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During the past twenty-five years, evidence has accumulated on the presence of
a specific high-potential ascorbate-reducible b-type cytochrome in the plasma
membranes of higher plants. This cytochrome is named cytochrome bsg; according to
the wavelength maximum of its o-band in the reduced form. More recent evidence
suggested that this protein is homologous to a b-type cytochrome present in chromaffin
granules of neuroendocrine cells of higher animals. These cytochromes bsg; probably
constitute a novel class of transmembrane electron transport proteins present in large
variety of eukaryotic cells. Of particular interest is the recent discovery of a number of
plant genes that show striking homologies to the genes encoding for the mammalian
neuroendocrine cytochrome bsq;. A number of highly relevant structural features,
including six hydrophobic transmembrane a-helices, heme ligation sites, and possible
ascorbate (AsA) and monodehydroascorbate (MDA) radical-binding sites are almost
perfectly conserved in all these proteins. It is our most requisite to understand the
physiological roles of plant cytochrome bsg; and its molecular mechanism operative for
the transmembrane electron transfer in the biomembranes.

My work during the last three years focused on the study of a family of
transmembrane proteins, cytochrome bsg. Because of the high abundance of native
chromaffin granule (CG) cytochrome bs; and the availability of its expression and
purification techniques, the nature of CG cytochrome bss; has been characterized to
some extent. The situation for the studies on plant cytochrome bss; was very different
from that of CG cytochrome bsg;. It was almost impossible to purify plant cytochrome

bse1 directly from plant tissues due to its lower expression level. To study their
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biochemical properties in details, heterologous expression of the recombinant
cytochrome bsq; might be essential. Therefore, we decided to exploit a heterologous
expression system different from that using Escherichia coli cells to study the plant
cytochrome bsg;. The use of the methyltrophic yeast, Pichia pastoris, as a cellular host
for the expression of recombinant proteins has become increasingly popular in recent
days. Pichia pastéris is much easier to genetically manipulate and to culture than
mammalian cells and can be grown to high cell densities under the control of alcohol
oxidase (AOX1) promoter. Previously, our group had succeeded in molecular cloning of
cytochrome bss; cDNA from corn Zea mays, its functional heterologous expreésion in
Pichia pastoris cells, and its purification. The aims of my Ph.D. study were belonged in
two different categories. The first one was to extend the heterologous expression system
for a better yield in the expression level and a better purification method. The second
one was, using such purified sample, to elucidate the molecular mechanism underlying
the possible AsA-specific transmembrane electron transfer catalyzed by Zea mays
cytochrome bsey using various molecular biological and biochemical techniques. The
major findings in my Ph.D. study are summarized below.

In Chapter 1, I described about the history of cytochrome bsg, study and the aims
of my Ph.D. study. Cytochromes bsg; constitute a novel class of transmembrane electron
transport proteins present in large variety of eukaryotic cells, with a number of highly
relevant common structural features including six hydrophobic transmembrane
a-helices and two heme ligation sites. Of particular interest is the presence of a number
of plant homologues that encode proteins having possible ascorbate (AsA)- and

monodehydroascorbate (MDA) radical-binding sites proposed previously for
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mammalian cytochrome bsg;. Previously, our group succeeded in molecular cloning of
cytochrome bsg; cDNA from corn Zea mays, its functional heterologous expression in
yeast Pichia pastoris cells, and its purification. Therefore, the aim of my Ph.D. study is
the elucidation of the molecular mechanism underlying the possible AsA-specific
transmembrane electron transfer catalyzed by Zea mays cytochrome bsg; using various
molecular biological and biochemical techniques.

In the first part of my study (as described in Chapter 2), [ have succeeded in the
construction of heterologous expression system of recombinant Zea mays cytochrome
bse1, in which the 6xHis-tag moiety was introduced at the COOH-terminus of the
full-length Zea mays cytochrome bsg. I have also succeeded in its purification to a
highly homogenous state. The recombinant Zea mays cytochrome bse
(WTZMbs6)-Hise) showed characteristics visible absorption spectra very similar to
those of bovine cytochrome bsq1 and WTZMbsei. SDS-PAGE and Western blotting
analyses of purified WTZMbse -Hise showed a single band at 26.2 kDa. Stopped-flow
analyses suggested that wild-type Zea mays cytochrome bsg utilizes AsA as a
physiological electron donor. Pre-treatment of the purified WTZMbsg-Hiss with
dietylpyrocarbonate (DEPC) in the oxidized form caused a drastic inhibition of the
electron transfer from AsA and such inhibition was protected by the presence of AsA
during the treatment. These results suggested that plant cytochrome bsg; might perform
an AsA-related transmembrane electron transfer reaction by utilizing a similar
molecular mechanism with that of bovine cytochrome bs¢;. Thus, our Pichia pastoris
expression system offers an improvement in the yield and the quality and other

advantages over the existing insect and yeast expression systems for producing
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membraneous cytochromes bs¢; for the detailed studies concerning their structures and
fanctions.

In the second part of my study (as described in Chapter 3), I focused on the
investigation using the site-directed mutagenesis techniques to clarify the roles of the
highly conserved amino acid residues in a conserved motif of Zea mays cytochrome bsgi.
The conserved motif, located near the electron accepting (low potential) heme center,
was suggested to play a role in the AsA-binding. Indeed, covalent modifications with
DEPC and the site—directeq mutations on the conserved Lys (K83) residue near this
motif resulted in a significant decrease of the electron accepting ability from AsA. Thus,
we hypothesized that well-conserved residu;:s (Y71 and R72) locating in this motif
could play an important role in the AsA-binding and the electron transfer. Therefore, I
generated several site-directed mutants (Y71A, Y71F, R72A, R72D, and R72E) at these
sites. The visible absorption spectra of all these mutants were very similar to those of
WTZMbsg;-Hisg, although the final reduction levels with AsA as a reductant were
somewhat different each other. The effects of changing pH on the reduction processes
with AsA of oxidized WTZMbsg-Hiss and of these mutants were examined by
stopped-flow techniques. We found that the time course of the reduction of
WTZMbsg -Hise was very dependent on the medium pH. In a higher pH, the reduction
process was very fast; whereas in a lower pH, the reduction process became very slow,
as previously observed for bovine cytochrome bs¢;. This pH-dependent time-lag was
almost completely lost for the R72A, R72E, and Y71A mutants. Further, for the Y71F
mutant, there was a clear acceleration of the electron transfer from AsA. These results

suggested that both Y71 and R72 residues have some important roles, but very different
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from that of K83 residue, upon the electron transfer event from AsA.
In Chapter 4, I represented a short summary of my research efforts and several

suggestions for the future works in the field of cytochrome bse; study.
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