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A% IR B IR 45 K 9K A P2 A5 5 3 i 0 J ) ok R
U IRE. Hik, PF5IF#%i3 DEAD-box
fifk i€ T £ 11 8 I s B RN e g T A e A v B
EOERA T AEENE XL, BT RERIMETHE
DEAD-box fif e il ¢ 1 1 573 1995 75 % e v 473 1Y)
AN A £

1 DEAD-box # e B X Jk ty % 1 5
7 B,

DEAD-box RNA fiffig i 5 % J& T H.4% RNA
fRERGR AT SF2, 255 4l LI B0 i) 5 KA e
MRz —, HETZMH AN DEAD-box RNA
fIEREA 36 Ao XFIRAEA R YR b BHA = R
TRAFIE, EATEES R FILFAE, B B ot
B KIS 2 AN TA RecA L5,
GERER A 9 MBI IR . P Q.
IR NS~ 95 0 EINIE- 95 3 LIS 35 B | IS 95 B 1 NS
FE IV, B VAL VI 1), X SEIEFIE
T RNA il ATP 4540751, HAp 3P 11 DEAD
(Asp-Glu-Ala-Asp) & IE IR T4 & e R ~F ), e
RV ERTE MR LY, IR R W 44 N
DEAD-box ff#ffie iz il . Bz ok, il ez O
DX 3 A R N S S M RN C i 25 AA) el , K BE M
JLPANEERENLA AN ZIERAE . AT AL

N S 546 Fl C U2 A A 22 50, 2 X 43 AN [] J
M EE R WP S ik e g R AR i T
DEAD-box fiff i€ it 5 HAth 25 171 )57 F1/sk RNA #9AH
HAEH . K44 DEAD-box fiff el i W58 B,
XEHE TS5 RNA R 24 R #fifk
45 . AR mRNA B54% . mRNA i H R 48 DL K
BB B & AR, e st f v, e AT
et R AR JF RNA Ak . H9% RNA-FE [
JRE AW . ATP {KHiH) RNA 454 f1 RNA XU
Bk,

2 DEAD-box f# % B K ik 2t 5 & 3
FE W 5 T 1E A

15 T 20 M 52 B R N, F e e R A
o R B AR SR TR e R SRR T
JHTEM) RNA/DNA FHE,  FEanh ¢ RNA/DNA
ZEFGA dsRNA K il A . &> DEAD-box fiff
My RNA 56 8 F R R Bl e s b & 45
HEAEH] . EC MBI, 2 M) RIG-1 B2
PR F B 5 E B RIG-T 8028 8 R LA ¢
FL[A (melanoma differentiation-associated gene-5,
MDAS5)ifi i 5755 RNA 454, #E RLR {5 52
B, FiA 1 A48 (Interferon, IFN-o/B)AYEIA
Xf RIG-1 Hl MDAS (9450 Hr & e TR RA
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N-terminus ----| Q 1 Ia Ib 11 m | ----- v v A/ p— C-terminus
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Figure 1.
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The motifs defining the dead-box helicases.
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DEAD fif i Fi§ &% 0 45 M 30, BN E 148 )8 T
DEAD-box f# iR 5 . RIG-1 W] P51 A N i)
JEE RNA I 5 dsRNAs & il el &, i
MDAS HE4S G KM dsRNA STl drlfA . B
DEAD Z5Fg341, EATE BA I A R & T Y
BN L5 H I (CARDs) ), 5T RIG-1 Fl MDAS
#hid it CARD ZEHIES G I BOS Sohi iR i i 4
¥ K BT K B {5 5 25 [ (mitochondria antiviral
signaling protein, MAVS), 5|2 IKKe (IkappaB
kinase)fl TBK1 (TANK-binding kinase 1) &%)
M%E4. AR5 IKKe/TBK1I A& WEIE IRF3/7
(interferon regulatory factor 3/7)BER 1L %51
LIS TFN-T 365, [, 15 3 58 e Kb
PEHCR, TFN-o/B DL F 233801 55 733 14 75 ORI
[REZ K, G JAK (Janus kinase)/STAT (signal
transducer and activator of transcription)fs 5 ifi
H, FHE AAS IFN fEOE R Rk s T
P F R IE DAL 58 ZFh RNA fif e , 61140 RIG-1.,
MDAS5 ., DDX60 I DDX60L 4.
FEBA 5T sh & B DDX1 Al g2 i
ST AR P R S AR S B IS o Zhang
SERIE AE NIRRT I 45 G poly(1:C),
¥ {5 5L 45 DDX21 1 DHX36, #RJ5id it
DDX21 Hl DHX36 fil & {5 5 %3 23 TFN-B™,
I IFN 15 S5@ % . 40, Zhou 55 & ILTENE iH
R P e MR B (transmissible  gastroenteritis
coronavirus, TGEV)#f5¢H, DDX1 #1 TGEV iE
ZEMJEE A nspl4 FLEERAIFAY 1 BITIRES
i B R LG 7, Wi A% T «B (nuclear
factor kappa-B, NF-xB)i% T (1) IFN-B j=4: . DDX1
AT DL i -5 1 B 8 % B (foot-and-mouth disease
virus, FMDV) 3D E 454 edt 1 8 IFN 7=

AP IR TFN-B 2 2 7 T 5 40 i 14
WIGSHE, BEIHIEEER H 8.

5 DDX1 2518, DDX3 2 fie 76 15 e
18 EA A PR S e AT L2 5955 RNA R511
RNA f#figfgZ —, %R RNA B0 A
Hg 9 Ko 47F DDX3 % 2 JH%5 5 (hepatitis
B virus, HBV)& il {A&SMIF5E & 3 DDX3 id@
A HBV #9IL40 I35 DNA % okl HBV
s RN, DDX SR S K
P D RE b AL 45V O 2 11 5 5 A A B 2 A AH HAE
FRSCEE, ek K5 5% 5. DDX3 il
Y TBKI/IKKe &5453#0E IRF3/7 {55 2L 1Y
HBV B fE F AR SE RN (8 2). Li 55
RUZE L, DDX3 78 & §#U% 7 (Dengue virus,
DENV) F iR e o #8 rhid 1o 75 3 IFNB 1977 4 &
BEYORSEERT, 78 B R &% B (influenza
viruses, IVs)BF5EH, &3 DDX6 /E5 RNA
AL RS, W3R T RIG-1 A 51 IFN-B 1915 3%
K XS SCE AT S UER T DEAD-box fif i fiff
A BT O X 2 2 A £ T B DA %
MR 8 RNA. Aantk, DDX KGR S5 i
AL T — D ELE W PLH —HM BT DNA R
Al B A BIPESE, AT T cGAS-STING
i&12, c¢GAS (cyclic GMP-AMP synthase)X} DNA
AL T 0™ A 3R 4 R (cyclic dinucleotide,
cGAMP)Z; & T4l 2 5L I I #4 2 A (stimulator of
interferon genes, STING){55, ¥ S% TBKI1
MwBERR L . SR, JLAEAHGEFR DDX41 7E
cGAS-STING @iz g — I EEMEA . EIEH
4li 92 9% 7% (herpes simplex virus, HSV)E&HLFl
B 7l DNA ¥y seh 5224 dsDNA &84
Chang CJ HIBFFE R IL DDX41 0] L5 T N5 M

http://journals.im.ac.cn/actamicrocn



590

Shujuan Xu et al. | Acta Microbiologica Sinica, 2021, 61(3)

S"-ppp-dsRNA  RNA

poly(1:C) MW .

[ \ |

\

i v

\’ ' ®
DDX U1 3]
DHX36
‘\ M MAV)
M
> 4

@ ®
o
\ NF-xB
S >

DNA virus

|
I
1 \ 4 ! !
! 1 I
p30) p63) < IRF3 )@,
N | | o
| o RF) re7)® r | I
\ / \ / ]
C D C D A C D ,5 C D D ; l') Cp
Nucleus N > » | \ S
NF-xkB I %) |
pS p65%:% %’%I »>DDDODC
! | L
' ! / [FN-stimulated-gene
(ISG)

V /
D <|INIIN(\‘ W 4Il’ AXDOAXDPAXDA !

Type I inteferon

2. DEAD-box fEIEEE E AT E S R EHXESIBI

Figure 2.

B 1 i) STING JE UL &4, T il & TBK1 B2
AL B T i IRF3 Hl NF-xB, 51 IFN-I 7 AR 1415]
FEVLZ IR, Ma G4k S2UER] T DDX41 45 &4 i iy
T poly(dA:dT)F1 cGAMP #3175 5 r= 4= IFN-B
(13X — L AU, eI WL, DEAD-box ZIEFEN
XoF 9 B 1) B 9 Y IS AR S R S B ) T
() Fsf 3 S0 B Y 000 44 o

3 DEAD-box & & X kit =¥
Hy IE 8 ¥ 1E A

Y BE7ETE F AN B N F R S PR R R0 TE
i AUt A %5, Kb HRZL DDX f#iE
M Z R . KR B FEEeRE DDX1 724
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DEAD-box helicase positively regulates innate immunity-related signal pathways.

o B 52 1l A B R T DR s 1 10 B, Bl A8
A28 B BE 9 B (human immunodeficiency virus-1,
HIV-1). I8 (hepatitis C virus, HCV)., % &
P - 0 25 A5 4iF e R % B (severe acute respiratory
SARS). Z& P i b ik 4
% (venezuelan equine encephalitis virus, VEEV)
1 JC %5 EE(John cunningham virus, JCV)ZE!7,
TEFT BT FeA 14550, #8059 H 5K BT H2 110
HIV RNA B AN iy s 2 s sk i 1
Y8 9% 25 [ (the protein regulator of expression of
virion, Rev)5 Rev M) JG14 (the rev response
element, RRE)Z565, I LAWME R 7 AT 52 R 4k
Hammond Z£890F5E & ¥ DDX1 £ HIV & il i,
AT AFEAR N 58 Rev (19 HIV ¥R BAR T, 78

syndrome coronavirus .
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K55 RRE #l Rev HIEM BAEMIElifEiz 84
KL E Rev B FIZERALIS ., BRLZ AN, 7
Lin Z5 A998 HHif & B DDX1 Y 35 B4R 2 4E 15
Rev/RRE % it 515 5 G W W ta e M, DT O
Rev & H B E#E A

DDX3 ) N KuiHA NES J¥4], NES /&
—RIi%EALE S, I NES F 41 (25 11 7T LA 21
MuAZ ZERR BN ML o Yedavalli 5 A5 Fp L IE
S DDX3 K512 811 Exportin-1 A LLZEHRF
M, 3 HE 5 Rev/RRE/CRMI iz E & W4
A AT SRR SRR 3 B9 4 HIV RNA AR
A% 3 40 5 1) i S o AIFSE N D16 DDX3 #£4T siRNA
I AR AL PR & B Rev/RRE/CRM1 & A1k
ThREWE, DA ST Rev & RS HIV

RNA #3222 B 777 Rev & T AESM , DDX3
W EHE S HIV-1 Tat EEAMEAEH, S Tat 5
fISNBELL B HIV-1 mRNA 9 H13% ), ARk 05T
KL, T HIV () Rev I UIRET BAREELFh
DDX & 5, DDXS5 (p68). DDX17, DDX21,
DDX24. DDX36. DDX47. DDX56 1 DHX9 13
W, IFHEEEAT Rev & FIAOIHEER 2 (1M 3).
HATEE XS HAl DDX ZKG G AT, Xk
BRI SR Y [ A S ) RO T i b . =
Hr, DDX5 A E R i B+ SN s AR 45 i 2R
H B S e BHEHE G5 , 641 SARS-CoV fiff JiE
fiff nsp13 #E 1 .HCV NS5B & (1422 5 DDX3
R Upadya 2548 HCV &R YL 1 F A rh %
B DDX5 k= C Iigss e 25 A I A% 587 5 o 3]

DDXI1
DDX5(p68)
DDX17
DDX21

{ DDX24
DDX36
DDX47
DDX56

| DHX9

3. DEAD-box f#HEES R ik AL 52 (R HE % H 18 5E
DEAD-box helicase family promotes virus proliferation.

Figure 3.
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A b RE P, A RNA R EEE DNA
i EE e Hela MM EIPLTE Caspase3/6 BEAS(H
DDX21 &4 HAEIH], VIG5 i DDX21 23 A4l
IR SRR AT B0 TN A 7= A 00,
DHX15 Ali@ e dF HBV a5 /%0 ) sh G 1k
H45H HBV RNA #5535 )i 114 HBV DNA & fil°Y,
Jin ZER9RFSE & PAE PRRSV 4t MARC-145 Zififg
mF, FEEEE T nsp2 B9 N ¥, nspl0 [ H ] Al
C i/ %lES DDX18 454, FFf# DDX18 Y4
ffLE AL N N R = T, 2 PRRSV WY&
B Feng %515 RNA i 22 Yead 72 P & B DDX25
LT DENV % #1755 19 IRF3 F1 NF-xB 1%
PRBAET IFN {5 5, ks DENV FIHTE
PRk A s A H P, Zheng 5§
iF5E4E 1 DDX46 v] LLE A7 CCGGUU Jt
454 MAVS, TRAF3 (TNF receptor-associated
factor 3)Fl1 TRAF6 45537 . fEI# 8L J5 , DDX46
WHEE R DEAD ff# iEBFEE F 5745 T moA JIit HT 5k
fitt ALKBH5, m6A X L0 8% spA i H 5
FBEAY, Ll Sl SRAS: B ZE A AZ v, R 1
TEMMBBEFmE T FHREN > AP,
FMDV &SN HilWF5EH, DDX56 @ik IRF3
5 1POS (importin-5)#AH &/ A MR 1 IRF3 #A
¥, BZWDREFELIER T TR AR,
[IHE, 72 R/ RNA % 35 B A9 I O DL % 75
(encephalomyocarditis virus, EMCV)fF55 H & B,
EMCV L A] LA FH DDX56 4 Ay 52 il i el i A1
TORTE BRI AE . Wit DL R R, e
237E DEAD-box fif i i 4 i i % 76 1 3 4 it
530 , BURFI A S AEZSHE N S T4 6
FEAE, BHBTS R e fs Sl psie 3, LIks|f
REREIR I H 1 o
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4 RZ

Y& A 1k, SCHRAR I ) DEAD-box fif i B %
5 SRR 56 R T BE SR VKL —Af1, BUORMZ KR
F O3 A 9 T SR G 5 | A 5 R S 8 R R i
AEFAE, fn TR S RNA fRiERE7E
VIZIr A EAE R . Hk, DEAD-box fiff i i}
55999 1 W RH B B A e B R ST ] — R
DDX fif i i 23 LA Z Fh )y X2 500 85 19 52 i i
HIZA BB, X424 RNA 4541 RN EE
FIF 2 BN T RRELEN., FHE, LR
DDX 2 51 WA 5% 3 B fige Je T 0 P 0 i
BERUN AR DA AT DY o A NARH BOSHR, &8
5y DDX Z5 A 79 BRI G i 0t 53 v B T T
PR — 7 THI W 2 1Y [ A il AR s s —
HITER B RNA 8 . #9140 DDX3 #l DDXI1,
EATAUAT DIAE R A2 B R 5 8 RNA, A L
1§09 B 19 200 7% ot A DDXS (P68) Fil
DDX17 (P72/P82) B Uk 5Z & i1 # [a] I % & i
70%¢! , J B7E Fuller-Pace &5 i F 28 /i A L EA]
FEIE H A0 % SRR RNA B3 FIAZ A A )
B BT TR R ALY T RE o HZ 00 B B e
J5 T B ST I, DDX17 78 8 ] 7 A7 Je % 7
B} (Bunyavirus) ) 24 4 #4% B¢ (Rift Valley fever
virus, RVFV)FI$7 5% Wi EE(La Crosse virus,
LACV), 1 DDX5 ANEAIEMAIIFE. DDX17
REMLSEY RVFV B mRNA 254G, s Xt
CT Fil CA F & s iy b ; ok id &k 3 DDX 17
5 RVFV f—F pre-miRNA & IJeZ5Ai5e 5
il o H & AE KU PE T R K B (vesicular stomatitis
virus, VSV EEIF5T H &L DDX17 53575 = il =2
JekF, R DDX17 Xk aE FIME A PR,
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DEAD-box RNA helicase family in innate immune response
signaling pathway

. 1 - . .2 . 1*

Shujuan Xu', Jingying Xie“, Ruofei Feng

: Key Bio-engineering and Technology Laboratory, Biomedical Research Center of the Northwest Minzu University, Lanzhou 730030,
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Abstract: The innate immune system is the first line of defense against viral infection. Upon virus infection, host
cells trigger immune response and initiate the immune mechanism of inhibiting virus replication. Meanwhile,
viruses have evolved various mechanisms to counteract the host innate immune signaling pathway, including
evading from host pathogen recognition receptors recognition and hijack host proteins to facilitate their own
proliferation. DEAD (Asp-Glu-Ala-Asp, DexD/H) helicase family is a class of functional proteins existing in host
cells. They play a key role in various cellular processes, such as transcription, splicing, mRNA synthesis and
translation. Members of this family have the ability to recognize RNA and participate in multiple cellular processes,
so they can affect the innate immune responses caused by viral infection in many ways. This paper reviews the
research on DEAD-box RNA helicase in innate immunity to provide reference for related studies.
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