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Abstract

Project Code : TRG5780079

Project Title : Teach an old dog a new trick: Design and construction of a synthetic E. coli

protease inhibitor detecting biomachine

Investigator : Assistant Professor Doctor Dujduan Waraho
Biological Engineering Program,

King Mongkut’s University of Technology Thonburi
E-mail Address : dujduan.war@mail.kmutt.ac.th
Project Period : 3 years

Protease inhibitors (Pls) are used to treat various types of symptoms or diseases, for
example, cardiovascular disorder and HIV disease. Currently, most Pls block the protease’s
function by targeting the protease active site, which can cause side effects to patients due to
cross-reactivity with host’'s protease homologues called off-target effect. Alternatively, proteolytic
cleavage can be blocked by targeting the cleavage site on the substrate instead of the active
site on the enzyme.We proposed to apply the synthetic biology approach to create a synthetic
E. coli-based protease inhibitor detecting biomachine for HIV-1 infection therapy by utilizing the
Twin-arginine translocation (Tat) pathway’s ability to transport folded protein across the inner
membrane of E. coli and antibiotic resistance of TEM-1 B-Iactamase (Bla) as a reporter protein.
This newly developed technique was termed Protease inhibitor Recognition based On Tat
Export after Cleavage Tampering (PROTECT) and is comprised of 3 biological devices, which
are protease activity detector (fusion of protein of the Tat signal sequence (ssTorA), viral
substrate (p17dp24; and reporter protein (Bla)), protease generator (HIV protease) and
protease blocking devices (Pls, intracellular antibody or single-chain antibody fragment (scFv)).
The in vivo testing confirmed that PROTECT technique could distinguish between positive and
negative controls which were the corresponding and non-corresponding scFvs against the HIV-
1 substrate, respectively. It was found that scFvp17 could bind and protect the cleavage site of
the viral substrate, and the fusion protein was transported to the periplasm, thus, allowing the

bacterial cells to grow on an LB agar plate containing selective B-Iactam ring antibiotic. The



technique was further tested by attempting to isolate randomly mutated scFvp17 variants for
enhanced protection efficiency. Therefore, we constructed an error-proned library of scFvp17
and isolated scFv variants which were able to withstand higher selection pressure by using
higher Carb concentrations. Unfortunately, we have not found any mutated scFv variants with
higher ability to protect proteolytic cleavage than that of wild type scFvp17 yet. To further
improve and characterize this PROTECT technique, in the future, a high quality library should
be constructed and tested as well as applying this technique to various antigens besides p17.
However, this work reports a new method for isolation of protease inhibitor to decrease HIV-1
infection and to apply in various applications such as optimization of the commercial protease

inhibitors and/or selection of new ones.

Keywords : Twin-arginine translocation pathway; protease inhibitor; intracellular antibody; HIV-

1; synthetic biology
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