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Abstract
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Abstract: Bacterial luciferase (Lux) catalyzes light emitting reaction by using reduced FMN, long
chain aldehyde and oxygen as substrates. Lux is a heterodimeric enzyme composed of Q- and

B-subunits which are encoded by adjacent /luxA and luxB genes. Lux has long been attractive to
be used in bioreporter applications. In this research study, the enzyme engineering was applied
for acquiring more desired version of fusion Lux enzyme. The truncated fusion Lux was
constructed by trimming C-terminus part of B-subunit to obtain the smaller size of Lux that has
ability to catalyze light reaction. Three truncated Luxs of Lux535, Lux555 and Lux595 were
successfully constructed and expressed in E. coli. The result showed that among truncated
constructs, only the constructed Lux535 was able to express as soluble enzyme. However,
Lux535 could not proceed light reaction. This suggests that the B-subunit portion of enzyme
structure is very crucial for enzyme folding and active conformation of Ql-subunit. The transient
kinetics, pH-variation, and site-directed mutagenesis were employed to probe the protonation

state of the flavin C4a-(hydro)peroxide in bacterial luciferase. The first observed intermediate,
with a 7\,max of 385 nm, transformed to an intermediate with a Kmax of 375 nm concomitantly with

emission of light. Spectra of the first observed intermediate were pH dependent, with a kmax of
385 nm at pH < 8.5 and 375 at pH > 9, correlating with a pK, of 7.7 — 8.1. These data are
consistent with the first observed flavin C4a-intermediate at pH < 8.5 being the protonated flavin
C4a-hydroperoxide, which loses a proton to become an active flavin C4a-peroxide. Stopped-flow
studies of His44Ala, His44Asp, and His44Asn variants showed only a single intermediate with a
7\,max of 385 nm at all pH values, and none of these variants generate light. These data indicate
that His44 variants only form a flavin C4a-hydroperoxide, but not an active flavin C4a-peroxide,
indicating a role for His44 in deprotonating the flavin C4a-hydroperoxide. We also investigated
the function of the adjacent His45; stopped-flow data and molecular dynamics simulations identify

the role of this residue in binding reduced FMN.
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