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ABSTRACT

In recent years extensive numbers of moleculamdisiic methods have been developed to meet
the need of point-of-care devices. Efforts havenbeade towards producing rapid, simple and
inexpensive DNA tests, especially in the diagnadfiield. We report on the development of a
label-based lateral flow dipstick for the rapid amahple detection of multiplex loop-mediated
isothermal amplification (m-LAMP) amplicons. A lddgased m-LAMP lateral flow dipstick
assay was developed for the simultaneous deteatitanget DNA template and a LAMP

internal control. This biosensor operates throutdbal based system, in which probe-
hybridization and the additional incubation step @liminated. We demonstrated this m-LAMP
assay by detecting pathogehmptospira, which causes the re-emerging disease Leptospirosi
The lateral flow dipstick was developed to detddheee targets, the LAMP target amplicon, the
LAMP internal control amplicon and a chromatograpbwtrol. Three lines appeared on the
dipstick, indicating positive results for all repemtative pathogenloeptospira species, whereas
two lines appeared, indicating negative resultspther bacterial species. The specificity of this
biosensor assay was 100% when it was tested witer@sentative pathogenieptospira
species, 2 intermediatesptospira species, 1 non-pathogetieptospira species and 28 other
bacteria species. This study found that this DN#sbnsor was able to detect DNA at
concentrations as low as 3.95 x'lgenomic equivalent il An integrated m-LAMP and label-
based lateral flow dipstick was successfully depeth promising simple and rapid visual
detection in clinical diagnostics and serving g®iat-of-care device.

(keywords: Label-based multiplex loop-mediated isdtermal amplification; Lateral flow

dipstick; PathogenicL eptospira; Point-of-care)



1. Introduction

The existence of numerous nucleic acid analytmahniques has generated a significant
increase in their application in many fields, esa@igcin clinical diagnostics. Molecular
technology has become a crucial tool for identifyamd amplifying genes, to manage the
diagnosis, prevention and control of diseasesvindibeings. Polymerase chain reaction (PCR)
is considered to be a robust nucleic acid amptificetechnique in molecular analysis
platforms. Conventional PCR has been modified anekldped into various versions such as
multiplex PCR, nested PCR, real-time PCR, quantgd®?CR, immunocapture PCR and others.
However, its limitations such as long processinggtithe need for thermocycling equipment
and the requirement for expertise to handle theqaore, have spurred the researchers to
develop other superior DNA amplification techniques

To date, various isothermal amplification methaigh as transcription-mediated
amplification, nucleic acid sequence-based amglifon, signal-mediated amplification and
strand displacement amplification have been deegldpr use in molecular analyses [1]. In
particular, Loop-mediated isothermal amplificati@AMP) has been widely applied in
molecular diagnostics because it promises of hagisiivity, specificity and speed [2]. Several
studies have demonstrated the detection of vapatlsogens by using the LAMP method [3-6].
The detection of LAMP amplicons has become a n@pacern because simplifying diagnostic
tools is a major concern. Various LAMP detectiortimes such as turbidimeters [7],
fluorescent agents [8-10], colorimetric agents 1Bl lateral flow dipsticks [14-18] and lab-on-
a-chip devices [19] have been developed. In pdaticlateral flow dipsticks have been

employed to achieve point-of-care diagnostics. €ntly, rapid, reliable and affordable point-



of-care tests are needed especially by peoplevielolging countries that do not have access to
laboratory services. Here we report on a label-thésteral flow dipstick for the detection of
multiplex LAMP (m-LAMP) amplicons. In this study,ereliminate the use of label-probe for
this biosensor, thus there is no incubation stey o lateral flow dipstick detection.

We demonstrate the simplicity and feasibility asthiosensor by detecting theplL 32
gene of pathogeniceptospira which, causes leptospirosis. Leptospirosis is@merging
disease with clinical features similar to thosa eé&nge of other infectious diseases, including
scrub thypus, dengue and malaria [20] . The prevaMailable laboratory diagnostic methods
include microscopic demonstration, antigen detectoltivation, antibody detection and DNA
detection [21]. However, these methods do not geaxmearly definitive diagnosis, lack
sensitivity and are quite laborious, requiring ygékilled personnel to perform the test. Many
previous studies have applied LAMP for the detectbleptospirosis [10, 22-24]. In this study,
we developed a m-LAMP assay to detiegptospira that uses a LAMP internal control.
Amplification of the internal control is importatd rule-out false-negative results in the
amplification assay [25]. Thus we applied an in&control to this integrated m-LAMP and

label-based lateral flow dipstick.

2.  Experimental Section

2.1. Reagents and apparatus

Anti-mouse polystyrene particles, anti-digoxigeooated polystyrene particles and streptavidin

polystyrene particles were purchased from Sphendtex (IL, USA). Colloidal gold solution



(40 nm) was from Heron Diagnostics (Pathumthanail@ind). All reagents used in this study
were analytical reagent grade and all solutioneweepared by using ultrapure water (> 18
MQ) from Millipore Milli- Q water purification system (Billerica, USA). FUSIGNMhembranes
were from Whatman (Kent, UK), absorbent pads weymfa Millipore (MA, USA), and plastic
adhesive backing cards were from G&L Precision &iging (Amstelveen, The Netherlands).
LAMP primers were synthesized by Integrated DNARredogies (Science Park RD,
Singapore). LAMP reagents, including anhydrousibhetand magnesium sulphate
heptahydrate were obtained from Sigma-Aldrich (8teim, Germany), WarmStart 283t

DNA polymerase was from New England Biolabs (IpswiglA), and the dNTP mixture was

obtained from Thermofisher Scientific (MA, USA).

2.2. Leptospira species and control bacterial strains

Leptospira species were obtained from Institute for Medicas&arch (IMR) and Universiti

Putra Malaysia (UPM) and were cultured in EMJH raeathd incubated at 30°C for one week.
Other bacterial species were cultured on LB agarroght at 37°C. Genomic DNA of cultured
Leptospira and other bacteria was extracted using NucleoSpis®ue from Machenery-Nagel
(Duren, Germany), according to the manufactur@ssructions. Genomic DNA was diluted to
20 ng/pl using sterile ultrapure water. The gensine ofLeptospira interrogans (4.659 MB)

was used to calculate the number of genome equitgaile the assay. Concentration of diluted

genomic DNA (20 ng/pl) was equivalent to approxiehaB.95 x 18 genome equivalents rhl

2.3. Design of LAMP assay primers



Primers for pathogeniceptospira and the LAMP internal control were designed bygsi
conserved genes of the pathogenic strains. A satrokrs was designed by using Primer
Explorer V4 software (Eiken Chemical Co., Tokygqaa) based on the nucleotide sequence of
theLipL32 gene ofLeptospira interrogans serovar Hebdomadis (GenBank accession no.
AY609328.1). A set of 5 primers including a forwander primer (FIP), a backward inner
primer (BIP), a forward outer primer (F3), a backavauter primer (B3) and a loop primer (LB
for pathogenid.eptospira and LF for the LAMP internal control) were seletter each of the
two genes. All primers were evaluated for theirc#foety by conducting a BLAST search with
sequences in GenBank before use in LAMP assayssddueences of all primers used for

amplification of theLipL32 gene region and LAMP internal control are showiable 1

2.4. M-LAMP assay

M-LAMP assay was carried out in a total of 50 Ldatton mixture containing 1X Isothermal
Amplification Buffer, 0.8 M betaine, 6 mM MgS(0.6 mM dNTP mix, 8 U oBst 2.0
WarmStart DNA polymerase, target and internal adngrimer mixtures (5 uM forward and
reverse outer primer, 40 uM forward and reverseripnimer and 20 uM loop primer), target
genomic DNA template and internal control plasniide optimization was performed using
genomic DNA extracted frorbeptospira interrogans serovamHebdomadis. The reaction

mixture was incubated at 63°C for 1 hour, follovigdtermination step at 80°C for 10 min.
Amplified products were analysed using 2% agar@de gpntaining RedSafe staining solution,

followed by DNA visualization using a UV transillunator.



2.5. Construction of the lateral flow dipstick

2.5.1. Functionalization of gold nanoparticles

Conjugation of colloidal gold nanoparticles and s®anti-fluorescein antibody was performed
as described by Ang, Yu and Yean [26]. Brieflyptat of 10 ml of 40 nm colloidal gold
nanoparticles were adjusted to pH 8.0. Then, 2afiegti-FITC antibody from Pierce was
added followed by gentle shaking at room tempeesfiur 1 hour. Bovine serum albumin

(BSA) from Amresco (Solon, USA) with concentratib¥ (w/v) was added and allowed to

mix for another 1 hour. Colloidal gold-anti-FITCtdrody conjugate was centrifuged at 10, 000
g for 30 min at 4 °C. Finally, the pellet was susgethin 10 mM phosphate buffer (PB)

containing 1% (w/v) BSA and 0.05% (w/v) sodium a&zid

2.5.2. Preparation of the lateral flow dipstick

The lateral flow dipstick was designed to detentéhtargets: a chromatography control, a
LAMP internal control template, and the target Di#plate. Construction of this biosensor
was based on Chua, Yean, Ravichandran, Lim anthbd27]. Two compartments, including a
reaction pad and an absorbent pad were assembiedrtohe dipstick by using FUSION 5
membrane and a cellulose fibre sample pad, respéctiThe reaction pad was fixed on the
backing card, and the absorbent pad was assemblie dacking card by overlaying the
reaction pad by 2 mm. Capture reagents, which dechnti-mouse polystyrene particles, anti-

digoxigenin coated polystyrene particles and s&dgdtn polystyrene particles were affixed on



the first line as the chromatography control lithes second line as the LAMP internal control
line and the third line as the target test linspestively at a rate of 0.4 pl/cm. The membrane
was dried in dry cabinet for at least 2 hours proouse. The dipsticks were generally cut into 5-
mm strips using a Matrix 2360 Programmable Sheargikatic Automation, Twain Harte,

Calif.). The dipsticks were stored in a dry cabin@mnediately for future use.

2.5.3. Lateral flow dipstick assay

LAMP-buffer mixture was prepared by mixing LAMP alicpn and running buffer [10 mM
PBS (pH 7.4), 1.0 %(v/v) Tween-20], and appliedionlateral flow dipstick. Then, the lateral
flow dipstick was immersed into 20 ul of buffer|lfaved by 20 pl of gold nanoparticles coated
with mouse anti-FITC antibody (Qsof 4), the lateral flow dipstick was then placetbin
contact with another 100 pl of running buffer. LAMBplicon detection was indicated by the

presence of red lines on the reaction pad.

2.6. Senditivity of m-LAMP by gel electrophoresis and lateral flow dipstick

The limit of detection of the m-LAMP assay was det@ed by conducting a 10-fold serial
dilutions of pathogeniteptospira DNA copies. The amplified DNA was detected by 2%
agarose gel electrophoresis with RedSafe stairdhgisn and by lateral flow dipstick. The

sensitivity test was compared with multiplex PCR.



2.7. Multiplex PCRfor sensitivity comparison

Multiplex PCR was conducted to compare the serisitof the developed m-LAMP assay. A
total volume of 20 pl reaction mixture containing Buffer, 2.5 mM MgC}, 0.16 mM dNTPs

mix, 1 uM of each forward and reverse outer prinfierdoth target eptospira and internal
control, and 0.75 U ofaq DNA polymerase. PCR was performed in a thermalecyfor 30
cycles. Each cycle consisted of initial denaturastep at 95 °C for 3 min, followed by
denaturation at 94 °C for 30 s, annealing 58 °Q3fbs, and extension at 72 °C for 1 min,
followed by an extra annealing step of 58 °C fors3ihd a final extension step at 72 °C for 5
min. The amplification products were analyzed udirt§% agarose gel electrophoresis, stained

with RedSafe, and visualized under UV illumination.

2.8. Specificity of mLAMP by gel electrophoresis and lateral flow dipstick

The specificity of the LAMP primers was evaluatesihg extracted genomic DNA from 13

other pathogeniteptospira serovars, 2 intermediateptospira species, 1 nonpathogenic

Leptospira species, and 27 other bacterial species. Inteordlol plasmid DNA (200 pg/ul)

was used as the LAMP internal control. The m-LAMBducts were analysed by using 2%

agarose gel electrophoresis and the lateral fl@stubk.

3. Result and discussions

3.1. Design of m-LAMP primers



Primers in the m-LAMP were designed to targetsh@genicLeptospira and the LAMP

internal control. The primers were designed baselighly conserved regions for both targets.
Primers targetingtipL32 gene was selected because it is claimed to béyhighserved region
among pathogeniceptospira species [28]. The primer sets were screened fargpecificity

by conducting BLAST searches, and the results stdhet the primers were highly specific to
their targets. The primer sets were also checkeséif-dimerization and hetero-dimer
formation by using OligoAnalyzer. Optimization @op primer was done and result showed
that the inclusion of loop primer for both targatxelerates the LAMP assay (data not shown).
In addition, optimization of this multiplex assdyosved that there is no primers’ cross-
reactivity. There were no amplified products whiea internal control plasmid was inserted

into a LAMP assay that contained a single setmgfetiapathogeniteptospira primers Fig. 1,

lane 2). Pathogeniceptospira DNA template was also not amplified when it waseirted into

a LAMP assay that contained a single set of interoiatrol primersig. 1, lane 4). A
comparison of species-specific ladder-like pattemns-LAMP products is shown iRig. 1

(lanes 5 to 7). Primers used in this m-LAMP assayewabelled with a biotin tag at the 5’ end
of the backward loop primer for pathogeheptospira, and a digoxigenin tag at the 5’ end of
the forward loop primer of the LAMP internal coritrA fluorescein tag was used to label at the
5’ end of the backward inner primer and the forwiarter primer of pathogenioeptospira and

the LAMP internal control, respectively. This ischese a backward loop primer for pathogenic
Leptospira and a forward loop primer for the LAMP internahtml| were used in this multiplex

assay.
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3.2. M-LAMP reaction conditions

Genomic DNA ofLeptospira interrogans serovar Hebdomadis was used for the assay
optimization. Optimization of the m-LAMP assay wasformed for the concentration of each
reagents, incubation time and incubation tempegafline optimal m-LAMP assay conditions
showed the clearest characteristic ladder-likeepattharacteristic on 2% agarose gel
electrophoresis. The results showed that the optimiaAMP assay was obtained with 0.8 M
betaine, 6 mM MgS@and 0.6 mM dNTP mix (data shown in Supplementatga) The

optimal ratio of outer to inner primer was found®1:8, because the amplicons showed the
clearest characteristic ladder-like pattern. Tlaetien mixture was incubated separately at 60
°C, 63 °C and 65 °C, for 60 min and subsequentipitgated at 80 °C for 10 min. Based on the
result, at 63C, the m-LAMP amplicons showed the clearest pattéata shown in
Supplementary data) and thus°@was considered to be optimal temperature forntHeAMP
assay. The reaction mixtures were also incubatearately for 15 min, 30 min, 45 min, or 60
min. The m-LAMP amplicons could be observed asye#s130 min. However, 60 min was
selected as the optimal incubation time becausartiicons showed the strongest signals.
Moreover, 60 min was reported as the optimal intobdaime to ensure the detection of target

template at lower concentration.

3.3. Detection of LAMP amplicons

11



The schematic illustration iRig. 2 shows the principle of the DNA biosensor. Eack lin
captures its specific recognition of the hapterlalon the LAMP amplicons. The amplicons
from pathogenideptospira were biotin- and fluorescein-labelled, as derifredh hapten-
labelled primers, which are a fluorescein-labebadkward inner primer and a biotin-labelled
backward loop primer. The amplicons from the LAMiRinal control were digoxigenin- and
fluorescein-labelled, as generated from a fluonesiabdelled forward inner primer and a biotin-
labelled forward loop primer. The biotin/fluorestdabelled target amplicons are captured by
the streptavidin affixed on the first line, knowsthe test line. The LAMP internal control
amplicons, which are digoxigenin/fluorescein-labéllare captured by the anti-digoxigenin
antibody affixed on the second line, the LAMP intdrcontrol line. The anti-fluorescein
antibodies conjugated with gold nanoparticles apwed by fluorescein-labelled amplicons.
Interpretation of a positive result is based onptesence of three red lines on the reaction pad.
However, the appearance of a red line on the LAME&rnal control line is not necessary for

the interpretation of a positive biosensor resihis is due to inhibitory effects caused by the
presence of very large amounts of target DNA tetepldowever, a red line must appear on the
LAMP internal control line to validate a true negatresult. The role of the third line, which is
known as the chromatography control line, is t@asshe functionality of each individual test
strip. In all test results, a red line must appeathe chromatography control line, which proves
that the chromatography flow is working well. Exgesti-fluorescein antibodies conjugated
with gold nanoparticles are captured on that Wagich is affixed with goat anti-mouse

polystyrene particles and validates the workingditoan of the biosensor.

3.4. Construction of the lateral flow dipstick

12



An adequate amount of gold conjugates availabléifading to the labelled amplicons
produces a biosensor with good performance, becaindkiences the intensity of the lines.
However, excess gold conjugate is not an optimadlitmn for a biosensor because it may
prolong the assay time due to extended releasettirnagh the pad [26]. In this study, the
amount of gold conjugate was selected at ag,©d 4 for the optimal signal intensity. LAMP
amplicons mixed with running buffer that was suppated with different concentrations of
Tween-20 were tested. Tween-20 is commonly uséatenal flow dipsticks because this
additive promotes the release of gold conjugatésaanids nonspecific lines on the reaction
pad [29, 30]. It was found that increasing the Tav26 concentration increased the intensity of

the red line, thus 1.0% Tween-20 is the optimakeatration to be used in running buffer.

3.5. Specificity of the m-LAMP assay by using gel electrophoresis and the lateral flow dipstick

A specificity test was conducted using extractegogec DNA from pathogeniteptospira
serovars, intermediateeptospira species, nonpathogerieptospira species, and other
bacterial species. The dataTiable 2 reveal that no cross-reactions were obtained LoAlHP-

gel electrophoresis.

3.6. Senditivity of m-LAMP assay by lateral flow dipstick detection

The detection of pathogenieptospira by m-LAMP-lateral flow dipstick reached a limit e

3.95 x 10" genomic equivalent per reactidfig. 3 (A)]. The gene, Lipl32, detected in this

13



study is located as a single copy on chromosonfie | iaterrogans [31]. Hence the limit of
detection is equal to 3.95 x 1@ell. This result was compared with 2% agaroseagalysis

[Fig. 3 (B)]. It was observed that clear visible red linesevelbserved for both the test line and
the LAMP internal control line. Agarose gel elegihoresis results showed limit detection at
3.95 x 18 genomic equivalents per reaction. Based on thdtrieem multiplex PCR, it showed
the limit of detection at 3.95 x 1@enomic equivalents per reactidfid. 3 (C)]. This result
suggests that the developed biosensor can prawedgeinsitivity better than agarose gel
detection and PCR method. In addition, it is algpliaable on the real sample diagnosis
because it reached the estimated densibeptospira in blood sample, which is 8.0 x10 3.9

x 10" leptospires/ml in blood [32].

4. Conclusions

The developed label-based lateral flow dipsticksbitsor avoids the use of labelled capturing
probes, allowing the probe design step to be elieith The detection of LAMP amplicons
through probe-amplicon hybridization may cause peosic detection if the probe is not
properly designed. Thus, we simplified the detecpatform by introducing this label-based
lateral flow dipstick biosensor. Specificity of ttest platform can be achieved through
appropriate design of the LAMP primer sets. Moreptlee end-user can skip the incubation
step prior to detection, which reduces the detediime. Although the cost of the detection
assay is slightly higher than that of PCR-gel etgattioresis, this detection platform promises to
be a highly sensitive, specific, safe and rapi@den system. In addition, this user-friendly

biosensor eliminates the need for skilled persoandlusers can obtain the rapid visual test

14



results in minutes. Due to these advantages, tHig\MP-lateral flow dipstick biosensor could

be applicable for use in point-of-care settings.
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Table 1.0ligonucleotide sequence of primers for m-LAMP gssa

Target Oligonucleotide Sequence (523)) Le?r%tgr)
Pathogenic F3 GTAAGCGACGCTTTCAAAG 19
Leptospira FIP CCGACATTCTTTCTACACGGATC 50

GAATTCCCCCAGAAGAAAAATC
AATGC
B3 TGTCTCTCTTCTTTATAAGTATCG 24
BIP 6-FAM- 45
TTATGCCTGACCAAATCGCCGAA
TTCTCACCATCATCATCATCGT
LB Bio- 21
CTGCGAAAGCAAAACCAGTTC
LAMP F3 TCAGCGACAATCGTTCAACT 20
internal FIP 6-FAM- 47
control CGACCTGTAAGTTCAGCACGGTT
TTTTTCAATGGCAAAAAAGCCCA
C
B3 TCAAGCTGTTCAACGGGAAT 20
BIP GTGCGCGGGTCGAAACTTATGAG 48
AATTCAATTGCGGATCAGGCTTT
GT
LF DigN- 25

CCAAGAAAATTGCTTAAACGCA
GTG

6-FAM, carboxyfluorescein; Bio, biotin; DigN, digmenin
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Table 2. Analytical specificity results of detection of m-MP on lateral flow dipstick

Bacterial strains

M-LAMP

Gel
electrophoresis
detection

Lateral flow
dipstick detection

PathogenicL eptospira serovar
Canicola

Pomona

Australis

Bataviae
Icterohaemorrhagiae RGA
Hebdomadis

Celledoni

Ballum

Autumnalis

Pyrogenes

Tarassovi

Copenhageni

Javanica

Intermediate Leptospira species

Leptospira liceraise serovar
Varillal

Leptospira fainei serovar
Hurtsbridge

NonpathogenicLeptospira species
Leptospira biflexa serovar Patoc

Other bacteria species
Bacillus subtilis
Enterococcus faecium
Enterococcus faecalis
Enterococcus gallinarum
Listeria monocytes
Staphylococcus aureus
Saphylococcus epidermis
Group AStreptococcus
Group BSreptococcus
Group FStreptococcus
Group GStreptococcus
Vibrio cholera

Vibrio cincinnatiensis
Vibrio fluvialis

+++ 4+ 4+ 4+ 4+ 4+

+ 4+ +++ A+ ++ A+ + o+

20



Vibrio mimicus

Vibrio parahaemolyticus

Vibrio vulnificus

Salmonella Typhi

Shigella flexneri

Enteroinvasivdescherichia coli

Enterohaemorrhagiéscherichia
coli

Enteropathigeni&scherichia coli

Enterotoxigenidscherichia coli

Yersenia enterocolitica

Klebsiella pneumonia

Aeromonas hydrophila

Actinobacter baumanii

+, Positive result; -, Negative result

21
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Fig. 1Primer cross-reactivity assesment and comparitspexies-specific ladder patterns of
multiplex LAMP products. M, 100 bp PLUS DNA laddét; Blank; A, LAMP assay
with single set of target pathogetieptospira primers; B, LAMP assay with a single set
of internal control primers; C, LAMP assay withé&tsof primers targeting pathogenic
Leptospira and the internal control; Lanes 1, 4 and 5, paghax_eptospira DNA

template; Lanes 2, 3 and 6, internal control plastaine 7, both pathogenieptospira

DNA template and internal control plasmid.
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Chromatography
control line

internal control

line
\ J\ J
| |
Reaction pad Absorbent pad
Biotin/fluorescein- Digoxigenin/fluorescein Anti-fluorescein
labelled target -labelled LAMP antibody/gold
amplicon internal control nanoparticles conjugate
amplicon

Fig. 2Schematic illustration of the principle underlyitig visualization of LAMP amplicons
using a lateral flow dipstick. The lateral flow dijrk is composed of an absorbent pad
and a reaction pad. The target organism is biatigl fluorescein-labelled and is captured
on the test line, which is affixed with streptavigiolystyrene particles. The LAMP
internal control is digoxigenin- and fluoresceitrétied and is captured on the LAMP
internal control line, which is affixed with monaocial anti-digoxigenin coated
polystyrene particles. Anti-fluorescein monocloaatibody conjugated to gold
nanoparticles accumulates and thus produces a gigmal. The chromatography control
line validates the working condition of the biosemsn which excess anti-fluorescein

antibody conjugated to gold nanoparticles is cagatdry goat anti-mouse polystyrene
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particles affixed on that line. B, biotin; D, diggenin; F, fluorescein; G, anti-fluorescein

antibody conjugated with gold nanoparticles.
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Fig. 3Comparison of analytical sensitivity results byngsiwo different LAMP detection
methods and multiplex PCR. (A) 2% gel electrophisrdstection. (B) label-based lateral
flow dipstick detection. (C) Multiplex PCR. M, 1@p PLUS DNA ladder; N, Negative

control; 1 — 2, 10-fold serial dilution of 3.95 ®°lgenome equivalents fhl
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Abstract for Postgraduate Colloquium on Medical Saénces 2015, on 25-36May 2015, at
UiTM Sg Buloh, Selangor, Malaysia

DEVELOPMENT OF INTEGRATED MULTI-LOOP MEDIATED ISOTH ERMAL
AMPLIFICATION (multi-LAMP) AND LABEL-BASED LATERAL FLOW DIPSTICK
FOR DETECTION OF PATHOGENIC Leptospira sp.
Nurul Najian Aminuddin Baki, Maizan Mohamet Chan Yean Yedn

'Department Medical Microbiology & Parasitology, School of Medical Sciences, Universiti
Sains Malaysia, Health Campus, 16150 Kota Bharu, Kelantan

2 Faculty of Veterinary Medicine, Universiti Malaysia Kelantan, City Campus, P. Chepa, Locked
Bag 36, 16100 Kota Bharu, Kelantan

*Corresponding author: nurulnajian@yahoo.com, yeancyn@yahoo.com

INTRODUCTION: Leptospirais a causative agent of an emerging disease, $gptsis. This
disease causes misleading diagnostic since itsalisymptoms are being confused with other
diseases. Hence, rapid and specific detectioneoptbsence of this causative agent is very
crucial for the need of proper and rapid treatm€his study was aimed to develop a specific
multi-LAMP assay for the detection of pathogeni@laspira with the presence of internal
control and coupled with lateral flow dipstick ap@nt-of-care (POC) device.

METHODS: A total volume of 25 pL LAMP reagents mixture, luding 1X buffer, 0.8 M
betaine, 6 mM MgSO4, 0.6 mM dNTPs mix, 8UB# 2.0 Warmstart DNA polymerase, target
and internal control primers mixture (5 pmol/ pLeafch forward and reverse outer primer, 40
pmol/ pL of each forward and reverse inner prinmet 20 pmol/ pL of loop primer), target DNA
template and internal control template was preparediube. The reagents mixture was then
incubated at 63 °C for 1 hour, followed by termioatat 80 °C for 10 min. LAMP amplicons
detection was done on lateral flow dipstick. Thiiees appeared on the dipstick indicate positive
result for pathogenic Leptospira, while two linadicate negative result.

RESULTS & DISCUSSION: The developed integrated multi-LAMP assay gavetpesesults
for all 15 representatives pathogebaptospira, while negative results for 2 intermediate
Leptospira, 1 non-pathogeniceptospira and 10 other bacteria species.

CONCLUSION: An integrated multi-loop mediated isothermal arfiqdition and label-based
lateral flow dipstick was successfully developedtfee detection of pathogenieptospira as a
point-of-care device.

KEY WORDS: Loop-mediated isothermal amplification (LAMP),d&al flow dipstick,
leptospirosis
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Highlights:

We devel op the fool-proof (internal control included) multiplex Loop Mediated Isothermal
Amplification (m-LAMP) label-based latera flow dipstick biosensor for detection of pathogenic
Leptospira

We design primers for multiplex LAMP that targets the conserved LipL32 gene of pathogenic
Leptospira and LAMP internal control.

Inner primers for both pathogenic Leptospira and LAMP internal control are labeled with either
biotin or digoxigenin tag, while loop primers are labeled with fluorescein tag.

Gold nanopartices is coupled with anti-fluorescein antibody, to give visualize red line on the
lateral flow dipstick.

Positive results show three red lines while negative results show two red lines on the lateral flow
dipstick.





