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ABSTRACT

The development of rapid, accurate and sensitive diagnostic methods for the
identification of pathogens is fundamental for treating and controlling, or even
eradicating of infectious disease. Classical pathogenic identifications are based
on their culture methods and their microscopic evaluation, which were know
for its negative effects such as slow and sensitivetity in standaizing its
growth and culture conditions. Therefore, the setting up of more rapid,
sensitive and accurate diagnostic methods has long been desired in clinical
molecular diagnosis of pathogens.

The loop-mediated isothermal amplification method (LAMP), an PCR based
diagnostic method based on autocycling strand displacement DNA synthesis
in the presence of exonuclease—negative Bst DNA polymerase under
1sothermal condition. With the help of four specific primers that recognize six
different sequences on a target DNA, LAMP has high specificity in
pathogenic identification in short time. Since year 2000, the LAMP method
has been tested in diagnosis of several viral, bacterial, fungal and protozoans
species. Hence in the present study, LAMP is used as diagnostic tool in
identification of the most dreadful aquatic pathogenic species Vibrio
alginolyticus and to develop species specific LAMP primers, optimization of
LAMP reaction conditions like annealing temperature, elongation time and
other PCR chemical concentration such as MgSo4, dNTPs, Betaine and Bst
polymerase.

LAMP primers composed of two outer primers which initiate strand

displacement and two inner primer which amplify "“the loop” structure through
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the reaction. The LAMP products were shown a typical ladder-like patten on
gel electrophoresis which indicated that stem-loop DNA with inverted repeats
was amplified.

The amplification was observed at 65C from 40 mins to 100 mins. Of which
100 mins elongation time was found to be good. The optimum MgSO4
concentration was 4mM, while the dNTPs concenteration lies in between 400~
500 uM. The optimized amount of Betaine was 1.0 M and Bst concentration
was 8 U. The optimized LAMP primers were also checked for it specificity
with other Vibrio species showed that the designed primers were very
specific to Vibrio alginolyticus only. Results also reveals that the LAMP
assay could be 10 fold sensitive than the conventional PCR in decting Vibrio
alginolyticus. This could be the first report on using a rapid, and highly
sensetive technique, LAMP assay, in the effective diagnosis of Vibrio
alginolyticus a pathogenic bacteria and helps in the early detection of diseases

particularly in aquaculture.
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Figure 1 - Schematic representation of mechanism of LAMP. Steps in the LAMP

reaction. This figure shows the process that starts from primer FIP. It should be

remenbered that DNA synthesis can also begin from primer BIP
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o] Ao A8&H FFTFE FIHAZTERIAY KCCMolA EFEAdtt. o]
Ao = Vibrio alginolyticus KCCM 405133} Vibrio campbellii KCCM 40864,
Vibrio furnisii KCCM 41679, Vibrio icthyoenteri KCCM 40870, Vibrio fluvialis
KCCM 40827, Vibrio harvey KCCM 40866, Vibrio vulnificus KCCM41665,
Vibrio cholerae KCCM41626< AF&3tAth. Z}7Fe] w5+ Marine broth (MB:
Difco,Bection Dickinson, Sparks, MD, USA)®} Tryptic soy broth (TSB:
Difco,Bection Dickinson, Sparks, MD, USA) o]&3&}o] vz ulz} 2447+
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2.2. DNA &

Vibrio alginolyticus <] 87l2] DNA+ BioneerA}t2] Genomic DNA Extraction
Kite AF&3te] F=3t3h ZH7+e] o5+ MB ¢ TSB o] &3ste] #jgxz1d
w2441 7F vk Heoll 1.5 ml FH-o wiel 500 pl &7 T 12000 rpmeol
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Lysozyme 40 pl 37F & 37TCeolA 1A dbg Azl & 80T AlA 1023t
W= BAAZ 5 s

200 p¢ Tissue Lysis buffer(TL), Proteinase K 20 ¢ %3l votex & 60C= 1
A 7bset WS Al Atk 18] 3l Binding buffer (GC) 200 @ 23l thA] 60C 10+

o

o ¥kS- 3 100 w0 Isopropanol %7} ¥ Binding column tube (2 mL tube) ©I
7

%713 8000 rpmell 18-7F dAlFg A)71

%  Binding column & 2% 2 mL

tube ° %7 ¥ 500 ¢ washing buffer 1 (W1) ¥& % 8000 rpmell 1&7+ <
%2, S washing buffer 2 (W2)E Y3l 8000 rpmol 1#3F A&7 31
t}. 243 washingS €3 12,000 rpm ©f 1#7F 9482 % Binding column
S MEE 15 mL tube ° &7 F 200 xl Elution buffer (EL) H7}F & 29
A 1R 9 AL F 8000 rpmell 133 AR St wEld DNAE -2
0Cel A & Agdel AR-&str.



2.3. LAMP primer A%}

LAMP ¥4& 98] Vibrio alginolyticus® sigma <¢1#¢1 rpos gene(Genbank
accession number: FJ358498.1)5 template sequence® Al-83to] LAMP primer

designing software ¢l primerExplorer (http://primerexplorer.jp/e/index.html)E

o] &3] Vibrio alginolyticus E°] LAMP-& primerE t]#+¢l 3}$ith. Primer
seti= 4709 primer® T %A A=l target sequence®] 6712 5 A9&
olA e = g F 9 outer primer®t ¥ 719 inner primer® o] Fol A ¢l

LAMP®] FIP primer+ loopE &3t sequence®] H-+# TTTT spacer® 33}
o] A#E At} BIP primer®= vFH7FA 2 vibrio alginolyticus sequece®] 2 H %4
ol A7 €3 loope A 3= sequence?] H-F TTTT spacer® &sto] A=+
=t =3 F33 B3 primers Z2+7Z' inner primerd] HPZZo| X == A A
skl om Azttt o] primers-> BioneerAh(Korea)oll T3 o] sto] A 4} s}

At primere Table 1 ©] YeERAATE



2.4 PCR primer A& % PCR

PCR primere V.alginolyticus %72 rpoS %A Sequence®] A dS ©]
&3te] A|ZsEA . (Table 2) PCRE 3387l 938 primeres Z+7Z 20 pM¥
AccuPower PCR Premix (1 U Taq DNA polymerase, 250 uM dNTP, 10 mM
Tris-HCI, 40 mM KCI, 1.5 mM MgCI2, stabilizer and tracking dye: Bioneer,
USA), template genomic DNA, & &% 20 w0 HESNS AT} Initial
denature 94Co 4] 5%7%F Denature 94Tl 4] 30%, Annealing 50Col 4 30%,
Extension 72TCoA 18-S & 30 cycle® HF3-A1Zl ¥ Last extension 72T ol A
587 o I A AT o]F A2 IxTAE (Tris—acetate-EDTA) buffer(Bioneer
, USA)7}F H7Fe 15% agarose gel2 ©]83Fo] 50VelA] 40%3F 7|95 AA|

T UVl A 238



Table 1. Sequence of LAMP primer used for specific amplification of V.alginolyticus

Bacterial

Primer® Length Sequence
specie
F3 18mer 5" -AGTTCGATCCTGAGCCAG-3'
B3 22mer 5 -GAGTTCAGAAATAGACAACTCC-3'
. . FIP 45mer 5" -GGCCATTGTTCATTAATGCCG-TTTT-
V.alginolyticus
(FIC+TTTT+F2) (F1C:21-mer,F2: 20-mer) TCTACTTATGCGGTATGGTG-3’
BIP 45mer 5 -CGGTACGTTTACCTGCTCATGT-TTTT-
(BIC+TTTT+B2) (B1C:24-mer,B2: 17-mer) TTGCTCTCACTTTTTGACG-3’




F3 . F2

261 5 —-GGTCGATARGTTCGATCCTGAGCCAGIRCTACCGTTTT) A CTTATGUGOGTATGGTOGIRAT

3 —CC1GCT1TTC-x1GGT1GG1CTCGGTCCG1TGGC:L-L-L-L-'1G1TG11T1CGCC1T1CC1CCT1
Blc

331 5 -ATAGAAGCGGCATTAATGAACAATGGCCGCACGCTACCTTTACCTCCTCATCTIGTGCAAA

3 -TATCTTUGCCGTIAAT TACT TG TACCGLEGTGCCATGCAAATGGACGACTACACACGTTT
b Flc

421 g

3

Figure 2. The partial nucleotide sequence of sigma factor (rpoX) gene of V.alginolyticu
s(GenBank accession number FJ358498.1) used for the LAMP primer design. Nucleotide

sequences used for primer design are indicated by boxes and arrows.
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Table 2. Sequence of PCR primer used for

amplification of V.alginolyticus

Bacterial Primer Length

specie

Sequence

V.alginolyticus F 23mer

19mer

5'-CCTTATGCTCACTATCTCAAAGA-3’
5'-AAGTTATTACCTGGCCGTT-3’

-1



F

T T ATGCTCACTATC TCAAAGATATICIGECCATTEATT
L GEAATACGAGTGATACAGTTTETATAACACCEETAACTAN

—TCAAACGGCCAGGTAATAACTTTACTCTGCTCGATTTAATA
—AGTTTGCCGGTCCATTATTGAAIATGAGACGAGCTAAATTAT

R

QI U1 L Ul

Figure 3. The partial nucleotide sequence of sigma factor (@poX) gene of
V.alginolyticus(GenBank accession number FJ358498.1) used for the PCR primer

design.
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25. LAMPR 4 H3 w3 2% &4

Vibrio alginolyticus-LAMP®] 5ol HA&E& flste] wg HA 22 & st
azb stk 242 20 pM F3¢ B3 primer, 40 pM FIP¢} BIP primer,
template genomic DNA, 8 U Bst DNA polymerase large fragment (New
England biolabs, Beverly, MA), 1 x ThermoPol Reaction Buffer (20 mM
Tris~HCI(pH8.8), 10 mM KCI, 10 mM (NH4)>:SO04 2 mM MgSO, 0.4%Triton
X-100, New England biolabs, Beverly, MA), 400 uM dNTP (TaKaRa
Biotechnology co., Ltd) 1 M Betaine (Sigma-Aldrich Corporation, USA) 6 mM
MgSOs (New England biolabs, Beverly, MA), Distilled water (negative
controDZ F 25 ple wWrSAES FASAT. Bst DNA polymerase large
fragment = 80T o149 22X = EZAHS YeElWERZ WA 95T A 5&3F
e H vtz dgol &7 A% F w2 H7skdth o] & 1413 &<k DNA
w1y S AL, 80T 1023 A7l § F=eSth. DNA ¥ 3
T4 HH 2= F4L2 4507700C AtelolA A7) s 3 telA A A8
om 7z LAMPHFEo] ¢ ¥ FFH AEE52 IXTAE (Tris—acetate-EDTA)
buffer(Bioneer, USA)7} #7Fd  15% agarose gel= ©]83Fo] 50Vl Al 403+

A719% AA F UVl A Sz
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2.6. LAMPH < H3 utg At ¢

Vibrio alginolyticus-LAMP2] w2 S 98} Vibrio alginolyticus 7=l
a3k HA dbg A S gRlstazt skt 242 20 pM F39F B3 primer, 40
pM FIPS} BIP primer, template genomic DNA, 8 U Bst DNA polymerase
large fragment (New England biolabs, Beverly, MA), 1 x ThermoPol Reaction
Buffer (20 mM Tris-HCI(pH8.8), 10 mM KCI, 10mM (NH4):SOs; 2 mM
MgSO,, 0.4%Triton X-100, New England biolabs, Beverly, MA), 400 uM
dNTP (TaKaRa Biotechnology co., Ltd) 1 M Betaine (Sigma-Aldrich
Corporation, USA) 6 mM MgSO; (New England biolabs, Beverly, MA),
Distilled water (negative control)® & 25 o] HFS-S ZA3Tt 95T A
5%-7v &le] ¥, Bst DNA polymerase large fragmentS Z7}ate] wk$-of o
polymerization A 7F& 1004, 80+, 60+, 40+, 20+, 0o 2 FHdsle] 1 F*
EEL IXxTAE(Tris—acetate-EDTA) buffer(Bioneer, USA)7} #7td  15%
agarose gelS o] &3}o] 50VolA 40%37F A7|d5 AA] T UVAlA #2353

o,
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2.7. LAMPH < H3 wg x4 &

Vibrio alginolyticus-LAMP®] A wtg-dl =71& g2lstt. dNTPY =

= 7}7F 0 uM, 100 uM, 200 uM, 300 uM, 400 uM 600 uMS A 7}ate] 24 3ho.
0M, 04 M, 06 M, 08

M, 1.0 M, 1.4 M & H7lsle] 2=A3FA T T3 Mg ¢ 55 0 mM, 4 mM,

8 mM, 12 mM, 16 mM, 18 mM= ZA3t¥ 3L Bst DNA polymerase 4 U, 8 U,

12U, 16 U, 20 U & H7lstol 2424 HA v 215 gyednh
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2.8. LAMPY 3 PCRY #HAE $HAX vm

Vibrio alginolyticus & AF-&3Fe] MBolA] 30Col A 4821 7F vl <Fst wj &

—

ol
o
&xoz gAste] 1.0x10710° cfu/mLe] sx2 AT 24 Mol &4
defA 1 mL & FHAstel DNA & &8st LAMPS PCR ®H& 33t A=
A ke Wlal skt
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3.1. LAMP®R 4 H3 w3 2% &4

HA g 2k 3 tel 45.0C. 50.0C, 55.0C, 60.0TC, 65.0TC, 70.0C el A

1AZE &S 7] tol 4 LAMPE 3stolem 2zt LAMP

A%

Hhgo] &
I Ar|gEo 3 55.0C T 65.0Ce WA A==
st th(Fig. 4) LAMP ®-g A& A

P

DNA band® vEl=H, LAM
7]

[e]
Ae 8

-

i)

7195 gl Wy o 2] vhe 27)e

AbE-o] W9 9] inverthed-repeat 2% 43t
wolth. wEkbA LAMPHel 28 DNA

+2 PCRYH 93t FZo] 5ol
DNA bandE YEl = A &4 ladder 22 pattern® & e
HA Mg 2= wEAYS E5lo] 63CR SHF 2T o]F o] AL FHAH
=52Q1 63TCAA FHstAtt
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< 1.500
< 1.000

Figure 4. Optimum temperature of the LAMP
reaction for detection of Vibrio alginolyticus . Lane
1, DNA template in the reaction, amplification at
45.0C; Lane 2, amplification at 50.0C; Lane 3,
amplification at 55.0C; Lane 4, amplification at
60.0C; Lane b5, amplification at 65.0C; Lane 6,
amplification at 70.0C; Lanes M, 100bp DNA

Marker (Intron biotechnology, Inc., Korea)
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32. 33 ¥+ A FH

LAMP?] Hwt vk3 A 7S =437 $13819] Bst DNA polymerasesS 7 713814
63Col A z}z} w8 o] polymerization A|7HS 100, 803, 604, 40%, 204, 0
RS A H, AV s S Sl SRlskdar 1 A A 407 o) de] RvEE-

Holl M7]9d5S S5o] DNA A4S gdds ATk (Fig 5)
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Figure 5. Optimum time of the LAMP reaction for
detection of Vibrio alginolyticus . Lane 1, DNA
template in the reaction, amplification for 0 min; Lane
2, amplification for 20 min; Lane 3, amplification at 40
min;, Lane 4, amplification for 60 min; Lane 5,
amplification for 80 min; Lane 6, amplification for 100
min, Lanes M, 100bp DNA Marker (Intron

biotechnology, Inc., Korea)
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3.3. LAMPH < H3 wg x4 &

Vibrio alginolyticus-LAMPY] % ®-&x271& 937l fste]  dNTP,
MgSO,, betaine, Bst DNA polymerase®] # 7% =& 3t}

ANTP ¢ HA =5 gdstr] st 2b vh&o] 0 uM, 100 uM, 200 uM,
300 uM, 400 uM, 500 uMe) ANTPE #7bete] LAMPE Saatm 1 44 8ol
US AVHGFS Edto] wlumedr. 1 A3 ANTPY <ol 400 uMelA 500
M W, DNA 417l 7k 2 o] Folxl As &l & AT (Fig 6)

M, 8 mM, 10 mM¢]

4719E= E3ke] v

=
Q
wn
o
lo
)
r]I.
oo
12
K
(@]
8
=
Do
8
=
N
8
=
(@)
o 3

MgSO.E 7hste] LAMPE a5t 1 4%l &

o

1 A

g A

wakgdeh 2 mMelA 6 mMY W, DNA 217ge] 71 2 o]
AATh o5 F3te] FFe] MgSO4E LAMP WHE-& A3
T AR HFoR HY 5 4 mME AAEA (Fig 7)

betaine®] HA F% & 95kl 772 0.0 M, 04 M, 0.60 M, 0.8 M, 1.0 M,
14 M,& #7bstel LAMPE 38ttt 1 23 wk7F xob A5 ladder
pattern®] A= S AFSAT. HFH 22 1.0 M betaine HA %
AA sttt (Fig 8)

Bst DNA polymerase®] ## v% g9& 9lste] 2442t 4 U, 8 U, 12 U, 16 U,
20 US #718le] LAMPE 333 th 8 US 78t S wf st a79f @
& MAEo] Felxlo] Bst DNA polymerase HZ HEE 8 UowE ZAAEA
t}.(Fig 9)

uakd LAMPE 93 H2 wbe 231 o7 & 25 e 7|Foz2 22 400 u

o

Ju
°

slo] 3
=k

-

il

of
-
r

]
Eh

n

-

N

N

ol

=

dNTP, 4 mM MgSO4 1.0 M betaine, 8 U Bst DNA polymeraseE LAMP %<+

oz A4
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Figure 6. Optimum deoxynucleotide triphosphate(dNTP
) concentration of the LAMP reaction for detection of
Vibrio alginolyticus . Lane 1, 0 uM dNTP; Lane 2,
100 uM dNTP; Lane 3, 200 uM dNTP; Lane 4, 300
uM dNTP; Lane 5, 400 uM dNTP; Lane 6, 500 uM
dNTP. Lanes M, 100bp DNA Marker (Intron biotechn

ology, Inc., Korea)
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Figure 7. Optimum MgSQO, concentration of the LAMP
reaction for detection of Vibrio alginolyticus
Lanel, OmM MgSO4 Lane2, 2mM MgSO4 Lane3, 4mM
MgSO, Laned, 6mM MgSO, Lanedb, 8mM MgSOy;
Lane6, 10mM MgSOs Lanes M, 100bp DNA Marker
(Intron biotechnology, Inc., Korea)
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Figure 8. Optimum betaine concentrations of the LAMP
reaction for detection of Vibrio alginolyticus. Lanel,
0.0M betaine; Lane2, 0.4M betaine; Lane3, 0.6M betaine;
Lane4, 0.8M betaine; Laneb, 1.0M betaine; Lane6, 1.4M
betaine; Lanes M, 100bp DNA Marker (Intron

biotechnology, Inc., Korea)
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Figure 9. Optimum bst polymerase concentrations of
the LAMP reaction for detection of V.alginolyticus.
Lanel, 4U bst polymerase; Lane2, 8U bstpolymerase

; Lane3, 12U bst polymerase; Lane4, 16U bst polyme
rase; Laned, 20U bst polymerase; Lanes M, 100bp D

NA Marker (Intron biotechnology, Inc., Korea)
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3.4. LAMP¥Y# PCRYY ¥1z% g9l

HAA 24 FE3F LAMP AW UH%E V. alginolyticus WiEHS AL%H
o= 3438t 1.0x1071.0x10° CFU/mL® %%=% Z%A3to]  Bioneeritol
Genomic DNA Extraction Kits AF&3le] DNA +% ¢ LAMP AE% 3 PCR
W] HE e gk v sheith
LAMP A% 37 24 A3 1.0x10'cfu/mL7bA LAMPE B3 #H&3 = &
Aoz dowtt Uyt PCRY 4% 1.0x10°cfu/mL 744 AZ&3AS 21384
t.(Fig 100 webd LAMP d&¥He] dvr PCR ¥ B o =& HEIHAE

ZRAH RMZAEZE 1008 A= U =2 As 9T ¢ A
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(%4 W 122 LS 6 TH M bp

Figure 10. Sensitivity of V. alginolyticus identification by LAMP and conventional
PCR. (A) LAMP products (B) conventional PCR products. Lane 1 1.0x10' CFU/mL;
Lane 2 1.0x10° CFU/mL; Lane 3 1.0x10° CFU/mL; Lane 4 1.0x10" CFU/mL; Lane 5
1.0x10° CFU/mL; Lane 6 1.0x10° CFU/mL; Lane 7 1.0x10° CFU/mL; Lane 8 1.0x10°
CFU/mL; Lane M 100bp DNA Marker (Intron biotechnology, Inc., Korea)
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bp

AAAA

Figure 11. Specificity of rpoS gene for the LAMP detection of V. alginolyticus. Lane
1 Vibrio campbellii KCCM 40864; Lane 2 Vibrio furnisii KCCM 41679; Lane 3 Vibrio
icthyoenteri KCCM 40870; Lane 4 Vibrio fluvialis KCCM 40827, Lane 5 Vibrio harvey
KCCM 40866, Lane 6 Vibrio alginolyticus KCCM 40513; Lane 7 Vibrio vulnificus
KCCM41665; Lane 8 Vibrio cholerae KCCM 41626, Lanes M, 100bp DNA Marker

(Intron biotechnology, Inc., Korea)
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V. 8 <

SeZZNE JFE FdaA AHfreor] AFEEE Tag. DNA polymerase
9}+= = A Bst. DNA polymeraseS AME3E 2 7}53F AU o|t}l. Bst
olymerase= Taq. DNA polymerase®}= ©# 5-3 exonuclease? A4

= 7FAAL %lo] DNAY olguid x5 ol o3 WMAdS AAA & Tm #

-
Z
>
(o)

)
—

o 7W7he AF 2=olA JeE H S s
T3 241& DNA, 671 998 A2 8k= 4719 primer, DNA polymerase, 713
of L= (AN &F 66%) 3lolA FFHNA HAZE7A
Argloz  AAT F k. FEH G8°] ®i, DNAE 1A A=
107100744 SEAZ = glon, v e Solds vehEz 53 DNA
e EAE FHFAAES] FFE AATE £ U F UEY FHES
AMTSHI  FASIAT 7= FFEA AMuESo] WA (denaturation),
A $(annealing), A% (extention) Al 74| @AlE AXWA 2= WstE Folof
st vhH A RxoA HIE B Aol Jhsettke Aol vk whebA
Hre 2% s Fx & F38 DNAY FTFo] 7bssiA gl wel PCR
STEN B 28NS Y 5 dew 53] a7ke PCR AH7F obd S
% <

Fa & A7kl AvleME FFe]

alginolyticus ¢ A4 Wy o=z LAMPHES AM&3th
LAMPH 9] 4 vh& 2% AdeA= 55T ~ 65.0C 2 He oA A= s
gelstdnt. HeE vbg Abs SA-57] f8 100270 7bA RES AR AL
71 A3 408 o] WhS FHol LAMPY E9] patterns @S
ANTE HA qbE A oA ANTP ¥ 7oA+ 400uMel A 500uM e o,
DNA A1%o] 7bd & o]Fo 3 om MgSO4 FEollAE 2mMol A 6mMY
betaine ¥4 &%= 1.0M, Bst DNA polymerased #HZ% FTLz+= 8U Bst
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