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Molecular regulation of the retinoic acid-inducible gene-I -like
receptor signaling pathway by protein methylation
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Abstract: Outbreaks and epidemics of RNA viruses represent a serious threat to human health. The
retinoic acid-inducible gene-I (RIG-I)-like receptors (RLRs) signaling pathway plays a pivotal role
in host resistance to viral infections. RLRs recognize the RNA produced after viral invasion,
initiating the activation of the RLR signaling pathway to combat viral infection. Abnormal
activation of this pathway is linked to the development of chronic inflammation, damage to
immune organs, and autoimmune diseases. To prevent the disruption of RLR signaling pathway
activation, the body has established a comprehensive regulatory system with the objective of
stabilizing the RLR signaling pathway. Protein methylation represents a significant post-
translational modification of proteins, playing a pivotal role in numerous biological processes. The
methylation of molecules in the RLR signaling pathway has been demonstrated to be indispensable
for the body to regulate the RLR signaling pathway. This paper presents a comprehensive review of
the latest research findings on the role of protein methylation in regulation of the RLR signaling
pathway, offering novel insights into the host regulation of the RLR signaling pathway in
combatting viral infection.

Keywords: RLR signaling pathway; protein methylation; methyltransferases
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PRRs) 11 51l 95 J5 44 #H 5C 23 7 14 2\ (pathogen-
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S, il TR (interferon, IFN)AE AR A §
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1 RLR {5 53 B2 7t &4 4%
(ERAE 58
1.1 RLRs 7 FLEMI4HE

HHTC A RLRs ZEHAT 3 b, 433
A RIG-1., JEEZFEIE LA CHE H 5 (melanoma
differentiation-associated 5, MDAS) i 1% 4 5 4
Bl 27 520 25 45 [ 2 (laboratory of genetics and
physiology 2, LGP2)!, RIG-I. MDAS #1 LGP2
TESER EAMMZ AL (1) 3 HI&4 DEXD/H
box fiff e i 45 #4 1k (32 22 i Hell 1 Hel2 LA Az
T ] Hel2i ZHAL), HEA/KS#E ATP (3
RELSS (2) 3 30 C ity B O A R 35 A Uit 45 o 3k
(carboxy-terminal domain, CTD), HAn 5l ) 45
4 RNA, #5239 RIG-1 il LGP2 (1) CTD %5+
BCEA T R AR A5 S R DIEE, 1 MDAS
() CTD 4 4 33 JC 1t o EC'%5  (3) MDAS HI
RIG-1 ZE ) N 54 2 > caspase G MIZEEELE
4 35 (caspase activation and recruitment domains,
CARDs), CARDs 3% FiiffF 5% S, LGP2
1 N %k /> CARDs, #\ A& RIG-I il MDAS
AT 2B (] 1A),
1.2 RLR ESBEHESESES

i EZ RN R YL, RLR G145 4%
FE I RNA, 0% RLR {5 5088k, 51k —%
G I B % SN, {H RIG-I A1 MDAS 251 14
B RNA 288045 fir R [R)14, RIG-T i 1) F-30 51
K B8 1 e B W #E RNA (double-stranded
RNA, dsRNA) LKA 5'ppp FFIEAYHHEE dsSRNA
BURTE AR RNA, A& eE . A PE 1 980
B FHTIRPE IR 2 5 7 4 A9 RNA; 1 MDAS 5
PN K B HE dsRNA, WO . T
JHF0 7 72 A ) dsRNAISS i ok A SE B o8 %
B, —28557E RNA BE A8 RIG-T 150, tnl#
MDAS #Ul, FanE R . Ve B L
Bl G ag 1ol

RIG-I #l MDAS #U9 # RNA FUHL It A7
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AT, FEIER AFRAST, RIG-T KU AIE
fFAETHUFH, H CARDs 15 DEXD/H box fi#fiE
ity 25 # 5h 1Y) Hel2i U5 A4 WA BLAE T,
Hel2i W25 b3 w5 1m0 A F AW, Ak F—Fp RIS
TR 2SR, Y T 32 40 i A2 B B IR L )
RIG-1 () CTD Z5#4380f1 DExD/H box fift iEMF4s 4
B2 UM IF 45 5 7 B dsRNA 19 5" . Bl
RIG-I 1£ ATP 7K fi S (it fie & 0 /N 1 B i i
dsRNA Z 1, X P RIG-1 EF THHWE A
AU, R Hel2i SE45 6 CARDs S ,
fiff RIG-T ##7%Y. 5 RIG-1 A Jf], MDAS [
CARDs Jf A5 H: Hel2i W25 M3k M HLAE A, X
W 7& MDAS HA B E G PR R i . HAT,
KT MDAS TEAR 7RG A 40 v 25 B
ARZS L AL M 1 23 T HILR AT AE
WFoE R, Xolae 2 T HAME N5
MDAS5 FEAEM 8755 H A8 o B e e 1
M AR e RS 220

W75 FANM T A RLRs 25 4% 7 RNA It
WS IR, BOSIRZSAY RLRs SRR UR 215
5 % M (mitochondrial antiviral signaling protein,
MAVS/VISA/CARDIF/IPS-1) 44 5% I 14 3 75 5 .
MAVS J& RLR {5538 B (3 e & 53 7, —J5 1
HTLORE RLRs SEALBIZORifA ;s 55— 7 H MAVS
AL — (5S4 087 & LIH 55 2 59 R i
GO A, R RS T S AR SE T 2
(tumor necrosis factor receptor-associated factor 2,
TRAF2). TRAF3, TRAF6, WD HH HH 5
(WD repeat-containing protein 5, WDRS), TANK
25594 1 (tank binding kinase 1, TBK 1)1 «B #j
il X 134 ¥ (inhibitor of kappa B kinase, IKK), Jf
WIS TBKI A IKKPY 02 il 23 o — AL B iR
fe 4 ZEJEHT K 3 (interferon regulatory factor 3,
IRF3) #1 # X + «B (nuclear factor kappa B,
NF-«B) #9411 il X 7 NF-xB 1l & 11 o (NF-xB
inhibitor alpha, IxBa), ‘T2 IRF3 fil NF-xB & i/
B, FF 1R T PR IFNa Fl IFNB) IR
SE A [ 988 3K FE Rl F (tumor necrosis factor,
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LT
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Figure 1 Molecular structure of RLRs (A) and RLR signaling pathway (B).
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I B O, kR R E R, 58
B E BRI fihn, ARG L POk
PUZE R 25 AT DA o H NS5 28 5 RIG-T A7 A
YEFE, 0 RIG-T 1932 ZA03a% , ki s 3
BT 5 R AR S SN o

2 Ew B A A K

2.1 ERRBPENEIHRIFHE

MAH 50%-90% HYEE H BAEA UR 2= 2201
BRI, X —d B R FEE TEARDY
HREAET . 5 UL B 2 1 5T 5 e 18 1 A 46
i, ZEREA. s, OB KR RS
Ziie . HEE B P A b — A
) PTM, £ AN A A 2 R AT H 2
A7 i 2 1 BT F AR B A e 8 TE AR DG Y 7R
FH R ¥ T BE 2 B 3] 4 1 o 9 R B R R Ak |
R, X — IR A HAT . deH ALY
AR R R AR AR, W] KAETEH AR
BARBN FE IR LPY AT Lk
705 3 B G HE TR AR A ) AR AR L B e, (R
UL i B AT 5 R 1 e- AR 2 £
3N, AR AL . T Ak =
3 FIASTR] ) F ARSI RS SR A AR SIS I
) RET ) & AR B Rl P A, AR
BEUS A ERALASR | O 2 R AN 2 2 1 — P Bk
AT 73 R (2 A AR N R &A1)
A FR(F — A N e 2 4 ) —
HAb.

IS T BB Y T R A R T
MR8 A 5Ty 9 RN A 4 [l v, T R AE RS il 32
T W A seven P-strand (7BS) H 3 % 75 [ifg I
su(var)3-9, enhancer of zeste, and trithorax (SET)&
H; 7BS HIEHEALEG & A — M REEYERT Rossmann
FEr & (i 1 B8k B Fdlm), nTLAH SEfbuds
R . BRI . BRRAE A S ZMIEY); A
VA48 B PN 0 £ 1 ORGSR R Ak B B il (protein
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arginine methyltransferase, PRMT)J& T 7BS H 3&
Mol , AR SR 2 R IR A AT P B
i 5 7BS WA R G 2 DhREYEAIE], SET
A1 HURE R OO R ke BR AT TP AR s A
oA B G H N L -F- A 0 8 1 BT 2 R
B JE ¥ %% [ (protein lysine methyltransferase,
PKMT)¥,

AR Y 3Ll PRMT 7, HA
9 ANILE . TEMFL S AR, AR RS =R
HEAL B S B AYARE],, PRMT Al 432k 3 FliZk
A, Fod 1 #Y PRMT [f45 PRMT1, PRMT2,
PRMT3, PRMT4 (CARMI1), PRMT6 #1 PRMTS]
AL P AL TR XS R — HT 4L, 117 PRMT
(235 PRMTS il PRMTO) Ak B FH 3 Ak Rt i —
HAL, TR PRMT (f47 PRMTT)fE AL 5 2
R R IIEEST (- 24), % 9 A b B A =
J& [5] PR () SAM-dependent MTase f# 1k 45 44 15, ,
A 4 AMRSFRT A 1 A IR R -2H 2 R -
6, % i (threonine-histidine-tryptophan, THW)¥ 41
B TE MTase %514 350 B A A (6] 19 357 4544 o
PRMT1 F1 PRMT6 {{ 1 %% 1 4> MTase 3 ;
PRMT2, PRMT3, PRMT4, PRMT5, PRMTS
1 PRMTO TEMEA A S0 2 B AR AT N R o L7 5
PRMT7 #1 PRMT9 ¥ & 4 H 4 ) MTase 451
¥ (& 2B).

A OB R TP AR B A )2 B PKMT 4
T, HEIFRERH, PKMT %A 60 211,
G, Horp o R 22 B B 97 5 S R 9 PR SF SET
ity T HEPBEARLIR AR 5, SET
BRGNS RIS RN H3 HEi 4 5
" % I (histone 3 lysine 4 methyltransferase, H3K4
KMT)., A H3 #5209 H R # M(histone 3
lysine 9 methyltransferase, H3K9 KMT), 414 H
H3 i 2[R 27 W AL 5% #% [l (histone 3 lysine 27
methyltransferase, H3K27 KMT). 4 [ H3 ¥t
MR 36 W K F% Ml (histone 3 lysine 36
methyltransferase, H3K36 KMT). #H 5 [ H4 jifi
R 20 WK 5% Tl (histone 4 lysine 20
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Figure 2 Protein arginine methylation and related enzymes. A: Protein arginine methylation process; B: Protein

arginine methyltransferase.

methyltransferase, H4K20 KMT) LA Az #88 [] JE 2H £
PR F S R ),

A 5 P SR AB M 7 — 2R 50 AR B BEAH
KAAriG s B 2 OCHZEMIEN,
A . AR . AR TR DNA &
52RO Rl Y SRR A U IS B AR T

B SR R BT 73 o 4 8 AL B

WFIARZH A PP AR B A 2 R

22 HEENFEMLZINEYFINEE
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LR 1AMk 1M, B dHER TEE
By, H N e U E AR g ey, BARS
Z WP B, AT R CmEk .
WAL Rz RALEW, HRiEdEA LRI T
2/ 8 PSR AL Bl JE 10, AN R A
ST 300 3ok B R G £, Jo 42 foh B0 i) 3 2H 2 1 I
R SFE R KR, A W BB TE
P R b R RO

LA P LA R & 7R H3 FI HA (RS
GRS A TR AR HE b MR P By £
PRI HIT., Hu 259 Wang S F5¢
YJF B, H3K4me2/3 7E 4 A N J& i o 4 15 5
{5RNA A1 11 (RNA polymerase 11, Pol II)7£ it
Ui 3 2 DX B AR, B3 S A 4 2 S R A
IR IR, MEHEX R SR i AT A4 . Wang
ST K B A R W L B i complex of
proteins associated with Setl (COMPASS) % Ji%
) /0 L BRI I A 1 3 (muyeloid/
lymphoid or mixed-lineage leukemia 3, MLL3) /I
PR/ T B0R G35 & 10K 8 1 4 (myeloid/
lymphoid or mixed-lineage leukemia 4, MLL4) JE
BAHRI ZE A EEY), T M H3K4 7Ei 5
TFAbRy s S L, H H3K27 4K L kb &1
e fm) 7= A T 20 o A R PR BT ) 3 M 5
WL Hyun FE9RF57 % 90 H LRSI G9a Al GLP
() 57 R AR AT TR B L T X oo H3K 9 #E47 HLH
FARA W AL, DA R 23k o Tachibana
PO S & A2 G9a 1A 1) YL €4 H3K9 Y
AT BRI G kA B XEE, S5 LT
T RE N B TR . Laugesen Z5PUHFSY K £
i 25 %) 2 (polycomb repressive complex 2,
PRC2)J&—Fh e (0 FTAH DG I FH L4 A0, Pl fiEAL
H3K27 BRI . IS —HEEk. Sankar
025 3o A /N UV AG T 40 M pan-H3K27R %
ASRUEW] H3K27 J& PRC2 MU EKY) . H AR
PN B H3K2Tme3 FEAE R IH T HILE E
B B S AR DR, A AR T BB LG AR . R 2
i 35 b T LA 98T sl 9 i 4% 2% Bouchard
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AP & B PRMT6 Ak H3R2 NN Fk — 1 3k
A BT 5 B0 114 55 DR 4000 ) 0 3 i - 1 35 DL
I, 0 AT 52w AH 20 4 A A e ) (H3K4me3
H3K4me )AYH L. HILFE L CARMI n] 4
H3R26 & £ B Ak & M5, X — B4 &
H3K27 = WAL 1, AT 2 ERE
1 (polycomb group, PcG) /5 ) 3 R 11|61
2.3 IFEEEMBEEREIRRNEYITEE

A 41 8 1 H SR A A 0 UL T8RS 24 1 A
MR, AN Y TR R Y 58 TP BB
TCTR B TR R R SR A O A . R
)5 P T 48 DL R e S A {553 1) A% 2 e 7R
R A RAE I o

p53 JE M IR T B BB 9% e 2 1 — A
HEEIEY), W2 A e S 8 rp 58 722 il %
43 P91 Wang ZECRFIT 4 R pS3 S Y 3%
0 SET and MYND domain-containing protein 2
(SMYD2)Hy#l4%, SMYD2 7 K370 {37 4/ Ak,
p53 AT pS3 AYHE SEIEYE. Hamamoto 25%%1%:
B SMYD2 A PLFEAL PR TR I 900 40 B 2K
A 51 1 (heat shock protein 90 alpha family class B
member 1, HSPOOAB1), il 14 Ji 41 g (1) 3% 5,
XA B FIT & FEREIRYT TR . Cho A51%1%
M SMYD2 i 1k ML M B BE 41 M L
(retinoblastoma protein 1, RB1) K810 F H 3k, ,
HEIN G Sk 1 E2F R skl e, S2um e 1 By
MEAER, fedEgniafEmmgERe . Yang 559 %
PRAESE R Feak P45, PRMTS il i 545 H
Yt PRC2 A% L2 o1 SR B zeste JE PRI 5% £~
[F]J4 2 (enhancer of zeste homolog, EZH2)%5 4,
DA 00 A 240 e ) 300 8 P ARORSE P 3 k4 0 9 5 2B
(cyclin dependent kinase inhibitor 2B, CDKN2B)3&
(%% 5% . Chen SR 5Y & B PRMT6 HEALH
5 5 SR S P00 R 7 3 (signal transducer and
activator of transcription 3, STAT3)7E R729 {3/ j5. &
AR AL, X — H SR ABIRAT B St
FLIRE B SR A AR R TS bR S v 0 .
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3 FAEEAEAE A RLR 5
E@BHTFHREER

3 EBRPEKEIEX RIGT
MDAS BYIEIE{ER

RIG-1 #il MDAS 1f 24 RLR {5 %5 i #% 1Y
PRRs, A AU EE £ 0 RNA, #E IRF
NF-xB, ifSRERFIHFEE. HEAFRLE
B AT LASE 3 5 0 RIG-T A1 MDAS 1) 36 3k 5 42
UK 7 KR I . Spalluto S5V % B TFNy
A BT L /D o 21 R R L FE RS I G9a XA R
H3 #i 2R i = Sk i1, 958 RIG-1 330+
FOECE , TR SE RIG-T 193535, Zhu 2507 % 31
B fa ) PRMT7 A RIG-T {5538 #% £ 1]
8 5 DU B K SR P2 IV o Srour 25 % BE
PRMT7 I 38 &3 X 20 £ 111 H4 RS (i i 47 — W gk
& i, 0 RIG-1 F1 MDAS 195 h 1 30 |
PEMI I RIG-T F1 MDAS B3k,

R4 8 (1 AR B T LA 520 RIG-1 5%
MDAS X RNA BRI S5 85 6k i1 KR %
FER N o Zhu P20 5E %% B PRMT3 1] L4 4l
RNA 15 S PR TR R o i hy, i —2
& B PRMT3 1] 5 RIG-1 fl MDAS tHEARH, If
B 58 RIG-1 A1 MDAS AN X B — H B AR A& 4
XM 2398055 RIG-1 F1 MDAS 5%5%; RNA 1)
455K 3).

3.2 EHERPELEIHXT MAVS BYiFE
EA

fE RLR 15 5 B O S 2EAX AL, MAVS i
i H CTD fliE fE R ARSME L, FIHH CARDs
5 RLRs M EAEH . TR, MAVS H
AT RA G A 4E TBKI 7EN B Z R e (55 8 H
TELORARNE LR, SIS ALK BT B e
J NN, IEARSR R IE R, MAVS LY
H ARSI ZE RLR {5538 BEE0E W FR v R 45
BAEM

Zhu FUOVE S R, TETOHR B R 1 O
T, 15 E& M PRMT7 7] UL MAVS & 145
52 o K IR A A T SR A B A, DA I A
MAVS 5 RIG-1 Fl E3 1z R # #0537 1
EE 31 (tripartite motif containing 31, TRIM31)
254, BLIE MAVS ZRIKIE A RLR {545
WSRO s M 1E £ BN LS, PRMTY
55 32 kG AR kA A B L, Sma il
Mad AHCE FI(SMAD)F#5F E3 17 R R S 1
(SMAD specific E3 ubiquitin protein ligase 1,
SMURF1)# MAVS #5535 PRMT7 4565, i
T PRMT7 &4 1 AR RE MR, T2 /% PRMT7
X MAVS #% B0# . Bai ZUHFR K0, 7E
ToIs F YL S B0 R, PRMTY A %8 T £k ki
i, IfEfE MAVS 1956 41 (RIS 43 (kG 2R
KW ARSI EE S MAVS 2 Y H R
£ N EERYE EANESS PRMTO 52k 4f#
B, fEBERXT MAVS B, S0E RIR G E RN o
Yang ZEUARF 5 W], W RIS F R PRMT7
Wal LIS MAVS #HEAEH], JHE MAVS HH2 TR
55 232 i &R P AR, IR MAVS
5 RIG-T iy A B AE LA & MAVS R4 24
RNA WL 5 PRMT7 T35 MAVS f#55,
R232 # B L AR gk >, BOTE B B e % R

1 (& 3).
3.3 ERFRBELEIEX TBK1 BEE
1ER

TBK1 fE & RLR {5538 #% b (1 5C 3 g
1Y IKKe BB AW . %RE AW — )7 n] LI
I IRF3 Fil IRF7, 55— J5 1 A LA TKKo/Bly
BAEY, E—2 0% NF-xB., IRF il NF-xB AJ
PAPMRDA S IFN-T A9 7= AR, Lin 758 36
BH , %F 45 5 H 268a (zinc finger protein 268a,
ZNF268a) X TR 175 F 1Y IFN {5516 F 26 HE
L, ZNF268a 1] LI fi 2 1R 1 254 4 filf SETD4
5% TBK1 L, S TBKI1 755 607 f#i &
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Figure 3 Molecular regulation of the RLR signaling pathway by protein methylation modifications.
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