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Mitogen activated protein kinase MAPK
cAMP : MAPK
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Table 1 ~ MAP kinase genes found in fungi
Genes Fungus Function Reference

Map kinase genes related to fungal growth and development

MAPKA Aspergillus nidulans Spore germination polarized growth

KPP2-UBC3 Ustilago maydis Mating in response to pheromone pathogenicity to corn
FUS3 Saccharomyces cerevisiae Mating in response to pheromone

KSS1 S. cerevisiae Filamentous growth

PMK1 S. pombe Cell wall integration

SPK1 S. pombe Conjugation and meiosis in response to mating

Map kinase genes related to fungal stress reaction

HOG1 Candida albicans Glycerol accumulation  toxicity

MKC1 C. albicans Growth and morphogenesis under stress
OSM1 Magnaporthe grisea Hyperosmotic stress cellular tumour

HOG1 S. cerevisiae Osmolyte synthesis under high osmosis

MPK1 S. cerevisiae Remodification of cell wall under low osmosis

ZrHOG1 ZrHOG2 Zygosaccharomyces rouxii Osmolyte synthesis under high osmosis

Bussink and Osmani 1999
Muller et al. 1999
Mayorga and Gold 1999
Elion et al. 1990

Courchesne et al . 1989
Toda et al . 1996

Gotoh et al . 1993

Alonso-Mong et al . 1999
Navarro-Garcia et al . 1995
Dixon et al . 1999
Brewster et al. 1993
Torres et al . 1991

Iwaki et al . 1999
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Genes Fungus Function Reference

Map kinase genes related to fungal pathogenicity

Pathogenicity spore germination appressorium formation and growth

CMK1 Colletotrichum lagenarium in cucumber cell Takano et al. 2000
BMP1 Botrytis cinerea Growth and pathogenicity Zheng et al . 2000
CHK1 Cochliobolus heterostrophus ;;E:f;m"s shape - sporogenesis - appressorium formation —and patho- ) 999
PMK1 M. grisea Appressorium formation and pathogenicity on rice Xu and Hamer 1996
MPS1 M. grisea Penetration peg formation hypha growth and sporogenesis Xu et al. 1998
SMK1 S. cerevisiae Sporogenesis Krisak et al. 1994
PTK1 Pyrenophora teres Appressorium formation  sporogenesis and pathogenicity on barley Ruiz-Roldan et al. 2001
Map kinase genes with unknown funciton
FsMAPK Nectria haematococca Unknown Li et al. 1997
1.1 MAPK cAMP
MAPK cAMP
MAPK
MAPK MAPK Ubc4-Fuz7/Ubc5-Ubc3/
Kpp2 cAMP Gpa3-Uacl-Ubcl/Abrl Prfl
1.1.1 MAPK a
b 1517
Saccharomyces pombe
Cryptococcus neoformans
MAPK
G -cAMP-PKA MAPK Aspergillus nidulans MAPKA
Nitrogen limitation Pheromone Botrytis cinerea BMP1
response pathway i Cochliobolus heterostrophus CHK1
cAMP Magnaporthe grisea MPS1 OSM1
S. cer-
evisiae  S. pombe C. neoformans
Ustilago maydis MPS1
MAPKA
18 19
a b >e U. maydis 1.2 MAPK
MAPK oSM1
MAPKKK Ubc4 -MAPKK Fuz7/Ubc5 -MAPK  Ubc3/Kpp2 MAPK MAPK HOG1
S. cerevisi- Arabitol
ae Stel1p-Ste7p-Fus3p MAPK MAPK
7 MAPKK JuzT/ ubeS
8
ubc4  MAPKKK
ubc3/ kpp2  MAPK
3 0sM1 PMK1 »
§-1 Neurospora crassa OSM1
ubc2 0§82 Phenylpyrrole
12
1.1.2 MAPK 0S-2 MAPK
21
B MAPK 0SM1
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Setosphaeria turcica PTK1
OSM1 0§82 97% R% 29Tbp ptk1
c¢DNA MAPK 3~4
cAMP ptk1
29
1.3 MAPK Di-Pietro ¥ Fusarium oxysporum f. sp.
1.3.1 PMK1 PMK1 lycopersict PMK1 FMK1
MAPK 2B S. cerevisiae  Fus3/ fmk1
Kss1 MAPK pmk1
PMK1
pmkl
cAMP Nectria haematococca
PMK1 PMK1 FsMAPK ™
cAMP
PMK1 PMK1
PMK1 ® 4
PMK1 MAPK
PMK1 MAPK PMK1
Ubc3  Kpp2
cAMP
Ubc3 1.3.2 MPSI MPS1 S. cerevisiae
Pifl SLT2 MAPK
Ubc3  Kpp2 pmk1 mps1
Ube3 Kpp2 MAPK 10 mmol/L cAMP
# MAPK
Ubc3  Kpp2 e MPS1
Colletotrichum lagenarium CMK1 8
PMK1 mik 1
K] P 2 MAPK
cmk1 OSM1 PMK1  MPS1 3
MAPK PMK1 MPS1
OSM1
20
* 3 MAPK MAPK
PMK1 CHK1
chk1 3 MAPK
PMK1
CHK1 chk1 PMK1
PMK1 Fus3/Kss1 2
7 MAPKKK-MAPKK-MAPK
* PMK1
PMK1 BMP1 Botrytis ci-
nerea bmp1 PMK1
PMK1
? PMK1
Pyrenophora teres PTK1
PMK1 MPS1 OSM1
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MAPK MPS1
OSM1
OSM1 HOGI
TGY
MAPK TEY Stress-
activated protein kinase SAPK MAPK
TGY = 0oSM1
3 MAPK
MAPK
PMK1
1922 26 27 MAPK
MAPK
MAPK
MAPK
MAPK 9
MAPK
chk1 pmik1 mps 1
7 PMK1 MPS1
cAMP
MAPK ¥
cAMP/PKC Ubc3 Kpp2 MAPK
1
cAMP
o MAPK
MAPK
MAPK
DNA
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Mitogen Activated Protein Kinase Genes and Its Functions in Phytopathogenic Fungus
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Abstract Advances on MAPK  Mitogen activated protein kinase genes of plant pathogenic fungi were reviewed in this
paper. The category and characteristics of MAPK and its function in fungal growth development and plant disease devel-
opment were discussed as well. Based on the recent researches the key points in studies on MAPK genes in fungi were
predicted .
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