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Protein Regulation

O mRNA splicing, post-translational modifications

Primary structure
amino acid sequence

e ~24 000 protein encoding genes

* Normal cellular function relies upon the correct
expression, folding and localisation of these
proteins

e Cellular stresses can impact upon these processes
O Heat shock Seeaiay i s
O Nutrient deprivation
o Cellular growth

O Cell differentiation

Tertiary structure
three-dimensional structure

Quaternary structure
complex of protein molecules

P. Flicek, M. R. Amode, D. Barrell et al., Ensemble 2012. Nucleic Acids Research, 2012, D84-D90
C.T. Walsh, S. Garneau-Tsodikova, G.J. Gatto, Angew. Chem. Int. Ed., 2005, 44, 7342-7372
D. T. Rutkowski, R. S. Hedge, J. Cell Biol., 2010, 189, 783-794
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Molecular Chaperones: Heat Shock Proteins

o Hﬂ”ﬂlﬂlﬁlm o -; 70 +ATP HOP ’u‘ Wt ﬂl_ -
e Molecular chaperones monitor proteins and intervene during

cellular processes
O HSPs are induced upon cellular stress, oxidative stress, in the presence of metal ions

O are grouped according to molecular weight

e HSPs act to protect cells from apoptosis and autophagy

O makes them interesting for anti-cancer research
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An Example of Anti-Cancer Potential: Hsp90

e Associated with oncogenic protein kinases and growth factors

O cancer cell lines show upregulated Hsp90 levels and dependence

e Has a unique ATP-binding pocket, targeted by small molecule inhibitors
O homodimeric structure

charged region
ATP binding dimerization
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™ substrate binding *

ATP X
oy
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©) © <
3 Geldanamycin: R = OCH3 STA-9090
ADP+Pi 17-AAG: R = NHCH,CHCH, (Gane-tes ib) AUY922
17-DMAG: R = NH(CH,),N(CH3), 3

Open Closed

* However as Hsp90 is inhibited, Hsp70 can be upregulated

H.J. Patel, S. Modi, G. Chiosis, T. Taldone, Expert Opin. Drug Discov., 2011, 6, 559-587
L.H. Pearl, C. Prodromou, Annu. Rev. Biochem., 2006, 75, 271-294

L. Whitesell, N.U. Lin, BBA-Mol. Cell Res., 2012, 1823, 756-766

S. Pacey, R.H. Wilson, M. Walton et al., Clin. Cancer Res., 2011, 17, 1561-1570
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The Importance of Hsp70

O

O

O O O O O

e Hsp70 is expressed in all organisms and the activity is highly conserved

* Two major classes of Hsp70s: heat shock inducible + constitutively
expressed (Hsc70)

humans have 8 confirmed isoforms

e Activity

faciliates DNA replication

stabilises membranes

corrects protein folding defects*
stabilises substrates™

helps form multiprotein complexes

identifies proteins for ubiquitination
and subsequent degradation*

* indicates overlap with Hsp90
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The Importance of Hsp70

Native
protein

Degradation
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The Importance of Hsp70: Apoptosis
e Activity

. LU RLA LA ALK RLA AL ALERUA XKLL RAEERAAXAAL
O can inhibit apoptotic

functions Mitochondrium

|—.

v Apoptosome

Casp. 3

1|—

e
o TEORIRRAS
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Structure of Hsp70

* High levels of sequence homology between prokaryotic and eukaryotic
Hsp70

e Structure contains a nucleotide binding domain (NBD) and substrate
binding domain (SBD)
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Activity of Hsp70

e Goes through catalytic cycle dependant upon the nucleotide binding

Substrate ;
& binds ATP hydrolysis

m

open conformation y é .‘; !! gosed conformation

NEF
binding

Nucleotlde
exchange

P

O higher affinity for ATP than ADP helps continue the cycle

Substrate is
released

O Hsp40s and NEFs help increase the poor activity of the “enzyme”
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Known Hsp70 Inhibitors
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Known Hsp70 Modulators: 15-Deoxyspergualin

e 1982: 15-DSG was synthesised

..............................................................

. . . * guanidinyl moiety ' peptidyl spermidine moiety
O derivative of spergualin 5 JNLH RiQ oWl .
: o : : A~ AL AN 5
O anti-tumour activity in mice - HNTON .. ,r_l,)\n’ NN TN,
[L] ol‘

.............................................................

O 1992: identified to target Hsp70

O K,values of 4 uM against Hsc70
and 5 uM against Hsp90

15-Deoxyspergualin (15-DSG): R=H
Spergualin: R = OH (S)

H,N_~NH o
0 H
e 1999: tresperimus N AN O A,
H o H
tresperimus

O greater stability, equal activity
e 2001: NSC 6030668-R/1

o o o O~_N._-O
H
o z N/\/\/\/o\n/N\/\/\/\HJLo/\/\/\/N\;EH/\KO\/
o H/go o O O

NSC 630668-R/1

H. lwasawa, S. Kondo, D. lkeda, T. Takeuchi, H. Umezawa, Journal Antibiot., 1982, 35, 1665-1669
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The Discovery of MAL3-101 and its Derivatives
. . R 1
e Using multi-component R, foehvde )Hi
. 20, R?0 NH
reactions ~500 compounds e Cl\ NH, A,
. R3 N0 HN N0 Biginelli Reaction
have been synthesised pketoester D,IJ wea H‘Ll
o CO,H
O maintain the pyrimidone core, iz dihydropyrimidones
while varying substituents
|
e MAL3-101 reduced Hsp40 Ugi Reaction
ATPase activity stimulation MAL3-101 N
O inhibits multiple myeloma and CO,Me
breast cancer cell proliferation ©/\ O N COMe 5
e Compounds show varied ROJDI\A}J‘\\“
L O R N O
Hsp70 activity \ y | & o
N R
o With/without an Hsp40 TN
dihydropyrimidone-
peptoids
S.W. Fewell, C.M. Smith, M.A. Lyon T.P. Dumitrescu, P. Wipf, B.W. Day, J.L. Brodsky, J. Biol. Chem., 2004, 279, 51131-51140
S. Werner, D.M. Turner, M.A. Lyon, D.M. Huryn, P. Wipf, Synlett., 2006, 14, 2334-2338
D.M. Huryn, L.O. Resnick, P. Wipf, J. Med. Chem., 2013, 56, 7161-7176

C.M. Wright, R.J. Chovatiya, N.E. Jameson et al., Bioorg. Med. Chem., 2008, 16, 3291-3301
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MAL3-101 Derivatives of Interest

» Studies identified the interaction of model dihydropyrimidone 115-7c with
the NBD of Hsp70

O 115-7cis an agonist of Hsp70-Hsp40 activity

Cl

S. Wisén, E.B. Bertelsen, A.D. Thompson et al., Chem. Biol., 2010, 5, 611-622
U.K. Jinwal, Y. Miyata, J. Koren Il et al., J. Neurosci., 2009, 29, 12079-12088
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MAL3-101 Derivatives of Interest

e Studies identified the interaction of model dihydropyrimidone 115-7c with
the NBD of Hsp70

O

[Eresponsive to J-domain
Eresponsive to both
[responsive to 115-7¢
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MAL3-101 Derivatives of Interest

» Studies identified the interaction of model dihydropyrimidone 115-7c with
the NBD of Hsp70

O 115-7cis an agonist of Hsp70-Hsp40 activity

304 4+ 115-7¢c (100 uM) T
Cl
25

o) | NH
+116-9e (100 uM) N0 o
115-7¢ k/\n’OH 5

l 1 1 1
0 0.25 0.50 0.75 1.00
DnaJ (uM)

O Compound 116-9e is an antagonist in the presence of Hsp40s
O small changes can cause different Hsp70 modulation
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Improving MAL3-101
e Optimisation of a valuable lead: MAL3-101
MW = 931 g/mol
logP, = 6.5 cm/s
PSA =200 A
O Lipinski’s Rule of 5: kL .
Molecular weight (MW) less than 500 g/mol O -CO:Me
No more than 10 Hydrogen Bond Acceptors
No more than 5 Hydrogen Bond Donors O
A logP value £5 O
O Veber Rules O MIL287-86
Polar Surface Area < 140 A i oo
BnO | NH MW = 571 g/mol
Number of rotatable bonds < 10 Nz&o logP, = 6.02 cm/s
PSA=131A
L
N\
| ,N
N“N'
C.A. Lipinski, F. Lombardo, B.W. Dominy, P.J. Feeney, Adv. Drug Deliver. Rev., 2001, 46, 3-26

D.F. Veber, S.R. Johnson, H.-Y. Cheng, B.R. Smith, K.W. Ward, K.D. Kopple, J. Med. Chem, 2002, 45, 2615-2623
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The Biginelli Reaction

cat. conc. HCI
S, H
AAR . g @ P Q
D) 0 o

;U-Z

0 (\OH }—N\

hemiaminal HN=R Jj\/U\
Yol (o e/
N e
ﬂ;%zﬂ Y %_Qaw‘ﬁ- — RO?:/ J

H,O acyliminium ion
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Precursors Required for the Biginelli Reactions

CI\ /, pyridine,
/, DCM 20 h
OH
0,
O/ 46/
ci s
I,S pyrldlne 16 h
on + O
NO 47%
0% 2
o DCC, DMAP,
S DCM, 44 h
e
OH + HO \ /
_ 79%
(0]

1
0=S=0

J

O NH,
HO

@
o
v

i) KOCN, H,0, 60 °C, 3 h
ii) conc. HCI

o i) KOCN, H,0, 60 °C, 3 h

NH, ii) conc. HCI
HO o

n=1,79%
n=2,91%

KOCN, H,0,
60 °C, 3h

N
\\\/\/\/NHZ

acid workup: 24%, 38%
without: 49%

>
79%

JL(/?“W

o
% +
0
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40% Br
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