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Abstract: We developed a pre-treatment method to remove interfering substances during quantification of 146S antigens in
foot-and-mouth disease (FMD) vaccines by high performance size exclusion chromatography (HPSEC). Three methods,
including ultracentrifugation, PEG precipitation and nuclease digestion, were optimized and compared for removal efficiency
of the interfering impurities in FMD vaccines. Under optimized conditions, the 146S contents in two batches of FMD vaccines
were determined to be 7.1 and 7.6 ug/mL by ultracentrifugation, 9.7 and 10.4 ug/mL by PEG precipitation, and 10.5 and
10.4 pug/mL by nuclease digestion. The optimal condition for nuclease digestion using Benzonase determined by response
surface method was as follows: appending Benzonase into 200 pL of antigen phase to a final concentration of 421 U/mL and
incubating at 25.1 °C for 1.29 h. This method has advantages including efficient removal of the interfering impurities, fast
processing speed, and mild operating conditions. Then 12 bathes of FMD vaccines with different serotypes produced by
4 manufacturers were tested to verify the established treatment method. Results showed the method was applicable to various
FMD vaccines with good reproducibility (RSD<5.3%, n=3). The developed method removed interference from impurities
during quantification of 146S, and therefore would broaden the application of HPSEC in vaccine quality control and ensure the
accuracy and reliability.
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Table 1 Results of vaccine samples without pretreatment

No. of samples Serotype 146S content (ng/mL)
1 A0, Asia | NA?

2 O, Asia | 5.81+0.07

3 A0, Asia | NA?

4 (o] 4.87+0.21

®NA represents the 146S concentration was not acquired due
to disturbance from impurities.
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Fig. 1 HPSEC chromatograms of four FMDV vaccines without pretreatment. (A) Sample 1. (B) Sample 2. (C) Sample

3. (D) Sample 4.

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



RIER S/ERARHESIEEESNNOBEEES 1465 HESRLES = 1445

ZeAT BRI R, T 1L 3RS AR DUASRES 1 YWREEDR 7.1 po/mL, RES 3 WRIEN
FAE R Y24 B o5 1 1468 AW, TR 7.6 pg/mbL. AESHXTEE, K 7.5 ng/mL B9 1468 4l
TR R, Wb, X80 O BRI RS, MELL R REAH R ERVEVEST 40 000 r/min B0 2 h PLTE I E
B HPSEC HEATHERf & i, IR M T7E 0 &, W73 Hk 4 5.8 ng/mL, FHiZ ik al g4
S 928 925 T TS B AR R N, FH o R T RS — [ AP

RERAS 1468 FAEVERYTHE, X 1. 3T 53 pEG sE4bmE

BRI B0 . PEG ULIEM: . IR 1% B IR B 3 st . W PEG Ui i
HEAPIEIR, A SRR TR S i B KA VRN PEG 4> Tk . PEG YK ¥ S AL A 1
22 BEHLELE ST T Box-Behnken Wi i i 06, 45 5 WL

R L 0 PR B ) RN SRR 2 ) 146S DT 20 4l PEG ULIE)S , X 146S R g T4k
TSRS, BERUBE . UUIER ALK, 146S UL (W AL R R B 22 BR, FFREMRINE] 146S
TEMEEE A, Hilmm g ol ERMES 2B FFEE . PEG UUTE M9 S AU R 21 T4 22 5T 1Y
PIVTTE T FRARBR 2420 . RO TG RBRECR, IR 58 0 146S TR £ Ui & 1
FEah 1. 3 1Y HPSEC i 3k EIaniE 2 s, A1 SN, R4 Design-Expert 8.0 G455, 1]
Fo AR ZAbFRIN , 208 B OIS S O RE AL L 1468 AKAHFLIS A A B AT 1 g 10%K PEG 6 000,
FRAE W B S 00 T4 e o R s /b, REZRHTE E NaCl ¥Ry 0 mol/L B ifbA Tl & s s R,
146S FRAFMZ I . SR1M 146S WL K, JNHEFE  HPSEC Kl HA il 7EIAME FXTAEgh 1A 3
30 000 r/min £5.0> 4 h iF, KAWL 2] 521 146S  FIZKAHFLS I TAN BUS EFT HPSEC KM fity 4t o1 I
FRIEE EAL, 3 Rh AR TOTE 250k 9-14 min &1 3. i A T INASFR S, LV 9.7 pg/mL,
B RAE L 146S RIYZ . X Al 2 i Tk 282y KL 3RS N 10.4 pg/mLAE R %t E FF 7.5 pg/mL
FTEAT L 146S R MDIREREL, 4 146S WIS 1% 146S 2l b i M R 34617 PEG WiTE X
WCAERT, AR — R . Lt Xt 146S  MNARMREE R 7.1 pg/mL, SIEWREART, HZadab
W TR A, AR 40 000 r/min 5.0 2 h, T 25 AT

A B C

120 120 ¢ 60r
— — —_ L 146S
= 90} 468 2 9} 2 ”
< < < 40t
E Sample 1 E Sample 1 E Sample 1
8 60 ¢ g 60 3 30¢
g }1468 g = 2l ‘}468
£ 30t £ 30t <
Z g S 10}
g 0 Sample 3 g 0 Sample 3 ;‘:3 0 Sample 3

0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Time (min) Time (min) Time (min)

2 1SMI3SHEENEEBES MRS GIEE
Fig. 2 Chromatograms of sample 1 and sample 3 after treatment by ultracentrifugation at 20 000 r/min 5 h (A), 30 000 r/min
4 h (B), 40 000 r/min 2 h (C), respectively.
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% 2 PEG gt I8 B9 Box-Behnken i&it75 5 & lio 7 B 45 3R
Table 2 Design and results of RSM of PEG precipitation
Run Molecular weight of PEG (Da) Concentration of PEG (%, W/V) Concentration of NaCl (mol/L) 146S content (ng/mL)

1 6 000 10 1.0 9.64
2 6 000 8 0.5 9.39
3 6 000 8 0.0 10.24
4 10 000 6 0.5 9.69
5 6 000 10 0.0 10.19
6 6 000 6 1.0 9.67
7 6 000 6 0.0 10.07
8 2 000 6 0.5 0.28
9 10 000 10 0.5 9.50
10 2 000 8 0.0 9.78
11 2 000 8 1.0 0.29
12 6 000 8 0.5 9.54
13 2 000 10 0.5 8.50
14 6 000 8 0.5 9.38
15 10 000 8 0.0 9.91
16 10 000 8 1.0 9.39
17 6 000 8 0.5 9.31
. i gL s s A 100
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1 I 2 2 A 7 T A A B AR R T RE AL A = 80
P G Y —= N > <
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. 0 5 ” > E 4 FMDV & /R HAERERH L AL IR /5 &L E
2 'l'ime(mir?) Fig. 4 HPSEC chromatograms of FMDV 146S antigen
phase with nuclease digestion. (A) Sample 3 was

. N . digested by RNase A and Benzonase, respectively. (B)
[ e S ¥ \ k if
B3 FMDViEE# R PEG i MAER M@ KE Sample 1 and 3 were treated by Benzonase at the

Fig. 3 HPSEC chromatograms of FMDV 146S antigen optimized conditions. The peak of 146S of sample 1 was
phase after PEG precipitation. collected from HPSEC and was verified by TEM.
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Fig. 5 Effects of time, temperature and enzyme activity concentration on the detected 146S concentration.

R3 BEREBAEBMEERITARERBEZELSR

Table 3 Design and experimental results of RSM in Benzonase digestion

Run Time (h) Temperature (°C) Enzyme activity concentration (U/mL) 146S content (ng/mL)
1 1.75 37.0 50 0?
2 0.50 28.5 50 QP
3 1.75 28.5 275 8.70
4 1.75 20.0 500 9.73
5 3.00 28.5 500 9.21
6 3.00 20.0 275 10.29
7 1.75 28.5 275 8.95
8 3.00 28.5 50 6.70
9 1.75 28.5 275 9.13
10 1.75 20.0 50 0.33
11 0.50 20.0 275 8.19
12 1.75 37.0 500 1.23
13 3.00 37.0 275 0.60
14 1.75 28.5 275 9.05
15 1.75 28.5 275 9.02
16 0.50 28.5 500 8.40
17 0.50 37.0 275 2.73

& disturbance was removed after digestion but no 146S was detected, which was probably due to 146S dissociation at 37 °C.
P 146S concentration was not acquired due to disturbance from impurities, no evident 146S peak was observed.
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Fig. 6 HPSEC chromatograms of FMDV 146S antigen
before and after nuclease digestion. The 146S peak of the
three samples were then collected from HPSEC and were
detected by TEM, respectively.
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x4 ZFABAIELLR

Table 4 Comparison of three pre-treatment methods

Pre-treatment methods Time Capacity Removal of 146S content detected by HPSEC (ng/mL)
interferent Sample 1 Sample 3
Ultracentrifugation >4 h 6 samples per centrifuge  Un-thoroughly 7.1 7.6
PEG precipitation >11h Unlimited Thoroughly 9.7 10.4
Benzonase digestion <2 h Unlimited Thoroughly 10.5 10.4
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Fig. 7 HPSEC chromatograms of the antigen phase of 12 batchs vaccine samples before (a) and after (b) Benzonase
digestion at the optimized condition. (A-D) Manufacturer code. 1-3: different serotypes of vaccine.

&: 010-64807509 B<: cjb@im.ac.cn



1450 ISSN 1000-3061 CN 11-1998/Q E:# 1.#22%4k ChinJ Biotech

*5 REHERINESR
Table 5 Detection results of vaccine samples

Manufacturer  No. of Serotype 146S content determined  146S content determined after RSD with treatment
code vaccine without treatment (ug/mL) treatment (ng/mL) (%, n=3)
A 1 (0] 6.04+0.06 6.42+0.06 0.9

2 O, Asia | NA 6.97+0.19 2.7
3 A, O, Asia | NA 18.75+1.00 5.3
B 1 A, O, Asia | NA 15.91+0.27 1.7
2 (0] 5.79+0.06 5.82+0.04 0.7
3 A, O, Asia | 5.24+0.11 5.21+0.05 1.0
C 1 (0] 3.29+0.03 3.20+0.03 0.9
2 O, Asia | NA 5.11+0.08 1.6
3 A, O, Asia | NA 30.86+0.25 0.8
D 1 (0] NA 11.26+0.13 1.1
2 A O NA 9.89+0.07 0.7
3 A, O, Asia | NA 13.14+0.36 2.7

Jii7R, FREABRHE AL N 21 i 146S ik, 4 3 K
HEEEER RSD ¥/NF 5.3%, FHAFHE K M
RAF o X TG T H0RE S B J5 ki 25 5L, RSD
/N T 5%,
3 W

HPSEC 12— F e i bt Jit oa & PEAN 8T 0
Be, HADE . SR BARAE AL, 146S RHE
W 5 2% BT P A 880 8 R I L 5 S o A G DO 1) 5
fitli o ZE 1V HPSEC 43+ B A0 1 B 98 K T 92 1 vh A
146S Hil & m it BEUR R A T AR AN A 25
B 5 4% 0 4 B R PRAR B 146S W AT A B
BRI . SCRE XX — 8, R BRI T
3 FIAIR] R R A 22 B 2% T T4 AR il b B 3k
XA IE BRI T, ER R A KT
YL Bt 146S FEAF U f) 5, [ 22 R E Ak Fi 3t
TR A 146S MR o TEARBF ST B 420 3 Fh )y
Peh, R OTE R I EE 146S A m TR R
BONT 5 2 05 2, (A SEPR KB TP B R —
i, HLERMESRET TRy, &AFE Bt PEG UITETLA
FH 1468 HABKRRAT, TERAMHKEER) PEG 451F
TREBEVLVE I 5 A3 85, 4y RO BT, H
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