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The mitogen-activated protein kinase (MAPK) pathways are signal transduction mechanisms that regulate many
cellular processes in eukaryotic organisms, from yeasts to mammals. Multiple MAPKSs regulate eukaryotic gene expres-
sion in response to various extracellular stimuli through phosphorylation of transcription factors. We have been
studying the Pmk1 MAPK, a homologue of the mammalian ERK/MAPK in fission yeast. The Pmk1 MAPK regulates
cell integrity and cell morphology. We have previously demonstrated that Atfl, a transcription factor downstream of the
stress-activated MAPK pathway, serves also as a target of the Pmk1 MAPK signaling in fission yeast. Here, we identified
ecm33* gene, encoding a glycosyl-phosphatidylinositol (GPI)-anchored cell surface protein as a transcriptional target
of Pmk1 and Atfl. The gene expression of ecm33™* is regulated by two transcription factors Atfl and Mbx1. We also de-
veloped an in vivo real-time monitoring system of Atfl or Mbx1 transcriptional activity, which enables to monitor the
activation of the Pmk1 MAPK pathway by various stimuli. Finally, we demonstrated that Ecm33 is involved in the nega-
tive regulation of the Pmk1l MAPK signaling through the control of Ca?* homeostasis. The ecm33 deleted cells dis-
played Ca2™ sensitivity and increased phosphorylation levels of Pmkl MAPK. In addition, the Ecm33 overproducing
cells displayed phenotypes closely similar to those of the pmkl knockout cell. Collectively, Ecm33 plays a role in the
negative feedback regulation of Pmk1 cell integrity signaling.

Key words——MAP kinase; signal transduction; real-time monitoring system; fission yeast; transcription factor; cell
surface protein
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BERERED 2 TdH 5 Styl MAPK 12 & > T D A il
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Fig. 1. Atfl is a Novel Downstream Component of the Pmkl MAPK Pathway
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Fig. 2. Identification of CRE and RLMI1 in the Promoter Region of the ecm33+ Gene

(A) The sequences of the CRE-like motif (TTACAGTAA) and the RLM1-like motif (GTATATATAG) identified in the ecm33* promoter region. The num-
bers refer to the first and last nucleotides of the displayed sequences. (B) The Atfl and Mbx1 transcription factor is involved in the Ecm33 expression. The luciferase
fusion plasmid Ecm33 (P0.5R2.2) was transformed into various strains as indicated. Cells were either untreated (basal) or treated with various stimuli as indicated.
The data were averaged from peak heights of three independent experiments, and each sample was analyzed in triplicate. Error bars, S.D.
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%, WEEN—EETLARIC, BUOLANEDSN
% EWND RN NED 5z [Fig. 3 (A)
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Apmkl) . — J5, styl KO il 112 B W T,
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5 —i1EME, RO RLMlgews; LiR— 4 — &M 2 HIE
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MTELEEZSNS (Fig. 4).
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Real-time Monitoring of Atfl and Mbx1 Activity in Living Cells

(A) Live-cell monitoring of Atfl activity. The cells as indicated harboring the multicopy plasmid [3yCREgcys3:: luc (R2.2) reporter vector] were incubated
with D-luciferin and treated with 500 mm NaCl. Using a luminometer, light emission levels expressed as relative light units were measured per minute for 2 h. The
data shown are representative of multiple experiments. (B) Live-cell monitoring of Mbx1 activity. The cells as indicated were transformed with the multicopy plas-

mid [6xRLMgcpssiiluc (R2.2) reporter vector] and analyzed as described in (A).
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T, E0ED2BANZZALITL> T Eecm33 i
Pmkl MAPK 2| 2 DMnEHSNIT S0
12, ecm33 KO il D/R T RBEIB 2T L7=. =D
R ecm33 KO fliad T3 AR Ca2t BEMNIER
Mg & i U CHHEFICER L TWAH ZENHSENE
2o,
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U CTHIHIFNCHEBET B E VWS R H T4 T 7 4 — BN
v I SO HFEZET 2 2 &N TE 2 (Fig.
4)' 18)
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Fig. 4. A Model for the Dual Regulation of ecm33* Gene Ex-
pression and Negative Feedback Regulation of the Pmkl
MAPK Signaling
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