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Strategies of plant pathogenic fungi to inhibit chitin-triggered plant immune responses
XU Ming®, XU Jing*, LIU Huiquan®  (College of Plant Protection, Northwest A&F University, Yangling 712100,
China)

Abstract. Chitin is an important component of fungal cell wall. It imparts strength and rigidity to fungal cell
wall due to its crystalline nature. Chitin plays an important role in infection-related morphogenesis of phytopatho-
genic fungi, such as the infection structure and the infection hyphae. During the interaction between plants and
plant pathogenic fungi, chitinases secreted by plants can degrade chitin to chitin oligomers. As a pathogen-asso-
ciated molecular pattern (PAMP) , chitin oligomer can be recognized by the membrane-located chitin receptors
to stimulate plant immune responses. To successfully infect plants, plant pathogenic fungi have evolved a variety
of strategies to inhibit the chitin-triggered plant immunity responses. Specifically, plant pathogenic fungi secrete
many proteins such as effector proteins, polysaccharides or chitin deacetylases, chitinases and proteases to inhibit
the plant defense responses. These proteins are secreted into the apoplast or inside the cell to destroy the plant
immune system, which promotes the nutrient acquisition, colonization, growth, and development of the patho-
genic fungi. This review summarizes the molecular mechanism of chitin recognition in plants and the main strate-
gies to inhibit chitin-triggered plant immune responses of plant pathogenic fungi. We also discuss future research
trends in this field.
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Table 1 Strategies of plant pathogenic fungi to suppress chitin
triggered plant immune responses

Type Species Protein Function

Plant pathogenic fungi prote- ) o

. ) Degrading tomato chitinase prevents
ases directly degrade plant Fusarium oxysporum "> FoMepl , FoSepl ) o
it the production of chitin oligomers
chitinase *

Ustilago maydis "' UmFlyl Degrading maize chitinase ZmChi
Verticillium dahlia " VdSSEP1 Degrading cotton chitinase Chi28

Plant pathogenic fungi effec-

. . o Binds to chitin and protects fungal

tor protein prevent chitinase Cladosporium fulvum *% Avrd
] o cell walls

from degrading chitin

Binds to chitin and protects fungal

Mycosphaerella graminicola "’ MglLysM ,Mg3LysM  cell walls, Mg3LysM inhibits chitin-

triggered plant immune responses

[31] Mounting on the surface of infectious

Magnaporthe oryzae a-1,3-glucan

hyphae to shield off plant chitinases

(2] Binding to chitin and protects fungal
Parastagonospora nodorum >’ SnTox1
cell walls

Binding to chitin and protects fungal

V. dahlia -** VdCP1
cell walls
" Binding to chitin and protects fungal
V. nonalfalfae "*" VnaChtBP
cell walls
) ) Binding to chitin and protects fungal
Ma. oryzae '™ MoChil
’ cell walls
Plant pathogenic fungi effec- o » )
. . Binding to chitin oligomers prevents
tor protein prevent chitin . - o )
. CL fulvum " Ecp6 chitin receptors from recognizing chi-
receptors from recognizing :
o ‘ tin oligomers
chitin oligomers *
Ma. oryzae ™" Sipl Binding to chitin oligomers
Colletotrichum higginsianum "**! ChELP1, ChELP2 Binding to chitin or chitin oligomers
Moniliophthora perniciosa "’ MpChi Binding to chitin oligomers
Rhizoctonia solani "*"’ RsLysM Binding to chitin oligomers
i st Competing with the chitin receptor
V. nonalfalfae ™ VnaChtBP ) . o
CEBIiP to bind chitin oligomers
) Competing with the OsCEBiP to bind
Ma. oryzae "™ MoAa91 .
’ chitin oligomers
" Competing with the OsCEBIP to bind
Ustilaginoidea virens "' UvCBP1

chitin oligomers




14 VR B SF AE  ECBR I  TL TS A ) S R S ) SR g 19

(Continued Table 1)

Type Species Protein Function
PEC1666 ,PEC1961, . o
Podosphaera xanthii -**! Degrading chitin oligomers
PEC2158,PEC5191
Binding to chitin oligomers and inhib-
Po. xanthii """ PxCDA3 its the activation of chitin signaling
pathways
Binding to chitin oligomers and inhib-
Plasmodiophora brassicae "7 PbChiB2,PbChiB4 its the activation of MPK3 and MPK6
signaling pathways
Deacetylation of chitin oli-
gomers into chitosan that ; Deacetylation of chitin oligomers into
) ) V. dahlia " VdPDA1 .
cannot trigger plant immu- chitosan
nity ¢
Deacetylation of chitin oligomers into
F. oxysporum ' FovPDA1 i
’ chitosan
Puccinia striiformis f.sp. Deacetylation of chitin oligomers into
Pst_13661

Inhibits chitin-triggered im-

mune signal transduction °

o . [47]
tritici -

Ustilago maydis '*"

Colletotrichum orbiculare ')

[49]

Ma. oryzae

Ma. oryzae ™

Ustilaginoidea virens "

CDAs

CoNIS1

MOoNIS1

AvrPiz-t

SCRE6

chitosan

Deacetylation of chitin oligomers into
chitosan
CoNIS1
BIK1, disrupting the interaction be-
tween BIK1 and RBOHD and preven-
ting BIK1 phosphorylated RBOHD-
mediated ROS bursting

interacts with BAKI1 and

It interacts with BIK1, inhibits the in-
teraction between BIK1 and RBOHD,
and
ROS burst

interferes with chitin induced

Targeting OsRacl and interferes with

chitin inducing ROS accumulation

It interacts with OsMPK6 and dephos-
phorylates it to enhance stability and

inhibit immunity in rice

a: Fungi secrete protease to degrade plant chitinase and prevent the production of chitin oligomers; b: Fungi secrete chitin-binding
proteins or chitinases that prevent plant chitinases from producing chitin oligomers and protect fungal cell walls; c. Fungi secrete
effector proteins into exosomes, which bind directly or compete with chitin receptors to bind chitin oligomers; d: Fungi secrete
polysaccharide or chitin deacetylase to convert chitin to chitosan to escape plant immune response; e: Fungi secrete effector

proteins into plant cells that interfere with chitin signaling.
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3 WA RN, B 1 Mg1LysM Fil Mg3LysM %8 A] L5
JUT TRES G, D4 I v 4 i BE R Bl ) LT o
k% fi , AR MglLysM Fll Mg3LysM #RREZE & )L
T EJE R Mg3LysM REAEBHLIT LT i firh & 4
R Gy RN, FEARE 35 BL i BL T ( Paras-
tagonospora nodorum ) 3% & 1 SnTox1 HAT W
ifig , AT LA75 3 4 M A8 T LASR USSR 9 5, i
HaZswi s A ] DAt 4565 LT B30 B 40 i
BEGAZ LT BV E R DO BE LR LT B S mE 0 B
AL, 20 T Sl LT Mok 2 AR G e K
AR (V. dahlia) ™ %58 H— A ORSFRORON 85 H
VACP1, & F B A LT B45& 71, B vdepl 7
R 2 AR PR X JL T o il Ak #H f50R% , 156 B VdCP1 7] L
Y E AN A Z R AR B R (V.
nonalfalfae) 7 W — F 5 JL T 45 &5 B &H A
VnaChtBP, BE@% 5 JLT 5T 45 & PR 470 Jirt 5 TR 1 22
AHEWILT B R A . BRI Z Ah, VnaChtBP ik
RETH IR ILT i T 016 PR A8 & , % B VnaChtBP
JE LT S fih & A G A R LAY
WFFE B AP S LB o] LURH A S LT
J e 6 Sk L TBT filk & AR W S e, R O TR
( Magnaporthe oryzae) )15 JLT J5i i MoChil ]
DAsaebEgs G LT BOF Al LT 5 fid & (A6 4 S
RE L BLA R e I L T 3 e X 4 R AT 8
TRREARAR X JLT BT A et i, 4610 4, 950096 781 ( Ma.
oryzae) FIH] a-1, 375 R WG Wil 7= A5 AH ) AS 1] P i
1) -1, 3- 5 SEMH BN G 10 BT TR 22 R T, FHITE ) L
T BT EERE AR IL T B A LT B , SE kLT
R fioh 2 ) AR S

33 HEYREEEMEEHMEIELT RZEIRS

NLTREE

R 22O 98 5 L A 4 A A0 4, 11 31 o A MR
H 5 LT SRS A BRI T Bz A0 L
TSR BN, 7ok B B ( Cladosporium
fulvum) 53 W BA 3 A~ LysM 45 ¥4 38 19 200 85 H
Ecp6 , H 5 LT s b & B2 26 F, BB fg 5 LT a2
RTERVESS G LT B sEhE , FHAE LT Bz KX LT
SRR, BAR Ecp6 I LA S4fEE FaYJLT
JRZE A A EA s I T 4 BE Y T g
FRIEIR TR (Ma. oryzae) 53 #Wh ) Slpl F1/K & S0 Ak
W ( Rhizoctonia solani) 731 #) RsLysM #FfES5 LT

J SRR SRS A, 1 B I R kR R ) e S
P 54 Wi R JEL T ( Colletotrichum higginsia-
num ) %A1 5 LysM 45 K438 B9 %% 0 2 11 ChELP1 Al
ChELP2 X JL T AL T sl B By, 9F
X PR A 500 B A R 0 i FU R S R LT ek & 1Y)
MAPK il #381% , ChELP1 £l ChELP2 %if [} 5 it 2385
PRI H A AT S e B0 ) B ™

BR T 7 LysM 253k sk iy 26 1, — S H A2k
TR RN 2 (e n] ASE a6 LT Bsems , 50K L
TG SEBE A A A AN BE o A S TN R A
JERJLT BSEmE , WImmal JL T Bz LT FisE
WEr4E &, BB TE B (V. nonalfalfae ) 53 WA
JUT 454 % 1 VnaChtBP L B 5 LT iz 4k
SEF S AL T BRSERERTIRE, BHAE LT 32 AR5
JUT BgE AR Al a] KL% B ( Moniliophthora
perniciosa) YL —Ff LT 5§ 2 8% 1 2 14 Mp-
Chi, ZE AR TILT B, B8R T ILT
FRERERZE A0 IRl 25 B LT B SEbE
SKBH L LT J5R fol & B S i R TR R
( Podosphaera xanthii) LA —JA JLT TSm0
BN EE 1 (EWCA) , WF 58 32 PEC1666 ,PEC1961 |
PEC2158 Fll PEC5191 1] L4 JL T 5t S0 e it 7 A
SR fih AT A G E TN A BE (LT SR, 1k
Tk B RAS ) e 0 H B9 Beah, IRZE
B (Po. xanthii) gty — LT 45 & 8 H PxC-
DA3, % i KF 2 JUT 5 2 Tk Ak il 25 44
I, (AR B TR K AL B 45 AR REE S5 LT IR
SEMEZS A IFRRIE JU T A 5 B 00 S | S L
Tk AR S SO 25 AR B ( Plas-
modiophora brassicae) 53 W W 4> J& T CBM18 %
J% B %508 26 F1 PbChiB2 Fl PbChiB4, ¥ & A JLT
JREs Ak, vT LS LT SRS A, I MPK3
1 MPK6 {5538 6 A 30 , 28 1 300 460 L T 0% fok %
FORE D B AR S T A, RE IR TE (Ma. oryzae)
S B LT 45 A 2R 1 MoAa9l FIAE il i R
( Ustilaginoidea virens) 43 W i % v 2 14 UvCBP1
#RES K AE JL T 5 3Z & OsCEBIP 3¢ 4+ 25 & it 2
A LT o A, 30 4 JL T 5 fish & 049 7K R f % I
IO, LA T M 0 K DRI 5 0 B R Bl T A O
PR
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34 EILTHREMHERZBULATEMEEY RE

M= R A

JUT JREL 2 80 . Bh AL T & T ik /K Ak A P TR
Mt SR % 4 CE4) ™) AH Y% SR L B8 A FH LT i R
ML 2 T Fh Tt A6 o R 900 AT A L (LT
SEMEIE kAL, A5 Bh e I 2 A 0k 3kt 2 3= 1 Bl A AL
il VR 2R I L B G A LT R R 2 2 T
TR KA RE B LT R IL e R, 7R
JEILT 4y s 58 4 S BEAL 7= 400, 52 42 1t 2T
PR 72 R BELE F AR A AR/ D 7E , Higilad LT R
Jit 2 BBk Ak T k345 Halt R e G
B FRER AT ] A —SE B e = A 52
B SR S AN B A ILT A2 AR R
AR, I A BEAE R % 715 Y 52 I
RO SRR g K B, KN RS R (V. dahlia)
Oy W —Fh ZBEIE 2. BE AL VAPDAL, RERS KL JL T i
SEMEIE 2 Ak A AR B A 1) 72 SR ME , VAPDALT 5k 58
RO T 2 R R, SRR JT TR (F. oxyspo-
rum) 53U IR ZHE R £ B ALl FovPDAL 5 VAPDAL
— B, AR LT R SR 2 L A R AR B ARG 2 SR
B, AR LT 05 fik & A e RO E ) INFE AR
W ( Puccinia striiformis f. sp. tritici) 53— Z B
It AL Pst_13661 , H:4a it JE R 78 /N2 5 7% 4%
PAEAER B B R B 5 3 65K, Pst_13661 1] LA
TN TLT 0T filk & (R AEL ) S 05 O A E /N A2 25 5 1R Y
{2y SEMYTTE SLHER] Pst_13661 7] AZES LT
J, 487K Pst_13661 A BEE i< 511 EL 58 41 BE Y L
TR AL T BA S Ak s s
RIZZI % R G b T 5 % F BB I ( Ustilago
maydis ) JLT T B8 2, Tk 4K i 53 0% 1 D) g , ok % 2
B AN AR Y B 2210 LT AN ST R YL 5% | &
PR RAETENG B R e B2 p R HE AR, mtbR £
ANIUT TR 2 Tk A il 2 A8 5 DR A9 AN ) 2 735 R A 0
96 1138 WA . K & B cda2 3 4.5.6 ZFEH
ot R SR AR ARAE K I e 2 T B T R AIK, B A
TE LD | A2 e SRR ; [ B R B, 55 5 AR AR L
AR PRI T 1 IR RN R i R T R
BRBIE LT 2 T B 53 1 32 R A SO i
PR EEAE

35 MHNLTRMANEEESHS
FE 5 i L 0 T L3 BB R0 1 B A ) 44

L B SRR AN AR P LT 5 ek A e £
SR B A G ROV B, R VR T
JH T ( Colletotrichum orbiculare) FIFS IR 7 ( Ma.
oryzae) BN [R) PR A9 A0 &5 FH CoNIS1 FHIMoNIS1
REAE 4 ) JL T B 5 06 M R (ROS) 1R &
CoNIS1H] L5 BAK1 #1 BIK1 H.{F, MoNIS1 i 1]
DL BIK1 HAE, H 2 A2, CoNIS1 AJ DL 58 2 il IR
BIK1 1 RBOHD iy H 1, i# 1 fH 1F BIK1 8% iR fk
RBOHD 4+ % 1§ ROS 3t &', H I % W ( Ma.
oryzae) F| FIZUN 25 H AvrPiz-t i 13 #% 1] OsRacl
THILT FisSA9 ROS BLE™ | ARG 18 ( Usti-
laginoidea virens) 73 Wb & % 1 B 2 BR 1) 00 - 6
(small cysteine-rich effector 6, SCRE6) *") | SCRE6
SR SO L R IR S — S R B R
SCREG6 i b 53 75 1A 1 250 J1 B 5 % AIX, &% B
SCREG fEfZ /K Ag it ferh A 45 2 A/EH . SCRE6
B B K FEAR M b, 57K v ) S R R
OsMPK6 AHHEAE ], F = i i 1L, 3 58 OsMPK6
A e M, DT 33 K R B G e i i, HRTE
R IR R 22 500 s st TR 0 ) LTS fik e 1 A
Wy G 2 52N R s R BHL T A ) JL T o 32 A% L
TBTRERE R SR (R 1), TR 5 R B
IO 25 P LT 58 fivk 2 AT 40 8 1 56 AT 5k —
HRABEGE

4 RL5
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