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Abstract; The purpose of this study is to compare and analyze three methods for the detection of 146S antigen

content of FMD. The 146S content of FMD inactivated antigen was detected by sucrose density gradient
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centrifugation combined with Agilent Cary 100 ultraviolet spectrophotometer, sucrose density gradient
centrifugation combined with Agilent 1260 liquid chromatography and high performance liquid volume exclusion
chromatography, and the data of the three detection methods were analyzed statistically. One strain of FMD A
antigen and one strain of FMD O antigen were placed at 4 °C for 12 months and repeatedly frozen. FMD antigen
was treated with Benzonase nuclease. The concentration of 146S antigen before and after treatment was determined
by sucrose density gradient centrifugation and Agilent 1260 liquid chromatography. The results showed that the
correlation among the three methods was significant and positive. The content of FMD antigen did not change after
12 months at 4 °C. However, the antigen content degraded a lot after repeated freezing treatment. The content of
heteroprotein in FMD antigen is less after treated with Benzonase nuclease. This study shows that sucrose density
gradient centrifugation combined with Agilent 1260 liquid chromatograph quantitative method is more suitable for
FMD antigen detection based on clinical needs. FMD antigens are more suitable for preservation at 4 C.
Benzonase nuclease can effectively remove the interference of heteroprotein and improve the efficiency of
chromatographic purification.

Key words: sucrose density gradient centrifugation; foot —and — mouth disease 146S; Agilent Cary 100 ultraviolet

spectrophotometer; Agilent 1260 liquid chromatography; high performance size exclusion chromatography;

Benzonase nuclease
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Tab 1 Detection values of Agilent Cary 100 UV spectrophotometer quantitative method and

Agilent 1260 liquid chromatography quantitative method

146S &t/ (g - mL~")

146S i/ (pg - mL™")

FEARSRES 925 Cary 100 225} S 1260 AT BRATS 925848 Cary 100 %4 T 1260 AT
AR T d G ik SIIEIRE Ttk (G ik

1 6.266 4.493 16 30.722 19.272
2 3.372 1.075 17 4.37 1.14

3 4.989 3.422 18 35.10 20.73
4 6.685 5.441 19 8.59 6.66

5 11.444 8.095 20 52.16 43.78
6 6. 069 4.452 21 7.130 6.017
7 4.00 1.958 22 6.972 6.012
8 8.477 4.930 23 6.695 6.619
9 21.978 16.098 24 6.822 6.702
10 12.777 11.278 25 4.173 2.450
11 17.137 11.358 26 5.763 3.611

12 7.525 3.698 27 18.462 17.501
13 6.925 3.526 28 18.616 17. 464
14 6.477 3.548 29 23.844 16.850
15 5.827 3.863 30 6.029 3.451
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Fig1 Correlation between quantitative method of Agilent
Cary 100 UV spectrophotometer and quantitative
method of Agilent 1260 liquid chromatography

F2 R 1260 FEBIEERENS GG RHE & ENKRNEIE
Tab 2 Detection values of Agilent 1260 liquid chromatography quantitative method and

high performance volume exclusion chromatography

146S it/ (pg - mL™")

146S i/ (pg - mL™1)

Fh g TEHEE 1260 WA B RO AR e s TEHEE 1260 WOk ORI
U 5 HEBA 23575 e ik HEBA 2335 35
1 25.145 30.13 9 24.602 20.22
2 21.83 20.08 10 25.217 23.19
3 5.787 7.54 11 20. 165 19.13
4 6.153 7.14 12 15.619 15.31
5 6.823 7.13 13 5.944 7.61
6 33. 605 35.87 14 24.779 23.16
7 37.017 38.52 15 23.928 21.04
8 22.255 24.54 16 15.14 16.21
B 2 45 5 R, RS 1260 VAR (i (3E i . o asds T
RISV A R L € 5 A ) A1 O R 8 Z 3 RE0.9416 e,
R*=0.9416, HZ M H )7 2 K.y = 0. 9656x + %? &; """"""""
0.5053, FHITL ORI M BCHLIE IF4ebE ARG JE L 5 o s A
UIESZ I S 50wl
3.4 EHAREEHEELEEARRBLER £3 T o0

ERER , UBREPUIR 1 5 BRAE SRS 20 T, A YT
2R T 10% WIFERECH 6 A FXR2ZE1E 5% ~
10% ZIRIRE S BCH 8 A MR ZETE 1% ~5% Z
] A RE T ECR 5 A4S AR 22 76 1% LLR IR AL
K 1A e 2RIk T e 4 A TS 4 o o Ol
25 o HoH 2. 1073, UF B BL A I 7 vk d A 1k — M

0 5 10 15 20 25 30 35 40
Agilent 1260
2 REER 1260 BHEBEMNEEEZNSH
BB HE A B R N B ER AR
Fig 2 Correlation between quantitative method of Agilent
1260 liquid chromatograph and detection value of high

performance volume exclusion chromatography
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R3I EIIMAEEWERFRNOFHBIUE 1 SHREMR 20 XA 146S S ERMBEIMRE
Tab 3 146S content and relative deviation of FMD antigen strain 1 detected 20 times

by quantitative method of ultraviolet spectrophotometer

(e A 22/ % e A FEX i 22/ % L) HEX i 22/ % (e A2/ %
23.67 6.57 20.95 5.67 20. 15 9.28 19.34 12.92
24.59 10.72 25.09 12.97 22.03 0.81 24.19 8.91
23.09 3.96 21.61 2.70 21.16 4.73 21.64 2.57
25.67 15.58 21.07 5.13 24.53 10.45 20.43 8.01
22.91 3.15 17.68 20.39 20.64 7.07 23.76 6.98

3.5 BMHEEBNEELEARHREER K44
SR FBREEPUIR 2 5 BRAE ARSI 50 ¥k, AR X i
2ERT 10% WIFE G ECH 3 A, AN 22 7E 5% ~
10% Z [0 IR SR ECR 7 A4S AR ZETE 1% ~5% 2

x4

] B FE S BN 26 A4, FERHIR 2276 1% LR BUFE &
B 14 4 FAGE 2407 BT 5 28 K6 I B0 (H 0 bk
M2 o H-M 0. 4759, 3IF B A6 T 5 = 5 &8 1
?Eﬁ%o

REBEMNEREGNOHEIR 2 SHHER 50 X80 146S EER MBI EE

Tab 4 146S content and relative deviation of FMD antigen strain 2 detected 50 times

by quantitative method of liquid chromatograph

MEE AEXRE/%|  WEE AN R2E %) WA AXEE %] WEE ERE/ %) WEE AERE %
10.22 0.41 9.93 3.23 9.71 5.37 10.67 3.97 10.32 0.56
10.26 0.01 9.82 4.30 10.56 2.90 10.11 1.47 11.63 13.33
10.15 1.08 10.04 2.16 10.33 0.66 9.83 4.20 10.73 4.56
9.76 4.88 10.13 1.28 10.26 0.01 9.92 3.33 9.34 8.98
9.92 3.33 9.76 4.88 10.81 5.34 10.38 115 9.96 2.94
10. 14 1.18 10.32 0.56 9.85 4.01 10.33 0.66 10.42 1.54
9.92 3.33 10.98 6.99 9.82 4.30 10.34 0.76 10.12 1.38
9.48 7.61 .47 .77 10.52 2.51 10.39 1.24 10.25 0.11
9.39 8.49 10.23 0.31 10.73 4.56 10.20 0.60 10.20 0.60
11.29 10.01 10.93 6.51 10.28 0.17 10. 62 3.49 10.32 0.56

3.6 BRBARERARHMAE AT E & S5SRI EXCEL 7 il J5 A i 22 1 ke 2 A Ry b o

K3 I 4, S RCRAR R HERH (o 1532 B FBRvE i
FH 258 H sh 43 146S 7F 259 nm B Ay 16 A FH
DL TR RR Ry B85 A8 s, AH N 1468 He BE N PN AR b, 7

mAU

Mk, e PERNE 7 BRI A S R R =0. 9923, KT
0.99 , FFA bt Hh £k bR
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Fig 3

Standard chromatogram of 146S antigen of FMD
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Fig 4 146S antigen standard curve of FMD

3.7 BREMAERHEEEFELARELRER BUER AR UEDR 22 o {8 0. 2924, UE W A6 I 7 12
WA 5 P, DGR 3 SRREEM I 20 Wk, FAEMEARHUF .
X ZEH/ N T 4% , AGETE 07 k5 A A
£S5 BRRBGRAMARIERQNOFERER3 SHEM 20 XH 1468 FERBEXEE
Tab 5 146S content and relative deviation of FMD antigen strain 3 detected 20 times

by high performance size exclusion chromatography

e i 22/ % UlRSA) FXH 2%/ % e f XTI 2%/ % P A A 22/ %
15.57 2.32 16.14 1.25 15.52 2.63 16.35 2.57
15.81 0.81 16. 19 1.56 15.84 0.62 16.25 1.94
15.95 0.06 16.21 1.69 15.65 1.81 15.74 1.25
16.05 0.69 16.25 1.94 15.58 2.25 15.41 3.32
16.09 0.94 16.27 2.07 15.79 0.94 16.16 1.38

3.8 OEEMAEREMER K6 . KTHRE 1260 BAHOIGCE BERI 28R 505 & 8 IA 728
7N B A RIGURORT O RUBTIRAS—HRR 4 Ot 1k, B0 2 BROUR 20V REIE = R N , eI 5
12 A 8 A R AT M R B 0 A 3 5 R I, BT LA DB PRGOS & 4 CIRAT
F6 BEBENEEFRIAKNFEICHE 2 MANSEETWL
Tab 6 Changes in the content of two antigens after 12 months at 4°C by quantitative method of liquid chromatograph

1468 &/ (pg - mL™")
F{1A 2R $3A F4A FESA FeA HTA HSA oA HI0A FHILA F12A
CIEGEE A B4005 20.15 20.04  20.11  20.02  19.8  19.79  19.84  19.57 19.23  19.36 19.18 19.11

FEh 2R

FIBE O BIHTIR 15.46 15.14 15.56 15.24 14.97 15.23 14.84 14.91 14.82 14.79 14.86 14.77

x7 BREBENEEEIRNAKMEREZNFRENESENTL
Tab 7 Changes of antigen content after repeated freeze —thaw of two antigens by quantitative method of liquid chromatograph

146S i/ (pg - mL™")

AR
KBRS B —K ik 55 IR ERAEL =R 2 VU IR R 55 HIRRRL 7S IR R
1 BERE A B R 20.15 18.54 14.28 10.36 8.57 7.35 5.61

1 BEE O B 15.46 13.24 10.18 7.15 6.25 5.12 4.26
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3.9 Benzonase MR EAEA R ERME  ES
25 RN, K Benzonase 4% R g &b B 14 Bt Ji A% )
P 5A) i ide 1 B0 2 /i, G B 7 A 2R Y 58
SN U I T I Benzonase 1% R B AL PR J5 1P RS
D (B 5B) bR (i ide 2 b FRCA LA 26 Y
AN | BT L)L Benzonase %R i BE A% A 54 25 Bk
AT BN 7 i S ATk AL ROR

VWD A, Wavelength=259 im (201

mAU E &
120 &

100
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20

0
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AR Benzonaset% R EAL T AT AN 14 )

WDT A, Wavelength=259 nm (20190923'S1G 1000005 0)

mAU | ’ 3 e
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B (il Benzonase % RR AL IS HOHT AT I )
5 WHBIENEEFEEN 1 SHFEAIEE
Fig 5 Quantitative detection of No. 1 antigen

by quantitative method of liquid chromatograph

4 HES5ER

W CTBERE A RPN O BRIP4 —Fk 4 Cik
B2 A B R R BB R B0 A5 G LA
16 1260 WRAH 35 0E B AR, 25 R0 55 %
AR B 2 BRBTIE 2 000 VR L S R, ke BR
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G4 COAE, AR TR, 18 VR I DO 5 3t 1) [ 1
Fe#e £, 45 R R WA I I 958 8 1 00 S 8 8k T
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fRRILR 2 ~ 5 AN 5 SRR AL TR , BEIE AT 4L
WA AR ARG B B i 2l Ak iR B
FEARESTPAZ IR TS Y, OF B E AR S R
ERENS 78 4 R BRAI A R b PR 6 146S FRAE
WA Py s, AR A5 e A (R A DU A 5 I S B 1468 B i
BRI E

o P TR 4 Ao 0L T T 11 2 146S P IR
R T R — AR E T T R R R R
e KA Vo BER B 0 P R
FE B GEA Z A Cary100 284023 O B 8
e R R RS R B0 A AR 1260 AH (01
ASCRE b1 R i ROR AR A R HE BEL €835 1 — ks 0l
2,6 B RGBT T Y 146S & f E AT AR, X
PRGN 7 v BV E A R 7 22 000 S5 R F /N
TFF crit,P —value =5 0. 05, & W = R4 7 1 4
BRTE 25 224 Cary100 224N 066 BE 1 5E 1
PRI 1260 WA (1543 foE 1k A5 DU (i AH O
FELR =0.9456 , LR 1260 A (3% (U E 27
TR v 205 R A A R L 2 3 30k AR 00 1 AH DG R K R
=0. 9416 , PRIt = FioRSnml 75-12% (4 A5 0 5506 A G 14 A
W BEAROCHE, WS B RR B B D A5 S AR
Caryl100 58403 FE T it 0k J 52 PR A I 01 1Y
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