
1G
ain Therapeutics, B

arcelona (S
pain) sites 2Institute for R

esearch in B
iom

edicine-U
S

I, B
ellinzona

(S
w

itzerland) 3E
cole P

olytechnique Fédérale
de 

Lausanne, S
chool of Life S

ciences, Lausanne (S
w

itzerland).

N
. Pérez-C

arm
ona

1,  A. M
. G

arcía-C
ollazo

1, E. C
ubero

1, T.J. Bergm
ann

2, A. R
uano

1, A. D
elgado

1, S. M
orales

1, M
. M

olinari 2,3
and X. Barril 1

G
aucherdisease

(G
D

)is
a

m
ultisystem

ic
lysosom

alstorage
disorderarising

from
a

deficiency
ofglucocerebrosidase

(G
C

ase)and
consequentaccum

ulation
ofits

unprocessed
substrates,nam

ely
glucosylceram

ide
and

glucosylsphingosine.G
ain

Therapeutics
has

applied
its

proprietary
com

putationalplatform
,Site-directed

Enzym
e

Enhancem
entTherapy

(SEE-Tx™
),to

the
developm

entofsm
all-m

olecule
structurally

targeted
allosteric

regulators
(STAR

s)
thatcan

allosterically
bind

and
stabilize

targetm
utantenzym

es
thus

avoiding
their

degradation
and

recovering
theirenzym

atic
activity.H

ere
w

e
reportrecentinsights

into
the

m
echanism

ofaction
oflead

STAR
com

pounds,w
hich

have
so

farshow
n

prom
ising

effects
in

in
vitro

m
odels

ofG
aucherdisease.Indeed,they

stabilize
m

utantG
C

ase
in

a
non-

inhibitory
m

anner
and

supportits
proper

folding
therefore

rescuing
itfrom

early
degradation

in
the

endoplasm
ic

reticulum
and

allow
ing

its
m

aturation
and

trafficking
to

the
lysosom

e.M
ost

im
portantly,they

enhance
both

enzym
atic

activity
and

substrate
depletion

in
patient-derived

fibroblasts.Alltogetherthis
data

supports
and

validates
the

application
ofSEE-Tx™

as
an

innovative
drug

discovery
platform

forthe
identification

ofallosteric
regulators

forthe
treatm

entofG
aucherdisease.
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Fig
3.

H
alo-Tag

assay
for

m
easurem

ent
of

trafficking
in

living
cells.

W
T,

N
370S

and
L444P-G

C
ase

variants
characterization

by
C

onfocal-laser
scanning

m
icroscopy

and
H

T-assay.A)R
epresentative

confocalIF
im

ages
ofM

EF
cells

expressing
G

C
ase-H

T
variants

for48
h

and
exposed

17
h

to
50

nM
BafA1

and
a

fluorescentH
alo

ligand
(TM

R
).Q

uantification
ofthe

percentage
oflysosom

es
filled

w
ith

TM
R

.Im
ages

analyzed
w

ith
LysoQ

uant(M
orone

etal.,
2020).

Statisticalanalysis:
O

ne-w
ay

AN
O

VA
follow

ed
by

D
unnett’s

m
ultiple

com
parison

test,
***p<0.001.

B
)

and
C

)
H

EK293
w

ere
transfected

w
ith

either
G

C
ase

W
T,G

C
ase

N
370S

and
G

C
ase

L444P
w

ith
H

aloTag.30
hours

later,TM
R

and
com

pounds
(25

µM
)or50

nM
BafA1

w
ere

added
for17

hours.Sam
ples

w
ere

collected,subjected
to

SD
S-page

and
the

fluorescentsignalw
as

analyzed.O
nce

the
protein

reaches
the

lysosom
e,the

tag
is

cleaved
offG

C
ase

butis
resistantto

lysosom
alhydrolases

enabling
the

detection
ofa

31
kD

a
fluorescentfragm

entthatcorresponds
to

the
protein

thatreached
the

lysosom
es.

STAR
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al G
C

ase

STAR
sAre Active in the Low

 M
icrom

olar Range in W
T and G

aucher Patient-
D

erived Fibroblasts

C
onclusions

Insights into the m
echanism

 of action of structurally targeted allosteric 
regulators for the treatm

ent of G
aucher disease

ID
E

N
TIF

Y

U
sing

the
3D

structure
of

proteins
and

supercom
puting

technology,
SEE-Tx™

identifies
noveldruggable

binding
hotspots

S
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E
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C
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U
tilizing

proprietary
supercom

puter-
driven

screening
m

ethodology,
SEE

-Tx™
filters

up
to

10
m

illion
com

pounds
to

select
a

pool
of

candidates
that

m
ay

bind
to

the
noveldruggable

hotspots

C
aused by genetic m

utation, ageing and/or disease. R
esults in loss of protein function and toxic substrate buildup           

O
P

T
IM

IZ
E

G
ain

optim
izes

this
pool

of
sm

all
m

olecules
to

identify
and

develop
proprietary

STAR
s

that
stabilize

m
isfolded

proteins
and

restore
theirbiologicalactivity
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Stabilizes target enzym
e, restores enzym

e function, reduces substrate buildup, crosses the blood brain                    
barrier and penetrates other hard-to-reach tissues such as bone and cartilage

Identification
ofa

new
allosteric

binding
sites

•
The

published
hum

an
G

C
ase

3D
structure

obtained
by

X-ray
crystallography

and
refined

to
1.95

Å
resolution

w
as

used
(PD

B
ID

:2v3f).
•

M
olecular

dynam
ics

sim
ulations

of
the

protein
in

organic-aqueous
solvent

m
ixtures

(M
Dm

ix)
reveal

a
druggable

cavity.
•

M
D

m
ix

w
as

also
used

to
identify

key
interaction

sites
(binding

hotspots),w
hich

w
ere

used
as

pharm
acophoric

restraints
to

guide
docking,

and
to

explore
the

conform
ationalflexibility

ofthe
binding

site.

HitID
by

VirtualScreening
•

A
virtual

collection
of

>6
m

illion
com

m
ercially-available

com
pounds

w
ere

evaluated
com

putationally
w

ith
the

docking
program

rDock
using

the
standard

scoring
function,

pharm
acophoric

restraints
and

a
high-throughputprotocol.

•
Best

scoring
com

pounds
w

ere
visually

inspected
and

102
w

ere
selected

based
on

the
plausibility

ofthe
binding

m
ode

and
chem

icaldiversity
considerations.

•
Screening

by
D

SF
afforded

13
hits

(13%
hit

rate).
H

it
validation

w
as

based
on

SAR
-by-catalogue,w

hich
provided

7
additionalactive

com
pounds

(24%
hitrate).
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STAR
s

bind
and

stabilize
β-galactosidase.

A)
D

irect
binding

studies
w

ith
S

TAR
s

w
ere

perform
ed

by
S

urface
P

lasm
on

R
esonance

(SPR
).

E
valuation

of
the

SPR
results

indicates
that

STAR
s

show
dose-response

binding
to

the
im

m
obilized

G
C

ase
protein

(C
erezym

e®
)

m
onitored

at
neutralpH

7.4.B
)

In
order

to
investigate

ifbinding
ofS

TAR
s

to
G

C
ase

has
an

effecton
stability,a

therm
al

shift
assay

w
ith

G
C

ase
in

absence
and

presence
of

S
TAR

s
w

ere
perform

ed
by

the
differentialscanning

fluorim
etry

m
ethod

(nanoD
SF,a

tryptophan
fluorescence

therm
alshiftassay).

R
esults

indicate
thatSTAR

sstabilize
G

C
ase

in
a

dose-response
m

anner.

STAR
sSpecifically Bind and Stabilize G

C
ase

Fig
2.

STAR
s

do
not

inhibit
G

C
ase.

C
ell

lysates
from

W
T

fibroblasts
are

incubated
w

ith
com

pounds
at

several
doses

and
the

sam
ples

are
assayed

for
G

C
ase

activity
using

4-
m

ethylum
belliferyl

β-D
-glucopyranoside.

D
ata

is
expressed

as
m

ean
±

SD
(N

=2).
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Fig
4.

Enzym
e

Enhancem
ent

in
W

T
and

G
aucher

patient-derived
fibroblasts.

W
T

and
G

aucher-patient
derived

fibroblasts
w

ere
treated

w
ith

com
pounds

atdifferentconcentrations
(0.2

-25
µM

).Aftera
4-day

treatm
ent,

G
C

ase
activity

w
as

assessed
using

the
4-m

ethylum
belliferyl-β-D

-glucopyranoside
substrate.%

ofenhancem
ent

com
pared

w
ith

non-treated
cells

w
as

calculated.

•
SEE-Tx™

is
a

fast
and

cost-effective
solution

thathas
allow

ed
us

to
identify

structurally
targeted

allosteric
regulators

(S
TAR

s)
for

G
C

ase
enzym

e.

•
The

allosteric
G

C
ase

STAR
s:

•
Specifically

bind
and

stabilize
the

targetprotein
G

C
ase

and
do

notinhibitthe
enzym

e.

•
Increase

lysosom
alG

C
ase.

•
Enhance

G
C

ase
activity

in
W

T
and

a
panelofG

aucherpatient-derived
fibroblasts

bearing
prevalentm

utations.

•
STA

R
s

are
drug-like,orally

bioavailable,brain
penetrantcom

pounds
and

have
a

positive
in

vitro
and

in
vivo

acute
toxicity

profile
offering

excellenttherapeutics
opportunities.

•
For

the
characterization

ofSTAR
s

in
additionalcellm

odels
as

w
ellas

its
evaluation

ofthe
in

vivo
PK

profile,please
refer

to
poster

LB-17
(Preclinicaldevelopm

entofbrain-penetrantstructurally
targeted

allosteric
regulators

forthe
treatm

entofneuronopathic
G

aucherdisease).
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