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Simultaneous determination of various antibiotics in feed by visual protein
chip method
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ABSTRACT: Objective To establish a method for simultaneous determination of tetracycline, lincomycin,
fluorophenicol and other antibiotics in feed by visual protein chip method. Methods Tetracycline artificial antigen
was synthesized by glutaraldehyde method, and lincomycin as well as florfenicol artificial antigen was prepared by
succinic anhydride approach, and products were verified by ultraviolet spectrophotometer. By optimizing
antigen-antibody concentration and calculating cross-reaction rate among them, the standard curve was established,
and the recovery and repeatability of spiked tetracycline, lincomycin and florfenicol in the feed were investigated
respectively. Results The spike recoveries were within 70%—120%, and RSDs were less than 15%. At the same
time, the established method was applied to detect unknown feed samples. The results were consistent with
HPLC-MS method, and correlation coefficients were all greater than 0.99. Conclusion The visual protein chip
method has the advantages of short detection time, simple operation, simultaneous detection of a large number of
samples, and multiple indicators at a time, which can meet the detection of multiple antibiotics in feed samples.
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1 51 &

P2k B AE Sl — Fh R 0% 2% K 3 i B s A o i 4
R, JTZARE T TR B R A . HET, Bk
A RR ARG UAR R . RATER, FEEES. U
1 E (tetracycline, TC)E— M i S M PLEH 258, T
12 0 8 2% PP RBH R A A L ANM N SR A R A
FISE 0 YR FC AR 5 S A SR, A 4l R PR A K i v 4
BB, AT 8 K (lincomycin, LCM), &Mk A 55 %
PR B 7 A MR AT TR I S oA 3R o PRI B 20 Ak 41 B 1)
BT AL, X R 22 B0 2% PH 1 T A 5 s PR 4R 0 2 B
PEREA VIR . %R JE % (florfenicol, FF)il i 41 il ik
Tk 2L 2 B Tt 0% e 1 2B R A R VR, AR A R L IR
FRE BRI T 0 S USSR Sl B A SR A B & ek
Ky R0 A KA, olif SRR —2

TR BE AR T 2411220 X ok e A F AR 0y A AR 2,

1 0 B3 2k 4 Y L AR M 3% % (high performance
liquid chromatography, HPLC)* 131 #p i 2 vk (4035 2 AT
U151 eI 2 W B9 U024, B ety ik ), fb2g & o
G g 1PN

AR 4 1 1 T D PR R AR BT A R A W i A
FHALAE . AU A A VR, R e 1k B R E R S
AR, AR vk R4k, KR L
EAENRAMR, — BB E AR E, ST EREK, B
RS T 38 2ok R IR 0500 5 7 A R 22, W ik BR ok
W IE BRI, RN . WAH S -2 AR T |
TR £ 1 - BRI P L S T i L SR R AT E M L e i
BRI, LA R 0 R ORE, B SR R R AR,
B FHAE NG AR BR W B, JCik R P s
o BB Sy P e — Rl . (EHE . (RAAS . &
38 0T 2k T B R R AR R R R AR BT A AR R
— e, H R — RS2 T ik [ B AR I 2 Rl b A R
B .

B0 VR L TR G 0 I S i A ik B 2 4
bR PR SRS ST, R RZRAN RSO
bR, XTI A E R AR A B ot . AR
[R] R, ANIE G fE A AR AN B B A 7 il e T
F o Li GRSy 5 38T ol AL ER (8 ARSI 5 3k, AT
() s A 0 22 A 245 40 S A 3 0 3% BRI () kA D 22 i 8 37 8 1
RS, SESENSFMHELL, BARRA, EERRA
ARLER S R 45 2R, JOT (8 & 52 i 9t sl fh 2 ol dar il i
B, KRBT A, $Em iz, fFEhiER
i i I PGE A A AR R R T . AT SR
IC 2 N T, SR AT A AL B 8 R 92 X ek v g A
.M ER . FORRH T SRS, DO R R

A Z P R TEK
2 MRS EE
21 # ®

2.1.1 HabiRH

PR ZE (3E [ Amresco A PR ), 4 ML & 9 (G4 [
Sigma 23w]); NHEAG AL, i A2 R0 A B FD;
- FE-G-TH AN MATERRE . ®RE% . k=
TR FRER | N-F LI F10E W e (g BT hr TR0 A R A
Al); THEEA . JookmbnE . 25%0% Tl &fkdh, &k
BRLOJOKBERRE AN JOKBERR A (A, M
RANDHRRAFD); Sommbiel, WUIRE ., RTEE. #
KIREUR, G ERRIEREP/NR-1eG. BEE AL
AW B AEMBHE AT IRA A,
212 RBELHKE

DT FAHFRF (LI H AT BB R PR
/vdl); DMT-2500 2 &R TR G4 ( i m e A R A
A)); FRRCGE T AR OURAER 5 F]); UV-2401PC %€
SRA] LA 6B TH(H A B A FD); MT200 LR R R
AL, AD100 $EHRHL. Qarray 2000 i85 Fr 20 A AN (R &4 h
AYFREABRA A, HX-4 FFT R A (L ik A
FRAHE]); Genex HLIE AT JARSIR AR [F 22 HIRSL I = AUAR(h
ENARAH .
22 ZEWHE
221 B

MR 5 2% 0P (phosphate-buffered saline, PBS, pH 7.4):
HERAFREL 4.0031 g SAL5H, 0.1006 g SEALER, 0.7168 g LK
BEIRE 4, 0.1225 ¢ JOKBEMR A T —EmEE T
KIFERZE 500 mL, EIARAE .

FEAS T B (0.2% PBST): 200 pL Tween 20 fil &
99.8 mL PBS H1,
222 HEAIRE

S ECR AL AR NA RN TH R
(tetracycline artificial antigen, TC-BSA)P?, B¥IAMR A&
B Ak 7] & N L #i J& (lincomycin  artificial antigen,
LCM-BCA)P* I 8% JE % A T J (flurphenicol artificial
antigen, FF-BSA)P*,
223 AWk

FRAESS S RSO 25 oA RN L5 LA 5 1
TR E TRELR IS, BHEE 3 M. flE, #
PG AEAFFL P 20 SN A 25 pL Y8 S bR i SRR S R 25 pL
REDUA, BT 25 CCIEIRIR L P SN 30 min, 7045
WG HATUEMR I T . BEESDILAMA 50 pL 40K
FRICHIFEHT R 1gG, BT 37 CCHYTEIRIE AL P % 30 min,
T R 25 G EAT VAR T T . R EREFLE A
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50 uL B AR AR AR B L1LIRSA), BT 37 °CiifE
TRIRFACH RN 12 min, £5 R0 2555 TR T .
/G B SR i Wty = K T 7 13 SO e o VT KL ST R A€
AT A3
224 LA E

PRI . YR & . R 1.0 g+0.1 g ¥TkE
AZE 50 mL RELKE.OE TS A 10 mL FEAE R,
FENRSFEE AR L 2500 t/min #8 % 3 min. %5,
7E DML L 5000 /min B0 10 mine B.0J5, BEZE
% 200 pL, MIAZ] 800 uL #EAZ W PBS 1, WjiE/5 HF
Feri

3 HBR50H

ALMELE

B BN B L 5 VA AE 200~400 nm
BARIEE N ET TR B L RTAL, A PBS SR Y, BSA
AR R K J2 280 nm, 7E 300~400 nm 2 [f] JLF- JCW&
i, TC 7E 275 nm 1 365 nm AbA BRI U, (BT B POER
RN TR RIS AT B 2 i REAE, I FLAE Ak
JE B PR TS A BSA (48 SN A e, W' B
ST, L DR AT i PUBRZE AN BS A {55 DA i 5 L
JEEEREIN . ARAT B2 I S KR K A 210 nm, 230 nm 2
e L JCM W, kT 2 R A BSA (HEEA A LHUE R M
RS BSA FISRRT B R AL T4k, A BSA M
HMRBCRFAE, At HAs PROAT 85 3R 19 58 AMRSCREAE, R BIAR AT
#F 5 BSA CAMBORTI. HUREH i KW Ik K 7E
265 nm, 5 BSA BI5GB IR JE 3 5 KR K 2

31

275 nm, 5 BSA MHILEA TR . RHAFREH S BSA
REZYC GBI
3.2 mEmEKEML

TEARRE LN A, T vk i R AR NPT R A A M B
MKW R, FTFEMRACTURPURMMRE . TUHE . T
ORI BURMEE 0 1:3 1 1:10, 1:30; HrikHk
FEA3 1A 1:40000, 1:80000, 1:160000, Zi6&2% FEITHERY
TG IFE ), 55 A A 15 S 7 228 5 40000 42
Fio Bk, SEEEDUIR R PSR R 1010, BUORHKE N
1:80000; & AT B 2 B J5E Wk N 1:10, PUAA M E R
1:160000; 7K J& & Hr R W B e 133, FLIRWE Ny
1:80000.,

33 RXRMERHFSM)

FEARE RN Y, FE R R AP AR 6 R S )
JRIERGEATATIN o PRl AR A I 2 BT S 2 T R . BT
AR PR S (0 D 5 4 ) e e 1 T 2 SR 3 %
8T FAS [ e B2 1% e I 40 R0 TS o 5 ol i 2 ke 158
BAE BN H(B/By), HITHE BN AW ICs. M
(1)F3838 MU v 2R (cross-reactivity, CR).

CR=[ICsouwiamy ICs0( a1y < 100% (1)

ICsy 2 MBS TR W7 155 M (B/Bo) 50% i 42
e R .

B RE RS E . MATER ., KR
ZHUR S B B A R R LR 2 h A R A Uk, T
SARE X R o R [0 R i A st 45 ol 24 4 38 SOV,
W 1,

BSA
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Fig.l1 Ultraviolet spectra before and after artificial antigen coupling
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£1 EMBEMRYREE

Table 1 Cross-reaction rate of various antibiotics

- SESIN %%
PSR AU MRTERDUE  BOREE U

IIEZNE 100 <1 <1
LHR 85 <1 <1
TEHR 79 <1 <1
EQLEISS 58 <1 <1
W T IS <1 <1 <1
AR <1 100 <1
WK E <1 <1 100
HIER <1 <1 <3
AHR <1 <1 <1

M 1 AT, PURRR PR S TR R KA 2 A 2,

I HAE 58%~100%Z (1], 156 PUFR R I AT LA )
BRHGIIURZE . &R, LEE, ZURRPUER. 58
WEAZE . MR, FOREE . FRER . SEEZ N
S HHR N T 1%, VLI PUBR R A PiReE Ly, S5
A B LN . Mesh, MATEE . FOREEhiik
FIRF ARG, SHMbTA RIS NY . Hk, AT
DU R PR k[ A R, 4 S

34 ZMXFR

RRUIRER | MR EE R | RS 5 BbR i h 2 % TR
Hesi ik BAPURAL 3 NI, F S EBO-F (.
TE—E LRI, BEFE 5 bm i bl R B A3, 1817 A4
SEA RPUACE o B DR T RS DU B ) 455 Rl 2 IR,
S — R AU BE I RIS, ARG 5 (A B 5 4 s o itk 82
RS mIAE AL . FIVUBRER . MRAT R L RO e HUBRHED
WORATSE M 520, PUPRER | MRATER | BREZ bR
HERNERZPE RN TR . OGRS, R E A 2 PR
TSR R KA

®2 HFR. MABER. EXRENLMERITHFE, BXFRH.
KMEERE
Table 2 Linear regression equations, correlation coefficients
and linear ranges of tetracycline, lincomycin and florfenicol

3R (EYE oy R LPETLR/(ng/mL)
PUFRZE  ¥=-69.594X+50.127  0.9914 0.3~4.8
MEJEEE  ¥=-57.562X+22.015  0.9912 0.12~1.92
BHRIEH Y=-52.573X+22.851  0.9926 0.1~1.6

3.5 MNEREYER
MR T3 SR AN R R PR B fal k), #kik i HPLC A

S5 FR FIER 2 AT RS o RS A AR AS A2
FLAGI . e BERE AR i A0 31 7 b FRS POFEA A Y T 90
T 50 %o hnkmik BE AN 25 SR ANk 3~5 iR, &l 2 Anr el
AR P R R 25 SR L IR IUT A BB, AT
BRI N : 6 DAL RObRUE Sy, BIVEREA 1 R ibri
12, BAPEREA 2 JOMARHe & 1 F0 2, BRASFRUES FIREAC
AR AT I LA

\
N
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Q00
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S
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B2 TR P R A IR R PO ER R | AR R R
SRR

Fig.2 Scanning chart of visual protein chip detection of tetracycline,
lincomycin and florfenicol in feed
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PUIRZE | MRATE R | AR )E 5 WA bR Bl S 2 7
70%~120%Z 1], FHXTHRHEMm2Z/D T 15%. UhB A4k
FEAWGFERMER R, AT TR R R E | Ak
AR BOREE R,

=3 AR IR R NARE R
Table 3 The recovery of tetracycline spiked in feed

g WRIREE REAGKEE H9(H /% RSD/%

/(ug/mL)  /(pg/mL) /(pg/mL)
1.82
0 1.72 NA 8.7
1.61
29.7
FEA 1 25 29.28 117.1 2.1
28.85
59.15
50 57.66 1153 5.7
56.16
1.71
0 1.63 NA 7.4
1.54
27.68
FEA 2 25 26.10 104.4 8.6
24.52
55.47
50 53.38 106.8 5.6
51.28

x4 EANPHRTBSROMTRERE

Table 4 The recovery of lincomycin spiked in feed

bR HEAWRE

2 S [ #/% RSD/%
/(ng/mL)  /(ng/mL)  /(ng/mL)
0.72
0 0.67 NA 10.6
0.62
15.73
FEA 1 20 16.49 82.5 6.5
17.25
35.58
40 36.92 923 5.1
38.25
0.89
0 0.83 NA 11.1
0.76
16.75
FEA 2 20 17.21 86.1 3.8
17.67
35.23
40 33.47 83.7 7.4
31.71

x5 ARRRFXEEZMREYE
Table 5 The recovery of florfenicol spiked in feed

£ it FRARE  39fH [F1 % /% RSD/%
/(ng/mL)  /(ng/mL) /(ng/mL)
0.43
0 0.41 NA 8.7
0.38
20.43
FEAS 1 20 20.23 101.1 1.4
20.02
35.34
40 37.36 93.4 7.6
39.37
0.53
0 0.49 NA 115
0.45
20.57
FEAS 2 20 19.13 95.7 10.6
17.69
40.75
40 44.06 110.1 10.6
47.36

3.6 FEARE

F AT AR 2 s B s (protein chip) Al iy 257 AH (6,15 -
J5 3% B FH 7% (high-performance liquid chromatography-mass
spectrometry, HPLC-MS)43 5l 17 375 L >R W 1) 24 FhAR [
FIFTARFEAR PR E M HEER R EEN & &, /&
2R UE 3 iR,

X EE S5 Rl A, AT AL 118 i 5 HPLC-MS
I 2t G 2 FIAE OC R 31

PUFR % ¥=1.0057X-0.8194, r=0.9934; k] % % :
r=1.0201X+0.4012, 12=0.9966; i # J& % : Y=1.1657X+0.
1606, 2=0.9902 Ui AT WAL F108 R34 AT LA )R AG:
TEpL R E . AT EE R . FOREE O R, HEAER.

4 &

ASCRIB R T AR A U &R | PRI R HR e
ZEPIAER . R CEEL A B RN THUR, 55
BFk A RLARn] B R R R % N THUR, JE &AMt
FEP TS .l A AR PR LA, T
M 2Z 6] (A8 LRI, S b £, 43 3%t el o g
HFE | MR R MBI E S A bR BRI ER T
22, AR DR IIE 70%~120%4, RSD BI/NF 15%. 4
ST R I T R HVRDRVRE B G, 25555 HPLC-MS
M5 —5 MEREIIRT 0,99, FTRLER P ik
ARSI T e BRAESRT R TR TR AR (R A, L
— AT R Z AR ARSI A: Z A A A
KA BTk ATl i A AR BB L,
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Fig.3 Compared results of visual protein chip method and HPLC-MS method
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