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At the environmental conditions (temperature, solvent concentration and
composition, etc.) at which folding occurs, the native structure is a unlque stable
and kinetically accessible minimum of the free energy
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The native structure is
determined only by the
protein's amino acid sequence

Christian Boehmer Anfinsen, Jr.
(March 26, 1916 — May 14, 1995)

Nobel Prize in Chemistry (1972)




Folding is entropy driven process !
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Stress proteins / Chaperones

AG

Holdases bind folding
intermediates to prevent
their aggregation

Crystalins, p23, Hsp40...

Newly synthetized

M Denatured protein r

\Partially folded
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Foldases are chaperones that

accompany other proteins to
help them to overcome the
energy barriers during folding to
native conformation

(ATP dependent)

Hsp70, Hsp90, GroEL...



Approximate
molecular

Prokaryotic

Eukaryotic proteins

Function

weight(kDa) proteins
10 kDa GroES Hsp10
The HspB group of Hsp. Eleven
20-30 kDa GrpE members in mammals
including Hsp27, HSPB6 or HspB1[28l
40 kDa Dnal Hsp40 Co-factor of Hsp70
GroEL, 60kDa Involved in proteln. folding after its
60 kDa . Hsp60 post-translational import to the
antigen : :
mitochondrion/chloroplast
Protein folding and unfolding,
70 kDa DnaK Hsp71,Hsp70, Hsp72, Grp78 (BiP), P . o .
I Hex70 found onlv in primates prevents protein folding during
yinp post-translational import into the
mitochondria/chloroplast.
90 kDa HtpG, C62.5 The HspC group of Hsp including Malntenan?e gf steroid receptors
I Hsp90, Grp94 and transcription factors
100 kDa ClpB, ClpA, ClpX |Hsp104, Hsp110 Tolerance of extreme temperature
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HspB group/ small chaperones

Gene
name

1 HSPBI

2 HSPB?

3 HsSPB:2

4 HSPBY”
5 HSPBS"
6  HSPBo

7 HSPBT
8 HSPBS

9 HSPBY
10 HSPBIG!

11 HSPBII

Crystallins

o~ —
Prevent aggregation
Thermotolerance
Protein Ol names
name

HSPBI CMT2F: HMN2B: HSP27: HSP28: HSP25: HS.76067: DKFZp386P1322

HSPB2 MKBP: HSP27. Hs.78846: LOH1 1CRIK: MGC 133245

HSPR3 HSPL27

HSPB4 crystallin alpha A CRYAA, CRYAL

HSPBS crystallin alpha B. CRYAB: CRYA2

HSPB6 HSP20. FLJ32389

HSPR? cvHSP, FLJ32733; DKFZp779D0968

HSPBS HI11; HMNI: CMT2L; DHMN2; E2IG1; HMN2A: HSP22

HSPBY FLI27437

HSPBIO ODF 1, ODF, RT7, ODF2, ODFP. SODF, ODF27. ODFPG: ODFPGA. ODFPGB, MGC 129928,

MGC 129929
HSPB11 HSP16.2; Clorfdl, PP2S

Human gene
D

3315
3316
8088
1409
1410
126393
27129
26353
94086
4936

S1668

Small Hsps

Ubiquitin-like

Mouse ortholog
1D

15507
69253
$6534
12954
12955
243912
29818
30888
75482

18285

72938



Hsp70 (DnakK, Grp78,..)
chaperone machinery
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NEF-Nucleotide exchange factor
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Chaperonins
(GroEL-GroES, Hsp60, CCT-TRiC)

‘& HSP70-ADP

Folding of cytoskeletal proteins (tubulin)
Protein transport



Hsp104 (ClpB, ClpX,..) Hsp104

Thermotolerance
Aggregate refolding
Prion folding (yeast Psi+/-)

Proteasome

AAA+ proteases

AAA+
ATPases

Converts ATP to
“mechanical” energy
(molecular motors)

L 1 )
ClpB or Hspl04

_________________________________

Nature Reviews | Molecular Cell Biology



Hsp90
chaperone machinery

Conserved from procarytes to mammals
ATPase aktivity (like gyrase)
Mitochndrial, ER, cytoplasmic
Redundant isoformes
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Stress proteins/ Chaperones/Hsp90

Hsp90 as a capacitor for
morphological evolution

L. Rutheef

+ & Susan L
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NATURE | VOL 396 | 26 NOVEMBER 1998 | www.nature.com



FOLIA MENDELIANA 49/2
Supplementum ad Acta Musei Moraviae XCVI, 2013

CHAPERONES AND EVOLUTION

FILIP TRCKA, BORIVOJ VOITESEK. PETR MULLER
Regional Centre for Applied Molecular Oncology, Masarvk Memorial Cancer Institute,
Zluty kopec 7, 636 33 Brno

Selection
Changes in the
Changes in the

Selection

The activity of
Genotype Phenotype \/\/\/\/ molecular chaperones




The tumor cells demand high quality and amount of protein

Self-sufficiency in
growth signals

Enhanced proteosynthesis
Production of mutated,
conformational instable protins

Sustained Tissue invasion
angiogenesis and metastasis

Limitless replication
potential

Hanahan D, Weinberg RA.: Cell. 2000 Jan 7;100(1):57-70.




Activity of Hsp90 is essential for
expression of cancer phenotype

Self-sufficiency in
growth signals

HSP90 client proteins

Tissue invasion
and metastasis

Limitless replication
potential



Specific inhibitors Hsp90

Geldanamycin binds ATP
cavity of Hsp90 (1997)

Clinical trials with Geldanamycin(2000)

No of

inhibitor studies phase Company
tanespimycin Bristol-Myers Squibb,
1 | (17AAAG) 36 [ Kosan
2 | retaspimycin (IPI-504) 11 [/ Infinity Pharmaceuticals
alvespimycin Bristol-Myers Squibb,
3 (17DMAG) 7 ] Kosan
Synta Pharmaceuticals
4 | STA-9090 14 I Corp.
5 | AUY922 11 I Novartis Pharmaceuticals
6 | CNF2024 (BIIB021) 7 I Biogen Idec
7 | SNX-5422 4 | Pfizer, Serenex, Inc.
8 | AT13387 3 I Astex Therapeutics
Kyowa Hakko Kirin
9 KW-2478 2 1M Pharma, Inc.
10 | IPI-493 2 | Infinity Pharmaceuticals
11 | HSP990 2 | Novartis Pharmaceuticals
12 | MPC-3100 1 I Myrexis Inc.
13 | Debio 0932 1 | Debiopharm S.A.
15 | BIIBO28 1 | Biogen Idec




Hsp90 is unique therapeutic target for anti-cancer therapy

What does kill the cells:

apoptosis,
aggregation, ....

more than 17 different i
molecules in clinical trials R Il
llll
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Variable response
need for predictive markers

Different assembly of Hsp90 machinery ?
e posttranlational modifications
» expression pattern of co-chaperones

Client spectrum ?
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letters to nature

Multichaperone complex

A high-affinity conformation
of Hsp90 confers tumour * Hsp90+Hsp70
selectivity on Hsp90 inhibitors e cochaperones

Adeela Kamal, Lia Thao, John Sensintaffar, Lin Zhang, Marcus F. Boehm,
Lawrence C. Fritz & Francis J. Burrows
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ORIGINAL ARTICLE

Chaperone-dependent stabilization and degradation of p53 mutants

P Muller'?, R Hrstka', D Coomber®, DP Lane® and B Vojtesek'

Nascent p53
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What is the mechanism regulating folding degradation balance ?



Cell lysate pulldown of HOP and CHIP
* Biotinylated phospho/non phospho
peptides of Hsp70/Hsp90
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Detection of phosphorylated Hsp70 and Hsp90

phospho-specific monoclonal antibodies antibodies
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Normal differentiated cell Cancer cell

Oncogenic signalization

Fosforylace
Hsp70 / Hsp90

HOP

Degradation
of unstable U o

proteins U

Stabilization
of mutated p53

C-terminus Hsp70/90 non phosphorylated |Phosphorylated Hsp90 Hsp70

Hsp bind preferentially CHIP Hsps bind preferentially HOP

Designed to degrade unfolded protein High folding capacity of Hsp90

Higher expression of CHIP Increased level of HOP

Lower sensitivity ti Hsp90 inhibitors High sensitivity to Hsp90 inhibitors




Breast Cancer Research and Treatment
November 2012, Volume 136, Issue 2, pp 419-427

Date: 04 Oct 2012

TOMM34 expression in early invasive
breast cancer: a biomarker associated
with poor outcome

Mohammed A. Aleskandarany, Ola H. Negm. Emad A. Rakha, Mohamed A. H. Ahmed, Christopher
C. Nolan, Graham R. Ball. Carlos Caldas, Andrew R. Green. Patrick J. Tighe, lan O. Ellis

TPR1

TPR2

Breast Cancer

Tomm34-TPR1|Q15785(9-118
Tomm34-TPR2 | Q15785| 193-294
CHIP|Q9UNET | 26:127
HOP-TPR1|P31948|4-105
HOP-TPR2A | P31948| 225333
FKBPS2| Q02790| 270-386
PPP5|P53041| 28-129

Tomm34-TPR1|Q15785]9118
Tomm34-TPR2| Q15785 193-294
CHIP|QSUNET| 26127
HOP-TPR1| P31948| 4105
HOP-TPR2A | P31948| 225-333
FKBPS2|Q02790|270-386

PPPS| PS3041 | 28-129

Tomm34-TPR1|Q15785(9-118
Tomm34-TPR2| Q15785|193.294
CHIP|QOUNET| 26127
HOP-TPR1|P31948|4-105
HOP-TPR2A| P31948| 225333
FKBPS2| QO2790| 270-386
PPPS|P53041|28-129
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TOMM34 protein — co-chaperone C-terminus Hsp70/Hsp90

EEVD
Tetratricopeptide repeat (TPR) domain j

De novo modeled structure of TOMM34 domains



The Assembly and Intermolecular Properties of the
Hsp70-Tomm34-Hsp90 Molecular Chaperone Complex”

Recedved for publication, October 11, 2013, and In revised form, Februsry 16, 2014 Published, J8C Papers in Press February 24, 2014, DOI10.10744bc M1 13526046
Fillp Trcka®, Michal Durech’, Petr Man®™, Lenka Hernychova’, Petr Muller'’~, and Borlvo) Vojtesek' '~
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HDX — basic basics

Exchangeable hydrogens: Y - ) 50 B
1) side chains containing —OH, — T e TP e TEENT
SH, —-NH2, —COOH and —CONH2
groups and hydrogens from the
amino and carboxy termini _ N
2) carbon-bound aliphatic and : r A
aromatic hydrogens
3) hydrogens arising from the ”l v
amide linkages between amino D

: . b P - D
acids of the protein (. .
polvpeptide chain
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“ pepsln digestion
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MS analysis MS analysis
.. d _,.u.g,..,,,_,_. of peptides of peptides
proteolysns MS or LC/MS ’g i



HDX — HSP70/90-TOMM34 interaction without ATP
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The effect of ATP

on HSP70 — Tomm34 interaction

Strep.

Dynabeads

SBP-HSP
TOMM34

ATP ADP ATP ADP



HDX — HSP70-TOMM34
interaction with ATP

Average deuteration [%]

AA residue
Hsp70 + ATP




HSP70-TOMM34 interaction with ATP, the role of HSP40

WT HSP70

ATP 0 10 100 1000
uM uM uM uM
WT HSP70

ATP 0 10 100 1000
uM uM uM uM



Cooperation of Hsp70/Hsp90 folding by Tomm34

Tomm34
/ﬁ S

Hsp70 binds TPR1
strongly at ATP bound
state, client is released

nucleotide free Hsp70
binds TPR1 weakly TPR1 TPR2
through EEVD domain

Hsp90 binds TPR2 at
client free state

Client binding to Hsp90 disrupt ATP hydrolysis releases
its interaction with Tomm34 Hsp70 from Tomm34



Hsp90 client proteins

Signal transduction
and tumorigenesis

17AAG
inhibition

Steroid signalling

Innate immunity

Muscle
contraction and Protein
cell motility w~ — trafficking

3—>‘900

Degradation

S Hypoxia,
DNA damage
and cellular
memory

Viral infections 4~

Nitric oxide

signalling Calcium signalling

Telomere

Heat shock response
maintenance

Nature Reviews | Molecular Cell Biology

Is there any structural/motif motif recognized by Hsp90 ?



Research
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Systematic Identification of the HSP90
Regulated Proteomes

Zhixiang Wuz, Amin Moghaddas Gholamit, and Bernhard Kuster$§1]
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Quantitative Analysis of Hsp90-Client
Interactions Reveals Principles
of Substrate Recognition

Mikko Taipale,’ Irina Krykbaeva,' Martina Koeva," Can Kayatekin,! Kenneth D. Westover,? Georgios |. Karras,!
and Susan Lindquist' 2.4

Bait (transfected) Prey (stable 293T cell line)
3IxFLAG  batt Hsp90 luciferase

Incubate lysates i anti-FLAG Wash off nonspecific binders, Add HRP-coupled Wash off nonspecific binders
coated microwells measure luminescence anti-FLAG antibody add HRP substrate

S SR, g dia
- V -
Fully folded Kinase domain bound OO?.’...
conformation to Hsp90 and Cdc37 o1 3 485087
(unstable in Hsp90 clients) HpR0 meracsen soone 00G7)

Cdc37 recognizes te kinase domain

l Thermal stabiity determines interaction

strengh

No consensus sequence of Hsp90 clients




Ligand promotes conformational stabilization of steroid receptors



37°C

Functional proteomic to study Hsp90 complexes P Vs \
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HSP90a HSP90b
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Any protein can be client of Hsp90

Both water and chaperones provide a diffuse
set of rapidly fluctuating weak links (low
affinity and low probability interactions), which
allow the generalization of all these statements

to a multitude of networks. WEAK LINKS

»

Weak Links

*; Springer

The Universal Key to the Stability of Networks and Complex Systems
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