B-globin poly(A) signal

Figure 4.4 Diagram of construction of Plasmid map of pKR-scFv-Fc. The restriction
sites for cloning scFv genes and Fc region are Nhel/BspEl and BspEl

/Agel, respectively.
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Human IgG kappa was produced from monocistronic vectors pKR-HC
(Fig 4.5A) and pKR-LC (Fig 4.5B). This mammalian IgG vector can be used to
express the IgG kappa by cloning the VH genes with Nhel/Nhel sites to express the

human IgG heavy chain and VL kappa gene via Nhel/BsiWI restriction sites to express

kappa light.
(A) CMV enhancer
L CMV promoter’
PSS
PMOD (Phagemid vector) \ -

PTT28 Fw (157) (1140 .. 1160)
Nhel (1238)
3C1VHNhelFw (10) (1239 .. 1263) @

Nhel Nhel

pRom108 3D6 HC (mamalian vector) KR-HC

5797 bp

Agel Nhel (1610)
Nhel Hinge CHNhelFw (15) (1611 .. 1637)
\ & ya 3C1VHNhel Rv (20) (1590 .. 1620) @
- Agel (2603)
" CHAgeIRv(14) (2582 .. 2608)
B-globin polgh) signa)  (BxHis
I
=y & ‘Q‘}r CMV promoter
3 h \fxf\
[ - O\
pMOD (Phagemid vector) :

PTT28 Fw (157) (1140 .. 1160)

- (W L o

pMIS104LC (mamé‘yto% o 0‘\
Bsiwl ae - ) 6
\_ &7a£"n /u‘aga

< VI Nhel F (16) (1236 .. 1264)
Nhet (1238)

BsIWI (1527)
VLRV (6) (1506 .. 1532)

BSIWI (1568)
BSIWI Lc Ry (26) (1526 .. 1579)

* (Uight chain Kappa constant)
——— Agel (1892)

| " Lcconaget Rv (17) (1874 1897)
R0

B=globin poly(A) signa)

Figure 4.5 Diagram of construction of Plasmid map of IgG expression vector. Heavy
chain vector (KR-HC) (A) The restriction sites for cloning VH genes and
constant heavy chain are Nhel/Nhel and Nhel/Agel, respectively. Kappa
light chain vector (KR-LC) (B) The VL genes and constant kappa light

chain can be cloned via Nhel/BsiWI and BsiWl/Agel, respectively.
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4.4.2 Expression and purification of antibodies in different format

The scFv antibody was engineered to be scFv-AP, which expressed in
the same system (E. coli) as scFv. Moreover, it was engineered to be scFv-Fc and IgG
formats, which expressed in mammalian cells. scFv expression and purification was
done as described in Chapter 3. ScFv-AP was expressed in E. coli TGl in low
phosphate media under the control of PhoA promotor. After that, scFv-AP was
purified from periplasmic by IMAC using His affinity chromatography. The purified
fractions were run SDS-PAGE, followed by staining with coomassie blue. The scFv-
AP bands appeared and were expected the size approximately 80 kDa (Fig. 4.6). The

yields of four different scFv-AP ranged from 0.7 — 2.7 mg/I.
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YAI;—C3 sAFH-3E11 SAFH-3F11 SAFI1-3E3

[ N [ \ N [ A\
MPeFTPPeFTPPeFTPPeFTP

Figure 4.6 His affinity chromat hy purified fractions from periplasmic

expression of scFv- F-C3, sAFH-3E11, sAFH-F11 and sAFH-
3E3 in E.coli HB2151. "M, Precision- Plus Protein™ Dual Color
Standards; lane. Pe; periplasmic ftaction; lane FT, flow-through
‘frgction' lane P, purified scFv antibody. Fiftesn microliters per lane of
puéf;d\protems were analyzed on 12%0'\1yacrylam1de gels and

9N
stained ngmﬂﬂm{w‘aﬂ ste of scFv-AP is shown

approximately 80 kDa.

ScFv was converted into IgG and scFv-Fc format by cloning into
mammalian expression vector. IgG and scFv-Fc were produced in HEK293-6E cells
in 25 ml scale. These antibody formats were purified by protein A affinity
chromatography. Purity and apparent molecular weight of purified antibodies was

assessed by SDS-PAGE analysis. Under non-reducing conditions, apparent molecular
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sizes were found approximately 120 and 90 kDa for scFv-Fc and IgG, respectively
(Fig. 4.7). The molecular sizes of IgG corresponding to the heavy and light chains
suggest the secreted antibodies are properly folded and glycosylated. Yields of four
different scFv-FC and IgG were between 270 to 389 mg/l and 277 to 480 mg/l,
respectively. The antibody yields of each format are shown in Table 4.2.

The expression cassette in different format of antibody and its resulting

proteins were shown in Fig 4.8.

Table 4.2 Comparison of antibody yields purified by IMAC.

Yields of purified antibody (mg/L culture volume)

scFv scEv-AP scFv-Fe IgG
YAF-C3 4.96 2.2 276.48 289.2
sAFH-3E11 308 101 489.6 388.8
sAFH-3F11 6:36 1769 448 313.2

sAFH-3E3 3.85 0.69 372 269.2
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(A)

YAF-C3  sAFH-3E11 sAFH-3F11 sAFH-3E3
M S FT P S FT P S FT P S FT P
135kDar— ) -.
— - ol -
100 kDa — . ]
L

(B)

E11  sAFH-3F11 sAFH-3E3

190 kDa
—

100 kDa

<

N

Figure 4.7 Proteinioaﬁ&ﬁymﬁm‘amgons from supernatants of
transient expression of scFv-Fc (A) and IgG (B) of YAF-C3, sAFH-3El,

1sh3F11 and sh3E3 in HEK293-6E. M, Precision Plus Protein™ Dual

Color Standards, lane S, supernatant; lane FT, flow-through fraction; lane

P, purified scFv antibody. Fifteen microliters per lane of purified proteins

were analyzed on 12% polyacrylamide gels and stained with coomassie

blue. The size of IgG is shown approximately 150 kDa and scFv-Fc

approximately 120 kDa.
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pMod (Phagemid)

Sﬁi' i & scFy

pKR-scFv-Fc (Mamalian vector)

Nhel BspEl

e E— ] seFy-Fe

e YAANA
MAZ’#E scFv-AP

Yaginaiula8pq

Figure 4.8 Illustration of phage display and mammalian vectors used for expression

scFv, scFv-AP, scFv-Fc and IgG.
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4.4.3 Characterization of antibodies in different format

4.4.3.1 Competitive ELISA
To determine the sensitivity of various formats of four clones
(YAF-C3, sAFH3E11, sAFH3F11 and sAFH3E3) antibodies, indirect competitive
ELISA was performed. The graphs were plotted between absorbance value (expressed
as A/Ap) and concentration of AFBI (Fig. 4.9). The IC,, values for the scFv, scfv-AP,
scFv-Fc and IgG were concluded in Table 4.2. From the result showed that the
sensitivity of antibody can be changed when it was transformed to another format. All

clones showed that the scFv-AP format has the highest sensitivity to aflatoxin varied

between 0.007-0.06 pg/ml. ScFy-Fc t'of Clone sAFH3E11 and sAFH3F11 has
ICy, value close to scFv formats whe oG format gave lower sensitivity than scFv.
In contrast, the parent YAF-C3 Ig erformed higher sensitivity than scFv and

scFv-Fc formats. SAFH=3E3 has the highest sensitivity than others. The sensitivity of
scFv-Fc and IgG of ‘this clone.are similarly to'scFv format. Therefore, in this study

showed that thcangineering of scFv to be I1gG and scFv-Fc d,idn’t help to improve the
~

sensitivity of antﬁo} S P 0
“nenggmnaiuiade®
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~4--sAFH-3E11-scFv —8—sAFH-3E11-scFv-AP
—&— SAFH-3E11-scFv-Fc —o— sAFH-3E11-IgG
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Figure 4.9 Comparisen of binding properties. of various formats (scFv, scFv-AP,

scFv-Fc and 1gG).of antibody of ¢clone YAF-C3 (A), sAFH3E1l (B),

sAl%3F11 (C), sAFH3E3 (D) by compeilg)ve ELISA. Various

concéf?toiqn of soluble AFBI from 5.0 é@ to 0.085 ng/ml were
. -~
incubated w,ll%}aﬁﬂ nlﬂMa@ng-AP, scFv-AP and IgG) of

antibodies at 37°C for 30 min before addition to wells of Immuno 96

MicroWell plates, coated with 10 pg/ml AFB1-BSA. The plates were

washed with TBST and TBS after 1 h incubation. Bound antibodies were

demonstrated by colorimetric detection using the AP substrate, pNPP for

scFv-AP and TMB substrate for another formats of antibody. Absorbance

values (expressed as A/A0) were plotted against the logarithm of AFBI

concentration. The Icsg values were concluded on Table 4.1.



Table 4.3 1Cs of different formats of antibody.
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scFv scFv-AP scFv-Fc IgG
YAF-C3 0.120 0.060 0.230 0.060
sAFH-3E11 0.042 0.009 0.038 0.090
sAFH-3F11 0.055 0.009 0.040 0.070
sAFH-3E3 0.018 0.008 0.022 0.022

Cross-reactivityg of, four scFv-AP clones were determined

against structurally related aflatoxins (2flatoxin B2, G1, G2 and M1) and other

mycotoxins. The results showed thatthepscFv-AP showed no cross reactivity with

OTA and ZON (data not shown). All scFv<AP performed high degrees of cross-

reactivity with related aflatoxin especially AFG1 varies between 70-155% (Table 4.3)

and low degrees with AFB1 (<4%). The parent clone has the degree of cross reactivity

in decreasing ordgras AFG1>AFB2>AFG2 whereas the thie® mutant clones showed

the order of cross reactivity ascAEGIHARG2HAHRRB2. “The highest sensitivity clone to

AFB1 (sAFH-3E3) showed high percentage of cross reactivity with AFG1, AFG2 and

AFB2 more than 70%.
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Table 4.4 Results of cross-reactivity of four scFv-AP against aflatoxin.

Cross-reactivity (%)

AFB1 AFB2 AFG1 AFG2 AFM1
YAF-C3 100 30 70 17.14 0
sAFH-3E11 100 33.33 90 45.45 0.5
sAFH-3F11 100 225 81.25 52.94 0.31
sAFH-3E3 100 5 155 78.13 3.87

4.4.3.2 SPR analysis

PurifigdiscFv, -Fc and IgG were determined the affinity by
using Biacore instrument. The a —BSA was coated on chip. The various
concentrations of antibody were injected and analyzed-the kinetic binding. The result
showed that the scFv-<Fcand [gG format had a higher affinity than scFv format (Table
4.3). When cm@are this two formats of antibody between n‘]@nt clones and parental
clone, it was 1nd1c@ ﬁat the overall KD value_s‘ (y‘agg mutant clones were 10-
1,000 lower than YAF-C3, 1n(f':<':a§J paﬂapprommately 10-1000 folds improvement

in affinity to parent clone.



Table 4.5 Binding kinetics of different formats of antibody by SPR.
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Kp (M)
scFv scFv-Fc IgG
YAF-C3 5.22 %10 5.98 x 107 4.15 %107
sAFH-3E11 1.88 x 10® 1.55 x 1072 2.96 x 10710
sAFH-3F11 1.16 x 10® 1,19 x 107! 1.85 x 107!
sAFH-3E3 229 %10 1.54 x 1071° 2.28 x 10710

KD equilibrium dissociation constant

4.4.4 Determining optimal buffer and antibody concentration for antibody

conjugating with-colloidal gold-and latex particle

4.4.4.1 «Colloidal-geld

The colloidal gold in different buffer; borate buffer pH 8.55 and
0.2 M MES buifer pH 6.5 were used to couple with 0.5 pg/il antibody to find the
proper pH and bufferdofforming gold-antibody cotiptex2After coupled, the red color
mean had the succeeded gold-antibody conjugate, where the antibodies protect the
colloidal gold particles from the salt. Whereas, blue-grey solution mean they have
aggregated gold particles in them and those mixtures do not have enough antibodies to
protect the colloidal gold from the aggregating properties of salt. The result showed
that 0.5 pg/ml sAFH-3E3 IgG and 0.5 pg/ml BSA in 0.2 M borate buffer was

considered to be suitable to coupling with antibody-colloidal gold (Fig. 4.10).
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Figure 4.10 Colloidal gold coupling with antibody. Borate buffer pH 8.55 and MES
buffer pH 6.5 were used for coupling the colloidal gold and antibody. 1,

0.2 M borate buffer; 2, 04 pg/ml sAFH-3E3 IgG and 0.5 pg/ml BSA in

0.2 M borate buffer; 3, /ml sAFH-3E3 IgG in 0.2 M borate buffer;

4, 0.5 pg/ml YAF-C3 IgG in MES buffer; 5, 0.5 pg/ml sAFH-3E3 1gG

in MES buffer.

4.4.4.2 “Latex particles

6 Firstly, The optimal concentration of al@ody conjugating with

latex particles had Wyamlged Different arﬁ%@oq s (0.05, 0.1, 0.25 and 0.5
agipalul

mg/ml) of sSAFH-3E3 IgG and sc were coupled with latex particle followed as
Bruning et al. (1999) method. After coupling, the antibody- latex particles complex
was diluted in 1:3 dilution before using in LFIAs (AgraStrip). After three minutes,
AgraStrip were read with the naked eyes with green coloration. The control line and
test line was not appeared on the AgraStrip when testing with ScFv-Fc-latex complex.
But when testing with IgG-latex complex, the test line became visible (Fig. 4.11). It is

shown that at 0.05 mg/ml of antibody, the test line was appeared. Therefore, we chose
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this concentration to couple with latex particles. Secondly, The concentration at 0.05
mg/ml of both antibodies forms was used to conjugate with different sizes of latex
particles (0.07 and 0.169 um). The result showed that 0.07 um latex particles were

suitable to couple with 0.05 mg/ml IgG and used in LFIAs as shown in Fig. 4.12.
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igure 4.11 Lateral flow res 1 ¢ coupling of latex microsphere with
different concentration of antibody sAFH-3E3 (A) IgG and (B) scFv-
Fc. The strip showed the green colour line of control line (C) and test
line (T). The colour in Test line was showed when no AFBI

contamination.
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Figure 4.12 Lateral flow result in testing the coupling in different size of latex
microsphere with antibody sAFH-3E3 “(A) 1gG and (B) scFv-Fc. The

strip showed the green colour line of control line (C) and test line (T).
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%s)lour in Test line was showed when n(&&l contamination.
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4.4.5 Analysis of lateral-flow based assay for the detection of aflatoxin
Quantitative detection of AFB1 was studied using a AgraStrip. Colloidal
gold or latex particle conjugated to sAFH-3E3 IgG acted as the probe, anti-mouse
mADb served as secondary antibody, which can bind to sAFH-3E3 IgG and AFBI-

BSA acted as the competitive antigen.
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4.4.5.1 Colloidal gold
SAFH-3E3 IgG-colloidal gold conjugates were performed
efficiency as detection probe in LFIA for aflatoxin detection. The corn samples were
extracted with PBS buffer. The different concentrations of AFB1 were spiked into
extraction solutions. After that, spiked solutions were mixed with IgG labeled with
colloidal gold and put into the microwell. Then, strip was dipped into the mixture
solution. The 1gG-colloidal gold flowed along the membrane where encountered the

coated AFB{-BSA and were captured. The red color was appeared on test line (T).

When some AFB| was present in the sample, the binding of the IgG-colloidal gold to

the AFB1-BSA was inhibited and th our of the test line faded. The control line

should always be visible because of eaction between colloidal gold- sAFH-3E3
IgG and anti mouse IgG, which sidered to be an indicator of the good
functionality of the test. The strip was evaluated valueusing AgraStrip reader (Romer

Labs, Austria). The limit of detection was 6 ppb (Fig.4:13C).

< l
6’20\ . 9\\'\0)
Nenaginaiula®®:
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Figure 4.13 Colloidal gold coupli ting with corn sample spiked with AFBI

standard. (A) Lateral result in testing in different concentration of

AFBI1. The strip.showed th

ed colour line of control line (C) and test

line ('F). The colous in Test line-was decreasing when the concentration

of AFB1l was increased. (B) The value when measure the strip test with

%{ﬁne showed as peak areas units. (C) Gra@as plotted from A/Aq

agail?sl)\y?g cougentration.of, ﬂaﬁ@&gpeak area value of each
1aginalulads®:

concentration AFB1 standard, Ao= peak area value of at 0 ppb AFBI

standard.

4.4.5.2 Latex particles
SAFH-3E3 IgG —latex particle was used in LFIA to test for
aflatoxin detection instead of colloidal gold-IgG as described above. In this assay,

corn samples were extracted with different buffer; PBS and 70% methanol. Reference
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corn sample contaminated with AFB1 98.7 ppb and 0 ppb were extracted and tested
with LFIA. The antibody-latex particle conjugates combined with AFB1-BSA and
anti-mouse monoclonal antibody can be detected with the naked eye with green
coloration as test line and control line. Absence of color at test line is an indication for
the presence of analyte while appearance of color both at test and control lines
indicates a negative result.  The strip can be used to detect AFB1 contamination at

98.7 ppb when PBS buffer was used as extraction buffer as shown in Fig. 4.14.

AFLA o
-

AR O

<4 AgraSu 0@
ey BSERIP®

0 98.7ppb 0 98.7 ppb
Figure 4.14 Lateral flow result in testing sAFH-3E3 IgG — latex microsphere
complex with extraction corn samples contaminated with AFB1 0 and
98.7 ppb by different extraction buffer; (A) PBS buffer and (B) 70%
methanol. The strip showed the colour line of control line (C) and test

line (T).
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Figure 4.15 Latex microsphere cou
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(B)

Concentration AFB1 | water extract Peak| 70% methanol
70:%Methanol [ppb in solution] area [Units] Peak area [Units]
0 2357222 | 2489174
6.25 1583236 2146974
25 1064466 | 1376369
50 845380 1322567
100 766005 1234216 |

«-@-++ PBS extract
—@— 70% methanol

0.1 1 10 100
Concentration of AFB1 (ppb)

testing with corn sample spiked with AFB1
standard by using different extraction buffer. (A) Lateral flow result in
testing in different tion of AFBI. The strip showed the red
colour line of contrel line (C) and test line (T). The colour in Test line
was decreasing when-the-concentration of AFB1 was increased. (B)
ae value when measure the strip test with ﬂwhme showed as peak
argy h (C) Graph was plotte ) @b} A/Ap against log of
concentrat10£n’ oﬂﬂ&glﬂlu&ék area value of each concentration

AFBI standard, A, = peak area value of at 0 ppb AFB1 standard.

For quantitative result, strip reader was used to measure the test

strip after testing with different concentration of AFBI standard which spiking in a

blank sample. The intensity of the test lines decreased with increasing AFBI

concentrations (Fig. 4.15A). Curve was plotted from the value. The curve was slope

down when the concentration of AFB1 was increased (Fig. 4.15C). The result showed
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that the ICso values were 18 ng/ml and 70 ng/ml when extracting with PBS buffer and
70% methanol, respectively. From this result can conclude that, PBS buffer is suitable
for use as extraction buffer in this assay. The strip test can be used for aflatoxin

detection at 5 ppb as limit detection.

4.4.6 Determining aflatoxin detection in ELISA format by using scFv-AP

(spike experiment)

To compare the sensitivity for aflatoxin detection between our scFv-AP
and commercial test kit, the competitive ELISA was performed by using spiked
sample instead of standard AFBI. The ICsy and limit of detection was determined
from graph plotted with A/A0 versus log of concentration of spiked AFB1 (Fig 4.16).
The result showed that the ICsy of ScreenEZ, Romer labs test kits and SAFH-3E3 AP,
were 5, 8 and 80 ng/ml, respectively. The detection limits of them were 0.4, 4 and 20

ng/ml.
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Figure 4.16 ELISA from spike experiment SAFH-3E3 compare with test kit from

two company.
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4.4.7 scFv-AP stability
After purification, the scFv-AP sAFH-3E3 was separately kept at 4°C
and freeze in -20°C. The indirect ELISA was performed to test the activity of scFv-
AP. The result showed that scFv-AP activity was lost after 2 weeks. In contrast, the
activity still remains when kept it at -20°C (Fig 4.17). To keep the antibody in long

term, it should be added with glycerol and keep in-20°C.

04C B Freeze with glygerol
3.5 1
2.5 1

1.5 1

OD 405 nm

0.5 1
0 -j
BSA | AFB1

BSA AFB1 AFB1

1 week 2 weeks 1 month 3 months

Storage times

Figure 4.17 ELISA of scFv-AP with different storage temperature and different

times (1 week, 2 weeks, 1 month, 2 months).

4.5 Discussion

In this study, One original clone and three mutant clones with improved binding
affinity using chain-shuffling technique were successfully converted into different
formats i.e., IgG, scFv-Fc and scFv-AP, expressed in human cell and E. coli cell and
purified by affinity chromatography. The expression level of antibody showed the
improvement when expression in mammalian cell whereas expression in E. coli still

low.
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Binding sensitivity of different formats of antibodies to free AFB1 was
evaluated by competitive ELISA. The result showed that scFv-AP showed the highest
sensitivity in ELISA. The scFv fused with AP, which it known as form dimer. Pohl
and colleaque reported that the increase avidity can increase hundred fold of antigen
binding (Pohl et al. 2012). This may be the reason of the improved sensitivity in this
format. The cross-reactivity of scFv-AP of each clone showed that all of the mutated
clone has the order to bind to other aflatoxins as G1>G2>B2>M1 whereas the parent
clone can bind to aflatoxin G1>B2>G2>M1. The mutant clones were able to bind
AFG1 as AFBI1 or even better. This is in agreement with Moghaddam (2001)
(Moghaddam et al. 2001). All of them showed low percentages binding to AFM1 and
not bind to another mycotoxins (ochratoxin and zealarenone).

When conversions the scFv fragment to the full length IgG and scFv-Fc, the
sensitivity of each clone was different. ScFv-Fc format of clone sAFH3E11l and
sAFH3F11 has retained sensitivity as scFv formats whereas IgG format showed lower
sensitivity than scFv. In contrast, the parent YAF-C3 IgG format showed the higher
sensitivity than scFv and scFv-Fc formats (Fig 4.9). The result is correlated to several
previous reports say that conversion of antibody fragments back to full length IgG or
liked IgG format (scFv-Fc) can result in similar or improved antigen binding(Ames et
al. 1995, Huls et al. 1999, Liu et al. 2007). Moreover, previous study has reported the
scFv was loss of affinity after conversion scFv fragment to IgG (Menzel et al. 2008).

The sAFH-3E3 clone has the highest sensitivity as shown by an ICsy value
between 0.008-0.02 pg/ml, depending on the formats of antibody. Among this, the
scFv-AP showed the highest sensitivity. Therefore, this format could be developed to

use as convenient one-step detection probe in ELISA format kit. The sensitivity of
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scFv fragment and IgG and scFv-Fc were similar. So, This scFv-Fc and full length
IgG antibody was conjugated to colloidal gold and latex particle and test with lateral
flow strip. The result showed that the IgG format is better form for using in this
experiment. The scFv-AP and IgG format were successfully employed in ELISA
assay and lateral flow immonoassay format for the detection of aflatoxin from corn
samples in spike experiment.

Although, the sensitivity of our antibody was not good as the commercial test
kit, but it is enough to use as the detection reagent in both ELISA and lateral flow
strip test under the maximal level provide by CODEX. As the antibody in the test kit
are monoclonal antibody and polyclonal antibody, which they need the animal for
production and they are still have limitation point such as polyclonal can be showed
different sensitivity when it was produced in different lots. In contrast, the production
of recombinant antibody is much more easier than the convention method because no
need to used animal and easy reproducible in bacteria or animal cells. The scFv-AP
and IgG will be used to test with the contaminated aflatoxin sample (corn and peanut)

in the future.

4.6 Conclusion

In conclusion we have engineered recombinant antibody in different formats;
i.e., scFv-AP, scFv-Fc and IgG to be used as reagents for the detection of AFBI. The
sAFH-3E3 showed the highest sensitivity in every formats of antibody by competitive
ELISA. ScFv-AP had the highest sensitivity so this format is the most suitable format
for aflatoxin detection in ELISA assay. In addition, cojutation of SAFH-3E3 IgG with

latex particles was shown to be the most suitable formats for lateral flow-based assay.
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The detection limit of antibody in scFv and IgG format in ELISA format and strip test

was approximately 20 and 5 ng/ml, respectively.
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CHAPTER YV

CONCLUSION

. The property of anti-Aflatoxin B1 (AFB1) scFv antibody could be improved by
chain shuffling technique (heavy chain shuffling).

. Up to 7.5-fold improvement in affinity and sensitivity was achieved.

. Antibody expression level could also be improved when converted into full-length
IgG and expressed in human cells (HEK 293-6E).

. Various formats of antibody (free scFv, scFv-Fc, IgG, and scFv-AP) showed
different binding sensitivity by competitive ELISA.

. Antibody in the form of scFv-AP fusion is the most suitable format for the
detection of AFBI1 by ELISA-based method.

. Antibody in the form of IgG is suitable for assembly into a lateral flow test kit

(strip test).

7. A bio-innovation for the detection of aflatoxin contamination based on recombinant

antibody could be developed for monitoring aflatoxin contamination in agricultural

products in the future.
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