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SIGNIFICANCE OBJECTIVE LUDI SCREENING OF CAP AND ZINC DATABASE

The pituitary gonadotropins, FSH, play a pivotal role in a normal
reproductive function. Activin is produced in various tissues and
stimulates synthesis of FSH by direct action on gonadotrope cells. Many
other functions have been found to be exerted by activin, including their
roles in cell proliferation, differentiation, apoptosis, metabolism,
homeostasis, immune response, wound repair and endocrine function.

Follistatin is a monomeric protein, structurally unrelated to TGF-
superfamily that acts primarily by binding to activin and preventing its
interaction with its receptor. It is also produced in the pituitary gland itself
by the gonadotropes and folliculostellate cells in different species.

Inhibition of Follistatin binding to activin helps in promoting the TGF-b
and BMP signaling process and cure for several differentiation and

growth related deceases.

Follistitin

ACTIVIN AND FOLLISTATIN

« Activins (25 kDa) are the members of the TGF-b superfamily, are
homo- or heterodimeric cysteine knot proteins composed of related
subunits. They are secreted and processed biologically active form.

« Activins were initially recognized for their important roles in stimulating
the synthesis and secretion of FSH and now recognized that they act
as pleiotropic hormones / growth factors with powerful actions on
erythropoiesis, liver proliferation, immune function, bone formation,
angiogenesis, neuronal survival, skin morphogenesis, and cutaneous
wound repair.

« Activins exert their biological effects by interacting with two types of
transmembrane receptors (types | and Il), called receptor serine
kinases.

« The ability of activins to assemble their receptor complex, however, is
regulated by a number of extracellular binding proteins, chief among
them Follistatin.

Follistatin is an important mediator of cell secretion, development, and
differentiation in a number of tissue and organisms whose functions
are attributed to its high affinity for some TGF-beta family members
including activin, bone morphogenetic proteins (BMPs), and myostatin.

Follistatin is a glycoprotein that exists in two splice variants: FS288
and FS315.

Follistatin-288 associates with the cell surface and involved in activin
internalization and degradation and FS315 is the predominant
circulatory form.

« Both forms of Follistatin bind activin-A with high affinity, approaching
irreversibility due to slow dissociation rates, and thereby restrict activin
bioavailability.

Crystal structures for Activin and Follistatin are known

¢ (A) Activin A in complex withFollistatin-288 (PDB ID 2b0u)

* (B) Complex between Activin A and Activin Receptor type |IB
extracellular domain (PDB ID 1s4y).
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The objective of this work is to utilize a more sophisticated understanding
of TGF- ligand Activin and its interaction with receptors and antagonists
to design a compound( s) that will inhibit Follistatin to bind to Activin.

ANALYSIS OF FOLLISTATIN INTERACTION SITES |

* Mature Follistatin consists of an N-terminal unique domain (Fs0) and
three Follistatin domains (Fs1, 2, 3). The minimal activin-inhibiting
fragment of Follistatin is comprised of the first and second Fs domains
(Fs12).

Two FS-288 molecules wrap around the activin dimer and form a stable
complex.Crystallographic study indicates that Follistatin contacts activin-
A residues at both the type | (ALK4) and type Il receptor binding
interfaces.

N-terminal domain of Follistatin, which is required for biological activity,
mimics the BMP type | receptor and occupies the proposed type |
binding surface of activin-A.

Hydrophobic Follistatin residues in Follistatin domain FSD1 and FSD2
occupies the proposed type Il binding surface of activin-A.

From the crystal structures of complexes the amino acids of Activin
receptor |IB extracellualr domain and Follistatin binding to Activin were
identified by calculating surface accessibility of receptor IIB extracellualr
domain and Follistatin in presence and in absence of respective
interacting partner.

The Position (Pos), amino acid (AA) and % solvent accessible
contact area (%SA) of ActRIIB and Follistatin binding to the
Activin.

Follistatin structure: ~ The amino acids shown in ball and stick model are
the one interacting with Activin dimer protein. The strategy is to design
small molecular inhibitors to block key binding residues in this region.

* We have used LUDI De Novo design method of Accelrys Discovery
Studios 2.0 and screened the small molecules present in the CAP and
ZINC small molecular database.

Several LUDIs were run against the Activin binding region of
and Follistatin using the default parameters.

Small molecules found unique to Follistatin binding were 8312 and 2816
from ZINC and CAP database, respectively.

Using only these small molecules, two separate mini libraries were
generated.

Finally, 5 Different LUDI runs were performed for each database on the
entire Activin binding region of Follistatin using new libraries and
preferred parameters.

We have selected all the molecules that have Ludi3 score of 300 or
greater value from screening and computed various other ligand fit
scores such as LigScorel, LigScore2, PLP1, PLP2, Jain, PMF,
LudiEnergyEstimats (1,2 &3).

Some of the ligand-receptor binding poses of small molecules with high
consensus scores are show below.
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SUMMARY

« From the structure analysis of the Activin/Follistatin complex and the
Activin/ActRIIB complex, the key amino acids present in the Activin
binding region of Follistatin were identified.

LUDI de novo design method was used for screening the potential
compounds that block Follistatin from interacting with Activin.

High scoring potential Follistatin binding ligands were identified along
with their theoretical binding scores.

Future objective is to screen the compounds that inhibit Follistatin
binding to Activin by enzyme-linked immuno-sorbent-assay (ELISA)-
based binding assays in vitro.

Biochemical evaluation of compound efficacy in promoting Activin-
specific response.
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