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CHAPTER |
INTRODUCTION

1.1 Importance and Rationale

Fluoroquinolones ( FQs) are a group of antibiotics extensively used against
both Gram-negative and Gram-positive bacteria due to their inhibition activities of
DNA gyrase, topoisomerase and other enzymes essential for bacterial DNA
replication. However, misuse of these antibiotics such as overdose treatment and long
term use to prevent infection could lead to problems of drug residues in animal
products for human consumption' . Unintentionally long-term consumption of these
contaminated products could result in a more severe problem of antibiotic resistance
in human. Therefore, Food and Drug Administration of many countries had set the
maximum residue limit (MRL) and developed the surveillance program for these drug
residues in foods. The most widely used method for drug residue screening detection
is based on immunological method such as enzyme-linked immunosorbent assay
(ELISA) and lateral flow immunoassay (strip test). In both methods, capability of
antibody for detecting and binding to a very low amount of antigen or drug residue is
crucial for the assay. Besides sensitivity, specificity which is the ability of any
antibody to bind with a specific antigen is also equally important. If the antibody used
in the assay could bind to many antigens, the assay might give a false positive result,
thus reducing the effectiveness and reliability of the tests. In general, sensitivity and
specificity of the antibodies are analyzed and compared in order to select the most
suitable antibody for the assay development. However, sometimes this information is
not enough for the selection. Binding affinity of each antibody to different antigens
also comes into considerations. The information of affinity such as association
constant and dissociation constant can be obtained by investigation of the binding
kinetics between antibodies and antigens using surface plasmon resonance ( SPR)
technique. SPR biosensors have been used to characterize antibody-antigen
interactions for approximately three decades®. SPR measurement was performed on
Biacore instrument which has been widely used to analyze the interaction of high

affinity antibodies®. Affinity and kinetics of molecular interaction determined by SPR



is important to understand protein interactions*. Furthermore, molecular docking
approach has been used as a powerful tool for drug discoveries and studies of protein
binding. Currently, several molecular docking software and servers including both
commercial and free formats based on different algorithms are available for uses in
many applications® such as AutoDock 8, SwissDock’, GOLD ( Genetic Optimization
for Ligand Docking®, HADDOCK?®, and MVD?!°. These programs can predict
structure-base of ligand conformation and position within a binding site of the
targeted protein. In the immunological field, the interaction of antibody-antigen was
important because antibody has specificity epitope binding with its target. This data
can use to detect residue drug in food. So, molecular docking was used to determine
the binding site between antibody and drug.

The Institute of Biotechnology and Genetic Engineering has produced
monoclonal antibodies ( mAbs) against norfloxacin and enrofloxacin which have
similar structures. In order to select a suitable mAb for further development of
immunoassay, understanding of binding kinetics of the mAbs and those antibiotics are
important. Consequently, in this study, binding kinetics of mAbs against norfloxacin,
mADb Norl32 and mAb Norl55 and mAbs against enrofloxacin, mAb Enro44 and
mAb Enro48 to some fluoroquinolones such as norfloxacin, enrofloxacin,
ciprofloxacin and ofloxacin were studied. It has been known that amino acid sequence
of any mAb greatly affects their binding characteristics to the antigens. Therefore,
three-dimensional (3D) modeling analysis was performed using program AutoDock
vina to investigate the amino acid residues of the mAbs that played an important role

in the binding to different antibiotic antigens.

1.2 Objectives

1.2.1 To analyze kinetics of binding interaction between the four mAbs and
norfloxacin, enrofloxacin, ciprofloxacin and ofloxacin

1.2.2 To find relationship between kinetic information and sensitivity or
specificity of the mAbs

1.2.3 To determine the major amino acid sequence or residues that played an
important role in the binding between the mAbs and norfloxacin, enrofloxacin,

ciprofloxacin and ofloxacin



1.3 Expected Beneficial Outcomes

1.3.1 The obtained information of binding kinetics of mAb-antigen
interaction could be useful for antibody selection and further development of
immunoassay for fluoroguinolone detection or other applications.

1.3.2 Information from molecular modeling analysis and results of indirect
enzyme-linked immunosorbent assay between the four mAbs and fluoroquinolones
probably indicate the possible major sites or specific amino acid sequences that
govern the binding characteristics of the mAbs.



CHAPTER Il
THEORETICAL BACKGROUND AND LITERATURE REVIEWS

2.1 Antibody

Antibodies, known as immunoglobulins, are produced by the immune system
to help protect the host against foreign invasion. Basically, antibody is glycoproteins
that bind specifically to single antigens. Antigens recognized and bound by
antibodies can be proteins such as receptors expressed on cancer cells, sugars on
bacterial and viral cell surfaces, hormones, chemical compounds, or nucleic acid
structures. The region of an antigen that interacts with an antibody is called the
epitope. An antibody is Y shaped immunoglobin ( Ig) that consists of two heavy
chains (H) and two light chains (L). The amino-terminal ends of the polypeptide
chains show considerable variation in amino acid composition and refer to as the
variable (V) regions to distinguish them from the relatively constant (C) regions. Each
L chain consists of one variable domain, VL, and one constant domain, CL. The H
chains consist of a variable domain, VH, and three constant domains CH1, CH2 and
CH3. Each heavy chain has about twice the number of amino acids and molecular
weight (~50,000) as each light chain (~25,000), resulting in a total immunoglobulin
monomer molecular weight of approximately 150,000. Immunoglobulins can group
into five different classes: IgA, IgD, IgE, IgG, and IgM. Individual classes of
immunoglobulins have distinctive structural and biological properties. The class of an
immunoglobulin molecule is determined by its heavy chains. Thus IgM, IgD, 1gG,
IgE, and IgA possess |, 5, v, & and o heavy chains, respectively!*3, The most
common type of antibody used for immunoassays is the IgG class of
immunoglobulins. The antigen-binding fragments (Fabs) of the 1IgG immunoglobulins,
which are the sites of antibody-antigen interaction. The interactions of the antibody
molecule with specific antigen are non-covalent and reversible, dependent on
hydrogen bonds, hydrophobic interactions, electrostatic forces, and Van der Waals

forces.



2.1.1 Polyclonal Antibody

Polyclonal antibodies (pAbs) are a mixture of heterogeneous which are usually
produced by different B cell clones in the body which can recognize and bind to many
different epitopes of a single antigen. Production of polyclonal antibodies by injecting
an immunogen into an animal. After injected with a specific antigen to elicit a
primary immune response, the animal is given a secondary even tertiary immunization
to produce higher titers of antibodies against the particular antigen. After
immunization, polyclonal antibodies can be obtained straight from the serum or
purified to obtain a solution that is free from other serum proteins'*. To identify and
handle specific epitopes, polyclonal antibodies are effortless to store, bind faster to the
antigen and allow powerful protection. The performance of polyclonal antibodies is
superior to monoclonal antibodies in a specific situation as they are able to attach
greater than one antigen. Even if there is low intenseness, they are capable of
expelling the target by spreading the signal. Polyclonal antibodies exceptionally
perform when it comes to chromatin immunoprecipitation since they have a wider

target area while a protein can be picked up even if the resonance is at the lowest™®.

Inject antigen @ Antigen activates @ Plasma B cells @ Obtain antiserum
into rabbit. B cells. produce polyclonal from rabbit containing
antibodies. polyclonal antibodies.
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Figure 2.1 This diagram illustrates the process for harvesting polyclonal antibodies

produced in response to an antigen. From: https://bio.libretexts.org



2.1.2 Monoclonal Antibody

Monoclonal antibodies are single antibodies derived from fuse antibody-
producing cells with an immortalized cell line. As a result, the cell line is called
hybridoma. Individual antibodies generate distinguish cell reaching the pure cell line
that produce single antibody that hybridomas are divided. Given that cell lines can be
produced completely the same antibody on and on since they are eternal. Generally,
monoclonal antibodies were solely produced by mouse cells even though their
immune responses are not the best. Nevertheless, recent technology has come up with
rabbit monoclonal antibodies. Furthermore, rabbits’ immune responses are more
exceptional than mice?®.

Monoclonal antibodies surpass these entire issues, enabling absolutely precise
region not just for the immune protein. Additionally, the antigen degree of purity is
disparate as originally described by Kdéhler and Milstein (1975, 1976). When the
antibody-forming cells become immortal, the immune response is broken into its
component parts. The antigen does not need to be purified as soon as the targeted
clone is divided. Additionally, the specificity will be endlessly conserved where
between animals, there is no variation. Thereby, monoclonal antibodies have yielded

resolution to a number of biological problems?’.

2.2 Fluoroquinolone

The fluoroquinolones are a set of broad spectrums, systemic antibacterial
agents that have been commonly utilized as respiratory and urinary tract infections
therapy, which against in a various range of both aerobic gram-positive and gram-
negative organisms. Gram-positive coverage consists of penicillinase- and non-
penicillinase producing Staphylococci, Streptococcus pneumoniae and viridans,
Enterococcus faecalis, Listeria monocytogenes, and Nocardia species. Gram negative
coverage comprises Neisseria meningitides and gonorrhoeae, Haemophilus
influenzae, and most clinically important Enterobacteriaceae species, Pseudomonas
aeruginosa and Vibrio species. The fluoroquinolones are considered to react by the
inhibition of type Il DNA gyrases that are required for synthesis of bacterial mMRNAs

and DNA replication. They illustrate a few inhibitions of human, host enzymes and



provide exceptional safety evidence. The fluoroquinolones are signified as remedy for
several bacterial infections.

Nowadays, the fluoroquinolones are accessible in the US including
ciprofloxacin, gemifloxacin, levofloxacin, moxifloxacin, norfloxacin, and
ofloxacin. With a low rate of harmful effects, these agents are perfect for oral
absorption as well as high tolerance. However, with the instinctive reports of fatal
circumstances, multiple quinolones and fluorogquinolones were removed, for example,
hepatotoxicity: temafloxacin (1992), gatifloxacin (2006), and trovafloxacin (1999).
Lately, a contemplation of 1:100,000 people-exposed having the idiosyncratic liver
injury caused by fluoroquinolones. There is a pattern of this symptom owing to
fluoroquinolones where it is acute and frequently serious hepatocellular rising in 1-4
weeks after a treatment. It might be a class effect which pattern of injury is alike. The
fluoroquinolones are usually related to liver injury which are ciprofloxacin and
levofloxacin. Although these two agents are commonly used. Only 1%-3% of patients
obtaining ciprofloxacin, nofloxacin or ofloxacin in liver enzymes. The typical
fluoroquinolones’ side effects could be gastrointestinal disturbances, headaches, skin
rash and allergic reactions. Barely occur but giving dreadful impact comprises of QT
prolongation, seizures, hallucinations, tendon rupture, angioedema and
photosensitivity8-20,

2.2.1 Norfloxacin

Norfloxacin is one of fluoroguinolone antibacterial agents with a fluorine at
position 6 and a piperazine ring at position 72!, Nevertheless, it is lacked indications
and barely used these days. Like other fluoroquinolones, norfloxacin is activated in
broad range for aerobic both gram positive and negative organisms. Moreover, it is
perceived as inhibition of type Il DNA toposimerases that needed for bacterial
MRNAs synthesis as well as DNA duplication. In 1986, the United States authorized
norfloxacin for usage. Nowadays, its purpose is for urinary tract infections, sexually
transmitted diseases and prostatitis. Furthermore, it plays a role in fighting serious
bacteria peritonitis in cirrhosis and ascites patients. Under trademark Noroxin,
norfloxacin comes in the form of 400 mg tablets. Normal doses of 400 mg are taken
every 12 hours from 3 days to 10 days. Still, chronic treatment is used for

antibacterial prophylaxis. Side effects that can be typically found are gastrointestinal



upset, headaches, skin rash and allergic reactions. However, there are more drastic
side effects: prolongation of the QT interval, seizures, hallucinations, tendon rupture
angioedema, hypersensitivity reactions, photosensitivity and peripheral neuropathy 2*-
23.

2.2.2 Enrofloxacin

Alike other fluoroquinolones, enrofloxacin plays its role in treating vulnerable
bacteria in a wide range of species. The remedy consists of urinary tract infections in
dogs and cats and infections of skin as well as tissue. Crucially, enrofloxacin
demonstrates effectiveness in curing dogs Rickettesia infections. Nevertheless,
treating Ehrlichia, enrofloxacin does not work well. In horses, it heals soft tissues and
respiratory infections. Though, it is mainly used on anecdotal experience. The
approval of enrofloxacin is for the medication and swine respiratory disease (SRD)
related to Actinobacillus pleuropneumoniae, Pasteurella multocida, Haemophilus
parasuis, and Streptococcus suis?*. Furthermore, enrofloxacin is used in exotic
creatures due to its safety and defense of numerous pathogens.

2.2.3 Ciprofloxacin

Ciprofloxacin acts as oral fluoroquinolone which aims to cure light-to-medium
diarrhea, typhoid fever, uncomplicated gonorrhea and respiratory tract and urinary
infections. Like other fluoroquinolones, ciprofloxacin is activated in broad range for
aerobic both gram positive and negative organisms. Additionally, it is perceived as
inhibition of type Il DNA toposimerases that needed for bacterial mMRNASs synthesis
as well as DNA duplication. Ciprofloxacin has been utilized in the US since 1990
where every year it is prescribed around 20 million times. It is in several oral formulas
of 100, 250, 500 to 700 mg tablets. It also broadens to 500 and 1000 mg tablets.
Proquin and Cipro, for instance, are the trademark of ciprofloxacin. The typical dose
of ciprofloxacin is every 12 hours for 250 and 500 mg. For medium to drastic
infections, intravenous formula is more appropriate by obtaining 200 to 400 mg 1V
every 8 hours. Oral remedy normally lasts from 7 to 10 days for both longer and
shorter courses. Typical side effects are skin rash, headache and allergic reactions.

Still, serious side one is hallucinations, tendon rupture and QT interval?> 28,



2.2.4 Ofloxacin

Ofloxacin is the second group of fluoroquinolones. It was formerly used to
cure light-to-medium valuable organisms causing respiratory and urinary tract
infections. Ofloxacin is a mixture of race and semisynthetic antibiotic. Like other
fluoroquinolones, ofloxacin is activated in broad range for aerobic both gram positive
and negative organisms. In addition, it is perceived as inhibition of type Il DNA
topoisomerases that needed for bacterial mRNAs synthesis as well as DNA
duplication. There was approval of ofloxacin in 1990 in the Unites States. However, it
was suspended since several terrible sides’ effects happened from its earlier 2009
sponsor. Nonetheless, ofloxacin still exists in form of 200, 300 and 400 mg tablets
which can be taken every 12 hours for 3 to 10 days. Yet, for persistent and complex
infections, longer courses are used from time to time. Typical side effects can be
found are headaches, skin rash and gastrointestinal upset. Anyhow, rarely occur but

bring serious side effects are photosensitivity, QT interval and tendon rupture?” 28,

2.3 Enzyme-Linked Immunosorbent Assay (ELISA)

The enzyme-linked immunosorbent assay ( ELISA) is the most widely used
immunoassays available for detecting and quantifying substances such as antibodies,
antigen, proteins and hormones in biological sample. ELISA can be divided into four
major types: direct, indirect, sandwich, and competitive.

2.3.1 Direct ELISA

In a direct ELISA, reporting molecule is conjugated to either antigen or
antibody in order to directly detect the binding between the antigen and the antibody.
This method is the simplest one because it required only a few steps in the preparation
and the assay. However, it usually gives low sensitivity because the signal is not
amplified. In this method, either antigen or antibody can be immobilized on the solid
surface and then the labelled antibody or antigen is added. The binding between the
antigen and the antibody is detected from the labelled molecule as shown in Figure
2.2. The reporting molecule can be an enzyme (such as horse-radish peroxidase which
requires the addition of substrate to give the detectable product) or other molecules

such as fluorophore or nanoparticles.
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Direct ELISA for antigen detection

The analyte (Ag) The enzyme labeled The substrate is
is attached on Ab is added to detect added to develop the
solid phase. the analyte. color by enzymatic.

Direct ELISA for antibody detection
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The analyte (Ab) The enzyme labeled The substrate is
is attached on Ag is added to detect added to develop the
solid phase. the analyte. color by enzymatic.

Figure 2.2 Illustrates the principle of direct ELISA format.

2.3.2 Indirect ELISA

In an indirect ELISA, the binding between the antigen and the antibody of
interest is not directly detected. But it requires another labelled molecule which can
bind to the antigen or the antibody. For example, in the case that the antigen is coated
on to the surface of a micro titer plate, then the primary antibody is added into the
wells, which specifically bind to the antigen. The binding between the antigen and the
primary antibody is then detected by the addition of the labelled secondary antibody
which can bind with the primary antibody as shown in Figure 2.3. In another case that
the antibody is coated on the surface, the biotin-labelled antigen is added to bind with
the antibody. The binding between the antibody and the antigen can be detect by
using horse radish peroxidase-labelled streptavidin which can bind with the biotin
labelled on the antigen. Although, this method is more complex that the direct

ELISA, its sensitivity can be improved by signal amplification.



11

) @.

The excess Ag The analyte (Ab)is The enzyme labeled The substrate is
is attached on added to specifically anti-species Ab is added  added to develop the
solid phase. bind with the Ag. to detect the analyte. color by enzymatic.

Figure 2.3 Illustrates the principle of indirect ELISA format.

2.3.3 Sandwich ELISA

In a sandwich ELISA, two antibodies which can bind to different epitope on
the molecule of antigen are required. This method does not suitable for a small
antigen molecule because it usually has only single epitope for antibody binding. To
perform the assay, the first antibody is coated on the surface of ELISA plate. After the
antigen is added to bind with the first antibody, the second antibody is added to bind
with the same antigen but at the different site or epitope of the antigen. The binding
between the antigen and the antibody in the sandwich ELISA can be detected using
the direct (Figure 2.4a) or indirect method (Figure 2.4b).

a) Direct Sandwich ELISA
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The first Ab is The Agis added and The enzyme labelled The binding is
attached on then bind specifically  second Ab is added and monitored by
solid phase. with the first Ab. bind with the Ag at the enzymatic reaction.

different epitope.

b) Indirect Sandwich ELISA
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The first Ab is The Agis added The second Ab is added The binding is
attached on solid and then bind and bind with the Ag at monitored by
phase. specifically with the different epitope. enzymatic reaction of
the first Ab. the third labelled Ab

Figure 2.4 Illustrates the principle of a sandwich ELISA format.
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2.3.4 Competitive ELISA

In previous types of ELISA described above, the signal intensity of the
reporting molecule is varied with respect to the number of binding between the
antibody and the antigen. In the competitive format, the competitor is added into the
system in order to compete in binding with the antigen and antibody of interest. As a
result, the signal intensity of the reporting molecule is varied inversely with respect to
the number of binding as shown in Figure 2.5. For example, in the case of an antibody
labelled direct competitive ELISA, the antigen is first attached onto the surface. Then
the labelled antibody and the Ag competitor (usually analyte) are added. The Ag
competitor and the attached antigen compete to bind with the labelled antibody. The
higher the amount of the competitor, the lower the amount of the antibody which can
bind with the attached antigen.

a) Antibody labelled Direct Competitive ELISA

Ag is attached The enzyme labelled The binding is
on solid phase. Ab and analyte are monitored by
added simultaneously. enzymatic reaction.

b) Antibody labelled Indirect Competitive ELISA

The excess Ag The Ab and analyte are The enzyme labeled The binding is
is attached on added simultaneously  anti-species Ab is added monitored by
solid phase. to competition to detect the Ab. enzymatic reaction.

¢) Antigen labelled Direct Competitive ELISA

* S S S &

The Ab is The enzyme labelled The binding is
attached on Ag and analyte are monitored by
solid phase added simultaneously enzymatic reaction.

to competition.

Figure 2.5 Illustrates the principle of competitive ELISA format.
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2.4 Surface Plasmon Resonance

SPR is a label-free biosensor technique for studying interactions between all
classes of biomolecules and biochemical mechanisms in real time?. This is done in a
label free environment, while the ligand of interest is immobilized on the surface of
the sensor chip and solutions with different concentrations of the analyte can flow
over it. The increase in mass associated with a binding event causes a proportional
increase in the refractive index, which is observed as a change in response®. The
association and dissociation rate are measured in resonance units (RU) and plotted as
a sensogram.

2.4.1 Principle of SPR

SPR is a phenomenon when the light is bent towards the plane of interface
between media of different refractive indices. The incidence angle (®) will change the
reflect light until it reaches a critical angle. At this point, all the incoming light
reflects within the circular prism. This is called total internal reflection ( TIR), an
electric field intensity known as an evanescent wave is generated. At a specific
wavelength, the incident light excites plasmon in the gold film and the intensity of
reflected light was dropped due to the resonance transfer between evanescent wave
and surface plasmons®.. The material absorbed onto the thin metal film influence on
the resonance. In general, gold is widely used because it gives a SPR signal at
convenient combinations of reflectance angle and wavelength. In addition, gold is
chemically inert to solutions and solutes typically used in biochemical contexts.
Moreover, SPR signal depends on the refractive index of solution when contact with

the surface of sensor chip (Figure 2.6).



14

Optical
detection ) g
Light- unit _Intensity
source
Po!arised L_ = Angle
light >
Prism 4 Resonance
ll} Signal
sensor chip with | R ,
gold film AAAA » | TlmeA
. 4 V- Sensorgram
: p Flow channel - |

Figure 2.6 Illustration of Surface Plasmon Resonance. The binding of analyte shifts

the SPR angle. From: https://phoenixmed.arizona.edu/mcd/instrumentation/pioneer

2.4.2 Biacore Instrument

Biacore is an SPR biosensor instrument for studying interactions between all
classes of biomolecules and biochemical mechanisms in real time. The detection
principle based on surface plasmon resonance ( SPR) for studying the interaction
between two binding partners, one partner is immobilized on the surface (ligand) and
other is flow over the surface in sample solution (analyte). When analyte binds to the
ligand, the accumulation protein on the surface of sensor chip is increase lead to the
increasing refractive index. Changing refractive index is measured in real time and
plotted to sensogram between response unit (RU) and time. This sensograms give
information of binding specificity, affinity, concentration profiles and kinetic as

shown in Figure 2.7.
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Figure 2.7 The sensograms of analyte-ligand binding.

2.5 Circular Dichroism Spectroscopy

Circular dichroism (CD) is a fast and powerful spectroscopic method for
studying macromolecules that differential absorption of clockwise (right-handed) or
counterclockwise ( left-handed) circularly polarized light as the result of structural
asymmetry. CD spectroscopy has been applied to study the control of protein stability
in different situations such as changes in thermal, pH and ionic strength or solvent
conditions. Moreover, different protein conformational were compared from various
expression systems or species. Other advantages for observed changing in structure of
protein-protein or protein-ligand interactions and to confirm suitable folding during
purification processes®?34. CD is measured with a CD spectropolarimeter that
measures in the far-UV spectral region from 190 to 250 nm and near-UV spectral
region from 250 to 350 nm. Specific CD signals, the chromophores of peptide bonds
at 190-250 nm wavelengths as the aromatic amino acids and disulfide bonds at 250-
350 nm wavelengths®. CD in the far UV region from approximately 190 to 240 nm
gives the secondary structure of a protein information because of the arrangement of
peptide bonds into distinct constrained structures®®. The CD spectrum of proteins in
far-UV range has distinct spectra for a-helix, p-sheet, and random coil (Figure 2.8)%’.
The CD spectra show the a-helix dominates with an strong positive band at ~192 nm,
and negative bands at ~208 and~222 nm, while the B-sheet has an intense negative
peak at ~216 nm, and positive peak at ~200 nm consist of B-sheet and B-turn

components, and any a-helix contribution. Random coil structure can exhibit a strong
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negative band at ~195-200 nm 3. The near-UV CD spectra at 250-350 nm reflects the
chiral environment around the aromatic amino acid residues including Phe, Tyr, and
Trp, and around disulfide bonds. When the solution condition such as pH, ionic
strength, and temperature are changed causing the changed tertiary structure of the

protein.
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Figure 2.8 The circular dichroism (CD) for various secondary structures: a-helix
(solid line), antiparallel (B-sheet (bold dashed line), (B-turn (dotted line), and random
coil (dashed line). From: Johnson (1990)

2.6 Molecular Docking

Molecular interaction such as protein-protein, protein-ligand, enzyme-
substrate, and drug-protein present significant function in many biological processes
including cell regulation, gene expression control, enzyme inhibition, and antibody-
antigen recognition®®. The complex protein structures, which obtain from X-ray
crystallography or NMR, are crucial to understand the binding and affinity between

molecule interaction, but these methods are difficult, take a long time, and expensive.
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Therefore, the docking computation is a key tool for understanding the protein-protein
or protein-ligand interaction®®. In antibody-antigen docking study, computational
docking has been used to design antibodies with improved binding properties®!.
Lippow et al. (2007) generated higher affinity variants for 3 antibody targets by
computationally selecting mutations that improved antibody— antigen interaction
energy. Similary, Poosarla et al. (2017) developed a computational framework for the
de novo design of fully human antibody variable domains to bind any specified
antigen by assembling the six best-scored modular antibody parts #2. In addition, a
fundamental characteristic of the immune system is its ability to continuously
generate novel protein recognition sites, Ab-Ag interaction*:. For example, Keskin, O
( 2007) wused X-ray crystallographic structures of Ab-Ag complexes to explain
principles of the molecular of protein—protein interaction.

Molecular docking is a widely use computer simulation to predict the
conformation of protein- ligand complex and binding modes of ligand with a three-

dimensional protein (Figure 2.9).
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Protein-Ligand Docking

Figure 2.9 Components in molecular docking.

The predicted binding of the protein and ligand should be accurate as best as
possible. The significant of docking software is the visual screening, where the
interesting molecules are select from database. Moreover, the prediction must be fast
and reliable. There are several docking software and algorithms that have been used in
crucial process in predicting binding pose of ligand into protein by making use

biochemical and biophysical combination with bioinformatics. Examples of docking
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tool are AutoDock “* “http: / / autodock. scripps. edu, DOCK 4
http: // dock. compbio. ucsf. edu, FlexX 4’ https: //www. biosolveit. de/ FlexX, GOLD
“Bhttps: //www.ccdc.cam.ac.uk, and ICM #° http://www. molsoft.com/icm_pro. html.

Figure 2.10 shows the common major step of all docking protocols.

[ Molecular Docking ]
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Figure 2.10 A typical docking workflow for protein-ligand docking.



CHAPTER Il
MATERIALS AND METHODS

3.1 Chemicals and Reagents

Chemicals and Reagent

Company, country

Absolute ethanol

Merk, United States of America

Absolute methanol

Merk, United States of America

Acetic acid (glacial) 100% anhydrous

Merk, Germany

Acrylamide

Bio-Rad, Califonia

Agar (Microbiology grade)

Merk, Germany

Agarose (Molecular biology grade)

Research organics, Inc., United States
of America

Albumin, from bovine serum (BSA)

Sigma-Aldrich, Missouri

Albumin, from chicken egg white (OVA)

Sigma-Aldrich, Missouri

Bacto™ Peptone powder

Becton, Dickinson and company,
France

BCA Protein Assay kit

Themo Scientific, lllinois

Biotin Fluka, Germany
Ciprofloxacin hydrochloride Sigma-Aldrich, Missouri
monohydrate

Coomassie brilliant blue G

Pierce, lllinois

Dimethylformamide (DMF)

Merck, Germany

Dimethylsulfoxide (DMSO)

Merck, Germany

Enrofloxacin

Sigma-Aldrich, Missouri

Ethidium bromide

Bio basic, Inc., Canada

Fetal calf serum (FCA)

PAA lab, Austria

Glycerol

Ajax Chemicals, Australia

Goat anti mouse IgG-Horseradish
peroxidase conjugate (GAM-HRP)

Jackson Immuno, Pennsylvania

HBS-EP* Buffer

GE Healthcare Lifescience™, Sweden

Hydrochloric acid (HCL)

Merck, Germany

30% Hydrogen peroxide (H207)

Merck, Germany

Methanol

Merck, Germany

Norfloxacin Sigma-Aldrich, Missouri
Ofloxacin Sigma-Aldrich, Missouri

RPMI 1640 medium Biochrom, Germany

Skim milk Difco, United States of America

Sodium chloride

Ajax Chemicals, Australia

Sodium dodecyl sulfate (SDS)

Bio basic, Inc., Canada

Sodium hydroxide

Ajax Chemicals, Australia

Sulfuric acid (H2S0a)

Merck, Germany

Surfactant P20

GE Healthcare Lifescience™, Sweden

TAE buffer premix powder

Bio basic, Inc., Canada

TMB (3,3°,5,5’-tetramethylbenzidine)

Sigma Aldrich, Germany




N,N,N’,N’-tetramethylethylenediamine
(TEMED)

Pierce, lllinois

Tris (Molecular biology grade)

Research organics, Inc., United States
of America

Tween-20

Sigma Aldrich, United Kingdom

Yeast nitogen base powder

Bio basic, Inc., Canada

Yeast extract powder

Bio Springer, France

Zeocin™

Invitrogen, United States of America

3.2 Equipment and Supplies

Equipment and Supplies

Company, country

Autoclave (HV-50)

Hirayama manufacturing Corp., Japan

Balance (Adventurer™, ARC 120)

Ohaus Corp., United States of America

Balance (Adventurer™, AR 2140)

Ohaus Corp., United States of America

Bench-top centrifuge, WiseSpin®
(CF-10)

Dihan scientific Co., Ltd., South Korea

Biacore T200

GE Healthcare Lifescience™, Sweden

Biological safety cabinet
(Heal force®, HFsafe-1200)

Shanghai Lishen

1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC)

GE Healthcare Lifescience™, Sweden

E.Z.N.A.® Gel extraction kit

Omega Bio-Tek, Inc., United States of
America

Freezer (-20°C) (SF-C697)

Sanyo Commercial Solution, Ltd,
Thailand

Gene Pulser® Cuvette, 0.2 cm.

Bio Rad Laboratories, Inc., China

High speed micro refrigerated centrifuge
(MTX-150)

Tomy Seiko Co., Ltd., Japan

High speed
(6500)

refrigerated  centrifuge

Kubota Corp., Japan

Hot plate (PC-101)

Corning, United States of America

Incubator (MIR 152)

Sanyo Electric Co., Ltd. Japan

Laminar flow

Lab Survice Ltd., Thailand

Liquid Nitrogen Tank

Harsco Corp., Camp Hill, Pennsylvania

Microplate reader, model: MCC/340

Titertek multiskan, Helsinki, Finland

Microwave oven (National®)

Matsushita Electric Co.Ltd., Japan

Multichannel autopipette

HTL, Warsaw, Poland

Mupid® -EXU Submarine
electrophoresis system

Advance Co, Ltd., Japan

N-hydroxysuccinimide (NHS)

GE Healthcare Lifescience™, Sweden

Petri dish, 90 mm St_erilin Ltd., Newport, United
Kingdom

pH meter (Accumet® AB15) Fisher Scientific, Singapore

Precision weighting balance, model: | Mettler Toledo, Greifensee,

AG204 and PG402S Switzerland
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Protein G sepharose 4 fast flow GE healthcare, ~ Cardiff, ~ United
Kingdom

Sensor Chip CM5 GE Healthcare Lifescience™, Sweden

Syring filter, Nylon membrane Whatman, United Kingdom

Vacuum pump Iwaki pump, Japan

Vortex mixer Scientific Industries, Colorado

Water bath Memmert, Germany

3.3 Methods
3.3.1 Production and Purification of MAbs

3.3.1.1 Recovery Hybridoma Cells from Stock

The hybridoma cells, Nor132 and Nor155 (mAb against norfloxacin)
and Enro44 and Enro48 (mAb against enrofloxacin) were obtained from Institute of
Biotechnology and Genetic Engineering (IBGE), Chulalongkorn University. The
cryotube of hybridoma cell was taken from liquid nitrogen storage and immediately
placed into a 37°C water bath until a small bit of ice left in the vial. Cells were
suspended in RPMI 1640 medium and centrifuged at 1,500 rpm for 5 min to remove
DMSO. Cell pellet was resuspended in RPMI 1640 medium supplemented with 20%
FCS and cultured in 5% CO> incubator at 37 °C until the color medium changed to
turbid yellow.

3.3.1.2 Protein Purification

Culture medium was centrifuged and mAb in the supernatant was
purified using an AKTA affinity chromatography with HiTrap Protein G HP antibody
purification column (GE Healthcare). The column was pre-equilibrated with 2 mM
phosphate buffer (pH 7.0), flow rate 1.0 ml/min. Prior to media loading (1 litter),
unbound protein was washed out with 30 ml equilibrated buffer. MAb was eluted with
0.1 M glycine-HCI buffer (pH 2.7) then each fraction (1ml/fraction) was collected
into 70 pl of 1M Tris-HCI buffer (pH 9.0). Finally, the purify mAb was dialyzed to
desalting and remove undesired low-molecular weight components and stored at -20
°C.

3.3.1.3 Determination of Protein by BCA Protein Assay

Protein concentration was quantified by BCA Protein Assay kit. The
assay procedure was employed according to the manufacturer's instructions. Briefly,

25 pl of bovine serum albumin (BSA) at different concentrations of 0, 0.1, 0.2, 0.4,
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0.6, 0.8 and 1 mg/ml and diluted protein samples were separately transferred into each
well of microtiter plate. The BCA working reagent (WR) was prepared by mixing
reagent A with reagent B (50:1, Reagent A: B) and added (200 pl) to each well. The
microplate was incubated at 37 °C for 30 min and measured the absorbance at 560 nm
using microplate reader.

3.3.1.4 Protein Analysis by SDS-PAGE

The gel solutions for 15% separating gel and 5% stacking gel were
prepared. Antibody samples were diluted and mixed with Next Gel® Sample Loading
buffer, 4X (AMRESCO, USA) then the samples were boiled for 10 min. After that the
samples and molecular weight standards were loaded (20 pl/well) onto the gels.
Electrophoresis was carried out at a constant current of 25 mA per gel with 1xTris-
glycine-SDS running buffer. Following electrophoresis, gels were stained with
coomassie blue and de-stained with a destaining solution.

3.3.2 Determination of Monoclonal Antibody by ELISA

3.3.2.1 Conjugation of Drug-OVA

The 4 drugs of FQs; norfloxacin, enrofloxacin, ciprofloxacin, and
ofloxacin were conjugated to OVA by a modified method of carbodimide active ester
method from Watanabe, H., et al. (2002). Each drug (20 mg), N-hydroxysuccinimide
(NHS) (10 mg) and 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) (10 mg)
were dissolved in dimethylformamide (DMF, 1 ml) and the solution was stirred for 30
min at room temperature. The reactant solution was added dropwise to the OVA
solution (50 mg in 3 ml PBS). The solution was stirred at room temperature for 2 h
and dialyzed 3 times in PBS at 4 °C. Finally, the drug-OVA solution was filtrated
with 0.2 pm cellulose acetate membrane and kept -20 °C until use.

3.3.2.2 Antibody-captured iELISA

The 96-well plates were coated with NOR-OVA (2.3464 mg/ml) or
ENRO-OVA (3.0436 mg/ml) (100 pl/well) at 4 °C overnight. The plates were washed
three times with 10 mM phosphate buffer saline, pH 7.4 containing 0.05% Tween®
20 (washing buffer or PBST) then blocked with 5% skim milk (300 pl/ well) at 37 °C
for 1 h. The plates were washed three times with washing buffer. The monoclonal
antibody of interest was added (100 pl/well) into the plates and incubated at 37 °C for
2 h. After three washing times with PBST, goat anti-mouse IgG was added at
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concentration 230 ng/ml into the plates and the plate was incubated at 37 °C for 1 h.
After another three washing times, tetramethylbenzidine substrate solution (TMB)
was added (100pl/well) and the reaction could occur for 15 min in the dark at room
temperature. The enzymatic reaction was stopped by adding 1 N H2SO4 (100 pl/well)
and the absorbance was measured at 450 nm using microplate reader.

3.3.2.3 Antibody-captured icELISA

The general ELISA protocol was used. The 96-well plates were coated
with NOR-OVA for detect mAb Nor132 and mAb Nor155 as well as ENRO-OVA for
detect mAb Enro44 and mAb Enro48 (100 pl/well) at 4 °C overnight. The plates were
washed three times with PBST then blocked with skim milk (300 ul/ well) at 37 °C
for 1 h. The plates were washed three times with washing buffer. Various
concentrations of unconjugated free drug (norfloxacin, enrofloxacin, ciprofloxacin,
and ofloxacin) and the monoclonal antibody of interest were added 50 pl/well and 100
pl/well, respectively into each well and the plates were incubated at 37 °C for 2 h.
After three washing steps, goat anti-mouse IgG-HRP was added (1:10,000 in PBS,
100 pl/well) into each well and the plates were incubated at 37 °C for 1 h. After
another three washing steps, tetramethylbenzidine substrate solution (TMB) was
added (100 ul/well) and the reaction was allowed to occur for 15 min in the dark at
room temperature. The enzymatic reaction was stopped by adding 1 N H2SO4 (100
pl/well) and the absorbance was measured at 450 nm using microplate reader.

3.3.2.4 Evaluation of Prototype ELISA

3.3.2.4.1 Sensitivity of ELISA
Sensitivity of the mAb was quantified in terms of both 50%

inhibition concentration (ICso) and limit of detection (LOD). The ICso of each

compound was determined using the following formula:

ICs0 = 50% (B/Bo) Eq.1

where Bo and B are the average absorbance obtained from the icELISA with
different concentrations of the competitors (B) and without the competitors (Bo).
LOD was calculated from the average concentration (n=10) of Bo in the

ICELISA plus three times of its standard deviation value.
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3.3.2.4.2 Specificity of ELISA

To evaluate the specificity of icELISA for mAbs was evaluated
in terms of the cross-reactivity. The percentage of cross-reactivity is calculated using
the formula:

IC50 of norfloxacin or enrofloxacin

% cross reactivity = %100 Eq.2

IC50 of other interested compound

The competitors in this study were some of fluoroquinolones group including
norfloxacin, enrofloxacin, ciprofloxacin, and ofloxacin.
3.3.3 SPR study of Antigens-mAbs Kinetics

3.3.3.1 Immobilizing Drug-OVA on CM5 sensor chip

The amine coupling kit from Biacore was used for procedure. Sensor
chip was activated with a freshly NHS and EDC solution at 1:1 mixture. Antigen
(NOR-OVA, CIPRO-OVA, and ENRO-OVA) at 0.1 M in sodium acetate buffer (pH
4.5) were injected into the one flow cell for immobilization onto the surface of CM5

chip at 30 min. The ligand level was calculated using the formula as:

Rmax = (analyte MW / ligand MW) x Stoichiometry x R Eq.3

Then, ethanolamine was used to deactivate of remaining active esters on the surface.
The sensor chip has four flow cells which immobilized ligand on flow cell 2 or 4 using
flow cell 1 or 3 as reference accordingly.
3.3.3.2 Kinetic Analysis of Antigens-mAbs Interactions
Binding kinetics of mAb Norl32, mAb Norl55, mAb Enro44 and
mAb Enro48 were measured by Biacore T200. MAb Nor132 and mAb Norl55 were
diluted in HBS-EP™ buffer at concentration ranged from 70 to 400 nM for binding
with NOR-OVA while CIPRO-OVA binding, both of mAb Nor132 and mAb Nor155
were diluted in PBS+P20 buffer to a series of concentrations at 15.625-500 nM. MADb
Enro44 and mAb Enro48 were diluted in PBS+P20 buffer at concentration ranged
from 150 to 1100 nM for binding with ENRO-OVA. All of analytes were injected

with a contact time of 400 s at 10-30 pl/min and a dissociation time of 600 s. The
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surface was regenerated each cycle with 50 mM NaOH (contact time 30 s at 30

pl/min). Equilibrium binding constant (Kp) was calculated as follow:

Kb = [A][BJ/[AB] = kd/ka. Eq.4

Where Kp = Equilibrium binding constant
ke = dissociation constant obtained from the analysis
ka =association constant obtained from the analysis

3.3.4 Circular Dichroism Spectroscopy Analysis
The secondary structures of mAb Norl55 were determined using a CD

spectropolarimeter ( Model J-810, Jasco, Japan) at the Salaya Central Instrument

Facility, Mahidol university. Far-UV CD spectra were recorded at wavelengths
between 190 and 240 nm using a 0.1 cm path length cell at 25 °C with a protein
concentration of 0.2 mg/ml in various buffer include 150 mM NaCl+P20, HBS-EP",
PBS, and PBS+ P20 buffer. Each spectrum was a representative of three scans. The
CD spectra were corrected for buffer contributions.

3.3.5 Generation of 3D mAbs and Homology Modeling

Homology modeling is a method for building a three-dimensional structures
(3D) of a target protein which its amino-acid sequence of target protein was aligned
with a similar protein with known structure as a template *°. The amino acid sequence
of the mADb Nor132, mAb Norl155, mAb Enro44, and mAb Enro48 were submitted to
the SWISS-MODEL in the Automated Protein Modeling Sever which automated
sequence alignments are sufficiently dependable when target and template share more
than 50% same residues °*. Therefore, the molecular structure template of V4 and Vi
of mAbs were chosen from the highest sequence identities from the PDB Data Bank.
Then, the percentage identity of amino acid sequence Vn and Vi of mAbs with the
template were aligned using CLUSTALW server. To generate 3D Fab fragment of
mADbs, Vu and VL were superimposed with the crystal structure template of 5eoq,

which structure of the murine Fab 1G6 bound to the vaccinia virus A27 peptide 31-40
52
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3.3.6 Docking Analysis using AutoDock vina

The 3D structure of ligands including norfloxacin (CID: 4539), enrofloxacin
(CID: 71188), ciprofloxacin (CID: 2764) and ofloxacin (CID: 4583) were obtained
from PubChem web site. Docking simulations of mAbs with the ligands were
performed using the molecular docking and visual screening program AutoDock vina
by a modified method from Al Qaraghuli, M.M., et al. (2015). Structure of mAbs
were added with polar hydrogen atoms and the generated models were saved as pdbqt
files. The ligands (free drug) were investigated and saved in pdbqgt format. The
AutoDock vina could determine the docking position of the mAbs by setting the X, Y,
and Z dimensions of the docking grid box to cover the binding site of the mAb ,
which the complementarity-determining regions (CDRs) of both the heavy and light
chains of mADb are probably the active site. The coordinates and size of the grid boxes
are given in Appendix B. The docking process was achieved using the command

prompt into Windows 10. The command script below:

C:\Users\ (file name)>cd...

C:\Users>cd...

C:\>cd vina

C:\Vina>vina --config config.txt --log log.txt

C:\Vina>vina_split --input out.pdbqt

After the docking process finished, Vina score showed as Gibbs free binding
energies were obtained from docking calculation. Finally, and the models were
exported and analyzed by Discovery Studio 2019 and PyMOL Stereo 3D Quad-
buffer, respectively.



CHAPTER IV
RESULTS AND DISCUSSION

4.1 Conjugation of Drug-OVA

Norfloxacin (319.33 Da), enrofloxacin (359.40 Da), ciprofloxacin (331.34
Da), and ofloxacin (361.40 Da) are small molecules which are not suitable to be
immobilized on the surface of ELISA plate. Therefore, these antibiotics must be
conjugated to a carrier protein such as ovalbumin (OVA) and bovine serum albumin
( BSA) to enlarge their sizes and expose their molecules in order to increase
accessibility for binding. In this study, the antibiotics were conjugated to OVA (42.7
kDa) using carbodimide active ester method. In this method, peptide bond was formed
between the carboxyl group of the antibiotics and the amino group of OVA. Protein
concentrations of the conjugates were determined by BCA assay as shown in Table
4.1.

Table 4.1 Protein concentration of drugs by BCA assay.

Drug-OVA Concentration of protein (mg/ml)
Norfloxacin-OVA 2.3464
Enrofloxacin-OVA 3.0436

Ciprofloxacin-OVA 3.6227
Ofloxacin-OVA 3.8979

Remark: The standard curve was shown in Appendix A.

4.2 Production and Purification of MAb

After thawing from liquid nitrogen, anti-norfloxacin producing clone Nor132
and Norl155, and anti-enrofloxacin producing clone Enro44 and Enro48 were cultured
in RPMI 1640 medium supplemented with 20% FCS. After expansion, monoclonal
antibodies ( mAbs) in culture media were purified using an AKTA affinity
chromatography with HiTrap Protein G HP antibody purification column. The
purified mAbs were harvested, diluted in PBS and quantified their concentrations
based on the protein concentration. The protein concentrations were shown in table
4.2.
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Table 4.2 Protein concentrations of purified mAbs by BCA assay.

Monoclonal antibody Concentration of protein (mg/ml)
mAb Nor132 2.1200
mAb Norl55 4.7947
mAb Enro44 4.4930
mAb Enro48 3.7840

Remark: The standard curve was shown in Appendix A.

Molecular weight and purity of the mAb were checked by SDS-PAGE as
shown in Figure 4.1. The result showed that only two-protein bands were found at
approximately 25 kDa and 50 kDa which were in an agreement as found in findings
of other reports 5 > that an mAb is made up of a heavy chain of approximately 50
kDa and a light chain of approximately 25 kDa. In addition, any minor band was
clearly observed, thus indicating that the obtained mAbs were pure enough for uses in
further study.
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Figure 4.1 15% SDS-PAGE analysis of purified mAbs were loaded 20 pl/well at a
constant current of 25 mA per gel with 1xTris-glycine-SDS running buffer; standard
protein marker (lanel), mAb Norl32 (lane2), mAb Norl55 (lane3), mAb Enro44
(lane4), and mAb Enro48 (lane5).
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4.3 Sensitivity and Specificity of The Monoclonal Antibody

4.3.1 Indirect ELISA

The binding capability of the mAbs with the antigens was analyzed by as
antibody-captured indirect ELISA. Dose response curves of the assays were shown in
Figure 4.2. The results showed that mAb Nor132 and mAb Nor155 can bind with both
norfloxacin and ciprofloxacin but cannot bind with enrofloxacin and ofloxacin. On the
contrary, mAb Enro44 and mAb Enro48 can bind with enrofloxacin and ofloxacin but
cannot bind with norfloxacin and ciprofloxacin. It could be explained by the reason
that Mab Norl32 and mAb Norl155 were raised by norfloxacin-ovaloumin ( OVA)
conjugate which was prepared by carbodiimide reaction. In this reaction, the
carboxylic group of norfloxacin reacted with amino group of OVA to form the
peptide bond, thus exposing the opposite side of the molecule for antibody
recognition. Therefore, it is possible that the pyrazine ring is more susceptible to
expose for antibody to recognize the antibiotics than the cyclopropane moiety >°7
(Figure 4.3).
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Figure 4.2 Affinity Constant curves of mAbs binding with drugs-OVA immobilize on
surface of ELISA plate 3 pg/ml; a) NOR-OVA, b) ENRO-OVA, c) CIPRO-OVA, and
d) OFLOX-OVA.
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Figure 4.3 Some of fluoroquinolone Chemical structure of norfloxacin, ciprofloxacin

enrofloxacin and ofloxacin. Modified from: Marina Rusch et al. (2019)

4.3.2 Competitive Indirect ELISA

In the competitive indirect ELISA, norfloxacin, enrofloxacin, ciprofloxacin,
and ofloxacin were separately added to the system in order to compete with the
immobilized NOR-OVA or ENRO-OVA for binding with the mAbs. If the mAb can
bind to the added competitor, a lower number of the mAb molecules are free to bind
with immobilized antibiotic-protein conjugate, thus yielding the lower absorbance
value. The dose response curves from the competitive indirect ELISA of all mAb
were shown in Figure 4.4. The limit of detection (LOD) and the I1Cso values obtained
from the curves were summarized in Table 4.3. In term of the LOD value, mAb
Nor132 (0.0086 pg/ml) had high sensitivity than mAb Norl55 (0.0166ug/ ml) in
binding with norfloxacin. But, in term of the ICso value, mAb Nor155 (0.0511 pg/ml)
was more sensitive than the mAb Nor132 (0.1388 pg/ml). These could be due to the
different in the characteristics of the dose response curves where were used in the
calculation. However, both mAbs were sensitive enough to be used in the detection of
norfloxacin of which the MRL value was set at 0.02 mg/ml. In case of mAb Enro44

and mAb Enro48, the sensitivities in term of both LOD and ICsp were not so different.
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The percentage of cross-reactivity (% CR) was calculated from the percentage
ratio of the ICso of norfloxacin or enrofloxacin to the ICso of other interested
compounds. The %CR of all tested competitors were also summarized in Table 4.3. It
could be clearly seen that mAb Nor132 and mAb Norl155 could bind with the four
FQs but mAb Enro 44 and Enro 48 rarely bound with other tested FQs except
enrofloxacin. Moreover, previous studies reported that these mAbs did not cross-react
with other compounds unrelated to the FQs group (Puthong S., unpublished data) and
%8, These indicated that mAb Nor132 and mAb Norl55 were suitable for the
development of a generic or broad specificity test while mAb Enro44 and mAb

Enro48 were suitable for use in a specific test.
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Figure 4.4 Calibration curves of icELISA base on NOR-OVA or ENRO-OVA for
4FQs. B is the absorbance of a tested free drugs; norfloxacin: enrofloxacin:
ciprofloxacin: ofloxacin and Byg is the absorbance of buffer without free drugs. The
standard curve was established by different concentrations of norfloxacin or

enrofloxacin versus the values of B/Bo.
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4.4 Binding Affinities and Kinetic Analysis of Drug-mAbs Using SPR

SPR technology is capable provide information about the affinity value and
the kinetic interaction between the mAbs and drugs. Moreover, it has become
extensive technique in antibody-antigen interaction studies. Determination of kinetic
association rate constant (ka), dissociation rate constant (kq), and the equilibrium
dissociation constant (Kp) of mAb Nor132, mAb Norl155, mAb Enro44, and mAb
Enro48 were performed by SPR using Biacore T200, and the data was calculated by
Biaevalution software for chosen the suitable model fitting. In this study, the direct
assay format was used for SPR, which used for determining the kinetic constant for
binding of mAbs to FQ drugs were as follows: Drugs conjugate OVA (ligand) were
immobilized onto the CM5 sensor chip, followed by injected mAbs (analyte) pass
over the immobilized sensor chip. Due to nonspecific binding of drugs, the assay
format whereby mAbs (ligand) were immobilized onto the CM5 chip, followed by
binding drugs (analyte), were unsuccessful (result not shown). This format of SPR is
like IELISA technique. As the previous results of iELISA shown that mAb Nor132
and mAb Nor155 specifically bind to norfloxacin and ciprofloxacin while mAb
Enro44 and mAb Enro48 specifically bind to enrofloxacin and slightly ofloxacin.
Thus, these binding affinities and kinetic between mAbs and drugs-OVA were
examined. Generally, the kinetic of protein-protein will be 1:1 interaction, which one
antibody bind to one antigen (EQ.5). Nevertheless, the data fitting for antigen-mAbs
interaction in this research were done by bivalent model analysis since mAbs are
bivalent monoclonal antibody. In SPR studies by Dagmar et al. (2017), reported that
the bivalent antibodies can specifically bind to immobilized antigen with one binding
site (1:1 bond) or both binding sites (bivalent bond). The binding of mAb to the
immobilized surface has two steps when data was fitted by bivalent binding (Eg.6).
First step, the bivalent antibody in solution bind to a surface bond ligand, while the
second step can only occur when the remaining binding site of antibody bind a second

ligand on the immobilized surface *°.

Ka
A+ B =AB Eq.5

kq
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where A is the analyte
B is the ligand
Ka is the association rate constant
kq is the dissociation rate constant

Ka1 Kaz
A+ B = AB + B = ABB Eq.6
K1 kg2

where ka1 and kg1 are the association and dissociation rate constants for the first site

ka2 and kgo are the association and dissociation rate constants for the second site

4.4.1 Comparing Binding Affinity of Immobilized NOR-OVA with MAb
Nor132 and MAb Nor155

The immobilization of NOR-OVA at concentration 0.1 uM on CM5 sensor
chip was done using amine coupling. The NOR-OVA immobilization for mAb
Norl32 and mAb Norl55 interaction studies was 50.9 RU. The NOR-OVA ligand
was immobilized on flow cell 2 using flow cell 1 as reference (chip No.1). For kinetic
analysis, different concentrations of mAb Norl132 were passed over the sensor surface
in order of increasing slope from the lowest concentration to the highest
concentration. The running buffer was HBS-EP* and the injected concentrations of
mAb Nor132 were 240, 300, 320, 380, and 400 nM. The association time was from O-
400 s with flow rate 30 pl/min, then the dissociation time was started when the
injection was stopped, and only buffer was flowing. When finished all cycles, these
data were calculated by Biaevalution software. As the rate constant (ks kd) and
equilibrium binding constants (Kp) were fitted globally, which all curves of the rate
constant are fitted concurrently and give one value per parameter 0. The

representative sensograms of evaluated data are presented in Figure 4.5.
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Figure 4.5 Illustrated data sets (color lines) for the SPR kinetic analysis of NOR-OVA
with mAb Nor132 interactions. Different concentrations of mAb Nor132 were flow
over the immobilized NOR-OVA. The association and dissociation times were 400
and 600 s, respectively, at a constant flow rate of 30 ul/min. Black lines show the

global fits of the data to a) 1:1 binding model and b) Bivalent binding model.

Figure 4.5.a shows the 1:1 fitted curves do not follow the data curves,
especially in association rate while the Bivalent fitted quite follows the data curves
(Figure4.5. b). Thus, Bivalent binding model seems better fit than 1:1 binding model.
Moreover, the chi? of Bivalent model was 0.368 while 1:1 model was 0.760, which
the lowest chi? value shows a good fitting. From the result indicated that the Bivalent
binding model was selected to the curve fitting. According to this analysis, mAb
Nor132 showed ki of 9.904x10° Ms? and kg of 4.010x10* s?, resulting in a
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calculated Kp of 4.049x108 M. As for MAb Nor155, it also used HBS-EP* buffer to
dilute mAb concentrations of 70, 90, 100, 110, and 140 nM for 400 s at a constant
flow rate of 10 pl/min. The kinetic of mAb Norl55 was calculated by the
Biaevalution software using a Bivalent binding model in Figure 4.6.
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Figure 4.6 Kinetic analysis of NOR-OVA with mAb Nor155. Different concentrations
of mAb Norl55 were flow over the immobilized NOR-OVA. The association and
dissociation times were 400 and 600 s at a constant flow rate of 10 pl/min. The
response data were fit to Bivalent binding model (black lines)

The sensograms fitted using Bivalent binding model since this model showed
a better fit than 1:1 Langmuir binding model (data not shown). From the data
probably indicated that the analyte to bind first with one site to the ligand. The other
site is closer contact with other ligand molecules and can bind to a second ligand site.
The curves showed a slow dissociation with apparent ka of 2.773x10° M1s™ and kg of
6.359x107 52, resulting in a calculated Kp 2.293x10® M. It has been reported that
low Kp value indicates high affinity between the analyte and the ligand [16] which the
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Kp value of NOR-OVA with mAb Norl55 less than mAb Norl32. Therefore, the
result suggested that mAb Nor155 bound to norfloxacin better than mAb Nor132 did.

4.4.2 Comparing Binding Affinity of Immobilized CIPRO-OVA with
MADb Nor132 and MAb Nor155

The CIPRO-OVA was immobilized on flow cell 4 using flow cell 3 as
reference (chip No.1) using amine coupling. The CIPRO-OVA immobilization for
mADb Norl32 and mAb Norl55 interaction studies was 165.1 RU. The running buffer
was PBS supplement with P20 (PBS+P20) buffer. The measuring kinetic interaction,
the varying concentration of both mAbs were injected in PBS+P20 buffer, two-fold
serial dilutions from 500 nM to 15.625 nM, over the immobilized CIPRO-OVA
sensor chip for 400 s at a constant flow rate of 10 pl/min (Figure 4.7). Kinetic
parameters were determined by global fitting using Bivalent binding model. The
kinetic affinity, k. of 2.931x10* Ms? and kg of 2.153x102 s, and equilibrium
dissociation constant, Kp, for ciprofloxacin and mAb Norl32 was determined as
7.346x107 M. Kinetic experiments to determine the interaction between ciprofloxacin
and mAb Nor155 were executed. Considering the dissociation rate constant (kq) to be
5.597x103 s, data was fitted for an association constant ki of 4.897x10* Mstand a
corresponding Kp of 1.143x10”7 M was observed. From the result, mAb Nor155 bond
to ciprofloxacin better than mAb Norl32. However, when compare the Kp values
between norfloxacin and ciprofloxacin to mAb Nor155, mAb Nor155 could bond to
norfloxacin better than ciprofloxacin. Therefore, these results have been related to

sensitivity values from icELISA.



40

RU Q)
40 4
304
9
Z 204
-3
Z s
& 154
10 4
54
04
-5 4
'IO T T 0l T T T s
-200 0 200 400 600 800 1000
Time
RU b)
60 4
50 4
40
2
g 30
=
g
-5
204
10 4
04
-10 ' v v t 1 —$
=200 0 200 400 600 800 1000
Time
Concentration of mADb: mmm 15.625 nM mmm 31.25 oM mmm 62.5 oM g 125 oM g 250 nM 500 oM mmmm Fitted curves

Figure 4.7 SPR sensorgrams of mAbs at two fold concentrations 15.625-500 nM; a)
mAb Nor132 and b) mAb Norl55 on CM5 sensor chip which CIPRO-OVA was
immobilized, and the association and dissociation times were 400 and 600 s at a
constant flow rate of 10 pl/min. Data fitted using Bivalent binding model (black

lines).

4.4.3 Comparing Binding Affinity of Immobilized ENRO-OVA with MAb
Enro44 and MAb Enro48

The immobilization of ENRO-OVA on CM5 sensor chip was done using
amine coupling. The ENRO-OVA immobilization for mAb Enro44 and mAb Enro48
interaction studies was 98.4 RU. The ENRO-OVA ligand was immobilized on flow
cell 3 using flow cell 1 as reference (chip No.2). MAb Enro44 was used in increasing

concentrations run from low to high order using kinetic analysis. HBS-EP* buffer was
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used to make dilutions and the concentrations injected were 700, 800, 900, 1000, an
1100 nM. While mAb Enro48 was used at concentrations of 150, 200, 250, 350, and

400 nM. The representative sensorgrams of evaluated data are shown in Figure 4.8.
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Figure 4.8 Kinetic analysis of a) mAb Enro44 and b) mAb Enro48 with ENRO-OVA

using HBS-EP* buffer, the association and dissociation times were 400 and 600 s at a

constant flow rate of 10 pl/min. Data fitted using Bivalent binding model (black

lines).
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Figure 4.9 Buffer scouting for binding of ENRO-OVA with mAb Enro44 (left) and
mAb Enro48 (light). The mAbs at concentration 1 puM was diluted in different
buffers; 150 mM NaCIl+P20 (red), HBS-EP* (green), PBS (blue), and PBS+P20
(pink). The association and dissociation times were 400 and 120 s at a constant flow

rate of 10 pl/min.

The sensorgrams showed fast dissociation and couldn’t use to evaluated
kinetic which probably caused by the buffer mismatches (Figure 4.8). Thus, solving
this problem was done by buffer scouting. The chosen buffers were 150 mM of
NaCl+P20, HBS-EP*, PBS, and PBS+P20 ®. The data of buffer scouting are
presented in Figure 4.9, PBS+P20 buffer shown the highest relative response
compared with another buffer. Therefore, PBS+P20 was used to evaluate Kkinetic
studies of mAb Enro44 and mAb Enro48 at the same concentrations. Mingfei Pan, et
al. (2017) also used PBS containing 0.5% P20 for the detection of enrofloxacin
residue in animal-derived food products. The fitted data for association and
dissociation binding is shown in the Figure 4.10. The sensograms fitted using Bivalent
analyte model, since this model had the lower chi? and closet fitting than 1:1 model.

Considering the dissociation rate constant (kq) of mAb Enro44 and mAb Enro48 were
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1.614x10* sTand 2.243x10* s, respectively, while the association constant (ka) were
3.745 x10* Mtstand 1.611x10* M1s!, respectively. Resulting in a calculated Kp of
mADb Enro44 and mAb Enro48 were 4.31x10° M and 1.3923x10°® M, respectively.
Comparing mAb Enro44 and mAb Enro48 binding to ENRO-OVA, these results
indicated that the mAb Enro44 is a stronger binding to ENRO-OVA than mAb
Enro48. However, both mAbs show Kp values in the nanomolar range, indicating

high binding interactions.

Concentration of mAb Enro44
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Figure 4.10 Kinetic analysis of @) mAb Enro44 and b) mAb Enro48 with ENRO-OVA
using PBS+P20 buffer, the association and dissociation times were 400 and 600 s at a
constant flow rate of 10 pl/min. Data fitted using Bivalent binding model (black

lines).
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The kinetic result of mAbs by the Biaevalution software using bivalent
binding model were summarized in Table 4.4. When comparing our results to those of
previous studies, it must be pointed out that the estimated kinetic constant value of
mAbs were 108-10"12 M®2%4  signifying the acceptable capacity of antibody and

antigen binding.

Table 4.4 Equilibrium dissociation constants and rate constants (ka and kq) measured
for mAbs and drug-OVA by Biacore.

Analyte Ligand ka (M1s?) kd (s Kb (nM)
NOR-OVA 9.904x10° 4.010x10* 40.49
mADb Norl32
CIPRO-OVA 2.931x10* 2.153%1072 734.60
NOR-OVA 2.773x10° 6.359x107 22.93
mADb Norl155
CIPRO-OVA 4.897x10* 5.597x103 114.30
mAb Enro44 ENRO-OVA 3.745 x10* 1.614x10* 4.31
mADb Enro48 ENRO-OVA 1.611x10* 2.243x10™ 13.92

4.5 Conformational Analysis of MADbs Using CD Spectroscopy

The frequently technique for estimate of protein conformation in solution is
CD spectroscopy. Far-UV CD spectra were recorded at wavelengths between 190 and
240 nm are directly related to the asymmetrical packing of the intrinsically chiral
peptide bond groups of the secondary structure of the protein %. Different buffers for
CD spectroscopy affect sample conformation data. Appropriate buffer for dissolved
protein should be as transparent as possible such as water, which has the highest
transparency and not contain any material ®. However, some proteins denature in
water include mAbs in this research. The far UV CD data of mAb Nor155 dissolve in
different buffer (Fig 4.11). The secondary structure analysis of mAb Norl55 in
different buffers (Table 4.5) were analyzed by the CDNN software®’, which predicted
secondary structure elements for the mAb Norl155 in phosphate buffered saline pH 7.4
(PBS) consist of a-helix 19.6%, B-sheet 40.6%, and random coil 39.8%. Comparison
secondary structure conformations of mAb Norl55 in PBS from another buffer, in

PBS supplement P20 (PBS+P20), a-helix and random coil conformations reduced
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with an increase in 3-sheet and B-turn conformations; B-sheet 63%, p-turn 35.2%, and
random coil 1.7%. The CD spectra of mAb Norl55 in NaCl supplement P20
(NaCl+P20) increases the percentage of a-helix from 19.6% to 73.1% and followed
by decrease -sheet from 40.6% to 26.9%. The increment of B-sheet could find in
HBSEP* 62.5%, like the PBS+P20 buffer. These results are resemble with
catumaxomab include o helical 6.2%, [-sheet 37.5%, B-parallel 5.4%, B-turn 18%,
and random coil 34.9%°. According to Joshi, et al. (2014), the secondary structure
elements in 1gGs consist of the antiparallel p- sheet, B-turns and random coil
conformations. Moreover, a-helices are found in some bends of mAb. For kinetic
binding, buffer influences on antibody-antigen binding. So, indicating that percentage
of B-sheet when mAb Norl155 was diluted in PBS+P20 and HBSEP™ quite the same,
which both buffers present B-sheet more than another buffer. As these results related
to SPR analysis, which proper buffer for determining the kinetic constant of mAb

Nor155 with norfloxacin are HBSEP+ while used PBS+P20 for ciprofloxacin.

mAb Norl55

—
1!Q._,/ 200 210\730/--- 240 250 260
-2

Wavelength (nm)

Mean Residue ellipticity, [6]MRW
[=]

—PBS ——PBS+P20 HBSEP+ NaCk-P20

Figure 4.11 The far-UV CD spectra at 4 °C for mAb Nor155 in different buffers.
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Table 4.5 Secondary structure analysis of mAb Nor155 in different buffer.

Results %Helix %Strand %Turn  %Unordered Total
(Beta sheet) (Random coil) (%)
PBS 19.6 40.6 0 39.8 100
PBS+P20 0 63 35.2 1.7 100
NaCl+P20 73.1 26.9 0 0 100
HBSEP* 0 62.5 0 37.5 100

4.6 Amino Acid Sequence Analysis and 3D Structure Prediction of MAbs

To explain binding of mAbs-antigen interaction, the homology modelling of
mAbs 3D structure with the ligand was regenerated based on template from SWISS-
MODEL server (https://swissmodel.expasy.org/) that shown in Figure 4.12. As mAb
Nor132 shown the percentage of sequence identity with the template of heavy chain
(VH) (PDB ID: 1a0q.1.B) and light chain variable (VL) (PDB ID: 2y6s.1.A) are
83.87% and 87.72%, respectively. The mAb Norl55 has 87.10% and 94.23%
sequence identity with the template of VH (PDB ID: 5do2.1.B) and VL (PDB ID:
4gnp.1.C), respectively. The identity of mAb Enro44 with template; 80.17% VH
(PDB ID: 2aab.1.B) and 95.28% VL (PDB ID: 4amk.1.B). While the sequence
identity of mAb Enro48 with the VH (PDB ID: 2R29) and VL (PDB ID: 2y6S)
template are 82.93% and 94.23%, respectively. Moreover, in determining whether the
model is reliable and accurate, GMQE and QMEAN score were also considered
which the result showed in Table 4.6. GMQE (Global Model Quality Estimation)
provided expected accuracy of a model built with that alignment and template and the
coverage of the target when the score high closer to 1 indicate higher reliability.
While QMEAN score uses statistical potentials of mean force to provide global and
local absolute quality estimates when the score around zero indicate good agreement
between the model structure and target structures of similar size. In case of score -4.0
or below indicated low quality®®. After superimposed x-ray structure with PyMOL,
which Vy and VL of each mAbs were combined. The mAbs were composed of two
chains (H and L) and interacting with all CDRs; CDR1, CDR2, and CDR3. The mAbs
fold consists of a pair of B sheets, each built of antiparallel B strands, and surrounding

a central hydrophobic core.
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Figure 4.12 Sequence alignment of V4 and VL of mAbs with the template; Nor132
(VH:1a0g.1.B, VL:2y6s.1.A), Norl55 (Vh:5d02.1.B,VL:4qnp.1.C), Enro44
(VH:2aab.1.B,VL:4amk.1.B), Enro48 (Vh:2r29.1.B, VL:2y6s.1.A), and the CDR1
(orange), CDR2 (yellow) and CDR3 (pink).



Table 4.6 Prediction of the mAbs structure with SWISS-MODEL program.

Model Template Organism GMQE | QMEAN
mAD VH 1a0qg.1.B Mus musculus 0.97 0.39
Norl32 | v | 2y6s1A | Musmusculus | 0.96 181
VH 5do2.1. B Mus musculus 0.84 0.02
mADb

Nor1ss VL 4qnp.1.C Mus musculus 0.96 -0.6
VH 2aab.1. B Mus musculus 0.92 -1.42

mADb Enro44
VL 4amk.1. B Mus musculus 0.99 -0.52
VH 2r69.1. B Mus musculus 0.81 -2.52

mADb Enro48
VL 2y6s.1.A Mus musculus 0.97 -1.76

4.7 Molecular Docking
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Theoretically, mAb structure consist of four polypeptide chains, comprising two

heavy chains (H chain) and two light chains (L chain). Each of heavy chains and

Light chains has constant region (C), which identifies the isotype of antibody, and the

amino-terminal variable or variable region (V) at the tip of the arms of antibody,

which conduces to the antigen-binding site (Figure 4.13). The crucial part of variable

regions is complementarity determining regions (CDRs), which are the high diversity

of antigen specificities. For this reason, predicting antigen-antibody interaction will

focus on the antigen binding site (Vn and VL) region.
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Variable Region
\ , —> Antigen Binding Site
\ Light chain /

I

Constant Region )
Heavy chain

Figure 4.13 Structure of a typical antibody is composed of two heavy chains and two
light chains linked by disulfide bonds which each heavy chain is linked to a light

chain and the two heavy chains are linked together.

The best molecular docking by placing ligand into the active site of the mAbs
using AutoDock vina, which uses global optimizer to provide repeated docking results
for ligands with approximately 20 flexible bonds’® "X, This program would give the
various snapshots when the protein dock with ligands. In this study, mAb-drug
docking was done by blind docking method because the binding pocket of mAbs were
unknown. Therefore, whole mAb was enclosed into grid box. Besides the energy
binding, the proper lowest binding energy of ligand poses was selected since the score
was calculated based on the negative of the sum component in term of energy, which
the best-fitted ligand binding position has the least energy. Figure 4.14a shows that
most of the ligands posed into CDRs area. Therefore, the area of ligand poses was
significantly considered which mAb subdomains of HCDR1, HCDR2, HCDR3,
LCDR1, LCDR2, and LCDR3 are favorable for interaction with targeted
fluoroquinolone molecules (Figure 4.14). The apposition of complementary shapes
results in numerous contacts between amino acids at the binding surfaces of both
molecules. Principally, numerous hydrogen bonds, electrostatic interactions, and van
der Waals interactions, reinforced by hydrophobic interactions, combine to give
specific and strong binding’® "3, Furthermore, the binding models were examined by
PyMOL Stereo 3D Quad-buffer, and the prediction of different amino acid residues
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interacts with the homology modeling of mAbs using Discovery Studio 2019 client
(BIOVIA Inc, Shenzhen, China).

CDRI

CDR3

Figure 4.14 Showing the docked FQ molecules include norfloxacin (cyan),
enrofloxacin (magenta), ciprofloxacin (yellow), and ofloxacin (salmon pink) with
mADbs; a) mAb Nor132, b) mAb Nor155, ¢) mAb Enro44, and d) mAb Enro48. Image
created in PyMOL.

From the docking results, the docked conformation of mAb Norl132 with 4FQs
reveal binding energies between -7.3 kcal/mol to -7.8 kcal/mol. As norfloxacin,
enrofloxacin, and ciprofloxacin make carbon hydrogen bonds to histidine residue
(HIS) at amino acid sequence position 38 of light chain (L:38); HIS (L:38) and ASP
(H:100) while ofloxacin makes only single carbon hydrogen bonds to binding site
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residue ASP (H:100), and the phenyl group of 4FQs could form n—m stacking
interactions with TYR (H:99) residues. Additionally, all ligand poses in the area
between pocket site HCDR3 and LCDR3, (Figure 4.15). From the result, it can be
seen that the binding energies of docking were highly related to the specificity of
FQs-mAb for Norl132 observed in icELISA assay except ofloxacin (Table 4.3). As
ofloxacin had the binding energy higher than another drugs, probably because
ofloxacin bonds with ASP (H:100) residues with the bonding length lesser than 3.45
A while another drug bond with ASP (H:100) at approximately 3.64 A of bonding
length, which causes the best fitness to mAb Nor132. However, HIS (L:38) and ASP
(H:100) residues were probably the major binding site of mAb Norl132. In addition,
the docking conformation of mAb Nor155 with a target FQ molecule were examined.
All ligands interact with the same residues as conventional hydrogen bonds with
binding site residues TYR (H:35), ASN (H:101), and LYS (H:106) and carbon
hydrogen bond with ASN (L:92) and ASN (L:93), and other hydrophobic contributors
like m—m stacking interaction with TYR (H:59) presumably provided better fitting in
mADb Norl55 pocket site. Furthermore, the ligand structures are positioned quit
similarly in the pocket sitt HCDR2, HCDRS3, and LCDR3 (Figure 4.16).

Comparing mAb Norl32 and mAb Nor155 docking, both mAbs could form bonds
with 4FQs into the CDRs pocket site of mAbs. Whereas, mAb Norl55 had more
interact with different bonds. It probably concludes that mAb Nor155 was more well
fit than mAb Norl132. These reasons could possibly support the different affinities
result between mAb Norl32 and mAb Norl55 from SPR assay. Moreover, these
results concluded that both mAbs could bind all drug by interaction with several
bonds. Basically, interaction of antibody-antigen is hydrogen bond which strong

interaction.
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As for docked pose of ligands with mAb Enro44, the interaction of mAb
Enro44 with norfloxacin and ciprofloxacin make conventional hydrogen bond to
binding site residues SER (L:8) and GLU (H:42), and carbon hydrogen bond GLY
(L:103) which the docked position of both ligands bind outside the area CDRs of
mAb Enro44. While enrofloxacin and ofloxacin bind to residues TRP (H:47) and
GLY (L:101) as conventional hydrogen bond and carbon hydrogen bond LEU (L:98).
The docked conformation of two ligands pose near loop HCDR2 and LCDRS.
Nonetheless, hydroxyl moiety of enrofloxacin and ofloxacin structure interact with
the same binding residue, the ring parts are pose quit diversely (Figure 4.17). From
the Figure 4.17a and 4.17c, the norfloxacin and ciprofloxacin position bonded the
other side of CDRs area. In fact, the variable regions (Vxand VL) will combine with
the constant regions. Therefore, the binding couldn’t happen since these areas were
presumably merged with the constant regions. The interaction of mAb Enro48 and the
target FQs showed that when the mAb Enro48 was combined with norfloxacin, GLU
(H:65) and ARG (H:40) have conventional hydrogen bond interactions, makes carbon
hydrogen bond interactions with GLU (H:46) and LYS (H:61). When the mAb
Enro48 was combined with enrofloxacin, which makes single conventional hydrogen
bonds to binding site residue SER (L:101), and carbon hydrogen bond with GLU
(L:102). The docked conformation of ciprofloxacin, ARG (H:40), GLU (H:65), and
GLU (L:102) had conventional hydrogen bond interactions, LYS (H:61) makes
carbon hydrogen bond interaction. While conventional hydrogen bonds of ofloxacin
bind to ARG (H:40), and carbon hydrogen bond interaction occurred with SER
(L:101) and LYS (H:61). Moreover, enrofloxacin and ciprofloxacin make salt bridge
to binding site residues GLU (H:46) as Figure 4.18. However, enrofloxacin and
ofloxacin ligand pose near the area of CDRs than norfloxacin and ciprofloxacin. In
addition, when considering the structure of enrofloxacin and ofloxacin. ofloxacin
contain methyl group in piperazine ring like enrofloxacin, and enrofloxacin is the only
molecule that has ethyl group in piperazine ring, which is uniquely important for the
antibody recognition. Herein, the lowest binding energy (AG) and the significant
interaction bonds between amino acid residues of mAbs and the target FQ molecules

were summarized in Table 4.7.
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The blind docking between the mAbs and FQ derivatives shown that mAb Nor155
docking is outstanding. Although mAb Nor155 could bind with the four tested FQs
like mAb Norl132, it had stronger binding than mAb Norl32. The FQ drugs posed
repeatedly into the CDRs pocket site of mAb Nor155, which oxygen in the carboxylic
group and the keto group of drugs could form conventional hydrogen bond with TYR
(H:35) of CDR1 and ASN (H:101), LYS (H:106) of CDRS3, respectively.
Furthermore, fluorine could form halogen bond with SER (L:91) of CDR3 which
these bonds probably bind to the main structural areas of FQs group.

The result showed that the mAb Nor155 should be further developed by site direct
mutagenesis techniques, protein engineering techniques, or others to get mAb that can
bind to all FQs with similar sensitivity for increasing efficiency to detect drug

residues in animal-derived food.
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CHAPTER V
CONCLUSIONS AND SUGGESTION

5.1 Conclusion

Sensitivity, specificity, affinity, and interaction of mAbs to four fluoroguinolones
(FQs) including norfloxacin, enrofloxacin, ciprofloxacin and ofloxacin which have
closely related chemical structures, were examined by ELISA, SPR, and molecular
docking, respectively. Both mAb Nor132 and mAb Nor155 raised against norfloxacin
could bind with the four tested antibiotics. However, mAb Nor155 had higher affinity
to all FQs than mAb Nor132 did. This could be due to the reason that mAb Norl155
formed conventional hydrogen bond with FQs molecules whereas the bindings of
mADb Norl32 with the FQs were without this bond. The binding of mAb Norl55
yielded the highest binding affinity in the pocket between LCDR3 and HCDR3. In
case of mAb Enro44 and mAb Enro48 raised against enrofloxacin, these mAbs were
highly specific to only enrofloxacin. MAb Enro44 showed the best affinity to
enrofloxacin and TRP (H:47) and GLY (L:101) residues were the expected major
amino acid sequences of the binding sites. Sensitivity of mAb Norl55 and mAb
Nor132 was high enough to generally detect all tested FQs while that of mAb Enro44
and mAb Enro48 was high enough to specifically detect only enrofloxacin at the

currently enforced maximum residue limit.

5.2 Suggestions
X-ray crystallography studies should be performed in order to gain more
insight and understanding of the affinity binding between the mAbs and the FQs.
Binding of the mAbs with other FQs should be performed to get more

information of the major amino acid sequences of the binding sites
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APPENDIX A

Reagents and Buffers
1. Media for hybridoma culture

1.1 Media for hybridoma culture

RPMI 1640 (Roswell Park Memorial Institute) 1043 g
NaHCOs3 2 g
L-glutamine 01 g
Glucose 2 g
Sodium pyruvate 011 g
Distilled water 1000 ml
The medium was sterilized by filter membrane 0.22 um and stored at
4°C until use.

1.2 Freezing medium (10% v/v DMSOQO)
Dimethyl sulfoxide (DMSO) 10 ml
RPMI 1640 medium 90 ml

The medium was stored at 4°C until use.
2. Buffer for antibody purification by protein G column
2.1 20 mM sodium phosphate, pH 7.0 (equilibrated buffer)
NazHPO4-12H20 7.169 (dissolved in DDI water 1 L)
NaH2PO4-H>O 2.769 (dissolved in DDI water 1 L)
Na2HPO4 solution was titrated with NaH2POa solution until pH 7.0. The
solution was filtered through a 0.2 um filter membrane and kept at 4 °C until use.
2.2 0.1 M Glycine-HCI buffer, pH 2.7 (eluted buffer)
Glycine 75 ¢
DDI water 1000 ml
Glycine solution was titrated with conc. HCI until pH 2.7. The solution was
filtered through a 0.2 pm filter membrane and kept at 4 °C until use.
2.3 1 M Tris-HCI buffer, pH 9.0 (neutralized buffer)
Tris base 121.14 ¢
DDI water 1000 ml

Tris solution was titrated with conc. HCI until pH 9.0. The solution was
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filtered through a 0.2 um filter membrane and kept at 4 °C until use.
3. Buffers and reagents for SDS-PAGE
3.1 10% (w/v) SDS
Sodium dodecy!l sulfate (SDS) 10 g
Deionized (DI) water adjusted volume to 100 ml
3.2 10% (w/v) APS

Ammonium persulfate (APS) 1 g

DI water adjusted volume to 10 ml
3.31 M Tris-HCI, pH 6.8

Tris base 1211 g

The reagent was dissolved homogeneously with small volume of DI water
and adjusted the pH to 6.8 with 1 N HCI. Then the water was added to reach final
volume 100 ml.

3.41.5M Tris-HCI, pH 8.8

Tris base 18.17 g

The reagent was dissolved homogeneously with small volume of DI water
and adjusted the pH to 8.8 with 1 N HCI. Then the water was added to reach final
volume 100 ml.

3.5 2X Laemmile buffer (SDS-dye) 10 ml

1 M Tris-HCI, pH 6.8 1 ml (final conc. 100 mM)
10% SDS 4 ml (4% viv)

Glycerol (87%) 2.29 ml (20% v/v)
Bromphenol blue 0.001g

HPLC water adjusted volume to 10 ml

The solution was stored at -20 °C until use.

3.6 SDS staining dye
2X Laemmli buffer (SDS-dye) 900 ul
[-mercaptoethanol 100 pl
The solution was stored at -20 °C until use.

3.7 10% separating gel (8 ml)
Sterile water 3.436ml

40% Acrylamide and Bis-acrylamide solution 2 ml



1.5 M Tris-HCI, pH 8.8
10% SDS
10% APS
TEMED
3.8 5% stacking gel (2 ml)

Sterile water

70

2 ml
0.08 ml
0.08 ml
0.004 ml

1.204ml

40% Acrylamide and Bis-acrylamide solution 0.25 ml

1 M Tris-HCI, pH 6.8
10% SDS
10% APS
TEMED
3.9 5x running buffer for SDS-PAGE
Tris base
Glycine
SDS
DI water adjust volume to

For working solution, 1x running buffer

5x running buffer to total volume 500 ml using DI

3.10 Staining solution
Coomassie brilliant blue R-250
Methanol
Acetic acid
Distilled water adjust volume to
The solution was stored in a dark bottle.

3.11 Destaining solution

0.504ml
0.02 ml
0.02 ml
0.002ml

151 ¢
94 g
5 ¢
1000 ml
was prepared by diluting 100 ml of

water.

25 g
500 ml
100 ml

1000 ml

Destain (30% methanol and 10% acetic acid)

Methanol
Acetic acid
DI water adjusted volume to
4. Buffers and Reagents for ELISA test kit

300 ml
100 ml
1000 ml

4.1 0.2 M Phosphate buffer, pH 7.4 (PB stock)

Na;HPO4-12H.0

71.63 g (dissolved in DI water 1 L)
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NaH2PO4-H.O 27.60 g (dissolved in DI water 1 L)
Na2HPO4 solution was titrated with NaH2PO4 solution until pH 7.4. The PB
stock solution was mixed and kept at room temperature.
4.2 0.01 M Phosphate buffer saline, pH 7.4 (PBS)

0.2 M Phosphate buffer, pH 7.4 1000 ml
NaCl 1752 g
DI water adjusted volume to 20 L
4.3 0.05% (v/v) Tween-20 in PBS (PBST; washing buffer)
Tween-20 05 ml
PBS 1000 ml
4.4 5% (w/v) skim milk (blocking solution)
Skim milk 5 g
PBS 100 ml
4.5 205 mM potassium citrate buffer, pH 4.0
Citric acid 43.1 g (dissolved in DDI water 1 L)
Potassium citrate 66.5 g (dissolved in DDI water 1 L)

Citric acid solution was titrated with potassium citrate solution until pH 4.0.
The solution was mixed and kept at 4 °C until use.
4.6 TMB substrate solution
3,3, 5,5 -Tetramethylbenzidine (TMB) 2.5 mg (dissolved in 250 pl DMF)
205 mM potassium citrate buffer, pH 4.0 10 ml

30% H20> 35
4.7 1 M H2SO4 (stop solution)

H2SO4 (95-97%) 102 ml

DI water adjusted volume to 1000 ml

5. Buffers and Reagents for SPR
5.1 0.05% (v/v) P20 in PBS (PBS+P20 buffer)
Surfactant P20 0.5 ml
PBS 1000 ml
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5.2 0.05% (v/v) P20 in NaCl (NaCIl+P20 buffer)

Surfactant P20 0.5 mi

NaCl 8.766 g (dissolved in DDI water 1 L)
5.2 50 mM NaOH (Regeneration buffer)

NaOH 2 g

DDI water 1000 ml
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1. Determination of protein concentration of FQ drugs to OVA by BCA protein

assay kit

The protein concentrations were calculated from the standard curve of BSA

(Figure A.1 and A.2) that was generated from the relation between BSA concentration
and the absorbance at 560 nm in Table A.1 and Table A.2.

Table B-1 concentration of standard BSA and absorbance at 560 nm for determination

for NOR-OVA and ENRO-OVA concentration

Absorbance at 560 nm
BSA concentration(ug/ml)
mean 1 2
0 0.1080 0.1103 0.1057
100 0.2733 0.2701 0.2764
200 0.4632 0.5907 0.3357
400 0.5739 0.7237 0.4240
600 0.8800 0.8861 0.8738
800 1.1536 1.1862 1.1209
1000 1.2715 1.3364 1.2065
BSA concentration
1.4
1.2
é y =0.0011x+0.1855
% 1 R?=0.9827
< 08
é 0.6
2
2 0.4
R}
< 0.2
0
0 200 400 600 800 1000 1200

Protein concentration (ug/ml)

Figure B-1 Standard curve of BSA by BCA protein assay for detection NOR-OVA
and ENRO-OVA concentration.
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Table B-2 concentration of standard BSA and absorbance at 560 nm for determination
for CIPRO-OVA and OFLOX-OVA concentration.

BSA concentration(pg/ml) Absorbance at 560 nm
mean 1 2

0 0.1249 0.1263 0.1234
100 0.2876 0.2798 0.2954
200 0.4665 0.4610 0.4719
400 0.7251 0.6814 0.7687
600 0.9727 0.9821 0.9633
800 1.2054 1.1460 1.2648
1000 1.4228 1.4228 1.4228

BSA concentration

16
14
= y =0.0013x+0.1734
212 R?=0.9947
O - .
o
o1
®
o 08
(%)
£06
=
go4
<02
0
0 200 400 600 800 1000 1200

Protein concentration (pig/ml)

Figure B-2 Standard curve of BSA by BCA protein assay for detection CIPRO-OVA
and OFLOX-OVA concentration.



2. Determination of Concentration and Molecular Weight of MAbs

Table B-3 concentration and absorbance at 560 nm of BSA standard for the

determination of mAbs concentration.

75

BSA concentration(pug/ml) Absorbance at 560 nm
mean 1 2

0 0.0814 0.0799 0.0828
100 0.2299 0.2270 0.2327
200 0.4449 0.4391 0.4507
400 0.7082 0.6687 0.7477
600 0.9813 0.9780 0.9845
800 1.2492 1.2767 1.2216
1000 1.4311 1.4029 1.4592

16
14
12

0.8
0.6
0.4
0.2

Absorbance at 560 nm

BSA concentration

y=0.0014x+0.1269
R?=0.9922

200 400 600 800 1000 1200
Protein concentration (pig/ml)

Figure B-3 Standard curve of BSA by BCA protein assay for detection mAbs

concentration.



3. Grid Boxes used in the thesis

Grid box 1

receptor = Nor132VHVL_H.pdbqt
ligand = norfloxacin_H.pdbqt
center_x = 36.519

center_y = 37.22

center_z =-4.491

size x =47.25

size y=47.25

size z=47.25

Grid box 2

receptor = Nor132VHVL_H.pdbqt
ligand = Enrofloxacin_H.pdbqt
center_x = 36.519

center_y = 37.22

center_z =-4.491

size x =47.25

size y=47.25

size z=47.25

Grid box 3

receptor = Nor132VHVL_H.pdbgt
ligand = Ciprofloxacin_H.pdbqgt
center_x =36.519

center_y = 37.22

center_z =-4.491

size_ x =47.25

size y =47.25

size z=47.25

Grid box 4

receptor = Norl32VHVL_H.pdbqt
ligand = Ofloxacin_H.pdbqt
center x =36.519
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center_y = 37.22

center_z =-4.491

size x =47.25

size y =47.25

size z=47.25

Grid box 5

receptor = Nor155VHVL_H.pdbqt
ligand = norfloxacin_H.pdbqt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

size y=42.432

size z =32.64

Grid box 6

receptor = Nor155VHVL_H.pdbqt
ligand = Enrofloxacin_H.pdbgt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

size y=42.432

size z =32.64

Grid box 7

receptor = Nor155VHVL_H.pdbqt
ligand = Ciprofloxacin_H.pdbqt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

Size 'y =42.432

size z=32.64
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Grid box 8

receptor = Nor155VHVL_H.pdbqt
ligand = Ofloxacin_H.pdbqt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

size y =42.432

size z =32.64

Grid box 9

receptor = Enro44VHVL_H.pdbgt
ligand = norfloxacin_H.pdbqt
center_x = 36.519

center_y = 37.22

center_z =-4.491

size x =47.25

size y=47.25

size z=47.25

Grid box 10

receptor = Enro44VHVL_H.pdbqt
ligand = Enrofloxacin_H.pdbgt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

Size y =42.432

size_z =32.64

Grid box 11

receptor = Enro44VHVL_H.pdbqt
ligand = Ciprofloxacin_H.pdbqt
center_x = 37.757

center_y = 36.377

78



center_z =-18.687

size x = 32.64

size y =42.432

size_z =32.64

Grid box 12

receptor = Enro44VHVL_H. pdbgt
ligand = Ofloxacin_H.pdbqt
center_x = 37.757

center_y = 36.377

center_z = -18.687

size x =32.64

size y =42.432

size z =32.64

Grid box 9

receptor = Enro48VHVL_H. pdbgt
ligand = norfloxacin_H.pdbqt
center_x = 36.519

center_y = 37.22

center_z =-4.491

size x =47.25

size y=47.25

size z=47.25

Grid box 10

receptor = Enro48VHVL_H. pdbqt
ligand = Enrofloxacin_H.pdbqgt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

Size 'y =42.432

size z=32.64
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Grid box 11

receptor = Enro48VHVL_H. pdbgt
ligand = Ciprofloxacin_H.pdbqt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

size y =42.432

size z =32.64

Grid box 12

receptor = Enro48VHVL_H. pdbqt
ligand = Ofloxacin_H.pdbqt
center_x = 37.757

center_y = 36.377

center_z =-18.687

size x =32.64

size y=42.432

size z =32.64
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