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Abstract

Introduction: Detecting Neisseria meningitides using conventional methods is time consuming and laborious. Development of a reli-
able, rapid method for prompt control and prevention of meningococcal disease is required. Although PCR and real time PCR methods
have been developed, they require electrophoresis or expensive devices. Loop-mediated isothermal amplification (LAMP) method is a
simple gene amplification method which can be performed at a single temperature without the need for thermal cycling.

Aim: We aimed to develop a quantitative real-time LAMP assay for detection of N. meningitides and accurate quantification of the
bacterial load in patients with meningococcal disease.

Materials and methods: LAMP reaction was set up and optimized by four primers. Amplification results were assessed by obtaining
real time turbidity graphs from each LAMP reaction tube using real time turbidimeter apparatus. A standard curve was generated from
turbidity graphs corresponding to ten-fold serial dilution of crgA gene containing recombinant plasmid.

Results: LAMP assay could isolate only N. meningitides, whereas no amplification was obtained with negative control isolates, which
indicates 100% specificity. The limit of detection (LOD) of our LAMP assay was found to be ~ 5 copies of crgA gene per reaction.
REAL LAMP analysis of the standard curve revealed excellent linear correlation between gene copy number and time threshold, with a
correlation coefficient equal to 0.92.

Conclusions: The REAL LAMP assay is a rapid, simple, cost-effective, sensitive, specific method for detection of N. meningitides. It has
the potential of finding application in epidemiological studies and biodefense situations.
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INTRODUCTION

important diseases in emergency medical services.! Bac-
terial and viral factors are involved in causing the disease
Diagnosis and treatment of meningitis because of asso- and any of these factors are detected by separate diagnosis
ciated complications and adverse outcomes is one of the and treatment protocols.? In the meantime, according to
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the most recent studies, the three most common factors of
bacterial meningitis - Streptococcus pneumoniae, Hemop-
hilus influenza, and Neisseria meningitides - are the most
important causes of morbidity and mortality.>* Neisse-
ria meningitidis among the bacterial meningitis factors is
considered as one of the most important one and the most
common cause of illness and death in developing countries.
This is an important epidemic factor in Asian and African
countries. It is a specific pathogen of meningitis in hu-
mans.’ Each year about 2,000 people with the disease are
reported through health centres and about 10% of them
are meningococcal.® The bacteria can be detected by mi-
crobiologic and molecular methods. However, using spinal
fluid culture is considered as a confirmatory test but this
technique is usually reliable and very time consuming.”
In addition, test sensitivity depending on the type of medi-
um, use of antibiotics and test taking and transfer of sam-
ple lead to death of bacteria. In some cases, if left without
diagnosis and treatment, a patient can suffer damage and
die within 12 hours.” Some researchers also have made
great efforts to use serological and immunological techni-
ques to detect the bacterium but there was no acceptable
results to identify this bacterium.® Molecular techniques
such as PCR and Real Time PCR possessing high sensiti-
vity and specificity in the detection and differentiation of
bacterial and viral causes of meningitis are used. How-
ever, it is worth noting that although the technique is rapid
and accurate, we should also consider the high cost of the
equipment and the need of qualified personnel skills.>!!
The use of laboratory diagnostic techniques to quickly and
accurately identify Neisseria meningitidis in previous years
in a very short time and accurately as well as the cost for
most diagnostic centres are very important factors.!?

LAMP technique is a new method for detection of pa-
thogens using 4 to 6 primers of specific gene in target DNA
samples. In this technique, the reaction is done at a constant
temperature between 60 to 65 degrees for 45 minutes to an
hour without the need for special equipment. Therefore, by
this method simply by using two or three pairs of primers
four or six areas in target DNA or RNA can be identified,
which means the high specificity of the method.'* In LAMP
test, results can be detected by the naked eye without the
need for electrophoresis, colorimetric and there is a haze
because of the great proliferation that occurs during the
process. All of the bacterial, fungal, viral and parasitic
pathogens simply are identified.!>!*

AIM

The aim of this study was to launch and develop a REAL
LAMP technique as a rapid and highly sensitive method for
detection of Neisseria meningitidis and specific detection ba-
sed on crgA gene and to carry out REAL LAMP sensitive set
up technique (quantitative LAMP) for quantitative analysis
of bacteria. The study is the first study to investigate and di-
agnosis Neisseria meningitides by REAL LAMP techniques.

MATERIALS AND METHODS

In this study, the crgA gene was used for the intended pur-
pose, because this gene has more specificity and is more
sensitive than other genes. This gene exists in all strains of
Neisseria and can be used in classifying the bacteria. This
gene is responsible for coding and transcriptional regula-
tion. A sequence of bp850 and primers were designed.!®
To design primers, sequences of the gene was used from
the NCBI database (National Center for Biotechnology
Information) and by related software (CLC bio, Aarhus,
Denmark) CLC Sequence viewer version 6, sequence
was arranged. Based on protected areas for gene sequen-
ces in target bacteria using Primer Explorer V4 software,
Eiken-specific primers to identify the bacteria Neisseria
meningitidis were designed (http://primerexplorer.jp/e/).
Later primers (after design) are examined by thermodyna-
mic and BLAST in PRIMER BLAST section of the NCBI
site as well as the regulations and general specifications for
primers used in LAMP, which are the steps associated with
primers intervals during the target sequence. After final
approval, primers in Table 1 were sent to Bioneer (Daejeon,
Korea) to be synthesized.!

LAMP Reaction

The reaction was performed in a final volume of 25 pl con-
taining 40 pmol of internal primers (FIP and BIP), 5 pmol
external primers (F3 and B3), 1.4 mM of deoxy nucleotide
triphosphatase (AN'TPs), 1M betaine, 1x ThermoPol Reac-
tion Buffer, 8 mM MgSo4, 8 units of Bst DNA polymerase
enzyme (New England Biolabs, Ipswich, MA, USA) and 2
pl of the DNA.!® In addition, 25 micromolar concentrati-
on of fluorescent calcein compound (Dojindo Molecular
Technologies, Inc., Tokyo, Japan) is added to the mix that

Table 1. Primer sequences of CrgA gene for Neisseria meningitidis in LAMP reaction

Primer name Sequence Reference
F3 CGCCGCAATCTACAGAAGA This study
B3 GCGARGRCGRRGRCAACCAA This study
FIP GCGCSTCTAAAACCGCCCATGTGCTTGCCGGTCACCAATG This study
BIP CACTTTACCGCCAGCAGCGGAATACCGCAACCTGAAAGGC This study
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indicated that the reaction was performed. Mixture was in-
cubated at 65°C for 1 hour and finally for 5 min at 80° on -
Real time turbidimeter (LA-320C; Teramecs, Kyoto, Japan),
and turbidity in the reaction mixture is checked every 6
seconds at a wavelength of 650 nm. To examine the
specificity of LAMP reaction, effect of restriction enzyme
on products was analyzed with the restriction enzyme Alul
(Fermentas, Vilnius, Lithuania) at 37°C for 1 hour and then
the reaction product was analyzed on 2% agarose gel."®

LAMP reaction specificity

To examine specificity of reaction and primers in addition
to Neisseria, the reaction is done for 11 genomic DNA of
other bacterial species as shown in Table 2. The turbidity
reaction is done for them. The results for final confirmation
were run on the 2% gel.!?

Table 2. List of genomes of negative bacteria in specificity test

reaction

Shigella sonnei ATCC 9290
Klebsiella pneumoniae ATCC 7881
E. coli ATCC 25922
Bacillus subtilis ATCC 6051
Staphylococcus aureus ATCC 25923
Enterococcus faecalis ATCC 29212
Enteropathogenic Escherichia

ATCC 43887
coli (EPEC)
Escherichia coli O157:H7 ATCC 43895
Yersinia enterocolitica ATCC 23715
Streptococcus pneumonia ATCC700669

Nine Mile strain, ATCC

Coxiella burnetii (Nine Mile strain

VR-615)

Cloning and standard preparation

After PCR reaction with the aid of external primers (F3-
B3), PCR product was purified and TA cloning was done.
Given that there was only one band on electrophoresis
gel on 200 bp, PCR purification (Bioneer Co.) was per-
formed.!? To achieve this goal, a CrgA gene with a length
of 196 bp from the Neisseria was cloned in the pTZ57R/T
vector (Fermentas) according to instruction kit. Then it
was transformed into susceptible bacteria of JM107. Trans-
formed bacteria was incubated at 37°C for 24 hours on
LuriaBertanimedium (Merck, Darmstadt, Germany), which
contains 38.4 micrograms per ml of IPTG (isopropyl-beta
D-thio galactopyranoside) (Sigma, St. Louis, MO, USA),
40 micrograms per ml X-gal (5-bromo-4-chloro-3-indolyl
beta dgalactoside) (Sigma), 50 micrograms nalid oxic acid,
100 micrograms of ampicillin (Merck).!> Recombinant clo-
nes are diagnosed by blue and white colonies screening.

White colonies as recombinant clones, which have vector
are selected and then the plasmid is extracted from the
desired clone using the kit AccuPrep Plasmid Mini
Extraction (Bioneer). For final approval, PCR was perfor-
med using external primers (F3-B3). Digestion reaction
with Alul enzyme was performed as a confirming reaction
for cloning. Then the concentration of extracted plasmid
to do sensitivity reactions and positive control of LAMP
reactions was measured at a wavelength of 260 to 280 nm."®

Sensitivity and a standard curve based
on moment turbidity of LAMP reaction

To examine sensitivity, serial dilutions of 10/1 were prepa-
red from the plasmids extracted with OD = 640 ng (from
10! to 10°1") and the reactions were carried out. In additi-
on, LOD (Limit of Detection) of LAMP reaction is calcula-
ted. By REAL LAMP method, the number of bacteria in the
sample can be estimated. It is done by drawing a standard
curve of standard serial concentrations of genes in reacti-
on tube in terms of reaction time to reach the threshold of
turbidity, which was recorded by moment turbidimeter.'®
At first, LAMP reaction for standard serial concentrations
of genes was performed on moment turbidimeter device
and judgment graph is achieved, which represents the tur-
bidity threshold time of each sample by measuring the OD.
Then standard curve was drawn using Microsoft Excel with
the standard serial concentrations data and time to reach
the threshold (Tt) and linear regression was calculated.
In addition, to evaluate the reaction, Calcein was added as a
fluorescent indicator. The reaction products were electrop-
horesis on 2% gel.1®

RESULTS

LAMP reaction and cloning

In positive sample tubes due to the presence of magnesi-
um pyrophosphate, after the reaction, noticeable turbidity
was seen. In addition, in cases where there was calcein in a
mixture, after reaction it was mixed with magnesium ions
and led to green color under UV light (Fig. 1D). Electrop-
horesis on 2% agarose gel showed ladder mode for DNA.
So results due to Alul I reaction enzymes digest LAMP
amplified products and the created 20 and 194 products.
In the cloning process, F3, B3 primers was used for PCR.
Then plasmid containing the desired gene from white co-
lonies on 2% agarose gel create bp200, Alul enzyme results
also confirmed the authenticity of plasmid cloning.

Sensitivity and specificity of LAMP

The sensitivity of this method was evaluated using primers
designed using serial dilution. The lowest detected con-
centrations were 7710 (180x1077), which is shown in graph

Folia Medica | 20211 Vol. 63 | No. 2

223

Folia Medica


http://www.google.com/search?hl=en&sa=X&ei=3miyTaX-B4mWOtrh_L8J&ved=0CCUQvwUoAQ&q=Klebsiella+pneumoniae&spell=1

Folia Medica

M. Soleimani et al

Block C[76.9°C / 65.0°C} Ulvibrio) Legend
0.25 CHI —
0.2 CH2 —
01511 1 1 tal 1 CHY —

1
01 N CH4
0.05 A .
N CH5 —
0

ik CHE —

Settng

05+— — -
0:00 8:00 20:00 32:00 44:00 56:00 CH7

Display | ¢ Resuk & Judgment  Amplfication tHe —

Figure 1A
60 -
50

40
30
20 -

10

0

Figure 1B

Figure 1C

Figure 1D

Time

y=-3.4857x+50.119
R*=0.9245

Figure 1. Real-time LAMP sensitivity based on turbidimetry by serial dilution of DNA. A. Graph judgment of turbidimetry. (CH 2 and
CH 8: dilution of 10! to 10”7 and CH1: negative control. B. A standard curve based on graph judgment. C. M marker 100 bp, column 1 to

11, serial dilution 10! to 10! and columns 1: negative control. D. review of calcein fluorescent under UV light in the positive reaction.
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judgment. The number of copies/reaction (Copy number/
Reaction) was determined to be approximately 5, which
indicated the high sensitivity of reaction and was able to
determine the number of pathogens in low samples (Fig.
1C). LAMP reaction specificity analysis on gel electropho-
resis showed that (Fig. 2). In addition, based on the stan-
dard curve drawn based on turbidity-based real time LAMP
assay correlation coefficient (r?) was 92% (Figs 1A, 1B).
These results show that the number of copies of the reaction
is significantly associated with proliferation. This means that
in higher concentration of the target gene, proliferation will
happen in a short time. In our study, the first tube with a
180x107 copies/reaction showed turbidity in 32 minutes. The
results on the gel electrophoresis determined up to the diluti-
on of 180x10”. In addition, discoloration caused by Calcein,
in accordance with the results graph Judgment is 107

DISCUSSION

Meningitis caused by bacteria is still considered a major
health problem.!> Bacterial meningitis can be caused by
Hemophilus influenza, Streptococcus pneumoniae, and Neis-
seria meningitidis.'® Meningococcal disease can be an im-
portant disease threat of all ages.!” The serological, culture
methods, and mucus analysis used to detect these bacteria
cannot be used successfully as an approved technique be-
cause they are time-consuming, have low sensitivity and
specificity, yield false positive and negative results and are
inefficient in cases in which antibiotics are used.!® In the
past 10 years there has been much progress in the field of ra-
pid disease diagnosis using molecular techniques based on
PCR. Due to disadvantages of the traditional methods, this
technique can be used as a suitable technique for detecting
Neisseria.!® The LAMP technique as a reliable method, with

10° 10°

high-sensitivity, high detection rate and reasonable cost is a
very reliable in detecting each organism. This technique due
to many advantages can be used as a suitable technique for
the detection of different pathogenic factors.’ This techni-
que requires no special equipment to detect and can be done
without the need for special procedures and the results can
be examined with the naked eye. Another advantage of this
technique is the use of specific Bst DNA polymerase enzyme
for amplification in LAMP that compared to Taq DNA poly-
merase has the least inhibitor for this enzyme.?! Therefore,
we can say this technique can be used as a reliable diagnostic
method.?? In this study, required primers are designed ba-
sed on CrgA gene to detect Neisseria, as a fixed gene, stable
with high specificity in all strains of this organism to other
genes.?? This gene, of LysR family, is the largest family of bac-
terial regulators that are bound to epithelial cells of humans
and acts as activator and inhibitor on promoter and the con-
trols the operon.” In this study REAL TIME LAMP techni-
que was able to identify five copies of the DNA of Neisseria
meningitidis in reaction compared with other methods. This
result demonstrates the high sensitivity of this method and
the lack of false reaction with DNA samples with 4 primers
can be an advantage of this method. In this condition, brea-
king the amplified fragment by Alul restriction enzyme with
the size of the desired product indicates the specificity of the
reaction and amplification of desired fragment. In this study
calcein was used to evaluate proliferation that is visible by
turbidity in the reaction tube. The use of fluorescent com-
pounds in reaction leads to analysis of proliferation of po-
sitive samples with the naked eyes. So, using this method in
laboratory settings can greatly reduce electrophoresis con-
tamination in the laboratory.?* After the reaction, results of
the study with turbidity growth and graph judgment of loop
amp REAL TIME device and proliferation based on calcein
were examined. The lowest detected concentration was 7-1°

107 10% 10° 10 10U

Figure 2. LAMP reaction specificity analysis on gel electrophoresis. Gel electrophoresis of LAMP reaction with other organisms. M

marker 100 bp. Column 1: negative control. Column 2: Shigella sonnei. Column 3: Klebsiella pneumoniae. Column 4: E. coli. Column

5: Bacillus subtilis. Column 6: Staphylococcus aureus. Column 7: Enterococcus faecalis. Column 8: Enteropathogenic E. coli. Column 9:

E. coli 0157: H7. Column 10: Yersinia enterocolitica. Column 11: Streptococcus pneumoniae. Column 12: Coxiella burnetii. Column 13:

Neisseria meningitidis
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(180x1077) that is obvious in graph Judgment. Based on the
standard curve drawn based on turbidity-based real time
LAMP assay correlation coefficient (%) was 92%. These
results show that the number of copies of the reaction is sig-
nificantly associated with proliferation. This means that the
higher the concentration of target gene, the shorter time it
takes for proliferation to occur. In our study, the first tube
with a 180x107 copies/reaction showed turbidity in 32 mi-
nutes. The results on the gel electrophoresis determined up
to the dilution of 180x107. In addition, discoloration caused
by calcein in accordance with the results of graph judgment
is 7719 Mckenna et al. used LAMP technique in a study to
identify bacteria based on CtrA that had the ability to detect
six copies of this bacterium in 48 minutes, which is compa-
rable to our study that could detect five copies in 32 minu-
tes.”® In another study by Dokyung et al, a study was done
based on CtrA gene and was compared with PCR, which
was solely for the qualitative detection of this method.?

CONCLUSIONS

LAMP technique due to easiness, low cost, no need for sop-
histicated equipment to carry out the reaction, can be an
appropriate technique for quantitative analysis with high
sensitivity and specificity. Also because of the reaction type,
it can be used as a quick and efficient diagnosis techniques
of Neisseria in different areas.
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Pe3lome

BBepeHue: Briasnenne Neisseria meningitides TpafILIMOHHBIMY MeTOAMY 3aHMMaeT MHOTO BPEMEHU M SIBIAETCS TPYAOEMKIUM.
Heo6xopyMo pa3paboTaTh Hafi&KHBbIIT ¥ OBICTPBIT METOJ, CBOEBPEMEHHON 60PbOBI ¥ IPOGVIAKTIKI MEHMHTOKOKKOBOI MHQEKIIMI.
Xors 6putn paspaboransl Metons! IIIIP u ITIIP B peasibHOM BpeMeHM, OHM TPeOYIOT ameKTpodopesa Wiy ZOPOrOCTOSIINX UHCTPY-
MeHTOB. LIMKInyeckas metneBas usorepMudeckas ammmoukanus (LAMP) - sTo mpocToit MeTon aMIn@uKauy reHa, KOTOPbIi
MOXXET BBIIIOJTHATBCS IIPU TOJ XKe TeMIeparype 6e3 HeoOXOIMMOCTH TEIIOBBIX LIMKJIOB.

Llenb: Hama menp 3akmodanace B paspaboTke KommdecTBeHHOro merofna LAMP B peaipHOM BpeMeHm mjist oOHapyxeHus N.
meningitides i TOYHOTO OIpeeeHNst KONMNIeCTBa GaKTepyanbHOI HATPY3KY Y MALIEHTOB C MEHNHTOKOKKOBOI MH(EKIelL.

Matepuanbl n metoabl: LAMP-oTBeT 6bI1 OMyYeH 1 ONTHMU3MPOBAH C IOMOIbIO YeTHIPEX MpaiiMepoB. PesynbraTsl aMmmmudu-
Kalluy OLIeHMBAIN ITyTEM IIOCTPOEHMs IPadMKOB MYTHOCTH A/IA KaXKHOl Ipobupky ¢ peakiyeit LAMP ¢ ucronb3oBaHyeM Typouam-
MeTpa B pealbHOM BpeMeHN. CTaHfapTHas KpuBas 6blIa IOCTPOEHA U3 IPapUKOB MyTHOCTHU, COOTBETCTBYIOLINX IIOC/IEHOBATeIbHbIM
[EeCATUYHBIM pa3BefeHNAM I'eHa CrgA, CoflepKalliero peKOMOMHAHTHYIO IUIa3MIUTY.

Pesynbrartbl: Merox LAMP no3BonseT usonmpoBaTh TONbKo N. meningitides 1o Tex mop, oka He 6yeT JOCTUTHYTa aMITUQUKAIVIA
B M30/IATaX OTPUILIATEILHOTO KOHTPOJIA, UTO ABJIAETCA MoKasarenieM 100% cnenmdnanoctu. Ilpexen o6napyxenns (LOD) namrero me-
topa LAMP 6bU1 ycTaHOBJIEH Kak ~ 5 KOmmii reHa crgA Ha orBeT. LAMP-aHamus cTaHAapTHOM KPUBOJ B pealbHOM BPeMEeHU BBIABIUI
OT/IMYHYIO IMHEHYI0 KOPPENAINIO MeX/y KOMMIeCTBOM CKOIMPOBAHHBIX T€HOB VI BpPeMEHHBIM OPOTroM KO3 duimeHTa Koppens-
uuy, paBHbIM 0.92.

3akntoueHune: Merox LAMP B peaqbHOM BpeMeHM — 9TO OBICTDBIIT, IPOCTON, 9KOHOMUYHBDII, YYBCTBUTE/IbHBII 1 CIELMpUIecKmit
MeTof obHapyxkeHus N. meningitides. OH uMeeT MOTEHIMAI [i/Is1 IPUMEHEHNs B 3IIMAEeMIOTIOTNYeCKIX MCCIENOBAHNAX U B CUTYALMAX
6106esomacHOCTH.

KnroueBble c/oBa
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