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Function of Cellular Matrin 3 Protein and Its Molecular Mechanism
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Abstract Matrin 3 (MATR3) protein is one of the important members of cellular nuclear matrix protein,
which participates in the gene transcription regulation, the splicing and stability of pre-mRNA, DNA damage repair
and cell proliferation. In recent years, it has been shown that MATR3 also plays important roles in the process of
retrovirus replication. In view of the few reports on the mechanism of MATR3 involved in virus replication, this
review mainly summarizes the structural characteristics of MATR3 and its function in the nucleus, and the mecha-
nism of MATR3 in the replication of viruses, which will provide foundation for further studying the role of MATR3
in virus life cycle.
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i 386 7 25 Th g 2 DA OGP, IR 4Rk, B FMATR3%
B PRAR BRI IR K AR R 5 NI A%,
B EREEAAES, 7 RN 25 48 1 ) 2R B A,
M52 27 B AN RN R 2 0. (B2, Bk
FR 22 (RIHIF 50 % B, MATR3 346 7] 4 5 52 2030 56 S5 75
RNAMIRZH 553 R 4L R PR R A 1 5k
T2, R HEHE R E 6. % T MATR3TER 2 5
H AR T DA RTE, AR SO MAMATR3 ) 45 1) Ff
fE. EAMRAZ T RIThRE. 2 595 82 6 1 4/E L
ST AT ZRIR, LHAIR AN FAMATR31E % 8 &
I G AR AL ER S

1 MATR3BIZEFIFFAE

MATR3 & % 55 5t [ (1) B B Ry 2 —, B
FEAF R A 32 k. AMATR3ZEDR AL T
5T YR, R ats B v e B, TR
B B HE 42 K2 544 bp, %847 AL, & H B4y
T N125 kDa”e hf AMATR3 ) 45 F it 52 3,
MATR3H A7 1E PUAS B B 1 Dh e 45 M 3k, ELdE A
8 &5 ¥ 3k (zinc-finger domain, ZnF)A ) A~RNAH )
FE J7(RNA recognition motif, RRM)®!, [ IX &£ I) G
S5 AN, MATR3 IR AFAE — MZE A5 % (nuclear
localization signal, NLS)F1—/MZ% i} [115 5 (nuclear
export signal, NES)® 1L f 1% 24 2 5k 22 2 IR/ 77 2 IR
TR ) LA T R A A7 R 1Y, T 8 S 118 RS 23 P A A
TR TCFF o HH T2 o 2 TA) A B AR A B s ]
AR AEAETE e XM, 9 T e 74> 28 B R 4 B ) PTB
RRMAH B AEH % 7(PTB RRM interaction motif, PRI)
Al A T 2 WEE JF A1 25 6 & H (polypyrimidine tract
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Homo saapiens _I—..._I- 847

398-473

281-315 487-566 853-887

binding protein, PTB)-5 HAth 5 [ (148 TLAE UL,
I, MATR3H TG /7 X AT Be 2 5 T 5 HAh 4t i £
FIA EAER

H AT, E AN 4MMATR3 ZnFAIRRMIE FE 2 5 )
UMD RERE T2 o« W IT IR, MATR3 I/ MEEFR 45
PR ZnF1 A ZnF2 2 5DNALE &, 24ZnF IR1ZnF2[H]
I iR I 7445 55 DNA R 25 51514, [F i, MATR3
ZnF 25 1 300 5 40 i i 9 1 G ek e A, Bk R %
SR AR I FE S UM 5GP, FEMATR3 RRMZE 57 1)
ThREW F 75 TH, £ %3 K I, MATR3[FJRRMZE #435,
H5PTBH H M Z A ) — % b# #% & E L(heterogeneous
nuclear ribonucleoprotein L, HNRNPL) ) RRM &% #4
W AR LB, JERRMATRRM245 #4) 35 32 ] DL AN
RNAZE A 11X fh 45 4 % T MATR37E mRNA i /4
B FIRNATR E I A E R b T HI. ok, AHf
FON B G207 M RNASE A 28 (110 45 5 0L 5543 Bt
KB, AUCUUSF 5] = MATR3 RRM £ #4435 (1) fi% 1
RNAZE &7 £, I HRRM27ERNAZL & Al ke
SR,

X NAIAS [F S HIMATR3 45 W 3EAT LR R B, B
RN S FLENY . &2 K S (TMATR37E 24 &
KB A 225, (H B A AL S MR AE: &
VOS] 2 T Re 45 w3, b ZnF 25 K80 i30~361
IR K, RRMZS R 38 1 76~80 M Z SR 4 B, I
HRRMEZE ¥ 48A7 F P N ZnF 45 # 35 vp (] (B 1) . X
MATR3 VYA Ty G 25 4 35k m 1 O <3 1 2 25k R A s 73
MR B, N5 3301 P K & 2 2 [l IIMATR3 D g
SERI A FE R AT A5 R FF— B3R 1), B IMATR3
{11 DY/ Th R 45 #4387 e L S P AN 88 5 b 43 LB A £
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Fig.1 Schematic structure of MATR3 in different species
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Table 1 Comparison of the amino acid sites in MATR3 functional domains of different species

Sy apE

Functional domains
KA ZF1 ZF2 RRM1 RRM2
Species (281-315) (853-887)  (388-463) (487-566)

291 300 301 307 309 869 873 414 416 432 442 445 502 537 541 544 545
Human L S Q S S E N A% S A D T S M D L K
Mouse L S Q S S E N v S A D T S M D L K
Horse L S Q S S E N \% S A D T S M D L K
Pig L S Q S S E N \% S A D T S M D L K
Chicken M N H T G D K I T S E S N L E A N
Turkey M N H T G D K I T S E S N L E A N
Quail M N H T G D K 1 T S E S N L E A N
Mallard M N H T G D K 1 T S E S N L E A N

YA, AT BEAE DAY HEAL R RO RN &
REERLE] o

2 MATR37E ZHAfEt%  RY T &g

MATR3 1 g 48 A% 5 51 1) 320 Bl 7, AMY
Z: 5 A% B QLB B, 9 A A B 4 4 45 4 1
MESE, IE NI ] A K A BEAEH 2 5 40
fiE, HADNAMIRNAZS & K¢ 1R W, B AE % HE T 5l
AR A ol R R 4% T BRI, K&
MR, MATRAS P2 EAM EERSS T
DNA. RNA. #fiif5 5 T A4 M T 25 A1)
I FE(R2).

H B, XTMATR37E A A% H (1A R A1) 2 Dl e
IWVSRIE T 5 2 A BAEH B A A Di6e. B4,
i e £ 44 4§ £F & A 7(mini-chromosome maintenance
protein 7, MCM7) = FEOR 51 (I Ge (AR 4E 7 B 1 K
BRI Z —, X T DNAK il J3 2l 24 75 M1, Zeitz
SN F T RE A 2 22 5256 K I, MATR3 A 5 MCM7
M EAEHZ 5DNARI SE . BRMCM74F, MATR3iE
Al 55 i JiR v g DNAKE JE 11 (thymine-DNA glyco-
sylase, TDG). A KA i Fl DNA$ 4515 5 y#H EAEH
5 [ 1(growth arrest and DNA-damage-inducible gamma
interacting protein 1, GADD45GIP1)!'"), A /& Salton%"!
iz I G 3L TTTE RN A X 2B 528 CH AN F15(X-
ray repair cross-complementing 5, XRCC5). X&f£k1&
52X X H AMNE A 6(X-ray repair cross-complementing 6,
XRCCOMHHAEHZ 5DNAMEEE . NiE— 7T
fEMATR3/EDNAE W) 2 D e i (I AF 1, Zeitz=50 4

BEAT T B 24 2 07 6 I A2 I, 1R X 45 R SAR &I A 4
1 H 1A(bromodomain adjacent to zinc finger domain
protein 1A, BAZ1A). 4 4 J5i 35—fif Jie B§-DNALS &
£ M 3(chromodomain-helicase-DNA-binding protein 3,
CHD3)F1 ATP A& i 14 4 €24 )57 3 A4 [Kl - F- SMARC A4
LA K Jm ok WF 7T B A 4k Kk I ICCCTCE: & [l 7
(CCCTC-binding factor, CTCF)2", 2 Z Btk 6
(sirtuin 6, SIRT6)>"34) if 5iMATR3 & 4E 1F #H . /E
S5 Yett i B, MATR3 W] b5 3240/ I Bt 25 [X 45k
(scaffold/matrix attachment regions, S'MARs) N [f] DNA
DI ELAR H, 38 93 PRl ) e 2 21Z DNA X 35,
KA AL, MATR3 45 &2l 5 PR e s
PR AR RLYR DB i3k — 0 BT TR B, MATR33E 7]
SRR R T EAEH, W 5POU-FIYRE5H
1, ¥ 3% [A F1(POU-homeodomain transcription fac-
tor 1, PITI)AH ELAF FH RE AT ROt IGEPIT 1 4% [ 1 95
T B G B A DAL ) e s R Y. FE TR AR R B AR,
PIT X/ BT AR B HOIRBRIR R FLIGR AN
2B AV R S A M 1) 7 A 1 S 6 AR 227, MATR3
SPITUR 4% 8 5 o # D se P AR T AR T /5 22
DNA%; & [PIT15B-1% ¥F 85 [ (B-catenin) 145 5k 11
& & AT T 51 45 5 8 M 1(special AT-rich sequence-
binding protein 1, SATB){145 4, X4t = MATR3KY,
B TR ) 3R 200 2 AR, e b, WiF T8 A,
% Pl 8 A W XL HE 2% F1G1B(forkhead box protein
G1B, FOXGI1B)!"\, ATPHK #i FIRNAfi# i€ i A(ATP-
dependent RNA helicase A, RHAE{DHX9)"®, ATPHK
T RNA T & BFDDX3X 2, s 4l I NFX 12
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SMATR3M BAF 2 5 R R 1% (K2).

AN, MATR3E 5 mRNAZE i & 3 (1 RNA 0
ORI B TR D) AH K (3R2). RNALS A& 8 (A 7E 2 [
FTIE ) B — A0 TR b S 4 e o B A, A
25 24 M A% PN v PR I O %) B s A (B D R
H R AG) 2 40 M 5t b e AR B B R A TR . R
IR B2 45 & 5 M 1(polyadenylate binding protein 1,
PABPNI1)& —Fli) 12 RIEFRNAL & & H, fERNA
R 2 A0 B i % %2 ¢ H Z 1 {FE H, PABPNI
RN AR FE— MR UL E 72 A R, R
NENIR P2 HLIANE 24 B (oculopharyngeal muscular
dystrophy, OPMD)P, Banerjee %5 B! {1 78 & BHL,
MATR3 "] 5 PABPN1 £ [ 7E LA £ i h oA LA O
VTRNANN L, P93 35 m] 8 5 IR Btk SR IRt R4k, IF
B THFZEGREANS TR . R, 5
BRI, MATR3 A 454 4% KB R4 i RNA (long
non-coding RNA, IncRNA) clean-17K°f-, 5PABPNI
A —E M IncRNA Neatl /K “F 2R 4% ] 1E & 1 41
MR BT e, 7ERNAJN T30 72 i, MATR3IZE # %

SE N M BT R FPTBI R B A RO
—, i FMATR3 ZFIFIRRM 1.2 [8] {1 JC 7 [X S5 PRI
J¥ ] 5PTBE (1 FIRRM2AH 45 F i Y mRNA) BY
FEA, G4, ph2 e 15 19T 1 (neuro-oncological
ventral antigen 1, NOVA1)FI #ft £ it 988 JI5Z M Bt
2(neuro-oncological ventral antigen 2, NOVA2)P2ItH,A]
5 MATR3AH HAF FH 2 5SmRNA P By 422, 1 %A 35—
K 12 5 A (heterogeneous nuclear ribonucleoprotein,
HNRNP)/Z 5 — F 5RNAJ T 5% > J5 1 2 5] A 5%
I H, 25 R #E 3705 mRNARR E HEPIATE
FEPOSE S R . MATR3 A 5 % MHNRNPZE [ AH H.AE
Fl 2 5RNAJNT, lNHNRNPK!®, HNRNPL'"DL &
HNRNPA1. HNRNPMATHNRNPU®!, [fZ 5RNA

B AR e M2 Ah, MATR3IE T M R (A) EWLE )
%5 RNA AR BECY . [FI, MATR3IE A 5 1% 4

A & F1S15A(ribosomal protein S15A, RPS15A). 1%
FEAR R FL5(ribosomal protein L5, RPLS). #Z#{kE
HL18A(ribosomal protein L18A, RPL18A)FI % ## {4
K FL10(ribosomal protein L10, RPLIOAHEAEH, &

®2 WMERSMATRIZRHEER
Table 2 Cellular proteins interacting with MATR3

g MEAEHEA ERUDIRES S 3CHR
Functions Interacting proteins Detection methods References
DNA replication/repair MCM?7, TDG, GADD45GIP1 Y2H [17]
XRCC5, XRCC6 P [19]
Chromatin/chromatin remodeling ~ BAZ1A, CHD3, SMARCA4 Y2H [17]
CTCF GPD [20]
SIRT6 IP [21]
Transcription DHX9 1P [16]
FOXGI1B, RGS6, SLTM, ZHX1, SAFB, YBX1, RPAP1 Y2H [17]
PIT1 P [25]
DDX3X Ip® [28]
NFX1 1P [29]
RNA processing DDX17, HNRNPK, ILF2, PABPC1 1P [16]
DDX5, CLK1, SRPK2, HNRNPL, BAT1, PCBP2, SFRS7,  Y2H [17]
UISNRNBP
HNRNPA1, HNRNPA2/B1, HNRNPC1/C2, HNRNPM, p* [28]
HNRNPU
PABPN1 1P [31]
NOVAI, NOVA2 Y2H [32]
Translation RPS15A, RPLS, RPL18A, RPL10 Y2H [17]
Signal transduction PLCG], CIBI Y2H [17]
Apoptosis DAXX, HIPK1, BRE Y2H [17]
Nuclear organization LMNA GPD [22]

Y2H: B REXUAAE ; GPD: GSTHl & 82 TR HOR,; TP Sulelitit; *: I R R AH HLAE

Y2H: Yeast two hybrid; GPD: GST pull down; IP: immunoprecipitation;

R: ribonuclease resistant interaction.



ASIUINAE : 20 o 2 13 A D e X L2 5 R E I 7 1L

285

EmRNAFHRIE.

MATR3{E NDNAFRIRNAZ: 45 2 [, B 7E 41 i
1% 2 5DNAMRNA AR S AE )£ DI RESR, MATR3
W25 Z M55 R B, IINMDA S ) a3
DNAUEE Wr 22 175 1, W 3 #0822 2 R ik 2 1)
WEER A T BOMATR3 B 3% J5 81, i R E h &
F ¥ B A(protein kinase A, PKA)Y/™ S, = B4 X} 58
188f7 22 5 BRDY; J5 5 MUl 3L B R B 40 L8
K JiE 9€ 4F (kinase ataxia-telangiectasia mutated, ATM)
I, T EEXT 20807 4 & R . HH TMATR3 2
M 22 0 4 i FFNMDA 32 14 350 J5 PR AR IR A6 1 3=
BERE bR, H o & T EIMATR3 1 B i A #4804 g
ST, T PKAF I 71 AT BH Wrix £ 4E A, FH IENMDA
AR JE A T A R FE TSP, ZeitzZE i H
P B} A% A2 SE B 30 J I, MATR3 1] 55 i g B Cy1 8
1 (phospholipase C gamma 1, PLCG1). % &%

454 H A 1(calcium and integrin-binding protein 1,

CIBOMHHEAEHZ 515 9% %, SN TAHCE
I (death-associated protein, DAXX). [ Y54 H.1F &
1 ¥ % 1(homeodomain-interacting protein kinase 1,
HIPK DAHEAE S 54 iA T Sl (w70 % 30,
MATR3E 7] 5 #% £F |2 5 [ A(lamin A, LMNA)AH F.
EH, 590tz e i, DL B SR R0
ey A FIMATR3 (8 A2 4 5 D se A 33k B 5 1) 52 1) A
Fow I B BEE T A

3 MATR3Z5%%&E & HH{ERILE

3.1 MATR3%5fFERNARIZEH

T AR AN N B AR, T
FE DR 2H A fie g s 25 52 1) B 7% O BT B LB, AL,
T B e 2L F e 2 A0 B BT A A 2 A R A
TR L FE#Y . A LEDNAJG B8 111 5, RNAYHR 2% 1)
PR 2 W 5, BRI, AT S A E 4E A
53K 5 RO B ) R HEFEN . W SR EEE ARNA
T4 B I — 01, 7 E I8 G A i 2R K BEmRNA
BUWEERNAY H 40 J A, N\ G ke 55 128 (hu-
man immunodeficiency virus 1, HIV-1)F1 A\ R T-7# &2
J73 8% 1 1 (human T-lymphotropic virus 1, HTLV-1) 7 %
JH I 441 Pty G €6 Ak [X 35k 4 #5725 11 1 (chromosome region
maintenance 1, CRM 1) o BY 422 5050 40 BY 422 1 3 25
RNA HH 4 0 1% 32 21 20 B 5, s JFG 6 40 B i v e
e Ry A R AW TR VAR RS

FLHA BIE FCAIE 52, HIV-1K B 352 1358 2 Y $2 1)
I3 BERNA T 2218 1395 B RevaR [ 1 % 5 1% L FlRev
& H M2 6 14(Rev response element, RRE) 3 [7] 41
SHZHK W, 251X — R 2 &E 3 A RNAM
JiEHEDDX3. H 2 BFPIMTAICRM1 45, iz 45
K, KulaZ5EUSH] H #5415 1 Flaghs 25 IFIMS 21 B 74 2
o AAEALHTV-13E (R IRNA, M 41 i 24 A 4 v 0 ik
RE4E & 7 FERNAR A 85 . IR LT 78 K,
MATR3RE 45 G HIV-15E K ZHRNA, JF H R A 4988
79 7 5 K ZHRNAFIRREAMATR3 45 45 B 74 e 1 5t
Revzs [ B3 P, 10 $00 %1 40 B AIMATR3 1) 32 38 1) 2
F% fikRev/RREST 3 [ AR BY S HIV-12% [H ZAIRNA ) #%
o BhAh, BFFEARIESE, MATR3 2 3 5HIV-1 Rev
P ) A 2 ) R, RPHITV-1 ) 52 Ak sk
FEEA HEEAEHEA, MATR3E NRevE H 4 B
T, R R BY B RN 4 BY 2 1 FEmRNA ) %
By L, A5 CH L 4 o g B R AN L O B R
F, XA RN E R AR B, X—
R AFE K IMATR3 N 25048 bx, R FE S 251
PH BTHI V-1 D5 ZH RNAAZ i B Sk 001 25 1) 52 iad-
TSR 73 8k .

3.2 MATR3IFTmREEFEAREEMERERIL

R AR e rE EAN RS, A0S R R
B R B AR BEmRIN A B ) B 3ok T H0 2 1)
Sl AHIV-1EGe A =), 15 35 40 B PR ) X 7B 4
P19 73 55 F(zinc finger antiviral protein, ZAP)# it 5
HIV-1E R A7 7 PP 1 455 R SR L A 2 FPmRNA
e fift K Y mRINA B A LA B4t B 3 R ok 40
HIRFF R HIE, BRHIV-1LAAE, ZAPIE ] B4 fi# B
1ML 97 973 7% (moloney murine leukemia virus, MMLV)*!,
P2 1 437 3 5 (ebola virus, EBOV). 5 /K £ Jii £ (mar-
burg virus, MARV)P"H1 2 BY Ji % 773 B (hepatitis B virus,
HBV)PUIImRNA KA 55 5L R 2 ) B 6. fili
WS R I, 1 F 4RI 2 A 07 ARG UR R R g 2
AT IRI I, s 2 S 2 B2 D 25 88 S5 1 2 Al iR
1 PR B A P AR 1A 75 i i AT 2H 1 A 1 AR i AT
FARARAL B B (1) 5 | 2252530,

FEHIV-1/E% 34 40 Jf f5 () 5 1) AL ) B 52 O 1,
ErazoZEP8H| F 1 3 1A ZAPEE IR SR A6 M VS V-G AL 2 11
HIV-11E7 7 2% A& pnl4.3env-luc+H(HIV-luc)7£293 Trex-
hZAP24H g v (1) 52 1], I 0 5E 78w B 50 A R BR
MATR3IS ZAPI I HE M, LAUL BT 58 40 fEMATR37E
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HIV-1ERAREH I TER. TFRgRK, 4
PR FRIA ZAPHE KRN B S MATR 33 [RI I, 41t
HHZAPAY 3 (IHIV-1 46 23R 73 il A6 F5 Flafs, 4
T AR ZAPEE R I [F) I} il R MATR 35 DR 410 i &% 22 ]
IR B35 RE. a2 A I 41 i AP HTV-12 K 4 3R 1A K
F, BRI FERNARIE K& TR, DL EwF4s
R, MATR3ZZAPI IR R, FE 2
1l Z AP 3 17755 BERIN A P4 i SR 24 47 3 753 22 R 40 () A
€, BET AR 2 2 I )

AT 4 R (W 7T R I, MATR3IE 7] L2 5 35 5
5 5 3 N ) 32 1A 7K P, YedavalliZZPPHF 5TMATR3
XfRev/ T THIV-12E [K 21 3R 0 1 52, 45 31k B0,
MATR3 [ AEFEASHIV-1 Gaght K 12235 K #4110
%, 4 FIRNAIFE AR B MATR3ZE R 5, Gaghit [ %
IRIKP T FE3~A4, T AE R 2 i P EMATR3 )
KibLJE, HIV-1 Gagh N IR IE KV 23 BTt 74h,
W TR I, RATERevAAERT, MATR3 A Re i Il Gag i
H IS, [FINMATR3 54 T Rev/RREHIRNAS &
Zx 5HIV-1K 85 45 AR 43 BY HEmRNA B AL B H, 3L
FESEWRasE, BN BERNATELN L H R IAS, LA
HF 7T 5 B 5 BH, MATR34E NRevER 14 B A1,
AN AT A1 33 975 5 2 IR A () A% B 3 T R O 2 A
DR 2HL A5 40 B o () 3Rk, N Z AN IR R R
R, 3 A fee) B S At A SR s 55 52 1) A0 L
PO T FRIERE A SRS
3.3 MATR3Z25HMFESEHIMNHAR

B3 T FRATT VR 4 ) P T O A2 4 AR MRS ik
BT 4 41 iR cDNASE PE b K BILXS MATR3 5 55 I 7%
Jpi 7 (Newcastle disease virus, NDV)3& i & [ (matrix
protein, M){ZEAH HAE Y. M FHZNDV YL 1)
— PRI LA A DG B 1, E 0 2 86 G 4 i [R] T
DATE 4t A% -4 M ot 22 AR, I HAENDVEEAS G A
W R T EEAERSY. HFEEH, ME A AL
BE Vh BINDV 7 AR5 8 00 7 HEAT L 28 FL s 28, i m]
)7 32 4 Rk [ A R 4 R 7, (R B A AR A
A, H B XINDV R )5 BU0 Mt A A R
1 FBES8,

AR 488 6 L Ath 5 278 FEMUAR 1 3 g I BE 9 R B,
MEE 1 5 A 8 AL PE A A%, Be G b A0 ) 15 3 20
i 5 R 1) sy AR 3, I L4 v 2 i TR 4 1 A2 o)
B e S g R U (H R MR (A ) IX R 3 BEZENDV H
R FNESL. HTMATRIEA AL TS5 T 4

it 25 IR ) % 5% R 1 DL BemRNA BT 1 BY 85 A fs e
PE, BATHEN, NDV M2 il i 5 MATR3AH B AE H
TE R A1), 3300 T 3500 32 40 i 35 R 3% 52 2041
S FA R 2H K 13— D FUMATR3AMINDV M2 [ 4H
HAERMAED S 2 X, NIRRT fENDV M 41
B D BT A T AR B At

4 BEERE

995 BE V) SR G T S A B 5 A A0 B P 3R AT AR
PRI AT ESE RN EAETEENE
&, BRIk, T3-48 5995 25 52 il A0 S0 A 3G 1R 40 i 25 1%
156 FF3 995 5 1) 003 LB DL R IR R P vs 2 4 s LA
IR WS, BRI, g HA% S BT S DNA SR .
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