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Studies of a Loop-Mediated Isothermal Amplification (LAMP) Method to Detect Viable Acidovorax
avenae subsp. citrulli. Nana Shirato”, Kenji KomutaZ), Kazutaka IshiiS), Yusuke Shiki, Naoki Takaue,
Takayuki Matsuura, Takashi Hirakawa, Yoshiaki Shimizu” and Kohei Nanbu (Yokohama Plant
Protection Station, 5-57, Kitanakadori, Naka-ku, Yokohama, 231-0003 Japan. v Tokyo Sub-station.
YFood Safety Commission Secretariat, Cabinet Office. *Haneda Airport Sub-station. "Research
Division, Yokohama Plant Protection Station). Res. Bull. Pl. Prot. Japan. 51: 43-48 (2015).

Abstract: The loop-mediated isothermal amplification (LAMP) method for detection of Acidovorax
avenae subsp. citrulli (Aac) from seeds was reported (Oya et al., 2008). After detection of Aac in
contaminated seeds, we have to grow seeds for three weeks or more to judge the presence of viable
bacteria. The method of detecting only viable bacteria, such as a food poisoning bacillus, was recently
developed in and outside Japan (Nogva H. K. et al., 2003; Soejima et al., 2008). A kit based on the
same theory as the above methods was sold by TaKaRa-Bio. This kit can detect only viable bacteria
in the range of 10* ~10%cfu/ml in cultured Aac cells. Moreover, it was possible to detect viable bacteria

in the range of 10" ~10°cfu/ml in artificially contaminated seeds using the kit.
Key Words: Aac, Acidovorax avenae subsp. citrulli, LAMP, EMA, viable

#®

i

A A J7 B E 75 BE M R B (Acidovorax avenae subsp.
citrulli (DUFAac) ) (&, 7 ) BHEIZIE G52 HE) 9 S5 1
Ty TAY A TIEI9894FE A 51995412 AT TAA A TRIEAE
LAREL#E % H LT\ 5 (Latin and Hopkins, 1995), HA
THI998ENIIEET A A J 92 B &G 3 hE FR(B it 5 L 1999;
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07, A ETITAackEAEZ xS & L TRIZ T2 |
#:(Loop- mediated Isothermal Amplification (UL FLAMP
H)) AT RAEIE AL TV AKRES.2008) . A, Mok
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DEROEHAETER T D720, £ L ORFRSHELL 1) . HHT.
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Soejima et al., (2008) D IZ & HEMAL Topoisomerase

1. HEHER RV ETF

AacD BB F R IIZEN Tk S - HAR(YPPS319) %
Fve, B3I YPARTE S (B FF =X A 5g . T > 10g .
U UBRRFZZF M) oL - 12K FI4g . ) Y ERZIKE ) T4
0.5g. 2K 15g%1,000mliZ A A7y 7) i H L .24 ~36HF
BI30C THE L2828 K CTIE L10° ~10%cfu/mlo
TR BRI LS s e I L 7,

fEEFE T A AT 2L . JEE MR Ao N 15
FE LT 0% fu/ml s F% L 72 AacH i lml % A A A FEF-1, 000
FIIEA L BO0C C2HMEZ BN L7 b o2 itk L 720 %8,
ARBIEHON LG R O IL, TFEA MR T~ ==
7IV(EF AR EINZERT(2009)) # 2L, MIRIXELT0T2
H 52 BGi08 L 72D 0 & v /2.

poisonZ BEHI L7z PCRIEAZ ZE 12, IR % P4 5 3812
I3FEMA(Sigma, St. Louis, MO; J&# 7K Tlmg/mlZF#E) %,

F 72, Topoisomerase poison!ZIZCPFX (Buchs, Germany;
AW A K T0.5mg/mliZFi %) . CPT (Sigma; DMSO T
Img/mliZFi%) . ETP (Sigma; DMSOTlmg/mliZ %) %
w7z,

PCR%, LAMPEE T L7274 ~—(dTable LIZ/R L
72(Schaad et al., 1999; K& 5. 2008; Walcott et al.,2003)
PCR 12 13, KOD FX(TOYOBO) % f F§ L. Schaad et
al. (199912 #E U 72 3 72 b 52 X PCR Buffer for KOD FX
12.5ul . ANTPs (2.0mM each)5pul  25uM SEQID5 0.5ul
25uM SEQID4m 0.5u1.D. W. 1ul . KOD FX(1.0U/ul)0.5ul,
FP20pll R LRI 2 SuliRin L7z BS54 41395C 5min—
(95T 30sec—53T 30sec—72T 30sec) x40cycle—72C 5min

EL72o LAMPRUGIC

Table 1. LAMP and PCR primer sequences for detecting Aac.

Primer name Sequence (5' - 3') Amplicon size
AacLAMP20-F3 TTGATTCACCGCCGAACG
AacLAMP20-B3 TTACAGACGATAAATGACCCGG
LAMP [AacLAMP20-FIP |[TACGGCTGTCACAGTCGTAGCTGACTCGCATGATTTCCCCA
AacLAMP20-BIP |TTGCACCTCATTGCAAATGCCCCGTCTGGAATGAACTAAGCT
AacLAMP20-LB TGAGTGGCGACAGACGCA
AacSEQID4m GTCATTACTGAATTTCAACA
PCR 246bp
AacSEQID5 CCTCCACCAACCAATACGCT
/ PRF 500W
Add 10ul EMA YZARNN "
s O -
Voltex vigorously 9 000 Xg, 6
Bacterial suspension Incubate Smin Irradiate visible light 4C, Smin Discard supernatant
(1,000ul) on ice, dark room Smin, on ice

Add Topoisomerase

poison, any one of 8ul CPFX,
—_ —_ 10ul CPT or 10ul ETP —> —_
9,000 X g, 6
4°C, 5min .
> D
Re-suspension with Incubate iscard supernatant
1,000ul SDW 30min, 30°C
Template for
— —=> 6 — — p
H 9,000 X g, Voltex PCR or LAMP
) 4%, 5min
Re-suspension with Discard supernatant Incubate
1,000ul SDW (retain 25ul) 5min, 95°C

Fig. 1. Flowchart for PCR (or LAMP) method using EMA and Topoisomerase poison.

13, Loopamp DNAEMEZZEF v M2
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/ PRF 500W
Add Sul EMA /71NN
20cm
— — => é —_
Voltex vigorously Zégoosj;lgn’ 6
Bacterial suspension Incubate 10min Irradiate visible light Discard supernatant
\ (1,000ul) on ice, dark room 10min, on ice )
~ VA
Repeat 3 times Add 5ul EMA
— — (—> é —
9,000 X g, 6
4°C, 5min .
’ D d tant
Re-suspension with Incubate iseard supernatany Re-suspension with
1,000ul YPA liquid 60min, 30°C 1,000ul SDW
medium
PRF 500W
ZANSY
cm \\ Template
for
— —

- - =5 6 PCR or
9,000 x g, LAMP
4°C, 5min

Incubate 10min Irradiate visible light Discard supernatant DNA extract
on ice, dark room 10min, on ice (retain 100ul) using GM quicker 2
Fig. 2. Flowchart for PCR (or LAMP) method using EMA.
/ / LED Crosslinker
%dd 10ul édd 5ul /7 1\\\
solution A solution B Template
for
— — — — —
Voltex Voltex PCR or
LAMP
Bacterial suspension Incubate Smin Irradiate LED light ~ Incubate
(40ul) 4°C, dark room 15min 5min, 95°C

Fig. 3. Flowchart for LAMP method using "Viable Bacteria Selection Kit for PCR".

b)) 2 HL. KES2008)1I2# 72 T4bHE5TT
904 ATV, ) T F A LE LN E RE(LA-200. 7T A7
N LD HEEZPE LHEZIT>72 DNAH AT %4
1FGMquicker2 (Zy Ry V=) 2 fEMA L7, HT9 50K
HiEEIZIE, KEH(2008) 12#E L 72,

3. EMAX° Topoisomerase poison% {# F U 7= & 5 F 2 Wik
IZ& B4R AacDIRE DT

EMA & Topoisomerase poison % i F L 7z i {2 1 72 W7 i
DO EHE. Soejima et al.,(2008) DLW DR O A% M HI§
5PCR#%(Fig. 1) # AacT O RE MR FE L 72752, D
R 72 F(EMA-CPFXALHEL) K U8Soejima b O F-iE % 2L
7% L7 EMAM L B(Fig. 2) [t OV i L Viable Bacteria
Selection Kit for PCR(% #1 5 /8 4 % )(Fig. 3) % Fl \» 72
LAMPETOER ZMEI§5Z e L7
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1. EMA & Topoisomerase poison% £ U/:PCRIEIC &3
AacDi&H

AacEH O &% T HE D Z BEET 5 726, 10° ~10%cfu/
mlOWBE R Z20MERLZZHLEIZOVWT EMAL
Topoisomerase poison D & # % F A& L 7245 &, EMA-ETP
JLEE L EMA-CPTALH TlX10"cfu/ml F TDAacDIE W DO
HEFCIENTE, EMA-CPFXALHETIZ10°cfu/mlE TD
AaclEH O Z 2 L AT E72(Fig. 4) 25, Tha iz b
EETORBMRIEICZEIZTELR D o7z, 72, JEHIR
O N T.59efd 1% F v TEMA & Topoisomerase poison
MR ORI OPCRE ZITo72E A, WL o7
ElTAachH SN DITH LB L 7235 & X Aach i &
N7 -72(Fig. 5) o
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EMA+ETP EMA+CPT EMA+CPFX M123456M
M123456 123456 123456 78 M

+246bp 246bp
M: DNA Marker(100 bp DNA Ladder), 1:Dead cell of M: DNA Marker(100 bp DNA Ladder),
Aac(103cfu/ml), 2: Dead cell of Aac(10%*fu/ml), 3: Dead cell of 1: Non treated dead cell. 2: EMA+ETP.

Aac(105cfu/ml), 4: Dead cell of Aac(105cfu/ml), 5: Dead cell of
Aac(107cfu/ml), 6: Dead cell of Aac(103cfu/ml), 7: Positive
control, 8: Negative control, The arrow indicates the 246 bp PCR
product

3: EMA+CPT, 4: EMA+CPFX,
5: Positive control, 6: Negative control ,
The arrow indicates the 246 bp PCR

product
Fig. 4. Detection by PCR after chemical reagent treatment to Fig. 5. Detection by PCR after chemical reagent treatment of
decompose dead bacteria. artificially infected and sterilized seed.

Table 2. Comparison table of the result of the LAMP method.
A. Initial concentration of the bacterial culture

Treatment sample(cfu/ml) EMA-CPFX EMA X 4 Takara Kit

Live Bacteria 10° nt O O
Live Bacteria 107 nt O O
Live Bacteria 10° nt O O
Live Bacteria 10° nt O O
Live Bacteria 10" nt O O
Live Bacteria 10° nt @) X
Dead Bacteria 10° O O X
Dead Bacteria 10’ O O X
Dead Bacteria 10° O O X
Dead Bacteria 10° AN AN X
Dead Bacteria 10° X X X
Dead Bacteria 10° X X X

B. Artificially contaminated seeds

Treatment sample(cfu/ml) EMA+CPFX EMA+CPT EMA+ETP EMA X 4 Takara Kit  no treatment
Dead Bacteria 10* X X X A see Fig.8 O

O : detected, A : unstable, X : not detected, nt : not tested

2. EMA-CPFXLI2% U< (FEMABE HEILIEL -LAMP3%IC 3. Viable Bacteria Selection Kit for PCR% {# fi L 7=-EMA-
LBAachHitH LAMP;:%

EMA & Topoisomerase poison% ff:H L 72 LAMP % T ® 1. e O°2. 7 5 EMA-CPFX AL H 3 13 EMA# £ [nl L 22 L
B 1. OPCRE TR EOMH 2 & LIH T EZEMA- 722 OLAMPETH AacE RO ADKIMIZT L Z 2 5h 72
CPFXMLELIC X477z, SREOFENL]L. LFBICIFERL7. AN 10°%cfw/mlbl FOiEE CHEAET A WO INEIL T X 2
PCR#M % 95T 55 MO BULEE 24TV, LAMPEOSHIMEL D olze TD7z % 715751 % Viable Bacteria Selection Kit
THEMAL7 for PCR% I\ 272 LAMP & O #5 % it 472 10° ~10°cfu/ml

%72 EMAZHREILELS2 2 LI XA HBBIHICD  DEEDAacE R ROTEHBH Z R A7 AH 10" ~10%fu/
WTOMET L7z ZOfER. EMA-CPFXALHZLAMPZ:  mlOig I €, BT b O 4 T & B RIS i © & 72(Fig.
2175728 2 A, 10 cfu/mlE TDOAacHIEHDNADOK I # S 6)o E512,.10* ~10°cfu/mUIF#E L7 £ BT IEE #10°cfu/
T EMTE7(Table 2 A. EMA-CPFX), 512, SEHEHK  mliizx. MO EEZRAEL/-LZA, & TORE TR
HHON LiHEAE 1% VW TEMA-CPFXLEZ LAMPHE %  §ETH-72(Fig. 7)o
fiolzbZ A, LB ClZAach SNz xF L, L % 72.10° ~10°cfu/ml i FE T A W o N L5 e fd 1
L7235 & id Aac)S i & 72 7 572(Table 2 B. Artificially RO EZEGERE L7206 BIXE2HWC, BB O G2 R@AE L&
contaminated seeds) o A, RHOMEITAE TR T, AFHOMEBEFRIZ10 cfu/

F7:. EMASEERILEZOLAMPETIE, SEFHICOWT  mlTh-o72(Fig. 8).

I ZEMA-CPFXALIR L 7235 & & 55 O 4% R T -72(Table 2
A. EMAX4),
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Dead Bacteria
B (1073 efu/ml)
Dead Bacteria
(1074 cfu/ml)
Dead Bacteria
(1075 cfu/ml)
Dead Bacteria
0.5 A g (1076 cfu/ml)
4= Dead Bacteria
(1077 cfu/ml)
0.4] ¥ Dead Bacteria
(1078 cfu/ml)
Live Bacteria
(1073 cfu/ml)
Live Bacteria
(1074 cfu/ml)
<O~ Live Bacteria

I I 7} ]—’ / (10%5 cfu/mi)
Live Bacteria
<> (1076 cfu/ml)

~
\

e
9

0.1

2z Live Bacteria

z T (1077 cfu/ml)

£ Live Bacteria

0 -'A-.‘-LL-LJAQ(—'M‘-*

S 10 20 30 40 50 60 70 8 90 8 (10”8 cfu/ml)
— PC

0. == N.C.

Reaction time (min)

Fig. 6. The EMA-LAMP method which uses the "Viable Bacteria
Selection Kit for PCR" for detecting only viable bacteria alternatively.
Detection of dead Aac (less than 10°cfu/ml)was controlled.

Live Bacteria (10°4
cfu/ml)+Dead Bacteria

Live Bacteria (1075
cfu/ml)+Dead Bacteria

Live Bacteria (1076
cfu/ml)+Dead Bacteria

Turbidity

Live Bacteria (10°7
cfu/ml)+Dead Bacteria

Live Bacteria (1078
cfu/ml)+Dead Bacteria

- P.C.

«=: N.C.

10 20 30 40 50 60 70 80 90

=0.1

Reaction time (min)

Fig. 7. The EMA-LAMP method using the Kit on an intermingled
sample of dead and viable Aac. The outfit was able to detect viable
bacteria without the effect of dead Aac.

Dead Bacteria
(1073 cfu/ml)
Dead Bacteria
(104 cfu/ml)
Dead Bacteria
(1075 cfu/ml)
Live Bacteria
(1073 cfu/ml)
Live Bacteria
(1074 cfu/ml)
Live Bacteria
(1075 cfu/ml)
P.C.

Turbidity

Pl eR P e Ry

N.C.

—010 10 20 30 40 50 60 70 80 90

Reaction time (min)

Fig. 8. The EMA-LAMP method using artificially infected seed and
the Kit. Detection of dead Aac was controlled and viable Aac was
detected between 10*cfu/ml and 10°cfu/ml.
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EMA & Topoisomerase poison % i Jfl L 72 PCR % T I,
PCRILEIZFD SN h 2720 DD, 10°cfu/ml% 8 2 5 ik
JETHIEETARMOMMEIHTAHZ LI TE L o7 F
7-. EMA & Topoisomerase poison’ ffi Fl L 72 LAMP % &
EMAZ AL 72 LAMPZEZ DWW T S IZIZ R OK5R
ol Zitid, PCRRRLAMPSUGZ BT 5 5EH DNAD
G 2 0§ 35 72 D EMA K U Topoisomerase poison L
LMD B T olz/zdbE 2 b A, —/7 T, Viable
Bacteria Selection Kit for PCR% fii F L A= T{ @ A& % i {1 5
BSLAMPEEL, SIS AR 35 2 L3z <,
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THYAE T % IV 7235 41310" ~10°cfu/mlod [ TR O BN
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DRI DAT » THEEH DAY T LY T4V s =ik
DO 722 LR N L ARIRPIEEDIR T A B 2 RIZ LT
WHEEZLN 5,

NS DGR A 5, Viable Bacteria Selection Kit for
PCRZ 72 Aac®LAMP I, G 2 I & L2 & 92 i
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