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medical sciences for specified periods.

The Laboratory of Molecular Genetics was established for developing various mo-
lecular genetic techniques, spreading them to IMSUT investigators and supporting
security management related to experiments carried out using recombinant DNA
technologies. Since 2017, this laboratory has integrated the Frontier Research
Unit for supporting selected young investigators to challenge new fields of bio-
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Protein phosphorylation and dephosphorylation
are among the most important intracellular signal-
ing mechanisms, and are mediated, respectively, by
protein kinases and protein phosphatases. We
study various aspects of cellular signal transduction
with a particular emphasis on the role and regula-
tion of protein phosphorylation and dephospho-
rylation in cellular stress responses, using yeast
cells.

1. An AND-gate activation mechanism of the
MAPK Hog1 that requires direct osmosensing
by Hog1 prevents non-osmotic and cross-talk
activation of Hog1

Kazuo Tatebayashi, Katsuyoshi Yamamoto, Tai-
chiro Tomida’, Satomi Adachi-Akahane’, Akiko
Nishimura', Tomomi Takayama', and Haruo Sai-
to: 'Department of Biophysics and Biochemistry,
The University of Tokyo, ‘Department of Physiol-
ogy, School of Medicine, Toho University

The family of protein kinases known as mitogen-
activated protein kinases (MAPKSs) consists of major
intracellular signal transducers in eukaryotic cells.
Each MAPK is activated via a three-tiered kinase
cascade (MAPK cascade) composed of a MAPK
kinase kinase (MAPKKK), a MAPK kinase
(MAPKK), and a MAPK. Activated MAPKKK acti-

vates a cognate MAPKK by phosphorylating two
conserved phosphorylation sites in the flexible acti-
vation loop within the catalytic domain. In turn, an
activated MAPKK activates a cognate MAPK by
phosphorylating the conserved threonine and tyro-
sine in the TXY motif of the latter's activation loop.
MAPK cascades are highly conserved from yeast to
mammalian species, so much so that the mammal-
ian p38 MAPK can functionally complement the
yeast Hogl MAPK. A MAPK signal transduction
pathway commonly comprises, in addition to the
core MAPK cascade, an upstream transmembrane
receptor or sensor that detects specific extracellular
stimuli, and downstream MAPK substrate mole-
cules (effectors) both in the cytoplasm and in the
nucleus. Several different MAPK pathways often
co-exist within a cell. In yeast, for example, four
MAPKs (SIt2/Mpkl, Kssl, Fus3, and Hogl) are ex-
pressed in a cell. If inappropriate crosstalk occurred
between two MAPK cascades, a stimulus aimed at
activation of only one of these cascades could incite
irrelevant or even detrimental responses.

Hogl is activated by hyperosmotic stress through
the High Osmolarity Glycerol (HOG) pathway, and
orchestrates osmoadaptive responses including in-
tracellular accumulation of glycerol. The upstream
portion of the HOG pathway is comprised of the
functionally redundant SHO1 and SLN1 branches.
In the SHO1 branch, either of the two related, but
distinct, osmosensing complexes, Shol/Opy2/Hkrl
and Shol/Opy2/Msb2, activate the MAPKKK Stell.



200

In the SNL1 branch, the SIn1-Ypd1-Sskl phospho-
relay activates the functionally redundant MAPKKKs
Ssk2 and Ssk22 (Ssk2/22). Both Stell and Ssk2/22
activate the MAPKK Pbs2, which then activates
Hogl.

Fus3 is activated by the mating pheromones
through Stell and the MAPKK Ste7. Although the
mating pheromones activate Stell, which is up-
stream of Hogl, they do not activate Hogl. Com-
monly, the lack of pheromone-to-Hogl cross-talk is
explained by the pathway insulation model, which
posits that a scaffold protein holds several compo-
nents of one pathway close together, so that signal
flows only within that pathway. Indeed, the com-
ponents of the Fus3 pathway (Gpy, Stell, Ste7, and
Fus3) are scaffolded by Ste5 ((Elion, 2001), whereas
the components of the Hogl pathway (Shol, Hkrl,
Msb2, Stell, Pbs2, and Hogl), are scaffolded by
Shol, Pbs2, Bem1, and Ahkl. To effectively prevent
crosstalk, however, the scaffold proteins must hold
kinases for significantly longer than the half-lives of
their activities, which could be several minutes or
longer. Because scaffold complexes are typically un-
stable, additional mechanisms other than scaffold-
ing of signaling complexes are likely to be neces-
sary to effectively prevent crosstalk.

This year, we found a novel mechanism that
would ensure that Hogl is activated only by os-
mostress, and not by any other stimulus including
mating pheromones. Specifically, we show that
Hogl is activated by an AND-gate mechanism.
AND-gate produces an active output only when
two independent, active inputs are received. In the
case of Hogl activation, input 1 is generated by the
upstream membrane-associated osmosensors. An
unexpected finding is that osmostress acts directly
on Hogl itself, and provides the required input 2.

2. Functional roles of the transmembrane inter-
action between the Sho1 osmosensor and the
membrane anchor Opy2 in the activation of
the SHO1 branch of osmoregulatory HOG
MAPK pathway

Tomomi Takayama', Haruo Saito and Kazuo
Tatebayashi: 'Department of Biophysics and Bio-
chemistry, The University of Tokyo.

The SHO1 branch, which is one of the upstream
branches of osmoregulatory HOG signaling path-
way, employs two related but distinct signaling
mechanisms, which are called the SHO1(H) and
SHO1(M) sub-branches that respectively utilize the
related osmosensing complexes Shol/Opy2/Hkrl
and Shol/Opy2/Msb2. Shol is composed of four
transmembrane (TM) domains and a cytoplasmic
SH3 domain that binds to the MAPK kinase
(MAPKK) Pbs2. Last year, we demonstrated that
Shol is an osmosensor in the SHO1 branch of the

HOG pathway. Shol forms planar oligomers of the
dimers-of-trimers architecture by dimerizing at the
TM1/TM4 interface and trimerizing at the TM2/
TM3 interface. High external osmolarity induces
not only structural changes in the Shol TM do-
mains, but also the binding between Shol and the
cytoplasmic adaptor protein Ste50. This Shol-Ste50
interaction leads to Hogl activation. In addition to
its osmosensing function, Shol oligomer serves as a
scaffold by binding to the transmembrane protein
Opy2 at the TM1/TM4 interface, and to another
membrane protein Hkrl/Msb2 at the TM2/TM3 in-
terface. Opy2 is a single-path TM protein of 360
amino acids. Its cytoplasmic region contains three
(two major and one minor) Ste50 binding sites that
are collectively essential for signaling in the SHO1
branch. As Ste50 is constitutively bound to Stell,
Opy2 recruits the Ste50/Stell complex to the
plasma membrane. Membrane localization of Ste50
is an important function of Opy2, as an artificial
membrane localization of Ste50, by for example us-
ing the C-terminal prenylation site of Ras2 (Cpr),
suppresses the Hogl activation defect of opy2A muta-
tion.

In response to hyperosmolarity, the SHO1 branch
activates Hogl through the Ste20-Stell-Pbs2-Hogl
kinase cascade. The PAK-like kinase Ste20 is re-
cruited to the membrane by the small G protein
Cdc42 as well as by Hkrl (probably through a hy-
pothesized adaptor protein) or Msb2 through a
Beml adaptor protein. Similarly, the MAPKK
kinase (MAPKKK) Stell is recruited to the mem-
brane by the Opy2-S5te50 complex. Ste50 is a cyto-
plasmic adaptor protein that binds both to Stell
and to the single-path membrane anchor protein
Opy2. Finally, Pbs2 is also recruited to the mem-
brane by Shol. Thus, both the Ste20—Stell reaction
and the Stel1—Pbs2 reaction take place on the
membrane. One or both of these activation reac-
tions are likely regulated by osmostress; however,
no such mechanisms were known.

Last year, we isolated the constitutively-active
Shol mutant, named Shol-A/D, which increased
the affinity between the TM domains of Shol and
Opy2. This year, using the mutant, we studied
functional roles of the transmembrane interaction
between Shol and Opy2. First, we revealed that the
association of Shol and Opy2 was induced at the
TM-cytoplasmic boundary by the SHO1-A30D mu-
tation using a site-directed cysteine (Cys) chemical
crosslinking strategy. Next, we found that enhanced
interaction between Shol and Opy2 specifically
promoted the Stell—Pbs2 reaction, but not the
Pbs2—Hogl reaction. These results indicated that
the transmembrane interaction of Shol and Opy2
plays an important role for the activation of the
HOG pathway, especially at the step of Pbs2 phos-
phorylation by Stell, by holding two signaling
complexes: Shol-Pbs2 and Opy2-5te50-Stell, together.
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