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ABSTRACT

This thesis is composed of 4 chapters. In chapter 1 we discussed the
general aspect of widely used luciferases and Gaussia luciferase (GLuc)
as a leading reporter protein. The recently isolated GLuc from the marine
copepod Gaussia princeps is the smallest, strongly active and highly stable
bioluminescence protein and consists of 185 amino acids with 19.9kDa
molecular weight, making it very attractive as a reporter protein. It
catalyzes the oxidative decarboxylation of coelenterazine, which produces
the excited state of coelenteramide by emitting blue light with intensity
maximum at 480 nm. GLuc contains ten cysteines that need to form native
disulfide bonds, which represent a major hurdle toward the production of
functionally active recombinant GLuc in bacterial, especially Escherichia
coli (FE Coli), cells. The disulfide bonds of recombinant proteins
expressed in £ Coli cells are normally reduced and are air—oxidized into
non—native disulfide bonds upon cell breakage or during the purification
process. Thus, both its biophysical characterization and reengineering
limiting its use in bioluminescence imaging.

In chapter 2, we combined various protein expression methods to produce
GLuc that fold preferably into functional GLuc with native—like disulfide
bonds.

Expressed the protein at low temperature in an £ co/i under cold induced
expression system (pCold). As a result, a large fraction of the protein
was expressed in the soluble fraction and yielded 2 milligrams of
Soluble-GLuc from 1L culture, with a homogeneous disulfide bond pattern
as assessed by reverse phase HPLC. This is the very first report of a large
scale production of pure GLuc with strong bioluminescence activity in
E Col/i. The high homogeneity of our sample, enabled to perform a
biophysical and biochemical properties of recombinant GLuc using circular
dichroism (CD) spectroscopy, reverse phase analytical HPLC and




bioluminescence measurements. Overall, our biophysical studies indicate
that GLuc has a very high thermal stability (Tm of 56° C; and 65%
bioluminescence activity after incubation at 95° C), and this robust
thermostability may open the way to novel biotechnology applications,
under harsh conditions, where traditional reporter proteins are of limited
use.

In chapter 3, we increased the solubility of GLuc by fusing a SEP-Tag,
which are 5= to 10-residue polypeptides that increase in vitro protein
solubility [Kato A. et al, Biopolymers 85:12-18. (2007)]. Because of the
poor solubility in its reduced form, aggregation seemed to compete
unfavorably with the folding reaction. In this study, we fused nine
aspartic acid SEP-Tag to GLuc C— terminus (GLuc—C9D). As a result, the SEP
Tag significantly increased the amount of GLuc—C9D expressed in the soluble
fraction even at 25°C with a much shorter expression time. GLuc—C9D was
fully functional with native—like disulfide bonds and the final protein
yield was five to six times higher than with our previous pCold expression
system. Thus, SEP-Tags could provide a generic and efficient tool for
producing large amounts of fully active multiple disulfide—bonded proteins
in £ Coli.

In chapter 4 (conclusion), the result achieved in the present study was
summarized, and the future aspects of the research was described. Our novel
expression system is convenient for the production of fully active and
stable GLuc in amounts appropriate for molecular engineering,
crystallization and structural analysis by opening the way to novel
applications, both in-vitro and in vivo, as a reporter protein. In
addition, contribution to the research for the development of new drugs
is expected in applying the technique developed in the present study to
the generation of the protein that has two or more SS uniting such as the
antibody reagent.




