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ABSTRACT: Objective To establish a field visual rapid detection method for Vibrio vulnificus in aquatic products
and aquaculture waters based on loop-mediated isothermal amplification (LAMP) technology. Methods The
genomic DNA of Vibrio vulnificus were extracted by boiling method and centrifugal column method, respectively, to
optimize the extraction method of Vibrio DNA; the gyrB gene of Vibrio vulnificus was used as the target gene, and the
optimal primer sequence suitable for LAMP was designed and screened, and the color changes of amplified products
(plus calcein) were visually observed by LAMP fluorescence amplification curve (plus SYTO-9 fluorescent dye) and
LAMP, respectively, to carry out the experimental analysis of specificity, sensitivity and repeatability. Results
Boiling method was a quick method for genomic DNA extraction of Vibrio; the optimized primers could specifically
detect Vibrio vulnificus with a sensitivity of 10 fg/uL for nucleic acid concentration, and the result was stable and
reliable. The method was applied to the detection of actual samples, in 558 water samples and 655 water samples, the
positive detection rates of Vibrio vulnificu were 9.01% and 8.60%, respectively, which were significantly higher than
the results of traditional isolation and culture identification. Conclusion Low technical requirements, low
equipment costs and short detection time make the visual LAMP quick detection method an ideal choice for field use
and more convenient for aquaculture.

KEY WORDS: Vibrio vulnificus, aquatic products; aquaculture waters; visual, loop-mediated isothermal
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%, WREfERK . WATR MBIz —P,
PdE =0 12 AR EABURE, MG K IR
WOk B RAGPrAk, B4 5] k™ E i /A 3 T A,
HApBIGIRE (Vibrio vulnificus) /K5 i 58 H G 388K
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AEWE . WIEE . IR E SRR, S0% M B FHERKE
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F 50%!7, QR BEAE 72 h PRV TRIR AN, AT
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N AT I v fE IR AN . PRSNG| LI R GE 5
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T OUARSR 2 TT R I DA I 5, X
1 A B FIK AR IR I 2 Al d i

IR e, SEEe s B K gie 0.5 2 Hith
IREEIRAE, AR e ARG 2=, K7 i BB Ao Ae
M Zet 2 )y, WELWMEARANR, BAZGEFRHEITE
TT A0 453 5 B0 A DR A 0 5 AR 1T A oK SR A A — b

fEFTER R WD Ty vk, AT LA/ %58 P B | BEIRA L
A Al R AR U, AT AR R A Ak g A 2l gs . B
5 [H 37 P B B R (loop-mediated isothermal amplification,
LAMP)2: H AL 145 NOTOMI 25151 2000 4E42 H fl—
Tl B AL R 1 D50, R BORTE S IR AR T o8 U R (1
P, HA TR . RkhE | R ER S, B
0 TR R A . gk s H R 2
5 A K™ o T BELAIEA ) v ot S )
VAR e FCOEE ™) o e S B P SO M
B9 ZR-AMEB% v (polymerase chain reaction, PCR)KSHI A/
5, WHR AR TR T A INELE N BoR MR E £ &
PCR 7 R G033 LAMP A6 i i g 7192030
H i R WL FF R ATAAL LAMP i 7 v

AT IBIGIRNE R gyrB JERONHRIER, it T 6
% LAMP 514, FIF S0 N, S —Fogisl g, f#
. EF AR B AT LA LAMP S5 7k, DURHTE
BRG] v S A RS B 49 I ) R AT B

1 MR5ERZE

1.1 #R5RF

Fr A RIL 9 B, WG BIINE (Vibrio vulnificus
ATCC 27562) . J29REE (Vibrio splendidus ATCC 33125),
WA (Vibrio mimicus CICC 21613). Z KK (Vibrio
metschnikovii ATCC 27562) ﬁ@%ﬂm%(lfibrio furnissii
IQCC 12309) . sk B (Vibrio fluvialis CICC 21612) . ¥
SN (Vibrio alginolyticus ATCC17749). B MK (Vibrio
parahaemolyticus ATCC 17802). #83K & (Vibrio anguillarum
CICC 10475); A5 Bt T A A ol & R 20 5 vh [ Lol
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MAEY R AR P, el EEETRE T
—80 CCAAFLRAT

AT SER 2] DNA 4R BUSR & (185 DP302, KAA:
R I A BR A w ), B DNA ZAE AN [R5
No.9182, FAM TR (KI%E)A R Fl]; DNA fE IR 31K
FE(FTS: 051011M, T HOBUR e 2 R £ AR A PR F); 9%
St BRI (5 H AR R, 185 SLP221, R EYERE
(FEDERAFE], B g 3% FALanms T & H 2% vh il
(alkaline peptone buffer, APB)(#¢%5: CM401B), ¥ N
(lysogeny broth, LB)%iR(525: CM159)., FifCan R EhAris
PR £5 RA £R T B8 B B8 K% 5% 3L (thiosulfate citrate bile salts
sucrose agar culture medium, TCBS)(#75: CM402)(Jt 5
HrEEAR AR AT, IREFgE R E B M
% E (modified cellobiose-polymyxin B-colistin, mCPC)¥iflg
T35 HB4151, 7 & =i B A P B BR A JD.
1.2 UE5REF

MGC-100 18I IR 46 (Bl —tERHA AU A R D)
3K15 B0 ML E Sigma /A H]); BSA822 HiLFRKI-(fi
Sartorius 2\ H]); 400SW HJFi #$ (3% Interscience 2\ F]);
Micro Drop it /BT il TRk =AU A TR
N T]); 7500 SERFHEE PCR X (€ ABI /A /]); CFX96 SZH}
P PCR AL (3524 BIO-DL A l).

1.3 XLWHE
1.3.1 Heua A ILF 4 DNA #9428

WERAERE S AERBARKIRGTRKE) L . FE
BAEADF 1AW, A WSR2 KEE,
£ 500 mLo B 1 mL AKFEIIABIZFSE 20554 9 mL 1) 3%
fb84 APB ¥ 15 mL .08, & F 37 °CIEIRREIRA T 8s
% 24 h, W1 mL B4 5350, 12000 r/min #5.0> 2 min, 3
2 FIEW, UUTE T HRE DNA.

SRS DLZE: F TSl B ORAKIE VRSN e R TR T, FRTR
O3B T5%IWIAE R BRI RSN e, RTVK T HIE DT 7e, R
29 20 g WA, BIWEHFASH, A 50 mL (KB4
0.85% L& /K, HR 3~5 min, [RESLTEAM0HEL, W
1 mL AR RSB, MARIFEHE 9 mL 1) 3%HEL
1 APB 1 15 mL .08, BF 37 CCIERIEFRAH Pt

Rigt. B 1 mL S BERFR, 12000 r/min .0 2 min, F%
iR, UUVEF THEE DNA,

s AR IKE T 75%ERMRTE T, FERR AT,
S RIBUIE . ML BRI AR AR I 2, FRERZY 20 g ik
ATCH I ITAS, SR H BTG 55 DU I dkilb ATy o .
P35 9% AR EL DNA

HREES: [ 7S% R AR TN BEJn, A B 2 B AR A,
258, FRELZ) 20 g WA, B4 0G5 DUy ikalb ATy
i, AR FR X AREC DNA,

RRE SRR TR R IR T, U TG TR A R R
AR R B SRROF SRAT T TCBS Bigs R 1, BT
37 °ClHRBEFRAA TP I B 3% o FHEEAR PR BRIk €670 35 €611
WV, 76 mCPC BEfgsidedt ol fe bt o, M SE
B 25 S H R (Food and Drug Administration, FDA)K
i) BAM-2004 #2459 55 — i o5 KT B 2505 (most
probable number, MPN)JEA T A= L %52

ABIFFE 43590 K 2 DNA 2k (LA fRIFR 2 ki) Fn
BLOATHREL DNA TE(LUN SRR ESCF ) W SRR 107 T 3 R 4
DNA [HE, LA AR P 3 B F9R 1 DNA $2BU 2
% DNA ZU LR BULTR: ARG BIIA 100 pL (14247
WA B AR, ARG RS, 95 °CE ¥ 10 min;
12000 r/min 0> 2 min, B IS, 20 CCRVRIAAEE T, 5
AT HRI DNA VR R A3 U] SR A0 SR EA T3
ZH DNA FI3H,

1.3.2 Fl4e9it 56

4% NCBI GenBank %4 1 H A AR BN gyrB
(GenBank: MN540397.)//ENHLFH, L Xta¥i/E, #
7 gyrB FEEMIRSF)T, I Primer Explore V4 #1445 1%
T 6 & LAMP 519 e, Uik h G R B i i tE5 1)
FPANaNER 1 FR, ¥IHEAY TRCRIE) A IR FlE .
1.3.3 LAMP R4k & B4t

LAMP JZ R R A 2xRM JW# 12.5 L, Bst DNA
AW 1.0 pL. SYTO-9 236 YLkl 0.5 pL (s n] WAk 1 5 5
5% 1.0 uL) 519 1.0 uL(N 5 LR E 0.4~1.6 pmol/L; 4
2 AMAE N 0.1~0.2 pmol/L; S| WA MW H 0.1~
0.8 pmol/L) . DNA #i#ix 2 pL, AR5 2 8K 25 uL.

F1 Q45IE gyrB £E ) LAMP #3854 K 55

Table 1 LAMP amplification primer and sequence of Vibrio vulnificus gyrB gene

gyrB FEH 519751(5°-3%)
VV-OF GCTTGCTATCATCGGTGAT
VV-OB CACCGTCACGCTGTG
VV-IF AACGCTTGAATACCACCTTCATACAATCCTAGCGAAGCGTCT
VV-IB TCACTCACTTGAACCGCAACAGCCACTTCAACCGCAA
VV-LF CGACACGCCAGAGTTCA
VV-LB TTAATGCCGAGCGTGAAGA
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T8 33 SR 5t PCR X, LAMP S 3430 34 ok
SN W& (N SYTO-9 5 RYet), 580 HE 7 vk
SYBR, BE 5K 63 °C 155, 63 °C 45 s VEN 1 M
W, T 63 °C 45 s bEEDOLIF S, 45 MEFF, RIVAH G
ST g s R .

T AL SR 3 Py B AR A OIS B ),
WB R A ERKIA 63 °CIRIR 30 min, 2R)5 95 °C
2 min Z 0k OB/ UKL AR O, TESRAMET (K 240~
260 nm, 350~370 nm)WLEE EILREATEE R PHPESS R, Togk
T EN B2
134 HFAHEER

PR O 59N AT AR AL LAMP A6 05 1k o e S
HRYEF 1 PRI T VB S 9 LAMP 5190 F0 b 3R J 0 1k 2
ZeMEXF RGN | RSN . BN . FRONE . 3%
JEWTINE . WIGEINE BN . R ORS8N
R DNA #4793, RS RE, Ead g
PEEY BN SYTO-9 % S kh)Fn & 4 R WL H-
YA NS B AR ), TR ISR, AT
WOPAT S0, 43 ) A6 B A B 55 AT A4k LAMP A6 il Jy v (1)
FesdE.

13.5 RBEZEK

57 R R i 20 S B I E @A IR AL A 4 DNA
MWL IS, 4% B LR B 5 QIR 1) DNA kB
Sy PR AT RAIHBE: 105, 10°, 10%, 10°, 107, 10,
1. 0.1 fg/pLo BB HEATBOEAT S0, KA W ZE K AE
JPAPEST R, $2RE LAMP W AN R, 06 E A Dy iR )
RIS

20
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1.3.6 EIMHFEHE

BE) I (O K 2] DNA ¥R E 1 ng/ul, LA
YRR, YE1T 10 R R, SEBOUR B ST 25 SR b iy
E (BTG RG Uk 155 1 Sl DNA #5i4, 64T LAMP 46 5256,
K 20 WR-A T SE 56 ASSIE kT B
1.3.7  JeK = & BARFAKIR 44 5 FRAe 2 A

KA 655 (7K e, AR EIRIA T A AR
Eh 155 4y . RETH IR H A KT SRR 189 1y AR 5R
Y iK™ G RE G 206 43 LS K R A B 105 47 SR
45 558 M AKARKE S, EHETEAKRE S 440 £, TLIKEFE 5 98
1y . FREEIAHIREE UG K BE 20 0y o SRITIARMI 5T £ 57 /Y rT Ak
LAMP Al 77 3%, % R 4 A S AT R, o % &
LAMP £ H P25 S A FE S AT B I BT ) B 95 4 s 45 9%
MARLEE

2 HER5HH

2.1 INEEELH DNA BB EMLER

PEICENHIINEE « I 9ICET | S I I A 2 T 1Y)
PRI BT, SR B b DNA 2475 s .0 DNA 4ifbik
Sy BB 4] DNA, [ FF R o 40 ' 0 B 3T v Wi i
E IR EE . 2 Fi DNA $2EU LW Are/Aaso HUAR
MR IR A 22 s R L 1. i 1 AT, TG sR I
AP SR IO 22, %R 4l BE A FE PR (E (Aaso/Aago) YT REIS FY 1.5
KU L, % 2 Ry ik 2 (R JC 8 3 22 5(P>0.05), FEAH L IE
BRI R . SR, ZRRIRE R ZmOKIEEY,
JE 22T LAMP § B4R 75 ZEXTHBEAR DNA SEF 7Rk, LA
A 1 T4

P=0.2452 P=0.0938

] ] L 1 ] ] ] !
by BOHME AWE BOHE AW BOEE R B

M I

1
7 KA W

1 4 FPoIEE S R 241 DNA 40 BE 8 AR E (Aae0/ Aago) B T 2253485 S
Fig.l1 Results of ANOVA for purity index values (4,60/4250) of genomic DNA of 4 kinds of Vibrio genomic
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LA K G S 491 53 B AS [R) 5 3 2 B DNA ) LAMP 3~
WROR . Rk LAMP 564 1 il 26 43 Bt B vy 45 21 (O
SYTO-9 ZFaYekh M 2 fizw, i 450 T e /= Prsi
O AR A R OMES 4 R), Nl 3 s, dld 2, 3]
UL, KA 2 ROR R 7 3R B A 0550 % DNA, Eid LAMP
SN ¥ RE AR SR S S G i £k, LA 3R 4L (cycle

threshold, COfEFEA—%, Bt LML T VLBt iy
JEAE Ak, AT DLy A ML Y SR GBIV SE B WTI,
b DNA 2ok B 1ok b & I3 A BERZ I LAMP
g, R EA AT A A . AR . B SE I
LRI, AT RECE TS DNA SRk e T B 5L R 21
DNA 28,

=

6000000
5500000 o CHi
5000000 Al 18.69
4500000 A2 1837
4,000,000 Bl 187
3500000 B2 1969
£ 3,000,000 -
2,500,000 -
2,000,000 -
1,500,000
1,000,000 |
500,000
0 [1.078.724662
0 2 4 6 8 1012 14 16 1

8 20

22 24 26 28 30 32 8 40 42 44

B3R

34 36 3

H: AL, A2 RATE DA IEBUL N 4] DNA B IEFEA; B1, B2: RAZWILIRBOLFE 4 DNA A1 IKEFEA
K2 BIGIRE A EE O 2 LAMP 2869 18 il 2 25 1

Fig.2 Results of LAMP fluorescence amplification curve with different extraction methods for Vibrio vulnificus

TE: 1. 20 SRATES DAL M2 DNA MEIIERA; 3, 4:
R B LN 4] DNA MR GIEREA; 5. 60 AKX,
B3 AL B IR A RIS IR 1 i AT AL A I 45 2R
Fig.3 Visual detection results of different extraction methods of
Vibrio vulnificus under ultraviolet light

2.2 LAMP 5|¥IR)iHiELE R

it LAMP 2864 B4 a0 (i SYTO-9 »tek})
BIGTIRE R LAMP 5190k 5. Horb B R B30
B, BAMEXT BEOR RIS PRI . S BIEIRE grB JEH Y
BT 6 BB T LAMP s, 4558 0: 1. 5.6
£514, BH55RER FEE X R AY IR RI 298 15, 10, 11 min,
FAPEXT BRI TCY 3 565 2.3 E514, B0 BT B
VERTI 292 16, 20 min, {HEAHXT RS54 50, 30 min i
PR B PRI L 5 4 B5 1Yt ih 2 it 1, T8
WEAE, PRI, ZRA LA Bas, vePe g B B G ERE S

W BIGIINER 5 E5190FFIIE DITIREEE .
23 HRUESIBRERIN

RS g g R, 4 LAMP Rl G005 9R i34
R PE Y4, 2 R A5 R — B, AR A9 3G 0 B
Mo PO WM ARLIRILIE 4, FHMET IR P E
ARSI 5. BERIAHI R B BI0IE LAMP
T8 BAT KA R b

5000 R
4000 -
A

= 3000 -
iR 2000 |

1000 -

c~J
0 —
0 10 20 30 40
TEAE

T AL B GUGIRER; C~T: BV I IR R IR B S5 A 8 Rl o
K4 LAMP 5633 il 2k 73 B I 60 £ oI T ) 4 S 1 45
Fig.4 Specificity of detection of Vibrio vulnificus by LAMP
fluorescent amplification curve analysis
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T A GGG B~H: @7 eI 45 HA 7 Rk
K5 AT ERTILAL LAMP A6 G455 B Y e S 5 SR
Fig.5 Observation of the specific results of visual LAMP detection
of Vibrio vulnificus under UV light

24 RYPESKWERDM
R B TR 8 AN [ B2 ) i PR LA BRAE Dy 9 348 e
1,200,000

1,100,000
1,000,000

NAEAR, LAMP JZ R 26 1 i 2 45 5 (n SYTO-9 2456
YeRD L 6, SANETT I8 4 B e ok 8 AR 4 R
Chn s # 4 20) LI 7. P IED 6 AT D, 224600 473 91 BRT A ok JEE A
10 fg/uL K DL B, 5945 98 611G i 46 B0 FL85 SR,
200 1 fg/ul e BEBF35 HREAE R M p ke th B 25 SR AT s
M 7 0] 0, 10 fg/pl K UL EvREE R BIG90 5, R4MET
VUSB43R 6 08 e i B AR Ik, T 2SR R
1 fo/ul BFPREEAR LA B3 . Mk, 28 B25 R, Q45 9N5
() LAMP J7 ¥ I R A% A 10 fg/ul, H2eed i 2k
FIER AN G WA B 386 7= ) 1) BT € A Ak R R 45 SR 3 A
—.

900,000

800,000

. 700,000
% 600,000
500,000
400,000
300,000
200,000 -
100,000 -

0

5 10 15 20 25

30
(BTS¢

35 40 45 50 55 60

i A: 10° fg/ul; B: 10° fg/ul; C: 10* fg/ul; D: 10° fg/uL; E: 107 fg/uL; F: 10 fg/ul; G: 1 fg/ul; H: 0.1 fg/pL; I: 25 HXF R,
Kl 6 LAMP ZEtuia i) 0 5 7 SR 5230 45 21
Fig.6 Experimental results on that sensitivity of Vibrio vulnificus detection by LAMP fluorometry

1 A: 10° fg/uL; B: 10° fg/uL; C: 10* fg/uL; D: 10° fg/uL; E: 10°
fg/uL; F: 10 fg/uL; G: 1 fg/uL; H: 0.1 fg/uL; I: 25 (X} IR,
7 BT IR R LAMP ARSI 25
Fig.7 Results of LAMP visual detection of Vibrio vulnificus

sensitivity under UV light

25 EEMXLEER

JAHT RGN E LAMP AN 5 B EE M, DI
R B 10 fg/ul #) 2 FIIRE LN L] DNA AR
LAMP i, &7 20 IREE SLH, 2Oy 1S M2k se a2
REH, BIHIER 20 WRE L Y04SR — 2 H Y8 P,
R A . B i e, ULBHOR T LAMP 5 A4
PR HLAT R AT i E A e AR e

2.6 FESEBRAES AN
R FHARTT TS RAR I K™ by ity AR AR i 1A 7 52

BRsiing . 28 LAMP &0, 7E 655 B3k = fdtdh s, &
59 R RE A0 40 O PE A, BH AR H RS 9.01%
(59/655), T£ 558 U/KIRFESEH, 4 48 {3k S A4S H A 351
BPHE, BAMEAS R 8.60% (48/558), il it FL AN I T4 %
Pk, DAKIET AT A LAY 1 e ) i B e AR Ak,
ST LAMP 5 G I K 7 Sl Rf i RUK RRE (i 1 25 5 56
—5

EEX R LAMP K BEPESE S AR S, RS2 2¢
Jt PCR KM TIRIE, 45 RAFERN 100%. [, #H17
BIGIEE 1 BE TE Ay s i R R AR S e, 2%, IR
PHPE TR BeAG: H 5l 83.76% (P=0.00002). F 5 3 %%t b 5t
T BEHRAER 105 431 Sk AT T a0 R R 5, 56
TE T 520265t PCR M4 TR %58 R 50 VITEK J5 i iR %
S 100%H1 67.50% ABFFTEE SRR, AK7= MK
I 43 35 15 35 0 BR ARG H R B B AR F LAMP 1B
PERE 3, AT R AE T, REINmm kA K g, 4k
e 2 A RGE
2.6.1 REFPEAE A IKE L

655 1K= SRR S T LAMP #5465 5 4% 2 B, )
P3RBT B A R A T R IR K | /KR | gk £
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VUK, BRPERES B Rom i DU2E . e, DR S
EEINE . K RITKI 0T, DUSRE S FE A 20 i
Tl K A BE B (P=82.51, P<0.01), W] &5 F 1k /K fa kE i
(*=82.51, P<0.01) . IR/KIFEERERD (=82.51, P<0.01), 3k &
KRR (F=82.51, P<0.01), S KUFEERE Sh FRVER 2% 0
Biit 2 R(r=1.71, P>0.05).

*2 AEMAK=RHAHINER LAMP &5 5%
Table 2 Detection of Vibrio vulnificus in different aquatic
products by LAMP assay

UGN

F il SRAE B/

R s R %
TR I 36 0 0
WK 105 6 5.71
KR 53 6 11.32
K 171 12 7.02
s 189 35 18.52
P S 101 0 0
&t 655 59 9.01

558 {3 KA LAMP kil 25 R N3k 3 s &R 5
Ko 06 2 M7, W 7K RE i BE P G 2R B B T VI K AR
(1*=82.51, P<0.01), FEFEIZ/KFE S PHEAS H S0 85 T
K EE AL (7=82.51, P<0.01), HF/KKE 5 FRFH 7K FE b FH
PR R G425 52 (*=1.71, P>0.05).

®3 KFEREMFIMER LAMP &01E R
Table 3 Detection of Vibrio vulnificus in water
samples by LAMP assay

B B ER
FE i PR
K H B0 K H /%
HEK 440 45 10.23
PARTIP < 98 2 2.04
FRE K 20 1 5.00
&it 558 48 8.60

2,62 NE) A WAMEINEA 6948 d L

IR 2 R A T . AR, R KR BT, I
B ARG SR S B L Tt DRI IL, SR ARG R R o
A FE BRI 25 SRR SE T X A i, 3~5 H .6~8 H .9~11
A 12~2 AFREEBE 8 174 43, 23545, 1324, 114
By, ¥ PHEBCRE A 18 4. 70 3. 17 6. 2 4y, Kb
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