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Complex structures and diverse functions of nuclear bodies:
a review
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State Key Laboratory of Veterinary Biotechnology, Harbin Veterinary Research Institute, Chinese Academy of Agricultural Sciences,
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Abstract:  Nuclear bodies are membrane-free nuclear substructures that are localized in the mammalian nuclear matrix
region. They are multiprotein complexes that recruit other proteins to participate in various cellular activities, such as transcription,
RNA splicing, epigenetic regulation, tumorigenesis and antiviral defense. It is of great significance to clarify the functions and
regulatory mechanisms of nuclear bodies to probe related diseases and virus-host interactions. This review takes several nuclear
bodies associated proteins as examples, summarizes the formation process, structure and functions of nuclear bodies, and focuses on
their important roles in antiviral infection. It is expected to provide new insight into host antiviral mechanisms.
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FHIX — 45 SR AR N N S A% BT o 2 P R AR
PRaEAT X B i o 3 B A% A MA %A
(Nucleolus) . - 4f % 4 g F1 1 9 4% 9 /N 14
(Promyelocytic leukemia nuclear body, PML nuclear
body) . Wy /K /MK (Cajal body) . 4% B B {4
(Nuclear speckle), 555f (Paraspeckle). Z#i/Mi
(Polycomb body) . #% 1 # /NMA  (Nuclear stress
body, nSB) K Gem /MA%E,

% NIV TE 25 18] 1 2 40 B AZE PN — 2 57 1 X
W, 5 M A g AT R A R AR AL,
P/ IMATE B DX 3 2R B2 26 22 Ry o DA i e
Wy S0y S e O A T, AEAS R A ) 2 o R R
WO T S R N2 . AN /MAETT 5 R b
RNA (Non-coding RNA, ncRNA) 14y (a5 & i
N 7550 7 Ur [RME M Z A 1 BT RNA, 2 5%
fid # W% 25 1 (Ribonucleoprotein, RNP) & &1k
DL R B R R A

BR/IMERU IR Z . TERUE 2 . TIREZHE,
H R C X 38502 N /IMAR I G B B 4y 64T T IS
G5 UL TR A N /AT 248 I 1) S5 TR 3RS R A R e
BRI SE R E AR . AL EBEN A
W/MERTE it B . 454 . Dhfe RO o
JERE, JRE SN TRN/IMERUR R

1 HAMEE R

A/IMARTE A AN 200, — Rl K
Oy TAHEAE IR SO - AR 232 (L i BRK)
ORI R o A AT T AT TR B S 4y
TG AR NN B, (B E TS RERS E
DRIFSEBEH , IXRWIZ N/IMEREA 5 At REZS 1
AR ML g A [ P9 2L 2R AN AR R S AL o 3 240 2
PC I A% A /MA B 23T HIL AT B T I A
P/ IMATEA RIS ERSE i A 2 D e

11 #ZAMEE—DMEERI S EH
BN/MARE I -RNA AR, AR
ey I 1L 9 7 3 € T RS N LTINS S W
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DA/ IMAS 5 TR VAR JTRHEA TR A e it 7 A, 55
PR H PSP1 (Paraspeckle component 1),

p54nrb (54-kDa nuclear RNA- and DNA-binding
protein) #1 PSF (Polypyrimidine tract-binding

protein-associated-splicing factor) 4 H. 45 0] £ 5}
Y, X L] RL Bl ER 2> B PO IR A 2k
JUR, B RIAZ B B o3 2GR VIR K
55 B A 1A 0 B SE SR By 1 B 4 A6 A% OB A4
1 SRSF1 (Serine/arginine-rich splicing factor 1) &
R 2T 43R b 2B et Bl T 35 5
thi AR - SR -RNA M EAE G R, X
At HL A ER A 0 S8 4 DL R A N /MR R A R )
AHE A FHOG R (EAAZ N/ IMAS Sl 25 b PR RS 25

FRT, S4RH 3 M /M BopL R . —
ERHLARL (B 1A), FECHLEIH, B N/IMAR S,
PR LTI A% I RT3 3k 22 Fh il g S B, — R
JPEEle (B 1B), BLBeE ALl B ™4 iy,
TE R A ARG [ 5 IR R AP RL (&1 10),
N /IMAR I o i B 1 B RNA R S e i /9 “
T RN /MABERCRS 4G, 38 3 15 A [R] BRI
W AREEEREE T 7 2R P DUPRE R A
AN, R 2R T A R 9 A A E
i RN, B RagvEnyists, IIAEZ 1 KF
IR E R R AR H 1Y

TAh, AR, BN /IMA AT 8 -V
FH43 % (Liquid-liquid phase separation, LLPS) )
B4 . LLPS J2& i HA IR A2 A5 #5k (LCDs)
fEE I SE LAY, LCDs B= Wi i =L 254, £
oy F AR EAE g AE R . Pi EAUFI SR AR
FERAE T SR,
1.2 BA/MAR L Z 2 WA

76 RNA 7 SR ECALH P, 5258 i RNA
P RZNMEERL . R/ANSBERE & SRR
T RN 5E 7 357 T men el g FE DR 5 [, men /B
B s AR gt RNA AR B, J0E 5% skt 1
AN /MER DTN, BN/ MER KN 55
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Fig. 1 Mechanisms of nuclear body assembly (adapted from reference [6]). (A) Stochastic assembly model. A nuclear
body can take place via a stochastic assembly mechanism in which multiple pathways can be followed. (B) Ordered
assembly model. A nuclear body can take place via a hierarchically ordered mechanism in which only one or limited
number of pathways is followed. (C) Seeding assembly model. RNAs or proteins serve as seeds (shown in red) to nucleate
the formation of a nuclear body. The subsequent steps after the initial seeding event could be either stochastic or ordered.

SRR AR ST A% e AR IR T s
At 240 J %7 988 PR 28 75 R OB A% /AR, BRR e
s[RI 1 (Heat shock transcription factor 1, HSF1)
FHH 4451 & CBP/p300 HAE | Y4 i ¥ . RNA
A 11 R DAL sl e I8 i i Satlll
RNA % & A% 107 /s e

H AW AE RN /IMREC . 2R 0 i
MFEH (PML EH) & PML BEN/MATE iy
BLflt, AbTFTADHEPRAS R pml BRI RERIAE A,
MORREIZ A PML A/MADO M SUMO (Small
ubiquitin-related modifier) LAY PML & 14 EHH
%+ Spl110 (Speckled 110 kDa) I DAXX (Death
domain-associated protein 6) J&.43 i/ & % N /M
Bt AN, TR Y AN AT
pml JEF 5 B H PML 2N /IMER % B3 £ |
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IR R AR A1

g5 BT R/ MA T I 1 BTR RNA LAy
PUE TRN/IMERY SERENE SRR N /M ] Fil
A ST PR 18 J8 G 52 4 S BT A B R AR A%
IIMAIX —FEE B RO TR A R AL T ah AR, I
LIS 5 o) 86 7 3 DR 3R AR 055 AT 1 2 o

2 BRAMEREEH

ANUNN B2 AR VNN A S Y A e e
B/MEE A X EA MBI Z5 5. PML A
7 P RIS R A IR N S, R
1 I LE R, (RING domain) (& 2A). 2 &
2 e R -4 2 R W BF TS A5 A B e 14> o IR e
%54 (o coiled-coil domain), LA I JLFP 4544 5 20
A 1/~ RBCC/TRIM (RING, B-box, coiled-coil/
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tripartite motif) Z5#iM, B4, PML E IR H
H 1 MENAISE S X B (Nuclear localization
signal, NLS) (& 3A). RBCC/TRIM &5 xf
PML 2 FA7EAZ /MR B 8 0+ 43 B2, s
B/ IMEI K A0 T BT B B AR
RING & #4352 U R 1R 254y (K] 2B), n]##755 PML
G HAD R ) A AR A, SRR A% N
PRI T, B0 R & A | M T e e
AL AT DLRR [ BERR S5 R B2 £, ik
PML A% /MRS TE . o BEJ5E 45 1 46 g DU 2 15 4
fe S5 HIER ) B2 SAHAR S F . PML B 1 nT & A
SUMO k. (&l 2C). B b kb5 2 Fh Bl A
M, 4 SUMO kA& il & 2578 *Lys #1 *Lys,
SUMO 7; 75 HEEIAN S G, A5 PML HE
5 HA 1A A AR DL R N IMAS TR A

Sp FkE i H HA NLS, Caspase 315 M 47
Siet Ryl (Caspase recruitment domain, CARD),
Sp-100-AIRE-NucP41/75-DEAF1 2t fyls, (SAND).
FEYy R PR SR 25+ 4% (Plant homeodomain, PHD)
MR EER I, (Bromodomain, BRD) (%] 3B-D). H:
#1, PHD Al BRD Wif~4s ki B80T, XA
fE 30 NEIEMAE, FME R T —4-251-Tfg
MG, REZREMIAET ™. PHD-BRD £ AliR
B ZFAE A BB A A, R H
SeAb T 2 WAk &4 .PHD-BRD £ [A] i 2 SUMO
FRABHEA 55, SUMO fJ&—Fl sl 25 (14 Bl 138 J5 18 A

W, SH5ZMENEYFER, mEERR
HEAFE | DNA figiee | Eakis
DA% 2 0 5 S 4520 FEXT Kap/ TRIM28 HIBFE
R, BRD &k SUMO fbi& i J5 o ml {2 ik
Kap/TRIM28 /i 4% % 5 it 3k 23

3 BMAMRET R

A% 7N T o R AR 20 B P — R A AR 2 i
Frs A A RNA, FEVER WAL, DA R
I 2 S A 2 SN o A /IR R 2 A
RNA 2, XL68E I E RNA 7E#% N/ MA Y IE i
MIae F R BEHEELEIER, TN e 5
WIZWT . U T PO SR AR L TR
3.1 HFIARIEA

FENLEER A, HAARE] 2%10)7 51 4 5 1
B e, HAERZBEEFEEZAEY D, &N
BT i 5L R R R AL . AR, KA RN
25 5 RR D AR AR DR, X R 45 AT 3 o A
BN o3 T B A8 A8 A0S DL 2 sl i

A7 2 rDNA 5553 (i rRNA I T A L
T AR AZ A 2 25 AR 1 2 P70 - A R
[ 2 R 25 H 3L (Histone lysine demethylase,
PHF8) i 2 IR F5 511 2 HH 2L fk i 2B (Lysine-
specific demethylase 2B, KDM2B) 7£i#17 rDNA
f1 22 W3 AR A 7 T 2 HE A FR PR 200 iy IR /M
A LIRSS R B A B IR gD RNA, G35 /M% RNA

2 PMLEAFEHEWZEHHH
Fig. 2.
(C) Crystal structure of SUMOL in complex with PML.
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Main structures of PML protein. (A) The RING domain of PML. (B) Crystal structure of PML RING tetramer.
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Fig. 3 Main protein domains of PML nuclear body. (A) PML. (B) Sp100. (C) Spl110. (D) Sp140. (E) DAXX.
B-box/RING/PHD: types of Zinc finger. NLS: Nuclear localization signal. HMG: DNA binding site. SAND:
Sp-100-AIRE-NucP41/75-DEAF1 domain. BRD: Bromodomain.

(Small nuclear RNA, snRNA) F1/MZ 1~ RNA
(Small nucleolar RNA, snoRNA), X #iFl RNA 1
A& RNA (Ribosomal RNA, rRNA) HIE
PR REER . R R/AMAR 28T Coilin 1
R RSN R 53030 snRNA 2545, dEmifestR
W R /MA S SnRNA 9454, BFFEiEs, R
JR/AMEY snRNA [ Jin TA& M LA & B REME snRNP
FIZERCAR S, A0 snRNP R IR sl = RIKTE AL,
518 snRNP A0 i [ AATE RIS /R /IMA N SR 4 5 T
T snRNP 2R IR 5 — 28, iR AR
M R /N AR R OB B T A R /IMAR LI SR
T LA A/ IMA S48 55 R i AN 58 1 snRNP,
I, R IR/ IMARRTAE S — AR5 FLE D snRNP 7
HIAZ NTE B R R 4544 .
32 RIRRIN THRE

A B 2E BB AR i T s R AR SR A
T BT, ol Z2 R 2 W ANA T S
AR o 1k F A o0 BT 1 A BEAN A (B () B

% : 010-64807509

T, T LA ) e S B R G A R S 1 A
VE B IS Wi 73 Fhras . HAET, Gem /MA
MY RE M ANTEAE , AUHNEH B 2 s s ph 4 ook
74  (Survival motor neuron protein, SMN) #i
Gem 5 1 (Gem-associated protein, Gemin),
EATH M SMN & A0, Bk SMN
3 30 S A 2 osaR AR DR B M L ZE AR
(Spinal muscular atrophy, SMA), H SMA &)
AN B = Gem /MA, TAES Sb—Fhiz g4
oG 1R Ak W —— UL 28 45 R B BE ) R R AL E
(Amyotrophic lateral sclerosis, ALS) H&# T
Gem /IMAZ FIREIR AL P ST X se B, HfE
M Gem /MA 532 3l il 28 TCIR 10 1995 995 AH S K .
33 WA ATIER

55 TS — i T R A% N /MAS, 40 Z D
RNA 456 8 [ 45 8 7E 3 2R KA R 45 RNA (Long
non-coding RNA, INCRNA)—#% 55 B 2H 25 55 s A 1
(Nuclear paraspeckle assembly transcript 1, NEAT1)
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b, IBRT A MARE, NEATL 5 2Rl ae A
X, EnLMESEN U5 1) DNA B E b fE, 76 R4
T80 g -t A Sy 5 DR T4 R =08 7 A0 B A, PR
WiWrsE 2, Z37Y)IK 1 SFPQ (Splicing factor,
proline- and glutamine-rich) 523 7454, FEmise
M T — 6 T B 0 S B I A L TR i R B it
FW, NEATUZSBEE— MBAERIAT R .

34 BANMRERSREPER

BN/MEFICEE T, Q1 PML 2. Sp &Ik
A1 p53 4%, =5 DNABKE | i, Nl
T 000 T 0 8 107 225 5 2 o i ot A O, ok s
PR H B R 5 2 VR A B AR o WFSRIIESE , BN
AMARTERE FEHOEE R IR g% B R rh R
YERT, WIAE A e L R Rk Al I8 -, to & T 7Y
THE A5 B PR R, /MR R A B
n PML . Sp it M . 1SG20 (Interferon-
stimulated gene 20-kDa protein) ;2 PA28 (Proteasome
activator 28) 2 7E T4 Z M T #eik EIHET,

[ BT (IFN-a 1 IFN-B), IIEIFHE
(IFN-y) $5A7 DURSAZ s N A N IMAN PML 2R
Rk i FE pml ZE RS g7 A T 2=
M2 TG (Interferon-stimulated response element,
ISRE) F IFN-y iifkF51 (Interferon-gamma-activated
sequence, GAS), 5HAh{L{ ISRE Fil GAS J¥41
JUFRE AT, pml JEDR A X AN ST T 56
— AR TR AR BRI e pml B Eh TR
ISRE FEAIRHI T 1 8, IR FHR 2 N,
WERH T pml ZERJE T AU 1L R T30 R AR R A
[FlREHL, Sp FHEE M W Sp100, Spl110 F1 Sp140
FEAMLETILRWEIERE . s, PA28 (11S
PN HEF) E—F IFN-y S 008E A A &
M, 25 MHC- 1 &5t n & o IFN-y 2340 ]
J&, PML N/ PA28 IR S R /IN
A mE, PA28 7E PML A% N /IMA H (48 21
il AN B, FLE PML &Z N/ IMEF E R PT RE S
B TiC B VR T P R T AR G . 5920 SRy T4 2R R
WIEN, 1SG20 HEH FEEM THMMZEANES
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PML #ZN/MER BB FR . J5h, 1SG20 2
—FPFIRE S RNA i, 133k 1SG20 AT L)
FEPUHELE RNA JREERY ISRy, X4d7n 1SG20 mlfig
Z: 5 — PR T IR PO B N B AL

B FRM, 1Kk PML & A a] #] A k
28 (Vesicular stomatitis virus, VSV) Flii
JET A R PML A X VSV ) mRNA #%
SESE A G BIAMRVEN, VSV 587 41 i 5
A I B B DU R A A A A T AR T AN
HXF VSV I s i A A 9 i R R O T
PML & 3R IEK L 5 i IR & 40 (MO,
7 MOI=0.1 B HOk g 5 52 il i 40 ikl A B2 ok 7
SR ZR AL, PML & FUFE & 5 Fes s 4E H O T
5 Mx1 EA MM, XL, PML &
F1 T Rl 3 Ao 06 i 4 A P At 8 1 T 2 R PR
BEBH AR

AN, EFIE PML O X NS MUK 9N B
(Human foamy virus, HFV) K)E4s A HLM 1R
. i 3R3E PML E X HRV &l il e 5
1 000 U/mL Y IFN-a /FE FIRCRAH 2, HFV 1) DNA
. mRNA 5k . G2 2SN, B
B SR IE MEREAR . AL TAZ N PML &, AL
H RING Z5 438l mRNA % 5% . PML 2 438 7]
PAIE 3 ) BAE 5 HFV Tas 25 (1 N Si2s4 LA
Tas 5 HFV K AK¥WHE&E 5 (Long terminal
repeat, LTR) FIAFBIE 8T (Internal promoter,
IP) WA EAEH, HEMHISS T Tas B A BEF;
SR, MESE PML 2 55— 38 2ok ) 3R T i
HEEWOER F O RE i TR A S HE AN

PML 4% N /N 5 JH A 43— 3 i 67 %o 4100 4l
Jg B IR et AT 2 L . Smcb/6 (Structural
maintenance of chromosomes protein 5/6) J&—Ff
INFE B PTE 2 FR 0 R, e 8] PML BN
IR, Z4miil 2 AU (Hepatitis B virus,
HBV) LR 4145 5% . 2k PML 8 H fl Sp100 & H
2307 Smeb TEAZ N I 43, TEW 8 X &1 (HBX)
AFEFERITE L N K HBV ¥55% 5 T AE HBX f77E
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BF, PML AZN/MAZE P IEAR RGN . S, 3
Ik DNA 43+ (Covalently closed circular DNA,
cccDNA) #55%, (UER AL Smeb/6 7 i Fil & 44
B R N

SR, REEN T IEAN BN A6 IR 78, Wik
AN T E ALY SOEIR IR NER E= (5
FERNTE (Zikavirus, ZIKV) G206 16 55
FRZAK (Aryl hydrocarbon receptor, AHR), AHR
P NF-xB XF pml SERE 3 F 306, BT
PML & HRBKF-, SEmimid] 7 PML 2 15K
SNSRI S S, AR,
[ 7Y %A 20 56 95 9% B (Herpes simplex virus 1,
HSV-1). AE41iE#%# (Human cytomegalovirus,
HCMV) . %S i i 8 40 (Simian vacuolating
virus 40,SV40) FIfiEfR#E 5% (Adenovirus type 5,
AdV5) &, fEBGLWIHABY BOls PML B N /IMATE R
HERR, TR PO /MASHR 43 B 11 O ER 4L R A
ZR Wi - RS (Epstein-Barr virus, EBV) 1
Z-RBTE R TE O Zta SR B T R
JERYLTE R OCHE S, BRI PML A A /IMA
(g “FE A0 WA BE A& 14T BB I EARA T PML A
IIMAIA AR ; EBV 3R PML B2 N/ MAIK S o2 Bt
J5i (Epstein-Barr nuclear antigen 1, EBNAL), ‘E¥
2 it % 45 P 2 (Casein kinase 2, CK2) #HZE %
PML N /IMA, PML 2 R AERERR AL, F i
Tz Z Ak Kl e 2 AR AR R R
HiH#E (Dengue virus, DENV) AY NS5 FE[H1ES
PML A% PAL/INAS A, R T4 40 i S0 2 S e ),

TEAT HSV-1 B YL 1018 R i ot 7%
i, PML SRR WEIIGE . 065 A H 4
(VDNA) A#J5, PML #ZAN/MARIMS K vVDNA,
S 30 B 5 52 BHL ;R A v B L AR 1) ICPO
Kk, PML A N/IMAZE 15 A%, BRIl vDNA,
HET G HSV-L 0 L A 5 o B0

HET, ARFUESEE, PML AZ N/ IMAZE RS R
LR N IR EYUR SRR LAY, PML AZ /IMA
PO R — R OR IS R PML P/ MAAE R,

% : 010-64807509

AR TENRL, X RY] PML B/ MA ] S8 o 28
BASIHETE. IR, TNk PML BA/ME
I SERRIR L, Wikl TV 2 AR AA AL A/
PR, RS N/ IMAR R 5 R AR B AL i B T
P/IMATERE T HUR BB L] A AR

4 Gk

AR, BORBRZ MBFFIESS, /MR
VAT AZ N AR s BRI — Bl B B AR A R,
W/MATERZ N AE W2 o BB h iy i 24 H B
e, ZN/IMES 55T | Mg & . A
T R B IR S R O X A /MR AR ) e A e R 1)
WS R, /MR AL S S ThRB e 5y T A2 2
MHARENE L, fEHnEEss. . THER
Y B 8 B S AN R AR 22 5, B/l
TRFH S 20 M A A AR 1, 3o E 3 6 AR A
HAERUUEHEIRE. Ji5h, HEeZ /M a0
PML . Sp110 #1 Sp140 %5, -t vl 3 i 5 4 i 4 A 2
s RNA 4 IncRNA | fif RNA (MicroRNA, miRNA)
LG, WS 5 A0 N B AP RO

BN/IMEFIEARZ . L A, X/
E W2 I RE R E S A WIS 46 . H AT, HEmfiEs
WP AE R B, PML % N/IMEI S s 5 2
FbRg DGR IR A M s 1) & AR G R
Yl BEUBERFT Gem /A5 283R 1 M9 228 AH
Ko XS T At A N /IMAS R R DL R /AR
I RE AT A D . HET, T REN/MESTS)
Yy s E AR LA 25 RS . XTI
IMASTREEE RS R ZME . 2P,
ARG ROy S A VAN N ST R (BN E DG
% N/ IMA R HE AN [a) AR W 2 T e A ELAA 431 BIL I 1
w5 AR S T LU R
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