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INTRODUCTION ‘
TO CHAPERONES %%



Molecular Chaperones

Chaperones are highly conserved molecular )\ .
. . o) /
machines that control cellular protein U Native proteins

homeostasis (proteostasis). " °'ypep“de . \ /
rom ribosome

Chaperones are involved in

e De novo protein folding, maturation and IS PR

and non-native proteins

translocation \
e Protein disaggregation, refolding, and / \
degradation

Protein aggregates

Heat shock proteins (Hsp) are chaperones that are Degraded proteins
produced by cells in response to stress.



Classification 7
Hsp40 ¥
Classified based on molecular weight (kDa). N

N Hsp60
ATP-independent: passive holdases that can bind
non-native proteins.
J
Hsp70
N
ATP-dependent: harness the energy from ATP
binding and/or hydrolysis to assist proteostasis.
) Hsp90

Others: sHsp and Hsp110.



Hsp40

J-domain containing protein that functions as a
co-chaperone to Hsp70.

— It can bind non-native proteins and direct them to Hsp70.

— It accelerates ATP hydrolysis by Hsp70.

J-Domain Peptide-binding fragment ) §
Type | - I W= Gt
s , G :
J-Domain Peptide-binding fragment : !
Type " .G/F—region o= - -I

J-Domain PDB: 4J80

Type Il R < E. coli



Hsp60

An ATP-dependent chaperone with a double ring
structure, consisting of two heptameric rings.

Function:

Participate in assembly and disassembly of
mitochondrial proteins.

Two groups:

1. GroEL of eubacteria, mitochondrial and
chloroplast of eukaryotes

2. Chaperonins found in archaebacteria and
eukaryotic cytosol

PDB: 2NWC
GroEL



Hsp90

Chaperone involved in cell survival, cell cycle control,

hormone signaling, and apoptosis.

Three main conserved domains that operated in an
ATP-dependent manner:

1. N-terminal domain (NTD)

2. Middle domain (MD)

3. C-terminal domain (CTD)

NTD )
"'Y)
MD
Souty
3N
g \‘(A"\\ N\
‘ ‘«-7 N
VM
CTD 5

PDB: 2I0P
HtpG (E. coli Hsp90)



INTRODUCTION
TO HSP70



HSP70 FUNCTIONS AND DOMAINS

Involved in proteostasis by prevention of aggregation

and refolding proteins to the native state. ’
=2 A0 ALA

\A DR NN
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Two main functional domains that operate in@n

ATP-dependent manner:
1. N-terminal nucleotide binding domain (NBD)

2. C-terminal substrate binding domain (SBD)

Both domains connected by the interdomain linker.

Movie 1. 3D representation of the Homo sapiens’ Hsp70 in the

N-ter NBD C-ter ATP-state. PDB ID: 5E84. Created with Chimera.
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N-terminal NBD

Class 1000002
Alpha and beta proteins (a/b)

Fold 2000067
Ribonuclease H-like motif

Superfamily 3000092
Actin-like ATPases

Family 4000313
Actin/HSP70

C-terminal SBD -
C-terminal subdomain

Class 1000000
All alpha proteins

Fold 2000831
Immunoglobulin/albumin-binding
domain-like

Superfamily 3000668
HSP70, C-terminal subdomain

Family 4000583
HSP70, C-terminal
subdomain

C-terminal SBD -
N-terminal subdomain

Class 1000001
All beta proteins

Fold 2000420
HSP70, peptide-binding domain

Superfamily 3000642
HSP70, peptide-binding domain

Family 4000583
HSP70, peptide-binding domain




STRUCTURAL
ANALYSIS OF HSP70




Multiple Sequence Alignment and Phylogeny

Homo sapiens

Xenopus laevis

Drosophila melanogaster
—) UNIPROT: Selection of sequences from the species Caenorhabditis briggsae

Nicotiana tabacum

Saccharomyces cerevisiae

Escherichia coli

Homo sapiens ¢
Xenopus laevis
. CLUSTALW
Drosophila melanogaster
Caenorhabditis briggsae Homo vs. Xenopus: 93.43% identity

Homo vs. Drosophila: 80.43% identity
Homo vs. Caenorhabditis: 78.44% identity
Homo vs. Nicotiana: 69.42% identity

. Homo vs. Saccharomyces: 65.60% identity
Saccharomyces cerevisiae Homo vs. Escherichia: 48.12% identity

Nicotiana tabacum IQTREE

~
o

Escherichia coli




N-ter Nucleotide Binding Domain (NBD)

Two lobes with a deep cleft in between, where ATP/ADP will bind.
4 different subdomains:

1IB IB

IIANBD and IANBD are slightly more conserved.

5E84 - Homo sapiens



51 61 71
Consensus TWiIGIDLGTT YSCVgVyKNG
Conservation
Homo
Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia N

111
Consensus
Conservation

Caenorhabditis
Nicotiana
Saccharomyces

Escherichia A K A F % R ; |

161 171
Consensus I I tKtFjlaPEE |
Conservation
Homo
Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

AXOXX00O0

201
Consensus NDAQRQATKD
Conservation
Homo
Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

81

131
VQgD I KhIP

181
AEaYLGkkYV

IANBD sequence
interrupted by
sequence.




251 271
Consensus GGTFDVSI EVIATNGD IKIyKK
Conservation
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Saccharomyces L
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01 411 421
Consensus PKvQQLvk FNGKEPs i NPDEAVAYGA
Conservation
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sequence
interrupted by
sequence.




Consensus
Conservation
Homo

Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

Conserved regions:

- Closer to the deep cleft for

binding ATP/ADP.

&

- Outer alpha helices for

binding SBD.

Consensus
Conservation

Caenorhabditis
Nicotiana
Saccharomyces

Escherichia

) |

gVYyKNGT

N-ter

VEIl i ANd




NBD - IB

Conserved bbab motif — surface for binding SBD.

Consensus - i i - gKPyieVKkig
Conservation

Homo

Xenopus

Drosophila

Caenorhabditis
Nicotiana
Saccharomyces
Escherichia




Consensus FrsTmkP VgKvLeDsdlL
Conservation

Homo

Xenopus

Drosophila

Caenorhabditis

Nicotiana

Saccharomyces

Escherichia

NBD - IIA

Regions closer to the deep cleft conserved for binding ATP/ADP.

—

Consensus Eknl|lVf I Lt IDNG- - - -V
Conservation

Saccharomyces EHQ
Escherichia NRT

QQLvkefFn EPsrGi



NBD - 1IB

Regions closer to the
deep cleft conserved for
binding ATP/ADP.

Consensus
Conservation

Caenorhabditis
Nicotiana

Saccharomyces
Escherichia

vrkDnr AvgKLTrREv sqhQtriEleSff eGeD

Caenorhabditis
Nicotiana



| Conserved regions of the
lucleotide Binding Domain (NBD)

1B IB

-

—
A C-ter N-ter IA

Regions conserved for
Other regions conserved for binding SBD.

5E84 - Homo sapiens



C-ter Substrate Binding Domain (SBD)

N-ter

Two well differentiated subdomains:
C-terminal alpha helical lid subdomain
N-terminal twisted B-sandwich

2KHO - E. coli



N-terminal twisted 3-sandwich

B-sandwich composed of eight antiparallel 3-strands:

The four upper 3-strands (1, 2, 4, 5) form an unusual structure — B1-B2 tilt up 20° compared to 34-f35.

The four lower 3-strands (3, 6, 7, 8) have a regular twist. 9KHO - E. coli



Consensus IGIETVvGGVM TkLIpRNTvi PTKKSQVFST AsDNQpTVTI
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SBD - beta more
conserved than

SBD - alpha
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SBD - Beta sandwich

Regions conserved for binding the substrate —
hydrophobic substrate binding cavity.

Consensus
Conservation
Homo
Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces L
Escherichia i T
Consensus NhILGkFd LTGIp ei DaN hVsA eDKgtGnkeK ITIT
Conservation
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Conservation
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SBD - Alpha helical lid
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Poorly conserved.

Regions conserved to
ensure the helical
structure and for binding
to the B-sandwich.
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Conserved regions of the
Substrate Binding Domain (SBD)

Regions conserved for intramolecular bounds.
conserved to form the

2KHO - E. coli



Substrate binding cavity

Hydrophobic cavity formed by the loops L1,2 and L3,4 and stabilized
by interactions with the helix B and the loops L4,5 and L5,6.

Hyoroprosic [ voroPHiLIC

Sequence of the peptide: 1DKX - E. coli



Substrate binding cavity

Hydrophobic cavity formed by the loops L1,2 and L3,4 and stabilized
by interactions with the helix B and the loops L4,5 and L5,6.
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Sequence of the peptide: N R L L L T € 1DKX - E. coli
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1DKX - E. coli

Saccharomyces
Escherichia

Amino acids involved

Substrate binding cavity

Peptide SBD
Hydrogen bond Ser 427 B3
Hydrogen bond
Hydrogen bond Thr 437 B4
Hydrogen bond Thr 437 B4
427 4

I pRNT v i

S
K

PTKKSQvVF|S

AsDN

A S

V

437

=
M



1DKX - E. coli

Substrate binding cavity

THR6B |

C
AR Peptide SBD
1,2
2
Ser 427 B3
ET404.’ 1 b

0
b\

L3,4

Ala43s5 | B4

e '
A . ' @ ™ 404 427 435

Escherichia



Conformational changes of the substrate binding cavity

L1,2 and L3,4 come closer due to the H B3 slightly moves apart.
bonds they form — narrowing of the
angle between [31 and [34.

Movies 2 and 3. Conformational changes of the substrate binding cavity [22].



Interdomain linker

‘ Hydrophobic sequence conserved involved in the
allosteric control of the NBD by the SBD.

439 457

Consensus Ge
Conservation

Homo

Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

5E84 - Homo sapiens



Interdomain linker

Hydrophobic sequence conserved involved in the
allosteric control of the NBD by the SBD.

439 457

Consensus Ge
Conservation

Homo

Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

svoroprosic I +oR P C SE84 - Homo sapiens



Conformational change in

/th interdomain linker

Interdomain linker only
interacting with the SBD.

Interdomain linker fitted in
the bottom groove
between the two lobes of
the NBD — B-sheet

ATP-bound 4B9Q - E. coli
Superimposition
ADP-bound  2kHO - E. coli

Sc=2.30 RMS=1.60 Nfit=263



Interdomain linker bonds - ADP state

________ 1
______ : Hydrogen bonds
|
| I Linker SBD
I |
I | Thr 417
I , )
I |
I I Thr 420
I Loop 3,4 I (H)
| of the sBD |
________ | Thr 416
I (H)
I
| Asn 415
41517 420 : | (0)
Consensus NTv|i P|T l
Conservation
Homo
enopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces 2KHO - E. coli

Escherichia



Interdomain linker bonds - ATP state

Hydrogen bonds

e — — e e e ————

Loop 2,3 of the SBD Last ahelix of the IIANBD

|
N |
et 35052325 | Linker SBD/NBD
AN |
I lle 418 (H)
>
L™ I
Val 218 (H)
< > |ASP3;38!9\ I
I Phe 216 (0)
|
| Phe 216 (H)
|
| Lys 214 (O)
|
Lys 214 (H)
Third Bsheet of the * Sn |
IIANBD
e e — — — — o JdANBO_ €1 Gly 380 (0)
: 386388 390392-93

+2 more H bonds

to|d v
;7 D|A

K L
i\ [E L
i\ K L

4B9Q - E. coli

Escherichia



Interdomain linker bonds - ATP state

Hydrogen bonds

Linker NBD

Thr 173 (H)

Asn 170 (H)

170 173 .

Consensus
Conservation
Homo
Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

4B9Q - E. coli



HSP70 ATP/ADP:
CONFORMATIONAL
CHANGES AND

INTERACTIONS _




Hsp70 Cycle - ATP/ADP conformations

ATP-bound ADP-bound

4B9Q - E. coli 2KHO - E. coli



Sc=2.30
RMS =1.60
Nfit = 263

ADP-bound 2kHO - E. coli
ATP-bound 4B9Q-E. coli

IA-NBD
aSBD IB-NBD
BSBD

IB-NBD

b, \’:
i (NS

Movie 4. lllustration of the sequential transition from the
ADP-state to the ATP-state. [24]



SBD - conformational changes

ADP state
2KHO - E. coli

NHANBD
ATP state

4B9Q - E. coli



aSBD/NBD - interactions

Hydrophobic contacts

aSBD IBNBD IANBD

Phe 544 Phe 68, Met148
lle132,
Phel40

140

Consensus
Conservation
Homo
Xenopus

Drosophila
Caenorhabditis
Nicotiana A
Saccharomyces A
Escherichia

5E84 - Homo sapiens



SBD/NBD - interactions
o \

Hydrogen bond

Linker SBD IANBD

Arg 528 Asp 178

Consensus
Conservation

Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

5E84 - Homo sapiens



SBD/NBLC

100

Hydrogen bond

Linker IBNBD Distance
Ser 505 (H) Asp 100 (O) 1.70
Gly 506 (H) Asp 100 (O) 1.83

) - Interactions

505 506

Linker - IBNBD

4B9Q - E. coli



BSBD - conformational changes

” %}4

NIANBD

ATP-bound

11,2 -13,4-14,5-15,6 N 4B9q-E. coli



BSBD/NBD - interactions

Hydrogen bond

BSBD Distance

Asn 415 Asp 326 2.48

Asn 415 Thr 221 2.16

Salt Bridge

Lys 414 Asp 326

414 415 221 326

N:DE 4B9Q - E. coli



BSBD/NBD - interactions srosenbond

BSBD IANBD Distance
GIn 442 (0) Asp 148 (N-H) 1.80
Asp 481 (0) lle 168 (N-H) 1.70
Asp 481 (0) Arg 151 (N-H) 2.44

4B9Q - E. coli

BSBD - IANBD

148 151 1

68 442
||| i||

481
NIG




BSBD/NBD - interactions

BSBD - IANBD

4B9Q - E. coli

Consensus
Conservation
Homo
Xenopus

Polar bond
BSBD IANBD
Asp 481 Arg 167




BSBD/NBD - interactions

BSBD - IANBD

4B9Q - E. coli

Hydrogen bond

BSBD

IANBD

Distance

Leu 484 (0)

Asp 148 (H)

1.79




NBD - conformational changes

Sc=7.70
RMS =1.19
Nfit = 339

Movie 5. 3D representation of Hsp70 surface in the ATP-state. PDB ID: 4B9Q.
Created with Chimera.

. 4B9Q - E. coli — ATP
50BW - E. coli — ATP: IA, IB, lIA, 1IB

7N46 - E. coli— ADP: IB, lIA, 1IB



HSP70 ATP/ADP
BONDING CYCLE




Hsp70 - ATP/ADP binding

4B9Q - E. coli

%3 2P '
";ﬂ» W
I"@?} ”J/\’

I =) \t
A ‘*'\é

7N46 - E. coli



ATP/ADP blndlng Adenme base

V\‘éf};_ﬁ h 'i "&f

4B9Q - E. coli 7N46 - E. coli
274 Hydrogen Bond

Hydrogen Bond

Hsp70 Adenine base Distance

Ser 274 (OG) N1 1.94

Ser 274 (0G) N1 2.76




ATP/ADP binding - Adenine base
~ ALY
ATP \) ‘

“’j’ - ADP
N Y Bl 3’6\
>\X/5@' > )

T—

y/ ' ’,
4B9Q - E. coli Hydrophobic bond 7N46 - E. coli

Hydrophobic bond 268 271

A lle 271
Drosophila ” ;

lle 271 Caenorhabditis , KR R Lys 268
Nicotiana R|IA KR R
Arg 345 Saccharomyces KIA KR B

& Escherichia K|A K o Arg 345




Hydrogen Bond 4B9Q - E. coli
Binding Ribose Distance

Glu 267 (0) 02-H 1.97

Lys 270 (N-H) 02 2.34

Hydrogen Bond 7N46 - E. coli
Binding Ribose Distance

Glu 267 (O) 02-H 3.36

Lys 270 (N-H) (o)) 2.15

Lys 270 (N-H) (OF] 3.00

ATP

ADP

267 270

Consensus
Conservation
Homo
Xenopus
Drosophila

Caenorhabditis
Nicotiana
Saccharomyces
Escherichia



ATP/ADP binding- aP
\ S W S

ADP
s y 7/ 4
, i 7N46 - E. coli
Hydrogen Bond 4B9Q - E. colf 1 197 342 Hydrogen Bond
Hsp70 aP Distance CONEERELS Hsp70 aP Distance
Conservation A
Asn 13 (N-H) 02 1.93 Homo : Asn 13 (N-H) 02 1.85
Xenopus 5
Drosophila C
Gly 197 (N-H) 03 2.12 Caenorhabditis ® Gly 197 (N-H) 03 2.40
Nicotiana C
Saccharomyces &
Gly 342 (N-H) 01 1.98 Escherichi\a/ C Gly 342 (N-H) 01 2.08




ATP /] B W 4 ADP
A v
\\ ! \
/ “ »
f [ S -
b \
. ' o
‘% “\\. ol
a—
k\ ‘ .
\
Hydrogen Bond 4B9Q - E. coli Hydrogen Bond 7N46 - £. coli
Binding BP Distance A ConSensis Binding BP Distance
Conservation
Thr 12 (N-H) 03 1.92 e Thr 12 (N-H) 03 2.17
Drosophila
Asn 13 (N-H) o1 1.92 ﬁ?e".mhabd'“s Asn 13 (N-H) 03 1.79
icotiana
Saccharomyces
GLY 197 (N-H) o1 2.06 Escherichia Gly 197 (N-H) 01 2.44




ATP b| nd | ng‘ PY Hydrogen Bond
— “‘ i Distances

Thr 11 (O-H) o1 1.57

Salt Bridge

.

‘ 1 576A
"

Lys 70 01

) . accharomyces
4B9Q - E. coli scherichia



ADP binding- Pi L

_ Hsp70 Pi Distances
J Thr 11 (O-H) 02 1.70
., ! X Thr 11 (N-H) 04 2.03
LZ-*\ o » Thr 199 (O-H) 02 1.80
* \ » Salt Bridge
Y

Pi (03) -Mg+2 - BP (02)

199

onsensus
onservation

* I\'

7N46 - E. coli

accharomyces
scherichia




70 171 199

Consensus alK|R N|E|P Gr
Conservation

mo AIKIR
Xenopus AIKIR
Drosophila AIKIR
Caenorha AIKIR
Nicotiana VIKIR
haromyces KIR
ia KR

SL

ATP hydrolysis

4B9Q. - E. coli 7N46 - E. coli



Hsp70 - Cycle 4890 £ col

v L
D LE0G0 RS 8
Binding of J-domain proteins ’ , Binding of NEF proteins
5NRO - E. coli N 8GB3 - M. tuberculosis

expressed in E. coli

- ::‘;/'\
ADP state . égﬁcpf:\
S A2 ‘ \
2KHO - E.coli /i /!‘«"5%\;»



HSP70
CO-FACTORS
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Hydration shell - Mg and water molecules

e Aqueous cellular environment
e Stabilization of conformational
structure of Hsp70




Aspartic acid 8

) /

Hydrogen bond

Residues Distance

Asp8 (O) - H20 (H) 1.776

e Connected with the hydration shell
8

Consensus
Conservation
Homo

- Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia




Threonine 11

Hydrogen bond

Residues Distance

4 Thr11 (OH) - Pi 1.702
e e e — -4
' Magnesium phosphate complex

Stabilization of the molecule for facilitating ATP hydrolysis

11

Consensus
Conservation
Homo
Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia




Aspartic acid 194

Hydrogen bond

Residues Distance

Asp (COO) - H20 1.678

e Connected with the hydration shell

Consensus
Conservation
Homo

Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia




Lysine 70
Hydrogen bond

Residues Distance

Lys70 (-NH2) - H20 2.758

e Connected with the hydration shell

Consensus
Conservation
Homo

Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia A




Glutamic acid 171

Hydrogen bond

Residues Distance

Glu171 (COO-) - H20 2.758

e Connected with the hydration shell

171

Consensus
Conservation
Homo
Xenopus
Drosophila

Caenorhabditis
Nicotiana
Saccharomyces
Escherichia



CALCIUM

6ZYI - E. coli



FIRST CALCIUM BINDING SITE




Aspartic acid 232

Salt bridges

Residues Distance

Asp232 (COO-) - Caz+ 2.480

Asp232 (COO-) - Caz+ 2.554

232

Consensus
Conservation
Homo
Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia




Histidine 227

Conservation

Homo

Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia

Hydrogen bonds

Residues Distance

Hys (imidazole) - H20 2.063




231

Glutamic acid 231

Consensus
Conservation
Homo
Xenopus
/ Drosophila
Caenorhabditis

Nicotiana
Saccharomyces
Escherichia

. Electrostatic interaction

Residues Distance

Glu231 (COO-) Ca 3.985




Glycine 202 and 203 - Glycine loop

Hydrogen bond

Residues Distance

Gly202 - Glu231 1.852
Gly202 - ADP 1.691
““1.852A
] Gly203 (COO-) - H20 1.963
\GLY201A
202 203

Consensus
Conservation
Homo
Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia




SECOND CALCIUM BINDING SITE




Glycine 339, Threonine 14 and Threonine 15

Hydrogen bonds

Residues Distance

Gly - ADP 2.276

ADP - Thr14 1.903

ADP (O) - Tyr15 1.803




Consensus
Conservation
Homo
Xenopus

Drosophila
Caenorhabditis
Nicotiana
Saccharomyces
Escherichia




HSP70
CO-CHAPERONES



(o @\sto CO-CHAPERONES:
' J-Domain Proteins
(JDPs)

- g ) N
' _— - ~
N PDB: 5NRO
. - DnaK (E. coli) bound to J-domain



Co-Chaperone: J-Domain Protein

Structure:

e 4 a-helices
e HPD motif (His33-Pro34-Asp35)

Function:

Stimulates and accelerates the hydrolysis
of Hsp70-bound ATP and stabilizes the
interaction with substrate polypeptides.

PDB: 1XBL
E. coli



m— )

: 217y.§' A
i \2761A

PDB: 5NRO
DnaK (E. coli) bound to J-domain

JDPs - Binding to Hsp70

The J-domain interacts with the open
ATP-bound state.

It binds on top of the linker contacting
NBD and SBDR via electrostatic and
hydrophobic interactions.



JDPs - First Interface

Electrostatic Interactions \~/ NBD Domain (Lobe I1)
Residues Distance
B
Arg22 - Glu206 3.072 b
Arg22 - Glu217 2.761
Arg27 -Asp211 2.927
Lys26 - Glu217 2.977
&
Consensus | B | &
Conservation |
Homo - - - po77A
Xenopus - - - |
Drosophila S
Caenorhabditis - - - ‘|
Nicotiana e
Saccharomyces S ’
o _

PDB: 5NRO



JDPs - First Interface

Electrostatic Interactions

PDB: 5NRO

Glu217/0E1 - Lys26/NZ
Glu217/0E1 - Arg22/NH2
A Glu206/0E1 - Arg22/NH2

Glu206

Glu217

w

( Arg27/NH2 - Asp211/0D2

GLU 206.A
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JDPs - Second Interface

Consensus
Conservation
Homo

Xenopus
Drosophila
Caenorhabditis
Nicotiana
Saccharomyces

SBDB Domain

ASP 477 A

PDB: 5NRO

R 420.A

Residues Distance Interaction
Lys48 - Asp477 2.465 H-Bond
Lys51 - Thr420 2.697 H-Bond
Pro34 - Pro419 3.970 Hydrophobic
Phe47 - Pro419 3.786 Hydrophobic




JDPs - Hydrogen bonds Consensus

Conservation

Located around the HPD Motif Homo

éemp”s. 2 Residues Distance
rosophila ! A

Caenorhabditis I

Nicotiana R Asp35 - Arg167 2.312

Saccharomyces
Escherichia

Arg36 - Lys 387 2.758
PDB: 5NRO

NBD Domain Arg36 - Lys 387 2.350

Lys387

Asp35 - Argl67



8GB3 - M. tuberculosis expresse

din

HSP70 CO-CHAPERONES:
Nucleotide Exchange
Factors (NEFs)

E. coli



N- terminal alpha
helix

Central helix bundle

C- terminal beta
sheet
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GrpE - DnaK

8GB3 - M. tuberculosis expressed in E. coli

Open conformation:
B-sheet in NBD IIB

SBD NBD




Rotation of 14¢° NBD IIB

Sc=8.76 DnaK-ADP DnaK-GrpE
RMS =1.28
Nfit = 367




The 3 contact regions (CR)

CR1

CR3




Contact region 1 - NBD IB and |IB

CR1




Hydrogen bonds

DnaK GrpE Distance
residue residue
Arg44 Ser160 (OH) 2.105
(guanidinium)
Thre0 (H) His152 (C=0) 2.615
Asn56 (H) Pro144 (C=0) 2.271




ke

KA

) /\
\4/

Hydrogen bonds

Salt bridges

DnaK GrpE Distance

DnaK GrpE Distanc

residue residue e

residue residue

Tyr257 (OH) | Asp110 (COOH)| 2.477
Glu236 Arg169 2.278

Tyr257 (OH) Ser118 (OH) 2.893




Contact region 2 - NBD IA and IIA




DnaK

residue

Glu359
(-COO-)

Salt bridges

GrpE
residue

Arg64
(-NHz2)

Distance

3.297

DnaK GrpE Distance
residue residue

Glu20 Arg73 2.332
(-COOH)

Glu20 Arg73 1.402

(-COOH)

Hydrogen
bonds



Contact region 3 - SBD

CR3




Salt bridges

DnaK GrpE Distance
residue residue
Asp451 Arg64 3.608
(-COO0O-) (guanidinium)

Hydrogen bonds

DnaK GrpE Distance

residue residue

Thr394 Arg64 3.120

Arg388 Asn389 2.226
(guanidinium) (amide)

Asn389 Lys74 3.234
(amino)

Thr394 Lys74 2.423
(hidroxyl) (amino)




O

= )
A X
UR
= <
O =
—
OR
)



Sequence

to

FROM

Structure

to

Function

_——

@ Native proteins
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from ribosome

Degraded proteins
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PEM QUESTIONS

1)

2)

3)

4)

5)

Which regions in J-domain proteins are relevant for binding to Hsp70?
a) Helix I, Il and 1l
b) Helix IV and the HPD motif
c) Helix Il and IV
d) Helix 11, 1l and the HPD moti
e) HPD motif

How does the binding of J-domain proteins influence Hsp70s activity?
b) It stimulates substrate and ATP release.
c) It inhibits ATP binding.
d) It enhances ATP binding.

e) It accelerates the conformational change to the open ATP-bound state.

Which of the following is true about the interdomain linker of Hsp70?
a) It has the same length for all the species.
b) Always present a B-sheet conformation.
c) Has a hydrophilic sequence for binding to the NBD.
d) Adopts a B-sheet conformation only in the ATP-state.
e) Is about 50 residues long.

Which of the following is true about the domains of Hsp70?

a) The N-terminal domain is the Substrate Binding Domain.
b) The C-terminal domain is the Nucleotide Binding Domain.
d) The C-terminal domain is subdivided into 3 subdomains.
e) They are directly connected, without a linker.

The protein Hsp70:
a) Has a well-conserved sequence in all species.

b) The regions of higher conservation correspond to the ones of ATP/ADP binding.

c) The two answers above are true.

d) The structure of the protein differs a lot between species.
e) All answers are correct.

6)

7)

8)

9)

10)

Which of the following species had the greatest percentage of identity with the human

Hsp70?
a) Escherichia coli
b) Xenopus laevis|
c) Saccharomyces cerevisiae
d) Nicotiana tabacum
e) Drosophila melanogaster

Which of the following affirmations about Hsp70 is true:
a) The ADP-state has a higher affinity for substrate binding.
b) Substrate binding stimulates ATP hydrolysis.

c) Both are correct,
d) In the ATP-state, SBD and NBD do not interact with each other.
e) All are correct.

In the Hsp70 ATP-state, with NBD subdomains does not interact with the SBD ?
a) IA-NBD

b)  IB-NBD
c)  IIA-NBD
d)  11B-NBD|

e) None of the above, all the NBD subdomains interact with the SBD
The principal function of NEFs in the Hsp70 cycle is:
a) To stabilize Hsp70.
b) To accelerate ATP hydrolisis.
c) To accelerate the exchange from ADP to ATP.
d) To inhibit ATP binding.
e) To inhibit ADP binding.
When GrpE binds to Hsp70, the conformational change is:
b) There is no conformational change.
c) A rigid body motion of 902 of NBD subdomain.
d) The protein rotates 3602.
e) None of the above are correct.
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