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&l 7K T i A BE A 10 pmol/L I A7, T —-20°C
VKA ORAE A s AT BB RS 50 mm, 1T WAL
UEREANE]; DRI, L RL IR A F], EAR
50 mm, fL4%0.22 pm; VK&, VLPGERE R AT
BT, £RIE 30%0, AT RECHIAS [FER B K

LB TU-10, MH—MEEHEABR AR 4kl
Smart-RO15, i MBERARAF; mil 5t
BOHLTGL-16C, il Bl2eAUAR T 2K
fifi b5/ ReadMax2100P, | i R A= M) Bl 4 A BR 2
il AR AU MX-S, Jbat K 48] 52 s A g
A FRA T
1.2 HENEFRE

BN . N (Vibrio alginolyticus) . iR
Hi 2 AR G (Edwardsiella tarda) . i 4% B 20
#  (Pseudomonas aeruginosa) NN o]
(Pseudomonas plecoglossicida) F1 W& /K =, ¥ il B
(Aeromonas hydrophila) Y3 /4532 K500 i i AE )
S PR

JBEEE R G R IR (TSBHRFRIL), HI
TSN . VeI | AR AT B AR FC R AIg K < R
MR ARG SR LB 8553t FH T4 2R A s i o Fn AR
TEAB B TR ) B 5%

1.3 ZBAE
1.3.1 NaCIfe BRI I 6 1) 52 i)

IO B R 2.4 pmol/L 3 FL A4 20 pl 5 60 pl i A
SR WSS A, TE25°CF . 200 t/min ¥ K % &
60 min, ¥ FriFE 55 20 pl H@B4i KB 70
10° CFU/ml B85 ETR A, FF7E25°CF . 200 r/min
FEIRWE B 454 70 min, SR J5 2000 5 60 pl ¥k &8
100, 150, 200, 250. 300, 350, 400, 450, 500,
550, 600 mmol/L i NaClIFIRIR A I, ERE
WATE 520 nm AEBYWROGFEA (4y,) . RTFIOLEES
NaCl¥eERY S R M, DAHAE NaCl ¥R i
1.3.2  faillt b ot A8 1k

BRI R T 4B Rk 4
(Au) =G+ ZIRERAR (AutApt) — 14k
S+HERERAR+625T 5 (AutApt+Va) —REIAS+
% R 3 Fic 14+ 18 9 7 +NaCl (Au+Apt+Va+NaCl) ,
A3 IR 44 B B SO G HEA T A s . ELAA
WFETiA . H60 pl BARGAERFEN 1 (Au). 60 pl
JBE AR 4x 55 20 pl ¥ A 2.4 pmol/L Y38 Bt AR H1 78
25°C'F . 200 t/min FE& K B 454 60 min, 1ENFES
2 (AutApt), FEdh 2 HIA 20 pl 3R 10 CFU/ml
AIBEHRE , 7£25°CF . 200 r/min £ R & 70 min,

HEIRER 3 (AutrApt+Va) o FEEL 3 HIITA 60 pl
J& A7 400 mmol/L 1Y NaCl 15 2| FEdh 4 (AutApt+Va+
NaCl) . FHMBZEIK 73 K FE 5 1~3 B 3] SR B
160 ul, SHEdh 4 89 BIRF—FE, DIHEBR AR FUAS[H]
SE T, SR5 AR UCE DK 320~700 nm yiE
FEL A 3K 4 A S AR AR I i W SO 1
1.3.3  FeStEatr

14 2.4 pmol/L AL RS BT 95°Ca @i hm
5 min, FRVKI 10 min, 2K )5 B 20 pliE Aok 5
60 pl iR a2 4, ek 80 plid Feik-Iik &2 4
Y. FARBLKH 6 FPanpE (B25NE . FE /K<
W AR | SRR | IR AR G
PA IR BEIER ) 430l B 22 10~107 CFU/ml, il 5
PRI, SRJF 20 ul 5 80 wl AR IA 4 -1 A2
EWEES, TERSERA; HIH20 W iy 2K AR
R, 580 Wl IR 4 -E RS &, VB X id
2o SEHGLH G HR AL —[R]#E 25°C . 200 r/min £ IR
WEE LA 70 min, BEJEEOW BT, 560 ul.
400 mmol/L i) NaCl ¥ IR A I N, SR I TR A
WAE 520 nm 2L YOG . TERAE S Yh
(3G PR S B8N 2R I, SRR S REE, A
NaClJ5, &8 IR S R & 7E NaCl Ig/ERT
RAREEH, FERROSCEAER AR, i
TR T, A HIN RV, R aga
R XTI P4 R Y B 1 =S 6 4 A W Y6 B A — %o R LAY
WG A
1.34 RS-SRS 0 SR

I FCA S R e 25 At E Atk . 2.4 pmol/L
(A% B8 B A T 95°C 4 J8 ¥ HH AR 5 min,  FRVKIA
10 min, #RJFHL20 pliZal B 5 60 pl A9 A 4 TR
4, T 25°CF 200 v/min $% K45 A AN FIHE], 25
J3HIANA 60 ul 400 mmol/L Y NaClIE IR K0
FEAE 520 nm ARSI WA RO BE(EL, 223 W
MZE AR OC R ML, AR A 2 e AH N 1)
SEAHE

AR S AR 455 LIS K 10 pmol/L
(A AT B AR T 95°C & JE VA h R 5 min,  FRVKIA
10 min, #RJG 0 0IRE B AT P W EERREE . 1.6, 1.8,
20,22, 24, 2.6, 2.8 umol/L, HL60 pl ik 4 i
W53 5 20 pl LRV EE RS BCIRIR G, 7E25°CTF
200 r/min £% K 45 4 60 min, B 5 S RE S INA
60 pl 400 mmol/L ¥ NaCl i5 W 1R & [ v, I &
520 nm Ab AYMROGEER, ARAS WO B 5 e A vk
(G ZR AR, AR A i 2 e AR A 285 6 e 1)
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1.3.5  SBON G 5 R 4 -3 Bl R B B 0 i 45 4 st Ti)
5T

B 80 pl if FCiR- 1A 4 2 &9 5 20 wl ik JE 53
B 10, 10>, 10°, 10*. 10° CFU/ml #& 9K 45 4,
T 25°CF 200 r/min F& IR & 45 G AR E, 2R
HIA 60 pl 400 mmol/L i NaClLIF IR A v, I
TR A WAE 520 nm AL OEBE(EL, RIS 5 45
AR O R M, AR i 2 0 o A L I S
A TE] o
1.3.6 & ERIATR

W B b v B8 5 B B 2l K s B 1, 10,
50, 10, 5x10>, 10°, 5x10°, 10*, 5x10*Fl 10°
CFU/ml, #RJFHL80 plif Bik-Reih4: 2 5950515
20 pl bR AR B I B8 B B 45 &, T 25°CF
200 r/min FERBFE 454 70 min, VERSCE4H . SHL
3R 20 pUB A KA B WAE X IR, 5505
AT AR HRAE o SRS BEASAE S TR A& A 60 ul
400 mmol/L ) NaCl & W W & R i, R A W1
520 num A W' AL, D T F 7 ) R
(=232 WO R — X RRZH RO R . LA 68
SICERVR BE A X4 (10 %) A Ak br, DAL
BEMCA AR, VEEIFIEATERMRLE, AR 2IAH N
(14 7 R S HAA
1.3.7 KBRS AR BSOS (A5

ARG X R R URR, D RO & R B
R R A, THSLIEE R, misg NG ] 7eik
KIREE AL, BRA P SA MWKy, I
IRER BEXTRIM 25 AR T, T BT RS AT
ABEE, ZASHIFSE S FH RE TR B 20 TR 1) D B VA /KR it
bk, P HRBAACK B IR Tk, &t
HIARPRE A TR, DATE BRI KER T, I
ST IAR PSS IS HEA T I0IE . FAAR TR

a. IMFRFE SRS ECH] . FH 2K 30%0 17K
B i R ER BE 23510 0%0 . 40%0 . 60%o0. 70%o F11 80%o
(V7K , P i K s 5 S TR 7 B 25 20, 2% 102,
2x10°, 2x10* CFU/ml. 435I B 3R B 45 2 ml
52 ml bR KA S IR A FL AR i, e hs
JBRAE St B B 73530 8 0%o0 . 20%0 . 30%o0 . 35%o
F1 40%0, B8 BN TR (1) Wk B 43 00 2 10, 10°, 10°,
10* CFU/ml.,

b. FESHAUFTAL R . BT ml finds A b FH =X
UEARALUE, LINBREE S R TR A TR L, SR
Je P UE IR T 4 mlEE 4K T IR SR 5 min,

(= O - 7 N A S - R 2
13 000 r/min &0, 2% L3, FULTE R ABAiK
4 ml¥E% 1R, SRJ5 13 000 r/min B .0, 25 LBiE,
B IMAMAEK 1 ml EEFHIE.

c. K F2 1.3.6 H R Al K A T U BE R 2
2, RATANTRE AR TR, AR IR
FE SR ARG BEE . RIS 2 B 20 wl A5 38 b i
AL BRSO TR RS 80 pl IR IR G- S R E SR &
24, ZJE A 60 ul, 400 mmol/L NaCl{ii it 144
WRAEAR A, N IEZH L 20 pl B 4l KA S5 40 rh Y
PRI, SR FIREERAE . SEI DG FR A A5
3T o A OUT N A I S R (R = S g 2H W O
H - X R G RE(E, DR =i s A & x
100%.

1.3.8 A {AHE S Inbr ok I i e

a. IAREE LA TC ] . P aBemp6E . B . B E
Koo M A ALA S AE B U IR RE, 43 SRRER
05g, BT SmIAEBLiKT 1 h, SRJEEOHE
T B L I A B . 43 2 ml | iR 2
W, 52 mldkEEN 20, 2x10°, 2x10°, 2x10* CFU/ml
WRWIR G, JE R 558 10, 10°, 10°,
10* CFU/ml B IARFE A

b. BESLAURTAL L . BT ml EIRZ S bR ke
i A G e AR U8, 4% 1.3.7 2B TR b A TR AL
M, FEHE 1 mlE AR

o K . 4% 1.3.7 H AR IR ¢ 1 7 iR X R AL B S 1)
PRI TR, RS 0 AR 2 ZUMATAE St X 07 Y
JCREAE . S FNXT RELH R4 3 A P47 . RS X R
1) R ' (= 512 6 2H W ' BE B — X6 PR ZH WO FEAEL,
[T =[RS/ AR < 100%

139 Sitsrdr

P Sy 8 20 3 AT, o e RSO 52
SRR AT AN 22 500, P<0.05S AR E 2R,
P<0.01 Al it 2525 57

2 #FR5itE

2.1 iR

A e VA e e P R P11 P B 2 S 1
(Aw) ORI, e gy, Mmd
R EEmRIE T A kA RE (B, &
BIFSER FH 8 SI B A e 2 0 ) B P MR
A GIORL, YIS A AE BB I, BRI 2
M 5 2 T 25 T T P A, A < FORE R 3 1
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Fig.1 Schematic illustration of colorimetric assay of Vibrio anguillarum based on AuNP and aptamer

2.2 NaCliR B X346 i W S 7 B 22 i

W 5 BB Bl 75 NaClk B2 038 Iz i b AIS, 7
400 mmol/L VA )5, WG EE T (K2).
Ui P o v B2 7 NaC LI M 23 (i e A 4 ik SR A A8
WCREME R R, (R BN S — B, Wik 4
PO SR, FIGHN NaCIWR B, WO B {l th 2
ANFEAEE, RIS 264 R F 400 mmol/L (%) NaCl
W
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Fig. 2 Effect of NaCl concentration

23 KRR REEIE R TR

W4 (Aw) . Bk 4 5@ RS SR RE &
Y (AutApt) . IR -8 BAKRE &) 5 68 1 25
Bl (AutApt+Va), LR E A A NaCl R AR (4
Ji (AutApt+Va+NaCl) 94 4FrBL, WO s
ﬁwmm,ﬁﬁﬁmmﬂmmmmmeﬁ<@

, VEEFCAA . B . NaCliyhn A I %A s e
(LN mwwmuﬁ X5 X AR U XK B
&R A R . 534, MEIThR AT LA
RIL, SRR, PR3P TR G R, AR

\/\ : Aptamer H1

Prog. Biochem. Biophys. 2023; 50 (9
W IR AL 2RO 2R, DT AT DI S I 5 Ay,
RSN BE YA 14 7E AT I

NNwN,NN NaCl NN
N “m%ooc AED

N : Vibrio anguillarum
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Fig. 3 Absorption spectra
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e A 10~107 CFU/ml [X 1], B85 5 1Y W' B 4R
BEETHAMSME (P<0.01), %7 ExT 68
IR B RS . Rad,  BESICE Y I G B (A e
10~10° CFU/ml X [R] 2 [ P& v B T v ofi i, #F
10°~107 CFU/ml IX. 1] D) jifi P e B2 s il B %%, HLAE
10°~107 CFU/ml [X. [|] 8 5 B 1) W 5 B2 {8 5 FLAh S A
BRI 22528/, R, X g AT A XoF A g A G I i
FBI WV IZ 2 7E 10° CFU/mI AN . 540, &5 s, Bl
BRI BE RGN, AR GV v A 3 €2 S AT
CLARE, PASLL YRR . FERVEEE 10~10° CFU/ml
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XIH), BERSHmRELE, Mk 10~
10° CFU/ml X 8], ARG IRAS Ik, HEEE
WOMER, 4R INE] 10°~10" CFU/ml X 8], &
R G TR UAE IR LT (0, 1 BH A 4 Y SR AR 7S (0 A
FHAE B E 10~10° CFU/mI Y1 [F] S [ B e 3 fit 1
Tz A s A, {H7E 10° CFU/mI PA b 38 42 715
ERCRHI MR T .
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Fig.4 Absorbance at 520 nm of V. anguillarum (Va), A. hydrophila ( Ah), Pseudomonas plecoglossicida (Pp),

P. aeruginosa (Pa), E. tarda (Et), V. alginolyticus (Val) at different concentrations

Fig.5 Color changes of detection solution with the concentraitons of V. anguillarum from 10 to 10" CFU/ml
(a-g) 10,10%10°,10*10°,10°,10” CFU/ml of V. anguillarum.

2.5 RiEE-E0ESESYHERENMRL
ASCHE AT T EEY i B iR i
BCPR 455 I [ AN ZE 5 L BEE i Sad me ik
A I A SE R, WOE AR W K, FESE A
60 min 5 TFEE, AR (E6). Hik,
JR S PE 60 min VE N —FH A5G SOBINTH] o
P77, BEIS A BE T, AR Y IO

FEE A 53 1 F, AEIE R B2 25K 2.4 pmol/L 2
JERAT AR, ANFRREEREIN, 16T B A 4 ok
C ot R POE RO ZE , PRI Be vk B 0 k3
RO, DRI S B A 4 -3 LR 25 W 1 i 4 >R
60 pl B4 4 55 20 pl 2.4pmol/L 438 Bk H1 7E K
TAEMEE A
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0.24 I 5 & A Y0 RN AE 70 min Bf &2 e v 584, A
ol W A 70 min (78I 5 5 4 045
ol R

A T35, A TR EE EG N, W R A OGEE

< 0F (B ARG 3T B P b B s,
0.16 B AYIE R B 2, PRER BRI SR 2,
0.14 NaClJ5 RS A PR, PO R 4
ol W' A T VAR S 2 B AH DG o
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t/min

Fig. 6 Effect of binding time of ampter and colloidal gold
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0.14 I | I I I I |
1.5 1.7 1.9 i | 23 2.5 2.3 29

c(aptamer)/(umol-L™")

Fig.7 Effect of concentration of aptamer

26 BIESKREE-
R

T ) B T 5 S 1R 4 -1 C A4 2 A TR
Fa, BEESSE RN, WO {E 45 12
N, IF HABTE 70 min J5 #a TFRR (K18), BiHIAg

BEREASEAWRE SR IE

N

0.401 e—e: 10 CFU/ml
e—e: 10° CFU/ml
i e—e : 10° CFU/ml
653 e—e: 10 CFU/ml
e—e: 10° CFU/ml
0.30
5 025
~
020
0.15-
0.10 1 1 1 1 1 1 1 1 1
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t/min

Fig. 8 Effect of binding time of V. anguillarum and
Au-aptamer complex

27 EBINENEESH
WE9 FR, W@H 5 R4 -G RAE &Y
S5 )E, BEE ST AVR B, WRON B (A g
K, HAEWEE N 1~10° CFU/ml IX ] 5 30 H B 419
LR C R, LMEMA REEE0.991 3, Uil
#Mﬁ%ﬁluﬂmwm@@T%ﬂﬁa%l%
R, EARKENBR 7 1 CFU/mI,

0.12 |

0.10 | 3=0.020 2x-0.002 Q,..é
R*=0.991 3 ’
0.08 |- .

3 0.06 - 4
=

0.04 .

0.02 |- [

lg (V.anguillarum concentration/(CFU-ml™))

Fig. 9 Quantitative analysis of V. anguillarum

2.8 BKERBEN

X AN [R) 0 B T AR S R TR, R 0 1)
2D RRZE , AHRAR I 220 1.31%~2.11%,  [11i
FN117.30%~126.08%, 1MiATERFEE SR04, AHXT
Fr U T 22 5 0.62%~3.05%, 1] i 3 3k 92.68%~
130.47% (F 1), SCEA PSR, (HIZ kR
PEARR R IR 22 24/ NT 12%,  F56 AF R RS I 1 22
FRdE 000, [RIIE, ARAE 2020410 (g AR AR E
28 ) X UE TR R, IR SR AL T
50%~200% i B Py 2, SR PO ik AT A D i [m]
WCRIIRFNER . Py A SE PR 2 T A 7
(), AT TR K S il B8 SR A A DN



2023; 50 (9 BHIE, % ETRRERENRES I &EGNEINE -2201-

Table 1 Detection of V. anguillarum of seawater samples in recovery experiment

Seawater salinity/%o Added amount/(CFU-ml™") Asy, Relative standard deviation/% Rate of recovery/%
0 10 0.020 2:£0.002 2.11 126.08
10 0.039 8+0.001 2.00 117.30
10° 0.060 20.005 1.58 119.55
10* 0.080 7+0.003 1.31 123.71
20 10 0.019 4+0.003 1.47 114.66
10° 0.040 3+0.004 1.71 124.75
10° 0.060 5+0.003 1.13 124.18
10* 0.080 90.002 1.41 127.05
30 10 0.019 3+0.004 0.83 113.79
10* 0.039 8+0.004 1.55 117.30
10° 0.060 10.002 0.81 119.10
10* 0.080 7+0.004 2.32 123.71
35 10 0.017 5+0.004 3.05 92.68
10 0.038 6£0.006 1.87 101.92
10° 0.060 9:£0.004 1.45 130.47
10* 0.081 0£0.005 2.20 128.99
40 10 0.020 1£0.004 1.45 124.18
10 0.040 5+0.004 1.31 126.56
10° 0.059 5:+0.001 1.49 111.23
10* 0.080 4+0.006 0.62 119.55
29 BEFARFERIKET ) PO RO T RO BRI R B AL T

ANFEEREERIRES,, BRI 10 CFU/MIRE, Ji1 50%~200% 36 [l Py, |3 [ SR 08 43 4 sk o)
FRIEIACRIE 101.53%~148.46%, AN 10°CFU/MIL [R5 AR ZCRE Sl 355 (R A X s v i 22 44)
BF, AR T %62 129.48%~145.12%, Wl /NT 12%, fFERMIKRRRE . 25 Lrik, %
10° CFU/ml B, Jin b [0 50 2R 2 83.33%~136.56%, Kl sk Emfml 5t , AT /K P el e dh i a8 I
W 10° CFU/mLIE, ids F AR A 133.48%~  FUAGTN .

149.60% (£62). HHE20204E0 (hAe A RAHAIE

Table 2 Experimental results of labeling recovery of V. anguillarum from eel tissues

Fish tissue Added amount/(CFU-ml™) Ay, Relative standard deviation/% Rate of recovery/%

Gill 10 0.021 0+0.003 1.96 137.60
10° 0.041 8:0.004 2.29 147.90

10° 0.061 0+0.003 1.59 130.97

10* 0.082 9:£0.002 1.01 159.58

Stomach 10 0.023 0+0.002 1.42 172.18
10 0.041 0+0.004 2.13 133.99

10° 0.060 2+0.002 1.13 119.55

10* 0.083 0+0.002 1.02 160.79

Kidney 10 0.021 9+0.003 1.78 151.89
107 0.041 2+0.004 2.04 137.08

10° 0.060 5+0.004 1.89 124.65

10* 0.080 4+0.005 2.41 119.55
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Continued to Table 2
Fish tissue Added amount/(CFU-ml™) Asy, Relative standard deviation/% Rate of recovery/%
Epidermis 10 0.018 6+£0.004 2.42 105.06
10? 0.037 7+0.002 0.93 92.68
10° 0.060 0+0.005 2.52 117.30
10* 0.080 9+0.004 1.56 127.05
Muscle 10 0.020 8+0.004 2.36 135.01
10? 0.042 3+0.004 2.29 155.39
10° 0.060 7+0.001 0.71 126.56
10* 0.082 8+0.003 1.25 158.37
Blood 10 0.018 3+0.004 2.42 101.53
107 0.039 4+0.002 1.32 112.50
10° 0.058 0+0.006 3.03 93.74
10 0.082 1+0.004 1.87 145.12
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Detection of Vibrio anguillarum by Colorimetry Based on
Colloidal Gold and Aptamer”

HUANG lJiang-Yuan'?, ZHENG Jiang"*", BO Jun”, XU Xiao-Jin"?, TAN Ying"
(VFisheries College of Jimei University, Xiamen 361021, China;
YEngineering Research Center of the Modern Technology for Eel Industry, Ministry of Education, Xiamen 361021, China;
IThird Institute of Oceanology, Ministry of Natural Resources, Xiamen 361005, China)

Graphical abstract

Detection of Vibrio anguillarus (Va) by aptamer (Apt)
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Abstract Objective Vibrio anguillarum is an important pathogen in aquaculture, which can infect salmon, eel,
perch and flounder. Rapid detection is necessary to ensure aquaculture and food safety. Methods Based on the
strong affinity between V. anguillarum and its aptamers, the bacterium can capture its aptamer from the surface of
colloidal gold particles and change the absorbance of the colloidal gold solution. Thus, a colorimetric method for
the quantitative detection of V. anguillarum was established. Results The optical density for V. anguillarum by
the present method was much higher than those of non-target bacteria such as Vibrio alginolyticus, Pseudomonas
aeruginosa, Pseudomonas plecoglossicida, Aeromonas hydrophila and Edwardsiella tarda (P<0.01). The
detection method had good linear relationship in the range of 1-10° CFU/ml. The seawater samples with different
salinities and fish body tissue samples were detected for the application, and the results showed that the recoveries
and relative standard deviations of these samples were in line with the corresponding detection standards.
Conclusion The present detection method has good specificity for V. anguillarum and can be used for the
quantitative detection of the bacterium in aquatic products or food.
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