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Purification of Anti-Clenbuterol Antibody and Development of Direct Competitive ELISA
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Abstract: Four methods, including saturated ammonium sulfate (SAS), caprylic acid (CA), caprylic acid-ammonium sulfate
(CA-AS) and ammonium sulfate-DEAE-cellulose (SAS-DEAE) were compared for their effectiveness in the purification
of anti-clenbuterol antibodies. Meanwhile, the effect of simple NalO, method and its three different modified versions on
antibody labeling with horseradish peroxidase (HRP) was examined. The labeled antibodies were applied to develop a direct
competitive ELISA assay for rapid detection of clenbuterol. Our results indicated that the highest yield of anti-clenbuterol
antibodies was obtained using the CA method, which, however, provided the lowest purity. The SAS-DEAE method
gave rise to the highest purity despite providing a relatively lower yield. The simple NalO, method was most effective
in labeling anti-clenbuterol antibodies but resulted in a lower antibody titer. By contrast, the modified NalO, methods
provided significantly increased antibody titer. The limit of detection of the ELISA method was 2.7 ng/mL. The recovery
of clenbuterol from spiked urine samples was 94.2%, and the inter-assay and intra-assay coefficient of variation (CV) were
13.8% and 9.1%, respectively. Moreover, no cross-reactivity with clenbuterol analogues was observed. This ELISA method
can provide a simple, sensitive and specific approach to detecting clenbuterol in animal-derived food products.
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FE A A I CL, I AR AL AR K R R L I
JH MR CLE T7 . Hur E 2 M7 ik £ 2 &
BOAH 433 ¥ (high-performance liquid chromatography,
HPLO)™., A (5 3% i 15 FH (liquid chromatography mass
spectrometry, LC-MS/MS)™, A 8 il i i 1k FH 7% (gas
chromatography mass spectrometry, GC-MS)"*'Fl 4% 1k,
VLN 4 9% 59 #TV (enzyme-linked immuno sorbent
assay, ELISA)"'. b2 % YRk S s o b i 12
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Y A B i ImL N 45 £:0.01mol/L pH7.4 PBS, T-#i

PRI DN 5 I3 45 e R IR . 4°C A R E
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] ImL AR L% i A 2mL 0.06mol/L, pHS5.0 ZRZE
W, FHO.Imol/L HCIA W M 4 pH5.0, = 4+ [7] I &
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K 1 58 TR s B e % J1E Ha 9K (sodium dodecyl sulfate
polyacryl amide gel electrophoresis, SDS-PAGE)7LiE4T &
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(110.1mol/L NalO ¥, =i 1F FilEJefii+t:10min, Ff
R HBCEENENTAS T, X Immol/L pH4.4 (¥ T R M 2%
MWGENT. 4°CREA, N20uL 0.2mol/L pHO. 5T IR & 2%
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B2k, e fEUTiE PR T /0 50.01mol/L pH7.4/{]PBS
o IR GERTAS Y, X470.01mol/L pH7. 41 PBZE £k /K
#EHT, 10000r/min % 030min & R yiiE, Bk i
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0. 1mol/L NalO, /K5y = i #1:20mim, EALHRPYAAG
JIA12uL 0.2mol/L pH4.4 2R Eh 2201, s IR
FENTAET, X Immol/Li% 1R #h % 4 CIEMTIS AL, 7|
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HECE3T CRKBHEAR T E 1h, PBSTLEER3R, A
100pL 5 (A3 37°C B4 15min, I I SOUL 2% 13K 45 R
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23.6%+ 15.1%555.1%. AJLLEH, FIREMIgGH Rix
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®1 BRI RIgCRE
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Tablel Comparison of different methods for IgG purification
Wik I BUmL AULATeGhmg AUfL1gGR iimg 1sGA%/% I, GEFES R NalO, k277 vk il 2 bR iR ] T e 2
TURIG R 1 38.93 6.00 154 B ELISATITSY o
¥ 1 38.93 9.18 236
ER-TRI 6 233.58 30.80 151 £3  AHHRPHILEES
SAS-DEAE 2 71.86 4.00 5.1 Table3 Antibody titers obtained from four NalO, methods
Ffi BE £ 50X 100
Wil FRR (X 100

2,12  IgGalif¥%sE

1. SAS-DEAEL; 2.SASi); 3.FR-SASY:
4R 5L RTPN S s 6. ARHEER .
1 HifkelifUa])/5SDS-PAGESHKE L Ik

Fig.1  SDS-PAGE of antibodies before and after purification

RO A B PRl B A e g L . AR
HEEE L4 A AT LR, IR 4 ik %2, i
U K4 I R 2 2RI, 4 SAS-DEAEJT
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AL, CIEARRE TIgGUMAMAZYE (1, BIFEEER 143 1
IR 455 T T 2 55KD ) 5 R 2126k D 1) 4 v
M = BV Al J5 P R & AR E A, B
FHMOFIBR R B v A i, St ay i A LA b, BTN
FhaliAl T ORI A K BEAR . SAS-DAEA 7 B AE M1 %

%, BRI PEEIR-BiR e J7 i o bk alifh et 7 ik
2.2 EEbRCPUA R T

SHRPARICHUA T LM 455 F WK 2. i ) NalO,
RIS & %t e, SR NalO, 31k, i B NalO,Z:1
558 R NalO, V2 HS8I%

#£2 HRPHZEAH

Table2  Effect of different methods on HRP-antibody conjugation
bRl ik 1eGhib/(mg/mL) Miht/(mg/mL) HRPAgG ALl tr%/%
fii HNalO, 6.56 2.56 1.56 62.4
1% K NalO,7%1 1.63 0.56 1.38 35.8
4 KL NalO,i%2 7.25 2.00 1.10 35.8
2 FENalO, %3 1.46 0.29 0.81 56.1

2.3 ELISAJFVEMIAET

23.1  H¥BSESELISA

23.1.1  EFRICHUR TAERREE A e
AFPHRPHR G FRAER I ) 20 W% 3, 240D=1.0

2 4 8 16 32 64 128 256

fii%NalO, 140 140 1.09 0.89 0.69 041 0.19 0.07
S KNalO%1 1.84 1.84 135 1.13 074 042 025 0.14
M NalO,%2 1.84 1.84 1.84 153 135 1.13 087 052
g HNalO£3 135 1.22 122 097 074 047 029 0.20

23.1.2  HHFEHELISAbRUE TAE 2k

HE 45 B il O D & il 4w ik ith %, W i CL 78
2.15~1000ng/mLAT BRIF N Ee 1k, I MBI TR A «
1=26.841gc(CL)+8.256, R*=0.996, #3075 Fi sk 15
CLICs,=35.9ng/mL, KA PR 4 (IC,)2.7ng/mL.
23.1.3 e

B FELISARIA INRDCR WK, 76 REEA A
[F] R L I CLG, LRI 7E79.0% ~ 120.6% 1],
PRI 0 94.2%

#£4  HEEFHELISA CLI I BREER W 3

Table4 Recovery of the ELISA method for spiked urine samples

IS INCLIHIKR BE /(ng/mL) KO LI E/(ng/mL)  SEBRIADICR /%
400 371.1 92.8
200 168.8 84.4
100 79.0 79.0
50 62.3 120.6

23.14

£S5 HERFELSARFCLREREMNZERRY

Table 5 Intra-assay coefficient CV of the ELISA method
FEROTRIR)E (ngmL)  FEERE G TR R A%
400 6 415.9+37.6 9.0
200 6 199.5+17.8 8.9
100 6 95.4+6.3 6.6
50 6 49.9+6.1 12.0

#6 HERFELISATRCLREREMREERRE

Table 6 Inter-assay coefficient CV of the ELISA method
FESF IR (ng/mL)  EEXEn) FRE R E AR RE%
400 3 425.3+423 9.9
200 3 197.4£29.5 14.9
100 3 96.0+15.6 16.3
50 3 49.7+7.1 14.3

X [ R ity FAS ] 38 A i 1247 3 0K
THELAL N A S R BRI (] A2 S R B RS 6T A,
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HEEFELISAK MR T CLHAE N A 2 RN
6.6%~12.0%, “F¥BTRENIN%; LIRS RECH
9.9%~16.3%, L3R 7REN13.8%.

23.15 Rtk
K7 EFHUESCLETR R B
Table 7  Cross-reactivity of the HRP labeled antibodies with
clenbuterol analogues
WY ICsy/(ng/mL) AN %o

AR 2 (CL) 36.30 100

5 [} % (AD) 613.85 5.9
ED] >10° <0.1
ERTRIR >10° <0.1
AR R >10° <0.1
T T >10’° <0.1
AR B R >10° <0.1
TS >10° <0.1
HrE Bk >10° <0.1
A H >10° <0.1
ik >10° <0.1
C ARV RE 2 T i >10° <0.1
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B AR BRI B R 7 V0 A o RO R b2, (HEELE G
Sephadex G-25FEFR 228251, WE W ARG ], SR LA
R AR WIE N R AR, RUFPUA L B TS
PEs ARG B IR IBER 47 9 I — e A g Hal, AR T
RAT

HESEFELISAS I 25 LW, &7k BAT;
FHI=26.841gc(CL)+8.256, R=0.996, HtNALF REN
9.1%, HLinAE 5 RZE N 13.8%, FRIEWI -3 [RDECE Ky
94.2%, S5 EMFERALZNIRNEHRS5.6%, HALZY)
WAR BB A R N H AT, 50 & & FF 5 CLIv AR
PSR — B 1.0ng/mL . A J7 5 18 S A I 5 B ik
B2 7ng/mL, J5 2k n] DU i ) % s B A . ik
ELISA N 45 A S5 38 i 7 R I R OB, DLIE B 8K B A
WK
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