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The Hsp90 molecular chaperone and its Cdc37 cochaperone help stabilize and activate more than half of the
human kinome. However, both the mechanism by which these chaperones assist their "client" kinases and the
reason why some kinases are addicted to Hsp90 while closely related family members are independent are
unknown. Our structural understanding of these interactions is lacking, as no full-length structures of human
Hsp90, Cdc37, or either of these proteins with a kinase have been elucidated. Here we report a 3.9 angstrom
cryo-electron microscopy structure of the Hsp90-Cdc37-Cdk4 kinase complex. Surprisingly, the two lobes of
Cdk4 are completely separated with the B4-B5 sheet unfolded. Cdc37 mimics part of the kinase N lobe,
stabilizing an open kinase conformation by wedging itself between the two lobes. Finally, Hsp90 clamps
around the unfolded kinase 5 strand and interacts with exposed N- and C-lobe interfaces, protecting the
kinase in a trapped unfolded state. On the basis of this structure and an extensive amount of previously
collected data, we propose unifying conceptual and mechanistic models of chaperone-kinase interactions.
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Hsp90 belongs to a family of some of the most highly expressed heat shock proteins that function as molecular
chaperones to protect the proteome not only from the heat shock but also from other misfolding events. As
many client proteins of Hsp90 are involved in oncogenesis, this chaperone has been the focus of intense
research efforts. Yet, we lack structural information for how Hsp90 interacts with co-chaperones and client
proteins. Here, we developed a mass-spectrometry-based approach that allowed quantitative measurements
of in vitro and in vivo effects of small-molecule inhibitors on Hsp90 conformation, and interaction with co-
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chaperones and client proteins. From this analysis, we were able to derive structural models for how Hsp90
engages its interaction partners in vivo, and how different drugs affect these structures. In addition, the
methodology described here offers a new approach to probe the effects of virtually any inhibitor treatment on
the proteome level.

Intracellular formation of a-synuclein oligomers and the effect of heat shock protein 70 characterized
by confocal single particle spectroscopy

Biochem Biophys Res Commun. 2016 Jun 7.

Levin J1, Hillmer AS2, Hogen T3, McLean PJ4, Giese A5.

1Department of Neurology, Ludwig-Maximilians-University, Marchioninistr. 15, 81377 Munich, Germany;
German Center for Neurodegenerative Diseases - DZNE, Site Munich, Feodor-Lynen-Str. 17, 81377 Munich,
Germany.

2Center for Neuropathology and Prion Research, Ludwig-Maximilians-University, Feodor-Lynen-Str. 23,
81377 Munich, Germany.

3Department of Neurology, Ludwig-Maximilians-University, Marchioninistr. 15, 81377 Munich, Germany.

4Department of Neuroscience, Mayo Clinic, Jacksonville, FL 32224, USA.
5Center for Neuropathology and Prion Research, Ludwig-Maximilians-University, Feodor-Lynen-Str. 23, 81377
Munich, Germany.

Synucleinopathies such as dementia with Lewy bodies or Parkinson's disease are characterized by
intracellular deposition of pathologically aggregated a-synuclein. The details of the molecular pathogenesis of
PD and especially the conditions that lead to intracellular aggregation of a-synuclein and the role of these
aggregates in cell death remain unknown. In cell free in vitro systems considerable knowledge about the
aggregation processes has been gathered. In comparison, the knowledge about these aggregation processes
in cells is far behind. In cells a-synuclein aggregates can be toxic. However, the crucial particle species
responsible for decisive steps in pathogenesis such as seeding a continuing aggregation process and
triggering cell death remain to be identified. In order to understand the complex nature of intracellular a-
synuclein aggregate formation, we analyzed fluorescent particles formed by venus and a-synuclein-venus
fusion proteins and a-synuclein-hemi-venus fusion proteins derived from gently lyzed cells. With these
techniques we were able to identify and characterize a-synuclein oligomers formed in cells. Especially the use
of a-synuclein-hemi-venus fusion proteins enabled us to identify very small a-synuclein oligomers with high
sensitivity. Furthermore, we were able to study the molecular effect of heat shock protein 70, which is known to
inhibit a-synuclein aggregation in cells. Heat shock protein 70 does not only influence the size of a-synuclein
oligomers, but also their quantity. In summary, this approach based on fluorescence single particle
spectroscopy, that is suited for high throughput measurements, can be used to detect and characterize
intracellularly formed a-synuclein aggregates and characterize the effect of molecules that interfere with a-
synuclein aggregate formation.

Anti-aggregation activity of small heat shock proteins under crowded conditions
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It is becoming evident that small heat shock proteins (sHsps) are important players of protein homeostasis
system. Their ability to bind misfolded proteins may play a crucial role in preventing protein aggregation in
cells. The remarkable structural plasticity of sHsps is considered to underlie the mechanism of their activity.
However, all our knowledge of the anti-aggregation functioning of sHsps is based on data obtained in vitro in
media greatly different from the cellular highly crowded milieu. The present review highlights available data on
the effect of crowding on the anti-aggregation activity of sHsps. There is some evidence that crowding affects
conformation and dynamics of sHsps oligomers as well as their anti-aggregation properties. Crowding
stimulates association of sHsp-client protein complexes into large-sized aggregates thus diminishing the
apparent anti-aggregation activity of sHsps. Nevertheless, it is also shown that complexes between
suboligomers (dissociated forms) of sHsps and client proteins may be stabilized and exist for longer period of
time under crowded conditions. Moreover, crowding may retard the initial stages of aggregation which
correspond to the formation of sHsp-containing nuclei and their clusters. Thus, dissociation of sHsps into
suboligomers appears to be an important feature for the anti-aggregation activity of sHsps in crowded media.
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BACKGROUND:

small Heat Shock Proteins (SHSP) is a wide proteins family. SHSP are found in all kingdoms and they play
critical roles in plant stress tolerance mechanisms (as well as in pathogenic microorganisms and are implicated
in human diseases).

RESULTS:

sHSPdb (small Heat Shock Proteins database) is an integrated resource containing non-redundant, full-length
and curated sequences of SHSP, classified on the basis of amino acids motifs and physico-chemical
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properties. sHSPdb gathers data about sHSP defined by various databases (Uniprot, PFAM, CDD, InterPro). It
provides a browser interface for retrieving information from the whole database and a search interface using
various criteria for retrieving a refined subset of entries. Physicochemical properties, amino acid composition
and combinations are calculated for each entry. sHSPdb provides automatic statistical analysis of all SHSP
properties. Among various possibilities, SHSPdb allows BLAST searches, alignment of selected sequences
and submission of sequences.

CONCLUSIONS:

sHSPdb is a new database containing information about sHSP from all kingdoms. sHSPdb provides a
classification of sSHSP, as well as tools and data for the analysis of the structure - function relationships of
sHSP. Data are mainly related to various physico-chemical properties of the amino acids sequences of SHSP.
sHSPdb is accessible at http://forge.info.univ-angers.fr/~gh/Shspdb/index.php .
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