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A high level of low-density lipoprotein (LDL) is known as one of the major
causes of atherosclerosis. Some monoclonal antibodies (mAbs) to LDL were reported
to reduce atherosclerotic plaque size, which may be applicable for therapeutic drug
development. In-house mAbs that are specific to human LDL were produced and
found to specifically bind to apolipoprotein B-100. In this study, three mAb clones
hLDL-E8 (IgG,), hLDL-2D8 (IgG,,) and hLDL-F5 (IgG,;) were characterized for their
complementarity determining regions or CDRs, binding epitopes and binding affinity.
RT-PCR experiment indicated that the variable regions of these antibodies are
composed of kappa light chains and gamima heavy chains. DNA sequencing revealed
that variable regions have a proper in-frame variable gene. The protein sequence was
analyzed by IMGT for CDR identification with an acceptable percentage identity more
than 50% compared to databases. The variable fragment (Fv) structures of the mAbs
were constructed by SWISS-MODEL with an acceptable QSQE score value above 0.7.
The backbone dihedral angle was analyzed by Ramachandran plot and it was found
that 99% of the amino acid. residues are in acceptable regions. ApoB protein was
digested with thrombin to generate 4 different apoB-100 fragments including T1, T2,
T3 and T4. Western blot indicated that hLDL-E8 and hLDL-F5 specifically bind to T3
which includes amino acid residues 1297-3249, while hLDL-2D8 binds to the N-
terminus of T4 which includes amino acid residues 1-1297. These results are
consistent with epitope binding assay using an inhibition enzyme-linked
immunosorbent assay (ELISA), in which hLDL-E8 binds at different epitopes from
hLDL-2D8 and has some overlap with hLDL-F5. The IEDB database was used to
predict a binding region or linear epitope of the hLDL-specific mAbs. According to the
prediction, 53 peptides of T4 fragment and 70 peptides of T3 fragment were chosen

for virtual screening.
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GOLD and Autodock Vina were used for computational studies on molecular
docking to predict the binding epitope of hLDL-mAbs Fv and apoB-100 peptides. The
mAbs hLDL-E8 and hLDL-F5 showed highest binding to the amino acid sequences
1STSEYQADYE!® and 2'7YIKDSYD?' of full-length apoB-100, while mAb hLDL-2D8 had
the highest GOLD score with the sequence ®**DPNNYLPKES®** of apoB-100. The
predicted epitope binding sites of the mAbs to apoB-100 peptides was experimentally
confirmed by ELISA. The results indicated that mAb hLDL-E8 binds to apoB-100 at
amino acid residues in the range of 2050 to 2166 with OD values 0.24343 to 0.31347.
The mAb hLDL-2D8 bound to a peptide including amino acid residues 712 to 722. No
interacting signal to any peptide was observed for mAb hLDL-F5, which may be
caused by either misprediction or low binding affinity of the antibody. Finally, the
binding affinity of monoclonal antibodies to apoB-100 was determined by the ELISA
technique, and Beatty's equation was used to determine the affinity constant. The
results suggested that mAbs hLDL-2D8, hLDL-E8 and hLDL-F5 have an average affinity
constant value of 1.51+0.69 x 10° Mol}, 7.25+3.56 x 10° Mol and 4.39+2.63 x 10°
Mol’!, respectively. In addition, the-antibody concentration at OD-50 on the dose-
response curve revealed that mAbs hLDL-F5 tend to recognize two epitopes of apoB-
100, while hLDL-2D8 and hLDL-E8 recognized a single epitope of apoB-100. These
findings contribute valuable information for further use of these mAbs for laboratory

and clinical research.
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CHAPTER |
INTRODUCTION

1.1 Significance of research

According to the World Health Organization report in 2021, cardiovascular disease
(CVD) caused 17.9 million deaths in 2019, representing 32% of total global deaths
(WHO, 2021). Low-density lipoprotein (LDL) is a major cholesterol carrier in circulation,
which is considered as one of the major risk factors that promote the progression of
atherosclerotic cardiovascular disease.

Initiation of atherosclerosis involves the accumulation of LDL in the
subendothelial extracellular space within the arterial wall. Plasma LDL particles can
bind to proteoglycans of the extracellular matrix through ionic interactions, which
trap them in the arterial wall to promote the atherogenic process. LDL oxidation
plays a crucial role in atherosclerotic plaque formation as oxidized LDL (oxLDL) can
be taken up by smooth muscle cells, endothelial cells and macrophages (Tian et al,,
2020). Thus, plasma LDL concentration is used in determining the level of circulating
atherogenic lipoproteins and their metabolism. LDL particle contains apolipoprotein
B-100 (apoB-100), which acts as a principal ligand that can be recognized by the LDL
receptor leading to LDL-receptor mediated endocytosis.

ApoB can be categorized into two major forms, full-length apoB-100 containing
4536 amino acid residues found as an integral component of LDL and a truncated
form consisting of the N-terminal 2152 amino acids (apoB-48), which is found mainly
in chylomicrons (Behbodikhah et al., 2021). The amino acid sequence of apoB-100
has been deduced from its MRNA sequence, leading us to map the epitopes defined

by their specific antibodies (Krul et al., 1988).



Several studies revealed that the binding regions of apoB-100 by mAbs or LDL-
receptor consist of a small linear sequence of about 10 amino acids, which is a
proteoglycan-binding region. Additionally, the principal proteoglycan binding site of
apoB-100 was also identified and named as the site B (residues 3359-3369) (Flood et
al., 2002).

According to the growing number of monoclonal antibodies (mAbs) produced
against human LDL, current information about epitope mapping on the amino acid
sequence of apoB-100 has been characterized and suggests that this molecule
contains several epitope binding sites.

Several pharmacological and clinical studies on atherosclerosis revealed that
antibodies specific to the epitope of oxLDL show atheroprotective effects, such as
abatement of atherosclerotic plaque size and inflammation (Ji and Lee, 2021; Smeets
et al,, 2022). Therefore, the recognition site for LDL that directly interacts with
antibodies is important for research and medical applications.

In our laboratory, monoclonal antibodies against human LDL have been generated
and bound specifically to apoB-100 of LDL particles, however their specific binding
sites on apoB-100 have not been identified.

In general, a mAb contains two variable regions that are composed of six
hypervariable loops of complementarity-determining regions (CDRs). Therefore,
antibody sequence analysis of our newly generated mAbs against human LDL will
provide more information about their structure and specific binding mode of these
antibodies, which is a critical point for further study on the apoB-antibody interaction
at the molecular level.

Firstly, the antigen-binding site or paratope was identified according to numbering
of amino acid residues of antibodies or CDR regions on the variable fragment (Fv).
Several methods, based on the random automatic learning techniques with specificity
as high as 80% and implemented on free and easy-to-use severs (AbRSA, IMGT,
IgBLAST) have been exploited to correctly define these CDRs of the antibody
recognition site (Olimpieri et al., 2013).

Rational design for prediction of the antigen-antibody interaction using

computational molecular docking is one of the foremost methods for potential



therapeutic antibody development. However, accurate estimation is challenging due
to computational inaccuracy and unreliable binding predictors. Therefore, the
information obtained from the computational prediction needs to be confirmed by
various experimental assays such as enzyme-linked immunosorbent assay (ELISA) and
Western blot.

The obtained results will be useful for further development of therapeutic

antibodies or diagnostic tools for atherosclerotic plaque progression.

1.2 Objectives
1.2.1 To identify CDRs of in-house monoclonal antibodies against human LDL and
their binding epitopes on apoB-100.
1.2.2 To study the binding affinity of monoclonal antibodies on human apoB-100.

1.3 Literature review

1.3.1 Lipoproteins

Lipoproteins are amphiphilic particles containing a central hydrophobic core of
non-polar lipids, cholesteryl esters, and triglycerides. The hydrophobic core is
surrounded by a monolayer of phospholipids containing free cholesterol and
apolipoproteins, which facilitate lipoprotein formation and functions. Lipoproteins are
synthesized mainly in the liver and to a lesser extent in the intestine to transport
dietary triglyceride and cholesterol to various cells of the body. Based on their size
and lipid components, plasma lipoproteins can be categorized into five different
groups; chylomicrons (CM) (<0.94 ¢/ml), very low density (VLDL) (0.94-1.006 g/ml),
intermediate density lipoprotein (IDL) (1.006-1.019 ¢/ml), low density (LDL) (1.019-
1.063 ¢/ml), and high density (HDL) (1.063-1.210 ¢/ml) lipoproteins (Figure 1.1)
(Feingold, 2021).
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Figure 1.1 Composition and main physical-chemical properties of major lipoprotein
classes. The outer shell of lipoproteins consists of phospholipid and cholesterol
combined with apolipoproteins that define the type, function and/or destination of
the lipoprotein. Hydrophobic lipids (triglycerides, cholesteryl esters) are in the core of
the lipoprotein. Adapted from (van Leeuwen et al., 2018).

Transportation of lipids in our body can be divided into two major pathways.
The exogenous pathway is involved in transporting dietary fats from the small
intestine to peripheral tissues in the form of chylomicrons and disassembly into
chylomicron remnants, which will then be taken up by the liver. The endogenous
pathway is involved in transporting synthesized lipids from the liver to the
extrahepatic tissues as VLDL. Triglycerides of VLDL are transported to the tissues by
the action of lipoprotein lipase (LPL), leading to transformation of VLDL to IDL and
cholesterol-rich LDL, respectively. These LDL particles mainly contain cholesteryl
esters and apoB-100 that deliver cholesterol to peripheral tissues and the liver. HDL
picks up excess cholesterol and delivers it to the liver for use or disposal (Figure 1.2).
A high level of LDL particles in circulation is principally pro-atherogenic to decrease
affinity for the LDL receptor-mediated uptake and removal, while a high level of HDL

is protective against atherosclerosis.
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Figure 1.2 Metabolism of apoB-containing lipoproteins. CM with apoB-48 and VLDL

with apoB-100 are secreted from the intestine and liver, respectively. In the

bloodstream, CM remnants are formed by the LPL-mediated lipolysis, which is

activated by apoC-Il. The lipolysis converts VLDL to VLDL remnants and subsequently

to LDL. LDL is taken up into the hepatocytes by low-density lipoprotein receptor

(LDLR). ApoE-enriched lipoprotein remnants are internalized by hepatocytes through

LDLR or heparan sulfate proteoglycan (HSPG)-lipoprotein receptor-related protein

(LRP) pathways. ApoCs prevent the apoE-mediated hepatic uptake of lipoprotein

remnants. Adapted from (Morita, 2016).



1.3.2 Apolipoproteins

Apolipoproteins are proteins of the various lipoproteins that regulate

lipoprotein metabolism and determine the unique roles of lipoproteins in lipid

metabolism. Functions of apolipoproteins are involved in transportation and

redistribution of lipids among various tissues via recognition of specific apolipoproteins

by cell surface lipoprotein receptors and maintenance of the structure of the

lipoprotein particles. The major apolipoproteins include the exchangeable

apolipoproteins; apoA-I, apoA-Il, apoA-IV, apoC-l, apoC-II, apoC-Ill and apoE. Non-

exchangeable is apolipoprotein apoB (apoB-100 and apoB-48), which is larger and

more water soluble than the exchangeable type. Information about apolipoproteins

is shown in Table 1.1 (Mahley et al., 1984).

Table 1.1 Types and functions of human apolipoproteins.

Apolipoprotein Molecular Function(s)
weight (Da)
apoA-I 28,000 Structural component of HDL Lecithin;
cholesterol acyl transferase  (LCAT)
activation
apoA-l 17,400 Structural component of HDL
apoB-100 512,000 Structural component of VLDL, LDL, IDL
Ligand for LDL receptor
apoB-48 264,000 Structural component of CM and CM
remnant
apoC-Il 8,900 Lipoprotein  lipase  (LPL) activation
cofactor
apoC-lll 8,800 Inhibition of LPL
apoE 33,000 Receptor ligand for LDL VLDL and CM

remnant




ApoB-100 is a major protein component of LDL that plays an important role
in lipid transport and maintenance of cholesterol homeostasis. The secondary
structure of apoB-100 is characterized by a large content of alpha-helix (~50%), beta-
sheet (~11%), beta-turn (~27%) and random coil (~13%) (Morita et al., 2003). An apoB
exists in two distinct forms, apoB-100 and apoB-48. Both forms are products of the
same structural gene located on chromosome 2 (Young et al., 1986). Human apoB-
100 is a large glycoprotein comprising 4536 amino acids synthesized in the liver,
which is a constituent of VLDL, IDL and LDL. ApoB-100 is responsible for the hepatic
clearance of LDL via low-density lipoprotein receptor (LDLR) or heparan sulfate
proteoglycan (HSPG)-lipoprotein receptor-related protein (LRP) pathways. HSPG is a
remnant receptor acting either independently or in concert with LRP in the clearance
of cholesterol-rich lipoproteins (Figure 1.2). ApoB-100 also plays a certain role in
maintaining the structural integrity of lipoprotein particles and in controlling their
interaction with LDLR (Esser et al., 1988). Apo-B48 is synthesized in the intestine
where the mRNA undergoes editing, resulting in a premature stop codon resulting in
a shorter protein of 2152 amino acids within chylomicrons. The existing evidence
suggests that apoB-48 neither participates in the particle interaction with the hepatic
remnant receptor nor contains an LDL receptor-binding domain (Cooper, 1997;

Goldberg et al., 1998).
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Figure 1.3 Schematic of human apoB-100. The left hand is an LDL particle consisting
of two sites (A and B) involved in the binding of apoB-100 (and LDL) to proteoglycans.
Adapted from (Olofsson et al., 2007). The right hand is a linear structure of apoB-100

indicating five structural domains.



LDL particles can bind to proteoglycans (PGs) in the subendothelial layer to
internalize its particles into the intima of blood vessels. The binding is mediated
through ionic interactions between the negatively charged (sulfate and carboxyl
groups) of the glycosaminoglycans (GAGs) and the positively charged (lysine and
arginine residues) in apoB-100. Two clusters of basic residues (A; 3147-3157 and B;
3359-3369) are presented on the surface of the LDL particle. Site B is the interacting
domain of apoB-100 with LDLR, whereas site A is not the primary LDLR binding site.
However, apoB-48 is capable of binding proteoglycans despite lacking site B. In
addition to LDLR binding, apoB-100 contains at least eight potential proteoglycan
binding sites (Figure 1.4).

Site (amino acids) Amino acid sequence
B-Ia (15-25)* Asp Ala Thr Arg Phe Lys His Leu Arg Lys Tyr
B-Ib (84-94)* Ala Leu Leu Lys Lys Thr Lys Asn Ser Glu Glu
B-II (222-232) Leu Asp Ala Lys Arg Lys His Val Ala Glu Ala
B-III (900-910) Pro Ser Pro Lys Arg Pro Val Lys Leu Leu Ser
B-IV (2079-2089) Gln Phe Val Arg Lys Tyr Arg Ala Ala Leu Gly
B-V (2117-2127) Ala Leu Thr Lys Lys Tyr Arg Ile Thr Glu Asn
B-VI (3148-3158) Ala Gln Tyr Lys Lys Asn Lys His Arg His Ser
B-VII (3359-3369) Arg Leu Thr Arg Lys Arg Gly Leu Lys Leu Ala
B-VIII (3668-3678) Ser Ile Gly Arg Arg Gln His Leu Arg Val Ser

@ The first putative glycosaminoglycan binding region was divided into B-Ia (15-25) and B-Ib (34-94).
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Figure 1.4 Amino acids sequence of eight putative glycosaminoglycan binding regions

of apoB-100. Adapted from (Flood et al., 2002).



1.3.3 The immune system in atherosclerosis

The atherosclerotic process begins with apoB-containing LDL cholesterol
bound to proteoglycans. When LDL particles are trapped in the intima, they are
prone to oxidative modification. Oxidized LDL (oxLDL) can activate endothelial cells
and macrophages to produce adhesion molecules and chemokines. The adhesion
molecules endothelial surface were upregulated leading to the accumulation of
monocytes at the subendothelial space. Under chemokine activation, monocytes
become macrophages and upregulate their receptors that finally remove these oxLDL
by phagocytosis of oxLDL. This leads to accumulation of remnant cholesterol that
leads to the macrophage developing to foam cells that are characteristic of the
atherosclerotic lesion, as shown in Figure 1.5. Moreover, several types of immune
response cells, such as T cells, B cells, mast cells, and dendritic cells (DC), are also
activated and produced during plaque progression.

The immune mechanisms and inflamsnmatory processes are directly involved in
the formation of atherosclerotic plaques (Shoenfeld et al., 2001). T cells are more
prevalent in the atherosclerotic plaque, where they identify antigenic peptides
produced from lipid and endothelial cells and release cytokines that promote
inflammation. Although effector T cells in mouse models of atherogenesis promote
atherogenesis, regulatory T (Treg) cells transfer is protective. For B cells, their main
functions are the generation of humoral immunity in form of antigen-specific
antibodies, antigen presentation, and co-stimulation of T cells as well as secretion of
a variety of cytokines. Th1l and Th2 cells have also been postulated to play different
roles in promoting the inflammatory response (Roselaar et al., 1996). Interestingly,
high titers of 1gM and IgG antibodies to oxLDL have been found to be associated with
cardiovascular disease. Some reports review that the oxLDL-IgG antibody titers were
lower, while the oxLDL-IgM antibody titers were higher in atherosclerotic

cardiovascular diseases than in the normal group (Li et al., 2016).
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Figure 1.5 The atherosclerotic plaque progression. Starting from the interaction

between apolipoprotein B-100 (apoB-100) and proteoglycans increases the possibility
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2016).
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1.3.4 Biochemical structure of antibody

Antibodies (Abs) are secreted by plasma cells derived from B cells, constituting
about 20% of the total protein in plasma by weight (Chaffey, 2003). General structures
are composed of two identical heavy chains (HCs) and two identical light chains (LCs),
which can be one of two functionally similar classes, kappa or lambda. The two HCs
and LCs are connected by disulfide bonds to form the arms of a Y-shaped structure.
The fragment antigen binding domain (Fab) is composed of two variable domains
(variable light chain, VL and variable heavy chain, VH) and two constant domains (CH1
and CL). In the pairing of light and heavy chains, the two variable domains dimerize
to form the variable fragment (Fv). Fv contributes to the antigen-binding site that is
defined by six hypervariable loops known as complementarity-determining regions
(CDRs), three in the light chain (L1, L2, and L3) and three in the heavy chain (H1, H2,
and H3). Both VL and VH fold in a manner that brings the hypervariable loops close
together to create the antigen-binding site or paratope. The constant (CH2, CH3)
regions of heavy chains determine the isotype and effector function of the secreted
immunoglobulin. In humans, antibodies are categorized into five classes; 1gG, I1gM, IgA,

IgE, and IgD (Table 1.2) (Amzel and Poljak, 1979).
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Figure 1.6 Antibody structure and genetic encoding. Stepwise rearrangement of the
germline DNA results in the joining of a heavy chain D and J gene segments, followed
by joining of a V segment to the D-J product to generate the DNA encoding for the
heavy chain variable region. The constant regions of the heavy and light chains
(domains CH1, CH2, and CH3 for the heavy chain, and CL for the light chain) are
encoded by downstream exons that are joined to the rearranged V(D)J gene by mRNA
splicing. Disulfide bridges joining protein chains in the full antibody structure are

shown with black dark blue line segments. Adapted from (Snapkov et al., 2022).
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Table 1.2 Antibody isotypes and their functions. Adapted by (McComb et al., 2019).

Antibody Functions Locations

IgM Naive B cell receptor Membrane bound,
Early antibody production released as a pentamer
Activates the complement
system

IsD Naive B cell receptor Membrane bound

IsG Directly  neutralize target Most common antibody
proteins in the bodily fluids
Mark targets for phagocytosis Found in monomeric
Mark targets for neutrophil form
degranulation Low levels at mucosal
Aid in complement activation sites

IgA Specialized for neutralization The main  antibody
of targets, weakly induces found at mucosal site
phagocytosis, or complement (e.g. intestine and lung)

in the dimeric form
IgE Specialized for activating mast Bound to  surface

cell which can induce rapid

responses, such as in allergies

receptors upon mast

cells

Immunoglobulin gamma (IgG) antibodies comprise 75% of antibodies in

circulation, followed by IgA at 15%, IeM at 10%, and IgD and IgE are the least
abundant. IsG can be split into 4 subclasses, 18Gy, I18G,, 18G5, and 1gGq, in which various
heavy chains give a distinctive conformation to the hinge and tail regions of
antibodies. Each subclass has its own characteristic properties (Schroeder Jr and
Cavacini, 2010) and these four IgG subclasses have almost 90% sequence identity.
Each subclass mediates effector activities, including antibody-dependent cellular
cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC), placental

transport, long half-life, high antigen binding, and therapeutic antibodies are currently
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exclusively found in the IgG class. To investigate novel targets and utilize the effector
capabilities of various immune cells, there is interest in creating therapeutic IgG
antibodies. However, the expression, purification, and characterization of these have

a few difficulties (Vattepu et al., 2022).

1.3.5 Antigen-antibody interaction

The antigen-antibody interaction is a bimolecular reversible association with
various non-covalent interactions between the epitope (antigenic determinant) and
paratope, a part of the variable region domain of the antibody. Non-covalent
interactions consist of electrostatic interactions, hydrogen bonds, hydrophobic
interactions, and van der Waals bonds or weak interactions (Figure 1.7), the binding

capacity of which is reversible in high ionic strength or extreme pH.

ANTIGEN ANTIBODY
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Figure 1.7 Types of non-covalent interactions that form the basis of antigen-antibody

(Ag-Ab) binding. Adapted from (Kim et al., 2003).

The Ag-Ab interaction is a type of highly specific binding, and with closely

related antigens, the better recognition depends on shapes, geometry, and chemical
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characteristics. The antigenic determinants or epitopes are surface areas of antigen
that are specifically recognized by an antibody (paratope). Epitopes are commonly
classified as either linear or conformational. Linear epitopes are made up continuously
of five to ten amino acids that appear when a protein is denatured or digested into
several segments. Conformational epitopes are discontinuous and dependent on the
native structure and the determinant can be lost by denaturation. Some protein
modifications (glycosylation, phosphorylation, ubiquitination, acetylation, and
proteolysis) can generate new epitopes called neo-antigenic determinants to be

recognized by its specific antibodies (Figure 1.8).
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Figure 1.8 The nature of antigenic determinants. Antigenic determinants (shown in
orange, red, and blue) may depend on protein folding (conformation) as well as on
primary structure. Some determinants are accessible in native proteins and are lost
on denaturation (A), whereas others are exposed only on protein unfolding (B). Neo-
determinants arise from post synthetic modifications such as peptide bond cleavage

(Q). Adapted from (Abbas et al., 2010).
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For the strength of antigen-antibody interactions including affinity force is
defined by the basic thermodynamic principle to describe how much antigen-

antibody complex according to the following equation.

[Ag-Ab]

K.=

a

[Ab][Ag]

K, is an association constant and shows the correlations between associated
concentration [Ag-Ab], and the dissociated concentrations of antibody [Ab] and
antigen [Ag], respectively. K, can therefore vary widely for antibodies from below 10°
M to above 10'* M and other factors can influence it, including temperature, pH,
and buffer composition. Antigens and antibodies interactions are categorized as
multivalent interactions (binding more than one site). The total binding strength of an
antibody is also determined by avidity, including the relation of singular binding
(binding affinity), total number of sites involved or valency, and depends on the
isotypes switching or structural arrangement, such as IgG is bivalent, and IgM is

decavalent to which a greater amount of antigen can bind.

1.3.6 Complementarity-determining regions (CDRs)

The binding site is formed by amino acids located in the CDRs from VL and VH
which interact with amino acids of the epitope. The specificity of an antibody to its
target is determined by CDRs of beta-sheets with six loops that constitute the CDRs.
Each domain contributes three CDRs, consisting of CDR-L1, CDR-L2, and CDR-L3 for VL
and CDR-H1, CDR-H2, and CDR-H3 for VH (Figure 1.9). Genetic recombinant of the V,
D, and J gene segments for VH and VL (excepted the D segment) with subsequent
somatic hypermutation in mature B cells accounting for antibody CDR sequence
diversity (Figure 1.6). The underlying assumption of this approach was that CDRs are
the most variable residues in the antibody sequence (Wu and Kabat, 1970; Johnson
and Wu, 2000). CDRs have unusual sequences that typically lack sequence motifs, or

similar elements and are hard to align, therefore leading to misidentifying CDRs loops.
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Some residues within CDRs may not contact directly with the antigen but are

important to maintain the conformational structure.

Figure 1.9 The Ab Fv region with the variable heavy chain (VH) in cyan color, the
variable light chain (VL) in green color and six complementarity-determining regions

(CDR) for both chains in red color. Adapted by (Chiu et al., 2019).
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Table 1.3 List of amino acids in CDRs (separating heavy, H and light, L chains). For
each amino acid corresponding (X) epitope residues of 140 protein-antibody

complexes from the Protein Data Bank (PDB). Adapted from (Ofran et al., 2008).

Amino acid CDR-L1 CDR-H1 CDR-L2 CDR-H2  CDR-L3  CDR-H3
Tyrosine, Y X X X X X X
Serine, S X X X X X
Asparagine, N X X X X
Tryptophan, W X X X X X X
Threonine, T X X X

Aspartic acid, D X X X
Histidine, H X X X

Glycine, G X X
Arginine, R X X X
Phenylalanine, F X X

Based on the current definitions of CDRs, general antigenic epitope amino
acids residues are present in all available protein-antibody complexes, as shown in
Table 1.3. Various amino acid residues that constitute the CDRs were identified based
on their high variability as compared to the other regions of the antibody. Although
the CDR boundaries are free and not limited by the common definitions, two
important factors should be considered. First, the CDRs should be as short as possible
to minimize the number of amino acid residues affecting species-associated residues.
Second, the CDRs should include at least all residues in direct contact with the
antigen. All definitions have advantages and disadvantages in terms of CDR grafting.
However, the specific interaction pattern of each antibody is important to maintain
the correct three-dimensional conformation and specify the physicochemical
environment of antibodies (Narciso et al., 2011). Knowing the specific residue is a key
aspect in antibody rational design, engineering, and prediction of the conformational

structure.
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Currently, several existing bioinformatic tools are used to search for antigen-
binding sites. Paratome is a tool for identification of antigen-binding regions that
define CDRs, but does not provide direct information about binding interaction type
of the specific residue (hydrogen bond, hydrophobic, and other non-bonded
interactions) (Kunik et al., 2012). Prediction of Antibody Contact (proABC) is a
developed server to identify amino acid residues of an antibody that are involved in
the probability that its interaction with the cognate antigen. It also builds a 3D model
of the antibody, in which residues are colored according to their contact probability
(Ambrosetti et al., 2020). IgBLAST is used to approach the germline sequence
alisnment against pre-annotated databases of germline genes and perform a map of
numberings to the query sequence (Ye et al., 2013). Antibody region specific
alignment (AbRSA) is another immunoinformatic analysis tool, which is easy-to-use.
This method can identify whether a query sequence is heavy or light chain, how the
sequence is numbered, and which region is the CDR. AbRSA also improves robustness
when numbering the antibodies with diverse patterns according to benchmark test (Li
et al,, 2019).

Furthermore, computationally predicted structural models can be used to
reduce time, cost, and provide a rapid accurate method for prediction. Various
methods have revolutionized the field of computational protein structure prediction.
For examples, AlphaFold is the top-ranked protein structure prediction that has
achieved near experimental accuracy for a large number of proteins (Jumper et al.,
2021). ABodyBuilder2 is used to perform an antibody specific model with accuracy of
the antibody-specific tools and consistently predicts structure with correct
stereochemistry. The SWISS-MODEL is a web server for structural bioinformatics
devoted to 3D protein structure homology modeling (Schwede et al., 2003; Biasini et
al., 2014), methods of homology (or comparative) modeling using experimental
protein structures (also known as "templates") to construct models for proteins that
are evolutionary related (also known as "targets"). Other software choices are listed in
Table 1.4. The root-mean square deviation (RMSD) between predicted and true
structure for each Fv was computed by aligning each antibody chain to the crystal

structure and then calculating the RMSD (Abanades et al., 2022). These servers use
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for antibody modeling provide a paratope residue prediction (Krawczyk et al., 2013),
epitope patch prediction (Krawczyk et al.,, 2014), and aid decisions about which
mutation can be made to enhance or at least not disrupt binding properties.
Moreover, correct identification of B-cell epitope within an antigenic protein may
permit the design of molecules and could be used to raise specific antibodies to

promote protective immunity (Sela-Culang et al., 2013).
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Table 1.4 Databases containing information and servers providing predictions and

analysis on antibody structure and sequence.

Method Definition Weblink Ref
proABC Predict CDR, 3D https://wenmr.science.uu.  (Ambrosetti
models of antibody nl/proabc2/ et al,, 2020)
ANARCI Align sequence of https://opig.stats.ox.ac.uk  (Dunbar and
variable domain from  /webapps/newsabdab/sa  Deane, 2016)
several species bpred/anarci/
AbRSA Query sequence is an  http://cao.labshare.cn/Ab (Li et al,,
antibody heavy or RSA/ 2019)
lisht chain
IgBLAST Germline sequence https://www.ncbi.nlm.nih. (Ye et al,,
alignment against gov/igblast/ 2013)
databases
IMGT/DomainG  Aligning the closest https://www.imgt.org/3Ds  (Giudicelli et
apAlign germline tructure- al., 2022)
V-region or C-domain  DB/cgi/DomainGapAlign.c
gi
PylgClassify Databases of CDR http://dunbrack2.fccc.edu (Adolf-
canonical classes /PylgClassify/User/UserPd  Bryfogle et
b.aspx al., 2015)
ABodyBuilder2 Build model and https://opig.stats.ox.ac.uk  (Leem et al,,
predict accurate /webapps/newsabdab/sa 2016)
conformation for bpred/abodybuilder2/
segment of models.
A fully automated https://swissmodel.expas  (Schwede et
SWISS-MODEL

protein structure
homology-modelling

server

y.org/

al., 2003)
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1.3.7 Ag-Ab interaction studies

1.3.7.1 Ag-Ab interaction study by computational analysis

Computational methods provide a fast and inexpensive route for
generated homology models for antigen-antibody interactions study. The construction
of accurate homology models for antibodies can correctly describe the affinity of the
Ag-Ab interactions. Molecular docking is carried out for the binding free-energy
simulations of the complex. The vital factor of molecular docking is the scoring
function that is composed of three major functions; the first is to determine the
binding mode and site of ligand binding to a protein, the second is to predict the
absolute binding affinity between the protein and licand, and the third is used to
identify potential of drug design by searching from a large ligand database. An
available free program that is widely used to study protein-ligand interaction is
AutoDock Vina. This program can dock simultaneously multiple ligands, which is an
alternative method for binding mode predictions based on force-field analysis. The
procedure attempts to predict noncovalent binding of macromolecule (receptor) and
small molecule (ligand), starting with their unbound structure obtained from the
Protein Data Bank (PDB) or homology modeling. Additionally, docking assumes all the
receptor is rigid, the covalent lengths and the free energy of binding (Huey et al.,
2012). In addition, GOLD docking is another popular program to predict the binding
affinity between ligand and protein. It provides speed for ligands screening using
Goldscore as an original scoring function based on the energy of hydrogen bonds, van

der Waals energy, metal interactions and torsion deformations (Verdonk et al., 2003).
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1.3.7.2 Ag-Ab Interaction and mapping on apoB studies by
experimental analysis
Specificity and affinity are qualities that make antibodies an important
tool in experimental biology, biomedical research, diagnostics, and therapeutic drugs.
Biochemical assays are used to understand antigen-antibody interactions by
measuring bioactivity, affinity, kinetics, and thermodynamics of binding.

There are several studies that report about antibody mapping on apoB-100.
Bacterial expression of apolipoprotein cDNA constructs have been used to map a
series of mAbs to apoB by immunoblotting (Pease et al., 1990). Electron microscopy
has been used to visualize pairs of mAbs binding to the LDL surface (Chatterton et
al,, 1991). Surface plasmon resonance (SPR)-based biosensor (BIA-technology) has
been used to study the interaction of different murine monoclonal antibodies (all
leG; isotype) against the main protein constituent of human LDL (Robbio et al., 2001).
Mapping antibody specificities to smaller regions along the linear sequence has been
done with thrombin generated fragment apoB-100 (Marcel et al,, 1987; Krul et al,,
1988; Fantappie et al.,, 1992).

1.3.7.2.1 Enzyme-linked immunosorbent assay (ELISA)

ELISA is a rapid, simple, and reliable method for determining the
affinity of an interaction by enzyme-labeled antibody or antigen binding followed by
enzyme activity measurement by colorimetry. ELISA is performed in polystyrene
plates, typically in 96-well plates with protein with high strong binding. The secondary
detection system uses a common enzyme, typically horseradish peroxidase (HRP) to
catalyze the oxidation of substrate by hydrogen peroxide resulting in a colored
product.

There are four major types of ELISA including direct ELISA, indirect ELISA,
sandwich ELISA, and competitive ELISA. These immunoassays can also be applied for
quantification based on the Law of Mass Action to provide the basis for calculation of
antibody affinity constants, K, (M™) in a solution phase assay (Beatty et al., 1987).

The affinity constant is analyzed by a sigmodal serial dilution curve and optical
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density (OD) showing a direct reflection of the amount of antibody bound to the

antigen in the well as shown in Figure 1.10.
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Figure 1.10 Theoretical ELISA curve response at different concentrations of coated
antigen. The corresponding OD-50 points move to the left on the graph as the coating
concentration decreases indicating [Ab] > [Ab’] > [Ab’’] > [Ab’"’] (Beatty et al., 1987).

According to the obtained sigmoidal curve, one-half of the amount of
antibody bound to antigen at 50% of OD-100 is the K of the antibody. The following
equation was derived from the Law of Mass Action for two identical antibody binding

sites and used to calculate the K.

1
Kt = ——
2(2[Ab-[Ab],)

Ky = Affinity constant, (M™)
[Ab]; = total antibody concentration, (M)
[Ab’]; = one-half concentration of [Ab];, (M)
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1.3.7.2.2 Surface plasmon resonance (SPR) method

SPR is an optical technique for detecting the interactions between
immobilized molecules on the sensor chip (e.g. gold film) and molecules flowing
over the chip in real-time. Binding affinity can be obtained from the ratio of protein-
protein interaction by measuring the change in the refractive index on the sensor
surface. Thus, SPR can measure the kinetic binding constant (associated constant (K,)
and dissociated constant (Ky)) and equilibrium binding constant (K). Furthermore,
this technique can also be applied for detection of protein mass without the labeling
of either radioactive or fluorescence. SPR is reported to have been successfully used
for mapping distinct epitopes on apoB-100 protein in solution dispensing with labels
and secondary tracers. It has been reported that SRP can recognize apoB-100
thrombolytic fragments which have been confirmed by immunoblotting (Robbio et

al., 2001).

1.3.7.2.3 Isothermal titration calorimetry (ITC)

Although SPR is very powerful for studying protein-protein interactions,
its weak point that affects binding affinity consists of mass transport effect and
surface immobilization. Therefore, ITC is one of the techniques that can resolve this
problem.

ITC is the best quantitative technique in measuring the thermodynamic properties of
protein-protein, protein-drug, protein-carbohydrate, or any biomolecular interaction
by using the change of heat as a signal. The binding affinity of each antigen-antibody
interaction was defined by precise measurement of its dissociation constant, Ky (small
Kgmeans tight or high binding affinity) by ITC assay. It also provides a direct
measurement of the binding enthalpy as well as binding stoichiometry and can aid in
the engineering of antibodies (Frasca, 2016). ITC accurately measures Ky from
millimolar to nanomolar values. Terms of thermodynamics parameters were

calculated by the Gibbs equation.
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AG = RTlnKy = AH - TAS
T = temperature (Kelvin)
S = entropy (Joule/Kelvin)
H = enthalpy (Joule)
R = gas constant = 8.314 J K'mol!

Characterization of binding enthalpy and entropy provide insight into the
binding mechanism. Enthalpy change is associated with making and breaking of non-
covalent bonds (hydrogen bonds, ionic bonds, and van der Waals interactions).
Different characteristics were shown with more order (entropically unflavored) and
disordered (entropically flavored) states involved in restriction and freedom at the
binding interface, respectively. A major contribution to the entropic contribution for
binding is the hydrophobic effect, associated with freeing water molecules. When
thermodynamic data are used together with structural and kinetic data from other

assays, a complete structure-activity-thermodynamic profile can be obtained.



CHAPTER Il
MATERIALS AND METHODS

2.1 Reagents

Iscove’s Modified Dulbecco’s Medium (IMDM) and fetal bovine serum (FBS)
were purchased from Gibco, USA. Serum free media (ISF-1) was purchased from PAN
Biotech, Germany. GENEzol™ reagent was purchased from Geneaid, Taiwan. A cDNA
synthesis kit was purchased from Vivantis, Malaysia. Phusion ™ High-fidelity DNA
polymerase, BCA assay kit, SYBR green, horseradish peroxidase conjugated
streptavidin, and the Chemiluminescent detection system were purchased from
Thermo Scientific, USA. The peptides with purity >90% were synthesized by Genscript,
USA. All primer sets for cDNA synthesis and PCR steps are listed in Table 2.1 and were
synthesized by ATGC company, Thailand. Streptavidin was purchased from Genscript,
USA. Horseradish peroxidase conjugated rabbit anti-mouse immunosglobulins antibody
was purchased from Dako, Denmark. Native human LDL protein, human apoB-100,
thrombin, and tetramethylbenzidine (TMB) substrate were purchased from Merck,

Germany. Coomassie brilliant blue R250 was purchased from AppliChem, Germany.
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Table 2.1 Mouse 1gG (mlgG) primers Adapted from (Meyer et al., 2019).

Primer Description Primer sequence
name
mIGK RT Reverse primer for 5" TTGTCGTTCACTGCCATCAATC 3’
kappa chain
mIGL RT Reverse primer for 5" GGGGTACCATCTACCTTCCAG 3’
lambda chain
mIGHG RT Reverse primer for 5" AGCTGGGAAGGTGTGCACAC 3’
heavy chain
ISPCR Universal forward 5" AAGCAGTGGTATCAACGCAGAG 3’
primer
mIGK PCR Reverse primer for 5" ACATTGATGTCTTTGGGGTAGAAG 3’
kappa chain
mIGL PCR Reverse primer for 5" ATCGTACACACCAGTGTGGC 3’
lambda chain
mIGHG PCR Reverse primer for 5" GGGATCCAGAGTTCCAGGTC 3’
heavy chain
IgG,, Heavy Reverse primer for 5" GGTGCGGTGTCCTTGTAGTT 3’
PCR heavy chain IgG,y,




2.2 Software used in the study
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Open-source software and computer technologies have grown in significance in

research and development. These databases allow for the organization of protein

sequence, structural and functional analysis. Bioinformatic tools that were used in

this study are listed in Table 2.2.

Table 2.2 List of software containing information biological databases.

Tool Source (URL) Ref
Uniprot https://www.uniprot.org/ -
(Vita et al,,
IEDB http://tools.iedb.org/main/bcell/
2019)
https://www.imgt.org/3Dstructure- (Lefranc et al,,
IMGT
DB/cgi/DomainGapAlign.cgi 2009)
IgBLAST https://www.ncbi.nlm.nih.gov/igblast/ (Ye et al,, 2013)

Primer-BLAST

Structure
Validation

Server

SWISS-MODEL

AutoDock Vina

GOLD

MEGA-X

Discovery

studio

https://www.ncbi.nlm.nih.gov/tools/primer-

blast/

https://saves.mbi.ucla.edu/

https.//swissmodel.expasy.org/

https://autodock.scripps.edu/

personal software license

https://www.megasoftware.net/

https://www.3ds.com/products/biovia/discovery-

studio

(Ye et al,, 2012)

(Waterhouse et
al., 2018)
(Huey et al,,
2012)
(Verdonk et al.,
2003)
(Kumar et al,,

2018)

(Studio, 2008)
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2.3 Preparation of monoclonal antibodies against human LDL

2.3.1 Cultivation of hybridoma cell producing mAbs to human LDL

Three hybridoma cells producing mAbs against human LDL (hLDL-2D8, hLDL-E8,
and hLDL-F5) were cultured in Iscove’s Modified Dulbecco’s Medium (IMDM) (Gibco,
USA), supplemented with 10% fetal bovine serum (FBS), 40 mg/ml gentamicin, and
2.5 mg/ml amphotericin B (Gibco, USA) in a humidified atmosphere of 5% CO, at
37°C. For high yield production of mAbs, hybridoma cells were cultured in ISF-1

serum free medium (PAN Biotech, Germany).

2.3.2 Isotypic determination

Isotypic determination of the mAbs was performed using the mouse mAb
isotyping reagents (Sigma Aldrich, USA) according to the manufacturer procedure.
Briefly, antibodies against different isotypes of immunoglobulin (IgA, 18Gy, 18G.,, 198Gy,
IG5 and IgM) were diluted in coating buffer (carbonate buffer, pH 9.6) at a dilution of
1:100 and coated onto an ELISA plate 50 ul per well and incubated at room
temperature (RT) for 2 h. The plate was blocked with 100 pl of 2% skimmed milk in
1X PBS pH 7.2 for an hour at RT. After removing of blocking solution, 50 pl of culture
supernatant of each mAb clone was added into each well and incubated at RT for an
hour. The plate was washed with 0.05% Tween-20 in PBS (PBST) 3 times before
adding 50 pl of horseradish peroxidase conjugated rabbit anti-mouse immunosglobulins
antibody (HRP-anti-mouse-Ig) (Dako, Denmark) at a dilution of 1:5,000 into each well
and incubating at RT for 1 h. After three times washing with 0.05% PBST, 50 pl of
tetramethylbenzidine (TMB; Merck, Germany) substrate was added into each well and
incubated at RT for 3 min. The reaction was terminated by adding 100 pl of 1N HCL.
The absorbance at 450 nm was measured using a microplate reader (Tecan,

Switzerland).

2.3.3 Monoclonal antibody purification by affinity chromatography
Culture supernatant containing mAb in ISF-1 medium were harvested and
centrifuged at 1,500 rpm for 5 min to collect clear supernatant. Purification of the

mAbs was performed by affinity chromatography using a HiTrap® Protein G Sepharose
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column linked to AKTA START protein purification system (GE Healthcare Bio-Science,
Sweden) according to the manufacturer’s instruction. The eluting fractions were
collected, and the buffer exchanged overnight at 4 °C by dialysis against 1X PBS pH
7.2. The concentration of the purified mAbs was measured by the BCA protein assay
kit (Thermo Scientific, USA) according to the supplier’s instruction. The purity of the
purified mAbs was checked by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) under non reducing and reducing conditions. The specific

activity was analyzed by indirect ELISA as described in 2.3.4.

2.3.4 Determination of antibody activity by indirect ELISA

Fifty microliters of human apoB-100 at concentration 10 pg/ml in coating buffer
was coated onto an ELISA plate and incubated at RT for 2 h. The plate was blocked
with 100 pl of 2% skimmed milk in 1X PBS pH 7.2. After incubation for 1 h at RT, the
blocking solution was discarded, and the plate was washed 3 times with 200 ul of
0.05% PBST. Fifty microliters of the purified mAbs at a final concentration 10 pg/ml
was added into each well and incubated at RT for 1 h. Then the plate was washed 3
times with 0.05% PBST before adding 50 ul of HRP-anti-mouse-Ig at a dilution 1:5,000
into each well. After an hour of incubation at RT, the plate was washed with 200 ul
per well of 0.05% PBST 3 times. Finally, 50 pl of TMB substrate was added into each
well and incubated at RT for 3 min. The reaction was terminated by adding 100 pl of
1 N HCL. The absorbance at 450 nm was measured in a microplate reader (Tecan,

Switzerland).

2.3.5 Purity determination of the purified monoclonal antibodies by SDS-
PAGE

Five micrograms of the purified mAbs were resolved in 10% SDS-PAGE under
reducing and non-reducing conditions. Proteins were separated by applying electricity
at 120 volts for 1 h. The separated proteins were visualized by staining the gel with
Coomassie brilliant blue R250 staining solution at RT for 1 h and destained

using destaining solution until there were clear protein bands with no background.
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2.4 Amplification of monoclonal antibody variable region

2.4.1 Total RNA extraction and cDNA synthesis

Total RNA was isolated from hybridoma cells using GENEzol reagent (Geneaid,
Taiwan) following the manufacturer’s protocol. The concentration of total RNA was
measured by a Nanodrop spectrophotometer at 260 nm wavelength. The purity was
checked by agarose gel electrophoresis. First strand complementary DNA (cDNA)
synthesis was carried out using M-MuLV cDNA synthesis kit (Vivantis, Malaysia) according
to the manufacturer’s instructions. Briefly, cDNA synthesis was performed in two
separated mixtures of 10 pl reaction volumes that consisted of 5 pg extracted RNA, 2
mM template-switch oligo (5" AAGCAGTGGTATCAACGCAGAGTACATGGG 3), Oligo d(T);g
(1 pb), 0.5 mM dNTPs, and nuclease-free water to the final volume. After incubating at
65 °C for 5 min, the reaction was placed on ice for 2 min and the mixture of 10X Buffer
M-MuLV (2 pl) and 100 U/pl M-MuLV reverse transcriptase was added. The reaction
mixture was then incubated at 42 °C for 60 min and terminated by incubating at 85 °C

for 5 min.

2.4.2 Amplification of cDNA by PCR

The PCR was performed with a total reaction volume of 50 pl, containing 5
ng/ul of first-strand cDNA, 0.5 uM Universal forward primer, 0.5 uM reverse primer
(kappa, lambda, heavy), 0.2 mM dNTP Mix, 5X Phusion™ HF Buffer (10 ul), 0.02 U/ul
Phusion™ High-fidelity DNA polymerase (Thermo Scientific, USA) and nuclease free
water to the final volume. The PCR condition comprised of initial heating at 98 °C for
30 s, followed by 35 cycles of denaturation at 98 °C for 10 s, annealing at 57 °C for
30 s, extension at 72 °C for 30 s and a final extension at 72 °C for 7 min.
Immunoglobulin specific primers of VH and VL used for cDNA amplification are listed
in Table 2.1. The PCR products (8 ul) loaded on a 1.2% agarose gel in SYBR green dye,
and then were visualized by UV exposure in a gel documentation system (Bio-rad,

USA).
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2.5 DNA sequence analysis

The PCR products of 2.4.2 were submitted for DNA sequenced by Sanger
methods (ATGC company, Thailand). The sequence chromatogram of clones
representing VL and VH chains was subjected to analysis by FinchTV-v 1.4.0 software
(https://finchtv.software.informer.com/1.4/). A consensus sequence pattern was built
from a set of three clones representing light and heavy chains by multiple sequence
alisnments using MEGA-X software with forty mouse immunoglobulin nucleotide
reference sequences from National Center for Biotechnology Information (NCBI)
databases. Nucleotide sequence verification and CDR domain assignment were carried
out using the Immunogenetics Information System (IMGT) (https://www.imgt.org/) by
choosing the default algorithmic parameters with the germline of mouse organisms.
The percentage identity of each light and heavy chain variable region was identified

by using IMGT.

2.6 Computational modeling of antibody Fv region

The VL and VH nucleotide sequences of each mAb clones were translated
into amino acids using the six reading frames by Expasy tool. The pairs of deduced VL
and VH chains protein sequences were submitted to the protein structure homology-
modeling server, SWISS-MODEL, for homology modeling using the crystal structure as
PDB template. The obtained models were evaluated by the Discovery studio program
for Ramachandran plot, molecular overlay with the reference crystal structure, and
amino acid residues of the Fv structure were evaluated for their backbone properties
(phi-psi angles) using the Verify3D bioinformation server (https://saves.mbi.ucla.edu/).

The CDR loop regions were assigned based on the IMGT numbering system.

2.7 Cleavage of LDL and apoB-100 using thrombin

One hundred and fifty micrograms of either purified human LDL (Merck,
Germany) or apoB-100 (Merck, Germany) was solubilized in buffer containing 10 mM
Tris-HCL, 0.3 mM EDTA (pH 8) and 3 pg of thrombin (enzyme: substrate =1:50 w/w) in

a total volume of 300 pl. The reaction was incubated for 8 h at RT and terminated by
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the addition of an electrophoresis sample buffer consisting of 5% (w/v) SDS, 40%
(w/v) sucrose, 10% (v/v) mercaptoethanol, and 0.01% (w/v) bromophenol blue, as

described in (Cardin et al., 1984; Fantappie et al., 1992).

2.7.1 Western blot analysis of mAbs reactivity to thrombolytic digested
apoB-100 fragments

Five micrograms of undigested and thrombolytic digestion proteins were
resolved using 6% SDS-PAGE and electrophoretically transferred onto a
polyvinylidenefluoride (PVDF) membrane. The blotted membrane was blocked with
5% skimmed milk in PBS pH 7.2 for 1 h at RT. The membrane was incubated with
mADbs in 2.5% skimmed milk in PBS pH 7.2: hLDL-E8 (2.5 pg/ml) for 3 h, hLDL-2D8 (10
ug/mb) or hLDL-F5 (5 pg/ml) for overnight. The stained membranes were washed 5
times with 0.1% Tween-20 in PBS (PBST) before incubation with HRP-anti-mouse-Ig at
a dilution of 1:5,000 in 2.5% skimmed milk in PBS pH 7.2 for an hour at RT. After 3
times washing with 0.1% PBST and twice with PBS, the protein bands were visualized
using an enhanced chemiluminescent detection system (SuperSignal™ West Pico
PLUS; Thermo Scientific, USA) and analyzed by Amersham Image Quant™ 500 CCD
imaging system (Cytiva, USA).

2.8 Computational docking and simulations of mAb Fv region with
apoB-100 peptides

The molecular docking GOLD 5.3.0 and AutoDock Vina programs were used for
prediction of the mAb Fv with apoB peptide binding complex. The sequence of apoB-
100 was taken from UniProt (human apoB), while the obtained Fv structures from 2.6
were used as the targeting structures for docking studies. Information obtained from
Western blot of thrombolytic fragment results and epitope prediction by the Immune
Epitope Database (IEDB) server were utilized to scope the binding regions for
preliminary analysis. Then, ligands were created and optimized for structure using the
Discovery Studio program. Before docking, preparation of the target site by adding

hydrogen atoms to the side chains, and charges addition is needed. A receptor grid
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with box diameter was generated according to antigen binding region as shown in
Figure 2.1. Subsequent docking rounds were performed with a peptide apoB-100 (~7

aa) and mAb Fv structure which passed the initial screen for detailed analysis of

interactions. Docking solutions were initially screened based on the RMSD < 1 with
the lowest energy binding for Autodock Vina and the highest for GOLD fitness score.
The binding model was visualized by the Discovery program, which provides
information about the bond distance, hydrogen bond and hydrophobic interaction of

each binding conformation.

Antibody modeling

* Fv modeling

—_— —_
Framework selection CDRs modeling Overlay structure
Antigen-Antibody analysis Assign parameters;
Proton (H), charge (+/-) Fv antibody Binding affinity
. apoB-100
|
W
Tt ¥ 3 RvMsD<1
£ e - f —_— /
2 ) .
W +
Antibody Antigen peptide Perform docking
Created by SWISS-MODEL _Created by Discovery . Gold Generate poses & Scores
e  Autodock ® Fitness score

® Binding score (kcal/mol)

Figure 2.1 Monoclonal antibody Fv modeling and molecular docking simulations.
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2.9 Epitope binding analysis by inhibition ELISA

Indirect ELISA was performed to analyze the epitope binding of mAbs clone
hLDL-F5, hLDL-E8 and hLDL-2D8. Five hundred nanograms per well of purified human
apoB-100 was coated onto the 96-well plateand and incubated at RT for 2 h. The
plate was then blocked with 100 pl per well of 2% skimmed milk in PBS pH 7.2 at RT
for 1 h. The blocking solution was discarded before adding 50 ul of unconjugated
anti-human LDL mAb (20 pg/ml). After incubation at RT for 1 h, the plate was washed
3 times with 200 ul per well of 0.05% PBST, then 50 ul of biotinylated anti-human
LDL mAb (10 pg/ml) was added and incubated at RT for 1 h. After the plate was
washed 3 times with 0.05% PBST, 50 pl of HRP-conjugated streptavidin (Invitrogen,
U.S.A.) at dilution 1:5,000 was added to each well. After incubation at RT for 1 h, the
plate was washed 3 times with 0.05% PBST before adding 100 pl of TMB substrate
and incubating in dark for 3 min. The reaction was stopped by adding 100 pl of 1 N
HCl into each well. The optical density (OD) at 450 nm was measured by a microplate
reader (Tecan, Switzerland). Percent inhibition was calculated according to the

following equation.

sample OD
Inhibition (%) = ( control OD - —— ) x 100
control OD

2.10 Affinity determination of apoB-100 specific mAbs by indirect ELISA

2.10.1 Titration of human apoB-100 concentration

Fifty microliters of human apoB-100 at various concentrations (0.019, 0.039,
0.078, 0.156, 0.312, 0.625, 1.25, 2.5, 5, 10, 20, 40 pyg/ml) were coated into ELISA plate
in coating buffer, pH 9.6 and incubated RT for 2 h. The wells were blocked with 100
ul of 2% skimmed milk in PBS pH 7.2 for an hour at RT. The plate was washed 3
times with 200 pl of 0.05% PBST and 50 ul of mAb clones hLDL-E8, or hLDL-2D8 or
hLDL-F5 (80 pg/ml) in 2% skimmed milk in PBS pH 7.2 was added. After an hour of
incubation at RT, the plate was washed 3 times with 200 pl of 0.05% PBST. Fifty
microliters of HRP-anti-mouse-Ig at a dilution of 1:5,000 was added to each well and

incubated at RT for an hour. The excess conjugated reagent was removed by washing
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the plate with 200 ul of 0.05% PBST for 3 times. The color representative of the
binding activity of the mAbs was visualized by adding 50 ul of the TMB substrate into
each well and incubating in dark at RT for 3 min. One hundred microliters of 1 N HCl
was added to stop reaction. The absorbance at 450 nm was measured using a

microtiter plate reader (Tecan, Switzerland).

2.10.2 Experimental dose-response curves for anti-human LDL mAbs

Fifty microliters of human apoB-100 at four concentrations (1.25, 2.5, 5, 10
ug/ml), chosen from 2.10.1, were coated into ELISA plate in coating buffer pH 9.6 and
incubated RT for 2 h. The wells were blocked with 100 ul of 2% skimmed milk in PBS
pH 7.2 for an hour at RT. The plate was washed 3 times with 200 pl of 0.05% PBST
and 50 pl of serial 4-fold concentration dilutions of hLDL mAbs (hLDL-2D8 (0.0003 - 5
pug/ml), hLDL-E8 (0.0009 - 15 pg/ml), and hLDL-F5 (0.00048 - 500 pg/ml)) in 2%
skimmed milk in PBS pH 7.2 were added. After an hour of incubation at RT, the plate
was washed 3 times with 200 pl of 0.05% PBST. Fifty microliters of HRP-anti-mouse-Ig
at a dilution of 1:5,000 was added to each well and incubated at RT for an hour. The
excess secondary antibodies were removed by washing the plate with 200 pl of
0.05% PBST for 3 times. The color representative of the binding activity of the mAb
was visualized by adding of 50 ul of the TMB substrate into each well and incubated
in dark at RT for 3 min. One hundred microliters of 1 N HCl was added to stop
reaction. The absorbance at 450 nm was measured using a microtiter plate reader

(Tecan, Switzerland).

2.10.3 Calculation of affinity constant

A sigmodal curve of optical density at 450 nm (Y axis) versus the logarithm of
the antibody concentration (X axis) was plotted to provide the antibody bound to
the antigen on the plate. The concentration that produces 50% of the highest
absorbance value (OD-50) for a particular concentration of the coated antigen was
chosen for affinity constant calculation. The affinity constant (K, was calculated

according to Beatty equation as follows (Beatty et al., 1987).
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1 n-1
Kafr = , - ,
2 (2[Ab];- [Abl) 2 (n[Ab ;- [Ab]y)
[Ag]
where, n = ——
[Ag]

Ky = Affinity constant, (M)
[Ab]; = total antibody concentration, (M)
[Ab’]; = one-half concentration of [Ab]; (M)

Ky is an estimated value of the affinity constant of the antigen-antibody interaction

that is based on the total antibody concentration at OD-50 of [Ab];, total antibody
concentration and [Ab’]t = 1/2[Abl.. When different concentrations of [Ag] ([Ag] = n [Ag

’]) are used, one being half the other (e.g., Ag = ZAg’ = LlAg” = 8Agm)

2.11 Peptide ligand-based indirect ELISA analysis

Seven different oligopeptide fragments of human apoB-100 (11 amino acid
lenghth) with N-terminal biotinylation were synthesized with a purity of 90% as
shown in Table 2.3 were used as antigen for the studied mAbs. The ELISA plate were
coated with 20 pg/ml streptavidin (Genscript, USA) in coating buffer (100 pul/well) and
incubated at 37°C for 2 h. Then, 100 ul of each oligopeptide at 20 pg/ml were added
and incubated at 37°C for 1 h. The non-specific binding surface on the plate was
blocked by adding 100 pl 5% BSA-PBS solution pH 7.2. After washing with 0.1% PBST,
100 ul of anti-human LDL mAbs (hLDL-2D8, hLDL-E8, or hLDL-F5) at concentration 10
pg/ml were added. After an hour of incubation at 37 °C, the plate was washed 3
times with 200 pl of 0.1% PBST. One hundred microliters of HRP-anti-mouse-lg at a
dilution of 1:5,000 was added to each well and incubated at 37 °C for an hour. The
excess conjugated reagent was removed by washing the plate with 200 pl of 0.1%
PBST 3 times. Finally, 100 pl of the TMB substrate was added into each well and the

plate was incubated in dark at RT for 3 min. One hundred microliters of 1 N HCl was
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added to stop reaction. The absorbance at 450 nm was measured using a microtiter

plate reader (Tecan, Switzerland).

Table 2.3 Synthetic peptide fragments of the human apoB-100 used in this study.

Peptide Sequence pl Range on Purity N'terminal  Solvent
name (N'-O) apoB-100 labeling
P1 DPNNYLPKESM 4.37 645-655 96.1% Biotin DMSO
P2 LRSEYQADYES 4.14 1571-1581 96.9% Biotin DMSO
P3 QYIKDSYDLHD 4.41 2156-2166 92.6% Biotin DMSO
P4 GYTKDDKHEQD 4.66 712-722 96.6% Biotin Water
P5 LQEYFERNRQT 6.14 2050-2060 90.1% Biotin Water
apoB-48 ALTKKYRITEN 9.70 2117-2127 >90% Biotin Water
Site B RLTRKRGLKLA 12.31 3359-3369 >90% Biotin Water

NOTE; P1-5 oligopeptides were synthesized by Genscript, USA. ApoB-48 and site B
oligopeptides were synthesized by 1°' BASE, Malaysia.
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RESULTS

3.1 Production of the purified mAbs against human LDL

3.1.1 Purity of the generated mAbs against human LDL

High yields of the pure mAbs against human LDL were produced and used in this
study. The mAbs clones hLDL-E8, hLDL-2D8 and hLDL-F5 were purified from culture
supernatants by affinity chromatography using HiTrap® Protein G. The production
yields of each purification lot are summarized in Table 3.1. The purity of the purified
mAbs was examined by performing 10% SDS-PAGE under non-reducing and reducing
conditions. According to the results shown in Figure 3.1, two protein bands of heavy
chain and light chain were found under the reducing condition, at molecular weights
of 55 and 25 kDa, respectively. Under non-reducing condition, only a band of whole
molecule of antibody at a molecular weight about 150 kDa was observed. These

results indicated that the purified mAbs are pure.
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Table 3.1 Production yield of the purified hLDL-mAbs using HiTrap® protein G affinity

chromatography.
Clone Date Starting  Concentration Total Amount  Absorbance
volume (mg/ml) volume (ml) (mg) (OD 450 nm)
(ml)
29/04/22 100 0.624 1.3 0.800 1.214
hLDL-E8
30/09/23 140 0.666 2 1.332 1.941
6/09/22 50 1.515 a4 6.062 1.703
hLDL-2D8
2/06/22 90 0.816 10 8.166 0.912
30/06/23 50 0.751 1 0.751 0.815
hLDL-F5

14/07/23 100 3.783 1 3.783 0.582
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Figure 3.1 Purity of the purified mAbs against human LDL. The purified mAbs clone
hLDL-2D8, hLDL-E8, and hLDL-F5 were resolved in 10% SDS-PAGE under reducing (R)
and non-reducing (NR) conditions. Protein bands were visualized by staining with
Coomassie Brilliant Blue R250. A representative result is one of three independent

experiments.
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3.1.2 Activity of the purified mAbs

The activity of the purified mAbs was analyzed by indirect ELISA. Commercial
human apoB-100 (Merck, Germany) was used as an antigen for this study. The binding
capacities of the purified mAbs to the human apoB-100 are shown in Figure 3.2. All
purified mAbs clones (hLDL-2D8, hLDL-E8, and hLDL-F5) were able to bind to human
apoB-100. This result suggests that the purified mAbs retained their binding activity

after purification and can be used as a tool for further experiments.
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mAbs against human LDL

Figure 3.2 Binding activity of the purified mAbs against human LDL to human apoB-
100. Five hundred nanogram of commercial human apoB-100 were immobilized on
the ELISA plate wells. Purified mAbs (10 pyg/ml) were added and the binding activity
was detected with HRP-anti-mouse-Ig at dilution 1:5,000. The optical density of the
developed color was measured at wavelength 450 nm. A representative result from a

means (+SD) of three independent experiments is shown.
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3.2 Sequencing of the variable region of hLDL-mAbs

The total RNA was extracted from the hybridoma cells producing mAbs to
human apoB-100 of clones hLDL-2D8, hLDL-E8, and hLDL-F5. The purity of the
extracted RNA was analyzed using 1.5% agarose gel electrophoresis, which displayed
clear bands of the 28s rRNA and 18s rRNA (Figure 3.3A). This suggests the high purity
of the extracted RNA that can be used for amplification of the specific gene encoding
the variable heavy (VH) and variable light chains (VL) of the mAbs, by performing RT-
PCR using specific primers according to a previous report (Meyer et al., 2019). PCR
product analysis by agarose gel electrophoresis revealed that the VL chain of all mAb
clones are kappa light chain with the PCR product size of 550 bp, while VH chains
were 900 bp (Figure 3.3B). The obtained PCR products were submitted for nucleotide
sequencing by the Sanger method and the sequencing data was analyzed with
available programs as shown in Table 2.2. Firstly, protein sequence alignment through
MEGA-X with various reference nucleotide sequences. Then, IMGT was used for
identifying the type of chain, sequence similarity, and CDRs before constructing the
Fv structure by SWISS-MODEL.

Sequence analysis of three mAb clones, hLDL-2D8 (IgG,, isotype), hLDL-E8
(IeG, isotype), and hLDL-F5 (IgG, isotype) revealed that the kappa light chain variable
regions of all clones contain the same DNA sequence, whereas the heavy variable
regions revealed different sequences. Moreover, the DNA sequences revealed that
these mAb clones have a frameshift mutation in the V-gene region, resulting in an
early stop codon. Therefore, chromatograms representing VH and VL sequences of
the clones were then examined and adapted for sequencing errors compared to
reference sequences (forty mouse immunoglobulin nucleotide sequences from NCBI
databases). A consensus sequence was used to identify the percent identity of light
and heavy variable regions. The results revealed that the average percentage identity
of all frame regions and CDR residues of the light chain is 60% and the heavy chain
ranges from 47.5% to 76.5% at the top-matched germline V genes. Amino acid
aliecnment was performed in MEXGA-X software and the results are shown in Figure
3.4. Each residue in the alignment is assigned a color according to its profile (R group

dependent). Considering CDRs based on a definition of a general protein-antibody
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complex using consensus structural regions that interact with the antigens in all
known complexes taken from Protein Data Bank (PDB) are concluded in Table 1.3.
The CDRs of three clones showed some residues corresponding to the consensus
compositions (Ofran et al., 2008), such as CDR-L1 contains Tyrosine (Y) and Histidine
(H). CDR-L2 contains Tyrosine (Y), Serine (S) and Threonine (T). While CDR-L3 contains
Histidine (H) and Arginine (R). For heavy chains, CDR-H1 and CDR-H2 contain all amino
acids shown in Table 1.3. CDR-H3 contains Asparagine (N), Aspartic acid (D), Glycine
(G), Arginine (R). These amino acid residues were labeled in red colors as shown in
Table 3.4 and amino acid sequences on CDRs for both heavy and light chains of three

mAbs were assigned according to the IMGT numbering system.
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Figure 3.3 (A) Agarose gel electrophoresis (1.5%) of extracted RNA (2 pg/lane). (B) The
PCR amplified products of heavy (H) and Light (L) chain genes. Immunosglobulin gene
specific for variable heavy chain (VH) and variable light chain (VL) chain primers were
used to amplify the cDNA. The PCR products were visualized on a 1.2% agarose gel
electrophoresed at 100 volts for 35 min. K: Kappa (550 bp); L: Lambda (550 bp) and
H: Heavy (900 bp).
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Species/Abbrv

1. control_IGKV
2. hLDL_2D8_kappa
3. hLDL_E8_kappa
4. hLDL_F5_kappa

Species/Abbrv = *|

1. control IGHV | A
2. hLDL_2D8_heavy V

3. hLDL_E8_heavy VHLL A
4. hLDL_F5_heavy A
KY KFK .GBKA K VYL
KLK -DRA AYI

A KYK AVK - L M VYLKL

RCYKY KFK -BKA VYLEL

Figure 3.4 Amino acid sequence alignment of kappa (K) light chain and heavy (H)

I-<’-f-

chain at variable fragment (Fv) of three different mAb clones compare to control
mouse immunoglobulin variable chains (IGKV and IGHV) using MEGA-X software by
muscle algorithm. (¥) denotes identical amino acid, and (-) denotes non-conserved

residues.

Table 3.2 Complementarity-determining regions (CDRs) of mAbs against human LDL
heavy and light chains by IMGT numbering system.

Name Type CDR1 CDR2 CDR3
hLDL 2D8 KAPPA VL QGLGTGRCQRRY SAT THDTHHTRT
hLDL E8 KAPPA VL QGLGTGRCQRRY SAT THDTHHTRT
hLDL_F5 KAPPA VL QGLGAGRRHQG YAS PHDTHHPH
hLDL 2D8 HEAVY VH GYTFTDYN INPNSGT TRRSITVQGSKLS
hLDL E8 HEAVY VH FGFTFTDYSIS ICVPDGGA CARNSD
hLDL F5 HEAVY VH GYCFW MCSLWRCY ARTLILW

VL: variable light chain

VH: variable heavy chain.
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3.3 Computational modeling of antibody Fv region

Modeling structures of the studied mAbs variable regions were constructed by
a fully automated protein homology modeling server, SWISS-MODEL. The model
quality was improved based on Qualitative Model Energy Analysis (QMEAN) and
Quaternary Structure Quality Estimate (QSQE). The results revealed the existence of
an individual immunoglobulin fold pattern with a sequence identity of about 50%
compared to crystal structures. The RMSD value of three mAbs clones is about 2-3A
which explains the folding is likely the same with crystal structure except for some
variable surface loops, the structural alignments are shown in Figure 3.5-3.7. The
QSQE score value of hLDL-2D8 and hLDL-F5 is 0.74, while hLDL-E8 is 0.77 as reported
in Table 3.3. The QSQE score value of about 0.7 can be considered reliable, thus the
construct models are acceptable. Furthermore, the stereo-chemical accuracy of the

model was evaluated by using the Ramachandran plot to visualize energetically

allowed regions for the backbone dihedral angle, Y (Y axis) and ( (X axis) of the
amino acid in protein structure. The Ramachandran plot revealed that most amino
acids exist in the accepting regions that are possible for amino acid residues in a
protein structure, which are shown at the top left for beta-sheet, bottom left for
right-handed alpha-helix and top right for left-handed alpha-helix forms. However,
the plot showed some glycine residues that are located outside of the accepted
regions. As this amino acid does not have the Cg atom that can induce many steric
clashes in the standard Ramachandran plot, thus these residues are not restricted to
the common regions. In the plot, hLDL-2D8 analysis observed 99.5% in allowed
regions while Ala at position 57 in the light chain was in a disallowed region. hLDL-E8
had 99.4% in allowed regions except for Ala at position 57 of the light chain. For
hLDL-F5, 98.8% of amino acid residues were found in the allowed regions, except Ala
at position 89 in the light chain and Leu at position 51 in the heavy chain that were

in the disallowed region.



Table 3.3 SWISS-MODEL Homology Modelling Report.
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Clone Template Seq QSQE  QMEAN  Method  Resolution Seq Coverage
Identity Similarity
hLDL- 3iy3.1 56.76 0.74 0.77 EM - 0.46 0.97
2D8
hLDL- 6amj.1 49.28 0.77 0.73 X-ray 2.49A 0.45 0.96
E8
hLLD- 1bbj.1 57.51 0.74 0.73 X-ray 3.10A 0.46 0.95

F5
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Figure 3.5 Computational modeling Fv structure of mAb hLDL-2D8 generated by
SWISS-MODEL showing light (L) and heavy (H) chains with six complementarity-
determining regions (CDRs) displayed by green color, orange color and red color,
respectively (A). Ramachandran plot analysis shows phi-psi torsion angles of all
residues in the Fv structure, and Glycine residues are separately identified by red
triangles (B). Structural alignment between template structure (ID: 3iy3.1) and
structural model of hL.DL-2D8 (C).
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Figure 3.6 Computational modeling Fv structure of mAb hLDL-E8 generated by
SWISS-MODEL showing light (L) and heavy (H) chains with six complementarity-
determining regions (CDRs) displayed by green color, orange color and red color,
respectively (A). Ramachandran plot analysis shows phi-psi torsion angles of all
residues in the Fv structure, and Glycine residues are separately identified by red
triangles (B). Structural alignment between template structure (ID:_6amj.1) and
structural model of hLDL-E8 (C).



52

(A) (B)
Fv structure Ramachandran plot analysis
adot—o o
% 00 o %A
CDR H1 B'SheEt o ‘%g; Ooo \ a° Le': P9 L
w 5N ° oe ;%00%0% \
o )
Rall Q’o«:@ooo ~ ° |
wo ) ° ( - His (98) L left-handed
| e L \J | ;// 0-helix
cat! - ) \ °
\ \ % .
%0 ° \
‘@ o &
a P % o ° o

- —
| ( \o Leu (51 H
/ Lo o Leu G H
-ana \
o \ |

right-handed ° [ Aa GIL
a_heux 0@ -and -o'o -aa -] ca «o ana 1)
Phi
(@)
Structural alignment
®* Template

® hLDL-F5 model

Figure 3.7 Computational modeling Fv structure of mAb hLDL-F5 generated by
SWISS-MODEL showing light (L) and heavy (H) chains with six complementarity-
determining regions (CDRs) displayed by green color, orange color and red color,
respectively (A). Ramachandran plot analysis shows phi-psi torsion angles of all
residues in the Fv structure, and Glycine residues are separately identified by red
triangles (B). Structural alignment between template structure (ID:_1bbj.1) and
structural model of hLDL-F5 (C).
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3.4 Screening of mAbs binding regions by thrombin digestion and

Immune Epitope Database (IEDB) prediction

Thrombin cleavage of apoB-100 has been reported to generate 4 different
peptide fragments (Figure 3.8), called T1, T2, T3, and T4. T1 has cleavage site at
amino acids (aa) 1297 and 3249 with molecular weight about 385 kDa, T2 (aa 3249-
4536) (170 kDa). T1 can further be degraded to generate T3 fragment with a molecular
size of 238 kDa (aa 1297-3249) and T4 fragment with a molecular size of 145 kDa
ranging from 1 to 1297 amino acid residues (Corsini et al., 1987). In this study,
thrombolytic cleavage of human apoB-100 was performed. Immunoblot was used to
identify the mAb recognizing product fragments of the thrombolytic digestion and
found that mAb clones hLDL-E8 and hLDL-F5 bind to the T1 and T3 fragments.
However, mAb clone hLDL-2D8 reacted with T1, T4 of the NH,—terminal fragments
and other lower molecular weight fragments (Figure 3.9).

The Immune Epitope Database (IEDB) is an available server to predict the B cell linear
epitope. This information provides a cluster of antigenicity residues for molecular
docking of apoB-100 peptide fragments and Fv structure of mAbs. The IEDB prediction
of apoB-100 results helped us to approach the accuracy of epitope prediction which
knowing that the most optimal antigenic epitopes are flexible with hydrophilic
located on the surface of the protein and antigenic determinants are preferably
located at beta-turns or loops with amphipathic helices (Zobayer et al., 2019). (Figure
3.10, 3.11 and Table 3.4). The default value of linear epitope score is 0.35 and the

normal range of surface accessibility is 1-6 but others are not mentioned.

(aa) 1 1297 3249 4536

NH, T4 T3 | T2 COOH

T
T1

Figure 3.8 The amino acid residues corresponding to the major thrombin cleavage

site on apoB-100 are indicated.
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Figure 3.9 Immunoblots of thrombin digested of LDL and apoB-100. LDL and apoB-
100 (150 pg) were treated with plasma thrombin as described in Methods sections
2.7. The digested proteins (5 pg proteins) were electrophoresed on 6% SDS-
polyacrylamide and transferred to the PVDF membrane. The membranes were
incubated with hLDL-E8 (2.5 pg/ml), hLDL-2D8 (10 pg/ml), and hLDL-F5 (5 pg/ml).
Lane: 1, commercial LDL; 2, commercial apoB-100; 3, digested LDL; 4, digested apoB-

100. A representative result from one of three independent experiments is shown.
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Figure 3.10 The linear epitope prediction generated by the IEDB server of T3

fragment apoB-100 (aa 1297-3249) based on sequence characteristics. The Y axis is

the scoring value, and the X axis is the position of amino acid residues.
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Figure 3.11 The linear epitope prediction generated by the IEDB server of T4 fragment

apoB-100 (aa 1-1297) based on sequence characteristics. The Y axis is the scoring

value, and the X axis is the position of amino acid residues.
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Table 3.4 Scoring values of T3 and T4 apoB-100 fragments calculated according to

amino acid properties from |EDB.

T3 T4
Linear epitope score 0.218-0.66 0.210-0.645
Beta-turn score 0.604-1.377 0.6-1.364
Surface accessibility score 0.065-7.560 0.06-7.129
Flexibility score 0.888-1.136 0.874-1.122
Antigenicity score 0.853-1.212 0.855-1.223
Hydrophilicity score -5.043-6.6 -7.586-7.371

3.5 Characterization of the mAb epitope binding

To determine the epitope binding region among the generated mAbs against
human apoB-100, an inhibition ELISA was performed. Previous study (Lowhalidanon
and Khunkaewla, 2021) suggested that hLDL-2D8 binds at a different compared
epitope with hLDL-E8 but the new clone (hLDL-F5) has not been reported yet. In this
work, each of the mAb clones were biotinylated and used as a detecting mAb, which
was added after adding unconjugated primary mAb of each clone. Negative reactivity
is observed if the unconjugated primary mAb (blocking mAb) prevents binding of the
biotinylated mAb and indicates that these mAbs have the same or neighboring
epitope binding site. Positive reactivity means that the biotinylated mAb can bind to
the human apoB-100, indicating that the binding epitope of the mAb is different from
that of the unconjugated primary mAb. Percent inhibitions of the biotinylated mAbs
by the blocking mAbs are shown in Figure 3.12 and Table 3.5. The reactivity of
biotinylated mAb binding to apoB-100 was used as a positive control in calculation
and a negative control is unconjugated mAb binding to apoB-100 detected by HRP-
streptavidin as in the inhibition assay.

The result shows that self-blocking of mAb hLDL-2D8 and hLDL-E8 are 78.9%
and 70.8%, respectively. The percentage of inhibition was significantly reduced while
different clones were applied as blocking antibodies. The results suggested that

binding epitopes of mMAb hLDL-2D8 and hLDL-E8 on apoB-100 are located at different
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sites. While blocking hLDL-E8 can reduce the reactivity of conjugated hLDL-F5 about
33%. In addition, self-blocking of mAb clone hLDL-F5 was 34%, indicating low binding

affinity to apoB-100 compared to other clones.

] 2D8-biotin
| | E8-biotin

F5-biotin
1007 Negative control
801 =
607

% Inhibition

blocking hLDL-mAbs

Figure 3.12 Percent binding inhibition among each mAb analyzed by inhibition ELISA.
ApoB-100 protein was precoated on the ELISA plate and then reacted with either
hLDL-2D8, hLDL-E8, or hLDL-F5. The data represents means (£SD), *** indicated

p<0.001 when comparing to each self-blocking.
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Table 3.5 Summary of inhibition analysis of the generated mAbs against human LDL.

% Inhibition

Unlabeled mAbs

Biotinylated mAbs
(blocking mAbs)

hLDL-2D8 hLDL-E8 hLDL-F5
hLDL-2D8 78.9 4.1 56
hLDL-E8 7.4 70.8 33.3
hLDL-F5 0.08 7.2 34.7

3.6 Computational docking and simulations of mAbs Fv region with
apoB-100

Fv homology models were constructed and docked with apoB-100 peptides
using the Autodock Vina and GOLD programs to investigate and screen for their
binding regions according to the score values. The selected regions of amino acid
residues for screening were based on the location of epitopes recognized by these
mAbs to the thrombolytic fragments of apoB-100 and IEDB prediction. The docking
scores were plotted and shown in Figure 3.13. The results revealed that mAb hLDL-
E8 showed almost the same highest binding score as hLDL-F5 at -8.3 and -9.3
kcal/mol for Autodock Vina and GOLD score at 112.38 and 106.31, respectively. A
group docking score of hLDL-2D8 showed lower free energy for both screening
platforms at -6.9 kcal/mol and a GOLD score is 91.57.

Molecular docking revealed ™EYQADYE™® and 2'*"YIKDSYD?'** might be
binding epitopes of hLDL-E8 and hLDL-F5 that the predicted binding sites of mAb
hLDL-E8 and hLDL-F5 provide the same predicted Autidock Vina score values are -7.8
and -8.1 kcal/mol, for hLDL-F5 are -9 and -8.2 kcal/mol, respectively. For GOLD
docking, the score values of mAb hLDL-E8 are 96.81 and 95.05, while mAb hLDL-F5
are 93.05 and 95.05, respectively. The highest GOLD score value for mAb hLDL-2D8
was found at the amino acid residues *DPNNYLPKES®* and Autodock Vina at -6.4

kcal/mol. According to the obtaining scores, linear mapping of the epitope binding
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sites for each mAb on the apoB-100 were assigned. Fv of hLDL-F5 and hLDL-E8
interact with same residues of two peptides, *"*EYQADYE™®% and 2°"YIKDSYD?'?,

which were labeled as blue color according to the highest score with RMSD < 1 from

both predictions as shown in Figure 3.15.
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Figure 3.13 The docking score of mAbs hLDL-E8 (n=70), hLDL-F5 (n=70), and hLDL-

2D8 (n=53) with RMSD < 1. (A) GOLD score function; (B) Autodock Vina score function.
The labeling with a black color number represents the highest score value, red and

blue colors represent the same predicted scores for both programs.
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3.7 Confirmation of the epitope binding sites on apoB-100 by ELISA

In order to validate the computational prediction, an indirect ELISA technique
was used to confirm binding epitopes of the studies mAbs on apoB-100. Streptavidin
was coated on the well surface to capture the biotinylated peptides before detection
with mAbs hLDL-2D8, or hLDL-E8 or hLDL-F5 followed by addition of HRP-conjugated
anti-mouse-lg. The positive reactivity of the tested peptides was observed by optical
density measurement at wavelength 450 nm at 0-0.3. While mAbs bind to a coating
apoB-100 acts as a positive control was observed a high signal in range 1.3-2.5. The
signals of tested peptide for clone hLDL-2D8 was about 0.0873 for P4 whereas for P1
it was 0.0537. For clone hLDL-E8, tested peptides were observed at P3 and P5 with
OD values about 0.24343 and 0.3134, respectively. When hLDL-F5 was tested under
the same conditions, it had no significant signal over the background (Figure 3.14).
However, this result suggested that hLDL-E8 showed the binding region in the range
of amino acid residues 2050 to 2166 of P3 and P5 oligopeptides on full-length apoB-
100. Considering the secondary structure apoB-100 that was taken from PDB, the
amino acid sequence of P3 neighboring to P5 may have some overlapping in this area
as shown in Figure 3.16. hLDL-2D8 seemed to bind at P4 (aa 712-722) more than P1
(aa 645-655). Unfortunately, hLDL-F5 still needs to be confirmed to a specific binding

region by other techniques.
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Figure 3.14 Epitope binding region confirmation was performed by ELISA assay. Plate
coated with streptavidin-peptide (20 pg/ml) to capture with hLDL-mAbs (10 pg/ml)
and then detected using the HRP-anti-mouse-lg (1:5,000), OD at 450 nm was

measured. The data represents the means (+SD) of three independent experiments.
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Figure 3.15 Linear map of apoB-100 and assignment of epitopes according to IEDB,
docking score function and ELISA result. Amino acid sequence and range recognition
on full-length apoB-100 (aa 4536) were labeled. Solid black lines were assigned for
the same binding region of hLDL-E8 and hLDL-F5 and the same binding residues

according to computational prediction were labeled a blue color.
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Figure 3.16 Epitopes assignment on secondary structure fragment from PDB (left) and
linear diagram with different five domains (right) of full-length apoB-100, adapted
from (SMALL, 2006). The amino acid sequence of oligopeptide P5 (2050-2060 aa) and
P3 (2156-2166 aa) were assigned as blue color. Overlapping residues from a
computational prediction of hLDL-E8 and hLDL-F5 by Autodock Vina and GOLD were

assigned in as green color.
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3.8 Binding affinity determination of apoB-100-specific mAbs by
indirect ELISA

To evaluate the affinity constant (K, based on the Law of Mass Action by
indirect ELISA, serial dilution of both antigen (coating the plate) and antibody were
performed. Various concentrations of human apoB-100 ranging from 0.039-40 pg/ml
were tested with an excess concentration of the mAbs at 80 pg/ml. According to the
sigmoidal curve shown in Figure 3.17, four concentrations of apoB-100 at 1.25, 2.5, 5,
and 10 pg/ml that represent a linear portion of the curve are appropriate values and
were chosen for further binding affinity tests. These concentrations were used to
perform indirect ELISA with a serial four-fold dilution of a different mAb concentration
range, hLDL-E8 (0.0009-15 pg/ml), hLDL-2D8 (0.0003-5 pg/ml), and hLDL-F5 (0.00048-
500 pg/ml). To investigate how antibody affinity affected the sigmoidal dose-response
curve's measurement of the affinity constant of three hLDL-mAbs, the sigmoidal
curve of the obtained OD values (Y-axis) versus the logarithm of antibody
concentrations (X-axis) were plotted (Figure 3.18-3.20). The affinity constant of mAbs
was calculated by the general equation given in the ‘Method (2.10.3)” and the results
are shown in Table 3.6-3.8.

The results showed that at an OD-50 of each coated apoB-100 concentration
(2.5, 5, and 10 pg/mL), there was approximately a one-fold increase in the antibody
concentration that could be observed in the hLDL-2D8 clone experiment. The graph
indicated that the concentration of Ab, [Ab] at OD-50 moved to the right hand when
the concentration of the coated apoB-100 was decreased. Antibody concentration at
OD-50 values of clone hLDL-E8 moved to the right hand, which is clearly seen with
all concentrations of the coated apoB-100. For clone hLDL-F5, [Ab] at OD-50 showed
varying antibody concentration for all experiments when apoB-100 concentration was
2-fold decreased may be caused by an unsaturated point of the range antibody
concentration. However, most [Ab] tends to decrease 1.5 times, making the OD-50
values shift to the left hand. This information suggested that the binding affinity of
the antibody tends to decrease as the antigen concentration decreases. Moreover,
hLDL-2D8 shows the strong binding and specificity to apoB-100 with low antibody

concentration to assess a saturation point compared to hLDL-E8 and hLDL-F5.
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According to the characteristic of the OD-50 value and the affinity constant obtained
by the Beatty equation calculation, the behavior of the hLDL-F5 corresponds to
theoretical curve-response as shown in Figure 1.10. This result suggested that apoB-
100 has two epitopes recognized by hLDL-F5. On the other hand, clones hLDL-2D8
and hLDL-E8 can be described by the Law of Mass action, the antibody concentration
at equilibrium increased by decreasing of antigen to maintain an equilibrium constant
(Keg) at ratio of antigen: antibody is 1:1. This suggestion can assume that one part of

an antigen is recognized by the mAb (Reverberi and Reverberi, 2007).
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Figure 3.17 Dose dependence binding of mAbs with apoB-100 using serial dilutions of

coated apoB-100 ranging from (apoB-100) 0.039-40 pg/ml. Excess concentration of the

mAbs; hLDL-2D8, hLDL-E8, and hLDL-F5 at 80 pg/ml were used for saturation. A

representative result from one of three independent experiments is shown.
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Figure 3.18 Experimental dose-response curve for mAb hLDL-2D8 (0.0003-5 ug/ml) at
three different human apoB-100 concentrations, (*) denotes antibody concentration

at OD-50. A representative result from one of three independent experiments is

shown.
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three different human apoB-100 concentrations, (*) denotes antibody concentration

at OD-50. A representative result from one of three independent experiments is

shown.
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Figure 3.20 Experimental dose-response curve for mAb hLDL-F5 (0.00048-500 pg/ml)
at three different human apoB-100 concentrations, (*) denotes antibody concentration
at OD-50. A representative result from one of three independent experiments is

shown.



72

Table 3.6 Calculated affinity constants (K,¢) of mAb hLDL-2D8 from experimental

dose-response curve value determined by indirect ELISA.

[apoB] [Ab] at OD-50 . . 1
mAbs Ky (M) Average K¢ (M™) Average K4 (M™)
(ng/ml) (ng/ml)
10.09 3.2x10°
10,000 39.31 2.3 x 10° 2.27+0.95 x 10°
47.99 1.3 x 10°
16.79 0.83 x 10’
hLDL-2D8 5,000 35.78 1.98 x 10° 1.33+0.59 x 10° 1.51+0.69 x 10°
52.66 1.18 x 10°
53.21 1.7 x 10°
2,500 36.85 0.8 x 10° 0.93+0.71 x 10°
58.02 0.3 x 10°
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Table 3.7 Calculated affinity constants (K,z) of mAb hLDL-E8 from experimental dose-

response curve value determined by indirect ELISA.

[apoB] [Ab] at OD-50

mAbs K (M) Average K (M™?) Average K (M)
(ng/ml) (ng/ml)
44.62 10.71 x 108
10,000 48.46 12.46 x 10°  10.88+1.51 x 10°
46.09 9.46 x 10°
57.33 5.76 x 10°
hLDL-E8 5,000 54.31 8.72 x 108 7.12+1.49 x 108 7.25+3.56 x 10®
62.7 6.89 x 108
93.74 2.80 x 10°
2,500 70.15 5.24 x 10° 3.76+1.30 x 10°

85.78 3.23 x 108
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Table 3.8 Calculated affinity constants (K,z) of mAb hLDL-F5 from experimental dose-

response curve value determined by indirect ELISA.

[apoB] [Ab] at OD-50

mAbs K (M) Average K (M) Average K (M)
(ng/ml) (ng/ml)
18,444 4.75 x 10°
10,000 18,551 10.9 x 10° 7.08+3.34 x 10°
12,856 5.58 x 10°
17,114 5.53 x 10°
hLDL-F5 5,000 12,693 4.96 x 10° 4.25+1.74 x 10° 4.39+2.63 x 10°
13,145 2.27 x 10°
15,335 1.86 x 10°
2,500 13,910 2.03 x 10° 1.83+0.22 x 10°
23,101 1.59 x 10°
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Table 3.9 Conclusion of characteristics of three mAbs on apoB-100.

Affinity

Clone Thrombin Inhibition . Confirmation
Docking score
name fragment assay epitope site
ELISA
Autodock
GOLD
Vina
Inhibit
hLDL-
Ta other K * ok "2GYTKDDKHEQD %
2D8
clones
Inhibit
hLDL- 2039 QEYFERNRQT?*®°
T3 hLDL-F5 a xHx **
E8 2135y IKDSYDLHD?*%
33%
Self-
hLDL- inhibition
T3 *XK *% * _
F5 with low
affinity

Note; * indicates the relative docking score value and ELISA results between hLDL-

2D8, hLDL-E8, and hLDL-F5, *** is the highest value.



CHAPTER IV
DISCUSSION AND CONCLUSION

The antigen-antibody interaction involves non-covalent interaction between
the binding site of the antigen (Ag) epitope and the complementary site on the
antibody (Ab). Knowing the ability of an Ab bind to a surface antigen with specificity
and high affinity is important to immunity and makes Abs a valuable tool in
biomedical research, diagnostics, and therapy. Several studies have tried to map the
binding epitope of mAb on apoB-100 molecule. Thrombolytic cleavage has been
used to generate different fragments of apoB-100 with limited cleavage patterns of
four fragments. In combination with protein expression in E.coli system, protein
fragments representing the complete apoB-100 cDNA was used to assign the
possibility of unambiguous assignment of epitopes. Some reports revealed mAbs
specific for an epitope on the LDL receptor binding region, lead to blocking LDL
binding to the LDL receptor resulting in an atheroprotective effect. However, some
mAbs have been reported to have poor access to receptor-bound LDL. This suggests
that mAbs against human LDL can bind inside and outside of LDL receptor regions.
(Triplett and Fisher, 1978; Cardin et al.,, 1984; Marcel et al., 1987; Krul et al., 1988;
Milne et al., 1989; Pease et al., 1990; Chatterton et al., 1991; Fantappie et al., 1992).

In this study, three mAbs against human LDL (hLDL-2D8, hLDL-E8, hLDL-F5),
which were known to bind on the apoB-100 of LDL particles were selected to identify
their critical binding epitopes. Firstly, DNA sequences of the variable region from
extracted RNA hybridoma cell line expressing these antibodies were identified. RT-
PCR, a basic method used for amplifying DNA variable regions with specific primers

was performed following a previous paper (Meyer et al., 2019).
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After Sanger Sequencing, the obtained DNA sequence needed to be corrected by
comparing it with the available nucleotide immunoglobulin sequence from NCBI.
Then, translating DNA to protein sequence was performed by IMGT for complement
Ab or CDRs identification. The result suggests that the heavy chain is the main chain
to identify an individual mAb against human LDL by showing the different amino acid
residues on their CDRs. The accurate sequences of light and heavy variable chains
were checked by IMGT with an acceptable percentage more than 50% on average.

To assess the accuracy antibody structure for computational docking, the
models were selected by focusing on suitable Fv structure using SWISS-MODEL severs
compared to crystal structure with an acceptable QSQE score value above 0.7. Then,
the amino acid residues of the model were analyzed by Ramachandran plot, the
results revealed more than 99% amino acid residues in the favored region that retains
the fold pattern of Fv immunoglobulin structure (Janeway et al., 2001). The variable
regions of both heavy and light chain immunoglobulin are in direct interaction with
the antigen and frequently mutated to allow diverse antigenic specificities to be
recognized. This region is called hypervariable region or CDRs. Amino acid sequence
alignment of the tested mAb variable regions using IMGT tool revealed the
hypervariable regions containing charged side chains of Arg (R), His (H), Asp (D),
hydrophobic side chain of Ala (A), Typ (W), Try (Y) and uncharged side chain of Ser (S),
Thr (T), Gln (Q) and Asn (N). The finding corresponded to a previous report indicating
that 55% of four amino acids found in CDR residues including tyrosine (24%), serine
(12%), asparagine (10%), and tryptophan (9%) and less than 10% of the other ten
amino acids in the CDR (C, M, Q, K, A, P, V, E, H, L) (Ofran et al., 2008). This finding
assists in computational antibody modeling design and molecular docking of CDR-
epitope complexes prediction between mAbs Fv structure and apoB-100.

To characterize the binding epitope for each human LDL mAbs, an inhibition
assay was performed. Percent inhibitions of binding of the biotinylated mAbs by the
blocking mAbs are shown in Figure 3.12. as summarized in Table 3.5, which suggested
that binding epitope of hLDL-F5 on apoB-100 overlaps with the mAb hLDL-E8 binding
sites. hLDL-E8 can inhibit hLDL-F5 33% whereas hLDL-2D8 binds to different epitope
with hLDL-F5 and hLDL-E8.
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ApoB-100 is a large protein with high susceptibility to be degraded by
proteolysis (Chapman and Kane, 1975). Shortening of the protein to define the
specific linear binding site is the process to reduce the difficulty for mAb binding
epitope screening. Thrombolytic digestion was applied for apoB-100 digestion to
obtain the different fragments including T1 (385 kDa), T2 (170 kDa), T3 (238 kDa) and
T4 (145 kDa). As shown in Figure 3.9, mAbs hLDL-E8 and hLDL-F5 mAbs bound
specifically to T3 fragment, while hLDL-2D8 strongly reacted with T4 fragment. Note
that all tested mAbs preferentially bind to undigested LDL rather than undigested
apoB-100. This result supports the inhibition assay that hLDL-2D8 binds at different
fragment with hLDL-F5 and hLDL-E8. Some bands of the digested product at low
molecular weight were also recognized by all mAbs, which may be caused by
continuous digestion of the protein after 8 hours of incubation. Although we can
scope the binding region by thrombolytic digestion, in which there are thousands of
amino acid residues in range. There are still a lot of peptide ligands that are difficult
to predict by molecular docking. Therefore, free epitope databases, IEDB prediction
server, was used to reduce the number of epitope binding sites to ten amino acids
according to amino acid properties. The peptide ligand was selected by their ability
of antigenicity such as a high score of flexibility, hydrophilicity, accessibility on the
surface of the protein. Then, the rapid method, molecular docking was derived
according to the different docking score functions to find the interaction details of
mAbs and oligopeptides apoB-100. Preparation of molecular docking, CDRs region of
antibody was accounted as a boundary for docking process and ligands were
generated by the Discovery software with optimizing structure. Two molecular
docking programs that are available in our lab, including GOLD and Autodock Vina
were used. The GOLD score is reported in terms of fitness value which higher the
fitness shown better docked interaction of the complexes. Contrasting, the Autodock
Vina score is reported in terms of the docking energy score, the lower the score the
better the interaction. As shown in Figure 3.13, mAbs hLDL-E8 and hLDL-F5 have
same binding region with high interacting score of amino acid sequence
PIEYQADYER® and 2P*'YIKDSYD?®? of full-length apoB-100. This sequence is located
near the glycosaminoglycan binding region at aa 2117-2127 (Flood et al., 2002). The
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predicted binding site of mAb hLDL-2D8 indicated at a sequence ***DPNNYLPKES®*,
which corresponds to the highest score docking and IEDB prediction. Molecular
docking is a powerful computational method to study the binding mode of small
molecules to proteins, protein-protein interaction, include Ab-Ag interaction.
Nevertheless, one must keep in mind that the result obtained from this platform is
based on the binding mode prediction, which may not be true with the physiological
interaction of the proteins. Therefore, the generated interaction model is strongly
recommended to be refined using experimental data to obtain an accurate result.
This study predicted binding epitope of the mAbs hLDL-E8, hLDL-2D8 and hLDL-F5 on
apoB-100 were validated by performing indirect ELISA. As the coating antigens are
small oligopeptides with 11 amino acid residues, binding efficiency of the mAbs to
these peptides can be lower than the native protein. As shown in the results, low
binding signal was observed for interaction of mAb hLDL-E8 with apoB-100 and
oligopeptides P3 and P5 at aa 2050 to 2166. The mAb hLDL-2D8 tends to bind
oligopeptide P4 at aa 712-722. No interacting signal to any olicopeptide was observed
while using mAb hLDL-F5, which can cause by either misprediction or the antibody
itself has low binding affinity even with the native apoB-100, which is supported by
the inhibition assay shown in Figure 3.12 and its affinity constant shown in Table 3.8.
To access the antibody-apoB-100 interaction in term of kinetic, the affinity
constant was investigated by immunoassay. The main advantage of this technique is
it is easy to perform, relatively cheap, rapid, and practical for routine use. This
approach relies upon the measurement of the use of total antibody concentration
added per well [Ab], by performing a serial dilution of antibody against logarithm of
concentration to provide dose-response curve and then calculate the affinity
constant according to Beatty equation (Beatty et al., 1987). The result showed a
strong binding affinity of mAb hLDL-2D8 bound to apoB-100 at 1.51+0.69 x 10° Mol
and calculated affinity constant of mAb hLDL-E8 is 7.25+3.56 x 10® Mol ™. While mAb
hLDL-F5 displayed a lower affinity constant (4.39+2.63 x 10° Mol). In this study,
molecular docking was used to evaluate the affinity of potential antigens screened
among peptide apoB-100 and Fv antibody against human LDL. There is an opposite
result of binding affinity with immunoassay which clone hLDL-F5 and hLDL-E8 show
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high binding score by molecular docking, whereas the ELISA result displayed a low
affinity constant including hLDL-2D8 also displayed the same opposite result as the
conclusion in Table 3.9.

Performing ELISA assay to investigate the binding region and binding affinity is
still not sufficient to confirm the accurate results. Generally, the ELISA method was
described that some antibodies display disproportionately increased binding at high
antigen densities compared to low antigen densities and Ab avidity enhancement
effect strongly depends on the density of antigens, since the reach of the two binding
sites of IgG is about 150 A (Hadzhieva et al., 2017). So, the distribution pattern of
epitopes at the surface of pathogens has a profound impact on antigen-antibody
interaction. Additionally, a low affinity of antibodies permits higher dynamics during
the antigen recognition process (Janin, 1995; Stites, 1997). While docking procedure
cannot access the total affinity of conformational apoB-100 protein docking because
there is no full-length structure reported in the database. Besides, the three-
dimensional structure of a protein-protein docking is difficult to determine binding
interaction. The important consideration is that the protein shape, reflecting the
protein fold, a large ligand-receptor area to a large extent determines the docking
solution (Vakser, 2013).

Overall results are challenging due to the apoB-100 is a large protein. The role
of conformational and linear epitopes are also critical for binding affinity investigation.
Furthermore, the binding efficiency of mAbs to conformationally sensitive epitopes
might be expected to change with antigen surface density. Several methods have
been previously reported site of apoB-100, for example, using of the digestive
enzyme to generate epitope site of apoB-100, using bacterial expression clone to
map epitopes, or mapping mAbs using electron microscopy to visualize pairs of mAbs
binding to LDL surface (Chatterton et al., 1991).

In conclusion, CDRs of the in-house mAbs against human LDL clones hLDL-
2D8, hLDL-E8, and hLDL-F5 were identified by DNA sequencing analysis. The epitope
prediction was carried out by computational and experimental methods.
Thrombolytic digestion and IEDB prediction were performed to narrow down the

epitope position full-length apoB-100 and the result reveals a specific binding region
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for each clone of hLDL-mAbs. For the molecular docking suggests that five
oligopeptides with high docking scores (P1-P5) bind to different epitopes in response
to GAGs regions as previously reported. Confirmation by ELISA assay reveals epitope
binding site of hLDL-E8 was assumed to be in a range of 2050 to 2166 amino acids.
Additionally, the binding affinity of monoclonal antibodies against apoB-100
performed by immunoassay has the opposite results with molecular docking. The
problem can occur from many factors that affecting antigen-antibody interaction such
as temperature, pH, lonic strength, optimal concentration (Reverberi and Reverberi,
2007) and molecular docking that some intermolecular interaction terms are hard to
predict accurately, such as solvation effect and entropy change (Yuriev et al., 2011).
However, this study reveals the different characteristics of mAbs against human apoB-
100 clones hLDL-2E8, LDL-E8 and hLDL-F5. These findings contribute valuable

information for further use of these mAbs for laboratory and clinical research.
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APPENDIX B

LIST OF CHEMICALS AND MATERIALS USED IN THIS STUDY

Chemicals/Materials

Agarose gel

Ammonium chloride (NH,CLl)
Ammonium (II) sulfate (NH,),SO,
Bis-acrylamide
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Calcium chloride (CaCl,)
Chloroform

Coomassie brilliant blue R250
Dimethylsulfoxide (DMSO)
Disodium hydrogen phosphate (Na,HPO,)
Ethanol
Ethylenediaminetetraacetic acid -
disodium salt dehydrate (EDTA)
EZ-Link® NHS-Biotin reagents
Fetal Bovine Serum (FBS)
Fungizone (Amphotericin B)
GENEzol reagent

Glycerol
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Glacial acetic acid
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Norgen, Biotek Corp., Thorold,
ON, Canada

Carlo Erba, Milan, Italy

Carlo Erba, Milan, Italy

Acros Organics, New Jersey, USA
Carlo Erba, Milan, Italy

Carlo Erba, Milan, Italy

Carlo Erba, Milan, Italy
AppliChem, Damstadt, Germany
Vivantis, Malaysia

Carlo Erba, Milan, Italy

Carlo Erba, Milan, Italy
Amersham Biosciences, Uppsala,
Sweden

Thermo Scientific, Rockford, USA
Gibco, Gran Island, N.Y., USA
Gibco, Gran Island, N.Y., USA
Geneaid, Taiwan

Carlo Erba, Milan, Italy

Vivantis, Malaysia

Carlo Erba, Milan, Italy

GE Healthcare, Uppsala, Sweden
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culture (ISF-1)

Skim milk

Sodium carbonate (Na,CO5)

Sodium chloride (NaCl)
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Sodium lauryl sulfate (SDS)

SYBR Safe DNA Gel Stain

Massachusettes,
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Gibco, Gran Island, N.Y., USA
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Scharlau Chemie, S.A., Barcelona,
Spain

Carlo Erba, Milan, Italy

Carlo Erba, Milan, Italy

Carlo Erba, Milan, Italy

Biochrom AG, Berlin, Germany

Himedia, Mumbai, India
Carlo Erba, Milan, Italy
Carlo Erba, Milan, Italy
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Carlo Erba, Milan, Italy
Carlo Erba, Milan, Italy
Carlo Erba, Milan, Italy
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USA



3,3, 5, 5-Tetramethylbenzidine -
substrate (TMB)

N, N, N’, N’-Tetramethyl —
ethylenediamine (TEMED)

10 cm diameter tissue culture dish
Korea

Tri-sodium citrate

Viva cDNA synthesis kit

6-wells tissue culture plate
Korea

12-wells tissue culture plate
Korea

96-wells ELISA plate
Whatman filter paper -

(diameter 90 mm, 0.45 um pore size)

971
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Carlo Erba, Milan, Italy
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APPENDIX C

LIST OF INSTRUMENTS USED IN THIS STUDY

Instruments

AKTA start protein purification system
Automatic high-pressure autoclave -
Hirayama

Autopipettes for tissue culture
Autopipettes — Research plus
Biohazard safety cabinet class |l
Brushless microcentrifuge

CO, incubator -

Forma series Il water jacket
Electrophoresis and electrotransfer unit
Gene Amp PCR System — 9700

Himac compact refrigerated centrifuge
— RXII series

Light microscope — CX21

Microplate spectrophotometer
Multichannel pipette — ACURA855
Multichannel pipette for tissue culture
Nanodrop spectrophotometer — ND 1000
pH meter

Rapid-Flow sterile disposable
Rochester,

Refrigerated microcentrifuge — 5415R

Source
GE Healthcare, Uppsala, Sweden
Artisan Technology Group, USA

Thermo Scientific, USA
Eppendorf, Germany
ESCO, Singapore

Denvile Scientific, Canada

Thermo Scientific, USA

Cosmo Bio, Tokyo, Japan
Applied Biosystems, Singapore
Hitachi, Japan

Olympus, Japan
Tecan, Switzerland
Socorex, Switzerland
Biohit, Finland
Thermo Scientific, USA
Satorius, Germany

Thermo Fisher Scientific,

Eppendorf, Germany



Sodium Dodecyl Sulfate -
(SDS-PAGE) apparatus

Trans-blot semi-dry transfer cell
Ultra-sonicator

Versatile refrigerated centrifuge —

CT15RT

99

BIO-RAD, USA

BIO-RAD, USA
Crest, Pensylvania

Techcomp, Kowloon, Hong Kong



APPENDIX D
REAGENTS AND BUFFER PREPARATION

1. Reagents for cell culture

1.1 Incomplete Isocove’s modified dulbecco’s medium (IMDM)

IMDM powder 1 pack
NaHCO; 3.024 ¢
Gentamycin (40 mg/ml) 1 ml

Dissolve in deionized water and adjust volume to 1,000 ml
Filtrate through 0.2 um membrane filter
Add Fungizone (250 pg/ml) 1 ml

Determine the sterility before use and store at 4 °C

1.2 Complete IMDM medium
Incomplete IMDM medium 90 ml
Heat-inactivated fetal bovine serum 10 ml

Determine the sterility before use and store at 4 °C

2. Reagents for Enzyme-linked immunosorbent assay (ELISA)

2.1 Coating buffer (0.1 M carbonate-bicarbonate buffer pH 9.6)

N32C03 106 g
NaHCO, 1.26 ¢
H,0O 200 ml

Mix and adjust pH to 9.6 with concentrated HCl

Adjust final volume to 250 ml with deionized water



2.2 0.05% Tween-PBS
PBS pH 7.2
Tween 20

Mix and store at RT

2.3 Blocking solution (2% skim milk-PBS)

Skim milk
PBS pH 7.2

Freshly prepare before use

2.4 Stop reaction solution (1N HCL)

Concentrated HCl
H,0

Slowly dropwise HCl to H,O

Store at RT

2.5 10X Phosphate buffer saline (PBS) pH 7.2

NaCl

KCl
Na,HPO,
KH,PO4
H,O

Adjust pH to 7.2 with NaOH or HCl

Adjust volume with H,O to

2.6 1X PBS pH 7.2
10x PBS pH 7.2
H,0O

Store at RT
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500 ml
250 pl

29
100 ml

8.3 ml
91.7 ml

80 ¢
28
115¢
28
700 ml

1,000 mt

100 ml
900 ml
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3. Reagents for Sodium Dodecyl Sulfate - Poly Acrylamide Gel Electrophoresis
(SDS-PAGE)

3.1 1.5 M Tris-HCl pH 8.8

Tris-base 9.08 ¢

H,0O 20 ml

Adjust pH to 8.8 with HCl

Adjust volume with H,0 to 50 ml

Store at 4 °C

3.2 0.5 M Tris-HCl pH 6.8

Tris-base 3¢
H,O 25 ml
Adjust pH to 6.8 with HCL

Adjust volume with H,0 to 50 ml
Store at 4 °C

3.3 30% Monomer (30.8% acrylamide, 2.7% bis-acrylamide)

Acrylamide 15¢
Bis-acrylamide 04¢
H,O to 50 ml

Filtrate through 0.45 pm filter paper
Store in the dark at 4 °C

3.4 10X Running buffer

Glycine 144.13 ¢
Tris-base 30.28 ¢
SDS 10 ¢
H,O to 1,000 ml
Store at RT

3.5 1X Running buffer
10X Running buffer 100 mt



H,O 900 ml
Store at RT

3.6 10% Ammonium persulfate (APS)

Ammonium persulfate 0.05¢
H,0 0.5 ml
Mix well, aliquot to 100 ul/tube, and store at -20 °C

3.7 10% Sodium dodecyl sulfate (SDS)

SDS 0.1¢
H,O 1 ml
Mix well, aliquot to 150 ul/tube, and store at -20 °C

3.8 Stacking gel (4% gel, 0.125 M Tris pH 6.8)

H,O 1.5 ml
0.5 M Tris-HCl pH 6.8 625 pl
Acrylamide/bis (30.8%/2.7%) 332.5 ul
10% SDS 25 pl
10% APS 12.5 pl
TEMED 5.4l
Total volume 2.5 ml

3.9 Resolving gel (10% gel, 0.375 M Tris pH 8.8)

H,O 4 ml
1.5 M Tris-HCl pH 8.8 2.5 ml
Acrylamide/bis (30.8%/2.7%) 3.3 ml
10% SDS 100 pt
10% APS 50 pl
TEMED 10 pl

Total 10 ml
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3.10 10X non-reducing buffer (NRB)

H,0O 1.25 ml
1 M Tris-HCl pH 6.8 0.625 ml
Glycerol 1 mtl
10% SDS 2 ml

1% Bromophenol blue 125 pl

Aliquot to 300 pl/tube and keep at -20 °C

3.11 5X reducing buffer (RB)

10X NRB 250 pl
2-ME 25 ul
H,0 225 pl

Aliquot to 100 pl/tube and keep at -20 °C

3.12 0.025% Coomassie brilliant blue R250 (40% methanol; 7% acetic

acid)

Coomassie brilliant blue R250 0.25¢
Methanol 400 ml
Glacial acetic acid 70 ml
Add H,O to 1,000 ml

Mix well until dissolved and store at RT

3.13 De-staining gel solution | (40% methanol, 7% acetic acid)

Methanol 400 ml
Glacial acetic acid 70 ml
Add H,O to 1,000 ml

Mix well until dissolved and store at RT

3.14 De-staining gel solution Il (5% methanol, 7% acetic acid)
Methanol 50 ml

Glacial acetic acid 70 ml
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Add H,0 to 1,000 mt

Mix well until dissolved and store at RT

4. Reagents for Western blot
4.1 Towbin buffer (25 mM Tris; 192 mM Glycine; 20%Methanol)

Tris-base 3.03¢
Glycine 144 ¢
Methanol 200 ml
Adjust volume with H,0 to 1,000 ml

Mix well until dissolved and store at RT

4.2 5% Skim milk
Skim milk 25¢
IX PBS pH 7.2 50 ml

Mix well until dissolved (Freshly prepared before use)

4.3 0.1% Tween-PBS
Tween 20 0.5 ml
1x PBS pH 7.2 500 ml

Mix well and store at RT

5. Reagents for immunoglobulin G purification

5.1 Binding buffer (20 mM Sodium phosphate; pH 7.0)

1M Na,HPO, 11.56 ml
1M NaH,PO, 8.4 ml
H,0 800 ml

Adjust pH to 7.0 with 1N HCl
Adjust volume with H,0 to 1,000 ml
Filtrate through 0.45 pum Whatman filter paper (GE Healthcare, Uppsala,

Sweden) and degas by sonication before use



5.1.1 1 M Na,HPO,
Na,HPO, 2.84 g
H,0 20 ml

5.1.2 1M NaH,PO,
NaH,PO, 2.76 g
H,0 20 ml

5.2 Elution buffer (0.1 M Glycine pH 2.7)

Glycine 0.7506 ¢

H,O 50 ml

Adjust pH to 2.7 with 1IN HCl

Adjust volume with H,0 to 100 ml

Filtrate through 0.45 um Whatman filter paper (GE Healthcare, Uppsala,
Sweden) and degas by sonication before use

Store at RT

5.3 Neutralizing buffer (1 M Tris-HCl pH 9.0)

Tris-base 6.05¢
H,O 20 ml
Adjust pH to 9.0 with 1N HCl

Adjust volume with H,O to 50 ml
Store at RT

5.4 20% Ethanol

Absolute ethanol 200 ml

H,0 800 ml

Filtrate through 0.45 pm Whatman filter paper (GE Healthcare, Uppsala,
Sweden) and degas by sonication before use

Store at RT
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6. Reagents for agarose gel electrophoresis

6.1 50X TAE buffer (0.04 M Tris-base, 0.002 M EDTA, and 0.02 M Acetic

acid)

Tris-base 242 ¢
Disodium EDTA 18.61 ¢
Glacial acetic acid 57.1 ml
Add H,0 to 1,000 mt
Store at RT

6.2 1X TAE buffer

50X TAE buffer 20 ml
H,O 980 ml
Store at RT

6.3 1% Agarose gel

Agarose 03¢

Add 1X TAE buffer to 30 ml

Melt until agarose well dissolve using microwave

Cool down at RT

Add SYBR green 1 ul

Pour the mixture into the gel cassette, place the combs, and let the gel

polymerize at RT

7. 100 mM Tris-HCl pH 8, 100 ml
Tris-base 1.21¢
H,0 to 100 ml
Adjust pH with 6 M HCl to pH 8

8. Electrophoresis sample buffer, 25 ml

5% (w/v) SDS (289.43 g/mol) 1.25¢



40% (w/v) sucrose (342.24 g/mol)
10% (v/v) 2-mercaptoethanol
0.01% (w/v) bromophenol blue
H,O to

9. 100 mM EDTA, 25 ml
EDTA (372.24 ¢/mol)
H,O to

10¢g

2.5 ml
2.5 ul
25 ml

093¢
25 ml
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