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Effects of solvent environment on the structure of hepatitis B
surface antigen (HBsAg)

Hang Yuan, Yan Li, Yongdong Huang, Jian Luo, Guanghui Ma, and Zhiguo Su
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Abstract: As a virus-like particle, hepatitis B surface antigen (HBsAg) was the primary component of hepatitis B vaccine. HBsAg
was maintained by the non-covalent interaction of proteins and lipids. The intact structure of HBsAg particle was vital to its function.
However, there was no report about the effects of solvent environment on HBsAg structure. In this paper, we studied the effects of
temperature, pH, ionic type and salt concentration on HBsAg structure. The results showed that HBsAg was stable at normal
temperature, but began to denature above 60°C. The aggregation of HBsAg at pH 3.0 and 4.0 was nearly irreversible, but partly
reversible at pH 5.0. The influence of ionic type on HBsAg was generally in accordance with Hofmeister sequence, except that SO,*
caused more aggregation than F. HBsAg aggregates started to be visible in 0.4 mol/L (NH4),SO,, and the extent of aggregation
increased with the salt concentration. Therefore, caution must be taken when using (NH,4),SO, in the hydrophobic chromatography

purification of HBsAg.
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HBCNMOCC T B AT e 3 . P, $&& 8 A BrE
Az P FIARAF- 3ok A8 o R P 2 Y T T I P — R
f) it

Y45 2R 1 A5 A RS ) 32 B VR A 48 i K A B
YERT. Ak, # ) JufEAR R —mi s ss, Hoh
e BB HKH EAE RN, BRI R
pH (M G =107 B 12 R B B OVRNR
Jom 7 T A8 S Ao S e 3 4 £ i A 2R T R
FETE

— R, SRR, EE RS,
WA Sy e, Iy F B 200 kDa (92 H B —
Mo A A WA DR AR EE . DR EEAR ST
FRE S 2 B e B FE ORI 91, e AT LAAE S A 3k
AL A AR e B, W ET R, BT
HFEZEW s READT, HAERS ) 2 iR ) o
5y, FrLh Bk R H B A AR E 1 A R AL
LRI, 5345 AR R A AR Z b,
VAL TR PR T R 36 O HE D R 5 A Y R L DT 2 e G
ife.

HBsAg iFJe— R FERORL, B2 — R R
DR REVE , X R SRR 4 B T B R DTk
TEFE, ZRUFR I RZH 10% (4 1.312),
R R R TATIK U, PRI 2 R T T &
it EE R E X . ik BB Hansenula
polymorpha {8 L) HBsAg (Hansenula-HBsAg)
TR B ek i . S A R AR LY, IER
oy AR 6 RN 5L A A R Al 1 B 40 R B
HBsAg i T EE kAR, HBsAg 1 2Bk ER AL
Pra e I i, 58 8 92 1 TR 1) f 2 J e Lo B
1 000 F5LA U7, B LIRS HBsAg [0k 56 8 1 X
FTIXFE AR B2 . Hansenula-HBsAg H & A
BALRY K PEAR SR S FE 1, BUR Sy T8 Ol 24 kDa,
T3~ D AmGE, W kERE, BB BR
Hor K/ 20 nm, ShAOGHUN BRI/ B 45 51
7N, 89% Y Hansenula-HBsAg ki /Mg (30£8) nm,
11% B Bk AL AL (208+79) nm!'™, AR [R] 7 ki
f) HBsAg 1943 7 HE7E 2 000~4 000 kDa 2 [i]!!519)
A FE /N SR B 3ok 108 v S80I AH €5 35 B 22 £ 32
WOCHUR XM A3 H 43 ¥4 3 010 kDa, 1 86 IE

HA MY Hansenula-HBsAg 1, JEZEHFNE 4 Y
B 40 D60, HPREERMARBEAR . 22 A SR
A2 ff [ B TR AN T — R IR 5 . HBsAg Uk b 8 1 it
HIeEMEES T AXHBEA e, —MUW AN
HBsAg BA MR E A AZ5H , Hrhliis sl 10
B, AR R PERE R o S s 53—
WA HBsAg J&— 3 1A R AL B IR 4% P 93¢
FeVF— L/ N F B N T Satoh AR
REEGTERATRE, FEETE HBsAg WESMZRY,
A5 T8 BRI R P 45 2 e R BF s R %
R FH 25 4 ] B i SRR B 1 SRR AL, BSA
lysozyme &5, Xf 4544 5 2410 8 1 -IE 28 SRR 5T
AR LARE , T3 2 45 R R R A TR AE v ok L
AR, JIF BAE AR ORAF S5 5 T ARV 2 52 PR IR)
A, DT R T T A S R L ARWTSER
JFHMEE 3287 (ELISA) X HBsAg iF47 A AR,
R B — @35 O — R a5k, 2O E
JOT N 5 2 kR B ik ) TP S A, B R 3 U0 i 80K
G (HPSEC) X PURAS AL AT 700, £
WS R AR X HBsAg 45 14 520 (1 RLAHE

W EERE

1.1 LIl

HBsAg 2l i A8 22 A ) ey A7 BR A m) R 4E
Lowery JEIAS HA HME R 1093 mg/L, L5007 H
e E e nwi bR e
1.2 RWAHE
1.2.1 i /EX] HBsAg 95207

10 mL .0 oA 1.8 mL 20 mmol/L #HR4H
% (PB), pH 7.0, LA 0.2 mL HBsAg Ji
B, PRIIE HBsAg 2R EEZ) R 100 mg/L, SR 55351
YeFETE 4°CL 20°C . 37°C. 60°C. 90CHEEH, If-
T 1.2, 4. 8, 12h HUkE, HI ELISA 5 & 4G i 4t
JE e, [ A HPSEC X it 17 fif SRR AL 434,
R SR | D) ) oy Rl = O A | RS e )
AR, SCEEA 3K, BOFHIE.
1.2.2  pH [EX] HBsAg HI#Z]

i FHBE R — A BA-Fr i MR 22 oA R LI pH (A 5
B 3.0, 40, 5.0, 6.0, 7.0 BZE M, Tris-HCI
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PR R EH pH [N 8.0 BIZZ M, BRIREN-IRAR
G PR RTCH pH(EH 9.0, 10.0 AZZ R, L
Al pH HAIZE w45 1.8 mL, S %IA 0.2 mL
HBsAg 5k}, {453F HBsAg MYk i 25 100 mg/L,
IR TR 2 h 5 ) ELISA iR & e e i
JtH HPSEC FZEGIEH A pH {Hf HBsAg
2R AL . ARG PR NAEHRFFEANF] pH (A FE i 1A
ZH4HL 100 uL FAE] 900 uL Y pH 7.0 2% ik
H, EIEECE 2 h, SE IR pH ER I 7.0,
J7 4T ELISA . HPSEC FIZ LR, A4~ 50 5%
WA 3, BEFAE.
1.2.3 B 728205 HBsAg HI## N

HEREY ((NH,),S0,4. Na,SO,. Li,SO,) Fil
gk (NH4F .NH,C1.NH,Br.NH4I .NH4NO;.NH4Ac)
X HBsAg HYSZMA , 43 5] e il AH [F] vk B Y bk 2% Fh
LW, N AR AL AY HBsAg 5ok, 41 HBsAg
ZOREYN 100 mg/L, EHLE 2 b J5, 17
ELISA. HPSEC MIZCGiEki, Lo 31K,
1.2.4  ZFHE/EX] HBsAg HI#ZIT

BL il #e A 2 mol/L 1) (NH,),SO, i, 4391l
P BER 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6,
1.8 mol/L ARV B, i A —7E it HBsAg Jik},
& HBsAg & EZ1 09 100 mg/L, ZIECE 2 h )59t
17 ELISA . HPSEC FIZGGIERI , e E A 3 1K,
WCF- Y1 .
1.3 ShA*®
1.3.1 A=

8 3% {Y S Jasco-810 spectropolarimeter
(Jasco, HA), HHHMEHER 190~250 nm, F3-HE%N
1 nm, FAES TR0 G2 vl 28 EATRGTE, A
FEGE ST 3 Uk, WP AR B R A A A
{4 Jasco secondary structure estimation (version
1.00).
1.3.2 HPSEC

WAHZR S5 Agilent 1 100 (Agilent, 2£[) (4
F£ TSK G3 000 SW (300 mmx7.5 mm 1.D.), H T ¥
IR Y A R L O3 B AR R B AR O 50 mmol/L
PB+0.1 mol/L Na,SOy, pH 6.8, i # & 0.5 mL/min,
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VS g 25 Y, KR 1 280 nm, #EREEH 100 pL.

@ i%F TSK G5 000 PWxl (300 mmx7.5 mm
LD.), HTHMEA B RE, &0 W
4 50 mmol/L PB, pH 6.8, Jiii#i} 0.5 mL/min, &
FE R, KK 280 nm, FEAERESN 100 uL.
1.3.3  HBsAg #1742 &

i ELISA J5 Al HBsAg At &, X5
&N B RHE ST T O R YR e A & b
B ) o N I, B A 75 B B 10 000 A%, #2 10x10%x10x10
L BRR R, NG 2 IR & U] B T e, B
JEAER K (E B K 450 nm, %K 630 nm)
BRSO E RV 281 OD fH, AN TR = (kb
FSEES OD fH-73 14 OD {H)/(RALBAE S, OD -
2511 OD {H) x100% .

1.3.4  FEHIIHF

PEEIP I A F-4 500 (Hitachi, HAS),
TR AR B = R A A, BRI K A
280 nm, K HHERMEF A 300~400 nm, 4 A
1 200 nm/min, RENFEEMEEN 3 K, BRI
¥4k FL Solutions 2.0,

2SR5

2.1 BE* HBsAg A EMRIS NG

hE 1 LLAE S, BR HBsAg N TR KK
ZWHREN, HKMEWER, (AEEA R HE
EME. 60°CAMFRANE 12 h, MAXTHCE AR TE
40% /i A7, FJRAE 90°C YR TRARIF AL 2 hfHs
51 HBsAg XTI & i) 200 T R, B G Zb FEA [R]
MRES, AR RS R, H T REAR B A i sl
2%, [ (i 2R HBsAg H A KB o-12 eSS
(B 2), X5 REHRFEHRCEAR FEEH
B-r&AMAAX I, HiX5 Wynne 22 F 5%
—5, MEELIRENTF S, B aEs —1
WAR ), 190 nm &b IEIgE, 210, 220 nm &b
g #0720 3 A8 £5 R KB B, 90°C R 118 (5 — €5 33 iy 2%
AR S X531 T JH 308 B - O R i 0 2 1 A
AN, A )RR R R RS ATHE, a-
WA D BOE R R AR UTTE SO MY, VR
AR NFTEL
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Fig. 1 Relative antigen of HBsAg at different temperatures.
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Fig. 2 CD spectra of HBsAg at different temperatures.
PIEIREFN ELISA 4558 D) I B — a3k 45 S AH W)
Ao R 3 H, HAE 60C . 90CHIEIRAM T &
AT SRR B EO Y 25 SR R B AR
fiX, 90°CHIJL-T-EAEI B IEE , I H i K& Sk
KAERMMABINSE, FAMEREWT S, 572
(RGN, fedt R AR, WPOERK, [FRT,
RAERMTE AR T RE RS MO, 5340, T
L, R AR THET R, DOGIEAT (K R A A
RR) AT MR, R TR,
R 4, WA B RIS, BRE 4B
90°C Fit i35 I #E 27 min 2247 B —A /N, (HE#E
HANKARER, NIRRT Y. S8k, iR
FAFT HBsAg WA KARE (K 4A), HEERL)
TR, 90°C B e i B AR W B, Wl BB AR T
AR S TVE B AR B0 . Gombotz 5P
FE R B BSA 16 Je o 5 A b AW BfF ik 220 pg/em?,
T E SR A 3 £ s TV s P F 4 25 R b %) W et oAy

120 pg/em?, FF BRI ISR HBsAg &
R, b gs R HBsAg WOk X i A+
U
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Fig. 3 Fluorescence spectra of HBsAg at different temperatures.
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Fig. 4 HPSEC of HBsAg at different temperatures. (A) Column
size: TSK G5000 PWxI (300 mmx7.5 mm [.D.); mobile phase:
50 mmol/L PB, pH 6.8; flow rate: 0.5 mL/min; temperature:
(20—25)°C; detection: 280 nm; loading volume: 100 pL. (B)
Column size: TSK G3000 SW (300 mmx7.5 mm I.D.); mobile
phase: 50 mmol/L PB + 0.1 mol/L Na,SOy4, pH 6.8; flow
rate: 0.5 mL/min; Temperature: (20—25)°C; Detection: 280 nm;
loading volume: 100 pL.
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2.2 pH{Ex HBsAg 12 E 4RI F2 0

& 5 Bon, K pH {EKF, B4 pH{E N 3.0, 4.0,
5.0 BF, AHXTHURE S BARML, AT 20%, H
SEHEHIR ] pH 7.0 MRS, ARXTHU R A A
T —E R U AR pH H S X R 1454
FrASE I, ER TR A AR MR A AT . S
AHXT e pH {E, B pH {4 9.0, 10.0 B, AHX}
PR T 100% , BIE E] pH 7.0 W RERET,
FAXT TR AR SRR 2 , AT REJE &5 pH {H 8 T HBsAg
P P R EB 0 S5 R, AT B I A R T L S
ELISA $itik &4 .
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Fig. 5 Relative antigen of HBsAg at different pH values.

(A) pH values range from 3.0 to 10.0. (B) Different pH

values are readjusted to pH 7.0 respectively.

K 6 G BdE AL B, 1% pH {HA, HBsAg
KAERE, [Nl HBsAg 45 i H g7 B 2 13 min,
ifi pH 3.0, 4.0 Bf A9 H 47 B S 11 min, BHRHTHS,
B4 pH {H IR 1 7.0 J& , W JE W& TAT 1 )5 A% sl s 3
RI4E ST HBsAg 4 ah (14t I & . pH 5.0 I BERC L IR
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Wiy, I HY5 ELISA 4553 W) 4, {H pH {67F 3.0, 4.0
BF 5121 HBsAg AL P RA 1, AN, it
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1 Hh U o7 B AR — 3, BB 51 HBsAg R4
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Fig. 6 HPSEC of HBsAg at different pH values. (A) pH values
range from 3.0 to 10.0. (B) Different pH values are readjusted to
pH 7.0 respectively. Column size: TSK G5000 PWxI, for more
details see Fig. 4.

pH A 19 AR 3 IS A8 fk (A Eis
%), pH 3.0, 4.0, 5.0 B 72630 B I WARME,
I HFEE pH H B IEES ; pH HKXT 6.0 B
POGRRBER T, HABMHZEAR D, Y pH (EARIE [l 7.0
i}, HBsAg 2o B —2 (B 7), Xt il
T pH AE 5] B 2 S R % L RO B i AR Ak TT g
JERLIE Y, AH pH (A7 Bt 45 1 pO Ot om BE 1 24k
WhoE N R R, (o SRR A SR (1 1 777 % 5 pH
ML, 7 pH 109 B, GERE T/ % HKm N
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0.51, 7€ pH 4.0~8.0 B}, &% N 0.2, E pH /)
T amf, EFrREMA, HA 0.085, SikREE, |
PR, BEEIR R PR m, pH/NT 4 1), &
TP RRKEEAL
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B 400
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7 A[FE pH £4 T HBsAg HITE X itk

Fig. 7 The fluorescence spectra of HBsAg at different pH
values. (A) pH values range from 3.0 to 10.0. (B) Different pH
values are readjusted to pH 7.0 respectively.

23 BFEBI HBsAg iaE RN
TEHIAS [ (B 2 26 L 85 BH 5 - % HBsAg 152
M), ANTA] R LA BT B 1 X HBsAg M52 . [l 8
FIE 9 L5 R LM, HBsAg HAIXHT R R A%, )
H HPSEC &3 b SR B HH W sl 35 1T S, HoAA N
THUA: e, % HBsAg BYHI XL IR & ok 3
ANHERF R Li'>Na'>NH,"; BI&7d, S0 xt
HBsAg HUsZM R, KRXT L F- A SO42 i) HPSEC
KAl AR I, F 5lit HBsAg RUE4E, 1 SO 5l
#E HBsAg MIULTE (ki FRE/N), B LA HBsAg
(4 A XF Bt S i R BN HEF A . Ac >1 >Br >
NO; > ClI' > F >80, . MFGEIRE (o i K

Gy b nr A B 2R 45 R, T (NH,),S0, .
Na,SO,. Li,SO, X HBsAg B JF AR Mk,
T LA 65 B B I T NH,F . NH,Cl, NH,Br,
NH,Ac ZRW, Wik SO, %t HBsAg M558 T

HABAE T (K 10). 1 NHI, NHNO; % K760
JEARFAR, X5 SCERIRGE R T RICHLI iYL 7 AE
SR HL I 96T K P —3L
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Fig. 8 Influence of different ions on the relative antigen of
HBsAg.
NH,Ac T~
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NH,I 0 5 10/\1,L 20
NHBr 0 5 10 _—_15 20
NH,Cl 0 5 1015 20
NH,F 0 5 1’9/\1'5\ 20
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Na,SO, 0 5 1‘0/\15 20
(Na,),S0, 0 5 10 15 20
0 5 10 1I5 ‘2|O

t (min)

9 FEIEFIFES HBsAg A HPSEC [EiZ
Fig. 9 HPSEC of HBsAg in different ionic environments.
Column size: TSK G5 000 PWxI, for more details see Fig. 4.
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5, RFE K AR I 9RO B 2 (KD HBsAg i
KPR, T LATE 5y g K VE SR A — 2 . ARl
i SOt F I B 512 HBsAg Wik iy R4, Xl
it 5 SO, M HBsAg MFFSFIEHA X, J+H
Hofmeister JEFJELK TP, A—EidmH T AL
BARR

---= (Na,),S0,

180
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Fluorescence intensity
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E 10 AEEFIRES HBsAg BIR K EE
Fig. 10 Fluorescence spectra of HBsAg in different ionic
environments.

2.4 HIREX HBsAg 1o & 4RI &N

BTS2 I TFRH (NHy),SO4 % HBsAg MY 5% Wi
B, HWILEHE (NH,),S0, % 25 A [H] £h ik B X}
HBsAg W2, mE 11 ATREH, X (NHy),S0,
WEEHS 22 0.4 mol/L B, AHXTHTE & KIEREAL, BEE
VB Ak SE R, AR AN BT R A, Sk
1.8 mol/L &R 30% 4. AlLITAK, HBsAg
WORIAL K, (NHa),SO4 A G, 58 F1 BT 58 4 Pk 1
2K F, WK T HBsAg R M/KIL)Z, {ff HBsAg
HE— BT R B SR

P B R B A R GRS A Bl R
51y, 3t H'5 ELISA 45T . B (NH.),SO, Wk
PRS28BS MR A, e KR S Al
BAMIER, 1.8 mol/L 28 B FE B e ik, FLik
B G i e (B 12)0 3R U6 2R A5 1) = R 50 &
AT RN AE 1R, AT BEJE R D (NH,),SO, 512 HBsAg
RE,VOCHEER (AR GO ZMRRE) FrabfHErs
KRR, PR T IR AR A NI T AN K Y PR
PNIIETR E CoNY2 | b8 A
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Fig. 11 Influence of salt concentration on the relative antigen
of HBsAg.
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Fig. 12 Fluorescence spectra of HBsAg at different salt
concentrations.
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Fig. 13 HPSEC of HBsAg at different salt concentrations
Column size: TSK G5000 PWxI, for more details see Fig. 4.
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