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Protein phosphorylation and dephosphorylation 
are among the most important intracellular signaling 
mechanisms, and are mediated, respectively, by pro-
tein kinases and protein phosphatases.  We study var-
ious aspects of cellular signal transduction with a par-
ticular emphasis on the role and regulation of protein 
phosphorylation and dephosphorylation in cellular 
stress responses, using yeast cells.

1.  Osmostress enhances Pbs2 MAP2K phospho-
rylation by Ssk2/22 MAP3K in addition to act-
ing on the membrane-associated osmosen-
sors and Hog1 MAPK in the yeast osmo- 
regulatory HOG pathway 

Kazuo Tatebayashi

The family of mitogen-activated protein kinases 
(MAPKs) are major intracellular signal transducers in 
eukaryotic cells and are associated with many human 
diseases.  Each MAPK is activated in a three-tiered 
kinase cascade composed of a MAPK kinase kinase 
(MAPKKK or MAP3K), a MAPK kinase (MAPKK or 
MAP2K), and a MAPK.  Activated MAP3K activates a 
cognate MAP2K by phosphorylating two conserved 
residues in the flexible activation loop of the MAP2K.  
In turn, an activated MAP2K activates a cognate 
MAPK by phosphorylating the conserved threonine 
and tyrosine residues in the latter’s activation loop.  A 

MAPK signal transduction pathway commonly com-
prises, in addition to the kinase cascade, an upstream 
receptor or sensor, and downstream MAPK sub-
strates.

The yeast MAPK Hog1 is activated by hyperos-
motic stress through the High Osmolarity Glycerol 
(HOG) pathway, and orchestrates an array of os-
mo-adaptive changes in transcription, translation, cell 
cycle, and metabolism.  The current widely held mod-
el of the HOG pathway is as follows.  The upstream 
portion of the HOG pathway is comprised of the 
functionally redundant SHO1 and SLN1 branches.  In 
the SHO1 branch, osmosensing complexes composed 
of Sho1, Opy2, Hkr1, and Msb2 activate the MAP3K 
Ste11.  In the SLN1 branch, the Sln1-Ypd1-Ssk1 phos-
pho-relay mechanism is involved in activation of the 
functionally redundant MAP3Ks Ssk2 and Ssk22 
(Ssk2/22).  Ste11 and Ssk2/22 phosphorylate the 
MAP2K Pbs2 at Ser-514 and/or Thr-518.  Phosphoryl-
ated Pbs2 then activates Hog1.  Recently, we found 
that osmostress not only activates membrane-associ-
ated osmosensors, but also enhances Hog1 phospho-
rylation by mono-phosphorylated Pbs2. The lack of 
the osmotic enhancement of the Pbs2-Hog1 reaction 
suppresses Hog1 activation by basal MAP3K activi-
ties and prevents pheromone-to-Hog1 crosstalk in the 
absence of osmostress, which ensures the appropriate 
Hog1 activation only under high osmolarity.  

This year, we demonstrated that osmostress acts 
on the process of Pbs2 phosphorylation by Ssk2/22 in 
the SLN1 branch, as well as the membrane-associated 
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osmosensors and Hog1.  It was believed that the inhi-
bition of the Sln1-Ypd1-Ssk1 phospho-relay by osmo-
stress leads to activation of the downstream Ssk2/22 
MAP3K and Pbs2 MAP2K. However, the deletion of 
the SLN1 gene, thus inhibiting the phospho-relay, re-
sulted in only weak phosphorylation of Pbs2, which 
was further elevated to a full level upon osmotic 
stress.  These results indicate that the Ssk2/22-Pbs2 re-
action is osmotically enhanced as Hog1 is. The under-
lying mechanism is under study. 

2.  The type IIC protein phosphatase Ptc1 nega-
tively regulates the yeast osmo-regulatory 
HOG pathway by dephosphorylating Pbs2 
MAP2K as well as Hog1 MAPK.

Kazuo Tatebayashi

The yeast osmo-regulatory HOG pathway is acti-
vated and inactivated through phosphorylation and 
dephosphorylation of the signaling molecules.  Hog1 
MAPK and Pbs2 MAP2K require phosphorylation in 
the activation loop for their activation.   The tyrosine 
protein phosphatases Ptp2 and Ptp3 and the type IIC 
protein phosphatase Ptc1 were reported to negatively 
regulate the HOG pathway by dephosphorylating 
phospho-Tyr, and phospho-Thr in the Hog1 protein, 
respectively.  Ptc1 is recruited to Pbs2-Hog1 complex 
via adaptor protein Nbp2 for dephosphorylation of 
Hog1.  In spite of the indirect interaction of Pbs2 and 
Ptc1, it has remained unclear whether Pbs2 is dephos-
phorylated by Ptc1 for its negative regulation. 

This year, we examined a possible involvement of 
Ptc1 in the dephosphorylation of Pbs2.  Disruption of 
the PTC1 gene led to constitutive phosphorylation in 
the activation loop in Pbs2 even in the absence of os-
motic stress.  Upon high osmolarity, the extent of 
Pbs2 phosphorylation was further elevated and its 
duration was prolonged in the ptc1D strain compared 
with those in the PTC1+ strain.  Furthermore, overex-
pression of Ptc1 significantly reduced the phospho-
rylation level of Pbs2 under high osmolarity.  These 
results demonstrated that Ptc1 is the major phos-
phatase responsible for the dephosphorylation of 
Pbs2.

3.  A novel multifunctional role for Hsp70 in bind-
ing post-translational modifications on client 
proteins.

Nitika1, Bo Zheng1, Linhao Ruan2,3, Jake T. Kline6, 
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Singapore, 5Department of Chemical and Biomo-
lecular Engineering, Whiting School of Engineering, 
Johns Hopkins University, 6Department of Biology, 
University of Oklahoma, 7AbbVie Inc., 8School of 
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versity, 9Thermo Scientific, 10Department of Biology, 
High Point University, 11Department of Biochemis-
try and Molecular Pharmacology, University of 
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Hsp70 interactions are critical for cellular viability 
and the response to stress. Previous attempts to char-
acterize Hsp70 interactions have been limited by their 
transient nature and inability of current technologies 
to distinguish direct vs bridged interactions. We re-
port the novel use of cross-linking mass spectrometry 
(XL-MS) to comprehensively characterize the bud-
ding yeast Hsp70 protein interactome. Using this ap-
proach, we have gained fundamental new insights 
into Hsp70 function, including definitive evidence of 
Hsp70 self-association as well as multi-point interac-
tion with its client proteins. In addition to identifying 
a novel set of direct Hsp70 interactors which can be 
used to probe chaperone function in cells, we have 
also identified a suite of post-translational modifica-
tion (PTM)-associated Hsp70 interactions. The major-
ity of these PTMs have not been previously reported 
and appear to be critical in the regulation of client 
protein function. These data indicate that one of the 
mechanisms by which PTMs contribute to protein 
function is by facilitating interaction with chaperones. 
Taken together, we propose that XL-MS analysis of 
chaperone complexes may be used as a unique way to 
identify biologically-important PTMs on client pro-
teins. 
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