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glycol, PEG)ILiE #= & F R #: & 1% 7% (ion exchange chromatography, IEC)# AT KL 22, EMRACEHF T,
% DEAE FF 1 & F X8 BAT AT, RE G LR EH 86.87%, it Ah 100%.
HPSEC 4 #7 A4 3 /5 69 4% o, 8.5-10.0 min 4t & #4f 5o Wk AWM B~ £ £ HSNS R A% 4,
NERBM ST AR H 127.7 nm, R A TERFHIEE; £ IEC ARG 4 & F I Adi
R HEAT HPSEC #2, 8.5-10.0 min & 4F 4B R, 277 IEC AL A A EIRT & T, @i
HPSEC 5 % /A L34 3R (multi-angle laser scattering technique, MALLS)B& A, =T vA /fE#4 3K 4%
Mo R RSN S, AR AT S G Es ALl RIF &AM £ A (R=0.997). Z 5 4§ IEC
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Quantification of complete viral particles in inactivated avian
influenza virus antigen by high performance size exclusion
chromatography coupled with multi-angle laser light scattering

HAO Jianmin"?, LIU Youyan', SU Zhiguo®, ZHANG Songping®’, LI Zhengjun®"

1 College of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, Guangxi, China
2 State Key Laboratory of Biochemical Engineering, Institute of Process Engineering, Chinese Academy of
Sciences, Beijing 100190, China

Abstract: We developed a method for accurate quantification of the intact virus particles in
inactivated avian influenza virus feedstocks. To address the problem of impurities interference
in the detection of inactivated avian influenza virus feedstocks by direct high performance size
exclusion chromatography (HPSEC), we firstly investigated polyethylene glycol (PEG)
precipitation and ion exchange chromatography (IEC) for HSN8 antigen purification. Under the
optimized conditions, the removal rate of impurity was 86.87% in IEC using DEAE FF, and the
viral hemagglutination recovery was 100%. HPSEC was used to analyze the pretreated samples.
The peak of 8.5—10.0 min, which was the characteristic adsorption of intact virus, was analyzed
by SDS-PAGE and dynamic light scattering. It was almost free of impurities and the particle
size was uniform with an average particle size of 127.7 nm. After adding antibody to the IEC
pretreated samples for HPSEC detection, the characteristic peak disappeared, indicating that
IEC pretreatment effectively removed the impurities. By coupling HPSEC with multi-angle
laser scattering technique (MALLS), the amount of intact virus particles in the sample could be
accurately quantified with a good linear relationship between the number of virus particles and
the chromatographic peak area (R*=0.997). The established IEC pretreatment-HPSEC-MALLS
assay was applied to accurate detection of the number of intact virus particles in viral feedstocks
of different subtypes (H7N9), different batches and different concentrations, all with good
applicability and reproducibility, Relative standard deviation<5%, n=3.

Keywords: inactivated avian influenza virus particles; quantitative detection; ion-exchange
chromatography; size exclusion chromatography
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1.6 HPSEC-MALLS
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P2 R A 0 B S BTG, U P LA S HSN
o 2 UKL 9 R AR IR e . RIS B2, budk
FESDTE 9.3 min F4 BRI U4 g 2% Jo I Wi e 1k — 2
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W e i £ 4T SDS-PAGE i 43 #r , 45 B 4nf&l 1C
JiR, B T 4LAL HSNS 5 8 (143 5626 (1 415341,
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XPRE a A THER S AT, S T HERR 24 TR,
T N B IR IR A T AL AL B
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18 24 0

Time (min)
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1 FF HPSEC #1 HSNS RGEERBHFERR  A: AW EGEH BRI R % &, B: TSKgel
G4000 fa AT K HSNS 9% 5 5T (antigen, Ag) | JRL ik FHP4 1L 3% HL 1A (antibody, Ab)LA K& —# (Ag+Ab)IR &
Ja ) B35, C: SDS-PAGE £iilll TSKgel G4000 &35 H1 8.5-10.0 min FFAFE MRS & (A7 0), 22 Mk 8
B 1 marker

Figure 1 HPSEC analysis of HSNS inactivated avian influenza virus antigen solution. A: Chromatogram of
H5NS analyzed using different columns. B: Chromatograms of HSNS8 antigen (Ag), the HSN8-positive serum
antibody (Ab), and the supernatant of their mixture solution (Ag+Ab) analyzed by TSKgel G4000 column. C:
SDS-PAGE analysis of characteristic peak eluted from TSKgel G4000 column at 8.5-10.0 min (the right
lane), the left lane was the protein marker.
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HO RO, L, SR SRR AR R R
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R E R, A5G 2 hegEdEaT R, H
1 86.87%M 4 A 1285, HSN8 KI5
A 4 A BRI EE F R AT iR 100.00%, X
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=1 HSNS @RBJFEHE PEG-6000 5TUE £8P R MR EIWERMER ERE

Table 1
re-dissolved precipitation after PEG-6000 treatment

Antigen hemagglutination recovery and protein removal rates of HSN8 avian influenza virus in the

Concentration of PEG (%, W/V)  HA titer HA recovery (%) Protein concentration (mg/mL) Protein removal rate (%)
4 12" 50.00 0.40 98.09
6 12" 50.00 0.24 98.85
8 1:210 25.00 0.31 98.52

10 1:2° 12.50 0.29 98.62

12 1:2% 6.25 0.47 97.76

Protein concentration in H5N8 antigen solution: 5.24 mg/mL; HA titer: 1:2'°.

R2 BFX®WMAEMERILERWERCEER
Table 2 Purification of HSNS by IEC

Category HA titer HA recovery (%)  Protein concentration (mg/mL) Protein removal rate (%)
QFF
Directly loaded
Flow-through (7.0 mL) 1:27 87.50 0.59 21.05
Elution (3.5 mL) 1:2° 21.88 0.46 69.09
DEAE FF
Directly loaded
Flow-through (5.0 mL) 1:27 62.50 0.81 22.81
Elution (3.5 mL) 1:27 43.75 0.21 86.18
Dilute twice for sample loading
Elution (2.0 mL) 1:28 100.00 0.17 86.87

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



MEH F/EIRERTHHSE-ZAEHTHSEERNRERRBRSREPRRESI 4301

A 170 B 4000 180
3000 F Ft 1 3 500l Ft2 1o
A A4 60 /\ / 7
E {402 E 200 z
E1500f z E2000 140 £
& 5 81500 1.0 B
Z 1000 1302 & » 30 5
o 2 1000 150 £
500 b P 1: Elution 120 8 <00 3
P2 110
0 10 0 K 5
0 5 10 15 20 2 4 6 8 10 12 14 16 18 20
Volume (mL) Volume (mL)
C D kDa M  Stock Ft3 P3
1 000 70 =
800 & ]
- 50 2 = PA/PB
= & 75— -
< 600 = NP
E 40 2 63— w—
=] -
z 400 30 48— - HAI/NA
. £ "~ -~
200 20 8 45—
- M1
10
0 25
" 1 " 1 " 1 n 1 3 1 — -
0 5 10 15 20 25 300 — -
Volume (mL)
E F 420
go0 . — HSN8 Ab - - H5N8 Ag (UV)
" H5NS8 Elution — - - H5NS Elution (U =
— H5N8 Elution+Ab el
600+ _ =
D : X
g , 5 k4
= 400}, < 4
= 200} I
Z
0
0 5 10 15 20 25 . .
Time (min) Time (min)

2 BTXBHERMLIE HSNS KESRBRFRESER™®  A: QFF N F(HE [#). B: DEAE FF 4/t
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Figure 2 Ion exchange chromatographic pretreatment of HSNS inactivated avian influenza virus feedstocks.
A: Q FF (directly loaded). B: DEAE FF (directly loaded). C: DEAE FF (loaded after 2-fold dilution) twice
diluted on sample). Analysis of the eluted peaks after DEAE FF purification pretreatment. D: SDS-PAGE
before and after purification. E: HPSEC chromatogram. F: Viral particle number analysis by MALLs.
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Figure 3 The characteristic peaks of H5N8 inactivated avian influenza virus in HPSEC after DEAE FF
pretreatment were detected. A: SDS-PAGE. B: Molecular weight detection. C: DLS particle size detection
map. D: TEM characterization. Red arrow indicates inactivated avian influenza virus particles.
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Figure 4 The complete particle content of HSN8 was determined by HPSEC-MALLS method. A: HPSEC of
H5NS. B: Calibration curve of UV peak area and particle number. C: Calibration curve of UV peak height

and particle number.
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Table 3 Quantitative analysis of different batches of pre-treated HSNS inactivated virus antigen

Batchs and protein Experiment HA titer Peak area (mVxs) Particle concentration RSD (%)

concentration (mg/mL) (particlesx10%/uL)

Batch 1 (4.70) 1 1:21° 1 069.26 3.24 1.2
2 1:21° 1031.90 3.10
3 1:2° 1 046.55 3.15

Batch 2 (10.48) 1 1:2"" 1 740.00 5.65 2.9
2 1:2"" 1 838.00 6.00
3 1:2" 1759.89 5.72

Batch 2 (5.24) 1 1:21° 1 005.92 3.01 2.5
2 1:21° 958.47 2.84
3 1:21° 970.85 2.88

Batch 2 (2.71) 1 1:2° 567.87 1.43 2.5
2 1:2° 540.21 1.33
3 1:2° 555.18 1.39
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Figure 5 Ion exchange chromatographic pretreatment of H7N9 inactivated avian influenza virus feedstocks.

A: HPSEC chromatogram. B: SDS-PAGE. C: HPSEC chromatograms of H5NS virus. D: Calibration curve of
UV peak area and particle number.
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Table 4 UV absorption peak area, particle number . . _ 2 ke T T

and hemagglutination titer of DEAE FF pretreated P FH AN R 7 8 R R A
samples from different batches of H7N9 inactivated

virus 3 "V‘j' i’{’} -5 é::!l: %&

Batch  Peak area Particle concentration HA titer

(mVxs) (particlesx 10°/uL) H 178 i 8 B P 8 & 1 7 1A A I BE

Al . SN > =1
Batch 1 972.97+0.46 6.97 1.211 e fi*ﬁ%ﬁ&(ﬁ*ﬁ%% , FHEHET HA S5
Batch 2 1058.68+0.65 7.07 1:2
‘#/— _:|]| 2y =1 [20] A% R e =2y

Protein concentration in H7N9 antigen solution: 4.37 mg/mL; L’fTKJ\UJ%nﬂZi ’ {ﬁxf?jz{ﬁéﬁﬁﬁ H
HA titer: 1:2''. 56 HE ) U S5 A0 1 A 2 R A AU I A
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