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Leptospirosis, caused by pathogenic Leptospira spp., is a global re-emerging zoonosis and endemic
disease in tropical and sub-tropical countries including Thailand. Point-of-care testing (POCT) for rapid diagnosis of
leptospirosis is needed for prompt and appropriate treatment particularly in resource-poor settings. Lateral flow
immunoassay (LFA)-based POCT devices are rapid, user friendly, cheap, have one-step analysis, and need no
sophisticated equipment. LipL32 is a common target for diagnostic tests of leptospirosis because it is the major
outer membrane protein (OMP) that is specific and highly conserved among pathogenic Leptospira. This study
aimed to develop the gold nanoparticle (AuNP)-based LFA for detection of pathogenic leptospiral antigen. To
develop the LFA, this study used two clones of anti-LipL32 mouse monoclonal antibodies (mAb3 and mAb82)
and a rabbit anti-LipL32 polyclonal antibody (pAb) that showed specific binding to all 22 reference pathogenic
Leptospira serovars found in Thailand and did not bind to 2 non-pathogenic serovars. These mAb3 and mAb82
bind different epitopes on LipL32 as demonstrated by the competitive inhibition-based enzyme-linked
immunosorbent assay. The lowest limit of detection (LoD) was achieved by the LFA comprising anti-LipL32
mAb82-conjugated AuNPs on the conjugate pad and the anti-LipL32 pAb on the test line. Different sizes of AuNPs
including 10, 20, 30 and 40 nm in diameter were successfully synthesized by seeded growth synthesis using
citrate reduction. The LoD of 40-nm mAb82-conjugated AuNPs was 100- and 10-fold lower than that of 20-nm
and 30-nm AuNPs, respectively, to detect sonicated L. interrogans serovar Pomona spiked in sera. In the present
study, the lowest LoD obtained after various optimization of anti-LipL32 mAb82-conjugated AuNP-based LFA was
5% 10° cells of whole cell lysates in sera. This AuNP-based LFA was evaluated with acute sera from patients with
leptospirosis and unrelated diseases. Pretreatment of sera with 4.5% Tween 20 improved the sensitivity of the
LFA from 6% (3 of 50) to 24% (12 of 50) to detect acute phase sera from known cases of leptospirosis. Negative
detection was observed in all 30 (100%) pretreated and untreated sera of patients with unrelated diseases and
healthy person resulting in 100% specificity of this LFA. The new strategies are required to improve the sensitivity
of this potential anti-LipL32 mAb82 conjugated AuNP-based LFA for better diagnosis of acute phase leptospirosis

in the future.
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CHAPTER |

INTRODUCTION

Leptospirosis, caused by pathogenic Leptospira species, is a worldwide
reemerging zoonosis. It is an endemic disease with increasing outbreaks in tropical
and sub-tropical regions (1-3) including Southeast Asia such as Thailand, Indonesia,
India, and Malaysia and also Central and South America (4, 5). The genus Leptospira
is classified according to DNA-DNA hybridization analysis into at least 22 pathogenic
and non-pathogenic species. Based on serological typing using agglutination of
serovar-specific antibodies with lipopolysaccharide (LPS) antigens, Leptospira are
classified into more than 300 serovars, including 200 pathogenic strains (6, 7). Rats
and other rodents are the most important reservoir animals of pathogenic Leptospira
spp. Humans are susceptible to leptospirosis and become accidental hosts.
Pathogenic Leptospira are transmitted to human by direct contact with blood, urine
or infected animal tissue or less commonly by ingestion. The carrier animals can
shed bacteria into the environment via urine and humans may indirectly contact the
contaminated water and soil (6, 8, 9). The major risk factors for human leptospirosis
are occupation-related activities such as agriculture, livestock, and sewer workers (10,
11). Leptospires can penetrate abraded skin or mucous membrane and establish a
systemic infection by disseminating through the bloodstream (12). Symptoms and

severity of leptospirosis range from mild, flu-like illness to severe and potentially



lethal infection with multiple target organ involvement such as liver, lung, and kidney
dysfunction (13-15). Leptospirosis is a biphasic disease with incubation period of
approximately 7-12 days. In the acute or septicemic phase during 3-7 days of illness,
patients presents with non-specific symptoms such as high fever, headache, myalgia,
arthralgia, and vomiting (16). In the convalescent or immune phase, the bacteria
disappear from the bloodstream and antibodies are produced against leptospiral
antigens (6, 16, 17). Clinical manifestations in this phase are associated with target
organ damage such as jaundice, meningitis, and renal failure. Current diagnostic tools
for leptospirosis include direct examination of clinical samples, culture, nucleic acid
detection, and antibody-based tests. For direct examination at least 1OL1 cells/mL of
leptospires in blood or urine is required for visualization under dark-filed microscopy
(18). Bacterial load in blood was shown to range from 10" to 10° cells/mL during the
acute bacteremic phase (19). Therefore, direct examination of the spirochete in
clinical samples is poorly sensitive. In addition, it is not specific and requires a dark-
filed microscope, which is rarely available. Culture of leptospires are difficult due to
slow-growing and requiring complicated media. Microscopic agglutination test (MAT)
used to detect anti-Leptospira agglutinating antibodies after the second week of
infection is currently the standard method for diagnosis of leptospirosis (17). MAT has
low sensitivity during early phase of the disease and possibly requires paired sera
resulting in delayed diagnosis (20-22). Moreover, this technique is performed only in

the reference laboratory because it requires expensive instruments, trained staff, and



maintaining several viable Leptospira serovars for antigen sources (8, 23). Other
techniques for antibody-based detection, such as enzyme-linked immunosorbent
assay (ELISA), immunofluorescence assay, the slide agglutination test (24), indirect
hemagglutination assay (25), and the lateral flow assay (26, 27), are also not sensitive
for the early phase detection (28). Antigen or DNA detection assays such as ELISA
and PCR are more useful for diagnosis of early acute leptospirosis. However, they
requires special equipment, dedicated laboratory space, and highly skilled personnel
(29, 30). Therefore, point-of-care testing (POCT) for rapid diagnosis of leptospirosis is
needed so that patients are early diagnosed and appropriately treated to reduce
morbidity and mortality especially in the resource-poor setting.

Lateral flow assay (LFA)-based POCT devices has been widely used in
detecting several targets, such as toxins, pathogens, pesticides, heavy metals and
cancer markers (31-33). The advantages of LFA are user friendly formats, rapid
detection, low cost, no need of specialized personnel, and simple reading by naked
eyes (34, 35). Gold nanoparticles (AuNPs) have been widely used for LFAs due to
easy synthesis, biocompatibility, ability to attach to diverse molecules (36, 37), and
enhancing visual detection. Therefore, AuNP-based LFAs provide rapid and reliable
on-site analysis (38, 39).

LipL32, a 32 kDa lipoprotein, is the major outer membrane protein (OMP)
which is highly conserved among pathogenic Leptospira and absent in non-

pathogenic strains (40, 41). LipL32 is expressed at high level in leptospires during



infection and is highly immunogenic (42-44) as shown by the presence of antibodies
against LipL32 in sera of patients in acute and convalescent phases of leptospirosis
(42). LipL32 has been used as an antigen for enzyme-linked immunosorbent assay
(ELISA) and its encoding gene has been used as a target gene for PCR (24, 45, 46).

In this study, we aim to develop a gold nanoparticle-based lateral flow
immunoassay as a POCT that can detect pathogenic leptospiral antigen for diagnosis

of leptospirosis at the acute stage.



CHAPTER Il

OBJECTIVES

l. To develop a gold nanoparticle-based lateral flow immunoassay for detection of

pathogenic leptospiral antigen.

Il. To determine optimal conditions, such as type of buffers, size of gold
nanoparticles, type of antigen and antibodies, for development of gold nanoparticle-

based lateral flow immunoassay for detection of pathogenic leptospiral antigen.



CHAPTER IlI

LITERATURE REVIEWS

Leptospira and Leptospirosis

Leptospirosis is a zoonosis that is caused by pathogenic Leptospira. This

genus is separated into two species, pathogenic and saphophytic Leptospira.
Leptospires are thin spirochetes, the size of cell range from 10 -20 Wm in length and

about 0.15 lm in thickness. In addition, leptospires are flexible helical rods that are
actively motile, obligate aerobic, hook-ended, and slow-growing bacteria (Figure 1)
(47, 48). Serological method has been used to determine serovars of Leptospira,
more than 250 of which are considered pathogenic species. DNA sequence similarity
is currently used to determine genospecies, the major of which is L. interrogans.
Leptospirosis is @ major public health problem in tropical and sub-tropical countries
and outbreaks mostly occur in the rainy season and after floods (49). Human
infection commonly is transmitted through contact with urine of infected animals or
exposure to contaminated fresh water or soil (Figure 2) (6). Based on global data
collection, the International Leptospirosis Society estimates that 300,000 — 500,000
cases of leptospirosis occur annually (50). Occupational exposure risk to this disease
such as agriculture, livestock, and sewer workers is a common risk factor of this

disease (11). Leptospirosis was found to be a major cause of acute undifferentiated



fever in Thai agricultural workers (51). The bacteria can enter the body through
broken skin or mucous membranes. Pathogenic Leptospira have a large proportion of
the structural and functional outer membrane proteins (OMPs) such as LipL32,
LipL21, and LipL41, that can involve in adhesion (40). In vitro, L. interrogans adhere
to a variety of cell lines including fibroblasts, endothelial cells, and kidney epithelial
cells. Leptospira can swim through blood stream and disseminate to many organs
such as kidney, liver and lung (13-15). These organs can offer a large lipid source
because fatty acids are an important requirement for leptospiral growth (52).
Symptoms and severity of leptospirosis range from mild, flu-like illness to lethal with
severe target organ involvement such as liver, lung and kidney failure (53). Clinical
manifestations of leptospirosis vary such as jaundice, swollen ankles, headaches,
vomiting, seizures, shortness of breath and hemoptysis, respiratory dysfunction,
kidney failure, and internal bleeding. Severe leptospirosis may be called Weil's
disease. The clinical presentation of leptospirosis is usually biphasic (Figure 3), the
first phase called “acute or septicemic phase” during approximately one week of
bacteremia followed by the second phase called “convalescent or immune phase”

considered by antibody production and secretion of leptospires in the urine (6).
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Figure 1. Morphology of Leptospira spp. by visualization under dark-field (a) and

electron microscope (b) (54).
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Figure 2. The cycle of leptospiral infection. Rodent species are carrier for pathogenic
Leptospira. In these reservoirs showed that chronic and asymptomatic carriage.
Leptospira can infect livestock and domestic and wild animals and cause a range of
disease manifestations and carrier states. Human can infect with Leptospira by direct
and indirect contact with infected animals and their urine contaminated
environment. Leptospirosis causes an acute febrile illness during the early phase of
infection and is develop to multisystem manifestations such as hepatic dysfunction
and jaundice, acute renal failure, pulmonary haemorrhage syndrome, myocarditis

and meningoencephalitis at immune phase (55).
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Figure 3. Biphasic nature of leptospirosis and relevant investigations at different

stages of disease (6).
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Laboratory diagnosis of leptospirosis
Culture

Leptospira can be isolated from blood and CSF samples during 7-10 days of
illness and from urine after the second week of illness (56). Samples for cultivation
should be collected before antimicrobial drug treatment. Leptospira spp. need
complicated media such as Ellinghausen-McCullough-Johnson-Harris (EMJH) media
and incubation in the dark at 28-30 °C for bacterial growth. The leptospires should be
examined weekly by dark-field microscopy for up to 13 weeks. The sensitivity of
culture for detection of leptospires is low because normally human leptospirosis
have bacterial load in blood of 10° to 10° Leptospira per milliliter (19). To detect
Leptospira by dark-field microscopy, the limit of detection was determined at least
approximately 10" Leptospira per milliliter (16). Therefore, culture is not a gold

standard for diagnosis of leptospirosis.

Molecular technique

Direct demonstration of leptospiral DNA in patient’s specimens can be used
for diagnosis. PCR can detect DNA of Leptospira from blood in the first 5-10 days
after the onset of the disease even the patient has received an effective
antimicrobial drug (57). Leptospiral DNA has been amplified from serum, urine and
CSF depending on disease stage at the time of analysis (58). The advantage of PCR

assay using specific primer sets is its ability to differentiate between pathogenic and
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non-pathogenic species and its higher sensitivity and specificity than culture and
direct examination under dark-filed microscopy. Recently, real-time PCR has been
developed as a rapid and sensitive tool for detection of leptospiral DNA, and this
technique can reduce the risk of carryover contamination (8). The DNA may not be
detected in blood in some cases of leptospirosis because of a low level or short
period of leptospiremia phase. However, PCR was recommended to be used in
combination with serological tests to improve the sensitivity of the diagnosis of

leptospirosis in the first phase of the disease (58).

Serological diagnosis

Antibodies are detected in the blood approximately 5-7 days after the onset
of symptoms. IgM starts appearing early in the course of acute infection (6). However,
level of IgM decreases in the third or fourth weeks of illness but IgG appears later
and persist at low level of years. One research group demonstrated that ELISA, using
recombinant LipL32 as a target to detect IgG antibodies in patient’s sera and showed
sensitivity and specificity more than 90% (45). Most commercially available
serological tests, the definite serological investigation in leptospirosis is the
microscopic agglutination test (MAT). The MAT procedure is laborious, requires the
maintenance of viable Leptospira, and quality control must be employed.

Furthermore, the sensitivity of MAT in the acute phase is low, serovar-specific, and
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paired sera are needed to confirm the diagnosis. Current commercially available tests
are whole Leptospira cell-based assays such as ELISA, dipstick, lateral flow, indirect
hem-agglutination assay and latex agglutination test (26, 27, 59). The limitations of
common diagnostic tests for leptospirosis by using antigen-based tests are shown in

(Table 1) and using antibody-based tests in (Table 2).
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Table 1. Advantages and disadvantages of common diagnostic test for leptospirosis

by using antigen-based tests (57).

Microscopic

Culture

Molecular testing

Specimen collection

Window of positivity

Processing time

Early diagnosis

Definitive diagnosis

if positive

Identification

Remark

Equipment required

Blood, urine, CSF

1st week: blood, CSF

2nd week: urine

Available in 1 h

No

No

No

Low sensitivity and

specificity

Dark field microscope

Blood, urine, CSF,

tissues

1st 10d

2 weeks to 4 months

No

Yes

Yes
(if MAT or molecular

testing available)

Low sensitivity, slow,
difficult

Specific culture media

Blood, urine, CSF,

tissues

From Day 5-10 in blood

Availablein 1d

Yes

Yes

Yes (by additional

molecular tests)

The only sensitive test

at the acute phase

Special equipment,
dedicated laboratory
space, highly skilled

personnel
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Table 2. Advantages and disadvantages of common diagnostic test for leptospirosis

by using antibody-based tests (57).

Serology MAT Serology ELISA IgM  Serology rapid tests IgM
Specimen collection Blood Blood Blood
Window of positivity From Day 10-12 From Day 6-8 From Day 6-8

Processing time

Early diagnosis

Definitive diagnosis

if positive

Identification

Remark

Equipment required

Several weeks if not

locally available

No

Yes (seroconversion)

Yes

Gold standard
but very difficult

Reference

laboratory only

Available in 1 d

No

Yes (seroconversion)

No

Needs confirmation

by MAT

Standard laboratory

Available in 15-30 min

No

Yes (seroconversion)

No

Needs confirmation by MAT

Laboratory equipment not

required
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Lateral flow assay

The Lateral flow assay (LFA)-based POCT devices emerged for the first time in
1960s, being used for detection of serum protein. LFA has been widely used for
detecting various targets, such as cancer marker, microorganisms, heavy metal,
mycotoxins and pesticides (34). The advantages of LFA are low cost, easy operation,
user friendly, rapidly test and visual detection by naked eyes (34, 60, 61). The LFA is
composed of a chromatography (separation of mixed components in environment),
immuno-chromatography reaction (reaction between specific antigen-antibody, and
nucleic acid-target analyses (62). The components of LFA consist sample pad,
conjugate pad, reaction membrane (usually nitrocellulose membrane) and adsorbent
pad (Figure 2a). The sample pad, area for sample loaded, usually made from
cellulose or glass fiber. Cellulose membrane shows low affinity while glass fiber
shows no affinity for protein binding (63). In addition, sample pads can be designed
to pre-treated the sample for separation of sample components, removal of
interference, adjustment of pH, etc. (35). Conjugate pad; this part containing of
nanoparticles labeled bio-recognition molecules to specific targets. Nanomaterials
are most commonly used for optical signal, including fluorescence or color changes
by aggregations (64-66). Colloidal gold (31, 67, 68), silver and carbon nanoparticles
are widely used for developing LFA for many analyses (69, 70). Colloidal gold or gold

nanoparticles are the most commonly used as detection system in LFA for
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visualization of signals because of many advantages, such as easy synthesis, high
chemical stability, easy to attach many molecules, and biocompatibility. These
properties support the analysis in a short period of time and provide reliable on-site
analysis (38, 71, 72). Reaction membrane; nitrocellulose membrane is the one of
most commonly used for development of LFA. Test line and control line were
capture on this part. Nitrocellulose membrane are available in several pore sizes,
control the flow rate of mobile phase and provide support binding of reaction (35).
Final part of FLA strip is absorbent pad (or wick). It maintains flow rate of the liquid
over the membrane and prevents back flow of the sample (Figure 4). The key
process of LFA are antibody preparation, bio-recognition molecules labeling, and all
LFA components assembling. LFA formats consist sandwich and competitive formats

(Figure 5 and 6) (73).
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Figure 4. Typical configuration of a lateral flow immunoassay test strip (73).
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Figure 5. Direct solid-phase immunoassay (73).
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Figure 6. Competitive solid-phase immunoassay (73).
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Gold nanoparticles (AuNPs) for LFA

Gold nanoparticles are most commonly used for development of LFA for
visualization of signals. Advantages of gold nanoparticles are easy synthesis, chemical
stability, low cost, biocompatibility, and easy preparation steps (34). In term of AuNP-
based LFA, AuNPs easily attached to another molecule such as protein, nucleic acid
and chemical agent etc. Moreover, AuNPs are red color enhances visual detection.
AuNPs are most commonly synthesized by citrate reduction method to reduce Au3+
to Au0 (nanoparticles form). After synthesis of AUNPs, surface of AuNPs were covered
with negatively charge (OH) to keep AuNP stability (37, 74) (Figure 7). The elaborate

chemical reaction can be presented as

6AU”" + CHsO; + 150H > Au + 6CO, +10H,0 (37)
. C¢Hs0;* . HO +CO,
OH ’
(@) c. \ ———— Ho g
A"’. Reduce by
g sodium cifrate

Gold ion

Figure 7. Schematic of AuNP formation during synthesis using citrate reduction

method.
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The way for confirm diameter and distribution of AUNPs have been measured
via TEM and characteristic absorbance peak of AuNPs is observed at 520 nm by using
spectrophotometer (75). However, different sizes of AUNPs were showed that diverse
properties. The AuNPs with diameter smaller than 15 nm were strong stability but
generate faintly color. However, 20 nm in diameter of AuNPs were used as a detector
reagent. AuNPs with diameter larger than 60 nm were easily aggregated (70). In
addition, seeded-growth method by citrate stabilization were used for synthesize of
larger sizes of AuNPs. This technique can produce AuNPs with various sizes from 10

up to 180 nm in diameter (74) (Figure 8).

Figure 8. Monodisperse citrate-stabilized gold nanoparticles with a uniform quasi-

spherical shape of up to 200 nm (74).
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Seeded-growth synthesized AuNPs were shown that higher stability than
traditional citrate reduction method (37). The shape, size and stability of AuNPs are
key parameters that affect the success of the LFA. The most popular shape and size
of AuNPs for LFA development are globular and 20 - 40 nm in diameter of AuNPs.
Part of antibody binding to gold surface, antibody bind strongly to AuNP surface with
non-covalent interaction such as London- Van der Waals force and hydrophobic

interaction (76) (Figure 9).

B

Figure 9. Hydrophobic and ionic interactions between antibody and ¢old
nanoparticle surface. A) hydrophobic interaction B) ionic interaction C) a covalent

bond is formed due to dative binding (77).



Table 3. AuNPs based LFA for detection of pathogens

Pathogen Biorecognition LoD Analysis Reference
element time

S. aureus antibody 500 cfu/mL 5 min (78)
M. Tuberculosis antibody 5ng/mL - (79)
Samonella aptamer 10 cfu/mL 5 min (80)
Vibrio cholerea O1 antibody 10° cfu/mL 10 min (81)
Vibrio cholerea 0139 10" cfu/mL

Streptococcus suis antibody 10 cfu/mL 15 min (82)
E. coli O157:H7 aptamer 10 cfu/mL 5 min (83)
Listeria monocytogenes RNA 0.5 pg/IL 5 min (84)
Hepatitis B virus oligonucleotides 5 ng/mL - (85)
Samonella typhimurium antibody 10" cfu/mL 5 - 15 min (86)
Herpes simplex virus antibody - 15 -20 min (87)

type 2

23
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Previous studies of LFA development for diagnosis of leptospirosis

Development of antibody-based LFA for diagnosis of leptospirosis

Sehgal et al. evaluated sensitivity and specificity of LFA for rapid serodiagnosis
of human leptospirosis (88). The criteria for diagnosis of human leptospirosis were
isolation of leptospires from blood culture, seroconversion in microscopic
agglutination test (MAT) with a 4-fold rising titer of paired sera or MAT titer of 400 or
more of a single serum. In this study, LFA had sensitivity of 52.9% (37/70) in the first
week of illness and 86% (49/57) during week 2-4. In addition, the sensitivity was
34.3% (12/35) on day 2-3 of the illness, 63.3% (14/22) on day 4-5 and 84.6 % (11/13)
at the end of the first week. In addition, sensitivity of LFA was similar to IgM ELISA

and LEPTO Dipstick. However, the test has lower sensitivity in the first week of illness.

Smits et al. developed LFA for rapid serodiagnosis of human leptospirosis
(27). They constructed LFA by immobilizing heat-resistant antigens of L. biflexa
serovar Patoc | on the test line and using anti-human IgM antibody-conjugated AuNPs
as a detection system. The sensitivity and specificity of developed LFA were
performed using 268 sera from laboratory-confirmed cases of leptospirosis by MAT or
IgM ELISA, 212 sera of healthy controls, and 167 sera from unrelated diseases. The
results showed that the overall sensitivity of developed LFA was 85.8% (95%

confidence interval [Cl], 79 to 91%), and the overall specificity was 93.6% (95% Cl, 88
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to 97%). In addition, the specificity of developed LFA for detection with sera of
unrelated diseases was 88.4% (95% Cl, 82 to 93%). However, the sensitivity of this
LFA was 65.9% for sera collected during the first 10 days of the illness and 80.9% for
sera collected 10 to 30 days after the onset of the disease. Therefore, sera in early

phase of illness were demonstrated lower sensitivity than convalescent phase sera.

Vanithamani et al.  developed lipopolysaccharide  (LPS)-specific
immunochromatography (ICG)-based LFA for serogroup specific diagnosis of
leptospirosis in India (89). The extracted LPS from five locally predominant circulating
serogroups including Australis, Autumnalis, Ballum, Grippotyphosa, and Pomona were
used as antigens to detect IgM antibodies in patient sera. The 200 sera of clinically
suspected and laboratory confirmed leptospirosis, 120 sera of clinically suspected
and laboratory negative leptospirosis, 174 sera of unrelated disease, and 121 sera of
healthy controls were tested for evaluation of sensitivity and specificity. The
sensitivity and specificity of LFA for detecting antibodies against target LPS in
homologous sera were shown to be in the range of 93 to 100% and more than 99%,
respectively. However, the Wilcoxon analysis showed that the ICG based LFA
developed with leptospiral LPS was not significantly different from the MAT (P >

0.05).
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Development of antigen-based LFA for diagnosis of leptospirosis

Widiyanti at el. developed AuNP-based LFA for detection of leptospiral LPS
antigen in urine (90). In this study, the developed LFA was evaluated the limit of
detection (LoD) by using various concentrations of leptospiral whole cell lysates and
showed the detection limit to be 10° cells. The LFA did not cross-react with non-
pathogenic serovars used in this study. In addition, the 46 urine from Leptospira-
infected hamster, 44 urine from patients with suspected leptospirosis, and 14 urine
from healthy controls were used for evaluation of sensitivity and specificity of this
test. The sensitivity and specificity of this AuNP-based LFA for detecting leptospiral
LPS antigen in human urine was 80% and 749%, respectively, while that of infected

animal urine was 76% and 65%, respectively.

Available POCTs for diagnosis of leptospirosis and their advantages and

disadvantages

Wagenaar et al. validated the commercial rapid diagnostic tests including
LeptoTek Lateral Flow® assay (Organon Teknika, Durham, NC) and Dri Dot® card-
agglutination test (Organon Teknika) for detection of specific antibodies against
Leptospira (91). In this study, blood samples from 44 patients with undifferentiated
fever and 83 healthy controls were examined for anti-Leptospira antibodies. The

MAT was used as a gold standard test for anti-Leptospira antibodies to determine
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sensitivity and specificity of this commercial lateral flow to be 86% and 94%,
respectively, whereas the card-agglutination test showed a sensitivity of 72%-88%
and a specificity of 90%. High seroprevalence of anti-Leptospira 1gM antibodies in
southern Vietnam restricted the ability of a recently developed LFA to confirm active
leptospirosis. In addition, the card-agglutination test was less sensitive, especially

when seroprevalences are high and needs further evaluation.

Chang et al. validated sensitivity and specificity of two commercial rapid tests
for acute leptospirosis detection in Malaysia (3). The Leptorapide ~ (Linnodee,

Northern Ireland) as a latex agglutination-based test and VISITECT®—LEPTO (Omega
Diagnostics, Scotland, UK) as a LFA-based test, which are commonly used in Malaysia
to detect human specific antibody against Leptospira with 58 sera from known cases
of leptospirosis (MAT+ and PCR+), 29 sera from healthy controls and 41 sera form
unrelated diseases. Performance of two commercial tests in detecting of leptospirosis
showed low diagnostic sensitivity for both tests, 3d4% and 24% for Leptorapide® and
VISITECT®—LEPTO, respectively. However, the specificity of \/ISITECT®—LEPTO (94%)

was remarkably higher than Leptorapide® (69%). In this study, both kits showed
sensitivity of less than 35% in detection of acute phase sera from human
leptospirosis indicating their limited diagnostic values for patients infected within the

first 10 days.
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Lizer et al. validated sensitivity and specificity of LFA (WITNESS Lepto, Zoetis)
as a commercially available to detect Leptospira-specific IgM in canine sera (92).
Positive MAT of sera and/or blood or urine PCR were used as standard criteria for
clinical diagnosis of leptospirosis upon receipt of samples. This commercial LFA
diagnosed leptospirosis in 37 acute phase sera and 9 corresponding convalescent
phase sera showing sensitivity to be 89.7% and 100% in acute and convalescent
phase sera, respectively. In addition, this LFA showed 98.3% specificity. However,
only 5 of the corresponding acute-phase sera were positive (55.6 %). Therefore, the
false-negative LFA results might be due to inadequate interval for primary immune

response after the onset of symptomes.

Gloor et al. validated the diagnostic performance of two commercial LFAs
including Test-it TM and Witness® Lepto in the early diagnosis of canine leptospirosis
using 108 cases of canine leptospirosis (positive MAT, or RT-PCR, and or silver
staining) and 53 canines without leptospirosis (93). In this study, Test-it TM and
Witness® Lepto has sensitivity of 82 and 76% and specificity of 91 and 100%,
respectively. However, the correct interpretation of this rapid diagnostic tests-based

LFA was difficult if the reaction was weakly positive.
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Dahanayaka et al. validated the diagnostic performance of a commercial LFA
(Immunemed Leptospira rapid, Korea) for detection of human antibodies against
Leptospira using 78 sera of patients with leptospirosis (positives MAT as single titer
>1:400 or seroconversion of 4-fold rising in antibody titers of MAT) (94). The
commercial LFA had 95.6% sensitivity and 63.6% specificity. Therefore, this
commercial LFA had a high sensitivity as a screening test for leptospirosis. In addition,
high negative predictive value (NPV) of 91% is also important in clinical practice,

sugeesting clinicians to look for other causes of leptospirosis-like illness in the region.

Improvement of sensitivity of AuNP-based LFA

AuNP-based LFA is an effective method based POCT device that is widely
used in many fields. However, the traditional AuNP-based LFA is limited due to its
low sensitivity. Novel techniques have been developed for improving sensitivity, such
as increasing sizes of AuNPs, signal amplification by using reaction between enzyme
and substrate (70, 95), sensitizer by using gold solution enhancement (96), a dual

AuNPs enhancement (97, 98), silver deposition (99-101), and Thermal contrast (102).

Makhsin et al. studied the effect of AuNP sizes on test sensitivity by using
mouse anti-human I1gG4 conjugated AuNP-based LFA for detection of Brugian filariasis

as a model (37). Three different sizes of AuNPs including 20, 30 and 40 nm in
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diameter were tested. The result showed that the 30- and 40-nm AuNPs had a
detection time of less than 15 min while 20-nm AuNPs needed at least 23 min.
However, 30-nm AuNPs showed the highest sensitivity with d-fold higher than that of

40-nm AuNPs.

For signal amplification by a dual AuNPs conjugated-based LFA, Choi et al.
developed a new and simple method utilizing two AuNPs-antibody conjugates to
detect troponin | as a target model (97). To develop a dual AuNPs, the 1" AuNPs (10
nm) conjugated to anti-troponin | followed by BSA and the 2" AUNPs (40 nm)
conjugated to anti-BSA antibody were prepared. The strategy to increase the LFA
sensitivity was to add the " conjugation pad to the conventional AuNP-based LFA
(Figure 10). The result showed that troponin | was detectable at 0.01 ng/mL
compared to 1 ng/mL detectable by the conventional LFA. Therefore, the signal
amplification of this dual AuNP-based LFA was 100-fold more sensitive than the
conventional AuNP-based LFA. In this study, not only a dual BSA conjugated AuNPs
and anti-BSA conjugated AuNPs was described but also a dual biotin-AuNPs
conjugates and streptavidin-AuNP conjugates. In addition, Maneeprakorn et al. also
demonstrated that dual biotin labeled BSA conjugated AuNPs and the second AuNP-

conjugated streptavidin showed 8-fold improvement (103).
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Figure 10. Schematic illustration of a dual AuNP-based LFA method developed in
this study (97). The LFA strip is comprised of a sample pad, two conjugate pads,
nitrocellulose (NC) membrane, and an adsorbent pad. When an antigen solution is
first applied to the sample pad (a), the antigen will interact with the 1" AuNPs (b).
The complex of the antigen and 1" AUNPs conjugate binds to antibody immobilized
on the test line (c). The 2™ anti-BSA antibody conjugated AuNPs move to interact

with BSA on 1" AUNPs conjugate (d).
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The AuNP signal amplification using a novel ‘sensitizer’ have been reported
by Nagatani et al. to detect the human chorionic gonadotropin hormone (hCG) as a

model (96). Conventional LFA consists of monoclonal anti-human hCG (MabhcG)-
conjugated AuNPs deposited on the conjugate pad and monoclonal anti-human OL-
subunit of follicle-stimulating hormone (MabHQOLS) immobilized on the test line. The

sensitizer comprised AuNPs conjugated to Mab-HOLS (primary antibody) and hCG
(antigen). The sample was applied onto the sample pad for conventional LFA and
then following by sensitizer (Figure 11). This study examined the signal of analytes by
using surface plasmon resonance (SPR). The result showed that sensitizer can
increase sensitivity more than conventional LFA for around 40-fold improvement

while observing the test line intensity.
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Figure 11. The schematic illustration for the sensitizer enhancing the signal on the

test line (96).
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Signal amplification of AuNPs using Thermal contrast have been reported by
Qin et al. (102). The FDA-approved LFA for detection of cryptococcal antigen was
used as a model. After dropping the clinical specimen, the antigen-AuNPs complex
was accumulated on the test line and created visualization detection (Figure 12).
Thermal contrast showed a 32-fold greater improvement in the analytical sensitivity

than the colorimetric detection.
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Figure 12. Concept of thermal contrast for immunochromatographic lateral flow
assays. Firstly, the specific mAb-conjugated AuNPs bind the target antigen. Secondly,
the antigen-Ab-AuNPs complex binds to mAb immobilized on the test line, thus
accumulating of AuNPs on the test line leading to visible color change (visual

contrast) at the test line. Finally, a low-cost laser or light-emitting diode (LED; shown
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in green) and an infrared temperature gun (shown as a blue box) were applied. The

control band ensures the validity of the assay (102).

For signal amplification of AuNPs by labelling carriers and enzymatic activity,

Parolo et al. developed a AuNP-based LFA using HRP-labeled anti-human IgG (aHIgG)

Y chain conjugated-AuNPs for detection of HigG as a model (70). Three different
substrates including 3,3’,5,5’-Tetramethylbanzidine (TMB), 3-Amino-9-ethylcarbazole
(AEQ), and 3,3’-Diaminobanzidine tetrahydrochloride (DAB) were used in this study.
The result showed that traditional AuNP-based LFA can detect HlgG at LoD of 50
ng/mL by visualization. However, each substrate including TMB, AEC and DAB was
applied and showed that LoD was similar to the traditional AuNP-based LFA when
detected by naked-eyes. In addition, after TMB, AEC and DAB was individually
applied, the LoD was at 200 pg/mL, 310 pg/mL, and 1.6 ng/mL, respectively by using
a strip reader. The color signal was not dispersed along the strip when TMB was
applied, so the strip reader was required. Moreover, in case of high colored
background due to enzymatic reactions it was difficult to distinguish between a blank

and the signals by naked eyes.

Wada et al. amplified signal of AuNPs using silver deposition (104). The AuNP-
based LFA developed to detect H5 influenza virus hemagslutinin was demonstrated

for silver amplification. After the antigen-antibody-AuNP complex accumulated at the
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test line region, silver nitrate solution (Ag ion) and ammonium iron () sulfate (a
reducing agent) were applied onto this LFA (Figure 13). The result showed that silver
amplification allowed detection of recombinant HA protein within 15 minutes and

500-fold increased sensitivity compared with the conventional AuNP-based LFA.
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Figure 13. The silver amplification of AuNP-based LFA for detection of H5 influenza
virus hemagsglutinin. After a sample is applied, target antigen is captured with specific
mAb-conjugated AuNPs and are then captured with specific antibody immobilized on
the test line (left). Reagent A (reducing agent) and Reagent B (silver ions) run through
the membrane forming silver clusters around the gold particles. The SEM images
were taken before (left) and after (right) silver amplification. The arrow indicates
AuNPs captured on the membrane. The larger particles around the gold particles are

nitrocellulose (104).
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Leptospira culture

Twenty-two serovars of pathogenic Leptospira spp. including fourteen
serovars of L. interrogans; Autumnalis, Bratislava, Bataviae, Canicola, Djasiman,
Hebdomadis, Icterohaemorrhagiae, Javanica, Louisiana, Manhao, Mini, Panama,
Pomona, and Pyrogenes,. Others pathogenic Leptospira including L. borgpetersenii
serovar Ballum, L. borgpetersenii serovar Tarassovi, L. borgpetersenii serovar Sejroe,
L. weilii serovar Celledoni, L. welilii serovar Sarmin, L. kirshneri serovar Grippotyphosa,
L. kirshneri Cynopteri. L. santarosai serovar Shermani, and two serovars of non-
pathogenic Leptospira including L. meyeri serovar Ranarum and L. biflexa serovar
Patoc. All serovars of Leptospira were kindly provided by Asst. Prof. Thareerat
Kalambaheti, Department of Microbiology and Immunology, Faculty of Tropical
Medicine, Mahidol University, Thailand. All Leptospira spp. were cultured in
Ellinghausen-McCullough-Johnson-Harris (EMJH) medium supplemented with 10%
bovine serum albumin (BSA) fatty acid and were incubated at 28-30°C until the
density reached approximately 1x10° to 5x10° cel/mL (log phase). Leptospira spp.
were harvested the cells by centrifugation at 10,000 x ¢ for 5 minutes and sonicated

at 40% amplitude for 10 seconds pulse on and pulse off for 20 cycles on ice.
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Patient sera

Fifty acute phase sera from confirmed cases of leptospirosis (four-fold rising
MAT titers of paired sera or MAT titer = 1:400 of single serum or positive real-time
PCR of (ipL32), 20 acute phase sera from patients with unrelated diseases (negative
MAT and PCR for lipL32), and 10 sera from healthy persons were obtained from Asst.
Prof. Nattachai Srisawat, Excellence Center for Critical Care Nephrology, Faculty of

Medicine, Chulalongkorn University, Thailand (COA-CREC 005/2017)

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

The protein sample was mixed with 6xSDS sample buffer to make a final
concentration of 1xbuffer. Then, the sample was boiled at 100°C for 5 minutes
followed by centrifugation at 10,000 x ¢ for 2 minutes. Next, the supernatant
containing soluble proteins was loaded into the well of 15% polyacrylamide gel
assembled in electrophoresis running systems (Mini-PROTEIN Tetra Cell, Bio-Rad,
U.S.A.) under 1x running buffer. Proteins were separated at 120 voltages (V) for 90 -
120 minutes. The gel was stained with Coomassie Brilliant Blue R-250 for 30 minutes

and de-stained with de-staining buffer until the backeround was clear.
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Western blotting

Protein samples in the SDS-PAGE gel were electrophoretically transferred to
nitrocellulose membranes with semi-dry transfer cell (Semi-Dry Transblot, Bio-Rad,
U.S.A) at 15V for 30 minutes using blotting buffer. The membranes were blocked
with 1% BSA for 1 hour and washed three times with 1x phosphate buffer saline pH
7.4 containing Tween 20 at a final concentration of 0.05% (PBST) for 5 minutes. After
blocking, the membranes were incubated with primary antibodies; mouse anti-LipL32
MADb82 to detect rLipL32 protein or AP-labeled goat anti-mouse IgG antibody to
detect mouse anti-LipL32 mAbs or AP-labeled goat anti-rabbit antibody to detect
rabbit anti-LipL32 pAb. Each antibody was diluted with a blocking buffer (1% BSA
dissolve in 1xPBST). The membranes were incubated with the primary antibody for 1
hour at room temperature and washed three times with PBST for 5 minutes. Then,
membranes were incubated with the corresponding secondary antibody, AP-labeled
goat anti-mouse 1gG antibody for detection of rLipL32, for 1 hour at room
temperature and washed three times with PBST for 5 minutes. Lastly, the blots were
stained with phosphatase substrate, nitro blue tetrazolium (NBT)/5-bromo-4-chloro-3-
indolyl-phosphate (BCIP) (NBT/BCIP, KPL, U.S.A), for 10 - 15 minutes and stop
reaction using distilled water. The positive (purple) bands of interest were observed

by visualization.
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Antibody biotinylation

The mouse anti-LipL32 mAb82 was biotinylated using succinimidyl-2-
(biotinamido)ethyl-1,3-dithiopropionate ~ (NHS-SS-Biotin)  (EZ-Link ~ NHS-SS-Biotin,
Thermo scientific, U.S.A.). Firstly, the vial of NHS-SS-Biotin was equilibrated at room
temperature for 30 minutes and then dissolved NHS-SS-Biotin with 1 mL of

dimethylsulfoxide (DMSO) to prepare 10mM solution of NHS-SS-Biotin. Secondly, 26.8

UL of 10 mM solution of NHS-SS-Biotin was mixed with 2 mg of anti-LipL32 mAb82,
making sure that the volume of organic solvent does not exceed 10% of the final
reaction volume. Then, the mixed solution of anti-LipL32 mAb82 and HNS-SS-Biotin
was incubated on ice for 2 hours. Finally, non-reacted NHS-SS-Biotin was removed by
dialysis using 10K dialysis bag (SnakeSkin Dialysis Tubing, Thermo scientific, U.S.A.) at

4 °C for 24 hours. The biotinylated anti-LipL32 mAb82 was stored at -20 °C until use.

Preparation of rLipL32 coupled on NHS-activated Sepharose column

The rLipL32 was coupled to NHS-activated Sepharose column using HiTrap
NHS-activated HP (GE Healthcare Life Sciences, Sweden). Firstly, the column was
washed with 5 mL of 1 mM HCL, ice-cold for twice. Be sure not to exceed flow rates
of 1 mL/minute. Then, the column was immediately injected with 1 mL of the licand
solution containing 2 mg of rLipL32 and sealed the column at 4 °C for 4 hours and

repeated with 1 mL of the ligand solution containing 2 mg of rLipL32 again for
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coupled protein amount of rLipL32 for 4 mg on NHS-activated Sepharose column.
Washing and deactivation steps, the column containing ligand solution was
deactivated and washed with 5 mL of buffer A for twice and followed with 5 mL of
buffer B for twice. Then, the column was deactivated again with 5 mL of buffer A for
twice and incubated at 4°C for 4 hours. After incubation, the column was washed
with 5 mL of buffer B and 5 mL of buffer A for twice, respectively. Finally, the
column was washed again with 5 mL of buffer B and 5 mL of 0.05 M disodium
hydrogen phosphate (Na,HPO,4) containing 0.1% (sodium azide) NaNs;, pH 7.4,
respectively. The rLipL32 coupled on NHS-activated Sepharose column was stored at

4 °C until use.

Expression of recombinant LipL32 (rLipL32)

E. coli strain BL21(DE3) pLysS containing (ip(32 gene in pRSET C vector
obtained from our previous study was grown at 37 °C in LB broth containing 100
Ug/ml ampicillin and 35 Ug/ml chloramphenicol. After continuous shaking at 200
rom for 16-18 hours, the overnight culture was added to fresh LB medium for optical
density (OD600 = 0.1) and cultured until OD600 reached 0.4-0.6. Then, protein
expression was induced with 0.5 mM of isopropyl—ﬁ—D thiogalactopyranoside (IPTG,
Fermentas, U.S.A.). The induced culture was incubated with shaking at 200 rpm for 3

hours. E. coli culture was harvested by centrifugation at 8,000 x ¢ for 30 minute and
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followed by high pressure homogenizer for break the cells. Protease inhibitor cocktail
was added for prevent protein denaturation (complete tablets, mini EDTA-free,
EASYpack, Roche, U.S.A). Finally, culture supernatant was harvested by

ultracentrifugation at 45,000 x ¢ for 30 minutes.

Purification of rLipL32

The supernatant containing 6xHis-tageed LipL32 protein was collected for
purification by affinity chromatography, a nickel-charged Sepharose column, using the
AKTAPrime chromatography system (Amersham Bioscience, USA). The rLipL32 protein
was eluted with 25, 50, 100, 200 and 400 mM imidazole. The eluted fraction
containing His-tagged LipL32 protein was dialyzed through 10K dialysis bag (SnakeSkin
Dialysis Tubing, Thermo scientific, U.S.A.) with 1xPBS, pH 7.4. The amount of protein
was determined by Bradford method (Quick Start Bradford protein assay, Bio-Rad,
U.S.A.). The purified rLipL32 protein was separated with 15% polyacrylamide gel SDS-
PAGE. Then, purified rLipL32 was detected with Western blotting using the anti-

LipL32 mAb82.
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Production and purification of murine anti-LipL32 monoclonal antibodies

(mAbs)

Murine mAbs against LipL32 secreted from hybridoma cell lines clone
number 2, 3, 81, and 82 (mAb2, mAb3, mAb81 and mAb82) obtained from our
laboratory were produced by using conventional hybridoma procedures (105). Four
clones of hybridoma cells were cultured individually in 750 ml cell culture flask
(NEST Scientific, USA) containing 100 ml of RPMI medium supplemented with 10%
fetal bovine serum (FBS) for 5 days. The culture supernatant containing mAbs
secreted from those clones of hybridoma cell lines were used for purification by
HiTrap Protein G HP antibody purification columns (GE health care, USA) as small
scale purification. In addition, scale up for purification of anti-LipL32 mAbs, Protein G
Sepharose 4 Fast Flow antibody purification resin was packed into column, using the
AKTAPrime chromatography system.

For small scale purification of anti-LipL32 mAbs, the 1 ml HiTrap Protein G
columns were equilibrated with 5 column volume of phosphate buffer saline (PBS) at
pH 7.4. Then, each of culture supernatant containing anti-LipL32 mAb was applied
into the column and then collect flow through for analysis of unbound proteins.
Next, the anti-LipL32 mAb captured protein G were washed with 5 column volume
of PBS at pH 7.4. Finally, each of anti-LipL32 mAb was eluted with 1 column volume

of 0.1 M of glycine, pH 2.7 for 5 fractions. The eluted anti-LipL32 mAb of each
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fraction was neutralized with 1M Tris-HCL, pH 9.0 for a ratio of Tris-HCl to glycine as
(1:10). For large scale purification of anti-LipL32 mAbs, Protein G Sepharose 4 Fast
Flow antibody purification resin was packing into XK 16/20 column (GE health care,
USA), using the AKTAPrime chromatography system. The purification steps of larger

scale followed those of the small scale purification as described above.

Production and purification of rabbit anti-LipL32 polyclonal antibody (pAb)

Anti-LipL32 pAb production, two New Zealand white rabbits were immunized
three times at 2-week interval with 200 micrograms of rLipL32 with complete
Freund’s adjuvant and incomplete Freund’s adjuvant (Sigma-aldrich, USA). Rabbit
sera were collected after the first, second, and third immunization for detection with
rLipL32 and whole cell lysates of L. interrogans serovar Pomona by indirect ELISA.
When the anti-LipL23 pAb was reached to high titer, two rabbits were sacrificed and
collected of whole blood. Rabbit sera containing anti-LipL32 pAb were collected by
centrifugation at 1000 x g of whole blood from rLipL32 immunized rabbits. The rabbit
anti-LipL32 pAb were purified by affinity chromatography (rLipL32 coupled on NHS-
activated Sepharose column). The purification procedures for rabbit anti-LipL32 pAb
by using 1 ml HiTrap Protein G column was followed from purification of anti-LipL32

mADbs procedure as described above.
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Binding of anti-LipL32 mAbs and anti-LipL32 pAb to Leptospira spp. by enzyme-

linked immunosorbent assay (ELISA)

Ninety-six-well plate was coated individually with 100 UL of sonicated whole
cell lysates (at concentration 10" celUmL) of 22 pathogenic Leptospira, 2 non-
pathogenic Leptospira, E. coli BL-21 (DE3)pLysS and 100 ng of rLipL32 as a positive
control. Then, samples were incubated at 4 °C for overnight. After coating, wells
were blocked with 1% BSA (1g BSA dissolved in 1X PBS containing 0.05% tween20) at
37 °C for 1 hour. Then, each of mouse anti-LipL32 mAbs (mAb2, mAb3, mAb81 and
mADb82) and rabbit anti-LipL32 pAb were used as primary antibody source and
incubated at 37 °C for 1 hour. Finally, HRP labeled goat anti-mouse IgG (1: 5,000) was
added. Every step were washed for 6 times with 1X PBS containing 0.05% Tween20
(PBST) to remove non-specific binding. The absorbance values were measured at the

wavelength 450 nm using spectrophotometer.

Binding of anti-LipL32 mAbs to Leptospira spp. by dot blot assay

To determine binding of anti-LipL32 mAb3 and mAb82 for development of
AuNP-based LFA, the binding of each mouse anti-LipL32 mAb to 24 representative
serovars of Leptospira found in Thailand was determined by dot blot. Nitrocellulose
membranes were spotted individually with 10° cells of 24 serovars of Leptospira

whole cell lysates including 22 serovars of pathogenic and 2 serovars of non-
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pathogenic Leptospira. The rLipL32 at a concentration 100 ng was used as positive
control. After spotting, the nitrocellulose membranes containing spotted Leptospira
spp. were dried at 37 °C for 1 hour. Then, membrane was blocked with 1%BSA in
PBST for 30 minute at room temperature. Each mouse anti-LipL32 mAb3 and mAb82
was used as a primary antibody and followed with AP labeled goat anti-mouse IgG (1:
5,000). Every step must be washed for 6 times with 1X PBST to remove non-specific

binding. The spots were detected by visualization.

Competitive inhibition assay for binding of mAb3 and mAb82 to LipL32

To determine whether mouse anti-LipL32 mAb3 and mAb82 bind to different
or common epitopes on rLipL32 protein, the competitive inhibition assay-based
ELISA was performed. Firstly, 96-well plate was coated with 100 UL of rLipL32 (at
concentration 1 lg/mL). Then, each well was blocked with 1% BSA in PBST. Next,
anti-LipL32 mADb3 at serial dilution from 1:250, 1:500, 1:1,000, 1:2,000 and 1:4,000
were added into each well and then incubated at 37°C for 1 hour. The anti-LipL32
mAb82 was used as inhibition control. After that, biotin labeled mAb82 (dilution
1:5,000) was added and incubated at 37°C for 1 hour. Then, HRP labeled streptavidin
(dilution 1:5,000) was added and incubated at 37°C for 1 hour. Every step was

washed for 6 times with 1X PBST to remove non-specific binding. Lastly, TMB
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substrate was added and measured absorbance at the wavelength 450 nm using

spectrophotometer.

Synthesis of colloidal gold nanoparticles (AuNPs)

The colloidal AuNPs were prepared by seeded growth synthesis of citrate-
stabilized AuNPs as described previously (74). Briefly, a solution containing 50 mL of
(2.2 mM) trisodium citrate dihydrate (Na;C¢HsO7:2H,0) in a 250 mL flask was heated
to 100 °C with stirring condition and then 300 UL of 25 mM HAuCl,-3H,0 was added.
When the solution color changed to red, then temperature was reduced to 90 °C
and the solution was stirred continuously for 30 minutes. Next, 2 mL aliquot was
harvested (GO). After that, 300 L of trisodium citrate dihydrate (60 mM) and 300 WL
of a HAuCl4-3H,0 solution (25 mM) were added and maintained temperature of the
solution at 90 °C for 30 minutes. Finally, 2 mL aliquot was harvested (G1) after each
step to acquire further samples with larger sizes. All steps of seeded growth
preparation involved in addition of 300 ML trisodium citrate dihydrate (60 mM) and
300 UL of HAuCl..3H,O (25 mM) at 90°C with 30 minutes of stirring as described

above.
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Characterization of AuNPs

The size and morphology of AuNPs was observed by transmission electron
microscopy (TEM) using an H-7650 Hitachi TEM. Samples were prepared by depositing
drops of AuNPs on formva/carbon grid. The UV-vis spectroscopy was used for

measuring the size and size distribution of AuNPs.

Optimization of pH for anti-LipL32 mAb82 conjugated AuNPs

The optimal pH of colloidal AuNPs was investigated by various pH of 100 UL
of 20-nm AuNPs (at ODsy, = 1) ranging from 5.7 to 10.5 with 0.2 M sodium
bicarbonate (Na,COs). Then, colloidal AuNPs at each pH condition was measured
absorbance at the wavelength 520 nm using spectrophotometer (before conjugation
values). Next, 10 Mg of anti-LipL32 mAb82 was added into each pH condition of
colloidal AuNPs and incubated for 10 minute at room temperature. After incubation,
the mixer between anti-LipL32 mAb82 and various pH of colloidal AuNPs were
measured their absorbance at the wavelength 520 nm using spectrophotometer
(after conjugation values). The optimal pH of colloidal AuNPs for conjugation to anti-
LipL32 mAb82 was observed by visualization and different values between (before

conjugation values) and (after conjugation values).
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Optimization of antibody concentration for anti-LipL32 mAb82 conjugated

AUNPs

An optimal concentration of anti-LipL32 mAb82 for conjugation to 20-nm
AuNPs (at ODs,o = 1) was determined by UV-vis spectroscopy. The anti-LipL32 mAb82
at various concentrations ranging from 0, 0.125, 0.25, 0.5, 1.0, 1.5, 2.0, 2.5, and 3 g
were added individually into 100 ML of colloidal AuNPs (ODs,, = 1) at optimal pH (pH
9.0) and incubated for 10 minute at room temperature. Then, the anti-LIpL32
conjugated AuNPs mixer were measured absorbance at the wavelength 520 nm using
spectrophotometer (value before adding NaCl). After that, 100 ML of 10% sodium
chloride (NaCl) was added into mixed anti-LipL32 mAb82 conjugated AuNPs solution
and incubated for 2 minute at room temperature. The mixture of anti-LipL32
conjugated AuNPs were measured at absorbance at the wavelength 520 nm using
spectrophotometer again (value after adding NaCl). The optimal concentration of
anti-LipL32 mAb82 conjugated AuNPs was investigated by visualization and different
value between (value before adding NaCl) and (value after adding NaCl).

Conjugation of 20-nm AuNPs to anti-LipL32 mAb82 at the optimal condition

The 20-nm AuNPs were conjugated with anti-LipL32 mAb82 as described
previously (106). Briefly, 1 mL of colloidal AuNPs (at ODs,q = 1) was adjusted the pH
9.0 (at the optimal pH) with 0.2 M Na,COs. Then, 15 Hg of anti-LipL32 mAb82 (at the

optimal amount) was mixed with AuUNP solution and incubated at room temperature
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with gentle mixing for 1 hour. Next, the mixed anti-LipL32 mAb82 with AuNP solution
was blocked with 100 ML of 10% BSA and mixed continuously for 30 minutes.
Finally, the anti-LipL32 mAb82-conjugated 20-nm AuNPs was centrifuged at 10,000 x
g for 20 minutes and then pellet was re-suspended in gold storage buffer. The anti-

LipL32 mAb82 conjugated AUNPs was stored at 4 °C until use.

Optimization of gold storage buffer

The sediment of anti-LipL32 mAb82 conjugated AuNPs from previous
experiment was re-dispersed with various formulae of gold storage buffer (Table 4).
The aggregation and color change of AuNPs were observed by visualization within 5
minutes. For longer storage time, anti-LIpL32 conjugated AuNPs in each formula of
gold storage buffer were stored at 4 °C for 2 weeks. The aggregation and color

change of AuNPs were observed by visualization.
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Table 4. The formulae of gold storage buffer

Formula Ingredients

1 1 M phosphate buffer, pH 6.0 + 1% BSA + 2 mM boric acid

1 M phosphate buffer, pH 6.8 + 1% BSA + 2 mM boric acid

1 M phosphate buffer, pH 8.0 + 1% BSA + 2 mM boric acid

100 mM phosphate buffer, pH 6.8 + 1% BSA + 2 mM boric acid

2
3
4 100 mM phosphate buffer, pH 6.0 + 1% BSA + 2 mM boric acid
5
6

100 mM phosphate buffer, pH 8.0 + 1% BSA + 2 mM boric acid

Construction of lateral flow assay (LFA) test strip

A lateral flow strip was assembled on a plastic backing pad composing of a
sample pad, a conjugate pad, a nitrocellulose membrane, and an absorbent pad as
shown (Figure 14a). The specific anti-LipL32 antibodies and goat anti-mouse IgG were
immobilized on the test and control lines, respectively (Figure 14b) by using BioJet
Elite dispensing (BioDot, Irvine, CA, USA). Then, the membranes were blocked with
blocking agent. After that, the strips were incubated at room temperature for 30
minutes and washed membranes twice with double distilled water pH 8.0. The
conjugate pad was deposited with anti-LipL32 antibodies conjugated AuNPs and
dried at 45 °C for 1 hour. The sample pad, conjugate pad, nitrocellulose membrane
and absorbent pad were assembled with 2 mm overlapping between each
component (Figure 14b). The strips were stored in a desiccator dry cabinet (Auto dry
cabinet, Korea Ace Scientific Crop.) until use. A sample was applied onto sample pad.

The positive result is an appearance of two red lines at the test and control lines
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(Figure 14c) while the negative result showed only a single line at the control line

(Figure 14d).
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Figure 14. Typical configuration of a LFA test strips for detection of pathogenic
leptospiral antigen. (a) Typical configuration of a LFA test strips. (b) AuNP-based LFA
for detection of pathogenic leptospiral antigen. (c) Interpretation of LFA for detection

of pathogenic leptospiral antigen, (c) positive result, and (d) negative result.
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The effect of storage buffer for binding of anti-LipL32 mAb82-conjugated 20-nm

AuNPs to rLipL32 on LFA test trips

The 15 Ug of anti-LipL32 mAb82 were used for conjugation with 1 mL of 20-
nm AuNPs (at ODs,, =1) as described in previous experiment. The anti-LipL32 mAb82
conjugated AuNPs were incubated for 1 hour and blocked with 1% BSA for 30
minutes. After that, the mixed were centrifuged at 10,000 x ¢ for 20 minutes. Next,
the sediments were re-dispersed with 100 WL of gold storage buffer as 10 mM
sodium phosphate buffer at pH 6.8 or pH 8.0. Lastly, 10 AL of each anti-LipL32

mADb82 conjugated AuNPs in different gold storage buffers was mixed with 90 L of

double distilled water (DDW) containing 100 ng of rLipL32 and load on sample pad of

LFA test strips. The 90 UL of DDW without antigen was used as negative control. The
LFA test strips were prepared following in previous experiment (construction of LFA
test strip). Double band appearing at the test line (T) and the control line (C) was
interpreted as positive result, and single band only at the control line was
interpreted as negative result. The bands were observed by visualization for within 15

minutes.
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Optimization of membrane blocking solution of LFA test strip

To find optimal blocking agents, the BSA, slycine, sucrose, trehalose and skim
milk, at final concentration 1% (w/v) in sodium phosphate buffer pH 8.0 were tested
to reduce non-specific binding. Construction of LFA strip was described previous
experiment, after anti-LipL32 antibodies and anti-mouse IgG antibody were
immobilized on test line and control line, respectively, membranes were blocked
individually with BSA, glycine, sucrose, trehalose or skim milk for 30 minutes. Finally,
the LFA strips were stored in a desiccator dry cabinet until use. The anti-LipL32
mMAb82 conjugated AuNPs were immobilized on conjugate pad. The optimal
membrane blocking solution of the LFA test strip was determined by visual detection
using various amounts of rLipL32 ranging from 1 to 100 ng. The 10 mM phosphate
buffer pH 8.0, buffer with no antigen (buffer) was used as negative control. The 100
LLL of each sample was drop on sample pad. Double band appearing at the test line
(T) and the control line (C) was interpreted as positive result, and single band only at
the control line was interpreted as negative result. The bands were observed by

visualization for within 15 minutes.

Selection of the best pair of antibodies and their positions on LFA strip

The best pair of antibodies for the LFA strip were selected from three

antibodies including mouse anti-LipL32 mAb3 and mADb82, and rabbit anti-LipL32
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pAb. Firstly, each antibody was immobilized on two different positions, the
conjugated pad (in the form of Ab-conjugated 20-nm AuNPs) or the test line and
incubated at 45 °C for 1 hour. Then, membranes were blocked with 1%BSA (an
optimal membrane blocking buffer) for 30 minutes. Lastly, the LFA strips were stored
in a desiccator dry cabinet until use. The LFA test strips were tested with various
amounts of sonicated L. interrogans serovar Pomona at 10" to 10° cells. The sodium
phosphate buffer pH 8.0 without antigen was used as negative control. The 100 L
of each sample was drop on sample pad. Double band appearing at the test line (T)
and the control line (C) was interpreted as positive result, and single band only at
the control line was interpreted as negative result. The bands were observed by

visualization for within 15 minutes.

Evaluation of LFA strip using leptospiral antigen-spiked serum samples

The LFA strip was prepared as described previous experiment. Pre-treated
sample pad with borate buffer pH 8.0 at various concentrations of 10 and 100 were
tested to reduce non-specific binding of serum. The 100 UL of borate buffer pH 8.0
at concentration 10 or 100 was drop on sample pad and dried at 45 °C for 1 hour.
Then, pre-treated sample pad was put forward of LFA strip. The anti-LipL32 mAb82

conjugated 20-nm AuNPs was immobilized on conjugate pad. The 1 g of anti-LipL32

pAb and anti-mouse IgG antibody were immobilized on test line and control line,
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respectively. The 10 UL of serum spiked with 100 ng rLipL32 and serum with no

antigen were individually mixed with 90 UL of running buffer (1% BSA in sodium
phosphate buffer pH 8.0) and applied on sample pad.
Modified running buffer with NaCl at various concentrations from 1 to 1,000

mM were tested to reduce non-specific biding in serum. The LFA strips were

prepared as described above using pre-treated sample pad. The 10 UL of serum

spiked with 100 ng rLipL32 and serum with no antigen were individually mixed with

90 modified UL of running buffer and applied on sample pad.

To determine limit of detection (LoD) of the LFA strip, sera spiked with
sonicated whole cell lysates of 103, 104, 105, and 1O6 of pathogenic L. interrogans
serovar Pomona were applied to the previously optimized AuNPs-based LFA. Double
band appearing at the test line (T) and the control line (C) was interpreted as positive
result, and single band only at the control line was interpreted as negative result.

The bands were observed by visualization for within 15 minutes.
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Enhancement of AuNP-based LFA for detection of pathogenic leptospiral

antigen in serum

Different sizes of AuNPs were used for enhancement of sensitivity of the LFA
strip. The anti-LipL32 mAb82 were conjugated individually with 20, 30 and 40-nm
AuNPs following conjugation process as described previous experiment. The LFA strip
using various combinations of pre-treated sample pads and modified running buffers
were used in this experiment. To determine limit of detection (LoD) of the LFA strip,
sera spiked with sonicated whole cell lysates of 103, 104, 105, and 1O6 of pathogenic
L. interrogans serovar Pomona were applied onto the sample pad.

Modified running buffers with Tween 20 at various concentrations from 1.25,
2.5, 5.0 and 10 % (v/v) were used for enhancement of sensitivity. Optimal LFA test
strips using 40-nm AuNPs conjugated with anti-LipL32 as described above were used
for this experiment. To determine limit of detection (LoD) of the LFA strip, the 10 UL
of serum spiked with intact cells of various amount from 103, 104, 105, and 106 of
pathogenic L. interrogans serovar Pomona were mixed with 90 UL of the modified
running buffer and applied on sample pad. Double band appearing at the test line
(T) and the control line (C) was interpreted as positive result, and single band only at
the control line was interpreted as negative result. The bands were observed by

visualization within 15 minutes.
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Evaluation of the AuNP-based LFA strip for detection of leptospiral antigen in

clinical specimens

To determine sensitivity and specificity, the optimal LFA strips from previous
experiment with pre-treated sample pad and modified running buffer were used for
detection of leptospiral antigen in patient sera. Fifty acute phase sera from
confirmed cases of leptospirosis, 20 acute phase sera from patients with unrelated

diseases, and 10 sera from healthy persons were tested by using the optimal LFA
strips. The 10 UL of sera from human leptospirosis, unrelated diseases or health
persons were pretreated with 90 UL of Tween 20 at a final concentration about 4.5%

and untreated samples before loading onto the sample pad. The bands were

observed by visualization within 15 minutes.

Data analysis

The diagnostic sensitivity and specificity of the LFA test strip was determined
using the following formulae:
Sensitivity (%) = true positive / (true positive + false negative) x 100%

Specificity (%) = true negative / (false positive + true negative) x 100%
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CHAPTER V

RESULTS

Expression and purification of recombinant LipL32 (rLipL32) protein

E. coli strain BL21(DE3)pLysS containing (ipl32 gene in pRSET C vector
obtained from our laboratory was successfully induced with 0.5 mM IPTG, which was
subsequently purified by nickel column affinity chromatography. The purified rLipL32
was analyzed by 15% SDS-PAGE with Coomassie blue staining showing more that
95% purity (Figure 15a). The purified protein was confirmed to be rLipL32 by

immunoblotting with anti-LipL32 monoclonal antibody (mAb82) (Figure 15b).
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Figure 15. Determination of rLipL32 by SDS-PAGE and Western blot. Purity of rLipL32
was analyzed by 15% SDS-PAGE and Coomassie blue staining (a). Lane M: molecular
weight (MW) marker, and lane rLipL32: purified rLipL32 was eluted with 200 mM
imidazole. The rLipL32 was confirmed by Western blotting using anti-LipL32 mAb82
(b). Lane M: pre-strained MW marker, and lane rLipL32: purified rLipL32 was eluted
with 200 mM imidazole. The arrows indicate the position of suspected rLiplL32

protein. Molecular weight marker is shown in kilodaltons (kDa).
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Production and purification of anti-LipL32 mAbs

Four clones of hybridoma cell lines were obtained from our previous study.
Anti-LipL32 mAbs secreted from hybridoma clones 3 (mAb3) and 82 (mAb82) were

higher than those from clones 2 (mAb2) and 81 (mAb81) (Figure 16).

25

T 2
c
3
2 -#-mAb2
8 15
= -4-mAb3
2
Q --mAb81
Q 1
<
-e-mADb82

0.5

1:4 1: 16 1: 64 1: 256 1: 1,024 1: 4,096 1:16,384 1:65,536

Serial dilution of mAbs

Figure 16. Production of anti-LipL32 mAbs. Culture supernatant containing anti-
LipL32 mAbs from clones 2, 3, 81 and 82 were individually incubated with rLipL32 at
a concentration 1 lg/mL. Then, HRP labeled goat anti-mouse IsG pAb was added
and incubated for 1 hour. Finally, 3,3',5,5'-Tetramethylbenzidine (TMB) substrate was
added. The absorbance was measured at the wavelength 450 nm (ODgs0) using a

spectrophotometer.
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Production and purification of anti-LipL32 pAb

The pAb against LipL32 was produced in a rabbit model. Rabbits were
immunized three times with rLipL32 and Freund’s adjuvant. Sera obtained after the
first, second, and third immunization was shown to bind to both rLipL32 and native
LipL32 protein of L. interrogans serovar Pomona (Figure 17). The anti-LipL32 pAb was

purified with rLipL32-coupled NHS-activated Sepharose column (Figure 18a and 18b).
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Figure 17. Production of rabbit anti-LipL32 pAb. A New Zealand white rabbit was
immunized three times at 2-week interval with 200 g of rLipL32 and Freund’s
adjuvant. Rabbit sera were collected after the first, second, and third immunization
for detection of antibody titer against rLipL32 at a concentration 1 Hg/mL and
sonicated L. interrogans serovar Pomona at a concentration 10" cells/mL by ELISA.
The absorbance was measured at the wavelength 450 nm (ODgso) using a

spectrophotometer.
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Figure 18. SDS-PAGE and Western blot analysis of purified anti-LipL32 pAb. The
purified anti-LipL32 pAb was analyzed by SDS-PAGE using 15% acrylamide gel (a).
Lane M: MW marker, and lane pAb: purified anti-LipL32 pAb was eluted with 0.1 M
glycine pH 2.7. The purified anti-LipL32 pAb was confirmed by Western blotting using
alkaline phosphatase (AP) labeled anti-rabbit IgG antibody (b). Lane M: pre-stained
MW marker, and lane pAb: purified anti-LipL32 pAb was eluted with 0.1 M glycine pH
2.7. The arrows indicate the position of suspected heavy chain (H) and light chain (L)

of rabbit anti-LipL32 pAb.
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Binding of anti-LipL32 mAbs to Leptospira spp. by enzyme-linked

immunosorbent assay (ELISA)

Binding of the anti-LipL32 mAbs to 24 reference serovars of Leptospira was
performed by indirect ELISA. Anti-LipL32 mAbs secreted from hybridoma clones 3
and 82 were able to bind all tested pathogenic Leptospira spp. but did not bind to 2
serovars of non-pathogenic Leptospira (Ranarum and Patoc). The anti-LipL32 mAbs
secreted from hybridoma clones 2 and 81 bound to 20 serovars of pathogenic
Leptospira spp. except serovar Manhoa and Tarassovi (Figure 19 and Table 5). No
clones showed binding to E. coli BL21(DE3)pLysS host strain used for recombinant
protein production. Therefore, mAbs from clones 3 and 82 were used further for LFA

development.
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ELISA
No. Serovar
mAb2 mAb3 mAb81 mADb82
1 Bratislava + + + +
2 Autumnalis + + + +
3 Ballum + + + ¥
4 Bataviae + + + +
5 Canicola + + + +
6 Celledoni + + + +
7 Cynopteri + + + +
8 Djasiman + + + +
9 Grippotyphosa + + + +
10 Hebdomadis + + + +
11 Icterohaemorrhagiae + + + +
12 Javanica + + + +
13 Louisiana + + + +
14 Manhao + +
15 Mini + + + +
16 Panama + + + +
17 Pomona + + + +
18 Pyrogenes + + + +
19 Tarassovi + +
20 Sarmin + + + 4
21 Sejroe + + + +
22 Shermani + + + +
23 Ranarum
24 Patoc -

Table 5. Binding of

anti-LipL32 mAbs to Leptospira

spp. by ELISA. The 24

representative serovars of Leptospira found in Thailand were used as a concentration

of 10’ cell/mL, rLipL32 was used at a concentration 1 [lg/mL. Culture medium (RPMI

1640) was used as a negative control. + = the absorbance value at the wavelength
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450nm (ODys) was higher than that of the background (RPMI 1640 control); - = ODgsg

was not different from that of the background (RPMI 1640 control)

Binding of anti-LipL32 pAbs to Leptospira spp. by ELISA

Binding of the anti-LipL32 mAbs to 24 reference serovars of Leptospira was
performed by indirect ELISA. The purified rabbit anti-LipL32 pAb was able to bind all
22 tested pathogenic Leptospira spp. but did not bind to 2 serovars of non-
pathogenic Leptospira spp. (Ranarum and Patoc) (Figure 20). No binding to E. coli

BL21(DE3)pLysS host strain was observed.
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Binding of anti-LipL32 mAbs to Leptospira spp. by dot blot assay

The binding of anti-LipL32 mAbs against sonicated Leptospira spp. were
determined by dot blot assay using 22 serovars of pathosgenic Leptospira, 2 non-
pathogenic serovars of Leptospira, and rLipL32 as a positive control. The mAbs clone
3 and 82 were able to bind to all tested pathogenic serovars. In addition, both mAbs
did not bind to non-pathogenic L. meyeri serovar Ranarum and L. biflexa serovar

Patoc (Figure 21).
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Figure 21. Determination of binding of anti-LipL32 mAbs by dot blot assay using anti-
LIpL32 mADb3 (a) and anti-LipL32 mAb82 (B). The 10° cells of 24 serovars of sonicated
Leptospira was individually spotted on a nitrocellulose membrane. The 100 ng of
rLipL32 was used as a positive control (1). The 24 tested serovars includes Bratislava
(2), Autumnalis (3), Ballum (4), Bataviae (5), Canicola (6), Celledoni (7), Cynopteri (8),
Djasiman (9), Grippothyphosa (10), Hebdomadis (11), Icterohaemorragiae (12), Javanica
(13), Louisiana (14), Manhao (15), Mini (16), Panama (17), Pomona (18), Pyrogenes (19),
Sarmin (20), Sejroe (21), Shermani (22), Tarassovi (23), Ranarum (24), and Patoc (25).

The spots were detected by visualization.
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Competitive inhibition assay for binding of mAb3 and mAb82 to LipL32

To determine whether mAb3 and mAb82 bind to a common epitope on
LipL32, a competitive inhibition assay was performed. The result showed that
unlabeled mAb3 at various concentrations was unable to compete the binding of
biotin labeled mAb82 to rLipL32 indicating that the mAb3 and mAb82 bound to
different epitopes of rLipL32 (Figure 22). Therefore, both mAbs were used for

development of AuNP-based LFA for detection of pathogenic leptospires.
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Figure 22. Competitive inhibition assay for common epitope binding of mAb3 and
mAb82 to rLipL32 by ELISA. Each well was coated with 100 ng of purified rLipL32.
Competitive binding between various dilutions of unlabeled mAb3 and biotin labeled
mMADb82 to rLipL32 was determined. The unlabeled mAb82 was used as a control. The
absorbance was measured at the wavelength 450 nm (OD45) using a

spectrophotometer.

Synthesis and characterization of the AuNPs

Colloidal AuNPs were successfully synthesized by seeded growth synthesis of
citrate-stabilized AuNPs. Colors of the gold solution changed from light yellow to
light red when it was completely reduced as becoming nanoparticles (Figure 23). This

study, synthesized AuNPs at each of four generation growth steps resulted in four
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different sizes of AuNPs. The colors of gold solution were correlated with the sizes of
AuNPs (Figure 24). Morphology and particle size of anhydrous gold particles obtained
after different growth steps were measured by TEM. The sizes of AuNPs gradually
increased, 11.0012.89, 20.74%3.54, 28.9113.74, and 41.1313.99 nm in diameter in
the first, the second, the third, and the fourth growth steps, respectively (Figure 25).
The globular shape of AuNPs were observed in all growth steps. In addition, UV-vis
spectroscopy used to measure optical properties and extrapolate size of AuNPs
showed that the maximum absorption peak shifted to longer wavelengths when the
AuNP size increased. In this study, the synthesized AuNPs showed maximum
absorption wavelengths at 518, 520, 524 and 532 nm in the 1St, an’ 3Td and 4th

growth step, respectively (Figure 26).
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a) b)

Figure 23. Synthesis of AuNPs by seeded growth method. Gold (lll) chloride trihydrate
(HAuUCly-3H,0) were reduced with trisodium citrate dihydrate (NazCgHsO7-2H,0) in 90
°C with stirring condition. The color of gold solution changed from yellow to red as

becoming nanoparticles.
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a) b) c) d)

Figure 24. The color of different sizes of colloidal AuNPs. The AuNPs were
synthesized by seeded growth method for four growth steps with citrate reduction.
The smaller first generation AuNPs (a) were shown to be light red and changed to
darker red color in the second (b), third (c), and fourth (d) generation AuNPs with

larger sizes.
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Figure 25. Morphology and sizes of AuNPs at different growth steps were analyzed
by TEM. The different sizes of AuUNPs were observed for the first (a), second (b), third

(0), and fourth (d) growth step, respectively.
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Figure 26. Absorbance spectra of AuNPs at different growth steps were analyzed by

spectroscopy using scanning mode of spectrophotometer. The different absorbance

spectra of AuNPs at 15, 20, 30, and 40 nm in diameter were observed in the first,

second, third, and fourth growth step, respectively.
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Optimization of pH for anti-LipL32 mAb82 conjugated AuNPs

The 20-nm AuNPs (at ODs,, = 1) were used for optimization of the LFA in the
following experiments. Various pH ranging from 57 to 10.5 were tested for
conjugation of AuNPs to the antibodies. At the optimal pH, aggregation of AuNPs was
at the minimum as determined by spectrophotometer. No color change indicated no
aggregation after conjugation process. Moreover, the values of absorbance at ODsyg
before and after conjugation of AuNPs with anti-LipL32 mAb82 at various pH did not
change. Therefore, the optimal pH for anti-LipL32 mAb82 conjugated 20-nm AuNPs

was 9.0 (Figure 27a and 27Db).
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Figure 27. Optimization of pH for 20-nm colloidal AuNPs (at ODs,, = 1) conjugated

with anti-LipL32 mADb82 (10 pg). The effect of various pH ranging from 5.7 to 10.5 for

20-nm AuNPs conjugated to anti-LipL32 mAb82 were analyzed at the wavelength 520

nm (ODsy0) using a spectrophotometer (a). Visual changes of color at different pH for

20-nm colloidal AuNPs conjugated with anti-LipL32 mAb (b).
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Optimization of antibody concentration for anti-LipL32 mAb82-conjugated

AUNPs

At the optimal pH (pH 9.0) of 20-nm colloidal AuNPs (at ODs,, = 1), various

concentrations of anti-LipL32 mAb82 from 0 to 30 g per 1 mL of colloidal AuNPs
were tested for conjugation process. The absorbance values of colloidal AuNPs after
conjugation to anti-LipL32 mAb82 were reduced to nearly zero when saturation of
anti-LipL32 conjugated mAb on AuNPs was reached. The saturated amount of anti-
LipL32 mAb for conjugation was at 15 pg per 1 mL of 20-nm AuNPs (at ODsy = 1)

(Figure 28).
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Figure 28. Optimization of anti-LipL32 mAb82 concentrations for conjugation to 20-
nm AuNPs (at ODs,, =1). The effect of anti-LipL32 mAb82 concentration from 1.25 to
30.0 Ug for conjugation per 1 ml of 20-nm AuNPs was analyzed at the wavelength

520 nm (ODsy,0) using a spectrophotometer (a) with corresponding visual changes of

colors at different amount of anti-LipL32 mAb82 (b).
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Conjugation of 20-nm AuNPs to anti-LipL32 mAb82 at the optimal condition

The optimal pH (pH 9.0) of 20-nm AuNPs (at ODs,, = 1) and concentration of

anti-LipL32 mADb82 (15 Wg/mL) was used for the conjugation process. After
conjugation of the mAb82 to AuNPs, the solution of AuNPs was visually observed for
aggregation. The anti-LipL32 mAb82-conjugated AuNPs showed no aggregation, well
re-dispersed, and no change of color (Figure 29a) at the optimal pH (pH 9.0). In
contrast, aggregation of AuNPs and color changes were observed at lower pH (6.5)

(Figure 29b) and higher pH (10.5) (Figure 29¢).
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a) optimal pH (pH 9.0) b) lower pH (pH 6.5)

¢) higher pH (pH 10.5)

Figure 29. Visual analysis of anti-LipL32 mAb82-conjugated 20-nm AuNPs. At the
optimal pH (pH 9.0) and optimal amount of antibody, the gold solution showed no
aggregation and no color change (a). At the low pH (pH 6.5) (b) and high pH (pH 10.5)
(c), the gold solution revealed aggregation and color changes. The aggregation and

color change were observed by visualization within 5 minutes.
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Optimization of gold storage buffer

In this study, 10 and 100 mM sodium phosphate buffer at pH 6.0, 6.8, and 8.0
were evaluated for 20-nm AuNP conjugation to anti-LipL32 mAb82 (Figure 30). In 10
mM sodium phosphate buffer, all tested pH did not cause aggregation of AuNPs
(Figure 30a). In contrast, color changes and aggregation of AuNPs were observed in
100 mM sodium phosphate buffer at pH 6.0 and 8.0 (Figure 30b) within 5 minutes.
For longer storage time, color changes and flocculation of mAb82-conjugated AuNPs
were observed up to two weeks. Flocculation and color changes were observed in
10 mM phosphate buffer pH 6.0 and in 100 mM phosphate buffer pH 6.8 after
storage at 4 °C for over six days. Therefore, 10 mM sodium phosphate buffer pH 6.8
and 8.0 were tested as a storage buffer for mAb82-conjugated AuNPs on LFA test

strip platform in next experiment.
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Figure 30. Stability of anti-LipL32 mAb82-conjugated 20 nm-AuNPs in gold storage
buffers. Visualization of aggregation and color change of anti-LipL32 mAb82-
conjugated AuNPs was determined at pH 6.0, 6.8, and 8.0 in 10 mM sodium
phosphate buffer (a) and 100 mM sodium phosphate buffer (b). The aggregation and

color change were observed by visualization within 5 minutes.
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The effect of storage buffer for binding of anti-LipL32 mAb82-conjugated 20-nm

AuNPs to rLipL32 on LFA test trips

Binding of mAb82 in different storage buffers to rLipL32 was observed on the
LFA test strip using anti-LipL32 pAb immobilized on the test line. Using 10 mM
sodium phosphate buffer pH 8.0, anti-LipL32 mAb82-conjugated AuNPs showed
specific binding to 100 ng of rLipL32 (Figure 31a). In contrast, false positive result was
observed in 10 mM sodium phosphate buffer pH 6.8 (Figure 31b). Therefore, 10 mM
sodium phosphate buffer pH 8.0 is optimal for specific binding of anti-LipL32 mAb82

conjugated 20-nm AuNPs to LipL32 antigen on the LFA test strip.
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Figure 31. Effect of storage buffer for binding of anti-LipL32 mAb82-conjugated 20-
nm AuNPs to rLipL32 on LFA test trip. The sediments of anti-LipL32 mAb82-
conjugated AuNPs were re-dispersed in 10 mM sodium phosphate buffer pH 6.8 (a)
and in 10 mM sodium phosphate buffer pH 8.0 (b). Then, 100 ng of rLipL32 was
added in mixed antibody-AuNPs solution and applied on the sample pad (100 ng of
rLipL32). Double distilled water was used as negative control (buffer). The 1 g of
each anti-LipL32 pAb and goat anti-mouse IgG pAb was immobilized onto test line
and control line, respectively. Double band at the test line (T) and the control line
(Q) is interpreted as positive result, and single band at the control line (C) is
interpreted as negative result. The bands were observed by visualization within 15

minutes.
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Optimization of membrane blocking solution for LFA strip

To prevent non-specific binding on LFA test strips five reagents including
bovine serum albumin (BSA), casein, glycine, trehalose, and sucrose were used in
blocking buffers. All blocking reagents were individually dissolved in 10 mM sodium
phosphate buffer pH 8.0, which was shown previously to be the optimal storage
buffer for anti-LipL32 mAb82-conjugated AuNPs. The results showed that 1% BSA and
1% casein were able to block non-specific binding. Moreover, the limit of detection
(LoD) of the membrane blocked with 1% BSA was 10 times lower than that blocked
with 1% casein. Blocking buffers containing slycine, trehalose, and sucrose showed
inhibition of mobile phase onto the nitrocellulose membrane. Therefore, the optimal
membrane blocking solution of LFA test strip in this study was 1% BSA in 10 mM

sodium phosphate buffer pH8.0 (Figure 32).
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Figure 32. Determination of membrane blocking solution for detection of rLipL32 by
LFA test strip. Nitrocellulose membranes were individually blocked with 5 different
blocking solutions containing 1% BSA (a), 1% casein (b), 1% glycine (c), 1% trehalose
(d), and 1%sucrose (e). The optimal membrane blocking solution of the LFA test strip
was determined by visual detection using various amounts of rLipL32 ranging from 1
to 100 ng. The 10 mM phosphate buffer, pH 8.0 buffer with no antigen (buffer) was
used as negative control. The 1 g of each anti-LipL32 pAb and goat anti-mouse IgG
pAb was immobilized onto test line and control line, respectively. Double band at
the test line (T) and the control line (Q) is interpreted as positive result, and single
band at the control line (C) is interpreted as negative result. The bands were

observed by visualization within 15 minutes.
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Selection of the best pair of antibodies and their positions on LFA strip

The best pair of antibodies for the LFA strip were selected from three
antibodies including mouse anti-LipL32 mAb3 and mAb82, and rabbit anti-LipL32
pAb. Each antibody was immobilized on two different positions, the conjugated pad
(in the form of Ab-conjugated AuNPs) or the test line, and then tested with various
amounts of sonicated L. interrogans serovar Pomona. Of all patterns, the LFA strip
with either mAb-conjugated AuNPs on the conjugate pad and anti-LipL32 pAb on the
test line (pattern 3 and 5) showed the lowest LoD at 10° leptospiral cell lysates. The
highest LoD, more than 10° leptospiral cell lysates, was obtained when anti-LipL32
pAb was on the conjugate pad and either mAb3 or mAb82 was on the test line

(Figure 33 and Table 6).
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rLipL32 rLipL32
Buffer Buffer
106 cells 106 cells
105 cells 105 cells
104 cells 104 cells
Pattern 1; conjugate pad: rabbit anti-LipL32 pAb Pattern 2; conjugate pad: rabbit anti-LipL32 pAb
test line: murine anti-LipL32 mAb3 test line: murine anti-LipL32 mAb82

T C T C

rLipL32
Buffer

rLipL32

Buffer

106 cells
106 cells

105 cells
105 cells
104 cells
104 cells
Pattern 3; conjugate pad: murine anti-LipL32 mAb3 Pattern 4; conjugate pad: murine anti-LipL32 mAb3
test line: rabbit anti-LipL32 pAb test line: murine anti-LipL32 mAb82
T C T C
rLipL32 rLipL32
Buffer Buffer
106 cells 106 cells
105 cells 105 cells
10¢ cells 104 cells
Pattern 5; conjugate pad: murine anti-LipL32 mAb82 Pattern 6; conjugate pad: murine anti-LipL32 mAb82
test line: rabbit anti-LipL32 pAb test line: murine anti-LipL32 mAb3

Figure 33. The best pair selection of anti-LipL32 antibodies immobilized on the
conjugate pad and the test line of the LFA strip. The limit of detection of each
pattern of LFA was determined using various amounts of sonicated pathogenic
leptospires. 10 mM sodium phosphate buffer, pH 8.0 (buffer) was used as a negative
control and 100 ng of rLipL32 was used as a positive control. Double band at the
test line (T) and the control line (C) is interpreted as positive result, and single band
at the control line (Q) is interpreted as negative result. Double band at the test line

(T) and the control line (C) is interpreted as positive result, and single band at the
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control line (C) is interpreted as negative result. The bands were observed by

visualization within 15 minutes.

Pattern  Conjugate Test line

Limit of detection

1 pAb mADb3
2 pAb mAb82
3 mAb3 PAb
4 mAb3 mAb82
5 mAb82 pAb
6 mAb82 mADb3

> 106 cells of sonicated pathogenic Leptospira
> 106 cells of sonicated pathogenic Leptospira
105 cells of sonicated pathogenic Leptospira
10¢ cells of sonicated pathogenic Leptospira
105 cells of sonicated pathogenic Leptospira

106 cells of sonicated pathogenic Leptospira

Table 6. The limit of detection of each pattern of anti-LipL32 antibody immobilized

on the conjugate pad or the test line of the LFA strip as determined using various

amounts of sonicated pathogenic leptospires.

Evaluation of LFA strip using leptospiral antigen-spiked serum samples

The AuNP-based LFA strip was evaluated using 100 ng rLipL32 protein-spiked

serum. The antigen-spiked were applied onto the LFA strip comprising sample pads

treated with 10 and 100 mM borate buffer pH 8.0 compared to the strip with

untreated sample pads. Healthy serum from normal persons without spiked antigen

were used as a negative control. False positive results (positive test line with healthy
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serum) were observed in the LFA strips comprising untreated (Figure 34a) and 10 mM
borate buffer pH 8.0 pre-treated sample pads (Figure 34b). The LFA strip comprising a
sample pad treated with 100 mM borate buffer pH 8.0 showed weakly positive when
serum from healthy person was tested (Figure 34c).

To further reduce non-specific detection, in addition to the borate buffer-
treated sample pad, the running buffer (1% BSA, 0.05% Tween20 in phosphate buffer
pH 8.0) used to mix with samples before loading was modified by adding various
concentrations of 1, 10 100 and 1000 mM NaCl. Only 100 mM NaCl in modified
running buffer showed no band at the test line when healthy serum was added for
15 minutes. 1 M NaCl in the running buffer made gold aggregation on the conjugate
pad. The combination of 100 mM NaCl in running buffer and 100 mM borate buffer
pH 8.0 pre-treated sample pad did not showed false positive test line after applying

the healthy serum sample for at least 15 minutes (Figure 35).
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T C
a)
rLipL32 spiked serum
Serum control
T C
b)
rLipL32 spiked serum
Serum control
c)

rLipL32 spiked serum

Serum control

Figure 34. The 20-nm AQN‘P-based'\I_,_{:A stﬁp with a sample pad pretreated with
borate buffer. Untreated sample‘}\fﬁa’dx (a), or treated sample pad with 10 mM (b), and
~ o : fa
100 mM borate buffer pl-i 8.0 (c) were applied with - sera spiked with 100 ng rLiplL32.
P [».;l

W
Unspiked healthy serum was used as a negative control (serum control). The anti-
LipL32 mAb82-conjugated 20-nm AuNPs was immobilized on the conjugate pad. The
1 Mg of each anti-LipL32 pAb and goat anti-mouse IsG pAb was immobilized onto
the test line and the control line, respectively. Double band at the test line (T) and
the control line (C) is interpreted as positive result, and single band at the control
line (Q) is interpreted as negative result. The bands were observed by visualization

within 15 minutes.
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T C

,‘ + Non-modified running buffer
. - .

k' g l 1M NaCl

£ 8
! : 100 mM NaCl
. L . >
1) ! 10 mM NaCl
L : A J m 2

. . 11 LS SR ! NaCl

Figure 35. The AuNP-based LFA with sample pad pretreated with 100 mM borate
buffer pH 8.0 and modified running buffer using 1, 10, 100 mM, and 1 M NaCl. Results
were observed after healthy serum was applied onto leptospirosis test strip for 15
minutes. All LFA test strips were tested with the samples containing 10 UL of healthy
serum and 90 UL of running buffer. The anti-LipL32 mAb82-conjugated 20-nm
AuNPs was immobilized on the conjugate pad. The 1 g of each anti-LipL32 pAb and
goat anti-mouse IgG pAb was immobilized onto the test line and the control line,
respectively. Double band at the test line (T) and the control line (C) is interpreted as
positive result, and single band at the control line (Q) is interpreted as negative

result. The bands were observed by visualization within 15 minutes.
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Next, to determine limit of detection (LoD) of the LFA strip, sera spiked with
whole cell lysates of 103, 104, 105, and 10° of pathogenic L. interrogans serovar
Pomona were applied to the previously optimized AuNP-based LFA. The LoD for this
20-nm AuNP-based LFA was shown to be 10° cells of sonicated whole cell lysates

(Figure 36).
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rLipL32 spiked serum

serum control

106 cells

105 cells

104 cells

103 cells

Figure 36. Limit of detection of the LFA test trips for detection with sonicated
pathogenic leptospires. Sera spiked with 103, 104, 105, and 10° cells of pathogenic
Leptospira whole cell lysates were applied to the LFA. Serum spiked with 100 ng of
rLipL32 was used as a positive control and unspiked serum was used as a negative
control (serum control). The results were observed by visualization within 15
minutes. The anti-LipL32 mAb82-conjugated 20-nm AuNPs was immobilized on the
conjugate pad. The 1 ig of each anti-LipL32 pAb and goat anti-mouse 1gG pAb was

immobilized onto the test line and the control line, respectively. The bands were

observed by visualization.
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Enhancement of AuNP-based LFA for detection of pathogenic leptospiral

antigen in serum

To improve LoD of the AuNP-based LFA strip, different sizes of g¢old
nanoparticles; 20, 30, and 40 nm, were conjugated to anti-LipL32 antibodies. The pH
of colloidal AuNPs and the concentration of anti-LipL32 antibodies conjugated to 30-
nm and 40-nm AuNPs were optimized similar to those of 20-nm AuNPs as described
earlier. The signal intensity of the test line of LFA strips was observed after applying
sera spiked with whole cell lysates of 10° to 10° pathogenic Leptospira. The LoD of
40-nm AuNP-based strip was 10 and 100 times higher than that of 30-nm and 20-nm
AuNPs, respectively (Figure 37). The LoD of 40-nm AuNP-based LFA strip was 10" cells
of sonicated whole cell lysates spiked in serum (Figure 37¢). In addition, to improve
sensitivity of detection of Leptospira by the 40-nm AuNP-based LFA strip, serum
samples were pretreated with mild detergent, Tween 20, before use. Optimal
concentration of Tween 20 at a final concentration of 4.5 % (v/v) showed true
positive and true negative results for detection of pathogenic and non-pathogenic
Leptospira, respectively (Figure 38a and 38b). However, serum samples pretreated
with 9.0% Tween 20 resulted in false positive detection (Figure 38b). In addition,
pretreated samples with 4.5% Tween 20 rendered 2-fold reduction of LoD of the LFA
strip. Therefore, the LoD of 40-nm AuNP-based LFA strips using sera pretreated with

4.5% Tween 20 was 5 x 10° cells of leptospires (Figure 39).
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rLipL32 spiked serum
serum control

106 cells
105 cells

104 cells

103 cells

rLipL32 spiked serum

serum control

106 cells
105 cells

104 cells

103 cells

rLipL32 spiked serum

serum control
106 cells
105 cells

104 cells

103 cells

Figure 37. Limit of detection of 20-nm (a), 30-nm (b), and 40-nm (c) AuNP-based LFA
strips. The gold particles at a particular size conjugated to anti-LipL32 mAb82 were
used to develop LFA strips for detection of sera spiked with 10 to 10° cells of
pathogenic Leptospira whole cell lysates. The bands were observed by visualization

within 15 minutes.
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1.0% Tween 20 ; 1.0% Tween 20

2.5% Tween 20 T C  2.5% Tween 20 ‘

4.5% Tween 20

9.0% Tween 20

// /r'/‘w"‘, ..JS . N
for the AuNP-based LFA. Twee 20 'ét V?FIOUS fnal concentratlons of 1, 2.5, 4.5, and

/] 73

9.0% (v/v) were used to {retre;t serum,k ;plked ‘with 10" cells of pathogenic L.

interrogans serovar Pomona (a) eéﬁéa-gaﬁjpgemc L. biflexa serovar Patoc (b) before

loading onto the sample\pad—'liemmetohters_otsjm was individually pretreated
f]}]\———"/(l
with 90 UL of Tween 20 at different concentrations for 1 minute and applied onto

the sample pad of the 40-nm AuNP-based LFA strips. The bands were observed by

visualization within 15 minutes.
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5.0 x 104 cells
1.0 x 104 cells
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Figure 39. Limit of detection
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samples with 4.5% Twegﬂ;ZQ;SeLa_sptked_wnth_v@%us numbers of L. interrogans

w— T

serovar Pomona from 10 to 5 x 10" cells were pretreated with 4.5% Tween 20 for 1

minute and applied onto the sample pads. The bands were observed by

visualization within 15 minutes.
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Evaluation of the AuNP-based LFA strip for detection of leptospiral antigen in

clinical specimens

To evaluate the sensitivity and the specificity, 50 acute phase sera from
known cases of leptospirosis, 20 acute phase sera from unrelated diseases, and 10
sera from healthy persons were used to test the AuNP-based LFA strips developed in
this study. If the patient sera were treated with Tween 20 (at a final concentration
about 4.5 %), the positive results were increased from 3 (6%) to 12 (24%) samples
(Figure 40 and Table 7). No cross detection was detected with sera from unrelated
diseases and healthy persons (Table 7). The preliminary data showed that the
sensitivity and specificity of the AuNP-based LFA for detection of pathogenic
leptospiral antigen in acute phase sera of patients with leptospirosis is 24% and 100

%, respectively.
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Table 7. Detection of leptospiral antigen by the AuNP-based LFA strips developed in

this study using pretreated and untreated serum samples

LFA Serum samples
detection Unrelated diseases
Leptospirosis (n=50) healthy persons (n=10)
(n=20)

Pretreated* | Untreated** | Pretreated* | Untreated** | Pretreated* | Untreated**
Positive 12 (24%) 3 (6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Negative 38 (76%) 47 (94%) 20 (100%) 20 (100%) 20 (100%) 20 (100%)
*Pretreated = sera treated with Tween 20 (at a final concentration about 4.5%)
before use
**Untreated = no treatment of sera before use



109

no. 10 no. 15 no. 42 no. 50

a)

no. 10 no. 15 no. 42 no. 50

b)

/-(\uNP 'aSed LFA strips for detection of leptospiral
\Q\v

Figure 40. Representativ
antigen becoming positive @ré@pe;ﬁ?ﬁé serum speomens with Tween20. Ten

ey \
microliters of acute phase sera from ki —ases of leptospirosis pretreated with 90

\_,4/ P NS AN ,-\_,4

)r)

UL of Tween 20 at a f‘nat centration of 4.5% )wa(nd untreated samples (b), were
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CHARPTER VI

DISCUSSIONS

Leptospirosis is the most widespread zoonotic disease in the world. This
disease is one of acute febrile illnesses commonly found in Thailand because its
clinical manifestations are typically non-specific. Currently, microscopic agglutination
test (MAT) is the standard method for diagnosis of leptospirosis. This method has low
sensitivity for acute phase of leptospirosis, requires technical expertise and
instrument, needs to maintain several serovars of viable Leptospira, and is
performed only in certain reference laboratories (20, 22). Recently, LFA-based POC
devices are among rapidly growing strategies because of rapidity and one step
analysis, user friendly format, low operational cost, and practicability in primary care
settings where cases are commonly presented (34). Therefore, LFA for detection of
leptospiral antigens should be useful particularly for diagnosis of acute phase of
leptospirosis. LFAs for detection of leptospiral antigens have not been widely used or
commercially available due to low sensitivity (3, 92).

Nanotechnology has been applied for design and creating new medical
devices. AuNPs are most commonly used to prepare nano-platforms in smart sensor
devices. Moreover, optical property of AuNPs enhances sensitivity and rapid result
interpretation by visualization of LFA (107). Therefore, AuNP is a potential candidate

of nanomaterial to be used for development of LFA for diagnosis of leptospirosis.
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This study aimed to optimize and enhance sensitivity of AuNP-based LFA for
detection of pathogenic leptospiral antigen in clinical samples.

In this study, leptospiral lipoprotein 32 kDa (LipL32) was used as a target to
develop AuNP-based LFA because it is the most abundant and highly conserved
outer membrane protein among pathogenic Leptospira but is not found in
saprophytic leptospires or other bacteria (41), and express in both the acute and
convalescent phases of illness (108). In our laboratory, murine monoclonal
antibodies against LipL32 (anti-LipL32 mAbs) have been produced previously by
hybridoma technology. This study selected 2 clones of mAbs, i.e. mAb3 and mAb82,
to develop LFA because they were able to detect all 22 tested pathogenic serovars,
which are reference strains found in Thailand, and did not bind 2 non-pathogenic
serovars (Figure 19 and Table 5). In addition, the competitive inhibition assay showed
that these two mAbs do not bind the same epitopes of LipL32 (Figure 22). Initially,
only anti-LipL32 mAbs were intended to be used for LFA development because of
their highly specificity, unlimited production, and no lot-to-lot variation compared to
polyclonal antibody (pAb). However, to increase sensitivity of LFA based POC testing
as a screening test, a rabbit anti-LipL32 pAb was also used in this study. To minimize
lot-to-lot variation of pAb in the future, the pAb were purified by rLipL32-conjugated
affinity chromatography instead of using protein G or protein A columns. These
antibodies were tested at different sites of LFA, either coating on AuNPs that

immobilized on the conjugate pad or immobilizing on the test line. The best pair and
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their location to obtain the lowest LoD of the LFA was to use either mAb3 or
MADb82-conjugated AuNPs on the conjugate pad and anti-LipL32 pAb immobilized on
the test line (Figure 33 and Table 6). In case of using anti-LipL32 pAb-conjugated
AuNPs on the conjugate pad, the ability of the pAb to bind multiple epitopes of
LipL32 might hinder binding of anti-LipL32 mAb to the same antigen on the test line
leading to higher LoD of the LFA.

Different sizes of AuNPs were successfully synthesized into approximately 10,
20, 30, 40 and 60 nm in diameter in this study. The synthesized AuNPs of all sizes
showed high solubility in water and homogeneity in morphology (Figure 24 and 25)
as described for high quality criteria of AuNPs (109, 110) However, 60-nm AuNPs were
self-aggregated after storage for over six days similar to a previous report (70). In the
beginning of this study, 20-nm AuNPs were first used for optimization of the AuNP-
based LFA for detection of leptospiral antigen in the form of rLipL32 or sonicated
whole cell lysates.

Antibody can conjugate to gold surface by electrostatic interaction depend
on charge and specific isoelectric point (IEP) of protein (111, 112). The pH, salt
concentration, and antibody concentration are key factors for binding between
antibody and AuNPs and were optimized for conjugation of antibodies to the 20-nm
AuNPs. The most suitable buffer for stabilizing 20-nm AuNPs was 10 mM borate
buffer, pH 9.0 as indicated by no change of their absorbance (Figure 27a) or no visible

color change (Figure 27b). The color change of colloidal AuNPs was used to indicate
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their size change because the size and color of AuNPs depends on their surface
plasmon absorption as a result of collective oscillation of the free conduction
electrons (37), which is related to the incident photon frequency that causes specific
absorbance in a visible range (113, 114).

In addition, the surface of AuNPs has to be fully covered with saturated
antibody not only to obtain the highest sensitivity of detection but also to avoid
aggregation. Anti-LipL32 mAb at a concentration of 15 ug/mL could fully cover 20-nm
AuNPs (at OD520 = 1) as shown by no aggregation after adding NaCl (figure 28a and
28b). After synthesis by seeded growth method, the AuNPs have negatively charges
surrounding the Au core. High concentration of NaCl can destroy the weak
electrostatic force of AuNPs with free surface resulting in their aggregation (115) and
therefore can be used to determine the full coverage of Ab on AuNPs.

To enhance sensitivity and specificity of LFA, buffers used for each
component of the test strip needs to be optimized (116). In the present study, pre-
treated sample pad with borate buffer pH 8.0 decreased non-specific binding
because it can minimize test variation by controlling the pH of serum sample applied
on the sample pad. Anti-LipL32 mAb82 conjugated-AuNPs on the conjugate pad
required 10 mM phosphate buffer pH 8.0 containing 1% BSA as a gold storage buffer
to prevent aggregation of AuNPs and to maintain functional antibodies for specific
binding to the antigen. BSA in storage buffer can also bind the free surface of the

mAb-conjugated AuNPs to increase their specificity and stability. To reduce non-
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specific binding of contaminated proteins, 1% BSA was shown in this study to be the
best blocking reagent of nitrocellulose membrane in comparison to casein, trehalose,
glycine, and sucrose.

The anti-LipL32 conjugated AuNP-based LFA was evaluated for detection of
leptospiral antigen in serum. The false positive result tested with negative serum
control may be the result of contaminated proteins, pH, or salts concentration in
sera causing non-specific antigen-antibody interactions. Pretreatment of serum with
modified running buffer containing 100 mM NaCl could reduce non-specific binding
because NaCl minimized sample variation by controlling ionic strength of the serum.
The LoD of this optimized 20nm-AuNP based LFA was shown to be 10° cell of
leptospiral sonicated whole cell lysates spiked in serum (figure 36). Previous studies
reported that during acute phase of human leptospirosis the number of Leptospira
present is 10-10" cells/mL in serum (19). Therefore, this LFA might not be sensitive
enousgh for detection of leptospiral antigen in patient sera.

In this study, optimization strategies, i.e. sizes of AuNPs (30 and 40 nm in
diameter) and modified running buffer to treat serum samples with mild detergent
before use, were tested to reduce LoD of the LFA. The LFA using 40-nm AuNPs was
shown to lowest LoD (figure 37) at 10" cell of leptospiral whole cell lysates in serum,
which is 100-fold improvement compared with 20-nm AuNPs. In addition,
pretreatment of serum sample with modified running buffer containing a mild

detergent, Tween 20 at a final concentration about 4.5%, can further reduced of LoD
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by 2-fold to 5 x 10° leptospiral cells. Previous study showed that LipL32 is a
subsurface outer membrane protein (117) and the anti-LipL32 mAb82 may bind to
the subsurface epitope of LipL32. Therefore, lysed cell of Leptospira with mild
detergent can increased the accessibility of the antibody to bind to its target epitope
on LipL32 protein. This optimized AuNP-based LFA shows the lowest LoD of 5 x 10°
cells, which is 500-fold lower than that of a previously report (90) that allowed
detection of leptspiral lippropolysaccharide (LPS) antigen in spiked urine.

Then, the optimized AuNP-based LFA was preliminary evaluated for its
sensitivity and specificity using 50 sera of known patients with leptospirosis and 20
sera of patients with unrelated diseases. The sera were treated with 4.5% Tween 20
compared to untreated sera. Pre-treatment of sera with Tween 20 at a final
concentration about 4.5% enhanced positive results from 3 of untreated sera to 12
(24%) out of 50 sera from known cases of acute leptospirosis (figure 40 and table 7).
This LFA showed no cross reaction with untreated or pre-treated sera from patients
with unrelated diseases (Table 7). Therefore, this LFA has sensitivity of 24% and
specificity of 100%. There are several factors that might result in its low sensitivity.
The average of leptospiral load in all 50 tested patient sera have been determined
previously by real-time PCR using lip(32 specific primers to be approximately 10°
cell/mL or less, which is lower than the LoD of this LFA. Although the acute phase
sera were collected at the first day of admission, the period of infection of each

patient is unknown. It is possible that at the time of serum collected from the
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patients Leptospira might be cleared from the blood after the first week of the onset
or after patients had received antibiotics (57, 118, 119). In addition, the patient sera
have been stored in a freezer for at least 2 years and the target protein in sera may
be degraded.

The AuNP-based LFA has yet low sensitivity for diagnosis of human
leptospirosis. It is potentially useful for detection of leptospiral antigen in urine of
animals as reservoir or infected hosts. The concentration of Leptospira found in urine
from infected dogs was reported to be up to 10° cells/mL (120). Rats excrete
Leptospira at a high concentration (median = 5.7 x 10° cells/mL) (121). Large
mammals such as pig, cattle, and sheep shed a larger number of leptospires in urine
per day (5.1 x 10" to 1.3 x 10° cells) (121).

Recently, the AuNP-based LFA have been reported as an effective POCT-
based device in many fields. However, the conventional AuNP-based LFA was limited
due to its low sensitivity (3, 88, 92). Currently, the sensitivity of the AuNP-based LFA
have been improved by several techniques such as silver incorporation with AuNPs
enhancement (122, 123), sensitizer using secondary antibody-AuNPs conjugates (124),
enzymes labeled AuNP-based LFA (70, 125), and modified surface of AuNPs for
conjugated antibody (37). Therefore, new technologies can improve sensitivity of the
anti-LipL32 conjugated AuNP-based LFA prototype developed in this study for
detection of leptospiral antigen in patient sera and will be a promising tool as a

POCT-based device for early and rapid diagnosis of acute phase leptospirosis.



REFERENCES

Katz AR, Buchholz AE, Hinson K, Park SY, Effler PV. Leptospirosis in Hawaii,
USA, 1999-2008. Emerg Infect Dis. 2011;17(2):221-6.

Wuthiekanun V, Sirisukkarn N, Daengsupa P, Sakaraserane P, Sangkakam A,
Chierakul W, et al. Clinical diagnosis and geographic distribution of
leptospirosis, Thailand. Emerg Infect Dis. 2007;13(1):124-6.

Chang CH, Riazi M, Yunus MH, Osman S, Noordin R. Limited diagnostic value of
two commercial rapid tests for acute leptospirosis detection in Malaysia.
Diagn Microbiol Infect Dis. 2014;80(4):278-81.

Victoriano AF, Smythe LD, Gloriani-Barzaga N, Cavinta LL, Kasai T,
Limpakarnjanarat K, et al. Leptospirosis in the Asia Pacific region. BMC Infect
Dis. 2009;9:147.

Vijayachari P, Sugunan AP, Shriram AN. Leptospirosis: an emerging global
public health problem. J Biosci. 2008;33(4):557-69.

Levett PN. Leptospirosis. Clin Microbiol Rev. 2001;14(2):296-326.

Bourhy P, Collet L, Brisse S, Picardeau M. Leptospira mayottensis sp. nov., a
pathogenic species of the genus Leptospira isolated from humans. Int J Syst

Evol Microbiol. 2014;64(Pt 12):4061-7.



10.

11.

12.

13.

14.

118

Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, et al.
Leptospirosis: a zoonotic disease of global importance. Lancet Infect Dis.
2003;3(12):757-71.

Dousglin CP, Jordan C, Rock R, Hurley A, Levett PN. Risk factors for severe
leptospirosis in the parish of St. Andrew, Barbados. Emerg Infect Dis.
1997;3(1):78-80.

Brown PD, McKenzie M, Pinnock M, McGrowder D. Environmental risk factors
associated with leptospirosis among butchers and their associates in Jamaica.
Int J Occup Environ Med. 2011;2(1):47-57.

Barcellos C, Sabroza PC. The place behind the case: leptospirosis risks and
associated environmental conditions in a flood-related outbreak in Rio de
Janeiro. Cad Saude Publica. 2001;17 Suppl:59-67.

Rathinam SR, Rathnam S, Selvaraj S, Dean D, Nozik RA, Namperumalsamy P.
Uveitis associated with an epidemic outbreak of leptospirosis. Am J
Ophthalmol. 1997;124(1):71-9.

Dupont H, Dupont-Perdrizet D, Perie JL, Zehner-Hansen S, Jarrige B, Daijardin
JB. Leptospirosis: prognostic factors associated with mortality. Clin Infect Dis.
1997;25(3):720-4.

Vinetz JM. Leptospirosis. Curr Opin Infect Dis. 2001;14(5):527-38.



15.

16.

17.

18.

19.

20.

21.

119

Plank R, Dean D. Overview of the epidemiology, microbiology, and
pathogenesis of Leptospira spp. in humans. Microbes Infect. 2000;2(10):1265-
76.

Picardeau M, Bertherat E, Jancloes M, Skouloudis AN, Durski K, Hartskeerl RA.
Rapid tests for diagnosis of leptospirosis: current tools and emerging
technologies. Diagn Microbiol Infect Dis. 2014;78(1):1-8.

Bal AM. Unusual clinical manifestations of leptospirosis. J Postgrad Med.
2005;51(3):179-83.

Hartskeerl RA, Collares-Pereira M, Ellis WA. Emergence, control and re-
emerging leptospirosis: dynamics of infection in the changing world. Clin
Microbiol Infect. 2011;17(4):494-501.

Agampodi SB, Matthias MA, Moreno AC, Vinetz JM. Utility of quantitative
polymerase chain reaction in leptospirosis diagnosis: association of level of
leptospiremia and clinical manifestations in Sri Lanka. Clin Infect Dis.
2012;54(9):1249-55.

Bajani MD, Ashford DA, Bragg SL, Woods CW, Aye T, Spiegel RA, et al.
Evaluation of four commercially available rapid serologic tests for diagnosis of
leptospirosis. J Clin Microbiol. 2003;41(2):803-9.

Cumberland P, Everard CO, Levett PN. Assessment of the efficacy of an IgM-
elisa and microscopic agglutination test (MAT) in the diagnosis of acute

leptospirosis. Am J Trop Med Hyg. 1999;61(5):731-4.



22.

23,

24,

25.

26.

27.

120

Hull-Jackson C, Glass MB, Ari MD, Bragg SL, Branch SL, Whittington CU, et al.
Evaluation of a commercial latex agglutination assay for serological diagnosis
of leptospirosis. J Clin Microbiol. 2006;44(5):1853-5.

Saengjaruk P, Chaicumpa W, Watt G, Bunyaraksyotin G, Wuthiekanun V,
Tapchaisri P, et al. Diagnosis of human leptospirosis by monoclonal antibody-
based antigen detection in urine. J Clin Microbiol. 2002;40(2):480-9.

Blacksell SD, Smythe L, Phetsouvanh R, Dohnt M, Hartskeerl R, Symonds M, et
al. Limited diagnostic capacities of two commercial assays for the detection
of Leptospira immunoglobulin M antibodies in Laos. Clin Vaccine Immunol.
2006;13(10):1166-9.

Branch SL, Levett PN. Evaluation of four methods for detection of
immunoglobulin M antibodies to dengue virus. Clin Diagn Lab Immunol.
1999;6(4):555-7.

Gussenhoven GC, van der Hoorn MA, Goris MG, Terpstra WJ, Hartskeerl RA,
Mol BW, et al. LEPTO dipstick, a dipstick assay for detection of Leptospira-
specific immunoglobulin M antibodies in human sera. J Clin Microbiol.
1997;35(1):92-7.

Smits HL, Eapen CK, Sugathan S, Kuriakose M, Gasem MH, Yersin C, et al.
Lateral-flow assay for rapid serodiagnosis of human leptospirosis. Clin Diagn

Lab Immunol. 2001;8(1):166-9.



28.

29.

30.

31.

32.

33.

34.

121

Nizamuddin M, Tuteja U, Shukla J, Nair L, Sudarsana J. Early diagnosis of
human leptospirosis by antigen detection in blood. Indian J Med Microbiol.
2006;24(4):342-5.

Maciag K, Altschuler SJ, Slack MD, Krogan NJ, Emili A, Greenblatt JF, et al.
Systems-level analyses identify extensive coupling among gene expression
machines. Mol Syst Biol. 2006;2:2006 0003.

Toyokawa T, Ohnishi M, Koizumi N. Diagnosis of acute leptospirosis. Expert
Rev Anti Infect Ther. 2011;9(1):111-21.

Zhang GP, Wang XN, Yang JF, Yang YY, Xing GX, Li QM, et al. Development of
an immunochromatographic lateral flow test strip for detection of beta-
adrenergic agonist Clenbuterol residues. J Immunol Methods. 2006;312(1-
2):27-33.

Yonekita T, Ohtsuki R, Hojo E, Morishita N, Matsumoto T, Aizawa T, et al.
Development of a novel multiplex lateral flow assay using an antimicrobial
peptide for the detection of Shiga toxin-producing Escherichia coli. J Microbiol
Methods. 2013;93(3):251-6.

He Y, Zhang S, Zhang X, Baloda M, Gurung AS, Xu H, et al. Ultrasensitive
nucleic acid biosensor based on enzyme-gold nanoparticle dual label and
lateral flow strip biosensor. Biosens Bioelectron. 2011;26(5):2018-24.

Koczula KM, Gallotta A. Lateral flow assays. Essays Biochem. 2016;60(1):111-

20.



35.

36.

37.

38.

39.

4a0.

41.

122

al. MSe. Designs, formats and applications of lateral flow assay: A literature
review. Journal of Saudi Chemical Society. 2015;19(6):689-705.

Kim D, Park S, Lee JH, Jeong YY, Jon S. Antibiofouling polymer-coated gold
nanoparticles as a contrast agent for in vivo X-ray computed tomography
imaging. J Am Chem Soc. 2007;129(24):7661-5.

Makhsin SR, Razak KA, Noordin R, Zakaria ND, Chun TS. The effects of size and
synthesis methods of gold nanoparticle-conjugated MalphaHIgG4 for use in an
immunochromatographic ~ strip  test to detect brugian filariasis.
Nanotechnology. 2012;23(49):495719.

Hua X, Qian G, Yang J, Hu B, Fan J, Qin N, et al. Development of an
immunochromatographic assay for the rapid detection of chlorpyrifos-methyl
in water samples. Biosens Bioelectron. 2010;26(1):189-94.

Nara S, Tripathi V, Singh H, Shrivastav TG. Colloidal gold probe based rapid
immunochromatographic strip assay for cortisol. Anal Chim Acta. 2010;682(1-
2):66-71.

Cullen PA, Xu X, Matsunaga J, Sanchez Y, Ko Al, Haake DA, et al. Surfaceome
of Leptospira spp. Infect Immun. 2005;73(8):4853-63.

Haake DA, Chao G, Zuerner RL, Barnett JK, Barnett D, Mazel M, et al. The
leptospiral major outer membrane protein LipL32 is a lipoprotein expressed

during mammalian infection. Infect Immun. 2000;68(4):2276-85.



42.

43.

a4.

45.

ae.

ar.

48.

49.

123

Guerreiro H, Croda J, Flannery B, Mazel M, Matsunaga J, Galvao Reis M, et al.
Leptospiral proteins recognized during the humoral immune response to
leptospirosis in humans. Infect Immun. 2001;69(8):4958-68.

Cullen PA, Cordwell SJ, Bulach DM, Haake DA, Adler B. Global analysis of
outer membrane proteins from Leptospira interrogans serovar Lai. Infect
Immun. 2002;70(5):2311-8.

Haake DA. Spirochaetal lipoproteins and pathogenesis. Microbiology. 2000;146
Pt 7):1491-504.

Flannery B, Costa D, Carvalho FP, Guerreiro H, Matsunaga J, Da Silva ED, et al.
Evaluation of recombinant Leptospira antigen-based enzyme-linked
immunosorbent assays for the serodiagnosis of leptospirosis. J Clin Microbiol.
2001;39(9):3303-10.

Dey S, Mohan CM, Kumar TM, Ramadass P, Nainar AM, Nachimuthu K
Recombinant LipL32 antigen-based single serum dilution ELISA for detection
of canine leptospirosis. Vet Microbiol. 2004;103(1-2):99-106.

Ellis WA, Michno SW. Bovine leptospirosis: a serological and clinical study. Vet
Rec. 1976;99(20):387-91.

Li C, Motaleb A, Sal M, Goldstein SF, Charon NW. Spirochete periplasmic
flagella and motility. J Mol Microbiol Biotechnol. 2000;2(4):345-54.

Galloway RL, Levett PN. Application and validation of PFGE for serovar

identification of Leptospira clinical isolates. PLoS Negl Trop Dis. 2010;4(9).



50.

51.

52.

53.

54.

55.

56.

57.

58.

124

Pappas G, Papadimitriou P, Siozopoulou V, Christou L, Akritidis N. The
globalization of leptospirosis: worldwide incidence trends. Int J Infect Dis.
2008;12(4):351-7.

Suttinont C, Losuwanaluk K, Niwatayakul K, Hoontrakul S, Intaranongpai W,
Silpasakorn S, et al. Causes of acute, undifferentiated, febrile illness in rural
Thailand: results of a prospective observational study. Ann Trop Med
Parasitol. 2006;100(4):363-70.

Johnson RC, Harris VG, Walby JK. Characterization of leptospires according to
fatty acid requirements. J Gen Microbiol. 1969;55(3):399-407.

Haake DA, Levett PN. Leptospirosis in humans. Curr Top Microbiol Immunol.
2015;387:65-97.

Adler B, de la Pena Moctezuma A. Leptospira and leptospirosis. Vet Microbiol.
2010;140(3-4):287-96.

Ko Al, Goarant C, Picardeau M. Leptospira: the dawn of the molecular
genetics era for an emerging zoonotic pathogen. Nat Rev Microbiol.
2009;7(10):736-47.

Guidelines for the control of leptospirosis. WHO Offset Publ. 1982(67):1-171.
Musso D, La Scola B. Laboratory diagnosis of leptospirosis: a challenge. J
Microbiol Immunol Infect. 2013;46(4):245-52.

de Abreu Fonseca C, Teixeira de Freitas VL, Calo Romero E, Spinosa C, Arroyo

Sanches MC, da Silva MV, et al. Polymerase chain reaction in comparison with



59.

60.

61.

62.

63.

125

serological tests for early diagnosis of human leptospirosis. Trop Med Int
Health. 2006;11(11):1699-707.

Smits HL, van der Hoorn MA, Goris MG, Gussenhoven GC, Yersin C, Sasaki DM,
et al. Simple latex agglutination assay for rapid serodiagnosis of human
leptospirosis. J Clin Microbiol. 2000;38(3):1272-5.

Liang H, Wang H, Zhang L, Gu H, Zhang G. Development of a novel
immunoperoxidase monolayer assay for detection of swine Hepatitis E virus
antibodies based on stable cell lines expressing the ORF3 protein. Acta Vet
Hung. 2014;62(2):243-56.

Taranova NA, Berlina AN, Zherdev AV, Dzantiev BB. 'Traffic light'
immunochromatographic test based on multicolor quantum dots for the
simultaneous detection of several antibiotics in milk. Biosens Bioelectron.
2015;63:255-61.

Wu X, Mao Q, Yao X, Chen P, Chen X, Shao J, et al. Development and
evaluation of a pseudovirus-luciferase assay for rapid and quantitative
detection of neutralizing antibodies against enterovirus 71. PLoS One.
2013;8(6):e64116.

Siu LK, Tsai YK, Lin JC, Chen TL, Fung CP, Chang FY. Development of a
Colloidal Gold-Based Immunochromatographic Strip for Rapid Detection of
Klebsiella pneumoniae Serotypes K1 and K2. J Clin  Microbiol.

2016;54(12):3018-21.



64.

65.

66.

67.

68.

69.

126

Khreich N, Lamourette P, Boutal H, Devilliers K, Creminon C, Volland H.
Detection of  Staphylococcus  enterotoxin B using  fluorescent
immunoliposomes as label for immunochromatographic testing. Anal
Biochem. 2008;377(2):182-8.

Ahn JS, Choi S, Jang SH, Chang HJ, Kim JH, Nahm KB, et al. Development of a
point-of-care assay system for high-sensitivity C-reactive protein in whole
blood. Clin Chim Acta. 2003;332(1-2):51-9.

Tao C, Zhang Q, Feng N, Shi D, Liu B. Development of a colloidal gold
immunochromatographic strip assay for simple and fast detection of human
alpha-lactalbumin in =~ genetically modified cow milk. J Dairy Sci.
2016;99(3):1773-9.

Tang Y, Xu X, Liu X, Huang X, Chen Y, Wang W, et al. Development of a
lateral flow immunoassay (LFA) strip for the rapid detection of 1-
aminohydantoin in meat samples. J Food Sci. 2011;76(6):T138-43.

Delmulle BS, De Saeger SM, Sibanda L, Barna-Vetro |, Van Peteghem CH.
Development of an immunoassay-based lateral flow dipstick for the rapid
detection of aflatoxin B1 in pig feed. J Agric Food Chem. 2005;53(9):3364-8.
Blazkova M, Mickova-Holubova B, Rauch P, Fukal L. Immunochromatographic
colloidal carbon-based assay for detection of methiocarb in surface water.

Biosens Bioelectron. 2009;25(4):753-8.



70.

71.

72.

73.

74.

75.

76.

127

Parolo C, de la Escosura-Muniz A, Merkoci A. Enhanced lateral flow
immunoassay using gold nanoparticles loaded with enzymes. Biosens
Bioelectron. 2013;40(1):412-6.

Goudarzi S, Ahmadi A, Farhadi M, Kamrava SK, Saghafi S, Omidfar K
Development of a new immunochromatographic assay using gold
nanoparticles for screening of IgA deficiency. Iran J Allergy Asthma Immunol.
2015;14(1):105-12.

Pattarawarapan M, Nangola S, Cressey TR, Tayapiwatana C. Development of a
one-step immunochromatographic strip test for the rapid detection of
nevirapine (NVP), a commonly used antiretroviral drug for the treatment of
HIV/AIDS. Talanta. 2007;71(1):462-70.

O’Farrell B. Lateral Flow Immunoassay. R.C. Wong HYT, editor. New York2009.
Bastus NG, Comenge J, Puntes V. Kinetically controlled seeded growth
synthesis of citrate-stabilized gold nanoparticles of up to 200 nm: size
focusing versus Ostwald ripening. Langmuir. 2011;27(17):11098-105.

Kumar P, Peter WA, Thomas S. Rapid detection of virulence-associated genes
in environmental strains of Vibrio cholerae by multiplex PCR. Curr Microbiol.
2010,60(3):199-202.

Yang S, Yang J, Zhang G, Wang X, Qiao S, Zhao D, et al. Development of an
immunochromatographic strip for the detection of antibodies against foot-

and-mouth disease virus serotype O. J Virol Methods. 2010;165(2):139-44.



7.

78.

79.

80.

81.

82.

128

Sumbayev WV, Yasinska IM, Garcia CP, Gilliland D, Lall GS, Gibbs BF, et al. Gold
nanoparticles downregulate interleukin-1beta-induced pro-inflammatory
responses. Small. 2013;9(3):472-7.

Li CZ, Vandenberg K, Prabhulkar S, Zhu X, Schneper L, Methee K, et al. Paper
based point-of-care testing disc for multiplex whole cell bacteria analysis.
Biosens Bioelectron. 2011;26(11):4342-8.

Mdluli P, Tetyana P, Sosibo N, van der Walt H, Mlambo M, Skepu A, et al.
Gold nanoparticle based Tuberculosis immunochromatographic assay: the
quantitative ESE Quanti analysis of the intensity of test and control lines.
Biosens Bioelectron. 2014;54:1-6.

Fang Z, Wu W, Lu X, Zeng L. Lateral flow biosensor for DNA extraction-free
detection of Salmonella based on aptamer mediated strand displacement
amplification. Biosens Bioelectron. 2014;56:192-7.

Yu CY, Ang GY, Chua AL, Tan EH, Lee SY, Falero-Diaz G, et al. Dry-reagent gold
nanoparticle-based lateral flow biosensor for the simultaneous detection of
Vibrio cholerae serogroups O1 and 0139. J Microbiol Methods. 2011;86(3):277-
82.

Nakayama T, Zhao J, Takeuchi D, Kerdsin A, Chiranairadul P, Areeratana P, et
al. Colloidal gold-based immunochromatographic strip test compromising

optimised combinations of anti-S. suis capsular polysaccharide polyclonal



83.

84.

85.

86.

87.

129

antibodies for detection of Streptococcus suis. Biosens Bioelectron.
2014;60:175-9.

Wu W, Zhao S, Mao Y, Fang Z, Lu X, Zeng L. A sensitive lateral flow biosensor
for Escherichia coli O157:H7 detection based on aptamer mediated strand
displacement amplification. Anal Chim Acta. 2015;861:62-8.

Liu H, Zhan F, Liu F, Zhu M, Zhou X, Xing D. Visual and sensitive detection of
viable pathogenic bacteria by sensing of RNA markers in gold nanoparticles
based paper platform. Biosens Bioelectron. 2014;62:38-46.

Oku Y, Kamiya K, Kamiya H, Shibahara Y, li T, Uesaka Y. Development of
oligonucleotide lateral-flow immunoassay for multi-parameter detection. J
Immunol Methods. 2001;258(1-2):73-84.

Moongkarndi P, Rodpai E, Kanarat S. Evaluation of an
immunochromatographic assay for rapid detection of Salmonella enterica
serovars Typhimurium and Enteritidis. J Vet Diagn Invest. 2011;23(4):797-801.
Laderman El, Whitworth E, Dumaual E, Jones M, Hudak A, Hogrefe W, et al.
Rapid, sensitive, and specific lateral-flow immunochromatographic point-of-
care device for detection of herpes simplex virus type 2-specific
immunosglobulin G antibodies in serum and whole blood. Clin Vaccine

Immunol. 2008;15(1):159-63.



88.

89.

90.

91.

92.

93.

130

S. C. Sehgal PV, A. P. Sugunan and T. Umapathi. Field application of Lepto
lateral flow for rapid diagnosis of leptospirosis. Journal of Medical
Microbiology. 2003;52, 897-901.

Vanithamani S, Shanmughapriya S, Narayanan R, Raja V, Kanagavel M,
Sivasankari K, et al. Lipopolysaccharide Specific Immunochromatography
Based Lateral Flow Assay for Serogroup Specific Diagnosis of Leptospirosis in
India. PLoS One. 2015;10(9):e0137130.

Widiyanti D, Koizumi N, Fukui T, Muslich LT, Segawa T, Villanueva SY, et al.
Development of immunochromatography-based methods for detection of
leptospiral lipopolysaccharide antigen in urine. Clin Vaccine Immunol.
2013;20(5):683-90.

Wasgenaar JF, Falke TH, Nam NV, Binh TQ, Smits HL, Cobelens FG, et al. Rapid
serological assays for leptospirosis are of limited value in southern Vietnam.
Ann Trop Med Parasitol. 2004;98(8):843-50.

Lizer J, Grahlmann M, Hapke H, Velineni S, Lin D, Kohn B. Evaluation of a rapid
IgM detection test for diagnosis of acute leptospirosis in dogs. Vet Rec.
2017;180(21):517.

Gloor Cl, Schweighauser A, Francey T, Rodriguez-Campos S, Vidondo B, Bigler
B, et al. Diagnostic value of two commercial chromatographic "patient-side"
tests in the diagnosis of acute canine leptospirosis. J Small Anim Pract.

2017;58(3):154-61.



94.

95.

96.

9r.

98.

99.

100.

131

Dahanayaka NJ, Warnasekara YP, Rajapakse RM, Ranathunga SY, Agampodi SB.
Validity of Lateral Flow Immunochromatographic-Assays (LFIA) in diagnosis of
leptospirosis. Ceylon Med J. 2017;62(4):248-49.

Luo M, Chen X, Zhou G, Xiang X, Chen L, Ji X, et al. Chemiluminescence
biosensors for DNA detection using graphene oxide and a horseradish
peroxidase-mimicking DNAzyme. Chem Commun (Camb). 2012;48(8):1126-8.
Nagatani N. Gold nanoparticle-based novel enhancement method for the
development of highly sensitive immunochromatographic test strips. Science
and Technology of Advanced Materials. 2006;7:270-5.

Choi DH, Lee SK, Oh YK, Bae BW, Lee SD, Kim S, et al. A dual gold
nanoparticle conjugate-based lateral flow assay (LFA) method for the analysis
of troponin |. Biosens Bioelectron. 2010;25(8):1999-2002.

Shen G, Zhang S, Hu X. Signal enhancement in a lateral flow immunoassay
based on dual gold nanoparticle conjugates. Clin Biochem. 2013;46(16-
17):1734-8.

Shyu RH, Shyu HF, Liu HW, Tang SS. Colloidal gold-based

immunochromatographic assay for detection of ricin. Toxicon. 2002;40(3):255-

Yang W, Li XB, Liu GW, Zhang BB, Zhang Y, Kong T, et al. A colloidal gold
probe-based silver enhancement immunochromatographic assay for the rapid

detection of abrin-a. Biosens Bioelectron. 2011;26(8):3710-3.



101.

102.

103.

104.

105.

106.

107.

132

Cho IH, Seo SM, Paek EH, Paek SH. Immunogold-silver staining-on-a-chip
biosensor based on cross-flow chromatography. J Chromatogr B Analyt
Technol Biomed Life Sci. 2010;878(2):271-7.

Qin Z, Chan, W. C. W.,, Boulware, D. R., Akkin, T., Butler, E. K., and Bischof, J. C.
Significantly Improved Analytical Sensitivity of Lateral Flow Immunoassays by
Using Thermal Constrast. Angew Chem Int Ed. 2012;51:4358 -61.

W. Maneeprakorn CA, and T Dharakul, A. Enhancing sensitivity in colorimetric
immunoassay by using secondary antibody-gold nanoparticle conjugate. 13th
IEEE International Conference on Nanotechnology (IEEE-NANO 2013). 2013.
Wada A, Sakoda Y, Oyamada T, Kida H. Development of a highly sensitive
immunochromatographic detection kit for H5 influenza virus hemagglutinin
using silver amplification. J Virol Methods. 2011;178(1-2):82-6.

Falero G, Rodriguez BL, Rodrigsuez |, Campos J, Ledon T, Valle E, et al
Production and characterization of monoclonal antibodies to E1 Tor toxin co-
regulated pilus of Vibrio cholerae. Hybrid Hybridomics. 2003;22(5):315-20.
Jennes L, Conn PM, Stumff WE. Synthesis and use of colloidal gold-coupled
receptor ligands. Methods Enzymol. 1986;124:36-47.

Kim 1G, Park SY, Kim KC. Development of a competitive enzyme linked
immuno sorbent assay to measure ceruloplasmin in gamma-irradiated rat

serum. Biochem Mol Biol Int. 1998;45(3):599-608.



108.

109.

110.

111.

112.

113.

114.

133

Hauk P, Macedo F, Romero EC, Vasconcellos SA, de Morais ZM, Barbosa AS, et
al. In LipL32, the major leptospiral lipoprotein, the C terminus is the primary
immunogenic domain and mediates interaction with collagen IV and plasma
fibronectin. Infect Immun. 2008;76(6):2642-50.

Baptista P, Pereira E, Eaton P, Doria G, Miranda A, Gomes I, et al. Gold
nanoparticles for the development of clinical diagnosis methods. Anal Bioanal
Chem. 2008;391(3):943-50.

Shi C, Zhao S, Zhang K, Hong G, Zhu Z. Preparation of colloidal gold
immunochromatography strip for detection of methamidophos residue. J
Environ Sci (China). 2008;20(11):1392-7.

El-Sayed IH, Huang X, El-Sayed MA. Surface plasmon resonance scattering and
absorption of anti-EGFR antibody conjugated gold nanoparticles in cancer
diagnostics: applications in oral cancer. Nano Lett. 2005;5(5):829-34.

Kumar S, Aaron J, Sokolov K. Directional conjugation of antibodies to
nanoparticles for synthesis of multiplexed optical contrast agents with both
delivery and targeting moieties. Nat Protoc. 2008;3(2):314-20.

Bohren CF, Nevitt TJ. Absorption by a sphere: a simple approximation. Appl
Opt. 1983;22(6):774-5.

Xu XHN, Huang, S., Brownlow, W., Salaita, K, and Jeffers, R. B. Size and

temperature dependence of surface plasmon absorption of gold



115.

116.

117.

118.

119.

120.

134

nanoparticles induced by tris(2,2'-bipyridine)ruthenium(ll). J Phys Chem.
2004;8108:15543-51.

Pissuwan D, Valenzuela SM, Miller CM, Cortie MB. A golden bullet? Selective
targeting of Toxoplasma gondii tachyzoites using antibody-functionalized gold
nanorods. Nano Lett. 2007;7(12):3808-12.

CAM D, and dkTEM, H. A. Optimizations needed for lateral flow assay for
rapid detection of pathogenic E. coli. Turkish Journal of Biology. 2017;41: 954-
968.

Pinne M, Haake DA. LipL32 Is a Subsurface Lipoprotein of Leptospira
interrogans: presentation of new data and reevaluation of previous studies.
PLoS One. 2013;8(1):e51025.

Chernukha YG, Shishkina ZS, Baryshev PM, Kokovin IL. The dynamics of IgM-
and IgG-antibodies in leptospiral infection in man. Zentralbl Bakteriol Orig A.
1976;236(2-3):336-43.

Silva MV, Camargo ED, Batista L, Vaz AJ, Brandao AP, Nakamura PM, et al.
Behaviour of specific IgM, 1eG and IgA class antibodies in human leptospirosis
during the acute phase of the disease and during convalescence. J Trop Med
Hyg. 1995;98(4):268-72.

Rojas P, Monahan AM, Schuller S, Miller IS, Markey BK, Nally JE. Detection and

quantification of leptospires in urine of dogs: a maintenance host for the



121.

122.

123.

124,

125.

135

zoonotic  disease leptospirosis.  Eur J  Clin Microbiol Infect Dis.
2010;29(10):1305-9.

Barragan V, Nieto N, Keim P, Pearson T. Meta-analysis to estimate the load of
Leptospira excreted in urine: beyond rats as important sources of
transmission in low-income rural communities. BMC Res Notes. 2017;10(1):71.
Rodriguez MO, Covian LB, Garcia AC, Blanco-Lopez MC. Silver and gold

enhancement methods for lateral flow immunoassays. Talanta. 2016;148:272-

Anfossi L, Di Nardo F, Giovannoli C, Passini C, Baggiani C. Increased sensitivity
of lateral flow immunoassay for ochratoxin A through silver enhancement.
Anal Bioanal Chem. 2013;405(30):9859-67.

Tanaka R, Yuhi T, Nagatani N, Endo T, Kerman K, Takamura Y, et al. A novel
enhancement assay for immunochromatographic test strips using gold
nanoparticles. Anal Bioanal Chem. 2006;385(8):1414-20.

Maiolini E, Ferri E, Pitasi AL, Montoya A, Di Giovanni M, Errani E, et al.
Bisphenol A determination in baby bottles by chemiluminescence enzyme-
linked immunosorbent assay, lateral flow immunoassay and liquid

chromatography tandem mass spectrometry. Analyst. 2014;139(1):318-24.



APPENDICES



137

APPENDIX A

BUFFER AND REAGENTS

Reagents for EMJH media

1. Albumin fatty acid supplement stock solution

CaCl, + MgCl, -6H,0 0.076 ¢
ZnSOq - TH,0 004 ¢
CuSOq - H,O 003 g
Vitamin B12 0.002 ¢
Tween 80 1 g
Glycerol 1 g

All reagents are stored at -20°C until use. Dissolve each reagent
separately in 10 mL of distilled water.

2. Albumin fatty acid supplement solution, ready to use (50 ml)

BSA 5 g
CaCl, + MgCl, - 6H,0 750  pL
ZnSQ, - TH,O 500 pL
CuSQq - 5H,0 50 pL
FeSOq 0.025 ¢

Sodium pyruvate 002 g
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Vitamin B12 500 VIR
Tween 80 6.25 mL
Glycerol stock 500 pL

Dissolve in distilled water and adjust pH 7.4-7.6 with concentrated
HCL. Adjust volume with distilled water to make 50 mL. Sterilize the solution
by filtration. Store at -20°C
3. Basal media (90 mL)
Bacto Leptospira Media Base EMJH dehydrated 023 g
Dissolve in distilled water and adjust volume to 90 mL. Sterilize the
solution by autoclaving at 121°C for 15 minutes.
4. EMJH media
Base media 90 mL
Albumin fatty acid supplement solution 10 mL

Mix the solution and store at 4°C



Reagents for hybridoma cell culture

1. Complete RPMI 1640 (100 mL)

RPMI 1640 87
Fetal bovine serum (FBS) 10
Penicillin G/ Streptomycin 100 U/mL 1
Sodium pyruvate 1
Glucose 1

Mix the solution and store at 4 °C before use.

2. Freezing media (100 mL)

RPMI 1640 67

FBS 20
Penicillin G/ Streptomycin 100 U/mL 1
Sodium pyruvate 1
Glucose 1
DMSO 1

Mix the solution and store at 4 °C before use.

3. Fetal bovine serum (FBS) inactivation

water bath.

Before using FBS, FBS must be inactivated at 56 °C for 30 min using

mL
mL
mL
mL

mL

mL
mL
mL
mL
mL

mL
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Reagents for bacterial cell culture

1. LB medium (1 Liter)

Bacto-Tryptone 10 g
Yeast Extracted 5 g
NaCl 5 g

Dissolve in distilled water and adjust volume to 1 liter. Sterilize the
solution by autoclaving at 121°C for 15 minutes.
2. Ampicillin (100 mg/mL)

Ampicillin 1 g

Double distilled water 10 mL

Mix the solution and filter through 0.2 um syringe filter. Store at — 20

°C until use.
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Reagents for SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

1.1 M Tris-HCl pH 8.8
Tris base 1211 ¢
Dissolve in distilled water and adjust pH to 8.8 with concentrated HCL.
Adjust volume with distilled water to make 100 mL. Sterilize the solution by
autoclaving at 121°C for 15 minutes.
2. 0.5 M Tris-HCl pH 6.8
Tris base 6.055 ¢
Dissolve in distilled water and adjust pH to 6.8 with concentrated HCL.
Adjust volume with distilled water to make 100 mL. Sterilize the solution by
autoclaving at 121°C for 15 minutes.
3. 4X Tris HCl/SDS pH 8.8 (100 mL)
Tris base 18.21 ¢
SDS 0.4 g
Dissolve in distilled water and adjust pH to 8.8 with concentrated HCL.

Store at 4°C
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4. Running Buffer (1 liter)

Tris base 151 ¢
Glycine 72 g
SDS 50 g

Dissolve in distilled water and adjust volume to 1,000 ml. Store at
room temperature.

5. 6x SDS sample buffer with DTT (10 mL)

ax tris HCl/SDS pH 8.8 7 mL
Glycerol 3 mL
SDS 1 g
DTT 093 ¢
Bromophenol Blue 1.2 mg

Dissolve the solution and adjust volume to 10 mlL. Store at room
temperature.
6. 10% Ammonium persulfate (APS)
APS 1 g
Distilled water 10 mL

Mix the solution and store at -20°C
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7. 10% Sodium lauryl sarcosine (SDS)
Sodium lauryl sarcosine 1 g
Distilled water 10 mL
Mix the solution and store at room temperature.
8. 30% Acrylamide/ 0.8% Bisacrylamide (100 mL)
Acrylamide 30 g
Bisacrylamide 0.8 g
Dissolve the solution in distilled water and adjust volume to 100 ml.

Sterilize the solution by filtration. Store in the dark at room temperature.



9. 15% SDS-PAGE
Separating gel (15 mL)
Acrylamide/ bis
1 M Tris-HCl pH 8.8
10% SDS
10% APS
TEMED
Distilled water
Stacking gel (5 mL)
Acrylamide/ Bis
0.5 M Tris-HCl pH 6.8
10% SDS
10% APS
TEMED
Distilled water
10. Coomassie Blue R-250 Staining Solution Stock
Coomassie brilliant blue R-250
Methanol

Acetic acid

6.0

3.75

0.15

75

7.5

2.7

0.67

0.5

40

40

4.0

2.7

25

mL

mL

mL

pL

pL

mL

mL

mL

pL

pL

pL

mL

mL

mL
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Mix the solution and stirrer for 2 hours at room temperature. Store at

room temperature before use.
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11. Coomassie Blue R-250 Staining Solution (Working Solution)

Coomassie blue stock 3 mL
Methanol 50 mL
Distilled water 40 mL
Acetic acid 10 mL

Mix the solution and store at room temperature before use.

12. De-stain Solution (2 liters)

Methanol 1000 mL
Acetic acid 200 mL
Distilled water 800 mL

Mix the solution and store at room temperature before use.
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Reagents for Western blot

1. TBS (1 liter)
1 M Tris-base pH 7.5 20 mL
NaCl 29.22 g
Dissolve in distilled water and adjust volume to 1 liter. Sterile the
solution by autoclaving at 121 °C for 15 minutes.
2. TBS-0.1% (v/v) Tween 20 (500 mL)
TBS 500 mL
Tween-20 500 ML
Mix the solution and store at room temperature.

3. Blotting buffer (1 liter)

Tris base 242 g
Glycine 11.24 ¢
Distilled water 800 mL

Dissolve in distilled water and add 200 mL methanol. Store at room

temperature.
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4. Alkaline phosphate buffer (1 liter)

1 M Tris base pH 9.5 50 mL
NaCl 2922 ¢
2 M MgCl, 625 UL

Dissolve in distilled water and adjust volume to 1 liter. Sterile the

solution by autoclaving at 121 °C for 15 minutes.
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Reagents for protein purification

1. 1x Phosphate buffer saline (PBS) pH 7.4

Na,HPO, 488 g
NaH,PO4°H,0 154 g
NaCl 304 ¢

Dissolve in Milli Q water and adjust pH to 7.4 with HCl (conc.). Adjust
volume with Milli Q water to make 10 liters volume.
2. 10 mM Immidazole binding buffer (50 mL)
10x Phosphate buffer stock solution pH 7.4 5 mL
1 M Immidazole stock solution pH 7.4 0.5 mL
Dissolve in distilled water and adjust pH to 7.4 with HCl (conc.). Adjust
volume with distilled water to make 500 mL volume.
3. 400 mM Immidazole elution buffer (100 mL)
10x Phosphate buffer stock solution pH 7.4 10 mL
1 M Immidazole stock solution pH 7.4 25 mL
Dissolve in distilled water and adjust pH to 7.4 with HCl (conc.). Adjust
volume with distilled water to make 100 mL volume.
4. 20% Ethanol (Metal-Affinity Chromatography)
Absolute Ethanol 100 mL

Adjust volume to 500 mL with distilled water.
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Reagents for antibody purification

1. Washing Buffer, 1X Phosphate buffer saline (PBS) pH 7.4

Na,HPO, 488 g
NaH,PO4°H,0 154 g
NaCl 304 ¢

Dissolve in Milli Q water and adjust pH to 7.4 with HCl (conc.). Adjust
volume with Milli Q water to make 10 liters volume.
2. Elution Buffer, 0.1 M glycine pH 2.7 (500 mL)
glycine 375 g
Dissolve in distilled water and adjust pH to 2.7 with HCl (conc.). Adjust
volume with distilled water to make 500 mL volume.
3. Neutralizing Buffer, 1 M Tris-HCl pH 9.0 (100 mL)
Tris base 12.11 mL
Dissolve in distilled water and adjust pH to 9.0 with HCl (conc.). Adjust
volume with distilled water to make 100 mL volume.
4. 1X PBS pH 7.4 (containing 0.05% sodium azide)
Sodium azide 0.05 g

Dissolve in 1X PBS pH 7.4 and adjust volume with 1X PBS to 100 mL.



Reagents for ELISA

1. Coating Buffer
NaHCO; 7.13

Na,COs 1.59

S

S
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Dissolve in distilled water to 1000 mL and adjust pH to 9.5 with 10N

NaOH. Store at room temperature.
2. Blocking Buffer

1X PBS 100

Tween 20 50
Mix the solution and store at 4 °C before use.

3. Washing Buffer
1X PBS 100

Tween 20 100

Mix the solution and store at room temperature.

4. Stop Reaction Solution

0.5 M H,S0, 2.67

Distilled water 97.33

Mix the solution and store at room temperature.

mL

1L

mL

L

mL

mL
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5. 3,3’,5,5’-tetramethylbenzidine (TMB) Substrate
Reagent A 5 mL
Reagent B 5 mL

Mix the solution and store at room temperature.

Antibody biotinylation

1. 10 mM NHS-SS-Biotin
NHS-SS-Biotin 5 mg
DMSO 1 mL
Mix the solution and store at room temperature.
2. 1x PBS, pH 7.4 (100 mL)
Na,HPOq4 142 ¢
NaCl 0.876 ¢
Dissolve in distilled water to 100 mL and adjust pH to 7.4 with HCL

Store at room temperature.
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Preparation of rLipL32 coupled on NHS-activated Sepharose column

1. Buffer A, pH 8.3 (100 mL)
Ethanolamine 3.054 ¢
NaCl 292 g
Dissolve in distilled water to 100 mL and adjust pH to 8.3 with NaOH.
Store at room temperature until use.
2. Buffer B, pH 4.0 (100 mL)
Sodium acetate 082 ¢
NaCl 292 ¢
Dissolve in distilled water to 100 mL and adjust pH to 4.0 with NaOH.
Store at room temperature until use.
3. Column storage buffer, pH 7.4 (100 mL)
Na,HPO, 071 g
NaNs 1 g
Dissolve in distilled water to 100 mL and adjust pH to 7.4 with NaOH.

Store at room temperature until use.
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APPENDIX B

SUPPLEMENTARY DATA

Supplementary data 1. The 40-nm AuNP-based LFA strips for detection of
leptospiral antigen becoming positive after pretreating serum specimens with
Tween20. Ten microliters of acute phase sera from known cases of leptospirosis
(n=50) pretreated with 90 HL of Tween 20 at a final concentration of 4.5% was
applied onto the sample pad. The bands were observed by visualization within 15

minutes.
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no. 1 no. 2 (+) no. 3 (+) no. 4 (+) no. 5

no. 6 no. 7 no. 8 no. 9 (+) no. 10 (+)

no. 11 no. 12\\~ O no.:fé—{/ no. 14 no. 15 (+)

no. 16 (+) . - ~ no. ‘ h no. 19 (+) no. 20 (+)

no. 21 no. 22 no. 23 no. 24 no. 25
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no. 31 no. 32 no. 33 no. 34 no. 35

no. 46 no. 47 no. 48 no. 49 no. 50 (+)
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