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Abstract In order to investigate the structure of infectious bursal disease virus (IBDV) and how the double-
stranded RNA (dsRNA) segments of IBDV are organized inside its capsid and how the genome segments are
transcribed and assembled, we first obtained IBDV particles by infecting DF-1 cell with IBDV and purified the
virus particles; we then determined the three-dimensional structure of IBDV using a single-particle cryo-electron
microscopy (cryo—EM) at =6.6 A resolution. The results showed that IBDV possessed a =13 single shell with
260 VP2 trimers. Unexpectedly no characteristic densities of dSRNA and RNA-dependent RNA polymerase were
observed inside the IBDV capsid, which was in contrast to the structures of cytoplasmic polyhedrosis virus
(CPV), bluetongue virus (BTV) and rotavirus (RV). These facts implicate that IBDV might adopt different

mechanisms to organize, transcribe and assemble its genome segments, and that IBDV might originate and evolve
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differently from other dsRNA viruses.
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1L gu Mk vk K 3E ) (infectious bursal disease,
IBD) CLild A 4= 3R A MU B SR @ X, AL Qe IR
J93 973 B (infectious bursal disease virus, IBDV) & IBD
9 s, 5 B A A e 4 1. IBDV & T W
RNA 25}, 8 XU RNA i 23 )& , HEE It A B XL
i RNA (double-stranded RNA, dsRNA) 5 B 41 % ,
2K 276.0 kbp, Horh A 7B (£ 3.2 kbp) & 2 4N
4337 B W FF U 2 AE Copen reading frame, ORF) : K
ORF % fith — A~ 110 kDa (1] 2 % & [ #i #& (pVP2-
VP4-VP3), 1] AT LN 2 4S54 E H VP2, VP3
Je— A2 R R R B VP4 /N ORF 4wty — 4> 17 kDa
MAELE M B I VPS. VP2 A2 2 11 32 BAR 4 Vbt 5
MEELEE A, 5HAHUR SR8 R R R
TR e AR T 5 BRI A A 4 g
HAHRKWKRY, VP3_— N2 IEeEA, HIEM
T B D7 B A AR P S R AR
FEIPBE H L VPLIE NIRRT 5 2) 50 B Ak D 41
RNA 1EH 3D 195 VP I35 1+ 4) B 4 g 7 T
VPS5 A A 3 = I 0 7 B A (AR 3 ) A%
FEAUAR B A EZEAE ST, BB dsRNA (2
2.8 kbp) Zwfid—1~%) 90 kDa f] VP1 & [H——RNA &
#i 1% RNA 24 1 (RNA-dependent RNA polymerase,
RdARp)™, RdRp 55 %7 5 dsRNA &5 4, £ 57 9 5 5 Al
R SN I

dsRNA J 75 i 1 V0T, gl 2N, 7
97 BRI B R 5 i BE R ARG 1R A )
XU RNA J5 # 8} N RNA T FERE X535 75 B A4
TR . dsRNA 5 B 5 K 2 11 3% (9 RNA J7 Bl
HA—, N EEMUE S 14 RNA v B3| — sk
R A S 124 RNA F B, HAr, kT
dsRNA Jp 7 N #B 5 [F 40 1 20 26 07 A A ™
LUQUE %™k i, IBDV ok n] DL 3 14> 5¢
BRI A, HAA ORI K 4% VLA IBDV il
LA A E e &g, Y IBDV B A 5 H
dsRNA Jii 5 58 4 A [\] 1 5 PR 44 60, 3¢ A 5 1) 55 g o
{H B 72K T IBDV &5 84 (9 ¢ = BAE TP R L R (K
7207 MY, AN R4S T IBDV K558 5K M 1) S AR 45 149,
FLBE R AH AR HAR Fe N AR I 3 7 SR S5 R AN 4E

ARG DF-1 40l 3RECIBDV , F1) FH VA U5 FL 4%
“HEMEARGAT T PSSR IBDV 4451
ZEHLR I, IBDV 5 HAth dsRNA %5 B 40T 107 254
i 5t BB % £ 4495 7% (cytoplasmic polyhedrosis virus,
CPV)O!"™ ¥ 5 4 7% (bluetongue virus, BTV)!"" &4k
J7 7% (rotavirus, RVO" 1Y) = 4 45 ¥y W] & AN [F , 7E
IBDV A& 72 P 35 A< W % £1] dsRNA 2 [ 2 1l RNA %
A T2, 57K IBDV (1) dsRNA 3[R 41 (43
$& S A AT B AR T HoAt dsSRNA JR BE o 1245
SR 87N IBDV RS540 A0 250 16 2 1L 3
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IBDV Hi 1l R 40Nl K 2 ¥ v B Je 4t 5 4 e
WM %L {E FEI Tecnai G2 Spirit 120 kV % 5 1 7 B fss
N HEAT , AR AR AR £ 7E FEI Talos F200C 200 kV %
LB N AT, R R FEI Vitrobot 2% B 1 £,
Hed US4 8 1] FEI Titan Krios 300 kV KR 37 & 5%
SR PR SR AUBR 5 L Bk S RE IR I 1 AR S R R
ACEEARA PR 7 5 Bk Aok B 1) S 4 R4 D i) 1 42
Quantifoil 24 7] 5 A A7 55 45 7 7 H 55 1B Sigma-
Aldrich A #] .
12 HmEEFERMGWL

T 55K IBDV MR 2 DF-1 411 i L, £5 H 30
PR 20 PR AR SR . USRI 2 LIBDV |
TR 0 (5000 g, 4 °C,30 min) , FE4H BRHE /T, SR )5
BN 500 mL 40% 1) 5% £, — I (polyethylene glycol,
PEG)8000 i 75 FIHWH, T4 CHAF T RIgHHE
R, BT 1.6x10° g4 CEIL 1 h, R BB UK
££ IBDV ULVE « K4 UTUE A 20 mmol/L Tris—HCI (pH
7.4 BIFJEWFTIRET, FH 24% I EREEATE 1.05%10° g+
4 CHEAFTF 02057 BIEW, SR 5 A 400 pL
Tris—=HCI(pH 7.4), T 4 C &M+ F i, & B % 15
DUUEMHTIR &) J5 I 22 v VO BEA FE T TR (10%1.20%
30%-40%-55%) 1, LL2.1x10° g4 ‘C v 4 h, 5
A FH A S /0 o ol B 8% VT8 B K
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A 43 B Al Ak () IBDV ik 2 75 e B RS
TR, a8 e [R] 452 4 9% 96 6 i 56 (immunofluorescent
assay, IFA) AT LS, 1B PR T : IBDV &
JLDF-1 415 48 h, SR 7R3 s FBEIRR Eh 22 i
(phosphate buffer solution, PBS) ¥ 2 X ; JIA 100 uL
SRR A AN R B (VR A SRS TE —20 C &M TR
JE 30 min; PBS &3 3 K I 5% AR W76 37 “C 4%
R E 2 hs 7EPT VPS Bt T 37 CH& M TR E
1 h; PBS{E ¥t 3 K s 75 FH 5 UL 2% )t 3= (fluorescein
isothiocyanate, FITOAx1C )t i 1gG(1:200) T
37 CAF R E 1 h; PBSTEVE3 ¥ 10 pg/mL 47,
6— ik 3 -2- % & gl W (47, 6-diamidino—2-
phenylindole, DAPD T Z i 25/ N 444% 5 min, 8 )5
F PBS 4k 3 UK, 1R8] B R ilee T 5%
14 EHBEEALBENE

W HY 3 uL IBDV ¥ i T35 38 B S FF M40 ) I,
WS Bt 1 min J5 5 FH 308 2000 2 TR it R I T, il BT
2% B PR B A T e £ 3 TR (YL E I 1) 43 734 10 8410 s
1 min) , %R )5 Fi} FEI Tecnai G2 Spirit i& 5 B, T 5 i
WMELIBDV MTEASE K
1.5 RRFEREEREBKRE

{8 F FEI Vitrobot P /A 4 IBDV £ i 1 77 15 4
T+ ¥4 Vitrobot #F: it 2= I FE 1 42 100%, A 2.5 pL
IBDV # v, ¥ I T4 A 8 A A 5507 1Y Quantifoil (2/
DHAM I, 4 Vitrobot JEAC 7.5 s, Bk & 2 R
e JE PO E B AR H RS ke s 2 5 H
Titan Krios 300 kV H ¥ & {3 5% Il Gatan K2 Summit
FAMUBCER B  BOAEECN 1.8x10°% , X R fIfR 2K
/N 1.634 A U BESGIT [A] 6~8 s, it HL T 71 EE~50
e %% . H Motion Corr2 #r 1 FIG VS . JR 4f 4K x
4K BB 25 25218 33 Ja 77 A2 2K<2K R, Xof B
1% & K /N~ 3268 A, 2 J5 f# H] RELION™.
cryoSPARCPEE AT UG AL 3 AN = 4k F 4, b -5
RAEERUGHUH Getf g™, 4k =4 2R 5, &
HEHLS 493 AN EE AR IEA T R R AL R = 4E E A4

2 X

2.1 Zh{L R IBDV Xt DF-1 28 B fY 2% 34
ARSI ZEAL ) IBDV A& 75 A 56 B 1995 2 0k

FLAT B, B FH 8] 422 TFA J5 248 42 44K 1) IBDV
J& Y% 1) DF-1 41 il 5 T IBDV VPS5 470 1) S W14
W 1 PR, FE IR G 4EAL (1) IBDV 1) DF-1 41 0 - 5%
H] 24 1) VPS5 2 (4 541 VPS bR 4B T4 7 1 R
V. %45, 4i k) IBDV RERE B DF-1 41/
IS R TH

A FIHL VPS B BT I 22 21K ) IBDV Jgdje i1 DF-1 21T 5
B. X

A. IBDV-infected DF-1 cells detected using monoclonal
antibodies specific for VP5; B. Negative control.
Bl EEEER LR IBDV R E R B
Fig. 1 Infectivity assay of purified IBDV on DF-1 cells

detected with indirect immunofluorescent assay

2.2 IBDVAAKHBIELER

¥ IBDV ¥ ih 2 ¥ U5 1 £ J5 . B H FEI Titan
Krios 300 kV il &7 & B 7 S S S s . A
IBDV (¥4 FUE (B 2 A0 vh, AT DA i W %2 21955 75
(RN TEAS i 2 PN [RPIRES 1 5 800 . K2
B9 15 BB A 25 dsSRNA 3[R 41 (1) 58 3897 75 Bk
SECNAE dsSRNA IR 255 2 00 (P 2A i3k )
FJH cryoSPARC Fl RELION #4454 K 4E (] IBDV ¥
Uk FLB A AL B T S5 R T =6.6 A 3 HEER N
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IBDV =#4E45#) (B 2B~C) . =4ELE g R , 7 7 5
KL EAE~T0 nm, i FF AR 76 VP2 = RAKK K, [RI I
VP2IERL T LR AR RNk 2 2 Ak e L. IBDV
KT = TEH o R 8 =13 ) R4, 5
PARTHRIE 1 IBDV 454" —%1, 115 BOTTCHER 55"
R BB O i 0 985 ~20 A [ IBDV A 7o 454
—#, IBDV AKFEH 2601 VP2 = AR L, 20

w
=)

AN VP2 = TARALF 3 Ik b, BRI =B AR, 44
VP2 = RARHR — KM =M%, FA“GE =
27 “GA =M 513 =B R T — AR R
B, Ho I3 = RARVIER 3 NG = AT H R
THEAR—A P KRS 451 5 IBDV &
P25 F LR, R IR ) RS o R RS W)
GIRIF(E2D~F).

O o
e (=) =
T T T

AR RS
Cross correlation coefficient
=}
)
I T

(=]
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A. IBDV S ZRHUBEEHR (1 6 k4578 IBDV 23 iUk ) s B. IBDV =4k S /3R N2k s C. IBDV = 445K & 3 Uil 5 5 Uiz i 5 (D~E). )k
SN VP2 = BARNY BT Ll s F. UL A TIOUIN 1) VP2 = 2RI 1 a— MR BELS 1 .
A. Cryo-electron microscopy (cryo—EM) image of IBDV particles (the white arrow indicates incomplete IBDV particles); B. Resolution curve

of the IBDV three-dimensional reconstruction; C. Cryo—EM density map of IBDV and its 3—fold and 5—fold axes marked; (D-E). f—sheet structure

of the VP2 trimer observed from outside; F. a—helix structure of the VP2 trimer observed from inside.
E2 IBDV=4EH
Fig. 2 Three-dimensional reconstruction of IBDV by cryo-EM

2.3 IBDV 5 H i dsRNA % & 4 HI I LL 3R]
dsRNA Jii 5 ) = 4E 250 O ) 12090, e A
FoRIN S IE R 45 . FATE R =4 E MRS T
AFDIRA T IBDV ) =4E 451, 5 HoAh 50 dsRNA
995 B 45 M T T i A B R I SR B 2 A A
(CPVO! 5 5 5 25 (BTV)O M6 KR % 75 (RV)U'AH
L, 7E IBDV AR L5 2 31 Y 1)=~20 A [¥] dSRNA F§
I B, RN, 75 A 5T PN 2 T 1Y) 5 0 b PR 1. 80 A W0
SEH T RNA A BRI BT 55 (B 3A) . MfEN
XL, 78 HoAth 3 Fh dsSRNA 7 55 &5 149 P 355 #8 mT LA 82

FIHA 1) dsSRNA S H A Bl i 7% % (B 3B~D).
AN, IBDV 12 PR 2H % B 1 B 2 AN [F] T oAt dsRNA
Wi, M 1A LIE L IBDV AR TSN BLAR iR, 2
9 54 nm, HoAth 3 Ffoi 8 9 47~52 nm; IBDV K 21
MK Z1046.0 kbp, HoAth 3 F5 B 4 5108 24.7.19.0 A
18.0 kbp; IBDV J& K| 2H %5 i£ 29 4 0.072 bp/nm’, H Al
¥1%9°50.3 bp/mm®, 1t ] IBDV 4K 5% A 5 [K 41 %5 JiF W]
AR T FHAh 34> dsSRNAJi B 1% 2272 il 78 IBDV
94 5 7 = D] 20 0,252 A s S A1) U 1D 5 oAt dsSRNA g
BN
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A. Central section of infectious bursal disease virus (IBDV); B. Central section of cytoplasmic polyhedrosis virus (CPV); C. Central section of

bluetongue virus (BTV); D. Central section of rotavirus (RV). The short green lines represent the dsRNA densities, and the red arrow indicates the

density of RNA polymerase in Figures B, C and D.

E3 IBDV 5 H{ dsRNA BH KB LEHIXT b

Fig. 3 Difference between IBDV and three other dsRNA viruses at their central sections

#1 IBDV 5Hfh dsRNA fFERIELE

Table 1 Comparison between IBDV and three other dsRNA viruses
s i » o FERALESK %3 FE R 41 %
L KAN R KPR RIS 1 PO IR
. . Genome length/kbp Genome packing
Virus Inner diameter/nm Internal volume/nm? . 3
(number of segments) density/(bp/nm?)
LYt 2 [ 4 _ _ _
IBDV ~54 ~82 400 6.0(2) ~0.072
7 i
N2 i ~52 ~73 600 24.7(10) ~0.336
CPV
T
BTV ~48 ~57 900 19.0(10) ~0.328
MoPE ==
i’ﬁkﬁﬂ ~47 ~54 300 18.0(11) ~0.331

3 itk

N T B B dSRINA 7E 40 it 5 o 51 T 3240
J 7 A2 B0 75 SR, dSRNA I 25 4 Zi3E H: dsRNA JE
DR 20 1 B AR 8 FE AR 7 938, [ B, &> dsRNA
B — LR S, I FLX AR 7 5% Il [
SEGE G AEA ST N R 1 S YRGBT . 76T T 41
Ja AR , 525 dSRNA F BE IS 7E 9 B A 52 Y 356 i R
ML AT S E W], AT, WifE CPV.BTV Al
RV IR EF AR 5T A7 7l 2% 1 1010 A1 11 2% dsRNA
BRI [ A% B 2 Sk g o {H dsRINA i 2 25 K] 2
Jr B2 i Ae] B 2 AE AR 5 A DA R UE AS [ 11 9 2
dsRNA 2 F H F B A 7 5 3 m), — B3 o2& K #
Z ks

IBDV J &5 J (R 41 L e faf o, R 2 AN A I
dsRNA Jr B, R AR IE & T BT dsRNA 9 B 55 4]

MR A EE RS . R H R T IBDV 458411
W5 CAE IR 2, ] an BOTTCHER 2504, F VAV H %
i IBDV FI S5 FIRTE 7T, (B A3 HERAN L 20 A, [H]I
LM FEAR A HROE A S R R A ) 5 R 15 B T
I, % F IBDV &K 72 A # dsRNA [ 45 /)15 B a2 B
o AHIFFUR FH VA R BB SRR R R 3RS T AR
FIRA FIBDV 41 6.6 A iR =4E 450, A5
FoAth 225 M 1 dSRNA 9 B3 4H LL , 72 IBDV P38 5F:
AR EZ B AR 1K) dSRNA HL 725 & R RNA 284 i
3. %G R REAFE 2 MR . — 2 IBDV 4K
FRER, 5 30% 2 dsSRNA T RNA B4 AR 5T AN
BB ok s 2 IBDV % [K 4 dsRNA 7] fEAF1E 5
HoAh dSRNA 3 B 2L R A 52 AR 2730,
TAE A A H R A, FRATTE B2 S R 1
A dsRNA K& R 4 1 85 WOk gk 47 = 4 A, [F)
I, AT FH 4646 [ IBDV J 5 % DF—1 40 g gk AT 8 e
S PR 45 SR B, 44 ) IBDV BE S B s DF-1 41 iy
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HEHIEHE , Ui B 2L IBDV 7 83 3% [ 41 B A 5¢
Bk, P, 78 IBDV AR 52 N FEALII A 2] dsRNA 1)
B AT REJE KN G &, B IBDV ) dsRNA 3[R 4H SR B
T 5 H Ath dsRNA Jp B 55 R 21 52 A Rl s 7 5.
4% LUQUE 45" (1) K L, /£ IBDV Wi ] f ke 2 T
IANSER 45 U1, HEE A N S m & M
Ko JHIE5 34~ dsRNA ¥ 854K 50 P AR L 2 2
D] 41 300 H e ik R 2 0, 25 %35 B o L, B IBDV K 5%
P ik R 20 % B B ARG T At 3 > dsRINA 3 8, K52
NES AT AN R, B, AL R E ], IBDV
R K 7 5 HoAth dsRNA 955 25 3L K 2 AS [7] 1) 41
F& 77 X, B4 7~ IBDV Rk Y5 AN b 5 HoAth 2 2k A
CERI) dSRNA TR EEAS A . %45 B 30, fd ) 2 5
WLV VR B8R T VA AN REMR AT H IBDV 3 25 A 5 ) = 4k
G, T BTV R L W = = A R R T R ok
17 IBDV &K 21 i 25 /T 52

Bift P RBRIERE AT KA RS ER
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