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Sk ERRIEZBEREERUTERR

iz A& %' ik E LT O FaE
me BETEF OLEHT
RO L, AR R SR R A TSR, M 510642)
2(ETERIREEZERE, T 510515)

 E ARSI R N AR IO IR R T A MBS I — 2 AR,
I AR AT B 2P B 38 0 R PG 22 K Rl 45 T RR P BT AR W 1R 2R 2 SRR, R AR S 4 R
FL 15 A B 6000 A%, BUARFR BE 2000 1, SN 2% h il pH 7. 4 IR & 0. 1% , B TV BEE 0. 01 mol/L ¥
PBST, —Hifi BAEECH 4000 15, —HU R BT A] 30 min, AEULOLALICHE T, BEST T R 28 4k T 2R 19 I 43235 4 1l
AR ST (icELISA) |, BETM A (1C,, ) M 1. 39 ng/mL, &G (IC,, ~ 1Cy,) 90.17 ~11.0 ng/mL, ¥
HIBR(1C,)) 7 0.07 ng/mL, S5 DI RESAUIZE SR 34 /INF 0. 1% o XFEli2R 45 | [ oK | fayEK 28 iR A
R IN [F R AE 78. 4% ~ 105. 6% Z 18], RSD<15% , K il 45 5 55 HPLC-MS/MS 77 1% B A B4 (9 4 5¢ 1k
(R*=0.97) , ARWFFEEEST 1Y icELISA J5 3538 H T4 0 BOK R i 28 SR TA 2 50 i R S M sl i 2

SR BT BHE R RE IR AT, FRIRT R, A0, AKRE
1 5|1 8§

FRIRTAF (Tylosin, TYL) /& Hamill 55 F 1959 45 WA 3 FC 56 85 14 (14 55 3% W AR A5 (9 —Fh R 26 4 i
FHUER R 22 IR W AN HRISOR 8 & SRR A TR 4 BG S VR T, J2 107 SO MR 1
LG I B R S AR RSO L ) N T R MOK P IR T (HR IR R
X i T VR TE K B BBURR TR AR B4 A TR B AR R DA T 0 T R B, 5 e B A R S L 24
ML SEOMEXIHUAE Z 7G2G, Al RIRI T R AR R e 7, BRI Z B4 T 1999 448 IEF8 IR 1A
AR AR SRS o EALOFHAE 2002 4F & Ai (155 235 5 S Stk b b 2 e kR
) HRLE A B R T R BN 50 ne/kg' . BRSSO FEIRBUK A TE R IR R IR B, A 5 1T
15 Y FRBE KU T 5 E08 1 T KGR AR AR, FE 3 A1 BRIk, ST AR 05 KRR i vh 2% O
TR ZR 75 Gk B RO DR A D73, X B it 22 4 R B3 e I LAY B B A S B i 3

FHIT, P55 KB A i P 28 S A 3 3 B SR A TSI 5 ik 2 2 i OB i v 2 - T R R
S 1 A S KRS v, ELAT Y S R R v T R PR N AP A v i A 3 AR, M
DA I R A i g G R O 2, B T BT T AR S e S 7 ) e ARG T 12 LAHUARE i o 1y | R v 45
VETRT BR85S PR AL, IO R AR W AN Iy 3, T2 B T W s i A 2022 4 3
A7 2 SR T 2R G R I T (A B o IV B R R T AT A P PR G AR A 2 AR LR
SCHRAGE A2 BT I s ] s A, ke IR SE  AR AN GE , DU B AN ), b 22 S 80K, AT RE R i
TAPUR S A AR E VRS (A FBRES | T A E S e W 5 3 S i R 4 2 B A e A, - 508
PEGIERIE TR E MEAE . P, ASBIFTE ALK 28 2R i 28 0 7 D BRI i — 20 L S I O R E , D LA D
AR, 2R TR AR, HLROR R R B T 28R R 0 7 B AR A 5 o TP o, ml i — AR A
PESY) FE SRR RN, P RPN TE R 2 s MUK, SR Sy 1 3E TG I A= 3 B oK e e
Z IR R O BB 28 7M1 7725 (Indirect competitive enzyme-linked immunosorbent assay, icELISA) .
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2 SIGES

2.1 5L

Multiskan MK3 fif#$5{% \Nano Drop 2000C #8403 6 EE T ( 3E 1 Thermo /4 H]) ; DEM-3 B
FPEHHL (LR AR A F]) ;. AB SCIEX 5500 = 5 PUAAT R ( & [E AB SCIEX A H])

AR E FRME BRFE R R PR P E W vem 5wy B
(BT T30 ( B0) ABRAR]) 5 208K BTardE R W mime i o B> B AR UE S (22 % MR ( i) A
FRAT]) ; CBEIRERE 2R WK 22 K R Tb B e kb B Am o it RG] ( i ) ABR AR ) 5 2R il i
F2 A (BSA) BBV EH (OVA) R i E ALY (HRP) ARICAY TR 196 (Sigma A Al ) 5 96 FLEFFR R
(YGRS A RAR]) 3 He bl A ks 2w

0.01 mol/L B2 EL % W (PBST, 0.2 g¢/L KCI, 0.2 g/L KH,PO,, 2.9 g/L Na, HPO, - 12H, 0,
8.5 g/L NaCl, 0.05% Tween-20) , f¥# (pH 9.6, 0.1 mol/L BRIRELZE MK ) , MWK (0.2 ¢/L KCI,
0.2 g/L KH,PO,, 2.9 g/L Na,HPO, - 12H,0, 8.5 g/L NaCl, 0.05% Tween-20, 5% RIEWHY) , VeI
(2.9 g/L Na,HPO, - 12H,0, 8.5 g/L NaCl, 0.05% Tween-20) , % B (0. 1% Tween-20, 0.01 mol/L
pH 7.4 BERRERAW) , 1B (10% H,S0,, 1.8 mol/L)
2.2 TWHE
2.2.1 FMEMNERSETE PHURMABESEILE 1, 76250 mL BRI, 81 ¢ WARREER
T80 mL AT BE-/K (5 :3, W) IR W, 78 0°C TARIKANA 0. 62 g NaH, PO, .1 mL DMSO ( Dimethyl
sulfoxide) \0.2 g NaClO,, I 30 min, SN2 #EAT TLC Wall, ROWZSRIE, A 10 mL /KJERAZ
iz TR (50 mL) 8L 3 WK, FEFKFIER K REA VLA, Tk MeSO, TGI8 ZEBRIAT, ZrkieH: )2 T4l
R EE-5D7, 1:10, V/V) 53 A @ FEAREDUR TYL-0, 2 ESI-MS %% & A MR (ESI-MS: m/z
932.5 [M]*),

~

0
H
0 NaClOy/NaHLPO, HO\@/O
0 -BuOH/H:0/DMSO “0
~
Tylosin (TYL) Hapten (TYL-O)

BT RS s
Fig. 1  Synthesis route of hapten

2.2.2 AIREMFEREE RAEKEE VBP0 S HARE AP 2 0 A THRE (i
TYL-0-BSA LB JF TYL-0-OVA ), R LAk BT 4l B % 20, LU 1 mg/mLL A e B 43 26 T
1 mLEAE R, T20CHA7#%H,
2.2.3 mEFHIESAL SRASCER [27] 09777, 5% TYL-0-BSA R 2 ~2.5 kg MEMBIVE 22K
Fife 3 H SRR bk, R A R-RR ek Atk ik ™, 20°C 74,
2.3 icELISA 753%
2.3.1 icELISA 35831 FAEORE TYL-0-OVA i B3 — @ W, 100 pL/fL,37°C gt ., H
PRSI VESS 2 W, IMA B 120 WL/ fL, IR IR AT 37°CHEE 3 hy A TALHh A 37°C &M, K
IR TR B ARSI T B R BE R 1 mg/mlL, B BERG R AN [V B i 2k 7 25 s BT P i A i
P IR A T B B A 25 P R B S — 30 (0. 1% ), 25 FARHIRAL A I A 0. 1% W B2 E PBST, #5245
Wit 50 WL/ fL ABRAL , FEINAFS BT 944K 50 wL/fL,37°CHEE 40 min, ez 5 ¥, A 100 pL/fL
HRP FRic FISEHTRPTAR; 37°CHFE 50 min; PEHL S UK, ILAGHHEERD ] 19 TMB ¥ 100 pL/fL,37°C .2
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10 min, IAZIER,50 wl/fL, 21k 07, FBEARCIE 45 4L A s, (5 o

2.3.2 icELISA FiEfR4L RS0 2 1 i e G 1 vk B B pU AR e 3 5 0 0k A vk 5 4 i) s e
2000 ,4000 ,6000 ,8000 , 10000 , 12000 1% £ #% fifg b A , BT 14 F B 1000 , 2000 ,4000 , 80000 , 16000 , 32000
64000 15 , 1% M8 icELISA BRI LI E M I AL Ay, [H o TEHL A, 1B 1.0 ~ 1.5 Z IR EL BB JEE
RMAUEFE AR G337 T — L adl e iz hil . s RROGE (A, RV EE (50% inhibitory
concentration, ICy, ) Fll A, /1C5iX 3 NS EGHATIEN, A, /1C, HE 5, 1C,, BRI, Fm REUE S, R
AWEBEAE 1.0 ~ 1.5 ZIH A,/ 1C R IC R AR S R e AR bl vk B S ok B e g
FeAF AN VAR FR R NS TE] | v B A DL B 3 NS ECHIE M AR HEREA T AL

2.3.3 icELISA tREMEZ 1EREM T, L 1-B/B, A HR (i, B, J9 AN 25 ¥y i i W 618
Ausomn » B RETHIHRE R o BEEY Ay o) FONAETR  BR i v BE X BUEL A 8 A A%, FH Origin 9. 0 844 #E 47 1T
SREUA LI FRIEIR LR T3 28 SR T 2 A M e B (1C, ) , ZRPEVE I (1C,, ~ 1Cg, ) Bk H PR ( Limit of
detection, LLOD,IC ;) .

2.4 HMEETAE ()4 B mL 48405 TF 2 mL B0, INA 20 wL H,S0,(2 mol/L) {R
57,4000 r/min &> 5 min, EFR EZIEZE, B EEW, £20.22 pm S8 UE, FH 0. 01 mol/L PBST
(pH 7. ) #kE 10 55 H Fill g, (2) Kk 43 51EL 1 mL ASRAKFERM@IEK T 2 mL &.048, &
0.22 wm BT UE, 351 0.01 F10.02 mol/L PBST(pH 7.4) Fike 2 4% )5 FH T 5E

3 HRS5WE

3.1 F#mEZITS5EK

GERSEIN 43 B 7 v 1 RO E RS T 32 B T R U 1] B R S 45 B O, T A o i
RSP R T N T HUR I 25 S5 240 5 8005 25 W) B e S SR AU P, PR B R i 33 B
AT TR I G, WFIT R, R (PR S5 H T B A RO e A BN L Ry v IR
I TR B R S M e e 5 AR N R TR, A IS K 28 AR DA 2R 401 R B PN TR N 6 114 £ T 3 L
Fe— L AE A BUR TN BB, PRSI ARE . 53 4h, R Sybyl 7.3 43 FHUF- 65 Tripos J1351k
W E T a6, RICEIUR SR RE R 0 T B9 SNEEE5 1 = B S R KRB T2 R
FOLRGE (K 2)  SEEE MK R RHR ST
RS P RUR 5% T 8 s 240, TR k4t
IRIRRE TS S A, ST oA 7 vk BE e T JkAit
3.2 AIMERNERESEE

KR EAMAED LR R RE A NS
HEIN 7 N THLIR A UV-Vis IBOGIRE (- 3) , KA
TTHUEARFAE A T2 BT SRR AR W2 AT 0 R 28 4 2 11
TR W 22 T | W AT 06 ) 57 8 A i 2 347 B S AN [m] T
FARE LA PUE, B R 2B P T AR R
F a8 W i &2 4 rsk,

K2 FEERSFPRIS TREGE, RO NERR

3.3 mEEE W EEOPERUR, GRS  R
ulmiiﬁﬁﬁ%ﬁwmj'%*ﬁ(ICELISA) {iﬂﬂui&giﬁ Fig.2  Overlay of TYL and hapten. The green ring is

IR BB, HA 9 1:16000, LA wg/mL TYLAE  (jiogin, the red ring is hapten, the red arrow point to the
Hse g 2§, R icELISA J7 &I , HURI 6] %35 derivatized carboxyl group
£ 89% , KU Z s DA RA mEM T,
3.4 icELISA ittt

BT R SO0 25 R Yl IR B A B, SRR BT B8N A A RBRREAE 1.0 ~ 1.5
2], BRI A S Ak A B A KA Rl 2000 ~ 10000 , 63 8% 370 5 R B A% 51Ch 2000 ~ 5000, 7E A )4
PR BB S T2 hImRI MLk LLA TC, T A, /1Co ) AR AR | it 255 0, 40 Do s B A3 5 ) 184



1278 o B Ak 2 %46 &

130 A BSATYL-BSA 13rB
OVA
g LOf g LOf TYL-0-OVA
g 5
2 2 290.27
Z 2
= <
< 05 < 0.5f
TYL-O
0.0 ) 0.0 | 267.22
200 300 400 200 300 400
Wavelength (nm) Wavelength (nm)

K3 Hh-AT WG RER . (A) TYL-0-BSA; (B)TYL-0-OVA

Fig.3 UV-visible absorption spectra of (A) TYL-O-bovine (BSA) and (B) TYL-O-ovalbumin (OVA)
1C5, 52 56 TR Je T3 ZE A )5 B 6000 155 (L5 EE 0. 16 wg/mL) B e fi%, [FES A, /1C, K,
HA, FE1.0~1.5 Z[a], Hif ELISA 5250 25k B B A, PRI B AR I A B A 6000 4% (il vk
JER0.16 wg/mL) o [EE SRR L 3F — 2025 5K Rl B (A0 T8 A5 £5 i 40 o il 801, PR 6 B
2000 5T 1Cs, A, A, /1Cs B K, T Re e PRy, TR UL, 2648 2000 3%k S Ak B HTAAHR BEAE 5k, RILHr
k2000 (FUARHEE 0.5 we/mL) o SRAMIE BT E T AL ELISA 25040 . 9 3 B 6000 1%, Prik
FiBE 2000 175, SVl pH 7.4 HHIREH 0. 1% .0.01 mol/L PBST, - HiMs Bef540h 4000 175, — Pt

S TE] 30 min Lor
3.5 IRAEHMZKHIEL 0sh
TERAFSAET , DAZE AR 1A 25 o0 VK B R s AR

1-B/B A S AL b, SR Origin 9.0 JEF IS4l <

LG TR R R0 icELISA AR ZE (B 4), 1 04

ARIFEER 1C, N 1.39 ng/mL, ZPETE R (1C,, ~ 1Cy, ) 0.2f

40.17 ~11.0 ng/mL, ¥ 52K y=0. 37+0. 23, ool Co gy
R*=0.98,J7 K HBR(1C,,) 29 0.07 ng/mL, T T AT
3.6 AENRBEE Cru (ng/mL)

S AT B A 22 (RSD) K E M i B . e o
O RSD L ECRTR AR BRI |1 oo e
PREMZEATH 5 AP RSD W HLBI] —HEREBIRE L immunosorbent assay (icELISA) of TYL
FRMUAGH . S8 bRiERT 2k 10, AT A, ., B9 RSD<15%
B AR AR R B LR, SR 0 25 42 T AR AU Rl HER 0930 & RS 2 B (3R 1) 4521
FEHH LN AL ] R A ) RSD<15% , K00 7 ks % 1 B AT
F 1 AR R A

Table 1  Intra- and inter-assay precision (n=3)

HLPIAE T Intra-assay (n=3) HEEIAE % Inter-assay (n=3)

Batch No. 1C5o(ng/L) A s Batch No. 1G5 (pg/L) A

1 1.27 0.95 1 1.15 1.08

2 1.26 1.05 2 1.4 1.24

3 1.35 1.06 3 1.43 1.37

4 1.44 1.25 4 1.39 1.29
XA Average 1.33 1.08 XA Average 1.34 1.24
RSD (%) 8.34 12.5 RSD (%) 12.9 12.2

3.7 AEHESERM
KW A8 XU (CR) PR 7k A5 S, CR BRI sk R Sl 2200 ) # iR 2. 3.3 451y
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TIEGr N s B R B R AU A th 2, AR AR =0 (1) TH5E Y CR ME
CR(% ): ICSO(WYﬁuﬁ'I)XlOO (1)

Cso cemm)

BEHINREL MR MY R B AHR PAHRR BRiEE R CMIRRER IERR PITHR,

. Ny
VNN

Y EL e

N7

U RE SEARYD B R 2 DRk e A R T Y AR 25 ), B T T T R

P, 5H B I REGE MY T 38 LR (CR<0. 1% ) |, Dt BT & 7 1Y) icELISA J7 ¥4 bk B4

3.8 HmERMEHERK

PAEiA=07 | A SR AR 8 KA AR A i B BB IR . AR Wb & A o0 B 24 B T 4y, n ik
FIIE RBMISE . ZKEE R & IR AT RS R LAY 2% ot , HL kb 22 bR R P i Na® (K45 B8, ik BB L i
B4 2 M B B RGN Jy 2 Hh BT R BT AAR IR, 5 RG4S 2 B AG I 4 R ) E A PR 22 icELISA 1A
i A 7 VA T A TR (45 6P A T T S B A G DR S AL RS SR A B TE T R B o T4 4
RRAERE 2.4 AR AT AN B B R E 2R 5 PBST R A bR v 2R HEAT Lo g, A5 SRR, P A it 4k L
WG, U A= W KR 28 aet A7 A 3R R 5 Y RE T BR B T s e (1 S ) o DRI, e 2 o 5 I S B
Jr%E R 2Kk 0.01 mol/L PBST(pH 7.4) , A WHER B 10 £i%, A AKKH B 2 £%; KA 0.02 mol/L PBST
(pH 7.4) a3 KRR 2 4%,

2.51 2.0r = PRS 1.5¢ .
] PBST « PBST
A . 5}?“ B - * 1,0 * PBST+11,0
s v 2] 42X 4 PBST2+11,0
+ 45X oo & v < X
2.0 *ox » 1.5 + { ‘ 5X Lo v PBST3+H,0
z 15f  1.0F g
<< < <
05k \
1.0F 'S 0.5f LN
AN -
05 L L L L L \&‘i‘ ] OO L Lol 1 L L L J 00 L L 1 L L L L J
10* 10°10210" 1 10" 10* 10° 10* 10#10°10210" 1 10" 10* 10° 10* 10* 10710210 1 10" 10> 10° 10*

Cry. (ng/mlL)

Cryi.(ng/mL)

Cryi, (ng/mL)

BIS  RERSETON : (A) 4, (B) FRAK; (C) ik
Fig.5 Matrix effect of test samples: (A) Milk; (B) Tap-water; (C) Fishery water
3.9 FEmAHNE LI
AR TN ST, A SR KER A SERGE F R K KEERCA TN e U0 X FR A S b fa TR OK , 5
ZEFR DY % HPLC-MS/MS Rl Ry B HAE 5
] PR 2R R S TR A 25 50 11100 ng/mLL (19 TYL ARE S, B MK RE (A kK K BRI 5 .
10 F120 ng/mL B TYL RAE S, 23 5157 B 257 /4 icELISA J5 2 H HPLC-MS/MS 75 WA I 3338 1
ISR K AR S 28, WNER 2 Fi7n, icELISA J ¥ A i F- X IR oy 78. 4% ~ 105. 6% ,RSD<15% , 5
HPLC-MS/MS ik R EGE 0. 97, KA FT 7 1Y icELISA Jrik i nl 5

2 ARMESINEISLE
Table 2 Recoveries of spiked samples (n=3)
" icELISA HPLC-MS/MS
> %é ﬂi N - 3 3 z P79
iy Spiked level KA Il HiE Kot Qlies HiE
Samples (ng/mL) Found Recovery RSD Found Recovery RSD
(ng/mL) (%) (% .n=3) (ng/mL) (%) (% .n=3)
25 21.9+2.2 87.6 9.9 28.7+0.2 114.7 0.6
tl\t/l:i!lulz 50 41.0+£5.6 82.1 13.7 55.1+0.7 110.1 1.3
100 95.1+11.3 95.1 11.9 114.4+2.7 114.4 2.3
5 3.9+0.1 78.4 1.3 3.2+0.1 64.3 4.3
Tﬁﬂéﬂ( 10 8.1+0.5 81.4 6.3 6.7+0.2 66.5 3.2
ap-water
20 21.1+1.4 105.6 6.6 14.7+0.5 73.3 3.1
‘ 5 4.2+0.4 84.9 8.6 3.2+0.1 65.0 4.1
@ﬂ?ﬂ( 10 8.9+0.7 89.3 7.3 8.1+0.3 81.0 3.7
Fishery water
20 17.4+1.2 87.2 6.8 15.2+1.1 76.0 7.1
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4

% it

ARG T AW HKEES TYL 5% B3 0 icELISA #0 )5 %5, J5 346 HBR35 0. 07 ng/mlL, £ 15

90.17 ~11.00 ng/mL, #LPIHEIE] RSD<15% , K 5 B [EISCR N 78. 4% ~105. 6% , 5 HPLC J5 A&
PEGF . A7k RBUE & ARE ML 38 0 T AR WA RUKAE o TYL 5% B8 A Aa
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Indirect Competitive Enzyme-Linked Immunosorbent Assay
for Detection of Tylosin in Milk and Water Samples

YAO Chan-Yuan', YANG Jin-Yi', XU Zhen-Lin', WANG Hong ', LEI Hong-Tao'
SUN Yuan-Ming' , TIAN Yuan-Xin®, SHEN Yu-Dong*'
'( Guangdong Provincial Key Laboratory of Food Quality and Safety
South China Agricultural University, Guangzhou 510642, China)
*(School of Pharmaceutical Sciences, Southern Medical University, Guangzhou 510515, China)

Abstract To address the issues of tylosin residues in food and environment, a good specific polyclonal
antibody was prepared by animal immunization based on a new hapten achieved by oxidizing the aldehyde
group on the side chain of tylosin to carboxyl. Further, an indirect competitive enzyme-linked immunosorbent
assay (icELISA) was established. The main experimental conditions were as follows: the coating antigen and
the antibody were respectively diluted by 6000 times and 2000 times, the reaction buffer was PBST
(pH 7.4), and the Tween concentration and ionic concentration were 0. 1% and 0.01 mol/L, respectively.
The dilution ratio of the secondary antibody was 4000 times and the secondary reaction time was 30 min.
Under the optimized conditions, the ICs, and the linear range of this method were 1.39 ng/mL and 0. 17 -
11.0 ng/mlL, respectively. The detection limit was 0.07 ng/mL, and the cross-reactivity with analogues was
less than 0.1% . The recoveries of spiked raw milk and water samples were 78. 4% —105. 6% with relative
standard deviation less than 15% . Besides, the detection results had good correlation with HPLC method
(R*=0.97). This method is suitable for rapid and specific screening of tylosin residues in milk and water
samples.
Keywords Indirect competitive enzyme-linked immunosorbent assay; Tylosin; Milk; Water
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