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Recent advances in the structural studies of hepatitis B virus surface antigen
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Abstract: Hepatitis B virus (HBV) infection remains a major global public health threat. The hepatitis B surface
antigen (HBsAg), a key structural component of the viral envelope, is also a central target for diagnosis, vaccination,
and antiviral therapy. Due to its intrinsic flexibility and structural heterogeneity, high-resolution three-dimensional
structures of HBsAg have long been difficult to obtain. Recent advances in single-particle cryo-electron microscopy,
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combined with customized particle selection and subparticle local reconstruction methods, have enabled the

determination of the structures of the HBsAg homodimer and its quasi-symmetric subviral particle (SVP)

assemblies. These near-atomic resolution structures reveal the structural basis and assembly mechanisms underlying

the diverse oligomeric forms of HBsAg. The National Facility for Protein Science (Shanghai) has provided an

integrated research platform spanning dynamic conformational analysis to in situ structural studies at molecular to

cellular scales, which has played a pivotal role in enabling these breakthroughs. This progress not only advances our

understanding of HBV structural biology but also lays a solid foundation for rational vaccine design and the

development of new antiviral strategies.
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LR S S % i 5 (hepatitis B virus,
HBV) Bge 5] I, =& A BRA 3L AT IR ™
WPk HRPEH F A2 2 (World Health Organization,
WHO) 2024 ¥ gi th # s, 23RAH 2.54 0 N4k
T8k HBV YIRS, BEFE G2 120 Ji1,
AT ANBEELL 110 75 V. RO 28 1
TRBTPEEE T, S RATIIR A 51 RSP 48 A
A4 DA JF 44t e i 1) 2 B Rl 2 —

B2 0 HBV IR GEMEREG T 19 )5
e, R IE T I IR SEE T AR K. i, —
WG 52 L7 2% B e b R A EH DL 1 o 5 B AR O 2%
REAIR Y, X — WA R W] R AT AE — POl I i A%
PR B AN S5 . SRTT, B2 PR T4 8 8 2 R R 1)
RIEIK-, % S A 1 B B AR 4 K1 — Bt
6] N A RETF I . EL 3 1964 4F, Blumberg %5 ©7
FEIR R SR A B B I3 A i ORI — Ml 5 2k
S I YR T R0 I A0 BB LY R AR e 8 B LR
JEHE AT 44N IR TR 7, 1968 4, Prince 25 )
B PAUESE, ZPUR S LT 5 R IS A R
B “MIEHRPUR” SCAR—WI, FKH a4
NIRRT R FFER M PUE (hepatitis B surface antigen,
HBsAg). [t 70 &I, XMt J5 5 5 % IAH 5%,
HAE EARL 20 nm FIBRR & LR BUR M, 5wl
N EIG 75 Wik (subviral particles, SVP)!', ix—%
MAAHE 7R T HBV [ S8 5 M i oy, AL T
HBsAg £ LB 12 Witz Oobs SR A
1.2 ZRHRERENE

HBsAg 1 — AN 52 HE 2w i, ad sk A R 1Y
0 B S 46 47 5 2B K/ (S-HBsAg). 1 (M-HBsAg).
K (L-HBsAg) =Rk A )1 8 (1 "7 H v, S-HBsAg
FE UKL K SVP (1) 1 B 7y, HORFE NI S 45

g3k A 2 DU AN TO0 1 5 RSB e 45 4, et Bk 4 3%
TER SVP,  FE4%H 5 3 ORI 1 S P2 S B 1) DG B L IR
RS G =R R MR S B4 R X,
5 DU B8 B al B 45 5 08 i, DL J¢ HBsAg 1 3 %2
PURPERE, B “a” vk, RMFETE
TFE EPURRAL. HLAh, S Sty s 5 X 5 )
) A B AR T RE RS 09 55 0 4185 5 R g 2 1,
M2 T, M-HBsAg 7£ N 3 i1 7 — 4> preS2 4%
Rz, M L-HBsAg L5 preS2 15 B ACH] preS1 45
F38e T B ) B ORL TH 255 A D & (2 10%)
M-HBsAg, £ 22K V5 75 UKL AN 58 5955 2 MOkL
L-HBsAg (& & 21N 25% ; (HAEERIE SVP H1, L-
HBsAg UM RE ", XFAFE ALY HBsAg 7EAS
[ UKL ] (1) 73 A0 22 S B s FLAE 9 B 1R e A e i i 72
el Re R AR R EDIRE . (H3C0VER /2, HBsAg 7
18V HBV JE& b nf (F 22 3R0A, HAERLLL 1500 vl
A NTE FIERA T, AU T B ) ek
W, W CRER AR IE B R T BRI .
1.3 $EZAFRESRANENGIR A

H AT, 124 4B % 08 97 3 ARO[
HBV EAMRZ R (B ERT. &iEE
F) MITFHRFBAY . A% E RIS B nT K B4 i
HBV & il 038 i ik 72, (A3 DL B HBsAg,
T2 KL nr sS4y % HBsAg ik, (HIA
AIE R BCORBR B T )iz B 15

HBsAg [) 4 82 47 75 AN X S R 9 5+ 8235 31,
W] SRR Z, A2 DIREMER AR OO R A .
I, JT AR 2 TRAE B2 1) [ 52 P2 AIC HBsAg 147 e T
FE L] A - (1) HBsAg A&, 40 VIR-
34342 H1 lenvervimab™', i it 45 & HBsAg [H W
TN IFN SR ETER  (2) #17] HBV mRNA,
/NF3E RNA (small interfering RNA, siRNA) 41 VIR-
2218 F1 INJ-3989™) | [z X HAZ% 12 (antisense oli-
gonucleotides, ASO) 1l bepirovirsen™, Il J& M & 1%
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K] HBsAg & i, WA THERIGIT il B & 42
B FRE 5 (3) HBsAg 4r A7), 1 REP 2139
T SVP RS IR H HBsAg /KF 5 (4)
W iR 2557, i ABI-HO7315% 385 T30
BEAC TC T BRI AN HBsAg AR L 5 (5) HBV HEA
07, 40 Bulevirtide™ i@ i fH I HBsAg 5 NTCP
(1) 45 G 1 SEBLRE s 2 N 12, i BR ) HBV g 4
P, XA ET Vs T £ 8 45 B [F] B I HBsAg
AKCFECRR I Dy RE, A AT REAR R HBV /b 511 %
Pedm, TEAG A S N R, T
N HBV ThREVER MR S P it 48 va 7 vu .
14 ZHRERENENEEHR

% HBsAg 4514 [ WL 2 5 1 0 il I8 ] %5 20 2
60 £, 1968 4F, Bayer 55 ™% F i1 2 i3 75 1
HE SRR T K& AR TR 4R 5
Fi. 1970 4F, Dane &5 U @ JOW L3 375 B 4% 42
nm [ 5¢ 9 B WKL (Dane $0k ), ESZ T 2
BURREE ST, TR E U 52 3] T 40 I 58 R B
KL B AR 17~22 nm (1) BR B 5 22 4R 9 25 F
1985 4F, Aggerbeck % ¥ SR H £ Ff i T . il R
5 X G2t 6 HBV SVP T 7 W %%, KRR
1] B4R 4 7.5 nm (7 B ALK, Tk 42 4
19 nm. b5, KRELEMWEVMHFFIARETSE H
BT AT HBsAg 45 1) [ HAE V5 75 J0RE 15 56 8%
5 T ORL b 40 A . 2005 4F, Gilbert £ PO FH
RHEBEARIRE T RN 12 A [ E 4 HBsAg I
WAL, 25 R EoRH B IE )\ Ao AR vE B
5ol UL HBsAg [F] Y5 — A& N H B H J6 . 2006 4,
Yeager [ B B ) I A U5 o4 B A U M R 3 L
53 B5 1) Dane $Uki 24T T 45 MR TT, R I A A
K5 HA T=3 fl T=4 Wifh AT PR 25 X,
{EANE AL b 1) HBsAg H) AN 75 — T 44 5 FR
HEF. 2009 4, Crowther [ B\ P2 ) FI 4 5 o 5 1
SRR AT VR T B I (1) HBsAg 224K W%
FORAR 7 HER 2540, SRR H A2 250 A (IR
SERIR I E I R EFERRAE, HBsAg —RARIEER
T DL 3 e B A U HES . 2012 45, X EhAG A B
I FH VA VR BB ST BB 7 A 7 HBsAg HE4]
TR P PORLIE A, A H N IE )\ T A& 45 1
2019 4F, kP, kIR, BRI Y L ER
VAV HL BT BRLIORL 20 BT B R X HBV #5747 2 13 w4y
B0 R SR B ORI AT T SR AT, IR T o
PR L1 30 A EM LR, b HBsAg fEERTE T
I3 FEAURLR T 2 I H AR PSR PR AFAE, 5 Dane

SR A 22 BRI 95 B UKL S AL, 47~ HBsAg 7 56 %
I3 B WURLA I 3 B UKL AT Re B A R — 1 & T8
. 2022 4F, Joseph Che-Yen Wang [1BA ©* Fi| F —
RN (HAZ) 17 nm) B A 1E )\ AR XS FR 4 1
V3 55 0k, R1F T 29 6.3 A R E A4
SR, 8 55 01 (1) 1 B2 5 o M DL & HBsAg 1] DL il
W5y £ 221, L1454 HBsAg = 73 #F 2 45 14 LA
o AT TR 0L R 10 0 AT B AR o DR, AR TH
T ZE NG R 5 RO B S R A ) 1R R

2 BERRERXFIFEERENRSHH
SHIM BRI SRR

TR o R 2 44 I B TR R A A AR
WIEEoR, FAE S E AR S U A A R S DR T
HBV #Z% K78 E B fn e (B la~c), JFT =4
AT -5 H A 24 A G s T 5 R R S AT A
28T HBsAg 45 MR 7T . #E 2007—2009 4 7],
AT 72 A P {18 8 il 4 5 o w45 H 3Rk 79 T HBV SVP
SR AARE S (B 1d. e), 3800 2R [ A = AR A
LA R b w5 v/ N s = 5 D L Bl = AN/
AR BN, BN R A5 55 i i AT O [ 4 A DR
(Diamond Light Source) F1 H A & GEINIE 25 #F 5T AL
[119%F 1) (Photon factory) JT AT SL56, (HiE T
A R N FARIRAFAE I A5 H0 S P, AR AT 5 1k
TGRSR, 2009 425 H 6 H, HERT
B AR A 25 48 43 A R 4 1 ORI 9 P B0RE
17, B AR IE E AR a2 TR A AR RS T, .
W5, X HBV SVP (1 4 45 14 1E AT 1R 457 22 AT 5T,
NERfE SVP U R EFR AL T HEE LR, e
SR PV R - SR A T SR A A TR A

A SAE 2 AT BA A S8 58 1 M Rt A6 R 20 R
F, FATE IR R 50 B 0T it R VAR
e BLURL A3 T B R SR AT HBsAg 454, BT HBV
SVP LT (0 i B S P, 7 AU A R AR
) 4k 4335 (2D Classification) BB, H —4E 1
BRI RS S R S R RS (B 2a), iR
R[] IO\ 5 T~ UKL (1) 52 5% R AR R T R ARG 5 7
S, B RSP UG S ORI 2 1R
R TE AT A IR L AT AR [ it 2 LA SR A5
bor (K S Al T (B 2a), AT 20 B8 H L AT 25 AH
Sof BT IEBR R E SVP (45 28k T BoAT SIS
M E B ERRA, MR AN NES),
FCIOAENT T B HBsAg [FE — SEARZH 2517 1) D2 (222)
H1 Ds (422) P FHERTFRYE 22 nm SVP (1 F 44K 43 H¢
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a: HBVEZATEM G TR A be HBVEAGEIIMA; o0 HBVEZASTIATA L d: HBVER T L 20K )

AnfAs e HBVAREPUF IR BERURL 175 14

Bl HBVERESRE TR L RESFR &

RGN, H T Do YEXTFRPE SVP F HBsAg A Y5 —
RARMAST I, FRAE— 8 A ol R ) ROk £
BUSF17732:, B SVP A HBsAg Rl 8 —
RPN RS, FRARE FL A T 1) 46 % 55
ZHUGHAT R RN S BN, B RIS
T3 3.7 A ¥ HBsAg R VR — Rk 454 (K
2b)°,

ZEE KRR T HBsAg S 45 #4935 19 4 # RR 1E,
A6 2 ANE LIS AR e 4 MR EE . H B
T PR IO s B DX S (1) 52 A P IS 2 RO HE B, R 31 2
“a” PR YERIE T M R R EOIRES, EELR
F A PR SR T BRI . — AR R A T B
H 1 W36 LEZ RN S nn R, KRS LRE
ANEEM S, AR IR o B f e SR e
71 (E 2b). RS, il HBsAg £ Fitl % i 2%
ST, B R FR IR IE i X A7 A B R R
R, $7R HBsAg (1) = R R B & it — 0 4 3 A
AR (i =54k TURAR ) MM SOE R, N

FOR R 2 FE NN R A IR 0 1 S M Bk att. b4, St
T IHAE SVP LT — Ffr 7Y = AR = Fh AN [F] O 3R
)R R A AR AR ISR 73 A, o BROE SVP dn i
S T 224K SVP LL R By 5 1A % AR 58 AH i e
AT 1 56 B0 15 UKL A0 7 T HIL A BEAT T A (1
2¢).

i1 T HBV BRI 32 35 1) i BE e o 1, 1%
FORTHI G AW PRO R TSR, JERL R KER
8 VR LR SRR RN, R TR AR B0 Y L R
TN B GEN HBY S5k Fo iRt 1 AR E i 26 1 S HF
ARG E N ME—— NSRRI bR . VST
BB, REIR M R R T B . i
X HBV UKL AR WL %S, 0T 75 A1 B R GEvPA 100
BERURL LS Z R, BARERIERN . 22 KBk 55,
XL 545 IR Ja SR R A AN R T 3R At T
HEMLER (B 3). HUbFER, &5 i R
W U 6 R GO i R A AN AlAL e BE AL P
BN AR L T SR I X — R, AFFTHIBA
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100 nm

E3 HBsAgT mEFMAREBEFEMBR

FCI 2% T B E ) HBsAg K, FEF F IX de b
AT IR RS R S A5 A RE I IPEOY, 9 ER AR
HBsAg [ e A4 MEAR it 1 5 2K

3 RERMMRRE

S 2T C3RTT HBsAg T J5 7 70 HE R 45 1
B, (BHMR R FEREZFEE K 5K
FHELAE R S5 KRRl i R 8 4 B, AP AE 2 R
BRI A 1 B

HBsAg fUASA 258 (S. M. L) 7EJ5% 7% £ i vp
M R R G DIRETr T AN IR . AR AT R AL
VR LT T 2 BB BOR S5 & DU s R LA br il 5
W%, X Dane RURLBEAT JR A7 LT R AURAR, DLWLEE
preS1/preS2 S5 IR A A SR b0 A, AR 5%
KA A 85 ARG S A RHE. 85I
VK7 /2 F- 13 (subtomogram averaging) FlEF 5 P ) =
ey Bk, A MM L-HBsAg 7895 % 4= fv & 19
Hh AT BE B X IR 9 4 B B B T FR B SR AR A
[FIRY, G55V Uk i BT 2 AR 5 00 P BT R e R
(correlative light and electron microscopy, CLEM), 1]
DATE 2% G 4t it A 35 v J52 467 W 58 HBYV A0, JIEE 5 4% AKX 5%
MR, A AR HBV G HL ] 5 fu
R SIS SR LSS A . R E 5
B b S e 5 RGBT 5 T A B N B8 — A
A2 4 2% (BSL-2) B4 ) Z5-56 1t - S Rl it
X AT F HBV 1) 4205 55 45 14 LL AR B AE AR IR G9IR

100 nm

NI g o e i S C o

HBsAg [ JI5 41 43 45 & Bl 5 3 e B A2 15 A 47
JEIE o I 8 B RO AL 1 23 H R i) 900 MHz 15
) Bio-NMR ] X H 5 i 8 i 55 52 VR 3 38078 15 h
PR RENASHEAT W, AT 48 7= JHLSBE T Al 5 4 R 38
Bt . Bk 4 i R4 v 4F HBsAg R BE b, —
TR B e B B AT AT 20 Hr . WA
BeAS RN B R B T S AR VAN G R A R

Bl o ohRe s & s KREiG 2 — 7T
HBsAg I FFE: R IE 5XELLE R . B HBsAg — 4k
SERIRE AL ST, AT BRI 2 A D BRI ) AR I 12
N EEE ARG MR A I SRR TT 5
HEZ)#E 7] HBsAg IR ITIT K. 4hi& 4515 B2
Y SEEg, JR RN RNA FH7 A & FE AR
[ % A1 (proteolysis-targeting chimera, PROTAC) &,
PUAA 245 B 20 0 4 9258 97 35 TR I R 4 A1 11 2 1)
SERE S A S S 0 A SR T N
KK CIRTT KGR R EE T 0. th4h, HBsAg
S MBI T VR IR 23 D 5 v A0 AL 5 0T R A A 1) 32
Bl, e T e iR aiiE e, Wit REmRm
RABREN TG, BE B IE 5 i 2R v
X B, AT F T4 G AR 8 1R B B iR 1) 4% o

HE B2 RGN T 77 H 34
MRS . MAAE) AR AL 21 S AT s AR 1) 5 4 R i 2%
TE3CFF HBV S5 A=W 2wt 55 7 T R R T = B4R
FSCER) BEAt Be A4 32 AR I 0T et AR OR SCHR R
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