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Screening and evaluation of small molecule activators for
premature activation of HIV-1 precursors
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Abstract: Strict regulation of human immunodeficiency virus type 1 (HIV-1) protease function is critical for
efficient production of mature viral particles. During viral protein expression and viral assembly, HIV-1 protease
(PR) located within Gag-Pol precursor must be inactive to prevent premature cytoplasmic processing of the viral
Gag and Gag-Pol precursors. Premature activation of HIV-1 precursors leads to major defects in viral assembly and
production of viral particles. Specifically activating the protease in the precursor protein can directly inhibit the
replication of the virus. In addition, HIV-1 PR is able to induce cell apoptosis. In this study, we identified 6 small
molecule compounds using a cell-based assay for screening compounds that activate HIV-1 PR and induce prema-
ture of HIV-1 precursors. Results showed the active compounds are able to activate HIV-1 PR, inhibit HIV-1 repli-
cation, and induce cell apoptosis. This study provides ideas for the research and development of antiviral drugs.
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Figure 1
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Human immunodeficiency virus type 1 (HIV-1) genome organization and proposed pathway for the ordered processing of the

HIV-1 Gag-Pol precursor by protease in trans. The initial cleavage site at p2/NC is shown with a large red arrow which is labeled as 1, and

followed by the labels 2, 3, 4, and 5. LTR: Long terminal repeats; MA: Matrix protein; CA: Capsid; NC: Nucleocapsid; PR: Protease; RT:

Reverse transcriptase; RH: RNase H domain; IN: Integrase
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Figure 2 Identification of active compounds by BRET assay. A: The results of screening of 3500 compounds; B: The assay of the positive

compounds; C: The structures of the compounds. X £ s, 7 = 3. *P < 0.05 vs the DMSO group. BRET: Bioluminescence resonance energy

transfer; DMSO: Dimethyl sulfoxide; SQV: Saquinavir; EFV: Efavirenz
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Figure 3  Effects of different compounds on intracellular HIV-1
PR activity. A: Western blot analysis of the cleavage of fusion
protein; B: The relative ratio of EYFP and EYFP-p2/p7-Rluc. The
amount of EYFP and EYFP-p2/p7-Rluc was determined using
Image J, and the ratio was calculated. x =5, n = 3. "P < 0.05, “P <

0.01, ™ P < 0.001 vs the DMSO group. EYFP: Enhanced yellow

fluorescent protein
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Figure 4 Effects of different compounds on the cleavage of the
HIV-1 Gag-Pol precursor by protease in trans. A: Western blot
analysis of the cleavage of the HIV-1 Gag-Pol precursor; B: The
relative ratio of p24 to p55. The graph was analyzed using Image
J, and the ratio was calculated. x 5, n=3. P < 0.05, P < 0.01 vs

the DMSO group
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Figure 5 Inhibition of these compounds on viral infectivity. A: Effects of compounds on the late stage of HIV-1 life cycle; B: Effects of

compounds on the early stage of HIV-1 life cycle; C: Cell viability was determined by measuring at 4,5, by cell counting kit-8 (CCK-8)
assay. x £ s, n=3."P<0.05, P <0.01 vs the DMSO group. NS: No significant difference
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Figure 6 Dose-dependent inhibition of these compounds on viral infectivity. Compounds were added at different concentrations. x s, n =3
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Figure 7 Cell apoptosis induced by the compounds to some

extent. A: Apoptosis in 293T cells without transfected with phGag/
GagPol; B: 293T cells were transfected with phGag/GagPol, 6 h
post-transfection, cells were treated with drugs as indicated for 24 h,
and analyzed by Guava easy Cyte HT assay. x =5, n = 3. "P < 0.05
vs the DMSO group
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