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A colloidal gold immunochromatography-based method for
detecting enramycin residues in feed

WANG Kang, YU Pu, CHEN Kong, CHEN Min", CAI Yonghui, WANG Bingqing

School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, Zhejiang, China

Abstract: To achieve rapid detection of enramycin in feed, we employed the competitive
inhibition method to develop a colloidal gold immunochromatographic test strip based on the
anti-enramycin A monoclonal antibody (anti-Er.A-mAb). Colloidal gold probes were prepared
with a laboratory-prepared high-purity anti-Er.A-mAb. The effects of pH, antibody titer, and
antigen concentration (test line) on the test strip performance were investigated. The colloidal
gold test strip prepared with 8 puL. potassium carbonate addition, 4 pg/mL antibody, 1.0 mg/mL
antigen (test line), and 3 pL gold-labeled antibody showed acceptable specificity and a low limit
of detection. The test strip showed the detection limit of 25 ng/mL for enramycin A, with a
linear range of 25-300 ng/mL. The experiments on the feed with positive sample addition
proved that the test strip had good repeatability and was more sensitive than high-performance
liquid chromatography, being applicable for the rapid detection of enramycin in large batches of
feed samples.

Keywords: enramycin; colloidal gold technique; monoclonal antibody; competitive inhibition method
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1 HE5x=

1.1 FE#HH
BHidEE A 45 (enramycin A, Er.A), B

%% B 4143 (enramycin B, Er.B), HLEHER A
% B PU K (anti-enramycin @ A monoclonal
antibody, anti-Er.A-mAb), BRHEE A N THH
(Er.A-BSA)H 525 = A i, 4 1% & [ (bovine
serum protein, BSA)J [ Sigma A F], ZHH R
B (polymyxin B, Pol.B). FFEE Ak A (bacitracin A,
Bac.A), 4EFH B WH R M1 (virginiamycin M1,
Vir.M1)., Ji % % (vancomycin, Van)3J Il B Bg 5%
FRRAEME AN F, B ZHUR A (enramycin
premix, Er.Pre)ly { | iff 5 5 AE W) B A BR A
A, BUR L A L DR IC BT R 1gG (horseradish
peroxidase-IgG, HRP-IgG). il 1gG (goat
anti-mouse IgG)M H Jackson ImmunoResearch
Laboratories, Zi& 98%I7% 3,3,5,5-PU H FE R i
(3,3,5,5-tetramethylbenzidine, TMB)I4 H % &1L
AR CEE)ERATE], 0.01 mol/L i pH 7.4
R £ 2% Wi (phosphate  buffer, PBS)I H 134
BnREVHEARBGAIRAE], IR . HEE ., &
ARER . nkE-20. WS A B R 255 T,
RERE . REFOKIE AACHLEE T, FEERL . XTIk
W A A R T, BERSAFAE R AR, AT R
Ji& (nitrocellulose filter membrane, NC), W /K 4K .
Polyvinyl chloride (PVC)JEAHR . 50 nm Fif2 i {4
TR B AT AT i 0 52 2 A PR D
1.2 EEUHE

Tz —XKF-. pH 1114 B et f 28
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B A BRA ], B s s ve A B B
AR ARAR, SEARE LI A
Sorvall 2Aw), BEAR{UE B E4 TR (EIE)
ARRAF, SAMHOCETTIE A i SE A
i, BER IR U BT AR DURALER A,
RO (3 U | Waters 23 &, XYZ-3000 7
TR % =GR AR A SR B R AT R AR A
WIRHE AT FRA Al FR AL

1.3 SRR aIHl& R RIE

1.3.1 E£fFERERRIC pH BB E"

B 104 1.5 mL B0 50 4 5 Je I A e AR
SV 1 mL, [V ELOE T I AKE Y 4R 1)
0-9 uL 0.2 mol/L K,COs; JR%). fERE A
5 pg anti-Er. A-mAb JZ b/ 20 min, #RJE53-BIMA
100 pL 10% NaCl ¥, ##E 60 min, f/5 W45
B 200 pL WA 200 pl A4 R R TE
400-600 nm AbFEATIE B, TEE 3R, HEE
5 15 A 4 DA YA L e R Y (A Ak fe /N 1R 52
5540 pH B A fefEdmic pH.

1.3.2 £k ERffRicEnHmE”

HU10 4 1.5 mL 2508 23 I A AR 46 1 i
1 mL, A 1.3.1 Hfi e i e KoCOs Bt i 15
W pH. MG TE& & L& P AE &
anti-Er.A-mAb i HZGRE 3 1.2.3.4. 5,
6. 7. 8. 9 Hl 10 ug/mL, JZI 20 min 5, TEIF
W FPERAN 100 puL 10% NaCl Ff4847, % 60 min.,
A 200 uL AR 200 pl AR 4 JRA
1E 400-600 nm ZbFFATI BTG, HAE 3K, &
B AR 4 DR WA B i KW B AR b e /N i)
S A PUATS INEAE R S AR AT N
1.3.3  SARIE &

W HCIE AR ST — e,
KoCO; B TR 2 A58 1Y pH, A —2 mHTIA,
MRS AR PR 40 min, B 10% BSA
HEAT A, AkSE 2 40 min, B WL B 1
LS, 4°C, 1400 r/min &0 10 min, 2
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BRESKARAEDS, 8 000 t/min #.0> 30 min, 37
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BRI
1.3.4 S BEERERNE R RIE

T oL 58 A AT UL S 0 A A T i 5
anti-Er.A-mAb, DL IS B BT ECR 155,
PAAS )R BE Ui 5 10 anti-Er. A-mAb RESAkBR, DA
OD.so WG M AR bR pnifE i 2. RS
T 2 (R K B8 A il 1.3.3 Wiy B
W, AR A anti-Er. A-mAb 51,
B¢ (coupling rate) )33 )5 1

Cr (%) =[(mAb, —mAbg, )/ mARQ, ]x100
A, Cr FRMPCE, mAby R PLIAPRICHT
PriR S, mAbey FR FIE W I BLIRE

AL, 8 5 A O B T AR IC B S Y
FREAAR 4 LA e A AT U, WS B KR s 0 2 A
%
1.4 EARERRRESE

PRI B 5 L XS AR 50 g BT 250 mL #E
eI, # 1:1 (BT ARBE) A B R
50% (PRFHLL) PBS WK . FE e IR R
¥ 15 min, FAEE FEA 10 min, 7E 4 °C,
8 000 r/min 54 &L 10 min, WA EiEWR &
FH o TR B 7 206 880 5 T DTRE W EA T — IR
PRACEE, SERUEH IR EIE RS TIRG, IR
45 nm JEMEXT EIEWR TR, AR
W, SR IR 42 55 4 Tl K S 2 W B (indirect
competitive inhibition enzyme-linked immunosorbent
assay, icElisa)l" il #ff 78 FEAS HEBOR A5 B
PR, HTAMREINEE
1.5 BRAEREEMMXKFMER

IR ML Qi 1 T, ‘Bl PVC JIEAR
FEAE . NC FERIRAKEHA B, A2 R BT 2k
MR TE NC i i 40 & .
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W25 J DL T/C B A3 ] 2 (inhibition rate) #1731
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2 T/C=>1 (BP T 26 Eb C IR —FRI) I A B 5
M CELAR DR, NI IR (K 2),
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Figure 1 The assembly diagram of colloidal gold
immunochromatographic test strip.
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Figure 2 Schematic diagram of the determination
results of colloidal gold immunochromatographic
test strips.
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1.6.1 T %BHRENMRKL

C AP 1gG WL M E 0.4 mg/ml,
ZE T ERUE 0.5, 1.0, 1.5 mg/mL B XHR4E
Fuanysgm, FFERE R 50% (AR
PBS % W (B FEAN) A 250 ng/mL A9 Er. A FRifE
i (FEHEREA) AT E , ARSI 15 min J5
FHE AR & LA A T o
1.6.2 &R EMML

R GAMPUATREN 2, 3, 4, 5, 6 uL i}
Xof JE AR 4 AR 2% S L g s, R I A A R P 1
FEAPEFTINE , BB T/C s 1 H A R
iR SR TE I REN AT
1.7 48 BR M

FHH MR R 50% (FRFREL) Y PBS ¥ 80K
1 mg/mL Er.A FR#fEsh 7 BIFEBERL 5. 25, 50, 75,
100, 200, 300, 400, 500 Al 600 ng/mL, iz
TE 20 pL AN [ BE AR S 5 B R E A I &
SPURRTELT, FEIA 80 uL HEASH: BRI
35T KRR SRR AR R — gl ABLFL, 15 min
Je BRS8N e A5 R
1.8 HFF MR

FAH BRI R 50% (AFLH)AY PBS ¥4
B 1 mg/mL ) Er.A. Er.B. Er.Pre,
Van, Bac.A. Pol.B il VirM1 #rifEvE#, 435
R 1 pg/mL 5 EA AR e, [R5
R X6 HE
1.9 EEMHMNR

M3 AU S B B A A G 2 AT
IRACSE R FIBEH LI 15 4904845, THIRH
PEFEAS . 250 ng/mL Er. A FRIESHIABAT 500 ng/mL
ErA bRifEsb s, BHEL 5K,
1.10 PHMERMSELE

Y& R A AR 4K 28 4 BE S i 7 (anti-growth
promoter, AGP), i8R 7E R &y
$EARRE 2.5-20.0 mg/kg, MGEE 1-5 mg/ke!
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DAL It o) B P ) B RE AR TR i S i 10 mg/mL
Er.A FRUERIEW, 73555 BrA WREEN 2.5,
20. 30 mg/kg HIFETIRMEAS T Er A WBEN 1,
5. 10 mg/kg PRSIREMEA, 4% 1.4 TPy kL
e, SIAPEREAS— R EEA It

R FE R 1Y S OB AH 433 (high performance
liquid chromatography, HPLC)K: 7 i3 i 4 3™
OB RIS C18 (4.6 mmx250 mm, 5 pm),
WEIAH 0.01 mol/L Z - — S Bk &
(30:70, 1AFALL), WM 1 mL/min, KK
A 267 nm,

2 BRS04

2.1 ESRRIAEIEF MR R
2.1.1  SFRARRIES FHRHKL

AR W) pH FIPLAR AR IE 23 5 M)
PR 5 AR 4 UKL ) 45 45 3R LA K S AR i i
FasE 20 e 3 iR, SRR AT pH A
T IR BR BN IR AA R 8 uL B, A4 e K
WAEAS AR/, B 25 T AR Pk i 2
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Figure 3 The best labeling
anti-Er.A-mADb-GICA.
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YERRATF, REAETE M $h PRBE v DR IR AR 4 ok S22
SFHCRATAR R, HILER K,COs BNy
8 uL. HEARCIRZRH anti-Er. A-mAb (1558
i, ZERBI Y HUARZLUREE RS 4 pg/mL B, I
W I%) ODyso B -5 B G I v 1) 22 S e /S, b
bitkmtasE , JF HkEF & A2 R B3, itk
VE#% 4 pg anti-Er. A-mAb N2 THIA 4 IR Y
A RICE
212 SMAERELE

T PR RER , BRic e i S BT i 5 5
ZL, BOARIC R A Vi W Bl 55— 2%, (5T
H 400-600 nm ZAMAFEEITE WLIE 4. Bl 4 7]
A, FRICHTRAR G 7 R A e KB W AE 524 nm
Ak, TARICT A1 BE AR AR A B R SO E
529 nm &b, KA TIWt%, iX3KH] anti-Er.A-mAb Ji§,
NG5 G AR ARG R L
2.1.3  FUIMBELERANE

£ 1 mg/mL (Y anti-Er. A-mAb bR B B
ZHFE R 0.02. 0.04, 0.06, 0.08, 0.10 ug/mL,
iH 1 icElisa J5 ¥k HAE 450 nm A0 I G AR FF
A PRENER (K 5), &R y=0.203 68+

1.6
Colloidal gold solution

Absorbance
= to I~
T T

e
)

o
>

anti-Er.A-mAb-GICA

<
B
T

400 450 500 550 600
Wavelength (nm)
4 RUESARMEIRIIFEIRTE 400-600 nm
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Figure 4 The UV scanning spectra of colloidal gold
solution and anti-Er.A-mAb-GICA at 400—600 nm.
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Figure 5 Standard curve of antibody coupling rate.

6.439 69 x (R'=0.989 17). [ 5 % , anti-Er. A-mAb
1£ 0.02-0.10 pg/mL Z[A]H}, ODysofH5 anti-Er.A-
mAb WA RIFHERME X R LE, 805
Y FIEUR ODyso M 0.11, FRHAYIEE anti-Er.A-mADb ¢
IRAGHREE/NT 0.02 pg/mL, HFUAMEEERRE T 99%.
2.2 REKEERFHMLL
22,1 BRETZEWKRE

BT T Zeny i e e 45 810 F 24K,
TE CLWTE 0.4 mg/mL BT, X T sk
WeRE A AL, Pt T RAEBAYE SR A B
WEIFHAERVESM T HA R Rk, a0
6 B, RABAVEREAAINT, BE T 2k Eygin,
T/CAHIZWIEI, 24 T 4R H 1.0 mg/mL 1}, T/C
EfAZ I 1o R BAPEREA K I B, T/C {H 5
B T 2k B mmisg hn, BASLIREE RN ()
Bf, 4 T ZRWKE R 1.0 mg/mL BFHH R K,
R WIZHR B AR S5 0 BE e e dy, IRt
1.0 mg/mL 1E M EfE T LBk
222 mESEMAERE

LAk XA AR R A R K
Wi, S PR A G g AT R 0 RBUE 5 S bRt
IR R L, 2 Z S hrPiiR SRR R
JERY, TR b TR R T 58, anlel 7
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JioN, WA AU RN, B A A DU B
FKSER ) T/C (I 1, (RS brbii s
HJ2uL B, T, CARBEER, HALePrbuik
FHHRAY T.C 2R 50 05 T o 4R FH PR ERE AR I
2 uL APk B R, A C LB 6
Bk ZIRkairbuA RN, 8 T/C EMA
B, (HARA R R, ISR 2 TR
FIRMAFRER AR 3 uL NEAESPiik
il Fl i
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1250 ng/mL Er.A: T/C
—=— Inhibition rate

Pl B P B P E 1140
5L 1120
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23T & 8
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Figure 6 Effect of T line coating concentration on
GICA.
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Figure 7 Effect of the
anti-Er.A-mAb-GICA on GICA.
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2.3 HAFREEMNR

HBUAPEREAS DL AR B Er A BRIESH I
W, i 1.7 MARNE 3 pL Shrbiiknifld,
FAIRICE, KOV 15 min J5 FRAR S B0k
raseeE, E4 3 W, ZRWE 8. 4 ErA
T ik F] 25 ng/mL B, T/C{E/NF 1 RIATHEAS
1, 3 H Er.A 7E 25-300 ng/mL JG I, 405
1 T/C {55 ErA W& ®EA RIFILIERR,
H R v=0.998 03-0.002 97 x (R=0.99), A 523
FEMH ErA B8 SR
24 WK EFFMEMNR

BCHPEFEARLI N 1 pg/mL ) Er.A, Er.B,
Er.Pre. Van. Bac.A. Pol.B Fll VirM1 FrifE i
W, T 17 IMARE 3 uL Shrbuikn gL,
AGRACSE, B 15 min J5 AR 4 50k
PEs e, ERE 3R, 4R WE 9. BhiER
AR 4 G e IE MR AR ST 1 ug/mL Er.A | Er.B DX
e Er.Pre K048 5 A B | ot HoAth ) JELP B R 45
FAZEALN ) B BRI P ARG I 285 5 A B o ik R B AR
R BT A ) R 3R A e IR AT IR AR AR
HUA & B AR S, T AR AR B R
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Figure 8 Sensitivity results of Er-GICA.
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Figure 9 Specificity results of Er-GICA.

25 HAKEFESMHMR

1E 3 HEU & i B R R AR & e JE T
AR, AN 15 25 T A0 B A
A 250 ng/mL Er. A FrifESHBERFT 500 ng/mL
Er.A PRUESIEW, BAEE 5 K, Killgs Lt
A BUATAT AR B BRI O, 10BN R4t
YRl 25 118 S8 i R A I R R 2 B A
2.6 PEMMEARINSKLLE

MR 1.4 J7k, 3 TG IRDRE RIS fa) ) i A
A AT BHPEAS I SE S, ARk ErA WS4
WS 2.5, 20, 30 mg/kg, MLEEIF ErA BN
AEI 1.5, 10 mg/kg, KB RE. Hik
BAIED 3 WEK, R 1.4 JiEXHE it
ITARC RS A TR I, S5 2RILER 1. 2 GICA ¥l
P HAEASR IR, SR, XSk ErA /Y
IIMESCERTE 87.0%-99.5% 2 ], AHXFRifEN 22
(relative standard deviation, RSD)<5.46% . & H
HPLC AN P PEREASIR 38, 445 A R ErA
WIMER 2.5 mg/kg  ASRRME S ErA BSNEHN
1. 5 mg/kg B, HPLC Jopkkat, HAb&EMK
SEBHPEREACHY Er A TSHN BN 87.40%-91.33%
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Z I8, RSD<6.57%, Vi BHAHFFE #7153 )2
Moy vk B RGP i RACHE R ERaPE, BEA RO
HARREEAS R LS A B R &R

3 WwE5&#

7 25 22 R A8 R L1 200 TR 20 L RE 1) 5 1, 3K
YN 2R LR, FRAIXT R N B RROMR 2T o 55
2% G BHE B A AR A TE R e s ik
H VS IS 2 7 B 2 TR R T LA s
[ei Fof 8 2 B v b AL R ) 2 R A P AN
P2 AL E I T PR R Sl e TE S AN
FREA ., HET B Y EE E R, X AR A A
FE . HA 2023 4FiE #1955 G/SPS/N/IPN/1137 5
SO RUE A AT YRGS B
IR LA % i 0 y i BT B 2 Rk B M 30 gk
Rt , FEA—F P A . o] T B iy
Rprg = ik BAEEE L, GICA HHER
B . BRAE TR . S5 AT SRR, AU
F DG I ST % 3 T AR AR e ]
DA 3 0 A [ 4 G 0 28 S B X LRI [l e A=
R RIEF RIS, Li P& T — R A
FEA R D B A B AR 4 S R AT TSR
PR SEPERS HIBR 4 0.125 ng/mL; f& BG4
AT SR R BOE e, A RO 0.001 95 ng/mL,
G T I A

AHIFFERE 8 T BT A A 1) B b B R g
JEHTIRAUS, M bUAPRIC . T LAk
FE DL G An bR i S S 50T T ML, A
J 1 4 2 AN AT SRR R R A R
HRW . ESrPUAR SR, 2 K.COos B
fniEh 8 puL/mL. HUREINEHA 4 pg/mL B,
anti-Er. A-mAb PUIARMMIECRE T 99%. i it
Van. Bac.A. Pol.B. VirM1 ZEZ525100140 A K
Er.A. Er.B. Er.Pre XAk R i) 52 ma ik B 208,
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%z 1 GICA A% HPLC AR NIPAME AR N SLIG 25 R

Table 1 The results of positive samples detected by GICA and HPLC
Er.A addition amount GICA HPLC
(mg/kg) Er.A detection amount (mg/kg) RSD/% Er.A detection amount (mg/kg)  RSD/%
Pig feed 2.5 2.36+0.03 2.11 ND -
20.0 18.17+0.07 0.69 8.93+0.09 1.83
30.0 28.10+0.12 0.77 27.40+0.22 1.37
Chicken feed 1.0 0.87+0.02 3.28 ND -
5.0 4.57+0.14 5.46 ND -
10.0 9.95+0.07 1.28 9.07+0.10 1.87

ND represents not detected.

AR R AT o AR i 28 1 Ry 25 3% e ik
ACARAE 15 min N AT RNEER, SRR 4341
OEBUAARAS, ErA KBRS 25 ng/mL, 2tk
JEHEA 25-300 ng/mL. XHE . AORDBHE S R4 T
BHEFE A TS i 06, 485 9% 26 WA IR o (el e R 7
87.0%-99.5%= 1], RSD<5.46%. 5B FiE KM
SLAAS I T A0 L, SR ik BRI AR, (R
et A, RS RS EARR . BREED
ST T LIRS B 2 AT B R A A TR ) SUBR A
BRI R N E RGN 0.56-35.79 U/mL, V144
T AEPUE ST 1 TR IR AR R A T BB B e
HEYLHEN 150-500 U/mL. B3R R @i ik
FEA WS SO AH %7 (high performance
liquid chromatography, HPLC)A13# )2 {f,ji%2: (thin
layer chromatography, TLC). HPLC J5 ¥ R i &
B BV, EH T R R TR
AP R ERN S E, HERWEER
200—1 000 mg/mL"?. &M, Bl fii F§ HPLC 75
72 B 8 7 i S AL R B RS R AR R VR Y
(), A N R OB i 1 5 T B
., S TR SREEA R R R
W5, K BRIE 4 ng/kg, 2w FHRA 10 pg/kg,
REUENT HPLC, TLC Kl piAAE, #8—fk
FRE T PEAG I Y, RIS &Pl bk TLC
ANV, 45 R R BRI R Sk
HAE 20-166 pg TEFEI N ZRME R ig, n] T B

http://journals.im.ac.cn/cjben

RUORA SRR, Har, TR ERR
T REBTAR MR 7 R Lu AU ST i 0L
JR3E4r ELISA: AT S T 48 WL AU L PR A
Arh B E SR icELISA 7k, #h
FR 3518 144.8 pg/kg Al 98.0 ng/kg; EH] 18
SUR SR LGN N ol IS E RS Ny et LT w2
ELISA JrikfiefEid Bt . X N 5 R B
MR . AR T SRR ER
A BRSERERUR, HET TR A s AT R
Ferm A R Fra R, KERMIEE ng/mL K. #
BT H A R R AN i, A A P
WA . T KA SN, v
FrA AL RE b B R S Bl A, B
RAF 0 & SR 5,
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