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Advance in functional research of G protein-coupled receptors
in phytopathogenic filamentous fungi
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Abstract: To determine the structure, classification and functional aspects of G protein-coupled receptor
(GPCR) in filamentous fungi, and to determine the relationship of GPCR between filamentous fungi and
other model organisms. Based on the reported GPCR in the model organisms and filamentous fungi, the
conserved domain was analyzed by SMART web service, and the genetic relationship between
filamentous fungi and other model organisms was identified by Clustal X and MEGA software. There
were seven transmembrane domains of typical GPCR and novel GPCR with PIPK, RGS and other
conserved domains in filamentous fungi. The classification of GPCR from different scholars was
identificated, as well as novel GPCR has special function. The model organisms GPCR and filamentous
fungi GPCR can be grouped into each category. The number of GPCR of filamentous fungi was less than
that of the model organism, and the number of GPCR was not the same among fungal taxa. GPCR in
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filamentous fungi contains a number of other conserved domains in addition to a typical seven
transmembrane, which provide important theoretical basis for further study on its function.

Keywords: Filamentous fungi, G protein, G protein-coupled receptors (GPCR), Function
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Figure 1 The distribution of the GPCR in different species
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Figure 2 SMART analyses on structure of typical GPCR in different model organisms
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LERIIRAIF FRI AT, U0 C. elegans Cemig-1 (%] 2B);
7 —EAAT FRI J5J7, W X laevis XIFz7, C.
elegans Cemom-5 Z¢, [A]i}, #4EN & T A4 JCH:
KL, ATRLEE GPCR 73 I8 , AN A NS 11 GPCR
4. X. laevis X1Fz7., D. rerio DrFz7b %5( 2C), &
HNE T GPCR . C. elegans Cemom-5, H.
sapiens HsSmoothened (/€] 2D). i1 %} M. oryzae L)
J C. graminicola. C. higginsianum fOF5E & ¥, H
Fir & i) GPCR ¥ H AT BLRAY L 85 BREAS M R (R
&, TICRA).

AL, —SEHEE | B R E T AN R L
1% R % [ (Phosphatidylinositol phosphate kinase ,
PIPK) . ¥ 4% iR W% iR — 5 ¥ (Cyclic nucleotide
phosphodiesterases, PDE) . Z fif i AL B i 182 1k il
(Inositol polyphosphatep hosphatase, INPP), G 2115
S JH¥2 [HF(Regulators of G-protein Signaling, RGS).
%5 1125 (Haemolysin, HLyIIZ4pkgspt 12171

3 GPCR 4K1E
YT GPCR AXAE &M Ty A SR - 85

BEEEAI, TR ECHGE MY . s . BRI
N GPCR H SR 41 1) [R5 7 TSI, DL
XFHAP RN T, 182 FERIEARR 5 Sbr i
FIRFAY LR 1), W GetherHRHE GPCR
JL A IS 1) /N B B A0 B O B 1 2 1R D —
TR B, %1 000 £~ GPCR #4744,

B> AL B, C =RE(K 3). Imsessk, Bk
AT & B GPCR $U ot 2 | 16 2245 DLy
G EI IR B T REARRUE” . g ) S 45 A i
BGOSR b, XEASRI Y
GPCR #1743, [FRT, i H—SeZi 54325051k,
HiT GPCR %#}i)%(GPCRDB)IA g GPCR ] LL73H
A-E TLRZE, Hir A-C HEWTa, T D, E N
NEHEIHEET, W H AT, GPCRDB %} GPCR %
AT T AR 2025, B A 28, LT F124(Class A
Rhodopsin like), B2, RpWRZIAE A (Class B
Secretin like), C 2%, QB 2R/ X Z 1K (Class
C Metabotropic glutamate/pheromone)LA R LB g8 ~7

A& (Vomeronasal receptors).

# 1 GPCR W5 EKHR
Table 1 Classfication of GPCR

e GY M B G J57 Species
Scholars Classification Numbers A B C D E F
Gether™ ISR E [ K/ 3 PLEE BT AP B s R 3R | %S BRIESZ A4 1Rt
T Mo 3R e it FIREIA RN RS MARMEZA, . )
P 1 2 L R RKEZIK y EIETRRZ IR
AR A T B =N
Atfw[ggd J7 51 [5] 44 R Ty 6 METRME TWEZARFG R R A AR EtE &5 M b
lito?;kowski REAH I TR Z ARG B R ZEE MEZE Ehkz s e
Jr LF2 B # ¥k ORIRH ZHREE
b 1 1 &%
ARG
Han et al®™ 5z 5] 7] 6 1k % 245 5 PE ¥ R 2 IRk MR Ste-3 BEZSZIK Gprl  BIREZAR R AN E
G 1T A R A Ste-2 Stml1 CAMP —
L Zik
Xueetal™ g & fif ABFIE K 6 Ste-2 KWK Ste-3 KBFEZIA Stml RAPFIR HFHREZ XK cAMP MEYM
R Zik HIZ A iz Z Ak HHEZ
iZ3

TE: — R,

Note: —: The classification is missing.
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RN ZE ], B BT O L TR A
GPCR #1710 143200, ook 5 280205 TG
STHE T EE TR 16 4~ GPCR #EATIORFSE & BUAT %) 43
IR, HREIkAIE T 10 4 GPCR M4 KT
KPR, XHETE C. neoformans H%EE H
AR AR D K AL 1 R 235 4 2 1 R 20 ol RSPk
2). MG T KAREE (Rhizopus oryzae) P AL &
5 44T A AR ECRN 2 1A RO3G_03874
RO3G 15181 . RO3G 13115 . RO3G 13187 .
RO3G_10064, A A KA1 GPCR, M4k,
Xof T 5 A% T i (Verticillium) JT B Hh A% K 8 A% B (V.
dahliae), M FIFEARR (V. albo-atrum)itf 43k K4
T GPCR, 454N, A& &4 224 GPCR, J&
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F2 LPREEHHATE GPCR (28 Xue £MNK4H%)

Table 2 Classical GPCR in filamentous fungi based on Xue classification method

Ste-2 Ky E  Ste-3KWEZ i p 5 5
- ,;: *ﬁﬁf ;: *ﬁﬁx Stml KBEA  HRRTAS  KAMPEIA MMM LIE
i - b N i v
Species xh Ste2-like hSte3 e ZAK* Stm1-like Putative nutrient cAMP {4 Microbial
P pheromone pheromone carbon receptor receptor receptor-like opsin
receptor receptor
Fo Sl oprt GprC, GprH,
TG,
Aspergillus GprA(PreB) GprB(PreA) ApN 5720 GprD, Gprl, NopA
nidulans'*” GprJ GprE AN8262
)
GprD, GprD, MGG 04698 Pre-1,
— 275 MGG_08803 MGG_09015
g”;gggg’g“he MGG 04711 MGG 06452 MGG 02855 - MGG 06738 -
S o e 2] 25 Gpr-1,
*ﬂ*j_ﬂﬂ(@ﬁ Gpr—S, NOp-l 5
Neurospora Pre-1 Pre-2 o5 Gpr-4 Gpr-2, Oro.1
crassa>>*>" Gpr-3 P
PR
iﬁﬁf RS Ste3a/Ste3a.  Gpr2, Gt Gpr4, CNAG 03572,
ryptococcus -
ne())/EJ rmanst! Cpr2 Gpr3 Gpr5 Opsl
RO3G_03874,
AR RO3G 15181,
Rhizopus — — RO3G 13115, — = —
oryzael*! RO3G_13187,
RO3G_10064
AR Pral, UMO06006, UMO02629,
Ustilago - - UMO03423
maydis® Pra2 UMO1546 UMO04125
e Rcebl,
C%’l_%*[_i' - Reb2, ~ CC1G 07132, CCIG 02288, -
e Reb3, CCIG 04180 CCIG 02310
CCIG 02129
i VDAG00090: -\ aG o6t
AR VDAG 02461,  VDAG 07964, = VDAG 02933,
Verticillium VDAG 05622  VDAG_06338 S —— VDAG 05120 VDAG_02846, VDAG 06764
dahliae!"” - =270 VDAG 09140 -
VDAG 04720 -
PR AR
VDBG_00450,  VDBG 09374,  VDBG 02458,
e R VDBG 04312 VDBG 08677 VDBG 02002 - - -
albooatrum(’? VDBG 09485 VDBG 02375 VDBG 07121

T xR EURERGZIR, ¢ BRIBIEAZ IR, — MR

Note: *: Putative carbon receptor; : Putative nutrient receptor; —: The classification is missing.
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W E W XY S KRG s b &
GPCR #EATEfE R R, 4iRAM, HA
GPCR-PIPK 45ta )8 1 3R o —38, HARAN &A1 1%
ZER IR AT AR O — 20 R, %22k
HL 1 GPCR FTAFAERIEHE R M AR, 51
X}k HF D. discoideum, C. elegans. M. musculus .,

X. laevis, D.rerio, H.sapiens, D.melanogaster 2545
KA GPCR LUK A TR IR . A
SRR CAUIRIETA . PEIAI TN . RIFEARSF 224K
HEP) GPCR #HATIE R, AIRALEY)
BRI GPCR KRBTSR, B A
Ty GPCR JEH B IR (& 4A), THAtZ
REFMPIAFZER GPCR #1782, HYAIMNH,
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Figure 4 Genetic relationships between model organisms and filamentous fungi GPCR
Note: The name of the model organism and GPCR ID Number: Cemom-5, AAC47750; HsSmoothened, AAH09989; MmFz6, AAH26150;

XIFz7, AAH42228; DrFz7b, AAH49397; HsFz6, AAH60836; HsSerotonin, AAH69356; Celin-44, AAK85460; DdACrlC, AAQ63680;
DdCrIB, AAQ63681; DdcAR1, AAS59250; Cemig-1, CCD71747.1; DmGABA, P25123; DmSmoothened, P91682; DmFz2, Q9VVX3;

DdCrlA, Q54U75.1. CgN Colletotrichum gloeosporioides Nara gc5; Cgl4 Colletotrichum gloeosporioides Cg-14; Co Colletotrichum
orbiculare MAFF 240422; Cf Colletotrichum fioriniae PJ7; Va Verticillium alfalfae VaMs.102; Vd Verticillium dahliae VdLs.17; Fp

Fusarium pseudograminearum CS3096.

4 2REE GPCR IR
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XHZE HIIRERIBT I Z 5 B T 5 NP R IR A |
USRS I L ESES R/

R BIAEPAFAERT 4 4~ GPCR 4358 CgSTE3 .,
CgGPR1, CgGPR4 LM CgGPR2, HAhS5RARIH

B GPCR [RIUE 22K LR GPCR - R AE— i (A
4B-F). FRITERWBIN], X GPCR Br2EA
RESA—HOBE THRD . S5 PR 2 T, TN %7
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oS5 A OC 2 W RE bR S AR T R AT O A, Pageit,
C IR LRI 50%L0 E 30 LR 1 o VR AT
#R0%, BIA A GPCR VE R —Fh 3 TIPS 45T G
EEPEATIREE, IR S 25 5 mfeis, HiTiA
FZEE AVE R — DAL BEAS, BR TN Y
Sh, EXESAEEE . TSN R I R
. GPCRAEWEEN G E R[G5 &R Gkt
PRRZEER, 5 6 EAEEREARY SR,
Iz 5ANRE TG . IS SR id N 72 L2
P AR RKE . A AE A T R AR 2 R A
HA A LA FR R R

SR, 7E NCBI Hr, i % 2 58 B e i AF )
s S LT (1) )& 44 +GPCR OGN THE &R, 45891
KEBECD A HEEANTH2RAER
Sclerotinia. Cochliobolus . Mycosphaerella. Ustilago .
Sporisorium . Melampsora . Fusarium Colletotrichum
Stagonospora. Botrytis %J& 145 & GPCR RIBF5T 4Kk
1B, TR I 22 R FLE GPCR ST AN SR A,
HAESFEHATR TR RREIE— L RE, ATFT ik
— B TFJEAH RATSE

M E I 54 9 4 GPCR (GprA-DPY, Hik
FER D RE A AAEIE], ALEVATT 5 S. pombe Hig 2
GPCR HAEKMFENE, Wi %2 2R T 4
L FANIANTE, KB M. oryzae HHAlfE KAy
GPCR [N, (2RI ARAMRER 61 LA,

[, WA T2 HA AR FH RIS GPCR,
URFLA Y CFEM 4544 (Conserved fungal-specifi
extracellular membrane-spanning)®®, A. nidulans 1
A 24 FIRZEHE R . N. crassa (U5 A 14
M 76 — $6 Jk 22 R BT B 1 6 % Bk 7 (Candida
albicans). < FCifift - HL (Pneumocystis carinii)H |
SEAGR, BURTE—LHHF R A C. neoformans
F oK Bk B (Ustilago maydis) . 25 71 i & P 4
(Phanerochaete chrysosporium) i A~ 7 7 b iR 2%
P e AT CFEM 250 (28 [ 76 22 IRFU h L
AfIFhIRE, ARETE—2 IR LA,
ZRFIREE KX T i — 25 T R AN [R1 28 0 i 22 AR LT
ST 73 26 TAE B A M AT S B, B iy
GPCR EH AR B % FHIh ARt
TEARWIINR, Rtk — Db DAZEE N REAR A 24559
FFR PRt a2 B S

M. oryzae HHif HAT —SLH RIZER) ) GPCR, N
X A A TR A2 PTHTTY, UK HiAih
FLIE RS AR GPCR, 41 V. dahliae., V.
albo-atrum 7716 HAT RGS 45638, . HLyIIT Z5 4445,
5B GPCR LI K 534 GPCR AL, 26 PTMI
GPCR. GPCR 89 2534 . Family C 2% GPCR %§2&
BT 3) R4k, A. nidulans H1 ) GprM . GprN
YER# T GPCR, MANEREHAM—25, AfFT
A e it — A BT

*®3 REFHEEHHIIEN GPCR

Table 3 Special features for GPCR in filamentous fungi

[17,27,38]

531% GPCR 2 PTMI o Family C 2§
PR WA RGS B o i sty FiL) GPCR GPCR 89 = ff GPyCR
. RGS domain . o . GPCR 89 like . .
Species GPCR HLyIII domain GPCR Similar to PTM1-like —— Family C-like
animal GPCR GPCR GPCR
T i GprK GprO, GprP = - - =
Aspergillus
nidulans
KRk VDAG 08194, VDAG 03447, VDAG 03157  VDAG 06634 VDAG_10279 VDAG_00541
Verticillium VDAG 09977 VDAG 00450,
dahliae VDAG 03172
[ifRi  VDBG_08528, VDBG 06292, VDBG 06000 VDBG 06989 VDBG 06942 VDBG 00931
Verticillium VDBG 03371 VDBG_00835,
albo-atrum VDBG_06012
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KFAEYH GPCR BIWFFEIAFEAWIHIGEA , Bl
FHAE GPCR (1 BL, % 1 /a0 F T 2AT 1
18 SR s IR M FRE IE AR 2 I Bk, — L IR T
HoB & BRI GPCR & 5-9 AN g F s IR,
TEUNT GPCR R Mo il % —LL 40 RGS .
PIPK. PDE. INPP SERPERIZER, b IRFFIREE
AT — A LR FUR I SR . ThRESE Jy 1
PR CHIFSY, TR Tk 28 5 R Al 454 GPCR Z[A]
IS RN, 45 [ R IR 4SS # Br 2oAg g D BE S n
fil, B FRFFA G TR E IR IS
51 IES5#4REH® GPCREEZEER

S pNIER A o p L AV PN ES e
HORAR LRI, A, SR, x4
S TIRASRNT, R PR T 5 L
GRR R, M5 HE LAY R BGEPY, 43t
A B AR, KOs, Sk
H W92 B T 3% GPCR b 5L PR 843 31k 59,
67 A1 56 A, BN BT AT ) GPCR B 542
ARETH T GPCR it Z AIfFAE R KI5 5, X Fh
ZE0EH TAE B s, i EFhZ
0] L IE A7 FE 1 25 5 A3 Fp ik — 2538 2o A 2 i 6 0
FTRAIE o
52 AEEINLKEEZE GPCREEER

st H AT 2R EE P S GPCR 1w, J& T AN
KRR L) 2R ITE GPCR ¥ 7 HIfAAE S
BRIZS, TR T+ C. neoformans 5154 1
I'TH Y R. oryzae 76 fir & GPCR By 1 M 447
AR S, BB I S il A A TEAS [ 43
KT RLEE, LA HA T P % GPCR fE9F
HEAL L B b R T FIE A 1R T4 Ja #E A T R
AWFFE
53 BRAEMELKER GPCR HRAEH
=5

S TR A Py AE T R LA D B 9 T T LA
A I B AT A PR R a5, 2 AR X A
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TR ARTIF R LR ILTH GPCR RS R A e iF
EMIES Sy
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