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ETREUSBENRARKEEENE
wNEEILDTRE

w R Eawdl® g xR mT4er!
(B R R R S R E R SR H B 330047)
LA MRS B 330032) (VLA SRR HEE 330096)

 E O# TR TR N BOUHER I BT B ESLID T TR . RRRRE T 2 s il o 58 4R
VLA IS | P CHER G R AUE A TR, 1922 FEAURBETRARIC 30 g DU & 19 o RERE TR,
XN 10° ~10° CFU/mL MREEFLY T IRE MR KT 90% , KR M 4r; 76 pH=6 B, Lk 300 pg/mg
EFLYD T ICHE BT 11D8-D4 ARic ZOGHRR, fil & B TOLMER; L 2.0 mg/mL JEEEL YD) [T HHT SF11-
Bl BERAMZE (T k), LA 1.0 mg/mL HL R TeC BIRRIEL (C £R) , Hil & 2Rk 404, R 3t
FHPBERESY B D SEHIR E E AT 7 A 8 ZE FLYD TR TR, 78 PBS ZE ol PR th R 1. 5% 10° CFU/mL,
ARG HHBR R 7. 6x10° CFU/ml, 5 3R DG RER G e AT 7 A AR EL , 46 H PR 43 I R A T 10 4% AN
200 fiF, AJIE AR LAY RGP TG, e T B0 T4, RAUE KR &, B B 0 b AR .

K IERE R DR, SIEEN ERLYT TR H
1 5| 5

IR E R — R SR B IR SR e EOR ", TSR E & 5% WUl E 45 2
PR BB ECBEAR I Jy vk, W el WG TR R R E R P L Ar B R R A AR B (5 ~7 K)
F1 AR ik, iR A e Y R AR R S R B T R T AR Ok
A BAR RO B BRE B, ME LU BRI B 7R

G SN ELAT AT P R S S e, i B TR 2 T ARG R R B A
SEIE, SIEIER ( Fluorescent microspheres, FMs) b & B 615 2 8 BRUARIC YD, B A BUH PR T 5 T
Pl R R A ) (BB EIER E EAJ : (FM lateral flow assay, FM-LFA) T S2BRAE b
(RIS, 5 R T E bR B BEAIR 3 5 o 2 2%, KPR 285 S s R sy 177

G PERE 57 25 (Immunomagnetic separation, IMS) | FH G il b4 L B RE PR VR S, ZEAM g4
TR EER R R L B RE A R A H AR, 8 e 35 O G D R A T, R
VE R R BREEAGI o A wip Ak BB 00

H AT, B A A IMS FUR A4 e EHT ik BaRaE " SEGIAR S g 2 ki i, sk
F%y R A5 T ARG ) B (R AR R B R PO CIHER R E ML S IS 454,
EE RS T IE R R B, AW T EE T IMS 19 FM-LFA SR8 2 L Vb T IR 1 vk,
PRSP EIRMEEUE AR BEAEES SR L,

2 SLIGERS

2.1 U&HF5iEH

DENCIIIBRIALR % 5L B (g B R =238 A PR A R ) 5 XYZB3050 M 3 °F 5 ( 3£ [E BIODOT A
Al) ; HGS-201 VIZHL(BUMIEMRHR A RAF]) o

FRMRILA A ZECHER ( HAR 175 nm, | KB PE K 470 nm, R & FE K 525 nm, 10 mg/mL, 4
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FEERTEA A 3 R ARFAL I REER ( Magnetic nanobeads, MNBs, i BIEGL M BIAE A RA R, B
#1180 nm, 10 mg/mL) ; FUREERLYP TR B v FEHLIA 11D8-D4 SF11-B11 (L5802 [ HD) ™5 JHi R
IeG (PR EMAEYHARGIRAT) ; PVC AR RERIE oK ( LGS ARGRAFR) ; 4
MLY% F ( BSA, Amresco /A Al ) 3 B& 8 H ( 3 [F Sigma A F)) 5 AR LT 4 2 I (NC JE, 78 [ Sartorius 2
Al) 5 BCA & M i il & (SEEFE AR ) 5 1-(3-Z P BN ) 3-& Je ik — 0 i #h iR £
(EDC) N-EHEBRACTE AR iz (NHSS ) \2-( N-"g k) Z iR (MES ) 454k 27128050 34 Ry o3 28, W T
Bpr TR BRA ] 5 AR50 [ A b T

WERLY TTIRE (ATCC 10708 ) , H A &I 5 ZE V0 TG B (ATCCI150 ) | B3 ZE V0 1] [C I ( ATCC
13311) BRI TIRE (ATCC 13076) F570 TG ( ATCC 9270) 3l KT 3 ( ATCC 25922) KA #T
B 0157: H7 (ATCC 43888) B A #T- B ( CMCC 45401 ) | B3 A iy 48 B ( ATCC 13932) Ml 25 2E AT
(BD168, Btk H VL7 4 B B 4% il s ) 34538 A8 JE AT 18 ( CMCC 49027 ) | A 2R F1 4T 1 ( CMCC
63305) A FC B FCH (CMCC 2457) JHEFIMERE (CMCC 28001 ) A7 T AL =
2.2 REHMBEMHEESHRL
2.2.1 REHIRMEIE  H 100 wL @R, H MEST 2% M3 (0. 01 mol/L MES, pH 5.5,0. 02%
Tween-20) P& 3 Ko A 1 mL HECHIEY 10 mg/mL # EDC Fll NHSS I B &, i FIEE, 711 h
J&  REAY S 3 B, DIUEA 1 mL 0. 01 mol/L WR-WAED 22 #hif (BS, pH 8.5) EE, JIA 30 pg/mg
(YU REER) PA4T 11D8-D4, 2 FIRFERRIC | h, #4503, 7 LIS, UUIELL 1 mL 7 1% BSA ) BS 2%
MR E R, B TIRIER M 1 h, GG B 55 LIE W, UOUEH BST 2% b (0. 01 mol/L PBS,pH 8.5,
0.02% Tween-20) %4 3 ¥R, LA 100 pL HEAEK (0.01 mol/mL PBS,pH 8.5; 1% BSA; 5% JH; 3%
B 0.05% PEG-20000; 0.4% Tween-20; 0.05% NaN, ) ik, 4°CHAF, 5],
2.2.2 GREHEMIRAERICENMA 2.2 10 Ik, YU/ #EEE =0 .20 30 40 150 pe/mg
(w/w) B BN A APT 11D8-D4 il & G2 G R ( Immunomagnetic beads, IMBs) , 43 %JHX 100 wg IMBs 5
1 mL AEEFLYDT TR TER(2. 1x10° CFU/mL) IR A, 20 FIRBER R 1 h, BEAY S BT, A4
AR H A (1) B3R ( Capture efficiency, CE) . FFAEEI N 3 IREEIAFE1E
n

BT 100% (1)

ny

CE =

X, o, WEFE, o, M EHRPHER.
2.3 GREBEHHSBEFEHERLSIEN
2.3.1 IMBs A28 2%HL5, 20, 50, 100 F1200 pg IMBs 5 1 mL &LV TR E B (2. 1x
10° CFU/mL) R G, W 1 h, #E5r 2, 115 CE,
2.3.2 IMBs ARREBEILDITRENHIKRE 25001 mL AR R ETLID T ISR E )
(2.1x10%, 2.1x10%, 2. 1x10*, 2. 1x10° 1 2. 1x10° CFU/mL) , il A 100 g IMBs, Z W 1 h, #i45>
B CE,
2.3.3 IMBs B4 RIS 1 MBEERLDITIRE M 13 BRAEBEGLIDTTICHE B T IMBs MRS M43
Mrscss, 43 HIEL 1 mL FEAG R BRI (10° CFU/mL) ,JILA 100 pg IMBs, 30 1 h, #5538, 118 CE,
2.4 GERHMBRIH &S ZKERL
2.4.1 GERAMBKMHIE 1 mL BFRILZEMB(PB, pH 6, 0.02 mol/L) , fINA 50 pg ZGHER,
WHER S FE A 5 pl EDC W (1 mg/mL) . BT 8EFE T, 2292 in A 11D8-D4 Hi ik, K i 2 h,
11000 t/min 5.0 20 min, BEIEW, H BCA 5550 &0 L3 i e g i o i, #2850 (2) TH A PR B
7 ( Conjugating ratio, CR) , JLVELA 1 mL PB ZZ i H A A 100 wL 5% E& A FHEH] 1 h, 11000 r/min
B0 20 min, 7 R, DOREH 100 wL R (0. 02 mol/L Na,HPO, ,pH 7.4; 3% 3305, 1% BEEH;
3% ERE; 0.1% BEAHN; 1% Tween20) TE, 4CIR-AF .

CR=""" % 100% (2)

¢
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K, o, WIMABUAR, ¢, b EIER I PUALR,
2.4.2 tRICESHEBMLE AR pH FF AT 6l & %5 9¢ R ER (Immunofluorescent microspheres,
IFMs) il PR RIS LA 25 1) TFMs A5 D054 28 SLVD TTIREA (1. 52x10° F11.52%x107 CFU/mL) ;
Iy IR/ DGR = 100, 200, 300, 400, 500 1600 we/mg(w/w) B HLABIINA BT 11D8-D4 il &
IFMs, ISP EIA  SR 5 DAl 28 19 TFMs Rl 2 fLvb T TG
2.5 FM-LFA B9tk 536
2.5.1 WHHBHKEEEMXKELMNAR NC B LoBIBIRIUEELDTTRE BPT SF1L-B11L AIPHL
B IgG (1.0 mg/mL) FEAIZL (T k) FITHEL (C £8) ,30 CHA T4 h, BFEARSR 4553 NC B,
W K AR A MG TE PVC AR L, 2H 26 iR 4R 4%
2.5.2 TEREREHRKL 251200.5,1.0,1.5,2.0 F12.5 mg/mL ) SF11-B11 FiIRBEA T 28 B
100 pL FEEFLPT TR (1.52 x107,3.8 x 10° F11.9 x 10° CFU/mL) 5 2 wL IFMs 5% 5 min, 25
FHZE AR S 28 AR AR SN , 10 min Ji HZEGCEEBUIN E T L1551,
2.5.3 FM-LFA B4R | REERLDTTIRE A 13 PRAEFEEFLD T IR B H Tl 404 i e 5
PESZR . 35100 L RER TR (1x107 CFU/mL) Fl 2 WL S5 Gk B ML 5 min, 285 96
TR 2 E ARG SAGIN | 10 min J5 FHZEGRBUIE T 455,
2.6 EFIMS # FM-LFA B 5iF#4
2.6.1 ET IMS B FM-LFA B3 [0 | mL JEESLIDT TR T NA 100 pg RPEREER, iR T
S 1 b BESYES 5 EVEW, DUBELL 100 L PBS B8 ,90°C /K 10 min, PEEREER B/ BARE Y BESr
)5 FM-LFA 60
2.6.2 FM-LFA 5EF IMS ¥ FM-LFA EARRERP R EALLE B PBS BERM BB ETLIDT]
[QHE (0, 7.6x10*, 1.52x10°, 7.6x10%, 1.52x10°, 3.8x10°%, 7.6x10° 1 1.52x10"CFU/mL) , 5354 B&
2.5.3 Ml 2. 6.1 By TR

U100 pL B &LV T B AR 415 (LW E R0, 7.6x10%, 1.52x10°, 7.6x10%, 1.52x10°, 3.8
x10°, 7.6x10°, 1.52x107, 1.52x10°F1 3. 14x10° CFU/mL) ,#% M8 2. 5.3 F5 A9 7 B gb 740, B 1 mL
BETL T TRE IR A5 (LW E R0, 7.6x10*, 1.52x10°, 7.6x10°, 1.52x10°, 3.8x10°, 7.6x10°
A1, 52x107 CFU/mL) , %88 2. 6. 1 15 A5 et A 4G

3 ZER5{Te

3.1 IMBs ifftRicE£R IMBs AEREWL

WE 1A FR , BEE PR ICHUAS A BN, IMBs X388 SLY 1] BB A0 IR R AW TH g, 24Pk $%
AR 30 wg/mg BEXRT  H3RAN 93.75% , BEDUARSE A S ARWE N, iR TRE . XM TREER
TR IR — 1Y, BEE R IChU A 38 0, #E 2R 3R I AU IA =B W in Ot 2k TROE , i
BASEESLID T T IR IR TR . BRI s PR A e B PR/ i3k =30 pg/mg(w/w) .

WE 1B Fros, b IMBs H = B93Eh0, IMBs XA ELYD 1T I PR B4 3R R B 4 Ok, > IMBs 19 =
4100 pg/mL B}, iR ZIKF] 90% , #4010 IMBs 193] 200 pe/mL I, g% A B W3, P, &
f IMBs #2854 100 wg/mL,
3.2 XMARREMEEILDTRENHBIRUE

WK 1C s, #4509 IMBs XF 2. 1x10%, 2. 1x10%, 2. 1x10*, 2. 1x10° F112. 1x10° CFU/mL )% 8
FLUDT T IR B R 234935 5 90% LA F 6B 1 45 19 IMBs 1] %V BE 10° ~ 10° CFU/mL R BEFLYD T T IR E
HATA S5
3.3 IMBs $FRMELIEHER

IMBs X% 1x107 CFU/mL JE LY TR B ISR 135 93% , X 1x107 CFU/mL B9 13 BRAEFEEFL Y
I BB A R /N T 5% , 6B IMBs 3R RS AT
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O
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5 60 s 60 s o0r
5 40 S 40 S 40f
20 20 20F
0 0 0 1 1 1 1 1
10 20 30 40 50 5 20 50 100 200 2.1x10%2.1x10° 2.1x10%2.1x10° 2.1x10°
Amount of labeling antibody Amount of immunomagnetic Concentration of S. choleraesuis
(pg/mg) beads ( pg/mL) (CFU/mL)
B1 (A ARYCARFRCEE AR, (B) AR IMBs FHEB B9HRR; (C) X ARMEBEELT]
BN RS
Fig. 1 Capture efficiency (CE) of immunomagnetic beads (IMBs) under different conditions; ( A) CE with

different amount of labeling antibody, (B) CE with different amount of IMBs, and (C) CE with different con-

centrations of S. choleraesuis

3.4 IFMs fRic&4rMmi

3.4.1 IFMs #Ri2 pH ERIMEL  pH EXTSCHMER AR ICRZ MR K , 25 52 i Ho 4 2 i n] A AR 5 0 35 1
JE P R R AR B R, IS M (B IR | ] BB M HT AR A2 Gk 1 45 6 7 =20, NITTS2 I TFMs 719
TPE 1 PR, Y pH=6 B HBCRER . R 1.52x107 CFU/mL #) HFRE R, T 280915 5 H i
Ko K 1.9%x10° CFU/mL HARES, RA pH=6 X R4 T LB BES . F, ffEbric &
HiE$E pH 6,

F 1 RIEFNERPRIC pH EEIEIL "

Table 1 Optimization of pH for preparation of immunofluorescent microspheres (IFMs) (n=3) "

T &HOLfR Z1H

pH Cj%ﬁl%giite Amnunﬁéﬁﬁiﬁiﬁg)ﬁﬁn IFMs Fluorescence signal of T line (a. u.)
(CR, %) () 1.52x107 CFU/mL  1.90x10% CFU/mL

5 65.5 196.5 104.7+12.2 -

6 77.7 233.1 295.9+21.8 64.1£2.2

7 72.3 216.9 138.9+4.8 -

8 70.6 211.8 113.2+7.4 -

9 33.7 101.1 31.0+7.0 -

# ; The amount of antibody was 300 pg/mg and the concentration of antibody sprayed on T line was 2 mg/mL.

3.4.2 IFMs fRicEHEASENMNE K2 Fos, YEWRE R 1.52x10" CFU/mL B, T &5 S {ER 5
PUARTE A SRR RIS LTS T RS 3R i T 26k R — , bric 2128 6k Lt
it 20 T30S [ BHAN , NI TFMs FEZERLYD TR 45 & 5D, T &5 5l mikEk, 4
PR AT 300 pe/mg B, T 55 (HA = YR ER D BB R LA A #8300 pg/mg,
22 FOLHEARICYUR RN

Table 2 Optimization of labeling antibodies amount for [FMs(n=3) "

TS f

e [ L . Y S 7 S fige 3 Y il
Amountﬁ}lﬁlﬁéfif antibody Cjﬁg@;ﬁ%ii :ile Arr}u:ljrf:glfff j;i]ﬁ%;gf E?)Ej[ﬁjgite Fluorescence signal of T line (a. u.)

(ng/mg) (CR, %) with IFMs (pg) 1.52x107 CFU/mL  1.90x10% CFU/mL
100 94.9 94.9 139.7+13.7 -
200 75.5 151.0 150.5+6.4 -
300 66.2 198.6 217.2£13.9 62.2+3.8
400 61.1 244.4 223.5+15.6 64.1+4.7
500 74.1 370.5 179.7+12.5 53.3£2.5
600 62.6 375.6 161.0+12.3 -

# ; pH value of coupling system was 6 and concentration of antibody sprayed on T line was 2 mg/mL.



H2 R BT RERE S B IO IR S R T A R LD T IR 221

3.5 T&RERENRK

HH 263 A0, 24 HFRBEMREE M 1. 52x107 CFU/mL, 3.80x10° CFU/mL F1 1.90x10° CFU/mL i}, T &
SEEREE T RPUIARYE ARSI A XS A TFMs FH B G I, T 2R P i ol s | ik 09 1 2 L
UITIRH-IEMs E 5 Z | T 255 (HBWHE K, Y T LHUAMEEILF] 2.0 mg/mL B, T &2GE S
SRR ARSI T LI R 2.5 mg/mL, T &5 GES WA B, % 2.0 mg/mL N T
LWTR PR R PR
#3 T LMK B RIEAL

Table 3 Optimization of concentration of antibodies sprayed on test (T) line (n=3) "

T LR PLIAR MR T 2% 65 5 {8 Fluorescence signal of T line (a.u.)
Concentration of antibody sprayed on T line
(mg/mL) 1.52x107 CFU/mL 3.80x10° CFU/mL 1.90x10° CFU/mL
0.5 49.8 + 1.1 - -
1.0 82.0 £ 4.5 32.7+2.4 -
1.5 89.0+3.4 50.3£3.0 -
2.0 289.3+9.6 96.9+5.0 71.0+7.2
2.5 330.1£11.0 107.0+7.5 86.4+8.4

# ; pH of coupling system was 6 and amount of antibody was 300 pg/mg.

3.6 FM-LFA 5

B BRI AR AR D B, S8 22 L VD 1T EQ B M 5 BH R 5 5, 13 ARAESE B2 AL VD 1T Q1 o B 1k 45 2R
(F4) , RUATIE B R SRR
ST SRRt

Table 4  Specificity test of fluorescent lateral flow test strip

AP Bacterial strain 45 Result PP Bacterial strain 45 Result
FEEGLIPTTIRE S. choleraesuis ++ BRIGIAFT A E. sakazakii -
HFARIR VDI TIGHE S, parathpyi A - PRI L. monocytogenes -
G FEVDT TR S. typhimurium - T ZEAIAT R B, subtilis -
B dUDITIRTH S. enteritidis - WEAL A P. vulgaris -
VBT TIRE S, anatum - WEFEZEAUAT IR B, cereous -
Tl KA E. coli - W ICEBIRIE S, flexneri -
KIGFF 0157 : HT E. coli 0157 : H7 - RS TR M. luteus -
“++7 . Indicates a strong positive result, “-": Indicates a negative result.

3.7 FM-LFA 5&7F IMS & FM-LFA EAREFRT W R E

DI RERLYD T TR HAR B, a8 T 28 TG I HE A5 55 BF 97 XoF 7 194 5 0K T e 3 R A+ PRS2 A
K 2A Ji7n , #£ PBS S0, JEF IMS 9 FM-FLA B9£ HBR 1. 5x10° CFU/mL, i FM-LFA % H R A
1.5x10° CFU/mL, 3T IMS i) FM-FLA 9 R &8 L FM-LFA RBUE R 10 £5, 2 IMS BEAH RO 46
H AR, 46 m e I R F

K 2C ST IMS B FM-FLA Kl 4= 9 (g2 wLvb T T IR A5 2R, 4R 05 b R R LD T IR TR R
JE87.6x10° CFU/mL B, T 4 vl Kl #5055, K BR 4 7. 6x10° CFU/mL,, 1fif FM-LFA 7404 ()
K HBRA 1. 5%10° CFU/mL( K] 2B) , 3¢ B 4= 3 35 J5 25 7™ B 52 M 98 G I BR e 1% 2 i 40 45 1 R i
IMS B8 %5k o JL OGS 9 48
4 g

ARG T —FPEET IMS (19 FM-LFA HITAERERLVD T IR TR A PR A, 38 ok IMBs X84 28 AL 7>
ITIRE AT 5, POCRERIRANRTE PBS FA- 0 i de thBR 73331 1.5%10° F1 7. 6x10° CFU/mL, %5

FEHH LT IMS 1) FM-LFA GEA S0RE 00 £ 0 58 ToeHR I 25 5 i) T30, REXT H AR M b 47 8 48, T 48 i
Ko 732 i) RO, ATl Tz o 2 TR 008 T AY Bs G
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500 5001 FM-LFA
A FM-LFA based on IMS B
Téo/; 400 - Tgo/; 400 FM-LFA based on IMS
23 =S
= ~ 300r FM-LFA - ~ 300f
[=E) g o
8 E ) 8 £
25) = 200 % o 2001
= =
= ° 100" = © 100F
0 b 1 1 1 ] O & e & & - ] J
O S S S S RIS
N S N S ¥ 8 NN IR
oF o oF ofF oF & of NP VN AR N A S
A8 NS BN 8 IO NIRRT
Concentration of S. choleraesuis in PBS Concentration of S. choleraesuis in milk
(CFU/mL) (CFU/mL)

1.52x107 7.60x10°  3.80x10°  1.52x10°  7.60x10° 1.52x10°  7.60x10*

12 FM-LFA FIEET IMS f9 FM-LEA 00 5 805 0 A, (A) A PBS JET P AR g AL U0 1) IR
(B) Bl A= b (s g ELYD T TICE ; (C) 3£ IMS 19 FM-LFA K2R 0 b i 3 22 AL VD T T IR B

Fig.2  Comparison of sensitivity between fluorescent microsphere ( FM)-lateral flow assay ( LFA) and
FM-LFA based on immunomagnetic separation(IMS) : (A) detection of S. choleraesuis in PBS by FM-LFA and
FM-LFA based on IMS; (B) detection of S. choleraesuis in milk by FM-LFA and FM-LFA based on IMS; (C)
strips image of FM-LFA based on IMS for detection of S. choleraesuis in milk
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Fluorescent Microspheres Lateral Flow Assay Based on
Immunomagnetic Separation for Detection of S. choleraesuis

HUANG Zhen', XIA Shi-Qi*, LIU Dao-Feng’ , LIU Cheng-Wei’, LAI Wei-Hua*'
"(State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047, China)
*( Jiangxi Academy of Forestry, Nanchang 330032, China)

3( Jiangxi Province Centers for Disease Control and Prevention, Nanchang 330096, China)

Abstract Immunomagnetic separation (IMS) was coupled with fluorescent microspheres lateral flow assay
(FM-LFA) for rapid detection of S. choleraesuis in this study. The target bacteria were firstly enriched from
sample by immunomagnetic beads ( IMBs), then eluted by heat treatment and detected by fluorescent
microspheres lateral flow test strip. The IMBs was labeled with 30 pwg/mg antibody, and the capture efficiency
was greater than 90% against 10° — 10° CFU/mL of S. choleraesuis with great specificity. The
immunofluorescent microspheres were prepared by coupling 300 g of 11D8-D4 monoclonal antibody with 1 mg
of fluorescent microspheres at pH 6. Monoclonal antibody 5F11-B11 (2.0 mg/mL) and donkey anti-mouse
IgG (1.0 mg/mL) were sprayed on nitrocellulose membrane as test line and control line, respectively. The
FM-LFA based on IMS was used to detect S. choleraesuis in PBS and milk. The limits of detection in PBS
buffer and milk were 1.5x10° CFU/mL and 7. 6x10° CFU/mL respectively, which were 10 and 200 times
lower than that of traditional fluorescent microspheres lateral flow assay, respectively. The results showed that
the method, which could enrich S. choleraesuis in milk effectively, could avoid matrix interference and
improve the detection sensitivity, thus had a good application prospect.
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