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Abstract The aim of this study is to establish a biotin-avidin system and time-resolved fluorimmunoassay (BAS-TRFIA)
for quantitative analysis of Aeromonas Hydrophila. First, A. Hydrophila strain B18 isolated from diseased Anguilla rostrata,
was used for rabbit anti-serum preparation by injecting the formalin-inactivated bacteria. The rabbit immunoglobulin (IgG)
was purified by SPA affinity column. Then, a 96-well microtiter plate precoated with the rabbit IgG was incubated with
the strain B18, and biotinylated IgG was pipette to the wells to form a typical double-antibody-sandwich immune complex.
Finally, Eu**-labeled streptavidin was added the wells to produce affinity reaction. Time-resolved fluorescence (TRF) of Eu**
was measured in enhancement solution to reflect the quantity of the strain B18. This assay showed a good relationship be-
tween TRF and the concentration of the strain B18. The limit of detection (LOD) was 1.0X 10* cfu/mL, and the LOD of
BAS-TRFIA was improved 400-fold compared to the already reported ELISA. The established sandwich BAS-TRFIA
showed a good sixth order polynomial fitting from 1.0X 10 to 1.0X 10° cfu/mL for the strain B18 with the correlation coeffi-
cient 0.9716. The strain B18 was positive in BAS-TRFIA, while 19 other contrast strains of deromonas eucrenophila, Aer-
omonas jandaei, Aeromonas enteropelogenes, Escherichia coli, Aeromonas bestiarum and Aeromonas media etc. were nega-
tive in the assay, indicating that the antibody had high specificity. The intra-assay and inter-assay standard deviation were less
than 5.00% and 9.00%, respectively. The TRF didn’t change obviously after the related reagents were placed at 37 C for 6
days. The method was used to detect the tissues including liver, kidney, intestine, gill and muscle from A. rostrata infected
artificial with the strain B18. The result showed 98.33% of 60 samples were positive. BAS-TRFIA for A. hydrophila strain
B18 was sensitive, specific and simple. The results indicate that the established BAS-TRFIA has potential application for
screening A. hydrophila in aquaculture.

Keywords time-resolved fluorimmunoassay; Aeromonas hydrophila; biotin-avidin system; Anguilla rostrata; aquaculture
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R BRI A L IR B, R, 2 B A R
ATALER ST %, Gkl B B iAW B R PR
RFA, FIE TR R, Hd, 5t Piikike Loy
VI AARICY), M E AR R A o A A p (¥ 7K
AN, EI R T SO K ShRidiiE,
PEFE S, REEAE. 535 —Fh G 2 k6 v A2 B I
B 9% WY Bt &G WU (Enzyme linked immunosorbent assay,
ELISA), %% UABE AFRCY), HRMESCIRIE 1 g K<
AL B ) ELISA Fill, RAEETIL 4.0X10* cfu/mL, B
IR R &, BEENEM RS T, Bo kK
W, AGIRAE, BEIL 2355 o 5 IR i 2 A A BH 28R,
IS ELISA LA EAMN B BA R T (S
W 5E . B 18] 53 78 25 6 % 2 A5 Il (Time-resolved  fluorim-
munoassay, TRFIA) VLK 75 iy #5 T 2 S W N ic ),
TP NG, JESZMERT (], AR SOk e e
A5 5 R B AR 5. SUOePURIEMEL, AT
HEEAEDOE T, 5 ELISA ML, #HEBEmkE.
Sy RN, HERG, TRFIA R EEEEET UL
PR G E, iZik EAER A0 e 2 ATk 45 )
J 2 LR, AEAE K= 05 Ji A R 0 A s i T L2 5 D B
F— R URLIE BT R, T TRFIA 2 B0 5 v] 3 M3t
JRUOL 7E B 48 3% TRFIA RE0rh, WUV PR G AT fefd
PR EBCR R ANAE, A1 LIET TRFIA 28741
50 8 1 IR (Klebsiella oxytoca)t'™, 7™ 4% 42 il il 125 B
SEIFIA], A5 R 1 R B R 6 98 e I T3k, R
BEiE 50X 10° cfumL. EVMR-BHEEMNR RS
(Biotin-Avidin System, BAS)/& 70 EAX 5 I8 FH T Fa
S0 — B R BLAE W) OB TR R G5, R S0 UCR
BAS-TRFIA Al /K SR & B18, REES
F) 1.0X10% cfu/mL, i T — AR TRFIA 346
U2 A S BT FE B R B18 43 B T4 2 U I 1 7K s 11 26
PHEEHR, N TG JE i e N 5, 4 Biolog H3NAE
1% 58 RS0 (Genelll) % € AWEK M, SO T
B i 2 8% IR ) PR R L, RS 5 N CCTCC M
2015101.

2 HRSWR
21 RIMEKSHBNE IgG WAL R DTEE

S Pug K S B E PUA 1gG FEcmk 4%, B oA
Atk i % 1gG ¥ SDS-PAGE #ill45 5. H1F SDS )
AFVENEF, 1gG B M oA W5 25 40 [5] 7] B85 (50 kDa) Al 25 AH
[ QS kDa)!'Y. T sn, Aifbif) 1gG gl
m, THEMEA.
2.2 S$#E 1gG BIFRISEE

FrictENEEA 1gG 0 F EARiCAEM R 0 7N
IR AR RIS & (21435 W1, BFEAEMRL
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B1 birg/K M IgG ¥ SDS-PAGE 451
Figure 1 SDS-PAGE of rabbit Ig G from 4. hydrophila
M: low molecular protein standards; 1: rabbit Ig G

) 1gG #lF, EMEN 3.82X10° mmol, 1gG N
1.33X 10 mmol, #kric b2 2.87.
2.3 HERATEIRIMAL

Eu’ AR CFEARRF R 218 700 ps, T — R0
JEARTE ST T RGO AR N ] A 1~100 ps,
ADIRE SR RO RO R 1~10 us!'”, Rk e
IR ), A7 3 AR I R T P % 8 A R AR I
S, FTE S EASE AN B’ B AT, T ASE 4
B F e G, FRATRE I IB I E] 433 € S 100
200 300. 400. 500 s, 5%EFE L0} B FL A B[R] 43
##¢ Y (Time-resolved fluorescence, TRF)EL1H, 4550
F 1, FERFIAITE 200~400 us B, TRE Eoff ik HIEA
AN, IR AE A, 2 SEOLE RO A T
Eu' B AR, MR K, Eu’ B AEMTOEA
FW oA SECTRE /. FRATEBIEE R ] 400 ps
HEAT I &
#£1 EREERMKL

Table 1 The optimization of delay time

Delay time/us 100 200 300 400 500

Ratio of TRF 59.30 61.69 61.14 61.00 53.88

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

2.4 B 19G MREILIERE

BRI FRS, 7 1gG WREETR, T2l R E T 55
T2 )24, R & AR, —MaEa s
TR G, HWEIAE, WA BURERRAL. [Ee
g KSR R B IR BE N 1.0 X 10° cfu/mL, AV ZR AL 1gG LA
Jo Bu® bRic i8R A RS0 F TAR M. 04 1gG A bt
% b 22 VALY I 20 pg/mL KRR 2 0.25 ng/mL,
TEARAEERS, TRF {HREAY oG B KME A, 1.0
ug/mL BFiAFK, HIGISA N, BUERaY 1gG Ik
B4 1.0 ug/mL.
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25 4£¥MEWK IgG HRETIERE

HEWIEA 1gG 7 HIFRE R 800, 400+ 200, 100, 50
ng/mL, Y [gG M Bu’ " -85 25 IR B N B0E TAEIR
B, BRI M 1X10° E 1X10% cfu/mL VE— £ 51/ 10 %
Fike, HAFREE 2 L, XHERFLIMA S i, Heig
NEAEMEN 1gG WE T T/EMZ. 850K 2, &
FEIAR, ARG S A R, HEgmi ok R, WRE &,
WnAERE T, HI R IRFLEE S, MM R LR
B S, BATRUED R 1gG RE A 100 ng/mL.

6.51 —e—800 ng/mL
—4—400 ng/mL
6.04 —e—200 ng/mL
—=—100 ng/mL
554 —x—50ng/mL

&
© 50
ke

45- /

4.0- -

3.54 /

2 3 4 5 6
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B2 AWEil 1gG ik EEX RIS S 1R
Figure 2  Effect of concentration of biotinylated IgG on the signal

2.6 BAS HIESHK

BATE WG KA M H ) TRFIA Kl R 5] N T
BAS!PM A R bric Rt 1gG, Eu' dric 8 5
R, —MEMESFRES 4 NMEWE N F, ZFHK
SEAH B (1 X107 mol/L)izt & T Pi R A 1 45 & 5L,
AE 1gG SRR KSR T R A G N,
FRH B MiCBEE SR 5AEMRLES, "Thhrid
B RIBOR, S RA AR S TR R B, R T
TR AYIRENE, F Bo’ bRic s AR Al
YE i FAbRCY), KA FIPUER, FRARRII A,
2.7 iEsEiREmEETEIRL

R KB B A R R 1, 4N B’ -BE R SR A
A, R EgEPTA-E KA E - R id bt
fR-Bu - AR AW I BRI 1, 7R 5 N
NP ES R B s O B S T PR AN [R), B AR
FoOAR, RS2 B 5 e E. SIS R I, ROkE
WIER BEASBEOR e, Bl IR ] (1 G KT 3K, 16
W T B T B AR SR AR A A T B, B (A R
K, RO LB L, ZEIRG 10 min 2 55
AfE, 5 TRFIA W& =R 5o A0 KB 1 AR 25 1 ) 4H
ABREYZL 3 o A 0 A 43 s S A A R
Wb, ) AR S i B T T A R B R M B R
A SIS i A 25 BN [R)4 10 min.
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2.8 BEENZE

B2 ABAFIHE( X 10* cfu/mL 1 1X10° cfu/mL)
[ P 7K SCBE O T R o, R AR B AE TR — B bk AT
TRFIA K, F4f TRF (B TH5AR AR bR e 22, R
N 1X10* cfu/mL FIFIRHARAENR 228 4.66%, W 1X
10° cfu/mL FIAIXIFRUER 250 2.37%. 18 8 B LT
TRFIA K, F4f TRF (B THSAR AR bR 22, R
N 1X10* cfu/mL FIFIXHARAER 258 8.12%, WEE N 1X
10° cfu/mL FIMISHARAEMZE N 6.21%. TiBiZIERE % E
Uy, AIEAE M.

29 REMMNZE

ol A OGRRESE 4 CHitE 6 d J5H137 CHiE 6
d, 3L BAS-TRFIA VEHEAT WS 7K A B 1 4G
I, PERRES LR % 50 TRE {5 JE R AT LL 2 R 2 A8
K, BACRIE, THREZL 37 CHSAME S A fa e v
IH R4, 7T CA 52 5K sl e 2y, 4 e dfe e 4 C
AT DALRAT B K ).

210 MIEBNIN SHRM

PR B R, SPUESEA R, HAG PR K
R, MPRLEM TPt G WA 3.36 mg/mL
iF, [A)4% ELISA W18 1gG iR T 1 1 25600, it
B 4L F) T pimg /K M 1eG SHUE R SEAME K IT,
TR ARC. EEL 11 BRAS [FSRE 1 K < 5
B 8 R BRI 5 H Ak B18 MBI T A SR v
HIMAE, WA 1X10° cfu/mL, PAN>2 i W A
P, & 2 RAPUIK S HE K B18 AHGRIIBHME RN, HH
b H A S A5 Ji7 PR B R TG A8 SORSE, it A B 4B (1 B Ak
SRR AF . R R R R B MR R R AT
BAS-TRFIA Al ) 3.

211 FRERERREENE

L BSA-TRFIA 52 AN [R] R FE 1 W8 7K A< B Jfd TR
TRF{H, ULlg TRF AALRR, AS[RIHR B4 B 10 5B (g
CFU) WAL AR, 2ahlbruErh 2k, 4550 0L 3, prifizk
£ 1.0X10~1.0X10° cfu/mL JEFE N R LT, L)
TN 1g TRF=0.3623 lg cfu+3.1825, R*=0.9716. J7i%
1) R A HE SR M, LA P/AN>2 B IR 7 8/
WREE R R, HRBUE N 1.0X10% cfu/mL, RESEE
F ELISA K1) 400 1500, BATHT I TRFIA 24630077
R 7 B AR R, FLRBE AR 5.0X10° cfu/mL, Bl
KA BSA-TRFIA £ ilFg/K S HAREH, RBESE] T )
KL,

212 EIMEBERAFRAY BAS-TRFIA &

FHEESZ¥ BAS-TRFIA AR 56 P B HAT: i, 45 R
LE 4, 175 60 M5 R — 0 it 2 E 1, B
M 98.33%. NI Z T VEAERTE, R XTIX 60 {7
FESEEAT T 482 ELISA 7545, T ELISA 74 R
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K2 BSA-TRFIA VA2 MK TR MLE B18 SLIRMIIEE R

Table 2 Cross reaction of A. hydrophila (B18) antibody using BSA-TRFIA

Species Lab code P/N values Results”

REK S H B Aeromonas hydrophila B18 19.61 +
REKS S Aeromonas hydrophila B55 0.85 —
REK S H B Aeromonas hydrophila B56 1.09 —
REKS BB Aeromonas hydrophila B57 0.99 —
REKS S Aeromonas hydrophila B64 1.38 —
REK S H B Aeromonas hydrophila B65 1.86 —
REKS S Aeromonas hydrophila B66 1.01 -
REK S H B Aeromonas hydrophila B39 1.55 —
REK S H B Aeromonas hydrophila B70 1.13 —
REK S H B Aeromonas hydrophila Bl11 1.30 —
REK S H B Aeromonas hydrophila B56-1 0.95 —
REK S H B Aeromonas hydrophila B60-1 1.17 -
R SRS B MU Aeromonas eucrenophila B4224 1.73 —
TRIE S B deromonas jandaei B4228 1.35 —
Mk S R Aeromonas enteropelogenes B4255 1.21 —
KMFF B Escherichia coli B1003 1.30 —
MBS Y deromonas bestiarum B4227 1.21 —
RIS BB deromonas media B4232 1.26 —
g 7K S M 1 W K S FT Aeromonas hydrophila subsp. hydrophila B839 1.71 —
W RSB Aeromonas popoffii B4995 1.41 —

“+, Represents positive result; —, Represents negative result.

5.5

5.0

4.5+

Ig TRF

4.0 t

3.5+

3.0 T T T
1 2 3 4 5 6

lg CFU

B3 BSA-TRFIA HlltE /K< S BI8 FIFRE £
Figure 3 Calibration curve of BSA-TRFIA for 4. hydrophila B18

B T BAS-TRFIA 75, #5450 FE S AGIAS H g /K < H
MR, HA 42 keSS IAYE, FEYERIZ N 70%. i
BAS-TRFIA A] DL 5 &7 Hi k6 0 5 A ) 2 i, 1) T~ . 112

Hr.

3 4

FESL T BAS-TRFIA g 7K A B (38T 77325,

P/N

N

4
The number of A. rostrata

B4 SEUHBRETEE S BSA-TRFIA Krill4h R

1~12 3% 12 SR GL 5 108260, B(AF). C(H). D). E(E#). F(U)
Figure 4 Detective results of 4. rostrata samples using BAS-TRFIA
Number 1~12 represent the twelve infected A. rostrata, B (liver), C (kidney),
D (intestine), E (gill), F (muscle)

30 3 4% 1) A R B D S R UL A 7 K e T 4 e )
SO, AZAR AR AT 2 1 L 5 A A, R H PR
BT 1.0X10* cfu/mL, iEm TR EHAEE T AL
S I TGk 1 )™ & ELISA 2:(4.0 X 10* cfu/mL)™.
T TREFIA K2R e 7511 B A H PR (5.0 X 10°
cfw/mL). KT 60 i N TG H ABSHIFE S, 4
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. 5. B FFAULAAEZ, 45585 2. BAS-TRFIA £
WU EBA R HTTS, A RBAAK IR AT )
)R

4 SCIGERSY

AEWFEbRC R 1gG Hl: RbtiigEsd & e al
1k % 4t (AKTA Purifier, 100GE Healthcare)Zlift,, %
SPA SEFZENTH(GE Healthcare), JZ T4 T-15 40401
Bt 1gG, KA RERCIAA £(21435, Thermo Scien-
tific Pierce)bric, HL 2 mg IgG ¥AT 1 mL 0.15 mol/L pH
7.2 ) PBS, FREL 2.2 mg JEALAEY Z (Sulfo-NHS-LC-
Biotin)## T 400 pL H 4K, FECAEYIZR S F2=N 557,
TPt 1gG 2 T E=ZN 150000, #ZIBAEVER S 16G YR
BN 20, BUEMIRIEW 26.9 uL I+t 1gG W,
4 CIPML 2 h, HEEHENERE 1gG 45; F Zeba
Desalt Spin Columns 1R 2: K& G HEM R, LAMEAIL
AVERRE IR 1gG.

PR B B TE B AR IS A F b i B(21435) Bt
B145, KA HABA W& £V 2K . HABA 55/ A]
SR ME KRN, PEYITE 500 nm A HORWOBE, N
NEWER G, WOCEERUD, T8N IR A 5 A 2 ik
IELE, dEibit 5 A R A 1gG R A& R
&, 1M 1gG BP0 & rT AR BT AR 1) 1gG i &R A, 6
PEAT SR A& AT 1gG RIAREE.

W& 7K BRI T ) BAS-TRFIA #:ll: pH 9.6, 0.05
mol/L FAIBRIR b BLBH A B AL 5 I Rt TG, I E
96 FLAFLIRH, 4L 100 uL, 4 CHLIE 12 h; Pk
3 K, K3 min; BEALINA 200 uL 1% BSA, 37 CHf
P12 hy ¥ 3 K BEFLIIAN AT 2 iR e 1) B18 T &
W00 UL, 37 CHRFZHIEE 1 hy Vi3 Ik BALIMATAE
W A EARAC RPT 1gG W 100 L, 37 CHRHH
B 1 hy YR 3 UG A TARMRER Eo’ R R
(1244-360, Perkin-Elmer)# 7% 100 uL, 37 CHRHHFHE 1
h, BER 3 min; BEHR 6 K, BALIA 200 uL Hi5EM, =
BEIRE 10 min; £ 4R HT{C(VICTOR X4, Perkin-
Elmer) LU & [8] 7 #55¢ % TRF, WESHEEWT:
BORPK 340 nm, EHFK 615 nm, ZEIRAF(A] 0.4 ms,
M) 0.4 ms. PAZ 22 il A0S B18 B & [R] i ik
A7 X REFL RS

S PN BRI RE & ) SERRAS I ¥ B18 Vi B FH A
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0.85%E B ER K FiBE N 5 10° cfu/mL, JERE A5 2 35
B HTE A, &2 0.1 mL, XFRERZHVES A B EK, MEEAN
TIRGL R R ARk, 7 d ik PGB RER ) H A6
fif, HCEE. EF L . BEL WIPRSEEALZZE 0.05 g, 4l
F 700 uL LR 0.85%4H K, SIHK. B, LiER
e, DAL RE &b T o) B 201 608 i 21 B A B e o) B,
I 257 1) BAS-TRFIA VAR TR YL 5 12 2 i 2H
A=)
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