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Ingredients of food, especially sugar and starch at high temperature cooking
process could lead to the formation of acrylamide (AA). This chemical is harmful
carcinogens, a neurotoxicant, reproductive toxicant, and carcinogen in animal species.

However, the detection of acrylamide contaminated in food is unnoticed.

In this work, Phage bio-panning was performed in order to select scFv specific
to acrylamide from murine scFv (MuscFv) phage-displayed library. Acrylamide standard
(AA) used as antigen for bio-panning and was expressed in E. coli system. Several scFvs
were isolated and specificity towards acrylamide was confirmed by Western blot and
the binding tested by ELISA. The anti-AA MuscFv phage clones did not show any cross-
reactivity with BSA from bio-panning process. Further, biochemical and functional
investigations demonstrated that the binding of specific MuscFv with acrylamide.
Morever, we tested the anti-AA MuscFv specific to acrylamide could detect acrylamide

in coffee using ELISA and verified by High- performance liquid chromatography (HPLC).

The construction of libraries of recombinant antibody fragments that are
displayed on the phage surface. The selection of phage antibodies against target
antigens has become 'an important  biotechnological tool to generate novel
monoclonal antibodies for research. For the first time, this study describes the
selection of antibodies against acrylamide from murine scFv phage-displayed library

which can detect acrylamide in coffee.
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CHAPTER 1
INTRODUCTION

1.1 General introduction

Acrylamide (AA), an unsaturated-amide small molecule, is a by-product of
food heating processes (due to Maillard reaction) that are commonly present in cooked
foods. This agent was known to be toxic to humans (Svensson et al., 2003; Tareke et
al.,, 2000).1t is rapidly absorbed after ingestion and distributed in many organs such as
thymus, liver, heart, brain and kidneys (Capuano and Fogliano, 2011; Hu et al., 2014).
Due to its genotoxicity and carcinogenicity (Xu et al., 2014), acrylamide was classified
as a Group 2A carcinogen by the International Agency for Research on Cancer
(IARC,1994) and a Category 2 carcinogen and Category 2 mutagen by the European

Union.

Acrylamide contamination in food is first reported by Swedish national food
administration using LC/MS/MS method. The most foods often found acrylamide are
potato chips, French fries, baked bread, chocolate, and coffee(Rosén and Hellenas,
2002). Many researchers have confirmed the presence of acrylamide in different
processed foods. For Thai foods, acrylamide has been found in curries, commercial
and conventional snacks, instant noodle as well as coffee that contain starch and fat
as the major components and cooked at high temperature (Komthong et al., 2012). In
addition, as reported in the EFSA’s scientific opinion on AA in food, the exposure data
reported that coffee was to be one of the sources of this toxicant in adult diets.
Several methods for acrylamide detection are reported in the literature, including
high- performance liquid chromatography ( HPLC) ( Gokmen et al,, 200 5) ,gas
chromatography( Shin et al, 2010), gas chromatography coupled with mass
spectrometry (GC-MS) (Lee et al., 2007), liquid chromatography coupled with mass
spectrometry (LC-MS/MS) (Yang et al.,, 2012; Y. Zhang et al.,, 2011), immunoassay
(Zhou et al., 2008) electro-chemical- biosensors(Batra et al., 2013), fluorescent method
(Hu et al,, 2014) and quartz microbalance sensors(Kleefisch et al., 2004). Most of the

methods need advanced equipment. This is an important issue because acrylamide



was suspected to cause cancer in human and there is no concern about acrylamide

contaminated (Kumar et al., 2018).

Coffee in fact, forms one of the principal dietary sources of acrylamide, where
it is normally drunk in large quantities throughout many countries worldwide that
includes Thailand. Moreover, it constitutes a major dietary component in a wide range
of population groups, mainly ranging from late adolescents to the elderly. Among the
various food groups, it is coffee that is most difficult to limit the formation of
acrylamide. One of the reasons for this is that the coffee beans are roasted as a whole,
and the structure of the coffee beans is very firm, which makes the pre-roasting
processes to limit the formation of acrylamide insufficient. The presented review has
highlighted that acrylamide is a potential threat to human health as it is a precursor
to carcinogenic compounds. Thus, a device for detecting acrylamide in foods is
urgently required. In this study the MuscFv specific to acrylamide was selected and

tested against acrylamide using ELISA.

1.2 Research objective

The overall objectives were to develop the Enzyme-linked immunosorbent
assay (ELISA), that could detect acrylamide substances in coffee.

The specific purposes of this study were as follows:

1. To produce MuscFv-antibody against acrylamide in coffee.

2. To develop Enzyme-linked immunosorbent assay (ELISA), that could detect
acrylamide substances in coffee.

3. Murine ScFv specific to acrylamide should detect acrylamide in coffee

using developed ELISA.

1.3 Scope and limitations of the study

The produced scFv-antibody against specifically to acrylamide will be develop
Enzyme-linked immunosorbent assay (ELISA), that could detect acrylamide substances
in spiked in coffee. The ELISA will be test for the LOD, cut off, and validation using
standard method (HPLO).



1.4 Expected results

1. Successfully produce scFv- antibody specific to acrylamide.

2. The Enzyme-linked immunosorbent assay (ELISA), that could detect
acrylamide substances in spiked coffee.

3. The result of Enzyme-linked immunosorbent assay (ELISA) was affordability,

simplicity, ease of handling.



CHAPTER 2
RITERATURE REVIEWS

2.1 Acrylamide

2.1.1 General information

Acrylamide (or acrylic amide, prop-2-enamide) is an Q, B-unsaturated carbonyl
with a chemical formula CH,=CHC (O) NH, (Figure 2.1). It is a white odorless solid,
soluble in water and several organic solvents. The molecular weight 71.08 ¢/mol and
a chemical intermediate used in the production and synthesis of polyacrylamides that
can be modified to develop nonionic, anionic, or cationic properties for specific uses.
These water-soluble polymers can be used as additives for water treatment, enhanced
oil recovery, flocculants, papermaking aids, thickeners, soil-conditioning agents, sewage

and waste treatment, processing, and permanent-press fabrics (Habermann CE., 2002).

O

AN

NH,

Figure 2.1 Chemical structure of acrylamide.

Acrylamide is formed upon the reaction of asparagine with reducing sugars or
from cleavage products call is Maillard reaction (i.e., 2-butanedione, 2 oxopropanal)
at temperature higher than 100 C° in low moisture conditions or after prolonged
thermal treatment (Mottram et al., 2002; Stadler et al., 2002). Cysteine and methionine
in presence of reducing carbonyls and acrolein in presence of ammonia are other
precursors of acrylamide. The reaction mechanisms involve 3-amino propionamide as
reaction intermediate upon the formation of the Schiff base and the decarboxylation
and hydrolysis via Strecker degradation or the direct decomposition of the Schiff
base via intramolecular cyclization forming the azomethine Lide that directly

decomposes on cleavage of the CeN bond to give acrylamide and 1-amino-2-hex lose



(Granvogl et al., 2006; Yaylayan et al., 2003). Due to the presence of an acryloyl group,
acrylamide is highly reactive, and it can polymerize, or form Michael adducts with free

amino group, thiols or other nucleophiles.

2.1.2 Maillard Reaction

The Maillard reaction, named after L. C. Maillard, is also known as
nonenzymatic browning. It is an extremely complex process, which is which reaction
between reducing sugars and proteins by the impact of heat. The Maillard reaction
starts with reducing sugar reacting with an amine, creating glycosyl amine. These
substances undergo a reaction called Amadori rearrangement to produce a derivate of
amino deoxy fructose. The reaction is continuous, and very reactive intermediate
substances are formed, which subsequently react in several different ways. Eventually,
a furan derivate is cained, and this derivate reacts with other components to
polymerize into a dark-colored, insoluble material containing nitrogen. The Maillard
reaction also takes place at room temperature but at a much slower rate and occurs
at its slowest by low temperatures, low pH, and low water activity (a,,) levels.

Maillard reactions occur particularly when food products are processed at high
temperatures. It is a form of non-enzymatic browning commonly associated with the
desirable color and aromas of cooked foods including bread, meat, roasted nut, coffee
and confectionaries to name a few. It has also been linked to the formation of various
compounds exhibiting antioxidant, antimutagenic properties and/ or antibiotic
potencies. However, although some chemicals produced by Maillard reactions are
involved in the improvement of flavors and the sensory appeal of many foods, others
are known to be potentially harmful (mutagens, carcinogens)

Maillard reaction was proposed as the major route for acrylamide formation,
there are also some minor routes. Alternatively, to acrylamide formation from
asparagine through Maillard reaction, it was shown that asparagine might be converted
to acrylamide in the absence of any carbonyl compound (Figure 2.2) The 3-amino-
propionamide (3-APA) is the major precursor in this route, which is generated directly
from asparagine( Granvogl et al,, 2007). Formation of acrylamide through 3-APA
proceeds to a lower extent. However, 3- APA might also be generated in foods under
enzymatic action on asparagine, and rapidly converted to acrylamide even under

aqueous conditions and at relatively low temperatures (Becalski et al., 2011).



Acrolein is also one of the precursors in acrylamide formation and could be
formed through oxidative lipid degradation, carbohydrate degradation and Maillard
reaction (Stadler and Studer, 2016). As shown in (Figure 2.3), acrolein is oxidized to
acrylic acid and then reacts with ammonia (produced from amino acids via Strecker
degrade at ion in the presence of carbonyl compounds) yielding acrylamide (Yasuhara
et al., 2003). However, since acrolein is highly reactive, it prefers reacting with food
components than oxidation to acrylic acid. Acrylic acid could also be formed from
thermal decomposition of aspartic acid, carnosine and B—atanine (Stadler et al., 2002;

TAEYMANS et al., 2004).
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Figure 2.2 Formation of acrylamide through 3-APA.
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Figure 2.3 Formation of acrylamide from acrolein.(Yasuhara et al., 2003).

Maillard reactions (Geng et al., 2011; Hellwig & Henle, 2014; Lund & Ray, 2017,
Thorpe & Baynes, 2003)). subdivided Maillard reaction into three stages as follows:

1. Initial stage: the product remains without any color and without ultraviolet
(UV) absorption. Two reactions occur at this stage: sugar-amine condensation and

Amadori rearrangement.



2. Intermediate stage: the product's color may change to yellow with UV
absorption. This stage will involve sugar degradation and fragmentation, as well as
degradation of amino acids.

3. Final stage: the product becomes highly colored, and reactions such as
condensation of aldols, condensation of aldehyde- amine and formation of

heterocyclic nitrogen compounds will occur.
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Figure 2.4 Maillard reactions. (Hodge,1953)



The different reactions above-mentioned are described in (Figure 2.4). These
three stages are known in literature as Early, Advanced, and Final Maillard reactions,
respectively (Mauron J., 1981). Melanoidins are the final products of non-enzymatic
browning and should be distinguished from melanin, which are the final products of
enzymatic browning. The dark-brown products formed in foods by enzymatic and non-
enzymatic reactions are very complex to differentiate and their chemical analysis is

difficult since they are relatively intractable.

2.1.3 Metabolism of acrylamide

Once acrylamide is consumed, it is absorbed by the gastrointestinal tract and,
via the circulation, is distributed to peripheral tissue. (Schabacker et al.,, 2004) The
observed that acrylamide monomers pass the monolayer of Caco-2 cells (human
intestine model) through passive diffusion. Despite the high bioavailability of dietary
acrylamide, diet is complex, and interactions between acrylamide and food ingredients
are possible due to the high reactivity of acrylamide with peptides. (i.e. acrylamide
uptake in humans has been hypothesized to be impaired by a diet rich in proteins)
(Carere 2006, Vesper et al., 2007). Several studies concluded that acrylamide does not
accumulate in the body; however, it has been detected in several animal tissues (i.e.
heart, thyroid, stomach, kidney, liver, and testis)(Pingot et al., 2013; Tareke et al., 2000;
Vikstrom et al.,, 2012). Concern increased when a group from Germany found
acrylamide levels in breast human milk and observed that acrylamide could pass the
placenta and reach the developing fetus (Aktag et al.,, 2022). Acrylamide has a low
molecular weight and is highly water soluble. These properties mean acrylamide is
more likely to be biologically active in the body. Acrylamide is metabolized in animals
and in humans via at least two main pathways: conjugation with reduced glutathione
for elimination, and conversion to a chemically reactive epoxide, glycidamide, in a
reaction catalyzed by the cytochrome P450 enzyme complex Cyp2el(Tareke et al,,
2008).

In animals and in humans, the conversion of acrylamide to glycidamide (2,3-epoxy
propionamide) is known to primarily occur via the enzyme Cyp2el; however, there
could be other pathways that contribute to the formation of glycidamide, but these
are likely to play only a minimal role. Both in vitro and in vivo studies confirmed that

acrylamide is converted to glycidamide by Cyp2el in experimental animals and in



humans; nevertheless, rats and mice have higher conversion rates than humans (Barber
et al,, 2001). Studies in CYP2E1-knockout mice (absence of Cyp2el) showed that mice
did not excrete glycidamide or metabolites derived from glycidamide. Furthermore,
some authors observed that in presence of allyl and diallyl sulfide (inhibitors of
cytochrome P450 2E1, extracted from garlic) the conversion of acrylamide to
glycidamide was attenuated.

Acrylamide reacts very slowly with DNA and has only been observed in in vitro
studies; however, glycidamide clearly forms adducts with guanine and adenine.
In addition, acrylamide and glycidamide are alkylating agents that can react with
plasma albumins, proteins, and the amino acid valine of hemoglobin to form
N-(2-carbamoyl ethyl) valine (HbAA) and N-(2-carbamoy!-2-hydroxyethyl) valine (HbGA).
This hemoglobin adducts (HbAA and HbGA) are considered valid biomarkers that reflect
human internal exposure within the last 120 days (the average lifespan of erythrocytes)
(Schabacker et al.,, 2004; Zodl et al.,, 2007). Hemoglobin adduct measurements are
reproducible with intraclass correlation in the range of 0.77 to 0.80. DNA adducts of
acrylamide and glycidamide are not yet developed for use in human epidemiology
studies. Both acrylamide and glycidamide can be excreted from the body by
conjugating with reduced glutathione-S-transferases (GST). This reaction results in the
formation of glutathione conjugates which will be transformed to mercapturic acids
(such as N-acetyl- S-(2- carbamoylethyl) - cysteine, or N-acetyl- S-(2- carbamoyl- 2-
hydroxyethyl) - cysteine) and eliminated in urine. Likewise, glycidamide can also be
hydrolyzed by the microsomal epoxide hydrolase (mEH) to glyceramide, a less reactive
metabolite that is also excreted in urine (Dybing et al,, 2005a; Fennell et al.,, 2006).
The half-life of acrylamide in human organism is 2-7 hours which shows how slowly
this substance is being removed from the body (Sérgel et al.,, 2002). The form of
acrylamide is still an incomplete mechanism. As a result, it causes the accumulation
of acrylamide in the body to continue for a long time and the amount of acrylamide
that accumulates can affect the movement of red blood cells and human hemoglobin
((Bergmark, 1997; Neuh&user-Klaus & Schmahl, 1989).
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Figure 2.5 Metabolism of acrylamide

2.1.4 Toxicity of acrylamide

Acrylamide has been classified as a Group 2A carcinogen by the International
Agency for Research on Cancer (IARC) and a category 2 carcinogen and category 2
mutagen by the European Union; moreover, the EFSA mentions acrylamide formation
in foods as one of their major concerns. Several toxicological studies highlighted that
acrylamide could bind hemosglobin, can be metabolized in the highly reactive
glycidamide epoxide and its concentration in water should be below 0.1 mg/L. When
the body receives acute acrylamide compounds will directly affect the central nervous
system and peripheral nervous system (Neuh&user-Klaus & Schmahl, 1989; Tilson HA,,
1981) and the intermediate glycerides derived from the decomposition process
acrylamide within the cell is also able to capture DNA and destroy the genetic code
of the organism (Svensson et al., 2003; Tareke et al., 2000). A report on the toxicity of
acrylamide on the reproductive system of mice which directly affects the strength of

sperm (Friedman M., 2003)and to be carcinogenic in humans (Bjellaas et al., 2007,
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IARC., 1994; Tareke et al.,, 2000)that results in the induced abnormal chromosome
division.

The documented and confirmed potential toxicity of AA to organisms is
extensive. Prolonged, low-dose exposure to AA can lead to symptoms such as skin
peeling and erythema, numbness of limbs, hyporeflexia, and peripheral neuropathy.
Additionally, in animals, extended ingestion of AA may cause ataxia, muscle weakness,
and dyskinesia (Pundir et al., 2019a; Zhao et al., 2022). The potential toxicity of AA to
the body and its mechanism are presented.

Neurotoxicity: The central nervous system plays a crucial role in the body's
oxidative metabolism. Prolonged intake of AA can trigger reactive oxygen species to
continually assault cell membrane lipids, proteins, and DNA, leading to damage in vital
organs and the onset of diseases like Alzheimer's and Parkinson's disease (Wang et al.,
2022). Certain studies have noted that AA intake resulted in elevated levels of oxidative
stress-related enzymes such as superoxide dismutase, slutathione peroxidase , and
catalase in both peripheral blood and the brain (Hou et al., 2021). Additionally, it
prompted the disruption of the structure or function of the peripheral nervous system,

leading to diminished or loss of movement and sensation (Reshmitha & Nisha, 2021).

Immunotoxicity: AA can also stimulate the immune system to produce immune
responses and activate mitogen-activated protein kinase, nuclear factor-kB, and other
related pathways for defense. Some studies have reported that treating human
neuroblastoma cells with AA could activate extracellular signal-regulated protein
kinase to induce the death signaling pathway, c-Junn terminal protein kinase, and p38
mitogen-activated protein kinase pathways, and upregulate the expression of
proapoptotic proteins, resulting in cell apoptosis (Matoso et al.,, 2019; Okuno et al,,
2006).

Reproductive toxicity: AA has also been proven to exhibit reproductive toxicity.
After being catalyzed by the cytochrome P450 enzyme, AA is epoxidized to form
glycidamide. Then, AA and GA react with protamine in the testis to produce S-(2-
formamido-2-hydroxyethyl) cysteine and S-carboxyethyl cysteine, eventually affecting
fertility (Hansen et al., 2010; H. Zhang et al., 2022). AA can damage the reproductive
system by damaging normal Sertoli cells in male rats and the function of Leydig cells,

as well as induce the abnormal secretion of testosterone and luteinizing hormone,
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resulting in abnormal sperm-related gene expression, decreasing the number of sperm
to reduce the activity of sperm, and increasing the sperm deformity rate (ALKarim et
al., 2015; Yuxin Ma et al., 2011). Further, AA can induce ovarian dysfunction in female
Wistar rats by upregulating apoptosis-related genes (Firouzabadi et al., 2022) .

Other Toxicities: AA has the potential to harm various organs including the liver,
kidneys, lungs, bladder, and digestive tract, and it may even lead to conditions such
as testicular mesothelioma, adrenal cortical adenoma, astrocytoma, and oral tumors
(Yuan et al.,, 2022a). Currently, there are no studies specifically addressing the adverse
effects of AA in coffee on human health; however, its toxic effects in food have been
well-established through animal experiments or in vitro studies using human cells. An
AA toxicity test conducted in rats in early 2005 revealed an LD50 ranging from 107 to
203 mg/kg.bw, confirming AA's low toxicity (Dybing et al., 2005b). Nonetheless, some
studies have indicated that AA's detrimental effects on human health primarily
manifest as damage to immune function, the nervous system, genetic material,
mitochondrial dysfunction, mutation, genotoxicity, and its potential carcinogenicity (Liu
et al., 2022; Yuan et al,, 2022b). For instance, many GA-induced mutations in human
tumors occurred at A base pairs, with AT > TA and AT > GC mutations at specific TP53
codons (Holzl-Armstrong et al,, 2020). In essence, DNA adducts offer a plausible
mechanistic explanation for the types of mutations and mutational signatures
observed following GA treatment, a reactive metabolite of AA [57]. Consequently,
European regulations have recommended a maximum AA content of 400 ug/kg in
roasted coffee (D,; B. M.; C. J. K; R. B. L. Benford et al., 2022).

2.2 Conventional antibody
2.2.1 Antibody

The antibody, a glycoprotein originating from B cells, is molecularly
categorized as an immunoglobulin protein (Ig). In its inactive state, the antibody adopts
a Y-shaped configuration. Its fundamental structure comprises a heterotetrametric
consisting of four polypeptide chains: two identical heavy (H) chains and two identical
light (L) chains. Each H chain, approximately 50 kDa in size, is linked to an L chain,
about 25 kDa, via a disulfide bond. Additionally, the two H chains are connected
through disulfide bond(s). The association between H-L and H-H chains is further

facilitated by non-covalent interactions, including hydrophobic forces, ionic bonds,
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hydrogen bonds, van der Waals forces, and salt linkages. (Figure 2.6)(Davies et al,,

1975a).
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Figure 2.6 Schematic diagrams of the antibody structure

Two types of L chains exist, characterized by variations within them: kappa (K)

and lambda (A) chains. In humans, K and A) (aims make up 60% and 40% respectively,

whereas in mice, K chains constitute 95% and A chains 5% (Hieter et al,, 1981). Lambda

chains comprise A 1, A 2, A 3, and Aa subtypes, whereas K chains lack subtypes. The

C-terminal portions of the H chains differ, classifying into five types: J, 6, Y. € and QL

Immunoglobulins carrying these types are denoted as IgM, IgD, IgG, IgE, and IgA

classes/types, respectively. (Figure 2.7) (Amzel & Poljak, 1979).



14

N N
—
.
IgM g i
gci::cliﬁde \‘\\ \‘_”"I IgA
A2 NS P
J?‘ir!ing-""/“i_}}ﬂ\f/{ ; & @ TH\K '8 SN
o v :. :;é Joini;\g Secretory

chain protein
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The antibody primary structure can be separated into two Fab and one Fe
fragments after papain cleavage or one F (ab’), fragment and degraded Fc pieces after
pepsin cleavage. The Fab and the F (ab’) ,; consist of 1 and 2 antigen binding site (s),
respectively. The function of the Fab and the F (ab’) ; is for antigen binding while the
Fc region has several activities such as Fc receptor binding and complement fixing
(Stura E.A., 1993).

The N-terminal half of L chain and N-terminal quarter of H chain contain high
sequence variation which creates diversity of the epitope specificity among different
antibodies. The Variable regions of the L and H chains are called variable light chain
(VL) and variable heavy chain (VH) domains, respectively. Within each VL and VH
domain, there are three hypervariable regions called complementary determining
regions (CDRs) which are the sites that interact with the epitope. Each binding site of
each antibody contains 3 VL-CDRs and 3 VH-CDRs. The other portions of VL and VH
domains are less variable than the CDRs and are called immunoglobulin framework

regions (FIRs). There are four FRs in each VL and VH; from N-terminal, they are FR1,
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FR2, FR3, and FR4, respectively. The FRs serve as Scaffold of the CDRs (Davies et al,,
1975Db).

The remaining parts of antibody molecule apart from the variable regions (VL
and VH) are more constant in terms of amino acid sequences. The constant region can
be divided into 2 domain types, called constant light chain (CL) domain and constant
heavy chain (CH) domain. Each H chain is composed of three or four CH domains (CH1-
CH4) depending on the immunoglobulin isotypes while the L chain contains only one
CL. The peptide sequence between the CHI and CH2 are proline-rich which makes the
Y-arm of the antibody flexible. This region is called “Hinge region”. Overall, the CDRs
of VL and VH formed the antibody binding site or paratope which is located at the tips
of the Y-shape arms of the resting antibody molecule. The hyper variable amino acid
sequences of the CDRs determine antigenic specificity of each antibody molecule

(Amzel & Poljak, 1979)

2.2.2 Antigen-Antibody Binding

The region of an antigen that interacts with an antibody is called an epitope or
an immune determinant region. The binding of an antibody to the antigen is dependent
on reversible, non-covalent interactions, and the complex is in equilibrium with the
free components. The binding pocket of an antibody can accommodate from 6 to 10
amino acids. Small changes in the antigen structure (such as a single amino acid) can
affect the strength of the antibody-antigen interaction. The measure of the strength of
the binding is called affinity, and it is usually expressed in terms of the concentration
of an antibody-antigen complex measured at equilibrium. It typically ranges from micro
(10-6) to pico (10-12) molar. High-affinity antibodies can bind more antigen in a shorter
period than low-affinity ones, and they form more stable complexes. Hence, high-
affinity antibodies are usually preferred in immunochemical techniques (S. rath &
Madeleine E. devey, 1988).

Avidity is another parameter used to characterize the antibody-antigen binding
reaction. It is the measure of overall stability of the complex, determined by the
antibody’s affinity for the epitope, the number of binding sites per antibody molecule
and the geometric arrangement of the interacting components. Avidity describes all
factors involved in the binding reaction, and it determines the success of all

immunochemical techniques. Antibodies are usually highly specific for the antigen.
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However, some antibodies show cross- reactivity to similar epitopes on other
molecules. This makes the immunochemical method less specific but at the same
time more applicable to situations where the target is a class of structurally related
molecules. Assay specificity and sensitivity are determined by the quality of antibodies
used in the method. Polyclonal antibodies are isolated from the serum of immunized
animals, usually rabbits, and the serum is a combination of numerous antibodies with
different specificities and affinities. Monoclonal antibodies are more homogenous in
terms of specificity and affinity because of the production method involving

immunization of mice followed by hybridoma technologies (Goding, 1983).

2.2.3 Single-Chain Fragment Variable (scFv)

Fv fragment is the smallest unit of immunoglobulin molecule with function
in antigen- binding activities. An antibody in scFv (single chain fragment variable)
(Figure 2.8) format consists of variable regions of heavy (VH) and light (VL) chains,
which are joined together by a flexible peptide linker that can be easily expressed in
functional form in E.coli, allowing protein engineering to improve the properties of scFv
such as increase of affinity and alteration of specificity (Lake D. F., 1994). The length of
the flexible DNA linker used to link both V domains is critical in yielding the correct
folding of the polypeptide chain. Previously, it has been estimated that the peptide
linker must span 3.5 nm) between the carboxy ° terminus of the variable domain and
the amino terminus of the other domain without affecting the ability of the domains
to fold and form an intact antigen-binding site (Law, 2021)

In addition to the linker peptides designed de novo, peptide sequences derived
from known protein structure have been applied to provide a compatible length and
conformational in bridging the variable domains of a scFv without serious steric
interference (Bird et al.,, 1988) Apart from the length of the linker, their amino acid
composition also plays an important role in the design of a viable linker peptide. They
must have a hydrophilic sequence to avoid intercalation of the peptide within or
between the variable domains throughout the protein folding(Feige et al., 2010).
Nowadays, the most extensively used designs have sequences comprising stretches of
Gly and Ser residues which meant for flexibility and or together with the charged
residues such as Glu and Lys interspersed to enhance the solubility (Whitlow et al.,
1993).
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along the polypeptide chains. Single-chain fragment variable (scFv) antibody generated

by recombinant antibody technology appears in the shaded area.

2.2.4 The Generation of scFv (Single-Chain Fragment Variable) Antibodies

scFv (single chain fragment variable) antibodies have been constructed
mainly from hybridoma (Huston, 1988), spleen cells from immunized mice(Finlay &
Lugovskoy, 2019), and B lymphocytes from human. scFv is a noncovalent heterodimer
comprised of the VH and VL domains(Skerra & Pluckthun, 1988) in which can then be
used in the construction of recombinant scFv antibody. In order to attain them, mRNA
is first isolated from hybridoma (or also from the spleen, lymph cells, and bone
morrow) followed by reverse transcribed into cDNA to serve as a template for antibody
genes amplification (PCR). With this method, large libraries with a diverse range of
antibody VH and VL genes could be created. One successful approach to recombinant
antibody production has been developed by McCafferty and coworkers in which they
utilized the phage recombinants that are displaying antibody at their tips together with
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the new techniques of affinity selection, called bio-panning step. The work by
McCafferty (McCafferty et al, 1990) thus has opened the opportunity for in vitro
selection of scFv from large libraries of variable domains circumventing the traditional
hybridoma method.

In the scFv construction, the order of the domains can be either VH- linker- VL
or VL-linker-VH and both orientations have been applied (Sheikholvaezin et al., 2006).
The even though (Luo et al., 1995) have shown that the expression of scFv (single-
chain fragment variable) of Pichia pastoris system is VL- linker- VH orientation-
dependent; most of the scFv are constructed in a VH-linker-VL orientation. One of the
most popular methods used is through PCR assembly (Lake D. F., 1994) which was first
described by Horton et al. (Horton et al., 1989). In this method, it allows the V domains
of antibody to be cloned without any prior information about the nucleic acid as well
as amino acid sequence of the antibody (LeBoeuf et al., 1998). Moreover, the V
domains of antibody can be combined by in vitro recombination directly after the PCR
of VH and VL genes into plasmid or phagemid(Hogrefe et al., 1993). Alternatively, scFv
can also be constructed with sequential cloning or combinatorial infection.

Numerous scFv have been constructed against hapten, protein, carbohydrate,
receptor, tumor antigen, and viruses (He et al,, 2002). All these scFv have good

potential for use in many fields such as medical therapies and diagnostic applications.

2.3 Phage display technology

2.3.1 Phage display

Bacteriophage (phage) is a virus that infects and replicates within bacteria and
archaea, following the injection of their genome into its cytoplasm. Phage is composed
of proteins that encapsulate a DNA or RNA genome and may have relatively simple or

elaborate structures (Smith, 1985). (Figure 2.9)
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2.3.2 Phage display

Phage display was first developed by G. Smith in 1985 (Smith, 1985) as a
method of presenting polypeptides on the surface of lysogenic filamentous
bacteriophages. In phage display technique, a gene encoding a protein of interest is
inserted into a phage coat protein gene, causing the phage to display the protein on
the outside and containing the gene for the protein inside, resulting in a connection
between genotype and phenotype.

Phage display is generally a new strategy to exhibit peptides on the surface
of bacteriophage. For the first time, phage display introduced by George Smith in 1985.
As per this system, phages can be expressed the desired (poly) peptides as a
component of their surface proteins. In this technique, the (poly) peptide expresses as
fusion with one of the surface proteins of the bacteriophage and in this way the desired
(poly) peptide is chosen by binding to different target(Smith, 1985). In fact, this method
is based on the reaction between the ligand and receptor. Displaying of proteins on
the surface of the phages is dependable strategy for choice of uncommon qualities
that code proteins with binding activity. Phage display can be set to show different
quantities of peptides with substantial differences in polyvalent configuration. The
level of display relies on upon the sequence and length of poly (peptides) (Wilson et
al.,, 1998). In the case of small peptides (smaller than 8 residues), hundreds or

thousands copies of them can be displayed (Zalewska-Pigtek & Pigtek, 2021). This
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technology is fit for delivering small peptides (1-20 residues) with high binding affinity
to any protein (Sidhu et al., 2000). Phage display is based on genetic manipulation of
genes of surface proteins of filamentous phages like M13 and fd. Foreign DNA inter into
the genome of filamentous phage (for example gene IIl) and foreign peptide encoded
as a fusion protein with a surface coating protein (Pande et al, 2010). Rapid
identification and isolation of high specific phage to its own target (through bio panning
process) is an advantage of phage display technique. Bio panning causes recognizable
proof of individual peptides in the scope of micro molar to nanomolar range (Arap,
2005). In this review we outlined distinctive applications of phage display from the past

to present.

2.3.3 E.coli filamentous bacteriophages (f1, fd, M13)

The most common bacteriophages used in phage display are E.coli filamentous
bacteriophages (f1, fd, M13). A filamentous bacteriophage is a type of phage, defined
by its filament-like or rod-like shape. Filamentous phages usually contain a g¢enome of
single-stranded DNA and infect Gram-negative bacteria. The family of Ff, M13, fd, and
f1 are vital phages which have utility in phage display among which M13 phage is the
most generally used (Rakonjac et al., 2017).

M13 bacteriophage has a cylindrical shape with a length of 880 nm and a
diameter of 6 nm. It encapsulates a single-strand genome that encodes five different
capsid proteins which comprise two groups, major coat proteins (pVIll) and minor coat
proteins (pVII, pIX, pVI and plll). (Figure 2.10)

E. coli filamentous bacteriophages are commonly used for phage display. Most
antibodies and peptides are displayed at phage proteins plll (Kim et al., 2019) and pVIi
(Hess et al.,, 2012), which constructed plll and pVIIl display system. Moreover, hybrid
phage system enables displaying large proteins with all five M13 coat proteins as
N-terminal fusions with plll, pVIll, pVIl and plX, and as C-terminal fusions with pVI, pll,
and pViIil.

1. plil'is the protein that determines the infectivity of the virion. It consists of
406 amino acid residues and occurs at the phage tip in 3 to 5 copies (Lowman HB &
Clackson T., 2004). An advantage of using plll rather than pVIil is that plil allows for

monovalent display when using a phagemid combined with a helper phage. Moreover,
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plll allows for the insertion of larger protein sequences (>100 amino acids)(Sidhu et al.,
2000) and is more tolerant to it than pVill.

2. pVlil is the main coat protein of Ff phages, which is expressed by gene 8 and
occurs in 2700 copies. Therefore, it is used to enhance detection signal when phage
displayed antibody associates with antigen. Peptides are usually fused to the N-
terminus of pVIIl which are usually 6-8 amino acids long copies (Lowman HB & Clackson
T., 2004). This makes the use of this protein unfavorable for the discovery of high
affinity binding partners. Moreover, modifications of pVIIl are made to increase the
efficiency of display onto pVIIl, and now there has been great progress.

3. pVl has been widely used for the display of cDNA libraries, which is an
attractive alternative to the yeast-2-hybrid method for the discovery of interacting
proteins and peptides due to its high throughput capability (Lowman HB & Clackson
T., 2004). pVI has been used preferentially to pVIll and plll for the expression of cDNA
libraries because one can add the protein of interest in the C-terminus of pVI without

greatly affecting pVI's role in phage assembly.
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4. pVll and plX, located to the phage tip opposite that of plll, may both
complement current phage display systems and be used as alternative scaffolds for
display and selection to further improve phage display as the ultimate combinatorial

engineering platform.

2.3.4 Phage bio- panning

In general, there are 5 steps for phage display technology as below:

STEP1: Construct phage display library. Recombinant DNA technology is used
to incorporate foreign cDNA into viral DNA. Different sets of genes are inserted into the
genomes of multiple phages. Spliced into gene for a coat protein, so that the protein
will be displayed on the outside of phage particles, and these separate phages will
only display one protein, peptide, or antibody. Collections of these phages can
comeprise libraries, such as antibody phage library, protein phage library, or random
phage library.

STEP2: Binding. These libraries are exposed to selected targets and only some
pages will interact with targets. The target is for which specific ligands planned to be
(Rahbarnia et al., 2017) identified such as immobilized protein, cell surface protein or
vascular endothelium.

STEP3: Washing. Unbound phages can be washed away, and only those which
showing affinity for the receptors were left.

STEP4: Elution. Recovery of the target bound phage by elution.

STEP5: Ampilification. Eluted phages showing specificity are used to infect new
host cells for amplification, or direct bacterial infection and amplification of the
recovered phage.

Back to step 1, repeated cycle 2-3 times for stepwise selection of best binding
sequence. After that, you can Enrichment and purification the phage repertoire
by precipitation methods to increasing the phage titer (Rahbarnia et al,, 2017)
(Figure 2.11).
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Figure 2.11 steps for phage bio- panning

2.4 Principle of enzyme-linked immunosorbent assay (ELISA)

The enzyme-linked immunosorbent assay (ELISA) is available for specific
detection of target analytes based on the recognition reaction between antigen and
antibody.

Polystyrene plates with 96 wells are used to conduct the ELISA. The wells,
each of which contains a separate serum, are used to incubate the serum. The 96
samples being analyzed comprise positive and negative control serums. The
appropriate antigen or antibody coated on the solid surface catches the antibodies or
antigens in the serum. By washing the plate with wash buffer, the serum and unbound
antibodies or antigens are removed from the surface (Aydin, 2015a).

To detect bound antibodies or antigens, secondary antibodies linked to
peroxidase or alkaline phosphatase enzymes are introduced into each well. Following

a designated incubation period, excess secondary antibodies are removed by washing.
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Once the appropriate substrate is introduced, it interacts with the enzyme, resulting in
the development of a color that correlates with the amount of antigens or antibodies
in the sample. The optical density of the color is measured at 450 nm, and the intensity

indicates the quantity of antigen or antibody detected (Cho et al., 2005).

2.4.1 The Procedure of ELISA

1. To enable the antibody to capture the antigen molecules, assay samples or
standard solutions are introduced into the antibody-coated wells and allowed to
incubate for a set period.

2. Subsequent to this binding phase, the reaction mixture is discarded, and any
excess materials are rinsed out of the wells.

3. Horseradish peroxidase (HRP) enzyme is employed to detect a second
antibody that recognizes a distinct epitope on the antigen prior to its introduction into
the wells.

4. The second antibody, labeled with an enzyme, binds to the antigen
previously bound by the first antibody at the base of the wells. Consequently, the HRP
enzyme becomes permanently attached to the well surface. The fixed enzyme
concentration correlates directly with the amount of antigen captured.

5. Introducing an enzyme's chromogenic substrate facilitates the measurement
of enzyme activity. Tetramethylbenzidine is commonly used in HRP assays. The
chromogenic substrate develops into a colored product after incubation for a specified
duration. The reaction is halted by adding a stop solution, such as dilute sulfuric acid,
and absorbance is subsequently measured using a plate reader.

6. Plotting the concentration of standard solutions generates a standard or

calibration curve (P. Tijssen, 1985).

2.4.2 Different ELISA Formats

Several ELISA formats have been developed. Each type has its own advantages
and can be used qualitatively to detect the presence of antibody or antigen and
quantitatively (Figure 2.12) by establishing standard curve obtained from known
concentration of antibody or antigen by serial dilution. Based on this standard graph,

concentration of unknown samples can be determined (Stephanie D, 2013)
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Figure 2.12 Steps of ELISA

1. Indirect ELISA In indirect ELISA, samples to be analyzed for a specific antigen
is adhered to the wells of a microtiter plate, followed by a solution of non-reacting
protein such as bovine serum albumin (BSA) to block any areas of the wells not coated
with the antigen. The primary antibody, which binds specifically to the antigen, is then
added, followed by an enzyme-conjugated secondary antibody. A substrate for the
enzyme is introduced to quantify the primary antibody through a color change. The
concentration of primary antibody present in the serum directly correlates with the
intensity of the color. The role of Toll-like receptor activation during cutaneous
allergen sensitization using ovalbumin (OVA) in the modulation of allergic asthma has
been demonstrated (Haapakoski R, 2013) (Figure 2.13). A main disadvantage of indirect
ELISA is that the method of antigen immobilization is not specific. When serum is used
as the test antigen, all proteins in the sample may adhere to the wells of a microtiter
plate. This limitation, however, can be overcome using a capture antibody unique to
the specific test antigen to select it out of the serum, as illustrated in the sandwich
ELISA technique.
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Figure 2.13 Indirect ELISA
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2. Direct ELISA follows the same principle as discussed above, except that the
primary antibody is linked to the detection enzyme (Figure 2.14). Therefore, no
secondary antibody is required. This method is very quick but is typically notes

sensitive or flexible as the indirect method.
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Figure 2.14 Direct ELISA

3. Sandwich ELISA In this format the well surface is prepared with a known
quantity of bound antibody to capture the desired antigen. Non-specific binding sites
are blocked by BSA treatment, and the antigen-containing sample is applied to the
plate. A specific primary antibody is then added that “sandwiches” the antigen.
Enzyme-linked secondary antibodies are applied that bind to the primary antibody.
Unbound antibody-enzyme conjugates are washed off by repeated through washing
treatments. All steps are followed very critically and carefully to avoid the chances of
cross-contamination. Enzymatic reaction develops the color after addition of substrate
that can be quantified later by ELISA plate reader. The technique has been used to
analyses the patient sera for the determination of enhanced keratinocyte growth factor
(KGF) levels in keloid and scleroderma patients compared to healthy controls to
quantify human KGF (Canady et al., 2013) (Figure 2.15). One advantage of using a
purified specific antibody to capture antigen is that it eliminates the purification part
of specific antigen from a mixture of other antigens, thus simplifying the assay and

increasing its specificity and sensitivity.
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Figure 2.15 Sandwich ELISA

4. Competitive ELISA The key event of competitive ELISA is the process of
competitive reaction between the sample antigen and antigen bound to the wells of
a microtiter plate with the primary antibody. First, the primary antibody is incubated
with the sample antigen and the resulting antibody-antigen complexes are added to
wells coated with the same antigen. Unbounded antibodies are washed off after
incubation. The more antigens in the sample, the more primary antibody will be bound
to the sample antigen. Therefore, there will be a smaller amount of primary antibody
available to bind to the antigen coated on the well. Secondary antibody conjugated
to an enzyme is added, followed by a substrate to elicit a chromogenic or fluorescent
signal. Absence of color indicates the presence of antigen in the sample (Figure 2.16).
The main advantage of competition ELISA is its high sensitivity to compositional
differences in complex antigen mixtures, even when the specific detecting antibody is
present in relatively small amounts. This method can be used to determine the
potency of U.S. standardized allergen extracts(Dobrovolskaia et al., 2006) and to
measure the total antibodies to the capsular polysaccharide of Haemophiles influenza
type b in human sera from vaccinated subjects. Competitive ELISA is often used to
detect HIV antibodies in the sera of patients and detection of Candida albicans Sap2

in cancer patient serum samples (Bhattacharyya et al., 2013; Wang L et al,, 2015).
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Figure 2.16 Competitive ELISA

5. Multiple and portable ELISA In this technique a multicatcher device with 8
or 12 immunosorbent pins deep in a collected sample. The washings, incubation and
chromogens are executed by immersing the pins in microwells with reagents. The
important advantage of this technique is ready-to use lab kits are available as relatively
inexpensive. It can be used for large population screening and does not require skilled
personnel. This makes it an ideal tool for low-resource settings (Balsam et al., 2013) .
Clinical applications of this type of ELISA include point-of-care detection of infectious
diseases, bacterial toxins, oncologic markers and drug screening. Evaluation of a
multiplex ELISA for autoantibody profiling in patients with autoimmune connective

tissue diseases described (Caro Perez A, 2014).

2.4.3 Application of ELISA

« To determine whether the provided sample contains any unidentified
antigens or antibodies. Gestational hormones, Pregnancy hormones, etc.

« In the food sector to look for possible food allergies. Milk, Peanuts, Eggs, etc.

 To assess the serum antibody concentration in viral infections.

« To monitor the progression of endemic instances of various diseases. HIV, Bird

flu, Lyme disease, etc (Aga et al., 2003).

2.4.4 Limitations of ELISA

« A time-consuming wash-based assay. Even with the development of
automated plate washers, the labor-intensive ELISA test still requires a number of time-
consuming wash procedures. There is a lot of variation between the wells, which leads

to low agreement between replicates. This could make it challenging to fit the linear
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standard curve or could result in your samples having significant error bars, which
would muddle the results (Carterette, 2012) .

« Time to completion. The experiment typically takes 4-6 hours to complete
because there are numerous wash processes and incubation periods. This excludes
the assay plate preparation step, which entails covering the assay plate with a capture
antibody overnight (Sidney et al., 2013).

 Need for a sizable sample volume. An ELISA typically uses a 96-well format
and needs 100-200 L of material for testing. The high demand for sample volume will
limit the number of the capacity to add replicates for more precise, dependable results
can be severely constrained by targets that can be quantified from the test sample
(Murdock et al., 2013).

« Inability to scale. ELISA is frequently carried out in a conventional 96-well
plate format and cannot be scaled via downsizing to boost throughput (Steinegger et
al.,, 2020) .

« Limited dynamic range. The optical density (OD), which is typically 2 logs,
limits the linear dynamic range for ELISA, an absorbance-based readout. This requires
testing samples to fall within the linear section at various dilutions. Once more, this
refers to the quantity of samples needed for testing and the possibility of out-of-range
samples necessitating an expensive repeat run of the entire assay (Sylvia et al., 2000).

« A tall backdrop. The potential for excessive background in ELISAs reduces the
assay's sensitivity. This could result from contaminated TMB substrate or ineffective
cleaning procedures. Cross reactivity, etc. Data loss or falsely negative or positive
results can result from high background. Signal Stability (Aydin, 2015b).

« The short signal stability of the ELISA makes readings necessary shortly after
adding the stop solution. « It happens frequently that the reaction is not completely
halted, and subsequent reads of the plate will show how the data drifts over time.

+ Finding weak connections. Weak protein-protein (or antibody-protein)
interactions may go undetected in ELISA experiments because of the numerous wash
stages(Suriben et al., 2020).
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2.5 Formation of acrylamide (AA) in Coffee

2.5.1 Pathway of AA Formation in Coffee
Temperature is the main condition for AA production. Once the temperature exceeds
120 °C, AA is generated. Coffee roasting is performed at a temperature of >150 °C,
thereby creating a favorable precondition for AA formation (Schouten et al., 2020,

2021). The three main AA formation pathways in coffee are presented in Figure 2.17.

SN
v .
..... - U,
',-\\\ E <
= § 3-APA A
3 i I‘(o‘ Asparagine HMEF c
e b i f schi " .
crylicaci % %
v, § A Dase Wcarbonyl compounds) "»,g
Vi Y,
% Pt hb'"""% \ %
%"r ..."- o r 1 1 O/,
i U, NH, Q
Acrolein “og ™. HO™ ™Y S
& NH, O +
§ B4 &
) Eo
:|la /A e AI A\

Al 2 'l’,;olc‘in 5 . y Sucrose and
/L'P(ds‘\ Lipid oxidation pathway / amino acid and Maillard reaction pathway othersugars
< _amines" < :

Figure 2.17 Potential pathways of acrylamide formation during coffee processing. (a)
Lipid oxidation pathways; (b) Protein and amino acid degradation pathways; (c) Maillard

reaction pathway.

Firstly, lipid reactions serve as a significant indicator influencing coffee quality
and could potentially lead to AA production (Figure 2.17a). Inadequate treatment
during roasting, storage, processing, transportation, and other stages can result in the
oxidation and degradation of coffee lipids, thereby generating harmful compounds and
impacting cholesterol conversion (Cong et al., 2020; Coreta-Gomes et al.,, 2020). AA
may be formed through a dihydroxylation reaction between acrolein and acrylic acid,
which are produced following lipid decomposition, along with existing amino acids or
ammonia formed during protein pyrolysis (Cong et al,, 2020; Endo et al,, 2013).

Additionally, acrylic acid can generate AA through its reaction with ammonia.
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Fortunately, the formation of AA via acrolein and acrylic acid is restricted due to the
low release and capture of free ammonia in coffee and the high processing

temperature.

Secondly, the heat-induced reaction of proteins and amino acids can also give
rise to AA (Figure 2.17b). Proteins in coffee, particularly aspartic acid, degrade into free
amino acids. Subsequently, aspartic acid undergoes decarboxylation and deamination
to produce AA under high-temperature conditions (Corréa et al., 2021; Sdez-Hernandez
et al,, 2022). Given the extremely high temperatures employed during coffee roasting,
amino acids also contribute to the formation of melanoidins, which contribute to the

dark color of coffee.

The Maillard reaction represents the most prevalent pathway for AA
production in coffee through free amino acids and reducing sugars (Figure 2.18c).
Asparagine and sucrose (0.30-90 mg/g) in coffee serve as essential precursors in AA
formation. Despite sucrose not being a reducing sugar, its decomposition during the
initial stages of coffee roasting can directly impact AA synthesis by generating new
compounds containing carbonyl groups or decomposing into low-molecular-weight
reducing sugars (Alamri et al., 2022; Figueroa Campos et al., 2020). The unstable Schiff
base, which arises from the thermal reactions involving dehydration and N-glycation
conjugation of asparagine and reducing sugars, quickly rearranges to form 3-amino
propanamide (3-APA), followed by a decarboxylation B-elimination reaction to produce
AA (Barrios-Rodriguez et al., 2022). Sucrose degradation under low moisture conditions
occurs via glycosidic bond cleavage, leading to the formation of glucose and
fructofuranosyl cations (Delatour et al., 2020). Dehydration of glucose results in the
formation of Q-dicarbonyl compounds, which may react with asparagine to yield AA
(Hamzalioglu & Gokmen, 2020). Upon heating, sugars also form furan compounds in
coffee, serving as another precursor for AA formation (Cai et al,, 2014; Gokmen et al,,
2012).  Essentially, under high-temperature conditions, sugar undergoes
decarboxylation via the oxazolidine-5-ketone pathway to produce HMF; further
deamination, condensation, and hydrolysis result in AA formation(Schouten et al,,
2022; Verma & Yadav, 2022). HMF is also generated during the caramelization process
through the elimination of three water molecules from glucose (Hamzalioglu &
Gokmen, 2020).
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2.5.2 Control AA Production in Processing Stages

AA production has the potential to arise during every phase of coffee
processing. Thus, it necessitates rigorous control employing suitable methods at each
stage. Figure 2.18 outlines strategies for suppressing AA formation across various stages,

encompassing variety selection, drying, processing, roasting, storage, and brewing.
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Figure 2.18 A review of studies investigating acrylamide inhibition during coffee
processing. (a) Selection of variety; (b) Drying process stage; (c) Roasting stage; (d)

Storage stage; (e) Brewing stage.

Controlling the presence of AA in coffee is paramount to ensure its quality and
safety. This necessitates meticulous management at every stage of coffee processing.
Beginning with the selection of green beans, opting for high-quality options is key.
Furthermore, employing the wet processing method can yield lower AA precursor
content and facilitate the degradation of precursors through proteases (Rubayiza &
Meurens, 2005). Roasting emerges as a crucial stage for AA generation, with control
over temperature (220°C) and duration (over 10 minutes) significantly reducing AA
content (Caporaso et al., 2022). Introducing pressure during roasting can further aid in
diminishing AA levels. The duration of storage and brewing temperature also play vital
roles in influencing AA content in coffee beverages (Andrzejewski et al., 2004a).
Prolonged storage periods (e.g., 12 months) at 37°C and brewing at lower temperatures
(e.g., 4°C) over extended periods (e.g., 3 hours) can minimize the AA dissolved in coffee
beverages (Hoenicke & Gatermann, 2005). However, while existing research
predominantly focuses on reducing AA production, it is imperative to explore other
potentially harmful substances, assess coffee quality, delve into inhibition
mechanisms, and advance the practical application of novel technologies to produce

high-quality coffee with diminished AA levels in the future.
2.5.3 Detection of acrylamide

Given the toxicity of AA, precise evaluation and reduction of its concentration
in coffee are vital to mitigate potential risks to consumer safety. However, direct
quantitative analysis is challenging due to the lack of distinct chromophoric groups,
such as conjugated double bonds in aromatic rings and conjugated triple bonds. (Akglin
& Aricl, 2019; Xian et al., 2019). As a result, sample pre-treatment is usually necessary.
Currently, methods for assessing AA in coffee fall into traditional and novel categories.
Traditional detection methods include gas chromatography (GC), gas chromatography-
mass spectrometry (GC-MS), high-performance liquid chromatography-mass spectrometry
(HPLC-MS), high-performance liquid chromatography-mass spectrometry/mass spectrometry
(HPLC-MS/MS), and capillary electrophoresis (CE) (Pundir et al., 2019b). Novel detection

techniques encompass enzyme-linked immunosorbent assay (ELISA), biosensors
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(electrochemical biosensors, fluorescence sensors), spectroscopy, highly sensitive gas
chromatography detectors (high-resolution time-of-flight mass spectrometry, nitrogen-
phosphorus detectors, tandem mass spectrometry), inhibition-based spectro-
photometry, and machine vision approaches (Asnaashari et al., 2019; Singh et al., 2014).
Although there are few studies utilizing these innovative detection methods for AA

analysis in coffee, they have been widely applied for food detection purposes.

Traditional methods provide swift, sensitive, and precise analysis, rendering
them suitable for detecting ultra-trace amounts of AA in food. However, sample
derivatization is required to enhance stability. In a study conducted by Ku Madihah et
al.(Madihah et al,, 2012), researchers utilized a solid-phase extraction C18 column
conditioned with 3 mL of acetone and 3 mL of formic acid to extract AA from coffee
powder. Analysis was performed using gas chromatography equipped with a Flame
lonization Detector at a temperature of 260 °C, revealing an AA concentration of 0.23
mg/100 g.

Novel detection techniques not only retain the rapid, sensitive, and precise
attributes of traditional methods but also partly address the uncertainty associated
with derivatization. By employing a 3-mercaptobenzoic acid-AA-bovine serum protein
(BSA) complex to generate antibodies and utilizing an indirect competition approach
for AA detection in food via ELISA, recovery rates of 95-100% can be achieved (Quan
et al,, 2011a). A quick and reliable technique for evaluating AA content in fried foods
involves surface-enhanced Raman spectroscopy, with a detection range of 5-100 ug/kg
and detection and quantification limits at 2 ug/ke. Acrylamide recoveries range from
73.4% to 92.8%, demonstrating consistency with the conventional LC-MS/MS method
(Cheng et al., 2019).



CHAPTER 3
RESERCH METHODOLOGY

3.1 MuscFv antibody production
3.1.1 Selection of Phage clone displaying murine scFv that bound to AA
by bio-panning

3.1.1.1 Immobilization of acrylamide (AA)

Acrylamide standard 0.5 mg in 100 pL of Carbonate/Bicarbonate buffer
pH 9.6 (Appendix E) were immobilized on the surface of well of microtiter plate .
The microtiter plate was incubated at 37°C overnight. (Bovine serum albumin (BSA) for

subtracting the phage libraries.)
3.1.1.2 Phage binding

Construction of the murine scFv (MuscFv) phage display library
for bio-panning to produce anti-AA MuscFv used in this study were kindly given by
Asst.Prof. Dr.Jeeraphong Thanongsaksrikul from Faculty of Allied Health Sciences,
Thammasat University, Thailand. Bio-panning were performed according to protocols
(Thanongsaksrikul et al., 2018) Briefly, Preparation of LB — Tetracycline (Tet) Conc. 20
ug/ul and LB — Ampiciline (Amp) Conc. 100 pg/ul (Appendix C) and then steak XL - 1
blue E. coli bacteria from stock glycerol on LB - Tet and LB — Amp plate and incubate
at 37°C overnight. After that incubate single colony of XL - 1 blue E. coliin 2 ml LB -
Tet culture medium with shaker at 37°C, 250 rpm overnight. Preparation of log phase
E. coli XL - 1 blue bacteria culture. Incubate 10% bacteria cell suspension by using
overnight culture of £. coli XL — 1 blue in 3 ml of LB - Tet culture medium and incubate
at 37°C, 250 rpm to get log phase. Phage binding the antigen coated 3 wells with PBS
200 pl 3 times and block with 200 ul of 3% BSA in PBS into the well and incubate at
37°C in moisture chamber for 1 hr and wash 3 times with PBS — 0.05% Tween20 200
ul. (Appendix E) After washing were added 200 pl of scFv phage library to the BSA
well and incubate at 37°C in a moisture chamber for 1 hr. Then collect 200 pl of scFv

phage library from BSA well to Immobilization AA well and incubate at 37°C in a
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moisture chamber for 1 hr. After washing were added 200 pl of log phase E. coli
XL - 1 blue into the AA well. Incubate at 37°C in a moisture chamber for 15 mins. The
phage infected E. coli was collect 200 pl into the tube 1.5 ml. Repeat steps 9 -11 one
more time. Take phage infected E. coli for dilution (Undilute, 1:10, 1:100) in LB — Broth.
And take 100 pl of each dilution to spread on LB — Amp plate. (Note, undiluted, 1:10,
1:100) and incubate at 37°C overnight. The remaining portions of the transformed E.

coli XL — 1 blue were kept in 20% glycerol at -80 °C for further use.

3.1.1.3 Screening for phage transformed E. coli clones that carried
recombinant phagemids with the inserted murine scFv (MuscFv)-coding

sequences

The phage-transformed E. coli clones were grown overnight at 37 °C on
LB — Amp plate. The E. coli colonies that appeared on the plates we randomly and
checked for the presence of the murine scFv (MuscFv) against AA by direct colony PCR
using sequencing primers that annealed at nucleotide sequences of pelB Primer 5'-
ATACCTATTGCCTAC GGCAGC-3' and ¢lll Primer 5'-TAGCATTCCACAG ACAGCCC-3'in a
PSEX81 phagemid vector (Macrogen Oligo, Madrid, Spain).The replica plates of the
selected colonies were PCR reaction mixture into PCR tube and make patching on LB-
A replica pate. Then resuspend the colony in the reaction mixture and culture replica

plate incubate at 37°C overnight. Each PCR reaction mixture was prepared as the

following:

Ingredient Volume (uL)
Expand High Fidelity buffer without MgCl, (10x) 1.25

2.5 mM each dNTP 0.25

25 mM Mg Cl, 1.0

glll Primer 10 pM 0.25

pel B primer 10 pM 0.25

Tag polymerase (5U/ul) 0.05
Ultrapure deionized water (UDW) 9.45

Total (uL) 12.5
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The PCR thermal cycles were:

1. Initial denaturation at 95 °C for 30 seconds

2. Thirty cycles of

a. Denaturation at 95 °C for 30 seconds

b. Annealing at 58 °C for 45 seconds

. Extension at 72 °C for 1 minutes
3. Final extension at 72 °C for 3 seconds

3.1.1.4 Agarose gel electrophoresis

The PCR amplified product was verified by agarose gel electrophoresis. One
percent agarose gel was prepared by dissolving the agarose powder (QP products, USA)
in 1x TAE buffer. The suspension was melted by using a microwave oven. The gel was
set and cooled down. Polymerization of the agarose suspension was allowed to occur
in a gel casting apparatus (Bio-Rad, Calif A). The sample to be resolved was mixed with
6x DNA loading dye and loaded into a slot made in the cast gel. The DNA was run in
1x TAE buffer at 100 Volts for 30 minutes. After electrophoresis, the gel was placed in
1x TAE buffer containing 10 mg/ml for 5 minutes. The DNA band was revealed by using
QUANTUM CX5 Edge - Gel Documentation System (Vilber, Collégien, France. (MuscFv
insert size = approx. 900 bp)

3.1.1.5 MuscFv-phage recusing from individual E. coli

The MuscFv-phage was isolated from individual colonies of E. coli positive.
Each colony was transferred from a replica plate into 2 ml of LB-Amp in a 15 ml tube
and incubated overnight at 37°C with shaking at 250 rpm. A 10% cell suspension of
each E. coli clone was prepared by adding 250 pl of the overnight culture of each
clone into 2.5 ml of LB-AGT (LB with a final concentration of glucose 0.1 M, ampicillin
100 pg/ml, and tetracycline 20 pg/ml) in a 15 ml tube. This was then incubated at 37°C
with shaking at 250 rpm for approximately 4 hours. When at OD600 nm reached
approximately 0.4, each tube (2.5 ml) was infected with 16.03 ul of M13KO7 helper
phage at an MOI of 1:20 (M13KO7 phage stock = 1.56 x 1012 cfu/ml). The tubes were
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then incubated at 37°C without shaking for 30 minutes followed by 30 minutes with
shaking at 250 rpm. After that, the tubes were centrifuged at 8000 rpm for 10 minutes
at room temperature, and the supernatant from each tube was discarded. The
bacterial cell pellet was then resuspended in 2.5 ml of LB-AK (LB with a final
concentration of ampicillin 100 pg/ml and kanamycin 25 pg/ml) and incubated
overnight at 30°C with shaking at 250 rpm. Finally, the tubes were centrifuged again at
8000 rpm for 15 minutes at 4°C, and the supernatant (containing LB-AK with muscFv-

phage) was collected into new 15 ml tubes.

3.1.1.6 Titration of the rescued muscFv phage by plate count method

Inoculate 10% bacterial cell suspension by using overnight culture of normal
E. coli XL-1 blue cell in 5 ml of pre-warmed LB-Tet culture broth (supplemented with
the final concentration of 20 pg/ml) and incubate at 37 °C, 250 rpm for ~ 4 hrs to get
log phase (OD ¢ ~ 0.4-0.5). Prepare 20 pl of the individual rescued muscFv-phages by
10-fold serially diluted in LB broth (10" to 10®) and then mix the diluted rescued
muscFv-phages with 100 pl of the log-phase E. coli XL-1 blue (total 120 ul). Incubate
the tubes at 37 °C for 1 hr. Plate each dilution onto LB-Amp plates, depositing 10 ul
per dot with 5 dots per dilution and incubate the plates at 37 °C overnight. Count the

colonies formed on the LB-Amp plates and calculate the titre.

3.1.1.7 Binding assay of the muscFv-phage by indirect ELISA

To determine Binding assay of the muscFv-phage, the indirect ELISA was
performed. Acrylamide standard 0.5 mg in 100 pL of bicarbonate coating buffer
(Appendix E) was immobilized onto wells of an ELISA plate (Corning, USA). The plate
was kept dry coated at 37 °C, Overnight incubation. After removing the unbound
proteins, the coated wells were washed three times with PBS-T 0.05% (Appendix E).
All wells were blocked with 3% BSA in PBS (250 upl /well) and incubate at 37 °C in
moisture chamber for 1 hr. After washing, were added acrylamide standard. Incubate
with 100 pl of the normalised titre of individual muscFv (section 3.1.1.6) phage clones
(~ 108 cfu/ml) diluted in PBS-T at 25 °C in moisture chamber for 1 hr. Also add 100 pl
of phage diluent for Blank and positive control wells. After washing the wells with PBS-
T 0.5% x 5 times (and 2 times with PBS-T 0.05%). All well were added 100 ul of Mouse
anti-M13 (GE Healthcare) (1 in 6,000 in antibody diluent; 0.2% BSA in PBS-T) and
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incubated at 25 °C in moisture chamber for 1 hr. All well were washed and added
100 pL of goat anti-mouse-immunoglobulin-horseradish peroxidases (HRP) conjugate
(Dako,Denmark, EU). (1 in 5000 in antibody diluent) and incubated at 25 °C (RT) in
moisture chamber for 1 hr. After washing, the chromogenic substrate, i.e., ABTS™ (KPL,
Maryland, USA) was added to each well. Incubated 15mins, 30 mins and 1 hr at RT in
dark chamber and measured ODgsos nm of the content in each well was determined

using a microplate reader (Global Genetics).

3.2 Sub-cloning of muscFv antibodies

3.2.1 Sub-cloning of muscFv- AA from pSEX81 vector to pOPE101 vector

The inserted gene sequences and protein expression vector backbones were
doubly digested with specific restriction enzymes. In pSEX81 (Progen Biotechnik GmbH,
Heidelberg, Germany) the recognition sites of the restriction endonucleases Ncol and
Hindlll allow the insertion of a VH gene fragment. For insertion of a VL gene fragment
the sites of the restriction endonucleases Mlul and Notl (Thanongsaksrikul et al., 2018)
Briefly, the muscfv coding sequence was directionally cloned into pOPE101 by Ncol
and Notl restriction enzymes (Thermo Scientific, USA). The mixtures for DNA digestions

were prepared as followed:

Digestion reaction mixture for pSEX81: muscfv

Ingredient Volume (uL)
10x buffer (ul) 2

DW () 15

PDNA (ug) 1

Notl (fast digest) (ul) 1

Ncol (fast digest) (ul) 1

Total (ul) 20

The expected size scfv~ 755 bps insert (depends on sequence) double
digested pSEX-81 ~4.1 kb and cult plasmid ~4883 bps.
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Digestion reaction mixture for pOPE101

Ingredient Volume (L)
10x buffer (ul) 2

DW (L) 15

PDNA (pg) 1

Notl (fast digest) (ul) 1

Ncol (fast digest) (ul) 1

Total (ul) 20

The inserted gene sequences and protein expression vector backbones were
doubly digested with specific restriction enzymes. In pOPE101(Progen Biotechnik
GmbH, Heidelberg, Germany) the recognition sites of the restriction endonucleases
Ncol and Hindlll allow the insertion of a VH gene fragment. For insertion of a VL gene
fragment the sites of the restriction endonucleases Mlul and Notl are
recommended.The expected double digested pOPE101~3184 kb and cult plasmid
~3970 bps.

The mixtures were incubated at 37 °C for 2 hours and the digested plasmids
were verified by 1% agarose gel electrophoresis as section 3.1.1.4. The muscfv
fragments and digested protein expression vectors were purified from agarose gels by
GenepHlow™ Gel/PCR Kit (DFH100, DFH300). (Geneaid, Taipei, Taiwan).

3.2.2 Ligation of DNA sequences coding for muscFv-AA in to pOPE101

vector

The purified muscfv fragments were ligated into the purified digested protein
expression vectors by using T4 DNA ligase (New England Biolabs, Ipswich, UK). The

mixtures were prepared as followed:
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Ligation reaction

Ingredient Volume (uL)
pOPE101 vector (50 ng) 2.5

scfv insert (30 ng) 2

DW (ul) 35

T4 ligase reaction buffer (10X) 1

T4 DND ligase 1

Total (ul) 10

The mixtures were kept at 4 °C for 16 hours and introduced into chemically

competent XL 1 blue E. coli by heat shock transformation method.
3.2.3 Preparation of chemically competent XL 1 blue E. coli

an overnight culture of XL 1 blue E. coli was prepared by inoculating one
isolated colony of the bacteria into 2 mL of Luria-Bertani (LB) broth (Appendix C) and
incubated at 37 °C with shaking at 250 rpm for 16 hours. 100 uL of the overnight culture
were inoculated into 10 mL of fresh LB broth and incubated at 37°C with shaking at
250 rpm until ODgpo Nm reached 0.4-0.5. The culture was kept in an ice-bath for 1 hour
and centrifuged at 4500 x g, 40°C for 15 minutes to collect the cell pellet. The pellet
was resuspended in 5 mL of ice-cold 100 mM MgCl, solution and centrifuged at 4500
x g, 4°C for 15 minutes. After discarding the supernatant, the cell pellet was
resuspended in 1 mL of ice-cold 100 mM CaCl; solution and kept in ice-bath for at
least 1 hour. The chemically competent E. coli cells were freshly used, or they could
be kept at -80°C until use later. For keeping at -80°C, the competent cell suspension

was added with 20% final concentration of glycerol.

3.2.4 Transformation and screening for XL 1 blue E. coli transformants.

The ligation mixtures from section 3.1.1.9 were introduced into
XL 1 blue E. coli competent cells by heat shock method. Briefly, ligation was mixed
with 100 pL of competent cell suspension and kept in an ice-bath for 20 minutes. The

mixture was heated at 42°C for 2 minutes in a water-bath and immediately moved to
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an ice-bath for 5 minutes. The preparation was added into 900 L of LB broth and
incubated at 37°C with shaking at 250 rpm for 1 hour. The culture was spread onto LB
agar plates containing 100 ug ampicillin/mL (LB-Amp), and Isopropyl [-D-1-
thiogalactopyranoside (IPTG) (Appendix C). The agar plates were incubated at 37°C for
16 hours. White colonies of the transformed E. coli transformants were randomly
picked to screen for positive the colonies which carrying recombinant plasmid
containing muscFv coding sequence means of colony PCR. Replica plates for individual
colonies were made on agar plates for subsequent use. The PCR reaction using pelB

primer and pOPE101 sequencing primer mixture prepared as the following:

Ingredient Volume (L)
Expand High Fidelity buffer without MgCl, (10x) 1.25

2.5 mM each dNTP 0.25

25 mM Mg Cl, 1.0

glll Primer 10 pM 0.25

pel B primer 10 uM 0.25

Tag polymerase (5U/ul) 0.05
Ultrapure deionized water (UDW) 9.45

Total (uL) 12.5

Thermal cycles of the PCR are shown below. The PCR amplified products were

verified by agarose gel electrophoresis as section 3.1.1.4

1. Initial denaturation at 95 °C for 30 seconds

2. Thirty cycles of

a. Denaturation at 95 °C for 30 seconds
b. Annealing at 58 °C for 45 seconds
c. Extension at 72 °C for 1 minutes

3. Final extension at 72 °C for 3 seconds




43

The insertion of the muscfy coding sequence was verified by DNA sequencing
and bioinformatic analysis (Integrated DNA Technologies, Inc., USA). The sequencing

data were compared with the parental clone in pSEX81.
3.3 Expression and purification of anti-AA MuscFv antibodies
3.3.1 Small scale expression of the anti-AA MuscFv antibodies

The transformed XL 1 blue E. coli clones were tested for their ability to express
the recombinant proteins anti-AA MuscFv antibody in small bacterial culture scale.
Bacterial colonies that carrying the respective recombinant plasmids as detected by
colony PCR were inoculated into 5 mL of LB-A broth and incubated at 37°C with shaking
at 250 rpm for 16 hours. Individual overnight cultures (1%) were inoculated into 10 mL
of fresh LB-A broth and incubated at 37°C with shaking at 250 rpm until ODgyo N were
0.4-0.5. Each culture was added with 0.1 mM IPTG and incubated at 37°C with shaking
at 250 rpm for 5 hours. After centrifugation at 4,500 x g, for 15 minutes, each cell pellet
was resuspended in 1 mL phosphate-buffered saline, pH 7.4 (PBS) and sonicated at 0.5
cycle, 40% amplitude for 2 minutes in an ice-bath. The bacterial homogenate was
centrifuged at 12,000 x ¢, 49°C for 15 minutes. The supernatant was collected
(native/soluble E. coli fraction); the cell pellet was resuspended in 200 ulL of 10% SDS
and boiled for 5 minutes (denaturing/insoluble fraction). Both native/soluble
and denaturing/insoluble fractions were analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot analysis (WB)
(Appendix). The transformed E. coli clones that could express the recombinant

proteins were used further in large-scale production of the respective proteins.
3.3.2 Large-scale expression of anti-AA MuscFv antibodies

An overnight culture 4 mL of the transformed E. coli clone that could express
the anti-AA MuscFv antibodies from 3.1.1.12.1 were inoculated into 400 mL of
LB-Amp broth and incubated at 37°C with shaking at 250 rpom until ODggo nm were 0.4-
0.5. The culture was induced with 0.5 mM IPTG and kept at 20°C with shaking 5 hours.
One mL of the culture was collected and checked for the anti-AA MuscFv antibodies
expression by SDS-PAGE and WB (Appendix F).
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3.3.3 Purification of anti-AA MuscFv antibodies

The purified to affinity chromatography on Ni-NTA Resin Nickel IMAC Resin for
6X His Tagged protein purification using native condition. (A Geno Technology, Inc.,
USA). The IPTG-induced bacterial pellet was resuspended in 10:1 (v/w) of Buffer C
(Appendix D) and sonicated at 0.5 cycle, 40% amplitude for 5 minutes using sonicator
(Ultrasonic Processors, Cole-Parmer Instrument Company, USA). The homogenate was
centrifuged at 12,000 x g, 40C for 30 minutes. The supernatant was collected for
purification. The Ni-NTA™ agarose beads were equilibrated with 5 times bed bead
volume of Buffer C. After discarding the supernatant, the bacterial lysate containing
recombinant anti-AA MuscFv antibodies was added to mix with the beads. After
incubation, the agarose beads were packed into a column and the unbound fraction
was collected. After washing, the bound protein was eluted with elution buffer
(Imidazole dilution: concentration: 10 mM, 50 mM, 75 mM, 100 mM, 500 mM)
(Appendix D) (5 fractions were collected). The beads were washed with 1 M imidazole
in Buffer C to elute out all proteins. After washing with UDW, the beads were kept in
20% ethanol at 4°C for reuse. All fractions were analyzed SDS-PAGE and Western blot
analysis (WB) for the presence of the anti-AA MuscFv antibodies. The fractions
containing the target protein were pooled and refolded in PBS. The purified anti-AA
MuscFv antibodies test ELISA binding to acrylamide compared with BSA for cross-

reactivity.
3.4 Protein determination and characterization
3.4.1 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was
used to separate proteins in electric field according to their molecular masses system,
the proteins were denatured by heating in buffer containing SDS and reducing agent,
[3 -mercaptoethanol. The denatured proteins bound by SDS became negatively charge
and these proteins migrated in electric field and were separated in accordance with

the protein sizes.
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3.4.1.1 Protein separation

The polyacrylamide gel was cast according to the manufacturer's instruction
(Bio-Rad, California, USA). Twelve percent resolving and 4% stacking gel were prepared
in 1.5 M Tris-HCL, pH 8.8 and 0.5 M Tris-HC|, pH 6.8, respectively (Appendix F). Proteins
were prepared by denaturing with 6 x sample buffer containing SDS and heated for 5
minutes. Individual denatured proteins, as well as PageRuler@ pre-stained protein
ladder (Thermo Fisher Scientific, Waltham, MA, USA) were added into slots made on
the stacking gel. Electrophoresis was run in electrode buffer by applying electricity of
20 mA per gel. The electrophoresis continued until the dye front reached the lower
edge of the resolving gel. After removing the gel containing separated proteins from
the cassette, the gel was stained with Coomassie Brilliant Blue G-250 dye (CBB)
(Affymetrix, Santa Clara, CA 95051, USA) or transblotted onto a nitrocellulose
membrane (NC) for WB.

3.4.1.2 Western blot analysis (WB)

The separated proteins in SDS-PAGE gel were transblotted onto NC by
transblot apparatus (Bio-Rad, California, USA). The transblotting was run in a transfer
buffer (Appendix F) by applying electricity of 100 Volts for 1 hr. The blotted NC was
blocked with 3% BSA in TBS-T buffer, pH 7.5 at 25 °C for 1 hr. After washing with TBS-
T buffer, the blocked membrane was probed with either antibody specific to the
epitope tag on the target protein (e.g., 6xHis tag or E-tag) or primary antibody to the
protein antigen and kept at 25°C for 1 hr. After washing, the membrane was incubated
with enzyme-conjugated secondary antibody against the primary antibody isotype and
the antigen-antibody reactive bands were revealed by adding appropriate chromogenic
substrate (BCIP/NBT substrate).

3.4.2 Characterization and Homology modeling and intermolecular

docking

3.4.2.1 Computerized simulations

The anti-AA MuscFv were selected and analyzed for nucleotide sequence
using pelB (5'-ATACCTATTGCCTACGGCAGC-3') and pOPE101 (5' -TAGATCTTCTTCTG-
AGATCAGC -3’) primers as section 3.1.1.4 (Integrated DNA Technologies, Inc., USA). The

anti-AA MuscFv a representative muscFv sequence, DNA encoding from selected anti-
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AA MuscFv antibodies the sequence was complement determining regions (CDRs)
and immunoglobulin framework regions (FRs) of muscfv sequences from selected
MuscFv display phages were determined (IMGT/V-QUEST tool of the International
ImMunoGeneTics Information System (IMGT®). CDRs and immunoglobulin FRs from
anti-AA MuscFv were also aligned using Bio-Edit and ClustalW2 program. Checked the
position of VH, VL and Linker according to the vector pOPE101 for validation
of protein structure and ftranslated to amino acid via website https://-
web.expasy.org/translate/. Anti-AA MuscFv submitted sequence of each protein to
modeled using the website AlphaFold2.ipynb - Colaboratory (google.com) waiting till
you get the result and chose the best match model of each protein (antigen and
antibody (scFv)) to submit for docking. Meanwhile, we searched for acrylamide 3D
structure modeled pdb files https://www.rcsb.-org/. Predict the 3D model of the
docking results were obtained according to their binding affinities by using AutoDock
Vina. PyMOL and Discovery Studio were used for the largest docking clusters of the

interactive residues with the lowest local energy were selected.

3.5 Production of ELISA detect AA in coffee

3.5.1 Determination of the cutoff value of Anti-AA MuscFv
antibody by indirect ELISA

To establish the cutoff value of the indirect ELISA, 10-fold dilutions of
the AA standard were used. Each dilution was tested in triplicate. The ODgos nm value
plus three times the standard deviation (SD) was used as the cutoff. All experimental
samples were considered positive if the ODgos nm value was higher than this cutoff
value. Briefly, the indirect ELISA was performed 10-fold dilutions of the AA standard
in 100 pL of bicarbonate coating buffer (Appendix E) was immobilized onto wells of
an ELISA plate (Corning, USA) were added BSA as control antigens of wells and kept at
37°C until dry. After washing with PBST, all wells were blocked with 250 uL of 3% BSA
in PBS at 37°C for 1 hour. After removing the blocking reagent by washing, purified anti-
AA MuscFv antibodies were added to wells and kept at 25°C for 1 hour. The wells were
washed with PBST and incubated with mouse monoclonal anti-c-Myc (Affinity
Bioscience) diluted 1:3,000 in PBST for 1 hour, washed, and 100 uL of horse-radish-
peroxidase-conjugated goat anti-mouse (diluted 1:5000 in PBST) was added. After
1 hour at 25°C, the secondary antibody was removed by washing before added ABTS
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(2,2-Azinobis[3-ethylbenzothiazo-line-6-sulfonicacid] -diammonium salt) chromogenic
substrate (KPL, Maryland, USA). was added to each well. Incubated 15 mins, 30 mins
and 1 hour at RT in dark chamber and measured OD4gs nm of the content in each well
was determined using a microplate reader (Global Genetics). against blank controls

(defend as wells to which PBS were added instead of anti-AA MuscFv antibodies).

3.5.2 Validation of AA standard and anti-AA MuscFv antibody

Checker broad titration was used to determine the lowest amount of
acrylamide detected (LOD) and the lowest amount of Anti-AA MuscFv antibody used
in the ELISA. The AA standard was diluted in coating buffer; 0, 0.1, 0.2, 0.4, 0.5, 0.6, 0.8,
and 1 mg/mL and coated in each ELISA well. Triplicate wells of each concentration

were performed by ELISA as protocol previously described above as section 3.1.1.14.1

3.5.3 Determination of Anti-AA MuscFv specific to acrylamide in coffee

The validity of Anti-AA MuscFv specific to acrylamide in coffee was conducted
by using 2 brands of dark roasted coffee beans: designated coffee A and coffee B. The
spike (0.1, 0.3, 0.5, and 0.7 mg/mL) and non-spike with AA standard in coffee was
determined by ELISA as protocol previously described above as section 3.1.1.14.1.
Furthermore, the presence of acrylamide in coffee was also confirmed by High-

performance liquid chromatography (HPLC).

3.6 Other of related experiments
In addition, the researcher has other studies and experiments to develop the

test for acrylamide in coffee using the principle of immunochromatographic strip test.

3.6.1 Production of polyclonal antibody against acrylamide

Rabbit immunization and sample collection in this study was approved by the
Animal Care Committee for Scientific Purposes, Suranaree University of Technology.
(SUT-IACUC-009/2019). To obtain antibody that would bind to acrylamide, polyclonal
antibody will be produced. A total of 2 female New Zealand white rabbits were
separated into two groups. A total concentration of 0.0 1 mg/kg of acrylamide mixed
with alum adjuvant were used for the primary intradermal inoculation. Two weeks

after the primary inoculation, the boosts were repeated five more times at two-week
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intervals. Five or ten milliliters of whole blood samples were collected prior to the
primary inoculation for use as negative control and 10 days after the 2nd, 4th and 6th
boosts. The antibody titer against acrylamide will be determined using ELISA. Rabbits
were returned to the Animal Experiment Center, Suranaree University of Technology

at the end of the study.

3.6.2 Preparation of Glutathione S-transferase conjugation AA standard

The culture PGEX 5X-3 GST E. coli was streaked onto LB agar plates containing
100 ug ampicillin/mL (LB-Amp), and Isopropyl B-D-1-thiogalactopyranoside (IPTG)
(Appendix C). The agar plates were incubated at 37°C for 16 hours. White colonies for
use the future experiments. Preparation of chemically competent DH5-Alpha E. coli
according (section 3.2.3,3.2.4). After competent cell, were transformation for PGEX 5X-
3 GST E. coli transformants. White colonies of the transformed E. coli transformants
were randomly picked to screen for positive the colonies by PCR. After confirming PCR,
were expression and purification of GST by SDS-PAGE and WB (Appendix F) and then
were check binding are Anti-GST, mAb anti- AA and anti- AA form rabbit No.1 by dot
blot assay.

3.6.3 Production of AuNPs conjugation MuscFv- anti AA

Gold nanoparticle conjugation and anti-AA conjugation of MuscFv- anti AA to
colloid gold nanoparticles (AuNPs) with diameters of approximately 40 nm was
performed using bioassay works-based conjugation. After optimizing pH, 0.5 ml samples
of AuNPs were added to microtubes in 10 vials. Solutions in vials were then adjusted
topH 5.4, 6.6, 7.3, 7.8, 8.2,84,88, 9.2, 9.6, or 10.1 and 7 ul aliquots of anti-AA were
added to each vial. Solutions were then mixed gently using a pipette and were
incubated at room temperature for 30 min. Vials showing a darkening purple color,
black precipitate, or both in some vials were discarded. 50 pl aliquots of BSA were
added to the vials that did not show precipitation to stop the reactions. The resulting
mixtures containing AuNPs-conjugated MuscFv-anti AA were kept at room temperature
overnight (16 h) and were then used to assemble strip tests (Tam et al., 2017; Thobhani
et al,, 2010).
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3.6.4 Preparation of immunochromatographic strip test for AA detection

Immunochromatographic strip tests were assembled from sample pads,
conjugated pads, test zones, control zones, and absorbent pads. Sample pads were
prepared from nitrocellulose membranes dipped in 0.01M PBS (pH 7.4) containing 5%
BSA and 0.05% Tween 20 and were then dried at 60°C for 2 h. Conjugated pads were
made of fiber glass spiked with MuscFv- anti AA conjugate colloid gold nanoparticles
(AuNP). Test zones were prepared by spiking nitrocellulose membrane with 1 mg/ml
of mAb anti- acrylamide and control zones spiked with anti-Myc Mouse mAb were
dried at 37°C for 2 h. Finally, immunochromatographic strip test detection was
performed by placing 100 pl of AA standard solution 1 mg/ml for positive on sample
pads and then incubating for 15 min (Anfossi et al., 2008).



CHAPTER 4
RESULTS AND DISCUSSION

4.1 MuscFv antibody production
4.1.1 Screening of Phage clone displaying MuscFv that bound to AA

Phage bio-planning will be performed to select scFv specific to
acrylamide. Mouse scFv phage-displayed library which will be kindly siven by
Assoc.Prof. Dr.Jeeraphong Thanongsaksrikul from Faculty of Allied Health Sciences,
Thammasat University, Thailand. After bio-panning, the E. coli colonies containing
recombinant phagemid muscfv vector were individually picked for direct colony PCR.
The E. coli clones which carried the plasmid with the muscfv inserts gave 15 clones

(65.2%) were positive PCR amplicon at the associate sizes (Figures 4.1-4.3).

bp M 1 2 3 4 5 6 7 8 9 10 11
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Figures 4.1 PCR amplicon of the phagemid muscfv sequence.

Lane M, GeneRulerTM 100 bp DNA ladder

Lanes 1-10, muscfv amplicons from E. coli clones 1-10 (~750-
900 bp) (arrow)

Lane 11, Negative control (without DNA template)

Numbers at the left are DNA sizes in bp
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Figures 4.2 PCR amplicon of the phagemid muscfv sequence. (Continued)

Lane M, GeneRulerTM 100 bp DNA ladder

Lanes 11-20, muscfv amplicons from E. coli clones 11-20 (~750-
900 bp) (arrow)

Lane 21, Negative control (without DNA template)

Numbers at the left are DNA sizes in bp
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Figures 4.3 PCR amplicon of the phagemid muscfv sequence. (Continued)

Lane M, GeneRulerTM 100 bp DNA ladder

Lanes 21-23, muscfv amplicons from E. coli clones 21-23 (~750-
900 bp) (arrow)

Lane 24, Negative control (without DNA template)

Numbers at the left are DNA sizes in bp

4.1.2 Selection for phage transformed E. coli clones that carried recombinant

phagemids with the inserted murine scFv (MuscFv)-coding sequences

Identification of positive phage clones checked for the presence of the
murine scFv (MuscFv) against AA by PCR using sequencing primers that annealed at
nucleotide sequences of pelB Primer 5-ATACCTATTGCCTAC GGCAGC-3' and ¢lll Primer
5'-TAGCATTCCACAG ACAGCCC-3'in a pSEX81 phagemid vector (Macrogen Oligo, Madrid,
Spain). The positive clones which carried the plasmid with the muscfv inserts gave PCR

amplicon at the expected sizes. In total positive clone, five clones (21.7%) was giving

positive PCR band at associate size; ~750 -900 bp as shown in (Figures 4.4).
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M 1 2 3 4 5 PC NTC

Figures 4.4 PCR amplicon of muscfv (~750 -900 bp) (arrow) in picked pSEX81

-transformed E. coli derived from phage bio-panning.
Lane M, GeneRulerTM 100 bp DNA ladder
Lanes 1-5, pSEX81: muscfv amplicons from E. coli clones 1-5
Lane 6, Positive control (with muscfv)
Lane 7, Negative control (without DNA template)

Numbers at the left are DNA sizes in bp
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4.1.3 Binding of the muscFv-AA phage by indirect ELISA

The clones muscFv-phage were tested for their ability to bind to the AA by
indirect ELISA. 5 clones specific acrylamide binding was N11, N30, N32, and N36
respectively gave positive ELISA result, ie., the lysates of these clones gave ELISA signals
ODg05s nm higher than 0.05 to the immobilized AA and the signals were two times above
the signals of the same lysates to the BSA which was used as control antigen
(Figure 4.5). According to sequencing result, clone number 11 was chosen for further

transformed into pOPE101 vector for large scale protein expression.

mu AA
i *
0.10
*
*
0.05- = *
0.00 | -

-0.05
T 1 0L L5 ad Leh Bt I l-vly § 8 1 0 1 1.0 ¢ 1~ .1

N1 N3 N5 N7 N11 N12 N14 N16 N17 N20 N21 N23 N24 N25 N27 N28 N30 N31 N32 N33 N34 N36 N40 PC NTC

Clone Number

Figures 4.5 Results of indirect ELISA for determining binding of muscFv-AA
phage. In lysate of 23 randomly selected scFv phagemid, there were 5 indirect ELISA
positive clones (i.e., clones N11, N30, N32, N34, N36) that gave ELISA signal above the
AA immobilized (background binding) and more than two times above ODgs nm that

the same muscFv-AA phage bound to BSA as an antigen control.

4.2 Sub-cloning of muscFv antibodies
4.2.1 Sub-cloning of muscFv- AA phage from pSEX81 vector to pOPE101

vector

Clone number 11 was selection for phage transformed E. coli clones that
carried recombinant phagemids with the inserted murine scFv (MuscFv)-coding

sequences. clones number 11 were doubly digested with specific restriction enzymes.
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Then DNA ligation and transformation for sub-clone into pOPE101 vector for large scale
recombinant protein expression and purification. Colony directed PCR screening

showed four positive PCR amplicon (N11.1, N11.2, N11.3 and N11.4) from 7 colonies
screening (71.4%) (Figures 4.6).

bp M 1 2 3 4 5 6 7 8
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Figures 4.6 PCR amplicon of pOPE10: muscfv (~750 -900 bp) (arrow) in picked
pOPE101 -transformed E. coli derived from Sub-clonins.

Lane M, GeneRulerTM 100 bp DNA ladder
Lanes 1-7, pOPE101: muscfv amplicons from E. coli clones 1-7
Lane 8, Negative control (without DNA template)

Numbers at the left are DNA sizes in bp
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4.3 Expression and purification of anti-AA MuscFv antibodies

E. coli clones which were positive for pOPE101 with MuscFv were checked for
their ability to express the antibody protein by growing them under the IPTG induced
condition. There were 4 positive clones (clones N11.1, N11.2, N11.3 and N11.4)
(71.4 %) that expressed soluble anti-AA MuscFv antibodies of all 4 clones showed the
positive band at the associate molecular mass (~25-30 kDa) as determined by WB
(Figures 4.7).

Figures 4.7 anti-AA MuscFv antibodies (~25-30 kDa; arrow) expressed by E. coli inserted

murine scFv (MuscFv) clones as determined by WB
Lane MW, Pre-stained standard protein marker

Lane 1-4, clones N11.1, N11.2, N11.3 and N11.4 expressed soluble anti-AA

MuscFv antibodies

Numbers at the left are protein masses in kDa
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Purified anti-AA MuscFv antibodies bound specifically to acrylamide. Clone
number 11.1 (MscFv-N11.1) was selected for protein expression. After large- scale
expression, the bacteria were purified by using the Ni-NTA affinity resin under native
condition. The purified proteins were checked by SDS-PAGE and Coomassie staining of
the purified MuscFv-N11.1 protein (~25-30 kDa) as shown in (Figures 4.8)

kDA MW 1 2 3 4 5 6 7 8 9
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Figures 4.8 Purified anti-AA MuscFv antibodies

Lane M, Pre-stained standard protein marker

Lane 1-8, SDS-PAGE- Purified anti-AA MuscFv antibodies after CBB
staining (~25-30 kDa; arrow)

Lane 9, SDS-PAGE- soluble anti-AA MuscFv antibodies

Numbers at the left are protein masses in kDa
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The binding activity of purified MuscFv-N11.1 was verified via indirect ELISA.
Coated AA and BSA wells were incubated sequentially with MuscFv-N11.1, mouse
monoclonal anti-c-My, HRP-conjugated goat anti-mouse IgG and ABTS substrate,
respectively. The absorbance OD at 405 nm. shown in (Figures 4.9). The result showed
that MuscFv-N11.1 could bind specifically to AA (P<0.001) when compared to BSA.
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Figures 4.9 The ELISA binding result of MuscFv-N11.1 showed statistically significant
specific binding of MuscFv to acrylamide when compared with BSA (P<0.001).

4.4 Characterization and Homology modeling and intermolecular

docking

4.4.1 Complementary determining regions (CDRs) and

immunoglobin framework regions (FRs) of the MuscFv-N11.1

Complementarity determining regions (CDRs) and immunoglobin
framework regions (FRs) of the MuscFv-N11.1 bound AA were determined [ IMGT
website (http://imgt.cines.fr)]. The deduced amino acid sequences of the MuscFv-N11.1
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E. coli clones were found to be complete sequences of antigen-binding domains of
antibodies (Appendix G). The deduced amino acid (aa) sequence of MuscFv-N11.1 was
shown including the VH and VL domains joined by a (Glud Gly1 Phel Serl) linker, the
complementary determining region 1-3 (CDR1-3) (Figure 4.10).

MAQVTLKESGPGILQPSQTLSLTCSFSGESLNTSGMGVSWIRQPSGKGLEWLAHYWDDDKRYNPSLKSRLTI 73

VH-CDR1 VH-CDR2
SKDTSRNQLFLKITSVDTADTATYYCARTGDYDYDDRFAYWGQGTLVTVSAAKTTPPKLUEEGEFSEARVDIVIT 147
VH-CDR3 Linker
QDELSNPVTSGESVSISCRSSKSLLYKDGKTYL NWFLQRPGQSPQLLIYLMSTRASGVSDRFSGSGSGTDFTLEIS 223
VL-CDR1 VL-CDR2
RVKAEDVGVYYCOOLVEYPRTFGGGTKLEIK 254

VL-CDR3

Figure 4.10 The deduced amino acid (aa) sequence of MuscFv-N11.1 was shown
including the VH and VL domains joined by a (Glud Gly1l Phel Serl) linker, the

complementary determining region 1-3 (CDR1-3).

4.4.2 Computerized simulations to determine the presumptive epitopes
of the MuscFv-N11.1 bound AA

The deduced amino acids sequences of MuscFv-N11.1 were submitted the
sequence of each protein to be modeled using the website (https://colab.research.-
google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb). The submit
to online software for protein modeling and intermolecular molecular docking. This
should be indicated that MuscFv-N11.1 was successfully constructed. The molecular
docking model of MuscFv-N11.1 was performed. Ribbon display model showing
MuscFv-N11.1in blue, green, gray and red. Superimposed picture of the 3D structures
of MuscFv-N11.1 and acrylamide structures as shown in figure 4.11A. MuscFv-N11.1
used D-58, D-60 and Y-105 of VH domain to interact with acrylamide via hydrogen
bond (energy rang -12.89 kcal/mol) as shown (Figure 4.11).




60

D58

Y105 Acrylaminde
/

(B) D60

(A)

Figure 4.11 Molecular docking model of MuscFv-N11.1 interacts with acrylamide. (A)
Ribbon display model showed MuscFv-N11.1. (B) Close-up view of MuscFv-N11.1.
and acrylamide, used D-58, D-60 and Y-105 of VH domain to interact with acrylamide
via hydrogen bond

Docking results were obtained according to their binding affinities by using
AutoDock Vina. PyMOL. Discovery Studio 2021 was used for the largest docking clusters
of the interactive residues, and those with the lowest local energy were selected

(energy rang -12.89 kcal/mol) as data shown.
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4.5 Production of ELISA detect AA
4.5.1 Validation of AA standard and MuscFv-N11.1 antibody

Checker broad titration was used to determine the lowest amount of
acrylamide detected (LOD) and the lowest amount of MuscFv-N11.1 used in the
ELISA. The AA standard was diluted in coating buffer; 0, 0.1, 0.2, 0.4, 0.5, 0.6, 0.8, and
1 mg/mL and coated in each ELISA well. A concentration of 0.5 mg/mL was found to
be the lowest concentration that could be detected and gave similar OD 405 nm as
the concentration 0.6 and 0.8 mg/mL, respectively. Whereas the lowest amount of
Anti-AA muscFv antibody was 0.8 mg/mL (Figure 4.12). Triplicate wells of each con

MuscFv-N11.1 centration were performed.

mm  AA coating
0.25=-

== anti-AA MuscFv
0.20+
0.15-

0.10=

Absorbance at 405 nm

Concentation

Figure 4.12 Checker broad titration results showed the lowest amount of
acrylamide (LOD) was 0.5 mg/ml (black bar) (**) and gave similar OD405
concentrations of 0.6 and 0.8 meg/ml, respectively. The lowest amount of anti-AA
MuscFv antibody that could be used in ELISA was 0.8 mg/ml (grey bar) (*). Each

experiment was performed in triplicate. Values were presented as the means + SD.
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4.5.2 Determination of the cutoff value of MuscFv-N11.1 by indirect ELISA

After the acrylamide standard's test linearity plot. (Figures 4.13). A illustrates
the linear correlation between concentration and area under the peak was found to
be linear across the measured concentration range, with an R2= 0.9303. To establish
the cutoff value of the ELISA, the AA standard was 10-folded diluted and analyzed.
The mean of the ODgps nm values for these samples, as detected by the indirect
ELISA, was 0.0510, with a standard deviation of 0.0003, which was calculated using
the formula: mean of the negative sample values plus three standard deviations
(SDs) (Deshpande,1996) For a 99% confidence interval, the cutoff was defined as
follows: mean of the negative serum OD405 nm values plus three standard deviations
= 0.0510 + 3 x 0.0003 = 0.0519. The sensitivity of this in house ELISA was 0.005

mg/ml. as shown in (Figures 4.14).
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Figures 4.13 Acrylamide standard test linearity plot correlation between

concentration and area, with an R2= 0.9303.
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Figures 4.14 The cutoff value of MuscFv-N11.1 specific to acrylamide was performed
by the ELISA, the result cutoff value = 0.0519. The sensitivity of this in house ELISA
was 0.005 mg/ml (*) (5X10 mg/ml).

4.5.3 Determination of MuscFv-N11.1 specific to acrylamide in coffee

The determination of MuscFv-N11.1 specific for acrylamide in coffee was
performed using ELISA by dark roasted coffee beans containing 2 coffee brands, coffee
A and coffee B were spiked with AA standard at concentrations of 0.1, 0.3, 0.5, and 0.7
me/ml. It was found MuscFv-N11.1 could detect acrylamide in coffee spiked with AA
standard. Meanwhile, coffee A and coffee B 0 mg/ml served as the negative controls
(NC) were able to detect acrylamide in coffee A and coffee B at similar concentrations
(0.5 and 0.7 mg/ml) (Figures 4.15). This determination produced a clear gradation of the

trend graph in test and control zones.
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Figures 4.15 The determination of MuscFv-N11.1 specific to acrylamide in
coffee was performed using the dark roasted coffee beans containing 2 coffee brands,
coffee A (black) and coffee B (grey) spiked with AA standard at concentrations of 0, 0.1,
0.3, 0.5, and 0.7 mg/mL. Furthermore, the non-spike AA also showed positive results
for acrylamide presentation.

The chromatograms obtained from calibration standard of acrylamide
1000 pg/ml, showing the transition m/z 72.1 > 55.5 and Retention time; RT (RT: 3.827
min) (Figures 4.16). The linearity and range tests of the analysis represent the
regression equations in the linearity test, such values indicate the ability of the test
result to be directly proportional to the AA concentration within a specified range.
When injecting 6 levels of AA standard solution in the range of 100-2,000 pg/ml, the
relationship between concentration and sub-peak area was linear throughout the
tested concentration range, with y = 0.025055* x-0.181145, R*=0.99994987 indicating
that analysis suitability (Figures 4.17).
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The verified by High-performance liquid chromatography (HPLC)
(APPENDIX A). The chromatograms of coffee Al and coffee B1 were spiked with AA
standard at concentrations 0.5 mg/ml showed acrylamide peak and interference
corresponding to the calibration standard of acrylamide (RT: 3.840 min), (RT: 3.854 min)
respectively (Figures 4.18-4.19). For chromatograms of coffee A2 and coffee B2 were
non-spiked with AA standard found that peak acrylamide and interference similar (RT:
3.854 min), (RT: 3.854 min) respectively (Figures 4.20-4.21). Both coffee A and B spiked
with AA standard and non-spiked with AA standard cloud detected acrylamide in the
dark roasted coffee beans corresponding to an acrylamide standard.

The comparison between the ELISA assay using MuscFv-N11.1 and HPLC methods
for the detection of acrylamide in coffee consisting of two coffee brands, coffee A and
coffee B were spiked with the AA standard and non-spiked with the AA standard, was
performed at similar concentrations of 0.5 mg/ml.  The result shows acrylamide could
be detected by both methods. Therefore, the conclusion that MuscFv-N11.1 can

detect acrylamide in dark roasted coffee beans.
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Figures 4.16 Chromatograms of acrylamide standard 1000 ng/ml, (RT: 3.827 min)
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Figures 41.17 Linearity plot for acrylamide standard. For AA standard solution
6 point in the range of 100-2,000 ng/ml, found that the relationship between concentration
and sub-peak area was linear throughout the tested concentration range, with y =

0.025055* x-0.181145 R*=0.99994987.
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Figures 4.18 Chromatograms of coffee Al spiked with AA standard at concentrations

0.5 mg/ml showed an acrylamide (RT: 3.840 min) and interference
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Figures 4.19 Chromatograms of coffee A2 non-spiked with AA standard found that

Acquisition Time {min)
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of 0.5 mg/ml show acrylamide (RT: 3.854 min) and interference.
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Figures 4.21 Chromatograms of coffee B2 non-spiked with AA standard found that an

acrylamide (RT: 3.854 min) showed interference.
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4.6 The result of related experiments
4.6.1 Production of polyclonal antibody against acrylamide
The polyclonal antibody was produced of New Zealand white rabbits two
groups. Blood serum samples were checker broad titration using ELISA. The results
showed the lowest amount of polyclonal antibody against acrylamide in rabbit No.1
and rabbit No.2 (Figures 4.22). Due to the very low antibody levels, acrylamide
remains undetectable for further experimentation. Consequently, its absence may

lead to errors in strip test development.
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Figures 4.22 Checker broad titration results showed the lowest amount of
polyclonal antibody against acrylamide in rabbit No.l and rabbit No.2. Each

experiment was performed in triplicate. Values were presented as the means + SD.

4.6.2 Preparation of Glutathione S-transferase conjugation AA standard
Glutathione S-transferase conjugation AA standards were checking
binding are Anti-GST, mAb anti- AA and anti- AA form rabbit No.1 by dot blot assay.
Each experiment was performed in duplicate. The result showed all antibody binding
to GST. The results showed all antibody binding, because acrylamide has a small
structure, GST conjugates may obscure its entire structure, potentially leading to false
positive results. When used in strip production, acrylamide in coffee cannot be

detected.

Anti-GST mAb Anti- AA
Anti- AA rabbit No.1

Figures 4.23 Glutathione S-transferase conjugation AA standards were checking
binding anti-GST, mAb anti- AA and anti- AA form rabbit No.1 by dot blot assay.

4.6.3 Production of AuNPs conjugation MuscFv- anti AA
The result of application of AuNPs— MuscFv- N11.1 conjugates as probes
in immunochromatographic strip tests not allowed detection of AA in coffee samples
(data not shown). The size of the AuNPs will affect the sensitivity of the gold
nanoparticle immunochromatographic strip. In this study, were not verified with a
transmission electron microscope (TEM). However, the availability of strip dependent

on pH, which must be optimized for conjugation. In addition, pH controls are required
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to avoid nanoparticle aggregation. Thus, antibody molecules are not sufficiently
adsorbed onto the surfaces of nanoparticles.
4.6.4 Preparation of immunochromatographic strip test for AA detection
Immunochromatographic strip tests were assembled from sample pads,
conjugated pads were made of fiber glass spiked with MuscFv- anti AA conjugate
colloid gold nanoparticles (AuNP). Test zones were spiking nitrocellulose membrane
of mAb anti- acrylamide and control zones spiked with anti-Myc Mouse mAb and
absorbent pads. The sample pads are dipped into an acrylamide (AA) solution for the
positive group, whereas the control group employs a solution that does not contain
acrylamide and then incubating for 15 min. The results indicate the absence of bands
in both groups. In this experiment, several trials should be conducted to determine
the optimal amount of spiked antibody applied to the test line, control line, and

sample flows, which will facilitate the development of a colored band through binding.

AA for positive Non- AA for negative

A sample pad: dip to sample

MuscFv-N11.1 conjugate AuNPs

T-line is mAb anti- Acrylamide

C-line is Anti-Myc Mouse mAb

Absorption pad

Figures 4.24 The results from the immunochromatographic strip tests showed the

absences of bands in both groups.



73

4.7 Discussion

An acrylamide belongs to a group of toxins that is harmful to human and animal
health, due to both acute and chronic effects, including neurotoxicity, genotoxicity,
carcinogenicity, reproductive toxicity, hepatotoxicity, and immunotoxicity (Rifai & Saleh,
2020). The presence of acrylamide was found predominantly in heat- treated
carbohydrate-rich foods, such as potatoes, biscuits, cereals, and coffee; announced by
the Swedish National Food Administration in April 2002 (Taeymans et al.,, 2004). The
European Food Safety Authority (EFSA) has determined an estimated dosage range
within which the substance is likely to cause potential health effects. Acrylamide has
been estimated to range from 425 for average adult consumers down to 50 for high
consuming toddlers. In coffee determined it to 400 pg /ke for roasted coffee and not
more than 850 ug /kg for instant coffee(D. Benford et al., 2022). Among a variety of
established methodologies for analyzing acrylamide, namely high-performance liquid
chromatography (HPLC) (Gokmen et al., 2005), gas chromatography coupled with mass
spectrometry (GC-MS) (Lee et al., 2007; Shin et al., 2010) and immunoassay (Zhou et
al., 2008) etc. were described. The immunological methods are among the most rapid,

simplest, cheapest, and most suitable for on-lab screening.

ELISA, a rapid method based on the recognition of antigen-antibody binding
with high specificity and affinity, utilizes optical detection of colored products
catalyzed by enzyme labels. Due to its specificity and affinity, coupled with efficient
enzymatic catalysis, ELISA methods offer optimal recovery and adaptability for
detecting AA in various food samples, including Chocolate products, Cocoa powder,
Nuts, French fries, roast potatoes, potato crisps/chips, biscuits, baked, and toasted (Rifai
& Saleh, 2020). They advantage such as affordability, simplicity, ease of handling, and
portability, proving particularly effective in identifying AA in thermally processed foods
(Quan et al, 2011b). ELISA also demonstrates good sensitivity, selectivity, high-
throughput capabilities, and compatibility with other technologies like biotin-avidin
amplification and chemiluminescence, thus attracting increased attention for AA
detection in foods (Liang et al., 2022). However, the multiple washing and incubation
steps in ELISA extend the detection process, making it more suitable for primary

screening of food products with excessively high AA concentrations during processing
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or on the market. In comparison, standard methods like LC-MS/MS and GC-MS provide
rapid detection, meeting the needs of food industries, regulatory bodies, and
consumers (Desmarchelier et al., 2020). Nevertheless, they require further refinement
to enhance accuracy, sensitivity, repeatability, reproducibility, multi- step, and
portability for achieving online and real-time detection of trace amounts of AA (Aykas

et al.,, 2022).

In this study, mouse variable heavy and light chain formed of MuscFv-N11.1
was selected from muscfv-phage library. The muscfv -phage library size utilized in this
experiment with substantial antibody sequence diversity, which was comparable to
the other non-immune libraries previously reported (Thanongsaksrikul et al., 2010,
2018; Thattanon et al., 2020). Similarly, a related study using immunized phage display
library a specific nanobody termed Nb-7E against an acrylamide derivative xanthyl
acrylamide (XAA) was isolated from an immunized phage display library and confirmed
to be able to detect acrylamide (Liang et al.,, 2022). MuscFv-N11.1 was found to be
specific to acrylamide by using established ELISA. The result confirmed by HPLC that
both bands of coffee have acrylamide. The chromatograms showed acrylamide peak
and interference corresponding to an acrylamide calibration standard with a retention
time of 3.8 min. Similarly, a study in-depth study of acrylamide formation in coffee
during roasting: role of sucrose decomposition and lipid oxidation using determination
of acrylamide in coffee by liquid chromatography - tandem mass spectrometry.
Acrylamide peak showed retention time of 2-3.1 min (Kocadagli et al,, 2012).
Corresponding to study determination of acrylamide after Its extraction from potato
chips was acrylamide spiked in chips sample and analyzed using ultrasound-assisted
liquid- liquid extraction (UA-LLE) technique / HPLC-UV showed acrylamide peak at
retention time of 4.15 min (Ghalebi et al,, 2019). Computerized docking models
showed that MuscFv-N11.1 used VH domain (D-58, D-60 and Y-105) to interact with
acrylamide via hydrogen bond. The binding efficacy of MuscFv-N11.1 to acrylamide
was less than 0.005 mg/mL.

This work could involve future applications aimed at determining the amount
of acrylamide intake that may potentially cause cancer in humans. Since acrylamide

has a carcinogenic potency in rats that is similar to that of other carcinogens in food,
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the intake levels for acrylamide are likely to be higher. For humans, the relative
potencies of cancer-causing agents in food are not known. Only limited human
population data are available for acrylamide and these provide no evidence of cancer
risk from occupational exposure. All such studies have limited power to detect small
increases in tumor incidence. The consultation recognized the presence of acrylamide
in food as a major concern in humans based on the ability to induce cancer and

heritable mutations in laboratory animals.

The FAO/WHO announced exposure assessment based on the available data,
food is estimated to make a significant contribution to total exposure of the general
public to acrylamide. Average intakes for the general population were estimated to be
in the range of 0.3 to 0.8 microgram of acrylamide intake per kilogram of body weight
per day. Within a population, it is anticipated that children will generally have intakes
that are two to three times those of adults when expressed on a body weight basis.
Dietary intakes of acrylamide by some consumers may be several times higher than
the average. Developing and other countries with insufficient information for
determining population level dietary exposures to acrylamide should consider
generating interim information relevant to their own circumstances. This could include
analyzing total diet study samples, where they are available, for acrylamide, as the
basis for estimating per capita dietary intake estimate; determining levels of acrylamide
in a limited range of staple foods prepared in ways that reflect common domestic
practice for future policy. In the case, limit allowable amounts of acrylamide in food.
If it is shown that acrylamide has harmful effects on humans, the policy will assist
food. If efforts to reduce or eliminate acrylamides are not successful, the FDA may
require warning labels on foods. Such labels would inform consumers of the risks of
acrylamide and could dissuade consumers from purchasing foods with high acrylamide

level.

However, acrylamide has been found in certain foods that have been cooked
and processed at high temperatures, and the levels of acrylamide increase with the
time of heating. Advice to minimize the risks associated with acrylamide in food. Firstly,
avoid excessive cooking: reduce cooking methods that promote the formation of

acrylamide, such as frying, baking, and roasting at high temperatures for prolonged
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periods. In coffee it was demonstrated that roasting process had the most significant
effect on acrylamide levels in natural coffee, however there were no relationships
found with coffee species. Due to the high acrylamide levels demonstrated in coffee
substitutes, recommended amounts should be defined and manufacturers should be
obliged to reduce such levels in these products. Second, choose healthy eating
practices: choose to use a balanced diet rich in fruits, vegetables, whole grains, and
lean proteins, which can help mitigate potential risks associated with acrylamide.
Investigate Reduction Methods: Research and adopt cooking techniques that can lower
acrylamide levels in food, such as steaming, boiling, or microwaving instead of frying
or baking. Establish International Collaboration: helpful an international network
dedicated to monitoring, researching, and sharing information about acrylamide in
food. This collaboration can lead to more effective strategies for reducing exposure
and enhancing food safety globally. By following these guidelines, individuals and
organizations can contribute to minimizing the potential health risks associated with

acrylamide in food.



CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Single-chain fragment variable (scFv) antibody format is preferred than intact
antibodies due to its smaller size and less possibility of developing anti-mouse
antibody response. In general, monoclonal antibody especially scFv antibody for
diagnostic purposed can bind to a variety of antigens such as haptens, proteins, and
whole pathogens, and they can as well be used in the enzyme-linked immunosorbent
assay (ELISA) Besides, it is possible to be designed as bispecific antibody to work as
immunotoxin. It thus makes scFv the best candidate for medical, diagnostic and
research applications. This study aims to produce MuscFv-antibody against and
develop Enzyme-linked immunosorbent assay (ELISA), that could detect acrylamide
substances in coffee. The materials, methods, and results of the summarized as the
followings

For the discovery of novel antibodies, the first identification of phage clone
displaying MuscFv that bound to AA. After bio-panning, 23 clones of the E. coli colony
containing recombinant phagemid muscfv vector were individually picked for direct
colony PCR. The E. coli clones which carried the plasmid with the muscfv inserts gave
15 clone (65.2%) were positive PCR amplicon at the associate sizes~750 -900 bp. The
selection for phage transformed E. coli clones that carried recombinant phagemids with
the inserted murine scFv (MuscFv)-coding sequences. Identification of positive phage
clones checked for the presence of the murine scFv (MuscFv) against AA by PCR using
sequencing specific primers. The result of positive clone, five clones (21.7%) giving
positive PCR band at associate sizes ~750 -900 bp. Moreover, the results of indirect
ELISA for determining binding of muscFv-AA phage. In lysate of 23 randomly selected
scFv phagemid, there were indirect ELISA positive clones (i.e., clones N11, N30, N32,
N36) that gave ELISA signal and were selected clone for further experiment.

For the MuscFv construct design process sub-cloning of muscFv- AA phage from
pSEX81 vector to pOPE101 vector. Clone number 11 was selection for phage
transformed E. coli clones that carried recombinant phagemids with the inserted

murine scFv (MuscFv)-coding sequences. clones number 11 were doubly digested with
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specific restriction enzymes. Then DNA ligation and transformation for sub-clone into
pOPE101 vector for large scale recombinant protein expression and purification. Colony
directed PCR screening showed four positive PCR amplicon (N11.1, N11.2, N11.3 and
N11.4) from 7 colonies screening (71.4%). To obtain the MuscFv antibody, expression
and purification of anti-AA MuscFv. The E. coli clones which were positive for pOPE101
with MuscFv were checked for their ability to express the antibody protein. There were
4 positive clones (clones N11.1, N11.2, N11.3 and N11.4) (71.4 %) that expressed
soluble anti-AA MuscFv antibodies of all 4 clones showed the positive band at the
expected molecular mass (~25-30 kDa) as determined by WB. The purified anti-AA
MuscFv antibodies are bound specifically to acrylamide. Clone number 11.1 (MscFv-
N11.1) was selected for protein expression. After large- scale expression, the bacteria
were purified by using the Ni-NTA affinity resin under native condition. The purified
proteins were checked by SDS-PAGE and Coomassie staining of the purified MuscFv-
N11.1 protein (~25-30 kDa). The ELISA binding check MuscFv-N11.1 VS BSA. The result
found MuscFv-N11.1 showed statistically significant specific binding of MuscFv to
acrylamide when compared with BSA (P<0.001).

For characterization and Homology modeling and intermolecular docking.
Firstly, determination of complementary determining regions (CDRs) and immunoglobin
framework regions (FRs) of the MuscFv-N11.1. The deduced amino acid sequences of
the MuscFv-N11.1 E. coli clones were found to be complete sequences of antigen-
binding domains of antibodies. The deduced amino acid (aa) sequence of MuscFv-
N11.1 was shown including the VH and VL domains joined by a (Glud Glyl Phel Serl)
linker, the complementary determining region 1-3 (CDR1-3). The molecular docking
model of MuscFv-N11.1 was performed. Ribbon display model showing MuscFv-N11.1
in blue, green, gray and red. MuscFv-N11.1 used D-58, D-60 and Y-105 of VH domain
to interact with acrylamide via hydrogen bond (energy range -12.89 kcal/mol).

For validation of AA standard and MuscFv-N11.1 antibody. The checker broad
titration was used to determine the lowest amount of acrylamide detected (limit of
detection: LOD) and the lowest amount of MuscFv-N11.1 used in the ELISA. A
concentration of 0.5 mg/mL was found to be the lowest concentration that could be
detected and gave similar ODgo5s nm as the concentration 0.6 and 0.8 mg/mlL,
respectively. Whereas the lowest amount of Anti-AA muscFv antibody was 0.8 mg/mL.

Acrylamide standard test linearity plot correlation between concentration and area,
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with an R?= 0. 9303.To establish the cutoff value of the ELISA, the AA standard was
10-folded diluted and analyzed. The mean of the ODgps nm values for these samples,
as detected by the indirect ELISA, the result cutoff value = 0.0519. The sensitivity of
this in house ELISA was 0.005 mg/ml (5X107 mg/ml).

For determination of MuscFv-N11.1 specific to acrylamide in coffee was
performed using the dark roasted coffee beans containing 2 coffee brands, coffee A
(black) and coffee B (grey) spiked with AA standard at concentrations of 0, 0.1, 0.3, 0.5,
and 0.7 mg/mL. The result of non-spike AA also showed positive results for acrylamide
presentation. In addition, the verified by High-performance liquid chromatography
(HPLQ). Chromatograms of acrylamide standard 1000 ng/ml, AA-spiked coffee A and B
and non-AA-spiked; All could detect acrylamide in these 2 brands of coffee. Coffee
contains many other chemicals that may be beneficial to your health. Cutting it out
isn’t necessary. Coffee hasn’t been shown to increase your risk of cancer. In fact, it has
been linked to a reduced risk of some types of cancers, such as liver cancer(Larsson &
Wolk, 2007). Completely avoiding acrylamide is impossible. However, you can make a
few changes to reduce your acrylamide intake. Instant coffee contains up to twice as
much acrylamide as regular coffee, but this amount is still lower than the amount
considered to be harmful (Andrzejewski et al., 2004b).

Conclusion of this study, the selection of antibodies against acrylamide from
muscFv phage-displayed library was performed in order to select used by acrylamide
standard: AA used as antigen for bio-panning were expressed and purified to be specific
for acrylamide contaminated in food. Anti-AA MuscFv against acrylamide was
produced, and an indirect ELISA was developed for the determination of coffee. The
application to samples from coffee indicated that ELISA may be used for the estimation
of total acrylamide concentrations. The method has shown satisfactory results in terms
of specificity and accuracy, which were confirmed by high-performance liquid

chromatography (HPLC).
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5.2 Recommendation

The current study represents an initial effort to produce Muscfv antibodies
specific to acrylamide using phage bio-panning successfully.

Future studies should progress towards developing an immunochromatographic strip
test that would allow sensitive, specific, rapid and simultaneous detection of all food.
However, given acrylamide's small molecular size, efforts should concentrate on
enlarging it to aid in test kit development.

In the future, there should be a study to determine the amount of acrylamide

intake that can potentially cause cancer in humans.
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APPENDIX A

The verified by High- performance liquid chromatography (HPLC).

Calibration Report A Mgilont
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\20230503\QuantResults\20230503.batch.bin
Analysis Time 08-May-23 18:34 Analyst Name TH-HPLC25\admin
Report Time 08-May-23 18:35:18 Reporter Name TH-HPLC25\admin
Last Calib Update 08-May-23 18:34 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1

Acrylamide %RSE = 2.9
Acrylamide - 6 Levels, 6 Levels Used, 6 Points, 6 Points Used, 2 QCs

x10! | y = 0.025055 * x - 0.181145
1 RA2 = 0.99994987
4.5 Type:Linear, Origin:Include, Weight:None

Relative Responses
F
1

3:57
3
2.5
e
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.
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o
-0.57 T T T T T T T T T T T 1
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Relative Concentration
Calibration STD Path Cal Type Level Enabled Resp.| Exp. Conc Resp. Level
Factor RSD
D: \MassHunter\Data\ZOZB\AayIamlde\S- Calibration L1 X 1383613 100.0000{ 0.0244
May\20230503\std 100 ng.d
D: \MassHunter\Data\ZOZB\Acrylamlde\S- Calibration L2 X 2008311 150.0000 0.0234
May\20230503\std 150 ng.d
D: \MassHunter\Data\2023\Aa'yIamlde\S- QC L2 X 1404600 150.0000( 0.0287
May\20230503\std 150 ng-1.
D: \MassHunter\Data\2023\Aa'yIamlde\S- Calibration L3 X 2750027 200.0000( 0.0234
May\20230503\std 200 ng.d
D:\MassHunter' \Data\2023X\0'y|amlde\5- QC L3 2% 2846188 200.0000 0.0238
May\20230503\ss-200 ng
D: \MassHunter\Data\2023\Aa'y|amlde\5- Calibration L4 X 6907575 500.0000( 0.0246
May\20230503\std 500 ng.d
D: \MassHunter\Data\ZOB\Aayiam|de\5- Calibration L5 X 13054322| 1000.0000( 0.0248
May\20230503\std 1000 ng.d
D: \MassHunter\Data\ZOZB\Acrylamrde\S- Calibration L6 X 23662016| 2000.0000| 0.0250
May\20230503\std 2000 ng.d
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By Sample Quant Report
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Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
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Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File suitl.d Sample Name suitl
Sample Type Sample Dilution 1
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Position P1-A4 Injection Volume 5
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ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 186976
Quantitation Results
[ RT[RefRT| Transitioni
amide | 3854] 4.042] 72.1->55.1
Compound Graphics
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T 1 1 T T 1 T T 1 o T T T T T T T T
345 345 345 3@ G 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:06 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File suit2.d Sample Name suit2
Sample Type Sample Dilution
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 22:12
Position P1-A4 Injection Volume
+ TIC MRM (** -> **) suit2.d (suit2)
Jg x10%7
3 4

1.2

1.1

-

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

o] J

L T L TN .S W LA S N T N L N L T
02 04 06 0.8 1 1.2 1.4 1.6 1.8 2 2.2 24 2.6 28 3 3.2 3.4 36 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 138504
Quantitation Results
[ RT[RefRT| Transitioni
amide | 3854] 2042] 721 ->551] 72.1->24.0] 653926
Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1 -> 55.1) s1 72.1-> 55.1, 72.1 -> 44 4+ MRM (72.1 -> 44.0) st + MRM (75.1 -> 58.1) s 75.1 -> 58.1 No Qualifier
w n
g x10 *3A§§y4l mlr?e x10° | Ratio 9.5 (1 § x10% § x10% ) 'Js 50~mir:-13 x10%
; : ! f s 1
14 653926 oS 7 ‘3\%\'5'43 m'l‘:le 138504 os
0.5 624p4 19 -
T 1 1 T T T T T T 1 o T T T T T T T T
345 345 345 3@ G 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:08 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File suit3.d Sample Name suit3
Sample Type Sample Dilution
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 22:19
Position P1-A4 Injection Volume
+ TIC MRM (¥* -> *¥) suit3.d (suit3)
Jg x10%
& i
.

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1 /

R L LS LU W LA T N TN . L SRR L T
02 04 06 0.8 1 1.2 1.4 1.6 1.8 2 2.2 24 2.6 28 3 3.2 3.4 36 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 121894
Quantitation Results
| RT[RefRT| Transition(T)
amide | 3854 4042 72.1->55.1
Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1-> 55.1) s1 72.1-> 55.1, 72.1 -> 44 + MRM (72.1 -> 44.0) s. + MRM (75.1 -> 58.1) s1 75.1 -> 58.1 No Qualifier
w n
£ x10° *3A§§y4l m:,de x10°4 Ratio + 8.6 (1 & x10 £ x10° ) 'Js 50~ c13 x104
8 -854 min. 8 Aaylamide 8 . min.
11 659379 0.5 o 2|y f 121894 5
0.5 1 5665 4
N T 1 1 ' T T T 1 T T 1 o T T T T T T T T
345 345 345 3@ G 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:10 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File suit4.d Sample Name suit4
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 22:26
Position P1-A4 Injection Volume 5
+ TIC MRM (** -> *¥) suit4.d (suit4)
Jg x10%7
3 4
.
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
L N L LU LTSRN W LN N, N T L R DL L
02 0406 08 1 1.2 14 16 18 2 22 24 26 28 3 3.2 3436 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds

Acrylamide-C13 ISTD

Quantitation Results

Compound Type

RT
3.850

Transition(T)
75.1 ->58.1

ISTD Resp.
114142

Transition
72.1 ->55.1

[ Rr[Refrr]
anide | 3.854] 2042

72.1->44.0| 658709

Compound Graphics
Acrylamide

Acrylamide-C13
+ MRM (72.1-> 55.1) s1 72.1-> 55.1, 72.1 -> 44 + MRM (72.1 -> 44.0) st + MRM (75.1 -> 58.1) st 75.1 -> 58.1

No Qualifier

2 S . ] 4 4 4
£ x10°% Acrylamide x10°7 Ratio = 8.1 (¢ € 10 € X10"Acrylamide-c13 ~ X10

3.854|min. J 2-{ 3-850 min.
S 658709 05 S , Bemicie S 114142 -

05 025 1 53401 4
N T 1 1 ' T T T 1 T T T 1 o T T T T T T T

3 4 B 3 45 3 45 3. © 3 45

Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:12 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File suit5.d Sample Name suits
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 22:33
Position P1-A4 Injection Volume 5
+ TIC MRM (** -> *¥) suitS.d (suitS)
Jg x10%7
3 4
.
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
— 1 T T 1 T 1 T @ 1T 7777717777 &77T7+-°7%+77°1
02 0406 08 1 1.2 14 16 18 2 22 24 26 28 3 3.2 3436 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 113571
Quantitation Results
[ RT[RefRT| Transitioni
amide | 3854] 2042 721->551] 72.1->24.0] 659863
Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1 -> 55.1) st 72.1-> 55.1, 72.1 -> 44 + MRM (72.1 -> 44.0) st + MRM (75.1 -> 58.1) st 75.1 -> 58.1 No Qualifier
w n
£ x10° chys?mde x10%] Ratio + 8.1 (¢ E x10° - x10% "Js Hec13 x10%
. min. { 3.850 imin.
S 17630863 05 S , Befmicie S 2135 -
0.5 0.25 14 53309 1 =
T 1 1 T T T T T 1 o T T T T T T T T
345 345 345 3@ G 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:14 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File std 0 ng.d Sample Name std 0 ng
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 22:39
Position P1-A1 Injection Volume 5
+ TIC MRM (** -> **) std 0 ng.d (std 0 ng)
Jg x10%
3 L

1.1

.

0.9

0.8

0.7

0.6

0.5

0.4

0.31

0.2

0.1

T T T T T T T T T T T T T ! T T T T T T T T T T T T T T
02 0406 08 1 1.2 14 16 18 2 22 24 26 28 3 3.2 3436 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds
Acrylamide-C13

Quantitation Results

RT
3.850

Transition(T)
75.1 ->58.1

ISTD Resp.
113606

RT| Ref RT| _ Transition!

|
Iﬁ | 3881 2042

72.1 ->55.1

Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1 -> 55.1) st 72.1-> 55.1, 72.1 -> 44 4+ MRM (72.1 -> 44.0) sl + MRM (75.1 -> 58.1) sl 75.1 -> 58.1 No Qualifier
w
E X107 pcyibmide  X10° Ratio £ x10%crylamigec13 x10*
S 3.881|min. ety 8 23850 min.
2 1 113606 05
i ‘A-_fw . 11 3
T 1 1 T o T T T T T T T
3 45 3 39 5 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:16 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File std 100 ng.d Sample Name std 100 ng
Sample Type Cal Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 22:46
Position P1-A2 Injection Volume 5
+ TIC MRM (** -> **) std 100 ng.d (std 100 ng)
Jg x10%
3 il
6
5.5
5
4.57
pu
3.57
3
2.5
21
1.5
.
0.5
Tt 1 T T 1 T 1t 71T W 1 7 W77+ 7T 1T T °t+% 777777t 7177T.1
02 0406 08 1 1.2 14 16 18 2 22 24 26 28 3 3.2 3436 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1->58.1 124747
Quantitation Results

Transition|

[ Rr[Refrr]
anide | 3.854] 2042

72.1 ->55.1 72.1->44.0| 353604

Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1 -> 55.1) sf 72.1-> 55.1, 72.1 -> 44 4+ MRM (72.1 -> 44.0) sl + MRM (75.1 -> 58.1) sl 75.1 -> 58.1 No Qualifier
w n
g x10 chys?mfje x10% | Ratio F 8.1 (¢ § x10 § x10% ,3,18 50~ 13 x10%
o min. - X min.
Aaylamide
0.5 353604 S e I : 124747 B
0.25 \ 0.51 28587 4
T T 1 T T T T T T 1 o T T T T T T T
345 345 345 3@ G 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report L Agilent

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:18 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File std 150 ng.d Sample Name std 150 ng
Sample Type Cal Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 22:53
Position P1-A3 Injection Volume 5
+ TIC MRM (** -> **) std 150 ng.d (std 150 ng)
g x10° |
8

0.9

0.8

0.71

0.67

0.5

0.4

0.3

0.2

0.1

AR AUNEE NS § W U UL U L L,
02 0406 08 1 1.2 14 16 18 2 22 24 26 28 3 3.2 3436 38 4 42 44 46 48 5 52 54 56 58
Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1->58.1 134784

Quantitation Results

| RT[RefRT| Transition(T) 0 e
amide | 3854] 2042] 72.1->551] 72.1->44.0] s70757,

Compound Graphics
Aditnide Acrylamide-C13
+ MRM (72.1-> 55.1) st 72.1-> 55.1, 72.1 -> 44 4+ MRM (72.1 -> 44.0) s+ MRM (75.1 -> 58.1) sl 75.1 -> 58.1 No Qualifier
i} j2}
€ x10 Acylanide x10* | Ratio F 8.1 (¢ £ x10° £ x0t M:snalhTCIB 10
B in. i 4 -
S 1R 5 8 2 Aaylaide 3 ,3:850imin

65 H g | 3854 |min. ! ‘MKM o5
= > 452& :
T T 1 T T T 1 D Tl it T T T T T T
3 45 3 45 395 3 45 3 45
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report X Agilent
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:20 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File std 200 ng.d Sample Name std 200 ng
Sample Type Cal Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:00
Position P1-A4 Injection Volume 5
+ TIC MRM (** -> **) std 200 ng.d (std 200 ng)
£ x10°]
8 131
1.2
1.1
1_
0.9
0.8
0.7
0.67
0.57
0.4
0.31
0.2
0.1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
02 04 06 0.8 1 1.2 14 1.6 1.8 2 2.2 24 2.6 28 3 3.2 3.4 36 38 4 42 44 46 48 5 52 54 56 58
Acquisition Time (min)
ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1->58.1 140626

Quantitation Results

RTI Ref Rﬂ Transition(T)

ﬁ |
amide | 3854 4.042]

72.1->55.1

Compound Graphics
Acrylamide

+ MRM (72.1-> 55.1) sl 72.1-> 55.1, 72.1 -> 44 4 MRM (72.1 -> 44.0) sl + MRM (75.1 -> 58.1) s! 75.1 -> 58.1

Acrylamide-C13

No Qualifier

2 S, S 4 o] 4
g X107 Acrylamide x10” | Ratio 8.2 (¢ x10° € x10°Acrylamife-C13 x10
3.854|min. 3.850 min.
Acrylamide 1
11 79708 0.5 2 3.840min. | 140026 o
0.5 651P9 1 9
— 0
T 1 1 T 1 T T 1 T T 1 T 1
3405 P=g 5 345 39 5 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:24 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File std 1000 ng.d Sample Name std 1000 ng
Sample Type Cal Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:13
Position P1-A6 Injection Volume 5
+ TIC MRM (** -> *¥) std 1000 ng.d (std 1000 ng)
Jg x10%
8 657
P
557
-
4.5
pu
3.5
3
2.57
21
1.5
.
0.57
IUSEEPUSSLUUSEY A AU U LU L S U S S N
02 0406 08 1 12 14 1618 2 22 24 26 28 3 3.2 3436 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 152856
Quantitation Results
Iﬁ | RT[RefRT| _Transition(T)
amide | 3854 4042 721 ->55.1
Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1-> 55.1) sf 72.1-> 55.1, 72.1 -> 44 + MRM (72.1 -> 44.0) sl_+ MRM (75.1 -> 58.1) 1 75.1 > 58.1 No Qualifier
= x10%
8 mide 1
iy 0.5
T 1 T T T T
345 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:26 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File meoh.d Sample Name meoh
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:20
Position P1-A7 Injection Volume 5
+ TIC MRM (** -> **) meoh.d (meoh)
Jg x102 A
8 A [\
p /MA’N\/AV\‘M’\A
3.5 ik
e
2.5
21
1.57
.
— T T T T T T T T30 T A T o 7 T T T T T T T T T T T T
02 04 06 0.8 1 1.2 1.4 1.6 1.8 2 2.2 24 2.6 28 3 3.2 3.4 36 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.433 75.1 ->58.1 1143

Quantitation Results

[ RT[RefRT[ Transition
amide | 40s6] 4042 72.1->55.1

Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1-> 55.1) w 72.1-> 55.1, 72.1 -> 44 4 MRM (72.1 -> 44.0) n + MRM (75.1 -> 58.1) r 75.1 -> 58.1 No Qualifier
2 2 2 8 2
€ x|, L x107]|Ratio £ x10 £ x102 |Lec13 10
8 4,05 min. 3 Acrylamide 8 rylam
3.433 |min. 1.25
2 m min. 15 143 ' 2
M
L 1 ——
l I l T 1 T T T 0.75 T T T
345 345 345 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:28 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File ss-200 ng.d Sample Name ss-200 ng
Sample Type QC Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:27
Position P1-A8 Injection Volume 5
+ TIC MRM (** -> **) s5-200 ng.d (ss-200 ng)
Jg X107
8 izl

1.2

11

.

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

o1 )

NS NUSERUSERUNEY 7 AU U B UL U L N DL L
02 0406 08 1 1.2 14 16 18 2 22 24 26 28 3 3.2 34 36 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 153462

Quantitation Results

| RT[RefRT| _Transition(T)
amide | 3854 4042 721 ->55.1

Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1-> 55.1) st 72.1-> 55.1, 72.1 -> 44 + MRM (72.1 -> 44.0) st + MRM (75.1 -> 58.1) s 75.1 -> 58.1 No Qualifier
w n
£ x10° Qcéysl‘?mde x10° | Ratio F 8.1 (¢ § x10* £ x10% ,3,,,;5,3 ec13  x10?
8 . min. g . imin.
1 827105 55 5 Adyamide 2 153462 1
67007 1 ﬂ 0.3
T T 1 T T T T T 1 T T T T T T T
345 345 3% 5 345 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:31 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File meohn.d Sample Name meohn
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:34
Position P1-A7 Injection Volume 5
+ TIC MRM (** -> **) meohn.d (meohn) -
Jg x10% J/\
S —I"\/‘/\J\M\/\,\/ J \\
41 \ /M/‘”\/W
A \/\/\/\/W ‘
357
3.257
3
2.757
2.5
2.257
.
1.757
157
1.257
1_
— T T T T T 1T T 137 7 B % T T 1T 1T 1T T 1T 1T T 1T 71T T 7171
02 0406 08 1 1.2 14 16 18 2 22 24 26 28 3 3.2 34 36 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 4.510 75.1 ->58.1 106
Quantitation Results
| RT[RefRT[ Transition
amide | 4017 4042 721 ->55.1
Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1-> 55.1) w 72.1-> 55.1, 72.1 -> 44 4 MRM (72.1 -> 44.0)m + MRM (75.1 -> 58.1) r 75.1 -> 58.1 No Qualifier
8 2 | 2 2 8 | 2
E x10%] o x10*| Ratio = § x10 g x10? x10
8 . 4.917 min. . et *sAﬂ\.;zm?e aheRcTs 125
Ll—w ey 2 (22 - 5
‘H \/ 1
I iy 0.75
T I 1 T T 1 T T 1 T T T T T T T T
345 345 345 345 345
Acquisition Time (min) Acquisition Time (min)  Acquisition Time (min)
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:33 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File spka.d Sample Name spka
Sample Type QC Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:40
Position P1-A9 Injection Volume 5
+ TIC MRM (** -> **) gpka.d (spka)
Jg x10%
8 284

2.6

2.4

2.2

2

1.8

1.67 \

1.4

1.2

i [

0.8

0.6

0.4

0.2

T T T T T T T T30 T A T o 7 T T T T T T T T T T T T
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Compound Graphics
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By Sample Quant Report A Agilont
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:35 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File spkb.d Sample Name spkb
Sample Type QC Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:47
Position P1-A10 Injection Volume 5

+ TIC MRM (** -> **) gpkb.d (spkb)
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Acquisition Time (min)
ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.864 75.1 ->58.1 970
Quantitation Results
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ami | 3867] 4042 72.1->55.1
Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1 -> 55.1) 5| 72.1->55.1, 72.1-> 44 + MRM (72.1 -> 44.0) 5| + MRM (75.1 -> 58.1) 5 75.1 -> 58.1 No Qualifier
w
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:37 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File meoh-n.d Sample Name meoh-n
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 11-May-23 23:54
Position P1-A7 Injection Volume 5
+ TIC MRM (** -> **) meoh-n.d (meoh-n)
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Acquisition Time (min)

ISTD Compounds

Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.500 75.1 ->58.1 1334
Quantitation Results
[ Rr[Refrr]
amide | 2.871] 2042
Compound Graphics
Acrylamide Acrylamide-C13
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:39 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File blk.d Sample Name blk
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 12-May-23 0:01
Position P1-A11 Injection Volume 5
+ TIC MRM (** -> **) blk.d (blk)
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Transition(T) ISTD Resp.
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3.864 75.1 ->58.1 1782
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Compound Graphics
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:41 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File 5833575a-re.d Sample Name 5833575a-re
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 12-May-23 0:08
Position P1-B1 Injection Volume 5
+ TIC MRM (** -> *¥) 5833575a-re.d (5833575a-re)
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Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.864 75.1 ->58.1 389
Quantitation Results
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amide | 3854 4042 721 ->55.1
Compound Graphics
Acrylamide Acrylamide-C13
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w n
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By Sample Quant Report

Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:43 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File 5833575b-re.d Sample Name 5833575b-re
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 12-May-23 0:14
Position P1-B2 Injection Volume 5
+ TIC MRM (** -> *¥) 5833575b-re.d (5833575b-re)
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Acquisition Time (min)

ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 821
Quantitation Results
| RT[RefRT[ Transition
amide | 3854 4042 721 ->55.1
Compound Graphics
Acrylamide Acrylamide-C13
+MRM (72.1-> 55.1) 5 72.1-> 55.1, 72.1 -> 44 + MRM (72.1 -> 44.0) 5+ MRM (75.1 -> 58.1) 5 75.1 > 58.1 No Qualifier
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:45 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File 5833577a-re.d Sample Name 5833577a-re
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 12-May-23 0:21
Position P1-B3 Injection Volume 5
+ TIC MRM (** -> ¥*) 5833577a-re.d (5833577a-re)
Jg x1077
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75.1 ->58.1 1813
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[ RT[RefRT[ Transition
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Compound Graphics
Acrylamide Acrylamide-C13
+ MRM (72.1-> 55.1) 5 72.1-> 55.1, 72.1 -> 44 4 MRM (72.1 -> 44.0) 5 + MRM (75.1 -> 58.1) 5 75.1 -> 58.1 No Qualifier
w n
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:47 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File 5833577b-re.d Sample Name 5833577b-re
Sample Type Sample Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 12-May-23 0:28
Position P1-B4 Injection Volume 5
+ TIC MRM (** -> **) 5833577b-re.d (5833577b-re)
£ x0’
< x1i
3 4
p
3.5
3+
2.5
P
1.57
o
0.5
T T T T T T T T30 T A T W o 7 T T T T T T T T T T T T
02 04 06 0.8 1 1.2 1.4 1.6 1.8 2 2.2 24 2.6 28 3 3.2 3.4 36 38 4 42 44 46 48 5 52 54 56 58

Acquisition Time (min)

ISTD Compounds Compound Type RT
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Compound Graphics
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By Sample Quant Report
Batch Path D:\MassHunter\Data\2023\Acrylamide\5-May\2023051 1+H20\QuantResults\20230511-n.batch.bin
Analysis Time 15-May-23 11:27 Analyst Name TH-HPLC25\admin
Report Time 18-May-23 13:52:49 Reporter Name TH-HPLC25\admin
Last Calib Update 15-May-23 11:27 Batch State Processed
Quant Batch Version 10.1 Quant Report Version 10.1
Analysis Info
Instrument Instrument 1 Operator
Data File std 150 ng-1.d Sample Name std 150 ng-1
Sample Type QC Dilution 1
Acq. Method Acrylamide for coffee.m Acq. Date 12-May-23 1:08
Position P1-A3 Injection Volume 5
+ TIC MRM (** -> **) std 150 ng-1.d (std 150 ng-1)
Jg x10%
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Acquisition Time (min)
ISTD Compounds Compound Type RT Transition(T) ISTD Resp.
Acrylamide-C13 ISTD 3.850 75.1 ->58.1 127537
Quantitation Results
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Compound Graphics
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w n
£ x10°| Acrylamide x10% Ratio + 8.1 (¢ §x1o‘ gxw" rylamflec13 ~ x10*
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APPENDIX B

Reagents for DNA manipulation
1. Tris-acetate-EDTA (TAE) (50x stock)

The stock of TAE buffer was prepared by dissolving the below ingredients
in 700 mL of ultrapure deionized water (UDW)

Tris (Affymetrix, California, USA) 240.0g
EDTA (Affymetrix) 18.6 ¢
Glacial acetic acid (Merck, New Jersey, USA) 57.1 mL

The pH and the volume were adjusted to 8.3 and 1 L, respectively. The TAE
stock was autoclaved. Working TAE (1x) was prepared by diluting 20 mL of the stock
buffer with 980 mL of UDW.

2. DNA loading dye (10x)

The DNA loading dye for electrophoresis was prepared by dissolving all of the

below ingredients in UDW.

Bromophenol blue (Bio-Rad, California, USA) 240.0 g
Xylene cyanol (Affymetrix) 186 ¢
Glacial acetic acid (Merck) 57.1 mL

The volume was made to 100 mL with UDW.
4. Tris-borate-EDTA (TBE) (5x stock)

The TBE was made from:

Tris-base (Affymetrix) 520¢
EDTA (Affymetrix) 4.65¢
Clycerol (Univar,Washington, USA) 27.5 mL

All ingredients were dissolved in 700 mL of UDW. The pH was adjusted to 8.3.
The volume was brought up to 1 L with UDW. The preparation was autoclaved. For
making 1 L of a working buffer, 200 mL of 5x TBE buffer were added to 800 mL of
UDW.
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APPENDIX C

Bacterial culture media
1. Luria-Bertani (LB) broth (basal LB broth)
The medium was prepared by dissolving the following ingredients in 1 L of

UDW and autoclaved:

Bacto-tryptone (Himedia, Mumbai, India) 10g
Bacto-yeast extract (Himedia) 5¢
NaCl (Univar) 5¢

2. LB-ampicillin (LB-A) broth

The LB broth prepared as described above was added with ampicillin to a final
concentration of 100 ug/mL. The medium was kept at 4°C until use.
3. LB-ampicillin, glucose (LB-AG) broth

One L of the sterilized LB broth was added with ampicillin to the final
concentration of 100 ug/mL and 55.6 mL of 2 M glucose. The broth was kept at 4°C

until use.
4, LB agar
This agar was prepared by dissolving the following ingredients in 1 L of UDW.
Bacto-tryptone (Himedia) 10g
Bacto-yeast extract (Himedia) 5¢
NaCl (Univar) 5¢
Agar powder (Himedia) 15¢

The preparation was sterilized by autoclaving. After cooling down to ~ 55-60°C,
25 mL aliquots were poured into 100-mm Petri-dishes. The agar was allowed to be set
in a biosafety cabinet. The plates were kept at 4°C. The agar surface was dried

appropriately before use.
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5. LB-ampicillin (LB-Amp), LB-ampicillin-glucose (LB-AG) agar

For preparing the LB-A agar, the LB agar was prepared as described above in
(4). After cooling down-55-600C, ampicillin was added to the final concentration of 100
ug/mL. Twenty-five mL aliquots of the preparation were poured into 100-mm
petridishes; the agar was allowed to set and the plates were kept at 4°C until use.

For preparing the LB-AG agar, 55.6 mL of 2 M glucose solution were added to
mix with 1 L of the molten LB-A agar. The LB-AG agar plates were prepared as for the
LB-A plates.
6.LB-A agar containing IPTG for E. coli colony selection

The LB agar was prepared as described above in (4). The surface of the agar
plate was dried and overlaid with 40 uL of 100 mM of isopropyl thiol- B-D galactoside
[(2 ¢ IPTG (Affymetrix) dissolved in 10 mL UDW)] and 40 pL of 2% w/v of This medium

was freshly prepared before use.
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APPENDIX D

Reagents for protein purification
1.Ni-NTA™ beads for protein purification under native condition
1.1 Buffer C (native lysis Buffer) (100 mM NaH2PO4,10 mM Tris-HC|, 500 mM
NaCl, pH 6.3)
All ingredients listed below were dissolved in 700 mL of UDW by stirring.

NaHzPO4.2H20 (Univar) 15.6 g
Tris-HCL (Affymetrix) 12¢
NaCl (Univar) 292 ¢

After dissolving completely, the pH was adjusted to 6.3 with 1 M HCl or 1 N
NaOH. The volume was brought up to 1 L. The buffer was filtered through an 11-um
Whatman filter paper.

1.2 Imidazole solution (1 M stock solution)

The imidazole stock solution was prepared by dissolving 20.4 g of imidazole
(Affymetrix) in 70 mL of buffer C. After dissolving completely by stirring, the volume
was made up to 100 mL by adding buffer C. The solution was filtered through an 11-
um Whatman filter paper.

1.3 Wash buffer (Buffer C containing 30 mM imidazole)

The wash buffer was prepared by adding 30 mL of imidazole stock solution in
970 mL of buffer C. The homogeneous buffer was filtered through an 11-um Whatman
filter paper.

1.4 Elution buffer (100 mM NaH2POs, 10 mM Tris-HCL, 500 mM NaCl, 500
mM imidazole, pH 6.3)

This buffer was prepared by adding the stock imidazole solution to Buffer C
as described above in (1.2) to a final concentration of 10 mM, 50 mM, 75 mM, 100
mM, 500 mM
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APPENDIX E
Reagents for indirect ELSA

1.Coating buffer (0.05 M carbonate-bicarbonate buffer, pH 9.6)
NaHCO3 (Univar) (4.2 g) was dissolved in 800 mL of UDW. The pH of the
preparation was adjusted to 9.6. The volume of the buffer was made up to 1 L with

UDW and filtered through an 11-um Whatman filter paper before keeping at 4°C.

2. Phosphate buffered saline (0.01 M PBS, pH 7.4)
The buffer was prepared by dissolving the following ingredients in 900
mL of UDW:

Nacl (Univar ) 8¢
KCl (Merck) 02¢
NazHO4(Univar ) 144 ¢
KH2PO4(Univar ) 0.24 ¢

The pH of the preparation was adjusted to 7.4. The volume was made to 1 L

with UDW and autoclaved.

3. PBS-T buffer (0.05% Tween-20 in PBS)
One L of PBS was added with 0.5 mL of Tween-20 (Sigma-Aldrich). The solution

was sterilized by autoclaving.

4. BSA in PBS (3%)
The preparation was prepared by dissolving 3 ¢ of BSA (Calbiochem) in 100 mL
of UDW.
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APPENDIX F

Reagents for sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and Western blotting (WB)
1. Reducing sample buffer for SDS-PAGE (6x)

All ingredients listed below were combined and dissolved.

SDS (Affymetrix) 0.6 mg
Bromophenol blue (Bio-Rad, California, USA) 0.5 mg
0.5 M Tris-HCl,pH 8.8 (Affymetrix) 3.75 mL
Glycerol (Univar) 4.6 mL
R-mercaptoethanol (Amersham Biosciences, Little 1.5 mL

Chalfont, UK)

The volume was made up to 10 mL with UDW. The solution was kept at -20°C
until use. For SDS-PAGE, the sample for gel loading was prepared by mixing 5
parts of the sample with 1 part of the 6x sample buffer.

2. Tris-HCI (1.5 M, pH 8.8)

The solution was prepared by dissolving 181.5 ¢ of Tris-base (Affymetrix) in 500
mL of UDW. The pH was adjusted to 8.8 using 1 N HCl. The volume was adjusted to 1
L with UDW. The solution was filtered through an 11-um Whatman filter paper and
stored at 4°C.

3. Tris-HCI (0.5 M, pH 6.8)

Tris-base (60.5 ¢) (Affymetrix) was dissolved in 500 mL of UDW. The pH was
adjusted to 6.8. The volume was made up to 1 L with UDW. The preparation was
filtered through an 11-um Whatman filter paper and kept at 4°C
4. Sodium dodecyl sulfate solution (10% SDS)

The solution was prepared by dissolving 10% (w/v) of SDS (Affymetrix) in 100
mL of UDW. The solution was filtered through an 11-ym Whatman filter paper.

5. Ammonium persulfate solution (10%)

The solution was freshly prepared by dissolving 50 mg of ammonium persulfate

(Bio-Rad) in 0.5 mL of UDW.
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6.Polyacrylamide resolving gel (12%)
AWl ingredients listed below were mixed and added with 50 uL of 10%
ammonium persulfate and 5 pL of TEMED just before pouring into the gel casting

apparatus (Bio-Rad). The gel was overlaid with UDW and polymerized.

Tris-HCL (1.5 M, pH 8.8) (Affymetrix) 2.5 mL
SDS (10%) (Affymetrix) 0.1 mL
Acrylamide solution (30%) (Bio-Rad) 4.0 mL
UbW 3.5 mL

7. Polyacrylamide resolving gel (4%)
All ingredients listed below were mixed and added with 50 pyL of 10%

ammonium persulfate and 5 pL of TEMED just before pouring into the gel casting

apparatus.
Tris-HC1 (0.5 M, pH 6.8) (Affymetrix) 2.5 mL
SDS (10%) (Affymetrix) 0.1 mL
Acrylamide solution (30%) (Bio-Rad) 1.3 mL
UbW 6.2 mL

A comb was placed into the gel before allowing the gel to polymerize.
8. SDS electrophoresis buffer (10x)

The buffer was prepared by dissolving 30.3 g of Tris (Affymetrix), 144 ¢ glycine
(Affymetrix), and 10 ¢ of SDS in 1 L of UDW. The working buffer was made by diluting
the 10x stock buffer to 1xbuffer using UDW.

9. Transfer buffer
Tris (3.03 g) and 14.4 mL glycine (Affymetrix) were dissolved in 900 mL of UDW.

The preparation was added with 100 mL of methanol (Affymetrix) and mixed well.
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2.Restriction sites Muscfv

Ncol--VH—HindlIll + linker + Mlul--VL--Notl

2.1 Clone N11.1 alignment was checked restriction sites Muscfv of position.

AGCCGG-CGCAGG'I_I'ACTCTGAAAGAGTCTGGCCCTGGGATA'I_I'G CAGCCCTCCCAGA
CCCTCAGTCTGACTTGTTCTTTCTCTGGGETTTTCACTGAACACTTCTGGTATGGGTGTGAGCTG
GATTCGTCAGCCTTCAGGAAAGGGTCTGGAGTGGCTGGCACACATTTACTGGGATGATGACAAG
CGCTATAATCCATCCCTGAAGAGCCGGCTCACAATCTCCAAGGATACCTCCAGAAACCAGTTAT
TCCTCAAGATCACCAGTGTGGACACTGCAGATACTGCCACATACTACTGTGCTCGAACGGGGGA
CTATGATTACGACGACCGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAGCC
MAACGACACCCCC_TGMGMG GTGAATTTTCAGAAGCACGCGTAGATATTGTGA
TAACCCAGGATGAACTCTCCAATCCTGTCACTTCTGGAGAATCAGTTTCCATCTCCTGCAGGTC
TAGTAAGAGTCTCCTATATAAGGATGGGAAGACATACTTGAATTGGTTTCTGCAGAGACCAGGA
CAATCTCCTCAGCTCCTGATCTATTTGATGTCCACCCGTGCATCAGGAGTCTCAGACCGGTTTA
GTGGCAGTGGGTCAGGAACAGATTTCACCCTGGAAATCAGTAGAGTGAAGGCTGAGGATGTGG
GTGTGTATTACTGTCAACAACTTGTAGAGTATCCTCGCACGTTCGGAGGGGGGACCAAGCTGGA
AATAAAACGGGCTGATGCTG CACCAACTGTATCC-TGGATCCAAAGATATCAGAGCT
GAAACTGTTGAAAGTTGTTTAGCAAAATCCCATACAGAAAATTCATTTACTAACGTCTGGAAAG
ACGACA

2.2 DNA of clone N11.1 translate to amino acid = summit online by

https://web.expasy.org/translate/

MAQVTLKESGPGILQPSQTLSLTCSFSGFSLNTSGMGVSWIRQPSGKGLEWLAHIYWDD
DKRYNPSLKSRLTISKDTSRNQLFLKITSVDTADTATYYCARTGDYDYDDRFAYWGQGTLVTVSAA
KTTPPKLEEGEFSEARVDIVITQDELSNPVTSGESVSISCRSSKSLLYKDGKTYLNWFLQRPGQSPQ
LLIYLMSTRASGVSDRFSGSGSGTDFTLEISRVKAEDVGVYYCQQLVEYPRTFGGGTKLEIK


https://web.expasy.org/translate/
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