To fold or not to fold?

4sp90

in a nutshell

Carla Garcia
Pedro Morata
Ainoa Tejedera
Mariona Vidal

Structural Biology Project
Human Biology
UPF 19/20



Index

Introduction Vertical Analysis

Introduction
to Hsp90

Structural Analysis

Hsp90 Cycle

Dimer of Dimers

Relevant Regions Client Binding




INTRODUCTION



Molecular chaperons

Proteins that assist the conformational

folding and the assembly of other Ribosome Organelles memibranes Netlve protein
macromolecular structures. Functions: m@ m
TIRTRARRARRRRRARRARRRRNI NG, (RRRRRRRRRRRRRRARRARRRRITI
- Folding of de novo synthesized _ polipeptide lStreSS
proteins.
| 1 Denatured protein
- Folding  of  proteins  after \ /
denaturation. ¢ 9

\”' ..................

Chaperone Nz

- Celltransport.



Molecular chaperons

Main types of chaperons

Nucleoplasmins

Hsp60 or chaperonins

Hsp70 chaperons

Hsp90 chaperons




Additional information

~— Unmasked
~— Masked

0.8
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0.4

0.2 ottt W P FSC=0.143

Fourier shell correlation

0.1 02 03 04 05 06 07

Near-atomic cryo-EM imaging of a small
protein displayed on a designed
scaffolding system. Liu Y, Gonen S, Gonen
T, Yeates TO.



http://www.youtube.com/watch?v=hnnUD9-hD8A

Classification: Nucleoplasmin

Nucleoplasmin Nucleoplasmin One nucleoplasmin decamer
pentamer decamer bind to five histone octamers

*”*“‘3&::

Adapted from: Molecular chaperones: assisting assembly in addition
to folding. Ellis RJ. Trends Biochem Sci.

Human nucleophosmin-core in complex with cytochrome ¢



Classification: Hsp40 (chaperonins)

GroEL side view

GroEL top view



Classification: Hsp/0

Two domains:

N-terminal domain or nucleotide binding

. ATP
domain.

a ¥
Substrate W\
C-terminal domain or substrate binding ‘, :\\Z
domain. A




INTRODUCTION
to HSP90



HSP90:

SOFORMS




HSP90: ISOFORMS

RMSD: 0.31

N-terminal Hsp90a
and Hsp90p HtpG



HSP90: CO-CHAPERONS AND CLIENTS

Clients:

- Receptors.

- Transcription factors.

- Kinases.

- Otherunrelated proteins

PI3K like
protein
kinases

bHLH
transcription
factors

hormone
receptors

EPK
Protein
kinases

NOD like
receptors

| polymerases |

Ubiquitin
ligases




Hsp90: Cancer




STRUCTURAL -
ANALYSIS
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Class Alpha and Beta proteins (a+p)
ATPase domain of Hsp90
Fold chaperone / DNA topoisomerase Ribosomal S5 domain 2-like Hsp90 C-terminal domain

I / histidine kinase

ATPase domain of Hsp90
Superfamily | chaperone/DNA topoisomerase Ribosomal S5 domain 2-like Hsp90 C-terminal domain
I/ histidine kinase

Heat shock protein 90, Hsp90,

N-terminal domain HSp%0 middle domain Hsp%0 C-terminal domain

Family




N-TERMINAL
DOMAIN

a-3 sandwich: Eight stranded (3 sheet
(strands S2-S9) flanked by eight a
helices (H1-H8)

ST H1S2 S3 5S4 S5 H2 H4 S6 S7 He H8S8

13 L L

H3 H5




MIDDLE
DOMAIN

Three subdomains:
- a-[3-a sandwich
- Spiral of three helices

- a-[3-a sandwich




MIDDLE
DOMAIN

H1 S1 S2 S3 S4 S4'° H2 H3I H4

TOP a-3-a sandwich

S1 Hl S2 H2 S3 H3 S4 S4

BOTTOM a-3-a sandwich fmlm




DOMAIN

1 s e CTERMINAL
—

il

e

Unigue mixed a-(s fold
Responsible of dimerization
Homodimer: Four helix bundle




DOMAIN
LINKERS

NTD-MD: / residues

MD-CTD: Highly mobile
tether

Accomodation for client
proteins



RELEVANT .
- REGIONS



N-TERMINAL
DOMAIN
ACTIVE SITE LID

Two helices and an intervening loop
Adjacent to ATP binding site

Helices are parallel to NTD (3 sheet
Conserved motif: IGQFEGVG




N-TERMINAL
DOMAIN

ACTIVE SITE LID
AND ATP BINDING

Function: link between ATP binding
/ hydrolysis and client-protein
binding / release




N-TERMINAL DOMAIN
ATP BINDING AND HYDROLYSIS

Main elements: GLU,
ARG, GLN, PHE

/\

Met98A

Thr184A

MD (ARG) + dimerization

are required for full

activity
Pre-existing equilibrium :w\sf\A;::m : :}N\/\R
of states YO Phalath

Bank R. RCSB PDB: Homepage [Internet]. Resb.org. 2020 [cited 29
February 2020]. Available from: https://www.rcsb.org/



-
N-TERMINAL DOMAIN
ATP BINDING




N-TERMINAL D
ATP BIN NG
—

GLY 182.A

o g

PHE 138.A



N-TERMINAL DOMA \ Y77

ATP BINDING

0
Met98A M

Thr184A

Gly135A

A

Gly137A

Bank R. RCSB PDB: Homepage [Internet]. Resb.org. 2020 [cited
29 February 2020]. Available from: https://www.rcsb.org/



N-TERMINAL
DOMAIN
ATP HYDROLYS

1. forms salt bridge with

carboxyl group of

GLU gets polarized

Nucleophilic attack between

GLUand H,O

4. H,O becomes negatively
charged

5. H,Oattacks P atom of
Y-phosphate

6. Covalent bond betweeny and
B phosphate is broken

7. Products: hydrogen phosphate
and ADP

W N



N-TERMINAL
DOMAIN
ATP HYDROLYSIS

Salt bridge between ARG-MD and
nucleotide gets broken

Breaking of this interaction +
ARG 380B Release of y-phosphate after

hydrolysis — Release of the client
/‘ protein




C-TERMINAL
DOMAIN /&’
DIMERIZATION

Four helix bundle (not purely) g
Surface: Predominantly hydrophobic

with few charged residues

S, 8
W &
A

b"
ol

Intermonomeric hydrogen bonds %

. | , S 4
ASN-GLN ”



C-TERMINAL
DOMAIN
DIMERIZATION

Long groove with
conserved hydrophobicity

Conserved motif: MEEVD for
co-chaperone binding

H21: conserved hydrophobic residues
— role in client - protein interaction

rvoroprosic | | +voroPriLc



CENTRAL CLEFT,
CLIENT
BINDING

NTD V13, L1/, M20,1271 solvent
exposed and hydrophobic

Cluster with 9, L24

Hydrophobic patch: Protein / protein
Interaction



CENTRAL CLEFT
CLIENT
BINDING

MD src loop

Region with poor sequence
conservation but similar
hydrophobic and hydrophilic
residues

Conservation suggests client -
protein interaction region



CENTRAL CLEFT
CLIENT
BINDING

CTDH21

Each monomer presents three
hydrophobic elements intro the
Inner concave surface

Central cleft: Ideal location for
client - protein binding



VERTICAL -

- ANALYSIS



N-terminal Domain

Well-conserved N-terminal in general

21 31 41 51
Consensus ---eeevETF aFQAEIlaQLM SLIINTf N KEIFLRELIS NA
Conservation

Active site lid presents shares little sequence homology
beyond a well conserved IGQFGVG motif

Caenorhabditis
Dictyostelium

X—HOZZ>>>> > >
r

Escherichia

Hydrophobic residues involved in client binding site
conserved

231

61 7 81 91 10
181 191 1 211
Consensus YesLtDPskL dsgkelLkldl iPnkgerTLt iiDtGlI TKaFME K

Consensus hg-EpiGRGT
Conservation

221
viLhLKEDQ EYLEErRiK evVKKHSqFI| gYPIltLyveK EreKEvsddE

K L K

o

Caenorhabditis
Dictyostelium
Oryza

Candida
Saccharomyces
Escherichia

Caenorhabditis
Dictyostelium

TTMTMTMAI XXX
TIDIXXZOOUOO
OX00D0ZNZZZZ
RURRRRXR<

K
K
K
K
=]
\
K
Q
Q
IE

Saccharomyces
Escherichia

ox
—“mm-AIZ—IIII|

251 281

8 291
[Consensus - - --- keeeekede kpkiEdvgsd kKKKtKKiKEKkK

121 151 9
yieqEel

16
Consensus ALgqAG- -ADi C 4 V vVitKhNDDE E FTVriID
Conservation

B
> >
=
%]
=

Caenorhabditis
Dictyostelium
Oryza

Candida
Saccharomyces
Escherichia

—H0O0<—<-H-H<<<
o

>A—H—4>IIXD

Saccharomyces
Escherichia

=E—-—-H4==000000

%



N-terminal Domain

Well-conserved N-terminal in general

Active site lid presents shares little sequence homology
beyond a well conserved IGQFGVG motif

Hydrophobic residues involved in client binding site
conserved

121 131 141 151 161 171
Consensus ALqAG- -AD i SMIGQFIGVGF YSAyLVAekV vVitKhNDDE Q---YaWESs AGGsFTVriID

Conservation
VR A

Caenorhabditis
Dictyostelium
Oryza

Candida
Saccharomyces
Escherichia

V R
V' R
TV K
TV R
V R
IV A
V T
Q\ T
Q T
T\ A



N-terminal Domain

Well-conserved N-terminal in general

Active site lid presents shares little sequence homology
beyond a well conserved IGQFGVG motif

Hydrophobic residues involved in client binding site
conserved

41 51
Consensus - - SN KEIFLRELIS NASDALDKI
Conservation

Caenorhabditis
Dictyostelium
Oryza

Candida
Saccharomyces
Escherichia

A
A
A
A
A
A
N
N
S
if
K




N-terminal Domain

Reply Log

Homo vs. Candida: 68.11% identity

Homo vs. Saccharomyces: 68.50% identity
Homo vs. Dictyostelium: 72.55% identity
Homo vs. Oryza: 74.51% identity

Homo vs. Homo: 100.00% identity

Homo vs. Bos: 100.00% identity

Homo vs. Gallus: 98.43% identity

Homo vs. Danio: 92.55% identity

Homo vs. Mus: 87.45% identity

Homo vs. Caenorhabditis: 83.07% identity
Homo vs. Escherichia: 44.31% identity

Search:

Save Close

RMSD: 1.40



Middle Domain

1 31 41 51 [
Consensus INPdDIT qEEYgeFYKS |tNDWEdhLA VKHFSV QL EFrAILFiPr RAPFDLFEnk

gg::(sﬁedn;aﬂon = " - = SR s = = ” Weu-conserVEd middle domain

S
S
SK
T

S

Saccharomyces | LV S

Dictyostelium S
K

Conserved Arginine (ArgMD) with significant role in ATP
hydrolysis

OZZZO00O0XX0O

61 91
Consensus KKKNNIKLYV i

Caenorhabditis KSEK
Escherichia DH K

wifiss b isv s fsv B o oo s s

121 131 141 151 16 171
Consensus iVKKcIEIFn EIA-EDkEny kKFYeaFSKN IKLGiHEDsq N seLLR Yhtsqg--S
Conservation
Candida |

TAF AQ R AK R
Saccharomyces | | I KL

Caenorhabditis
Escherichia
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Middle Domain

1 31 41 51 [
Consensus INPdDIT qEEYgeFYKS |tNDWEdhLA VKHFSV QL EFrAILFiPr RAPFDLFEnk

gg::(sﬁedn;aﬂon L " = i SR i< = = v We”—COﬂServed mlddle domaln

S
S
SK
T

S

Saccharomyces | LV S

Dictyostelium S
K

Conserved Arginine (ArgMD) with significant role in
ATP hydrolysis

OZZZO00O0XX0O

Escherichia

61 81 91
Consensus KKKNNI KLYV I MDnce e L FPPEY LRNE I rGvVDSEDLP
Conservation

>

Caenorhabditis
Escherichia

OzZzZZoonzzZmoO

121 131 141 151 16 171
Consensus iVKKcIEIFn EIA-EDkEny kKFYeaFSKN IKLGiHEDsq N seLLR Yhtsq--SgD
Conservation
Candida |

TAF AQ R AK R
Saccharomyces | | I KL

S
N \%
Q

Q

Caenorhabditis
Escherichia

S
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Middle Domain

RMSD: 1.60



C-terminal Domain

61 71

111

101
kaead-knD KaVKDLVvLL fETALLSsSGF

Consensus ALRDnStmgY MsaKKhIEIN

iDTTMSS
MS S

AE Well-conserved C domain

3 Conserved hydrophobic (Leu/lle, Pro, Phe/His)
and hydrophilic residues (Asn/Tyr/His and
GIn/Thr) involved in dimerization.

Mus
Caenorhabditis
Oryza
Dictyostelium
Escherichia

>

OXXOPDOOOOXX ¥
mm >

nOnZZZZZ0
mMOO>>ZTZZZ00
3
m

>
¢ X
L]

121 131 1 151 161 171
IConsensus F SLedPqth RIyRmlIkLGL ---- eeps-aavpd eipplEg-de daSrMEEVD
RINRLIA AVE
RINRLIS E A
R RM I K >

Conserved MEEVD for cochaperones binding
(absent in E. coli since Htpg doesn't use
cochaperones)

SN 8 S E-PA
T %

m>»—>—->>0m

an
AH
AS
SN
SN
SN
SN
AN
AS
FGT
FAS
IR

<> o<<mm

Dictyostelium
[Escherichia

zZnz
=




C-terminal Domain

Well-conserved C domain

Conserved (Leu/lle, Pro, Phe/His)
and hydrophilic residues (Asn/Tyr/His and
GIn/Thr) involved in dimerization

Conserved MEEVD for cochaperones binding
(absent in E. coli since Htpg doesn’t use
cochaperones)

61 71 81 91 101 111
Consensus ALRDnStmgY MsaKKhIEIN PdhplllvetLr gkaead-knD KaVKDLVvLL fETHAL
Conservation
Candida ALR
Saccharomyces | A
Bos
Homo
Gallus
Danio
Mus
Caenorhabditis
Oryza
Dictyostelium
Escherichia

AE
AQ

MS S KKTFEIS SS KE LK
MS S M QST RERES KS | KE L K

R

nmnZZZ2Z2Z2Z0n -
OXXOO00OO0O0OOXX




C-terminal Domain

Well-conserved C domain

Conserved (Leu/lle, Pro, Phe/His)
and hydrophilic residues (Asn/Tyr/His and
GIn/Thr) involved in dimerization

Conserved for cochaperones binding
(absent in E. coli since Htpg doesn’t use
cochaperones)

131 141 151 161
Consensus RIlyRmlkLGL gldeDe---- eeps-aavpd eipplEg-de
Conservation
A - - - - AT TTAS E-PA
SLGI ‘ AS TAAPVEE-V

w x>
w

N
SN
SN
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AN
AS

T
AS

I R




C-terminal Domain
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0 &5 B =3 = 2% = = =3 3 1 A = 22 0 =3 -=d 4
Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

i

HtpG E.coli



C-terminal Domain

Phenilalanine '\[’

[ Histidine

E.coli HtpG + human Hsp20 model



HSP90
CYCLE



Absence of | “wie #

nucleotide ATP/ADP.Pi

APO (open)

HSP90 cycle. Adapted from Shiau et al.



1. APO (open) STATE

Absence of
nucleotide

Lid state 1

Hydrophobic central
cleft

Client proteins
loading




1. APO STATE: central cleft

Client proteins
loading-binding

Large central cleft lined by

hydrophobic elements from each e
of the three domains: Bao’( | \:\/‘«/"}\2;
Client-protein binding ) N
e 2y L ".J
- YU", > 'Q.”\“\

- helixH1
Minimal MD/CTD interface:

- MDsrcloop
- CTDhelix 21

side view



1. APO STATE: central cleft

Client proteins
loading-binding

Large central cleft lined by
hydrophobic elements from each

of the three domains: -

| . Y IO R R ST,
Client-protein binding ?A' J =

- helixH1 o
Minimal MD/CTD interface: 2 =

- MDsrcloop

- CTDhelix 21

top view



1. APO STATE: central cleft

MD src loop

CTD helix 21

MD src loop
CTD helix 21

rivoroprosic | - oroPHiLic



: central cleft

1. APOSTATE

MD src loop

MD src loop

CTD helix 21

HYDROPHILIC

HYDROPHOBIC



active-site lid
helix H1
MD src loop

CTD helix 21




1. APO STATE: active lid

Active-site lid is disordered and not
visible

}

It hides the ATP binding pocket

Residues from the
lid cross the region occupied
by the a and 8 phosphates of
the nucleotide

ATP binding pocket



1. APO STATE: active lid
"

)

Active-site lid is disordered and not
visible

| : -t oY
"\ ) S A .‘ iflés the ATP binding pocket
« )w PRl
8 ey > ld &
| —— B '
a® e,

—

_

Client binding

|

Lid disordering
NTD/MD reorientation

|
| Nucleotide binding |

Active -site lid
ATP binding pocket



2. ATP STATE

Client proteins
binding

Lid state 2

Lid rearrangement

ATP binding

Adapted from Shiau et al. 2006



2. ATP STATE: lid rearrangement

Inactive “lid-up” or
disordered conformation

Client binding

|

Lid disordering Client binding
NTD/MD reorientation

[ Active “lid-down” J




2. ATP STATE:

id rearrangement

Lid-up — Lid-down

Apo full length NTD isolated with ATP



2. ATP STATE:

id rearrangement

Lid-up — Lid-down

Apo full length NTD isolated with ATP



2. ATP STATE: lid rearrangement

1. Helix H1 pivots at Tyr25 by 35° — lie along one face of the lid
' .Zj
, .

H1
Apo full length (with client binding) NTD isolated with ATP Tyr25



2. ATP STATE:

1. Helix H1 pivots at Tyr25 by 35° — lie along one face of the lid /

id rearrangement

Morphological changes modelled with Chimera Tyr25



2. ATP STATE: lid rearrangement

”'

rotation > &

2. Helix H1 rotates
along its axis by 180°

4
Apo full length (with client binding) NTD isolated with ATP



2. ATP STATE: lid rearrangement

3. Residues 1-14 (1-32 in H. sapiens) are disordered H1

Apo full length (with client binding) NTD isolated with ATP



2. ATP STATE:
ATP binding

GLY 182.A

133

GLY 137.A

PHE 138.A




2. ATP STATE: ATP binding

ATP binding ATP hydrolysis
i ¥
™
Stabilization of the ADP/P-
ordered lid
conformation ,

y ADP binding

( )
Incompatible with

NTD/MD relationship
in the apo structure

v

NTD/MD
rearrangement




-P. STATE

3. ATP/ADP

™
(O]
<+~
C
<+~
(7]
R
-

ion

1zat

NTD dimer

.
i -
.

< ..- 3

e 8
J.- .a, ..l.mﬂo Be .o

ding

ATP hydrolysis and
ADP bin
Client protein
remodeling



3. ATP/ADP-P. STATE

The !id covers the bound nucleotide

-
#iy AN
¢' "d’ -




3. ATP/ADP-Pi STATE: NTD dimer

ATP-mediated interprotomer closing — well drive client-protein remodeling

Exposition of the ‘
hydrophobic face of the lid )

|

Stabilization of the NTD
dimerization by N-ter
residues

\

rvoroprosic | | +voroPriLc



3. ATP/ADP-P. STATE: ATP hydrolysis




3. ATP/ADP-P. STATE:
Rearrangement

Hydrolysis occurs and ArgMD interaction
Is broken

Based on superimposition:

- CTD is unaffected

-  MD pivotes 15° away

- NTDrotates 127° — nucleotide
binding pocket exposition

NTD and MD of each monomer are closer
to each other




3. ATP/ADP-P. STATE:
Rearrangement

Hydrolysis occurs and ArgMD interaction
Is broken

Based on superimposition:

- CTD is unaffected

-  MD pivotes 15° away

- NTDrotates 127° — nucleotide
binding pocket exposition

NTD and MD of each monomer are closer
to each other




3. ATP/ADP-P, STATE: %
Rearrangement

Hydrolysis occurs and ArgMD interaction
Is broken

Based on superimposition:

- CTD is unaffected

-  MD pivotes 15° away

- NTDrotates 127° — nucleotide
binding pocket exposition

NTD and MD of each monomer are closer
to each other




3. ATP/ADP-P.
STATE:

4
R@r’alpﬁfﬂm@ﬁmﬂb interaction

Is broken

Based on superimposition:

- CTD is unaffected

-  MD pivotes 15° away

- NTDrotates 127° — nucleotide
binding pocket exposition

NTD and MD of each monomer are closer
to each other




3. ATP/ADP-P. STATE:
Re arran ge me r‘]t Nucleotide binding pocket

Hydrolysis occurs and ArgMD interaction
Is broken

Based on superimposition:

- CTD is unaffected

-  MD pivotes 15° away

- NTDrotates 127° — nucleotide
binding pocket exposition

NTD and MD of each monomer are closer
to each other



3. ATP/ADP-P. STATE: ADP binding A %

Met85A

His93A

....... \ H
R .................. \ /
- N A - ‘ D S o N>/
7 Ng?Z e nanden
Bank R RCSB PDB: Homepage [Internet]. Resb.org. 2020 [cited 29 Phe 127A K

February 2020]. Available from: https://www.rcsb.org/ R



3. ATP/ADP-P. STATE: ADP binding
g —

-




4. ADP STATE

Lid rearrangement

Lid state 4

Client proteins
release

Adapted from Shiau et al. 2006



4. ADP STATE:

Lid state 4:
- "Gasket” to help seal the NTD against
the MD, stabilizing the very compact
configuration

id rearrangement

- Collapsed hydrophobic core, formed by
the interdigitation of the lid, the src
loop and the CTD H21, mutually
masking their otherwise exposed
hydrophobic surfaces

> [ Client proteins ]
release

Adapted from Shiau et al. 2006




4. ADP STATE

The client proteins released from hsp90

The nucleotides dissociate

Cleft open — new round of client-protein binding

Adapted from Shiau et al. 2006



Conformational Changes in Hsp%0

Shiau et al. 2006


https://docs.google.com/file/d/1T16JvxsiCD9ViWJKhVfKQhcSY_Qt8kmK/preview

DIMER OF
DIMERS



DIMER OF DIMERS

Two inverted interlocking dimers

Stabilized: Interaction of NTDs from one
dimer with MDs and CTDs of the other




DIMER OF DIMERS

NTD cradled against the 1st subdomain of
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DIMER OF DIMERS

The NTD lids lie at the heart of the
rearrangement

Each of the licls isinserted into a channel
bound by the MD src loops, the last domain
of the MD and the N-ter end of H21 of the

other dimer

The hydrophobic surfaces come together to
form a well-packed hydrophobic core




DIMER OF DIMERS

The NTD lids lie at the heart of the
rearrangement

Each of the lids is inserted into a channel
bound by the MD src loops, the last domain
of the MD and the N-ter end of H21 of the

other dimer

The hydrophobic surfaces come together
to form a well-packed hydrophobic core

rvoroprosic |, - oroPHiLic




CLIENT BINDING

AND FOLDING «:



CLIENT BINDING

Coexpression in Sf9 cells of HSP90 +
CDC37 + CDK4

Symmetrical closed conformation




CLIENT BINDING




CLIENT BINDING HSP90 - Tubular Domain

| NTE RACT' ONS HSP?0O interacts with the

tubular domain of Cdk4
preventing the folding of
the protein




CLIENT BINDING =
INTERACTIONS

Salt bridge:
GLU (CDK4) - ARG (HSP90)

Hydrogen bond:
GLU (CDK4) - TRP (HSP90)



CLIENT BINDING
INTERACTIONS

Salt bridge:
LYS (CDK4) - GLU (HSP90)




CLIENT BINDING
INTERACTION

Hydrogen bond:
ARG (CDK4) - GLU (HSP90)
ARG (CDK4) - GLU (HSP90)

>




CLIENT BINDING

INTERACTIONS

Salt Bridge: \
ASP (CDK4) -

\
ARG (HSP90) - ‘v




CLIENT BINDING
INTERACTIONS

Hydrophobic interactions
that stabilize the complex



CLIENT BINDING
INTERACTIONS




CLIENT BINDING
INTERACTIONS

NTD-NTD
Interactions

CDK4 interacts with the
co-chaperone through
extensive  hydrophobic
and hydrogen bonding
Interactions

Mimicking of the N-C
Interaction



CLIENT BINDING
INTERACTIONS

Hydrogen bonds:
GLN (CDK4) - ASN (CDC37)
ARG (CDK4) - ASN (CDC37)
LEU (CDK4) - ASN (CDC37)




CLIENT BINDING -
INTERACTIONS

Hydrogen bonds:
ASP (CDK4) - SER (CDC37)




B 4
CLIENT BINDIN
INTERACTIONS

Stabilizing
hydrophobic
Interactions



CLIENT BINDING
INTERACTIONS

CTD - CITD Q E

Interaction

Helps covering the
other side of the
CDK NTD - CTD

Interaction



CLIENT BINDING
INTERACTIONS

Hydrogen bonds: —
LYS (CDK4) - ARG (CDC37)




CLIENT BINDING
INTERACTIONS

Hydrogen bonds:
THR (CDK4) - LYS (CDC37)
SER (CDK4) - ASP (CDC37)



CLIENT BINDING
INTERACTIONS




BULLET POINTS

e Hsp90 is a highly conserved chaperon among all its representatives. Even though sequence
homology is not always observed in HSP90, the structure is highly conserved through species
following similar hydrophobic and hydrophilic patterns.

e [t works in an ATP _dependent manner. This nucleotide helps to switch between different
equilibrium states that compose the HSP90 cycle. The key factor of the Hsp90 function lies in its
cycle of conformational changes.

e HSP90 is a constitutive dimer. Nonetheless, it is usually found as a dimer of dimers to maintain its
stability by hiding the hydrophobic exposed residues.

e Each domain has conserved hydrophobic regions responsible for the client-protein interactions.
Overall, this pattern is known as the central cleft and it's composed by: the hydrophobic stripe of
the NTD, the src loop of the MD, and the H21 helix of CTD.
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1. Whichare the main types of chaperones?

a.

® oo o

Nucleoplasmins.
Chaperonins.
Both are correct..
Hsp70 and Hsp?0.
All of the above.

2. Hsp90isresponsible for:

a.

CEES e

The folding of de novo synthesised proteins.

The folding of unfolded proteins after a denaturation process.
Glycosylation of proteins.

Cargo export.

DNA folding.

3. How many domains does the HSP90 have?

a.

o aon o

Only one.

Two:the NTD and the CTD
Three: NTD,MD, CTD

It depends on the species.
None of the above are true.
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4. Which is the region responsible for the ATP binding?
a.  Onlythe NTD.

b.  Onlythe MD

c. The NTD together with an ARG from the MD.
d.  TheCTD.

e.  HSP90does not bind to ATP.

5. In which species is the MEEVD motif not conserved?
Homo sapiens.

Mus musculus.

Bos taurus.

E. coli.

S. cerevisiae.

o QAo T O

6. About the cycle of the HSPQO:
1. The cycle consists of multiple states of equilibrium directionally determined by ATP binding and hydrolysis.
2. ltregulates the protein binding and release.
3. Client proteins are loaded during the apo state.
4. There is only one equilibrium state (when the client protein is bound).

a) 1,2and3
b) land 3
C 2and 4

)
d 4
e) 1,2,3and 4
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7. About the cycle of the HSP9O:
1. Thelid remains with the same conformation during all the cycle
2. The hydrophobic central cleft is exposed at the end of the cycle
3. Theclient binding needs a previous ATP binding
4. The ATP binding needs a previous client binding

a) 1,2and 3
b) 1land 3

¢ 2and4

d 4

e) 1,2,3and 4

8. In which state does the hydrophobic core collapse to allow the release of the client proteins?
a)  Apostate

b)  ATP state

c)  ATP/ADP state
d) ADPstate

)

e The hydrophobic core never collapses because the client proteins don't release from the Hsp%0



PEM

9. What kind of bonds are involved in the Hsp90 - Cdk4 interaction?
1.  Hydrogen Bonds
2. Salt Bridges
3. Hydrophobic interactions
4. Disulphide bonds

a. 1,2and3
b. land 3

c. 2and4

d 4

e. 1,2,3and 4

10. About the Hsp?0 - Cdc37 - Cdk4 interactions (choose the right one):
Three Hsp90 are present in the complex

Only one of the Hsp90s is interacting with the client protein
Cdc37is the client protein

Cdk4 is the cochaperone

Cdc37 NTD domain interacts with Cdk4 NTD

P on o



