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Our recent results suggest that small-molecule CD4-mimetic compounds (CD4mc) act as
bifunctional entry inhibitors of human immunodeficiency virus type-1 (HIV-1) with respect to
both neutralizing antibody (NAb) activation and entry inhibition. The primary aims of our
project are to develop novel and potent bifunctional entry inhibitors using a multidisciplinary
approach based on our extensive expertise in virology, immunology, biochemistry, medicinal
chemistry, structural biology and computational biology.

In this report period, we developed and characterized novel classes of bifunctional entry
inhibitors that bind to three highly conserved regions in HIV-1 envelope glycoproteins (Env): the
CD4 binding site (CD4bs), the co-receptors (CoR) binding site, and the gp120/gp41 interface. We
also developed and validated tools that are used to measure the complexes of the inhibitors with
HIV-1 Env.

(a) CoR-mimetic compounds (CoRme): To identify novel small molecule-sulfotyrosine
mimetics as CoRme, we have developed and utilized a structure-based in silico screening. Seven
hits from this screening interfered with viral infection at the entry step. One compound, al, was
the most active and synergistic with N332-glycan or V3-direct NAbs.

(b) CD4-mimetic compounds (CD4mc): Novel CD4mc were designed and synthesized to
improve water solubility and bioavailability using our previously reported method. All hit
compounds from the primary screen exhibited much higher solubility and markedly less
cytotoxic (>300 pM) than that of the prototype of CD4mc, NBD-556, and highly synergistic with
V3-direct NAbs.

(c) Gp120/gp41l interface-inhibitors: We synthesized and tested forty-two gpl120/gp4l
interface-inhibitors. Compound cl was extremely potent against HIV-1 and synergistic with
N160-glycan, N332-glycan, CD4bs, MPER or V3-direct NAbs. This compound was improved
through Structure-Activity Relationships (SAR) modification of functional groups to more
completely properties (e.g., Compounds c2 and c3).

(d) Structure-based in silico screening: We also performed structure-based in silico screening
of a chemical library containing over 5 million compounds to identify novel bifunctional entry
inhibitors. All compound structures were docked into the CD4bs, and ranked by their docking
scores. Fourteen (8%) of 166 compounds that were acquired and tested using in vitro assay
showed significant interfered with HIV-1 infection at the entry step.

(e) Tools for the investigation of ligand-Env complexes: We also adapted and optimized
docking simulation, molecular dynamics (MD) simulation, and surface plasmon resonance (SPR)
assay that measure the complexes of the inhibitors with HIV-1 Env. The structural information
and kinetic parameters will be used to guide the design of novel inhibitors.

In summary, we designed, synthesized, and evaluated a series of novel bifunctional entry
inhibitors: CD4mc, CoRme, and gp120/gp41 interface-inhibitors. These compounds were strongly
synergistic when combined with anti-HIV NAbs. Thus, our multidisciplinary findings will lead
to new entry inhibitors that will be useful in inhibiting HIV-1 infection not only by directly
obstructing viral entry, but also enhancing sensitivity to NAbs.
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