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In the post genomic era, protetprotein interactions have
emerged as potential drug targétdnlike the well-defined active
site structure of most enzymes, the protgimotein interaction inter-
faces are flat and expansive. Such a topology is adaptive and facili-
tates the heterologous interaction with multiple signaling partners
that have similar structural motifs. Since the bulk of these inter-
actions are intracellular, development of large druglike molecules
that can span and compete for the protginotein interface is not
feasible because of permeability problems. Though preteiotein
interactions share a large interface, there is a growing body of
evidence that suggests that in these interactions the majority of the
binding energy is contributed by a few amino acids at the interface.
This indicates the possibility of a peptidomimetic approach for [ -
inhibitor desigr? s AT r )

The C-terminal domains of BRCA1 (BRCT) interact with phos-  Figure 1. Packing interaction of BACH1 dodecapeptide with the BRCT
phorylated proteins to regulate critical cellular functions in response g]oorgféns(g‘_jr?::)lgzszﬂ'nliﬁ rZﬁgjv‘;e_?h"’g %:gg‘?r'id ;r;d ggii?is?tig“fér?siggd?gd
to DNA damage. For example, _the'hel!case BACHl, tr_anscrlpfuc_)nal by Val?654, Letesr, and Phésezis shown in pink).l Thz plausible intramo-
co-repressor CtIP, and an ubiquitin-interacting motif containing |ecular H-bonding of Thr with the backbone NH of the-# residue and
protein Abraxas binds to BRCT domains in their phosphorylated CO of the P-1 residue is shown in red dotted-lines. The molecular graphic

form through a consensus recognition sequence pSXtFuctural was generated using PyMbl.

analy_5|s_of the BRCT-phosphopeptide complex demonstr_ates Identl'Table 1. Thermodynamics of Peptide Mimics? Interaction with
cal binding modes for BACHL and CtIP phosphopeptides. The BRCT Domains Derived from Isothermal Calorimetric and
phosphoserinepS) of pSXXF motif is recognized by a shallow  Fluorescence Polarization Studies

hydrophilic pocket on the N-terminus of BRCT domain, while the Cey’ K,x10°5 —AG “AH —AS?
phenylalaninek), the P+3 residue, recognizes a hydrophobic patch (M) MY (kcal/mol) (kcal/mol) (call(mol K))
formed by residues from both BRCT domains (Figuré 1). D1 10366 031+005 6.1+0.2 209+25 497+33

Since protein-protein interactions are transient, classical bio- p2 1.25 82.2+56  9.4+03 150+02 186+25
chemical approaches do not provide the spatial and temporal control D3 0.45 97.1+6.6  95+03 149+08 17.8+1.4
required to dissect the relevant signaling pathways. The use of small D4 1'03101 235+ 1.7 8.7+ O'Zb. d12-4i 03 124+21
compounds to explore such transient interactions is emerging as apg - 3801 28 b:ﬂdzgg
viable alternative. Our interests are to develop chemical probes/ 11  13.82 3.24+0.1 75+02 10.740.2 106+15
inhibitors to explore the role of BRCT mediated proteprotein T2 4436 096+0.08 6.7+-03 12.14+0.2 17.9+2.3
interactions within the large BRCAL1 signaling network. Toward T3 7087 ~ 0.21+£001 59+£02 14.7£08 29.6+34
this goal, here we report the use two complementary techniques to > 300° no binding
demonstrate that (1) tetrapeptides bind to BRCT with low-  ap; — SRSTPSPTENK{N-Flu)-CONHy; D2 = Flu-SRSTpSPTFENK-
micromolar affinity, more importantly all four residues contribute  CONH,; D3 = Rod-SRSTpSPTFNK-CON#i D4 = SRSTpSPTFNK-

to BRCT binding, and (2) the presence of a hydrophobic site close CONHy; D5 = SRSTSPTENK-CONbB D6 = SRSTpSPTENK-CONb

; ; il ; T1 = pSPTF-CONH; T2 = pSATF-CONH; T3 = pSPAF-CONH and
to th? PSXXF site can be (_exp!oned for inhibitor design. T4 = EPTF-CONH. PICso values were determined by fluorescence
Using fluorescence polarization (FP) measurements we show thatpolarization (see Supporting Informatio)Cso values correspond to

N-terminal labeling of a decapeptide containing the pSXXF motif binding affinities for 14M peptide 9 ICso values are based on a competition

is favored over C-terminal labelingDl—3, Table 1) Using FP assay with 100 nM of peptide D2 and 250 nM of BRERG andAS
. S . were calculated by the following equations, respectivelyd = -RTIn K,
competitive binding FP studies we also show that the phosphate xg—(AH - AG)/T.

group on the serine and the phenyl ring on the phenyl alanif@)P o o

is essential for the interaction of the peptide with BRIW{6, _ The commonly used G_Iu_ substitution as a pSer mimic resulted
Table 1). This observation is consistent with previously reported N the complete loss of activityl@, Table 1). To explore the effects
structural studie$ Truncation of the decapeptid®4 to a tetrapep-  Of the side chains atP1 and P2 sites, we generated tetrapeptides

tide T1 that shares the pSXXF motif, remarkably resulted in justa T2 andT3 with corresponding Ala substitutions. Based on the)IC
~3-fold decrease in the inhibitor activity. values, replacing the Pro at the-P site with Ala resulted ir-3-

fold loss of activity. The 3-fold loss of activity is equivalent to the

iggg@r‘g‘een’};f’;o'jhgr’&“gﬁ‘r’;‘fgg’io"’l‘ggyTOXiCo'ogy' loss of activity observed when the decapeptidid)(was truncated
U Current address: Pfizer Global Biologics, St. Louis, Missouri 63017. to the tetrapeptideT(l). More interestingly replacing the Thr at
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the P+2 site with Ala resulted in>5-fold loss of activity. This
suggests in the context of the tetrapeptides the Thr side ch&i) (P
is more important than the Pro{R) for BRCT binding. These

the observed signature shows an increase in Alhe and a
surprisingly larger unfavorable entropxAS = +19 cal/(mol K))
of T3 compared toTl (Table 1). Such changes in enthalpy have

observations are consistent with a previous oriented peptide library been shown to be associated with solvent reorganization, changes

screen using decapeptids.
Using thermodynamic signatures derived from isothermal titration
calorimetry (ITC) we have dissected the origin of differential BRCT

in hydrophobicity, and change in packing volufh&he later two
changes would be reasons for the bumping/weakening of Phe
association with its hydrophobic site on BRCT owing to Ala

affinities of deca- and tetrapeptides using a systematically designedsubstitution (R-2) in T3.

peptide library (Table 1) with a structural perspective. On the basis

of the association constants, the binding of BRCT to the N-terminus
fluorescent labeled decapeptides is favored-3p0-fold compared

to the C-terminus labeled decapeptidel¢3; Table 1). The
thermodynamic signaturesAG, AH, and AS) are remarkably
similar for the decapeptide®R and D3), essentially not distin-
guishing the two different hydrophobic fluorophores (fluorescein
and rhodamine) with similar hydrogen-bonding capabilities. It is
also interesting to note that the N-terminus fluorescently labeled
peptides have-4-fold higher affinity for BRCT compared to the
unlabeled peptideD2 andD3 vs D4). This suggests the presence
of a potential hydrophobic site adjacent to the pSXXF binding site
occupied by lle in the crystal structure (Figure 1, purple).

When the BACH1-bound (pdb:1T29) and unliganded (pdb:1JNX)
BRCT structure®s® are compared, a strikingly large hydrophobic
pocket formed by Vaks, Leugss and Phese, cluster was found
(Figure 1, pink). The apolar surface area of this cluster was
calculated and was found to decrease by 23 dpon BACH1
binding, driven by the dip in the backbone of Lgy forming a
nice hydrophobic cavity (the € rmsd between the structures is
<0.5 A). Independent docking simulations with fluorescein and
rhodamine (labels) showed preferential affinity to this site over the
N-terminal lle site of the dodecapeptide in the crystal structure
(Figure 1; also see Figure S7 of Supporting Information). The
requirement of both N- and C-terminal BRCT domains for efficient
phosphopeptide binding brings this hydrophobic pocket within
striking distance of-5 A from the phosphate anchor site and can
be exploited during inhibitor design. The non-phosphorylaEs) (
and the Phe to Glu mutateB®) peptides did not show any binding
to BRCT, consistent with the FP data.

Next, ITC studies with BRCT and the tetrapeptidds {4)
revealed that Glu substitution at pS@#j resulted in no binding,
Ala substitution for Pro at 1 resulted in & 3-fold loss of activity
(T1 vs T2, Table 1), and replacement of Ala substitution for Thr
at P+2 resulted in>15-fold loss of binding to BRCTT1 vs T3,
Table 1). To explain these significant differences we took a closer
look at the thermodynamic signatures. The strikingly simiiad
and AS values (Table 1) betweeB4 and T1 suggest that the
phosphate group opS and the phenyl group of at P+3 are the
major contributors to BRCT binding.

Replacing the pyrrolidine ring of the Pro with the Ala side chain
results in an increaseflH of T2 compared to the parent peptide
T1 which is consistent with the availability of an extra H-bond
donor @-N on Ala). The loss of conformational freedom (Pro to
Ala) corresponds well with the increased unfavorable entrogyS
= +7.3 cal/(mol K)) of T2 compared ta'l. On the other hand@3
andT1 peptides have the same backbone with the hydroxyl group
(Thr) on T1 as a potential hydrogen bond donor/acceptor. The
crystal structure data of the complex (1T29) shows (a) no protein
contacts with the Thr (P2) residue of the dodecapeptide peptide
and (b) presence of two uncoordinated water molecules (WAT 45
and WAT 63) withn 4 A distance from the Thr side chéin.
Therefore, we expected the difference in the binding affinities
between peptide33 and T1 to correlate predominantly with a
decrease i\H of T3 and little to no change in thAS. However,

Alternatively, this also suggests that the hydroxyl group of Thr
side chain may be involved in intramolecular hydrogen bonding
that contributes to conformational rigidity of the tetrapeptide
for efficient tethering. Therefore the removal of the hydroxyl group
by Ala substitution inT3 eliminates the intramolecular hydrogen
bonding making it more flexible resulting in the observed increase
in the entropy AAS = +19 cal/(mol K)). Also this change
facilitates intermolecular hydrogen bonding with the protein which
correlates well with the increase in the enthalyAH = —4.0
kcal/mol). On the basis of the available crystal structure we
hypothesize that the Thr side chaini could potentially make
intramolecular hydrogen bonds with the backberi¢H of the P+4
residue and the backboneCO of thepsS (Figure 1).

In summary, we have used two complementary techniques (FP
and ITC) to define a tetrapeptide as a lead for a peptidomimetic
based inhibitor design. More importantly both ITC and FP studies
show that all four residues contribute to BRCT binding. We have
also identified a potential hydrophobic site close to the motif that
can be exploited to improve potency. The ITC studies in conjunction
with the structural data suggest the presence of intramolecular
hydrogen bonding that could bias the pSPTF peptide to adopt the
bound conformation for efficient BRCT tethering.
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