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 E. R (Fusarium graminearum) 5| RANEZ R BRWEEHRE ., G & B MBI Z (G protein coupled receptors,
GPCRs) R —XFEMAMEATZHR, LN TN cAMP B 5RBB T 55 T RAAMI EWBE mE XA K, B 4T cAMP %
REA M GPCRs B AW AEM B LN M AN TH GPCRs W R EEFBERBAW X R EAEEE N, AHKEH £
BEFTFE NALENELEEHTFH P cAMP % GPCR EH AT T AW B EF oM, KARSBE I E R FAES MRty
cAMP % 1A% A GPCRs:FgcAR1 FgcAR2 FgeAR3 FgcAR4 #1 FgcARS, ¥ A H T AMNBEENE e Talm b, B Fe-
cARL SN, HANBAMEE, BAR_REMOMEN, A& A KE o BiE, Pl & 60% A 4 ,FgcAR4 1 FgeARS % 4 B #%
i ,FgcAR1 FgcAR2 F1 FecAR3 1 R KD By B 45 A, X 2 GPCRs & F K %ty Ser fn Thr BB WAL &, # 9 %k
T, R BT cAMP Z R KA By GPCR & & 518 R B8 71 W X F. langsethice BIR MR E , F4 X 7R, AFARAHT K
BHTIEF cAMP X GPCR E AWM R EML A EH SR EZHIMX R, AT HADZFERLHIH KL
GPCRs W ¥ AT H A R EAAL L E T £,
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Bioinformatic analysis of cAMP receptor-like GPCRs in Fusarium graminearum
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Abstract ; Fusarium graminearum is a major pathogen to cause wheat scab. G protein coupled receptors (GPCRs) are
a class of important cell surface receptors. The ¢AMP signal pathway mediated by GPCRs may be involved in
pathopoiesis of F. graminearum and synthesis of mycotoxin. Studies on the structure and physiological and chemical
characters of such proteins will be useful for understanding the function and effect to pathopoiesis of the protein. The
cAMP receptors like GPCR genes of F. graminearum genome sequence were analyzed through bioinformatics
approaches. Five typical cAMP receptors like GPCRs, FgcAR1, FgcAR2, FgcAR3, FgcAR4 and FgcARS, were
identified in F. graminearum, which contained seven trans-membrane domain structures and were located on plasma
membrane. Four proteins are hydrophobin except for FgcAR1L. All of them have lots of a helical with a proportion
around 60% , but there is no B strand in FgcAR4 and FgcARS and precious few of B strand in FgcAR1, FgcAR2 and
FgcAR3 with the proportion less than 3%. A certain number of phosphorylation loci of Ser and Thr are involved in the
receptor. Genetic relationship analysis showed that the cAR protein in F. graiminearum has a high sequence homology
and close genetic relationship with that in F. pseudograminearum and F. langsethiae. The study clarified the
physiological and chemical characters, location, secondary structure, phosphorylation loci of cAMP Receptor-like
GPCRs in F. graminearum and the genetic relationship in Fusarum family, which will facilitate to further understand
the mechanism of pathogesis in wheat scab and develop novel fungicide by using GPCRs as drug targets.
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H AR 8k T] 7 ( Fusarium graminearum ) 51 )
TRBEI S — R R /N2 7 o 0 S5 A tH pE /N F2
U N IR R R TR R iR A A X K
AR X AR — B & A P, 3 AR R 32 R AR
B IS0, /IN2Z AR B s T AT X IO P K, E &)
WA X L X DL X P P e X i
ARG — B AT Y T 51 5% ~ 10% 1) 7= 2§t
&, RWATAED /T S B 40, 2012 4F ) IR B K
TATH VT 9548 I b Ml DX R B T & IX 7= i 48 2K
Wik 301.5~1877.3 kg/hm®?)  AHXF T 7= & Hl &
R, AR A Hik 0 DA A R AN N B 1 Y
M A, B ki E ARG R, — KR
Vi 55 5 AL A W) ( Trichothecenes ) |, %5 — 25 E 2K
595 45 Bl ( Zearalenone , ZEN ) ' &4 DON )
Tl R M 20 ) P 3 X 3R Wl 9 HLR A
Mah e 2, 5l Atk mig vkt
5340, DON B RIE SR A HEESF Eh iy e
A, DON Je HA A9y o] DL SR 25 25 1 B T N,
JER IR B AE /N R P E Y R LT
ZEN by e P 38 R 2 U, X N F fd BRE Y e R
PN == N R B S I | N R TR N ]
fEE P T 45 £ 5 b DON 7 £ 1Y R &2 45
1 000 wg/kg( GB 2761-2011) , i BH G20 8 2
T 2008 ~2009 4EFEHRE 11 & 191 0184 kA
PR B S YL S & B, DON 7 & A9 R ik
95.8% , HbR K 17.7% , Ho b 74 6 s X i B8 A5 R
iK38.1% , AL FIAE v Hb X8R A5 20 51 S 21.0%
M120.1% . Bl /N2 AR 30 K XU B 4K, ok
BEHR PR A ) B 3RS Y n) AR T N =R, M R
BhEa,

Wl B A ol B BUR U B E R
B Z — RIVE S R m AN, op 5 =%
& G B\ AN F MG 557 100 IR A =2 4 Bom & A
WHEEAR T I EEEEMGE" 6 HAMEKER
i G & BB Z 1K (G protein coupled receptors,
GPCRs) #2 il AMeE 5, JHE B B NS G HH,
MBS T WEA5 5 40 1 B SR 3G , 5 S04 i a5
RNk &AL . GPCR /v G 2 FlE 2%
ifg, Em eI VE R 25 A, H TR 2 30% 254 &
PL GPCR M AR

RASR T B4 T HAE KRR A W) R G
W 2 fif AT 2R B, G B AR I A2 1A 2 R 45 8k ) DA B0
MEZENEFSEFREZ ", Yu 5 KPR
RAFITE Y Go WEEBL GB W5, GEfE #F DON
M ZEA TR, 7F C EAMBEZERN SHES
T cAMP {55 i 2 5 5 T 2 Fh H 3 20

R R A T R 8 Y G R B (Fusarium
Sujikuroi) HI) G & FREK cAMP 84255 TR
R AR AR TT 1 ( Fusarium oxysporum ) ]
Fgal fl Fga3 #Y Ga WHE LW %, 5 cAMP-PKA
WRMICE | X eegE R, G H B Z AN
FH cAMP 55K AT BES 5 T AR EE M i o 1 3
AR R G

2 EPTIR, cAMP WY FI B R 12 Al i R R A
] T IRAE /N AR R U S R A AR R
G5z — (B B G &AMz IR v it =
9T, A SCHLHE T A W) 0F B2 ik, XA 1Y
cAMP SRR G H FUHIRZ 1A (GPCRs ) Hk (5 25
g R FCHAAE B 55 64T 3 A, IR A T il R A ik )
R Y FBUNZE AR 55 9% I AE AL & L GPCRs iy
FRR 0 PR BT R AR S A

BRI

1.1 EBRFIIBRE

RIERBHIIE F. graminearum F& PR 5 E
(hitp://www. ncbi. nlm. nih. gov/genome/? term =
Fusarium+ graminearum ) Hr 3k 4540 L Y GPCRs 25 H
FPo BAH AR B
1.2 EABESEASH

F|FH TMHMM Serverv.2.0 (http://www. cbs. dtu.
dk/services/ TMHMM-2.0/) TE £k X} F. graminearum
TS cAMP 25%1 GPCRs I8 IR S5 F AT 437 , I
AR 125 T 45 ) )RR O o7 2 ) 3 4% 2 T A 254
mEE,
1.3 TEZHBAREL 5 #7

Xf F. graminearum "% ¢cAMP 25! GPCRs
EAT 4 A7 538, #IH ProtComp v9.0 (http://
linux1l. softberry. com/berry. phtml? topic =
protcompan&group = programs&subgroup = proloc ) 5%
B, LA A 1 B s L L
1.4 ZEERBAERSN

H ProtParam B AFHEN F. graminearum T &5
1 cAMP 2871 GPCRs AYEEAL M 5T, I F F Protscale
& ¥ ( http://web. expasy. org/protscale ) X} F.
graminearum A cAR B HBATHIKHENE
1.5 BEARZKEMHN

K PHD fEL 530 Hr Xt F. graminearum A
9 cAMP 274 GPCRs & 11 AT 35 11 it — 2% 45 14 il
Il ( http ://www. sbg. bio. ic. ac. uk/phyre2/html/ page.

cgi?id=index) ,
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1.6 BEEUA S

DL NetPhos2.0 Server 2 I3 ( http : //www. cbs.
dtu. dk/services/NetPhos/) X} F. graminearum " fJf
A cAR (cAMP receptor)  H i FR b 17 &5 47
WAk
1.7 R pigE

7E NCBI 1,47 BLASTp [RIVRIE %, 375K [
TR RIIREE B8, X Bir kA 1 [ 97

S, K ClustalX #F 17 2 5 L X 43 8, B S F1H

MEGAS.2.2 B4 8 28 G HE AL B2 R A 40 Ak ik
(neighbor-joining ) ¥4 &t R 48 & B MW, & 73 3L Z 8] 1Y
FEE TR F p-Distance 57 | 3 48 W] {5 B2 A6 I R
M HZEEH KT 000017,

2 GRS

cAMP % GPCR EHFIINRE R EEREN
R DR 2 000 AR R R SRR B R A i ) TR
A 54 cAMP SZARZRAIR) GPCR %A NCBI H &
S50 N FGO1861. 1, FGO7716. 1, FG03023. 1,
FG09693.1 fl FG5239.1, $#3ERI B S5 R AR i
TIREIR A AT E AT 9, 5l ar 248
FgcAR1  FgcAR2 , FgcAR3 , FgcAR4 | FecARS, #1
TMHMM TELERAT X T ATHEAT 5 4548 1Y 53 T, 45
B 5 DEAESEA 7 LSS, mE 1
Fis
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Fig.1 The structure of cAR proteins in F. graminearum

2.2 cAMP % GPCR ZE QLA E {if
iz i TMHMM 43 M1 %F R 45 8 JJ B 5 4 cAR
(cAMP receptor )t H#EAT VA0 L& A7 (WK 1) , 45

L] FgcARL, FgcAR2  FgeAR3 ., FgeAR4 il FgcARS
O A 20 R b T g M A B R 74.9%
70.7% .63.5% .69.4% .58.8% , i /& v T-4% . 20 Jifd ok
SRBLAA | PR 5T X A5 A0 L g s L A AT RE PR ARE /N

F£1 REPHEIIE cAR TR E (L
Table 1 The subcellular localization of cARs in Fusarium graminearum

cAMP N SUE=K 14 . . N
Bk # B Jash 20 J5t AN A5 f_— I = Ve 2 N 30
FgecAR1  0.15 7.49 0.11 0.08 0.89 0 0 0.21 1.06 0
FgcAR2 0 7.07 0.52 0.08 0.91 0.31 0 0.01 0.74 0.37
FgcAR3  0.24 6.35 0.39 0.27 0.72 0.86 0 0.10 0.56 0.51
FgcAR4 0 6.94 0.68 0.22 0.72 0.46 0 0 0.98 0
FgcARS 0 5.88 0.73 0.32 0.59 0.57 0 0 1.91 0

T 2 T BB S0 240 L £ A9 AT REVE L

2.3 cAMP % GPCR EHREL4FIE

H ProtParam X AFHEI AR At T H H BT A cAR
EHAEAPERT (W3R 2) 453KV 5 1 cAR HH
TEREIEREH s PR MBS S DS H

H FecAR1 MR /KPEE A, HA 4 A M BiKHEE
HOAREEER ST RAXBEAE TARE
E=
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Table 2 The physical and chemical character of cAR proteins in Fusarium graminearum

cAMP Z{k A H 73 Fht(Da) AL (pl) L% NE ARESEE %
FgeARI 437 49 646.7 9.01 -0.177 50.74
FgeAR2 400 44 926.3 9.37 0.174 46.54
FgcAR3 418 46 441.3 9.05 0.081 47.20
FgeAR4 487 54 644.6 8.04 0.021 36.37
FgeARS 466 52 437.9 8.12 0.018 47.46

HE—2 LA Protscale T2, AR 45 B K PR B X AR 4F
BRITJWY 5 A cAR B BEAT B 7K P R0 2 K M 43 A
(W3 3) 45 R, Fac AR T 286 v (95 42 IR
(T) SRR SR , T T 22 A RIS R (V) 3Kk
559 3 FecAR2 H 2T 386 i I R 422 (D) K Pk
B, 1AL T 22 0 WA AR (V) 3 K PE A 5
FgcAR3 W T 279 (i W43 22 (E) /K Mo, T
BT 179 M B RN AR (F) 25K M5 55 ; FgeARS P

(LT 422 7 BRI (M) SRR dei, AL T 141
PRI IR (P) SRR . X B3R 54 cAR 5]
KHAESEATHE T, FeeART  FgeAR2  FgeAR3  FgcAR4
Ml FgeARS 1Y 2% 7K M 2 i mR 4k JE B R0 43 il
-193.097 ,-121.576 , —164.478 . ~170.587 . ~170.964 ,
7T st 7K P 2 R I B 5 5 A 43 3l O 142,775 ,200.159
216.76 201.296 ,198.165, iR ¥ #i itk — LR W], Bi
FecAR1 SRR 1, HAR 4 A ABKEE A

xR3 RBRIE AR EBFKEERKERERKEME

Table 3 The hydrophobic and hydrophilic amino acid residue position of cARs in Fusarium graminearum

AMP S K B AR R B K PR e B R A KRR PR IER

- . PRAEEBKEM  SREBKPE

> SRR R IE A B A SRR TR A AR B A B B
FgcAR1 T 286 -2.429 22 1.993 -193.097 142.775
FgeAR2 D 386 -2.881 22 2.476 -121.576 200.159
FgcAR3 E 279 -2.433 F 179 2.138 -164.478 216.760
FgcAR4 R 470 -1.724 F 139 2.152 -170.587 201.296
FgcARS M 422 -2.410 P 141 2.414 -170.964 198.165

2.4 cAMP £ GPCR EHZ LKLl

LA PHD HIN R A4 TP 5 4 cAR A 4
GER RASHRTTHE Y 5 4 cAR BB HSH K o 12
e, 29 60% 2545, T FecAR4 il FgcARS WA B %
1,1 FgeARD  FgcAR2 Fl FgeAR3 #F [ 454
(1) B 7 S LA, T 5 EL il e 3% LAF

80
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S
= gg m iR i
240 | iy
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RERIIH cAREH
2 RBHIIE cAR BEA ZRHEMIFE
Fig.2  The secondary structure character of cAR

proteins in F. graminearum

2.5 cAMP % GPCR & BB Y iz & T
HR P Wl 1R Ak A7 45, 70 BT, FgeARL & 28 4™ Ser,

13 4 Thr 3 4> Tyr; FgcAR2 15 Ser 11 /> Thr.2
A Tyr; FgcAR3 & 29 4~ Ser, 15 4~ Thr, 7 4> Tyr;
FgcAR4 75 37 4> Ser.22 > Thr 4 4> Tyr; FgcARS %
49 > Ser 13 4> Thr 3 /> Tyr, X EET]AE K 5 111 1
WAL A

x4 RBRITE AR EAMBEBRML LS
Table 4 The locus of phosphorylation of cAR protein

in Fusarium graminearum

cAMP Z{&  Number of Ser ~ Number of Thr ~ Number of Tyr
FegcAR1 28 13 3
FacAR2 15 11 2
FgcAR3 29 15 7
FecAR4 37 22 4
FecARS 49 13 3

2.6 RAWIIE cAR EB S HMWHMEIEFF FIH
BEXE
FF NCBI 1) BLAST Xt F graminearum 5 4
cAR #7417 BLASTp # &R, 315 5 FgcAR1,
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FIR SRR 91 WX S e 51 AT 528004, Anfedl 3
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FgeAR2 R4 K R BE, e R W —K, R 5
FgeAR4 B —25, 1 5 FgeAR3 RE—ilL, BA15
FecARS 2GR R i, (H R YT A [ Fft ) [a] 7
) Z [E, FgeARl 5 B &K & % J] W
( F. pseudograminearum ) W ) XP _0092252433.1 }

F. langsethiae ' ) KPA42588. 1 3 % & & & T,
FegcAR2 SARAHR I ) XP_009261946.1 5%k
KR I, FecAR3 5 R 4 4 71 W A9 XP _
00953605.1 55 %% K FR fiwilt , FgeAR4 5 ER A4 T 1A
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Fig.3 The genetic relationship of cAR proteins in F. gram
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inearum compared with the homologous sequences from other species
1 G ERFE ST ZWIER AT 5200 PR
FAEFNY . TERA BRI | BT R B A i A
TR FU 5 5 B R e G EEAE 1L
TR REC 245 BIUE S, AR e s 4 A R B ol

REHITH (F. graminearum) K35 /N2 FER 5
AL )/ INZ AR BN , AN s St 4t 2 0t BT T B
IR R GG = A B 2R B A N & R,
PR] I APF 5 i TR S0 1) 35 A% PR 28 3T AL X T By
2N REREAHEE R X, cAMP N B3

E2v L # A T ARAH I cAMP {5 515 T
MO0 R P e A A o 1k 5 AR AR 5T L 22 W
T 5930 B AH OC 1 B 2 SE R D 8 B 6 Y
SZAARTIFIE 1 A DL AR 0 AR SORE R A5 ik T B
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ShLl AR HE T TH cAMP ZAKJE GPCR A=W15 B2 b 103

I T cAMP Z AR GPCR 1Y 5 DA
177 BSR40 8 0, 45 R KW 5 41> cAR 4R
FHABEAT 7 A5 25 A 1R, F HAR K AT e E 67 T
AN 1 BAT B AL GPCR S5HFRE

BERR AL AN KB AL E A N5 518 I H Ty
7. GPCRs #AMHAE 5 HIBE SHIN AL &,
TEWR G 8 T 55 Sl p Y[R N, GPCRs A<
BTE cAMP {81 Y 5 FSOEE PKA B2 RS C
(PKC) ZE Al VR TF32 4K Ser/Thr 437 5 14 25 F BB
YERIT KA PR AL, N el 32 1R 5 G 4 g
I, BEIRALAL ST R IR, 51/ NEZ AR B 1Y
RAGHRITIT 5 4> cAMP ZRFAA GPCR R
A Ser Thr FlI Tyr iX 3 PR LA 45, 17 Ser Fl Thr
LG Tyr 072550 H 2 RIEHED Sex/ Thr 25 11 18§
M Tyr S A I RES S 5 MERANBERL,
M Ser/Thr £ F A2 5 B 1R 1L 19 7T AE 1 42
Tyr 25 FG = .

) P57 91 1 A SE R R B RS SR T 1Y 5 A4
cAR HH M AEA R 2R A, mT LS #0011 H
Bl cAR HHARA K, RAEHITH AR HHS
ARG HETIH M F. langsethiae 5% X R il , (H1E
BT A WAL 13 S T A RE B 4 L X9 R W
TERAT 9l 0 T -5 R A ) B I 0 S i | F.
langsethiae 2 WM 2004 418 19—~ T #UBT
BRI TITE (F. poae) JEA A AR T] # ( F.
sporotrichioides ) = & FEPE X PN T R 5 R A ik
T —FE R R m Al F I R R R . AT,
AFEPIFAIRE cAMP 32142 GPCR J [ [E] R 7k
HR R R R S I X SE TR 1Y cAR R Z [ 1Y 3
e, ATRE R T EN TR Mk,

4 & ik

RAHIIE 2 HE PR A7) P AA7E 5 > A
cAMP SZIRGERY FEASSZ AR A T A 5 25 4 duk
SENL T MM [, R FeeART Ab, HAx R K v &
Flo ST ZREH IR B], B8 R o 1R iE
FBITE 60% 247, FgeAR4 1 FecARS 1A B 5% i1
X4 GPCRs T A B Z 1Y ser Al Thr B2 AL 1,
KRBT cAMP ZRZEAL GPCR FEH SRS
W TI W S F.langsethiae [R1TRMER &, SR 2% R ik,
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