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Fig 2. Functional analyses of the Pbs2 N-terminal regulatory region. (A) Summary of the
analyses. (B) Osmosensitivity of selected mutant strains. Cells were streaked on YPD or YPD +
1.2 M NaCl plates, and incubated at 30°C.
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Fig 3. Effect of Pbs2 N-terminal mutations on Hogl activation. pbs24 or pbs2A4 stell A
mutant strain was transformed with a plasmid expressing either Pbs2 wt, Pbs2A(5-54), or Pbs2
V54G. Cells were collected at the indicated times after addition of 0.4 M NaCl, and Hogl
activation was examined by immunoblotting with an anti-phospho-p38 antibody.
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indicated segments of Ssk2 were fused to the Gal4 activation domain, and their binding to
LexA-Pbs2(1-67) was evaluated with a B-galactosidase filter assay.
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Fig 6. FUS1-lacZ expression induced by osmotic stress via the Pbs2-Ste7 fusion protein.
Yeast KT005 (pbs24 stellA) cells expressing either Pbs2-Ste7, Pbs2(V54G)-Ste7, or none (vector)
are stimulated either by NaCl (A) or by a mating factor (B). [-galactosidase (3-gal) activities are
expressed in Miller units.
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Mixed-oligo DVD
MTK1
MTK1 Table 1
V328G(V/G) F327D(F/D)

f-gal (Miller unit)

DB-MKK6 ACT-MTK1l ACT-ASK1l

WT 145 855
T315V 115 300
L316D 80.3 246
H317L 1.2 0.5
E318G 15.5 39.6
S319D 111 2717
K320Q 89.9 464
G321Q 0.5 0.5
T322L 0.9 3.7
D323G 17.1 33.5
V324G 3.0 1.9
A325Y 113 274
S326D 147 180
F327D 0.2 0.1
V328G 0.1 0.2
K329T 141 384
L330Q 141 444
I331D 0.1 0.1
L332D 60.4 136
G333K 113 1120
D334C 143 743

Table 1. Two-hybrid analyses of amino acids critical for MTK1-MKK6 and ASK1-MKKG6
interactions. The wild-type DB-MKKG®6 construct encodes aa 133-334 of MKK6. ACT-MTK1
and ACT-ASK1 encode only the kinase domain of MTK1 or ASK1 respectively. p-galactosidase
(B-gal) activities are expressed in Miller units.
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Fig 9. Invitro binding of MKK6 with MTK1 kinase domain. Flag-tagged MTK1AN and
HA-tagged MKKG6(K/A) were separately expressed in COS-7 cells. Cell extracts were mixed,
HA-MKKG6(K/A) was immunoprecipitated, and coprecipitating Flag-MTK1AN was detected by
blotting.
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Fig 10. DVD docking is essential for activation of MKKG®6 in vivo. COS-7 cells were
transfected with MKK6(K/A) or its V328G (V/G) mutant followed by stimulation with the
indicated stresses.  Sorb, sorbitol; Aniso, anisomycin.
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Fig 12. The cell-permeable 11R-MKKG6-C24 peptide inhibits the stress-induced p38 and
JNK activation in vivo. (A) Sequences of the oligopeptide used in in vivo experiments. (B)
HelLa cells were treated with 11R-MKKG6-C24, and stimulated either by anisomycin or by sorbitol.
Phosphorylation of the endogenous p38 and JNK1/2 was detected by immunoblotting.
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Summary
Adaptation to high salt and high osmolarity conditions is a fundamentally important
biological response of all types of cells, ranging from bacteria, fungi, plants, and animals. In
yeast, for example, external high salt and high osmolarity conditions activate the HOG (High
Osmolarity Glycerol) MAP kinase (MAPK) pathway, which is essential for yeast to adapt to and
survive on those conditions.

MAP kinase cascades are conserved signaling modules composed of three sequentially
activated kinases (MAPKKK, MAPKK, and MAPK). The HOG pathway consists of two
upstream branches, including two independent osmosensors Shol and Sinl, and common
downstream elements including the Pbs2 MAPKK and the Hogl MAPK.

The Ssk2/Ssk22 MAPKKKSs in the SInl branch, when activated, exclusively phosphorylate
the Pbs2 MAPKK, but not another yeast MAPKK, Ste7. We found that this was due to an
Ssk2/Ssk22-specific docking site in the Pbs2 N-terminal region. The Pbs2 docking site
constitutively bound the Ssk2/Ssk22 kinase domain. Docking site mutations drastically reduced
the Pbs2-Ssk2/Ssk22 interaction and hampered Hogl activation by the SInl branch. Fusion of the
Pbs2 docking site to Ste7 allowed phosphorylation of Ste7 by Ssk2/Ssk22, showing that the
docking interaction is an important specificity determinant of MAPKKK-MAPKK interaction.

An analogous MAPK cascade controls cellular response to external hyperosmolarity in
mammalian cells. A conserved docking site, termed DVD, was found in the mammalian
MAPKKSs. DVD site is a stretch of about 20 amino acids immediately on the C-terminal side of
the MAPKK catalytic domain. The DVD sites were found to bind their specific upstream
MAPKKKSs, including MTK1 and ASK1. Mutations in the DVD site strongly inhibited MAPKKSs
from binding to, and being activated by, their specific MAPKKKS, both in vitro and in vivo. DVD
site. mutants could not be activated by various external stimuli in vivo. Synthetic DVD
oligopeptides inhibited specific MAPKK activation, both in vitro and in vivo, demonstrating the
critical importance of the DVD docking in MAPK signaling.

These studies demonstrate that docking interaction between MAPKKK and MAPKK
contributes to both efficiency and specificity of stress-responsive MAPK signaling, in both

mammalian and yeast, and perhaps in any eukaryotic organism.
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