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Innate immune mechanism mediated by MAPK signaling
pathway during bacterial infection

ZHANG Nianqi, HE Zhan, CHENG Changyong , SONG Houhui’

China-Australia Joint Laboratory for Animal Health Big Data Analytics, Key Laboratory of Applied Technology
on Green-Eco-Healthy Animal Husbandry of Zhejiang Province, Zhejiang International Science and Technology
Cooperation Base for Veterinary Medicine and Health Management, Zhejiang Provincial Engineering Research
Center for Animal Health Diagnostics & Advanced Technology, College of Animal Science and Technology,
College of Veterinary Medicine, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China

Abstract: Signal transduction pathways enable cells to respond to different complex external
environmental stimulation in time, thus producing biological effects in response to infection by various
pathogens. Mitogen-activated protein kinase (MAPK) and its downstream targets are among the most
critical signaling modules that can transform environmental stress into many cellular processes. They are
most common in mammalian cells and are almost involved in the physiological and pathological
responses of all cells. MAPK regulates the host’s immune response to various environmental stress,
including bacterial infection and inflammasomes. Recent studies have shown that pathogens may release
specific effectors or toxins to hijack the MAPK signaling pathway during infection in two ways. One is
to degrade essential proteins to affect signal transduction, and the other is to influence host cell
post-translational modifications, such as phosphorylation and ubiquitination, to regulate many cellular
processes. This review discussed the regulation and activation of MAPK in innate immunity and
explored the complex mechanism of pathogens in manipulating MAPK activation to enhance infection
and the potential role of MAPK regulated by pathogens as a novel target against pathogen infection.

Keywords: mitogen-activated protein kinase; innate immunity; pathogen infection; drug target
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1 2 1) 57 1K (pattern  recognition receptor ,
PRRs) PR il Tl A 49y [ o B 9 DL AR A 56 23
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MyD88; B, IRAK4 5 IRAK1, IRAK2, E3
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1 Toll #5{K(TLRs)®] 4F 5 14 1R 595 & 16 % 57 F 1R (PAMPS)

Figure 1 TLRs specifically recognize PAMPs.
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JEN B e UE A S 2 (tumour progression
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necrosis factor receptor 1, TNFR1)F1 i il /&
1 % & (interleukin-1 receptor, IL-1R)FFHEY,

p38 MAPK KA 4% 4 FiF AL (p38a.p38B .
p38y Fl p385), HI MAP2Ks A MKK3 Fl MKK6
PTEBY Jun N K 3 3 B Gjun N-terminal kinase,
INK)ZE A 3 FlERI(NK]L, INK2 Fl JNK3),
H1 MKK4 #l MKK7 #5542 MAP3Ks, 11
& MAP3K/ERK % E#(MAPK/ERK kinase
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signal-regulated kinase 1/2 ,

¥ 1 (apoptosis signal-regulating kinase 1,
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kinase 1,PAK1)7E ERK3 il ERK4 bt fEm,
i ERK7 fESESR 5 &AL HRMAE Y. NEMO ¢
B (NEMO-like kinase, NLK)MIEEHLH %A
WA, TR IR 45 0 OM B4R T AR O 2
(homeodomain-interacting protein kinase 2 ,
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T T, AL AE AT 22 53 28 D 0 S0
(ribosomal protein S6 kinases, MKs), MAPK {5
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Wt )25, Forb b Ui e £ T Wl R Ak RN i
(R0 (8] 3), MR ) MAPK 3505 2 i 2k XU S
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AU (INKs) Thr-X-Tyr 5 4 % 22 12 F
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AN B U A A5 S 538 I Hh R AN TR 1Y
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W INK, 17 32 4886 (1 DVIULT- FAER T MKK4
M MKK7 SE#0E INK, #ILZ T, LMP-1 iR
f INK 3075 = B HT MKK4PY,

MAP2K ' MAPK Xf 3 I8 i 77 78 5 14
MAP2Ks X} MAPK R AL i 4 = 4, T MAPK

X HE I [T AE X T I MAPK ELAT ¢ 5P .OMAP2K
A EH MAPK BHF(MAP3Ks) W H80E 74 22
SR AN/ B I BRI R AL B B . MAP3Ks i
A F RGN [ LGS ERK E S, A
BT %8 RAS-RAF 3Rl () IR {5515 i %
PSR B 98 AE E SR A5 SOk iE , MAP3K 7EA
[l e A FEASTRVE R, MAP3KI1 A A TE
P8 e b BA R A, MAP3K3 i
ANPUMIREER, T MAP3K2 /R CHI e, X
BERIF 5T i — A 58 Y MAP3Ks 7650 0F & /i =
FAERT

| |TAOlandTA02 || ASK1 || TAKI | LMEKKﬂ' TAKI |
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| PAKI " MKKS5 || HIPKZ?I
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IMEKKI-MEKK4|| MLEK, MLK3 |
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MAP2K l v |
MAPK l l \—J,
p38B p38a L
|ERK2
| l INK3 |
MAPKAPK \J \ A / ¥ ,L l

2 MAPK ESBHREE  MAPK @it — RSB N, =00 3 MllE MAP3K . MAP2K
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FLENYI AL RESR A 14 Bl MAPK, X8 MAPK {48 7 51| [ A4 43 BAS 1] 48 531)

Figure 2 MAPK signaling pathways. MAPK pathways consist of at least three kinases: MAP3K, MAP2K

and MAPK. MAPK kinase (MAP2K) activates the MAPK by dual phosphorylation of the Thr-X-Tyr
activation motif (where X represents any amino acid). Mammalian cells express 14 MAPKSs, and these can be

subdivided into groups based on sequence homology.
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3 MAPK ERZRIES MyD88 #1 TRIF X  7f TLR 5 IL-1R ##: 2 )5, MyD88 455 #5214k
f Toll A1 TIR Z5 #4938k . X} F TLR2 Fil TLR4,MyDS88 B 45 & 75 B 3 8 ML 11 (MAL Wk A TIRAP),
MyD88 HI2Z % R/ 75 2 TR IRAK4 Sl SET- 45 Mk AR AR HT; IRAK4 55 IRAKIT, IRAK2. E3
12 RIEHM TRAF6 45 5L M REGW It ZFEEEER] s UBC13 5 TRAF6 s A E3 LS &
AL K63 R 2 Bz £ 455 - AY TRAF6 5 IRAK1 AU454 s TAKL 4545 8 11 2 (TAB2) . TAB3 fi#f TAKI
5 K63 %) 2 R1Z 2 BE E B TRAF6 454, fil % p38a Al INK i) MAPK & 4% ' TAKT YIS

Figure 3 Activation of MAPK is associated with TRIF and MyD88. Following TLR or IL-1R ligation,
MyD88 is recruited to the TIR domain of the receptor. For TLR2 and TLR4, this recruitment requires MyD88
adaptor-like protein (MAL, also known as TIRAP). MyDS88 and the serine/threonine kinase IL-1
receptor-associated kinase 4 (IRAK4) interact via their death domains. IRAK4 catalytic activity subsequently
induces a complex with IRAK1 and IRAK?2 and the E3 ubiquitin ligase TRAF6. UBC13, together with either
TRAF6 or an unidentified E3 ligase, catalyzes the formation of K63-linked polyubiquitin chains on TRAF6
and IRAKI1.TAKI1-binding protein 2 (TAB2) and TAB3 recruit TGFp-activated kinase 1 (TAKI1) to
K63-linked polyubiquitylated TRAF6, which triggers TAK1 activation of the p38a and JNK MAPK
pathways.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5304

(DGX7ES ik

Microbiol. China

MAP3Ks #{ il & F2 A0 4 & 2%, A A
MAP3Ks RELAZFIE A0S, A5 il
MR AL 515 T EHas A/ GTP BERYAHEAE
HApAKKEF B IEPES 1 (transforming
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HCV YR pEMEE IR, BRI POk UL, 4T
e 35 o S M AT P X T HE B0 Bk A R
R, JF & #E 16 MAPK 342 (K 2591 % T 5w 1
BT HA PR, 5 — 5 i s e T 8 R0
J B MAPK 3 A2 HARHL I X T4 B 2 9 - k&
I KRS M1E .

6 REER#E

[0 5t LA T O 4 TR B AR 38 7 MAPK {55
feRR, RARZERAC & kREE
FEAMH MAPK S0 DA 2 B B R G g pL o SR
T, — 8 A1 25 D A B A9 ZE V0 1] EG R i 37 784
(B ZEVPITIRE), B 0 B0 MR A
SteC J# 1 I 7% MEK il ERK H1{5 538 I kAL ik
WLEhZE IS 2 ], MimiAa Bl T3 s
JEC A 240 6 A A 000 VD ) B B A A P A

RIE—A TS TS A RE W A A A
ik E AT A B, R, AR
[0 ] 2 AT FE T VD QTR B

T, RS RE TR AR SR UL AN [ 1 32 A2
PR EsE AT DA B PR ST S ) MAPK 31215 5
P B By, R IS D R A R R L 2k Ak
AR HLE], AT LAE A5 R S5 F R b
VA TE EAME RS S5 S L BUBRY . BT
KB, Caco-2 4iffiH ) MAPK ERK1/2 g1k
S PR B A L0 A 2 B A R U g i A ik e 1
I R v AR TR AR TS I 2R O MR fk
W PE; LLO XF ERK1/2 Bl A3E 4F FH 2k
FERHIEERY, IF H. 5 nmol/L ¥k B DA finh & X Fi
S S N 5 R T DA SE APl BRI
FHIKT LLO MR ZEFLAE 11 e R i o th 3R
HAE /IMATE L ) B e A R s, — Lk
WF5E N BN N caspase-1 3876 & LLO Kk,
HE/IMAS ) 3X PTG A2 i LLO 7E BT E i fLIE
BTG PR S 1000 R LLO 7 PR A= S 1
S )R Y MAPK {5 5% 2 AL SR X LA
PEBL, (AT ety , #EW LLO myRLALIE 1
TE3%E4% LLO A1 MAPK {5515 315 £ 4
REPE T FEAEN, JF HiX a8 5 MAPK
MRk A 1 8k

S MR AL AR R A B U™ E R
VF A5 515 IR AR D W W 1R Ak - 2 B R fh %
VAR AN AR & AL AT HE o RT3 1Y
MAPK 342, 4 INK 1 p38 Xb 40 g JE 15 7
ik A FR VN BTG ol R EE AR YR, AT
DA Je A T [ 35 7 AR 14 R 7

JIRIT MAPK 48 55 S8 B, —
TET T A 2o Xof 7 38 i R SE S, g
B, B MAPK R 124216 7 He 26 50 K A5 P i
B ATAT B bR, T 5 2 M0 Il DR AR g R
ERK #4217, $E#% ERK M55 b iehm i m
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WA i AT R 2 A I AR TR YT RO, AR
i S R MLR A, ] —HE A5 A AN ] 400 ] 79 i ]
—@EPARRLA YA S, SR
HEE AT 2O 2 PR e, I, e TR
Pt 19 25 Wit 52 B JEAE 1R T 1Y 3R AR AT 5T
Ik, M A5l 28 MAPK 42 1 Ji& B 5% B 15
JEREL, 53 —TJri, Wl MAPK @12
R Pl EE T P BT R SR AR R N,
BRI AT D — RO SO B AR R T
ZHINH . HAT, 284 T2 & W
BERIAEN PR LB BEHT, JR 7R M TR] ATE R 88 12 v
ARIER T A S X e i B 2 T
3 2 X580 R0 MAPK i A2 BABL I TR A T
fift, T HREASHE 7] MAPK JCHE I G 28 11 ) Uk
BEGRE R, NI SE BB IR T 195 AR AR
JR SR TR E R
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