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A general approach to discover molecules
to be turned intorglrugs

| Test 1,000s micals to Preclinical
|dentify — Create mm) -1,000,000s ake ) testing for
target assay(s) chemicals (s(;itable for safety/efficacy
for activity @human use
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What’s the problem in MAS?
The GNAS Gsa protein is broken — stuck-in the “on” position
It acts through adenylyl cyclases (ACs; e are 9 of them)
Gsa has been very difficult to direc rget
Our screens targeted either GNAZ'(é/\t e ACs expressed in bone

progenitor cells %

ecaEe the ACs are embedded in a membrane, they are
icult to work with by a traditional screening assay that uses
ified protein

We express ACs in a fission yeast strain that lacks its own AC so
that we can assess their activity in live cells while they are in
the intact membrane similar to how they are found in human
cells. These strains also express GNASR201C o stimulate the AC

/?/\/ /,

) Our yeast strains are engineered to “tell” us when a compound
inhibits the AC to lower cAMP levels by causing the expression
of the jellyfish green fluorescent protein (GFP)




AC inhibitor screening via expression in fission yeast

High throughput screens using fission yeast strains that express MDBR Funding Results

individual mammalian ACs together with GNASR201C \
e & I & irect assessment of 47 compounds on cAMP production
~125,000 compounds screened against strains expressing AC4 validated two groups of compounds
and AC7 (the most highly expressed ACs in bone progenltor .
cells) One group shows the potential for drug development as many

‘ related compounds can lower cAMP levels in both yeast that
Compounds were identified that could elevate expressiorqo express mammalian ACs and in human cell culture
reporter by lowering cAMP levels

\
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Selective reduction of cAMP in human cell lines
Inhibition of ACs expressed in yeast
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The loweFthe bar, the more a compound reduces cAMP levels



Another Research Team Discovered BCAC51 Scaffold as Potential mAC1 Inhibitors

AC10042
0

OMe

e Val Watts’ lab identified th

(A

TABLE 2
Activity Table of Compounds Disclosed
HEK-ACI1 HEK-ACS HEK-AC?2

Compd. IC50 % Inhibition| IC50 % Inhibition % Inhibition % Inhibition
ID (uM) (30 uM) (M) (30 uM) (10 uM) (30 uM)
AC10048 0.58 +0.2 99 + 2 N/D* 19 + 11 (-)186 = 20 ()59 = 12
AC10049 1.3 +0.2 98 =1 68 + 10 26 £ 4 (—)177 = 31 (=) 128 = 7
ACI10058 1.2 £0.2 99 =1 N/D 19 + 4 (—)226 + 14 (-) 190 = 21
AC10042 1.5 0.3 101 = 0.7 N/D 9 x4 (-)179 = 50 (-)94 = 35
AC10057 3.7 0.2 94 =1 N/D 9x2 (-)195 = 26 (=)199 = 30
AC10043 103 =2 92 +2 N/D 16 £ 9 (=) 109 = 36 {(-)196 = 8
ACI10050 16.7 =1 79 = 4 N/D (-)1 =10 (-)21 £ 10 (=) 126 £43
AC10051 N/D 4 £7 N/D (-)3x11 (-)13 = 12 =)12«+11
*N/D: pot determined

e sa a;old in @ HEK cell-based screen expressing AC1 to

C
identify compounds which re n‘%MP.
* However, in vitro enzyme ass ing the fusion AC 5C1:2C2 and compounds from the

HEK screen, revealed that
* Watts team concluded t
pathway to reduce cA

AC4, AC9,gd7

l(e)ompounds did not affect cAMP levels.

)%e compounds interfere with the calmodulin signaling
th

O

at pathway is required for AC1 stimulation.

are not regulated by calmodulin signaling

IC50: Amount of drug
needed to inhibit biological
process by half. Lower IC50
values indicate highly
potent drug.



Dilemma: Do these compounds act directly on
mMACs or indirectly thro another target?

This matters because a medicinal chemist/ﬁw{l\/ant guidance by in vitro enzyme

assays and study sections will be compzi(/ f chemists who expect in vitro data.
Possible mode of action @

* Prevent GNAS from activati
* Inhibit AC independent @IAS function
* Act on a process that @quired for AC activity

Modify

o t1,000s chemicals to Preclinical
entify — Create -1,000,000s make ) testing for

target assay(s chemicals suitable for safety/efficacy
for activity human use




Compounds inhibit tmAC activit&n the absence of GNAS
—\

DMSO BCAC61 BCAC63
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Structure of transmemb(ane ACs
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Cland C2 cyto@vz domains come together to make the portion that produces cAMP.

&

Modified from Ostrom et al., Physiol Rev. 2022 Apr 1;102(2):815-857.



Structure of transmemb(ane ACs
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C1 and C2 cyto ¥C domains come together to make the portion that produces cAMP.
Q: Do the inh'ﬁ QN profiles suggest a direct or indirect mode of inhibition?

O

Modified from Ostrom et al., Physiol Rev. 2022 Apr 1;102(2):815-857.



Compounds appear to display distinct patterns of inhibition
consistent with diregtjnhibition
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Inhibition of ACs expressed in yeast
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C1 and C2 cyto ¥C domains come together to make the portion that produces cAMP.
Q: Do the in ﬁ n profiles suggest a direct or indirect mode of inhibition?

Modified from Ostrom et al., Physiol Rev. 2022 Apr 1;102(2):815-857.



Structure of transmemb(ane ACs

"’dz)mains come together to make the portion that produces cAMP.
aining C1 and C2 domains from two different tmACs (chimeric) show a pattern
ing one or the other domain as the site of compound binding?

C1 and C2 cytoplas
Q: Does a tmAC cof
of inhibition su

Modified from Ostrom et al., Physiol Rev. 2022 Apr 1;102(2):815-857.



A chimeric AC is hypersensitive to inhibition

©

BCAC53 inhibition ,&\ BCAC63 inhibiton

0
2,5 2 1,5 % 2,5 2 1,5 1 0,5 0
[BCACS3 pM] Q [BCACE3 uM]
——AC4 —@—AC6 C1-AC4-C2-AC6

——AC4 —0—AC6 Ci1- AC4-C24&\

Strains expressin @er AC4, AC6 or a chimeric protein in which the AC4
C2 domain &eplaced with the AC6 C2 domain were tested for

O compound sensitivity.

O



A chimeric AC is hypersensitive to inhibition
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BCACS53 inhibition

BCAC63 inhibiton
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o
Percent inhibition

2,5 2 1,5 1 0,5 2,5 2 1,5 1 0,5 0

[BCACS3 uM] Q [BCACE3 uM]
—®— AC4 —@— AC6 ClAC4{ﬂ&\ ——AC4 —@—AC6

The chimeric pro :'s more sensitive to inhibition, consistent with a
model in which t mpound disrupts the interaction between the two

% cytoplasmic domains.
Future studies will examine whether single amino acid changes in a

putati(e))inding site can confer resistance to the compounds.

C1-AC4-C2-AC6



Possible mechanism of inhibition-p®/enting C1-C2 dimerization

Modified from Ostrom et al., Physiol Rev. 2022 Apr 1;102(2):815-857.



Summary

* Mutational activation of GNAS increases C@Qproduction by transmembrane
adenylyl cyclases (tmACs)

« BCAC51 and related compounds reduc production in human cells and in
yeast cells that express mammalian stlmulate by GNASR201C
S ;§/

* These compounds do not show thi ct in biochemical reactions

* Our data suggest that the bioche reactions may not correctly reflect the
interaction between the two cy smic domains of tmACs

* Our compounds may act by di d@ ting the interaction between the C1 and C2
domains

* Further experiments will e ine the effect of single amino acid changes in AC4
that a docking model su may affect compound binding by conferring
compound resistance

* Thus, in the absenc@a working in vitro enzyme assay, we hope to convince
chemists that met | chemistry is warranted
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