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Proj ect Description

COVI D- 19 (coronavirus disease 2019) remmins a global health crisis, driving
unprecedented efforts to devel op therapeutics. Key exanpl es include

mol nupiravir, nirmatrelvir, and rendesivir, which operate through distinct
mechani sns: nirmatrelvir inhibits SARS-CoV-2 replication by targeting the
viral main protease (Mpro), while nmolnupiravir and rendesivir target RNA-
dependent RNA pol ynerase (RdRp). Ml nupiravir induces |ethal nutagenesis, and
rendesivir halts viral replication through chain term nation

Phar macoki netically, nirmatrelvir is a substrate of cytochronme P450 3A4
(CYP3A4) and is inactivated by oxidation. Ml nupiravir and rendesivir, as
prodrugs, require activation via hydrolysis by carboxyl esterase-2 (CES2) and
carboxyl esterase-1 (CES1l), respectively. Rendesivir also irreversibly

i nhibits CES2, while nol nupiravir downregul ates CYP3A4 expression. This
project hypothesizes that the efficacy of these drugs depends on netabolism
based interactions and delivery strategy. The Specific Ains are to: (1)
elucidate their netabolic interactions, and (2) devel op organ-targeted
nanof or mul ati ons.

The student will |earn advanced | aboratory techni ques, including cel

culture, enzymatic activity assays, and drug netabolism anal ysis using high-
performance |iquid chronmatography (HPLC). They wi Il synthesize |ipid-coated
cal ci um phosphat e nanoparticles and assess drug incorporation, cellular

upt ake, and retention using fluorescence mcroscopy and spectroscopic

met hods.. Additionally, the student will analyze single-cell RNA sequencing
data (scRNAseq) for the expression of drug-netabolizing enzynmes and drug.
Thi s innovative research uncovers pharmacol ogi cal synergies and provides a
framework for optimzing antiviral drug efficacy, with broad inplications for
addressing future pandem cs.
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