Thesis Title Proteomic analysis of Bacillus sp.
Author Mr. Supachai Topanurak
Degree Doctor of Philosophy (Biotechnology)

Thesis Advisory Committee

Assoc. Prof. Dr. Suree Phutrakul Chairperson

Asst. Prof. Dr. Boonyaras Sookkheo Member

Prof. Dr.Shui-Tein Chen Member

Asst. Dr. Hataichanoke Niamsup Member

Lect. Dr. Dararat Tongkao Member
ABSTRACT

Bacillus sp. bacteria are the bacteria which can produce several extracellular
enzymes which are able to be very industrial useful bacterium. Understanding of
adaptation in their environments of these bacteria interested us to uncover their
functions which can be applied for improvement of individual strain of Bacillus sp.
Bacillus stearotheromophilus TLS33, isolated from a hot spring in Chiang Mai,
Thailand, is a thermophile which is able to grown well at 65°C. It can produce
thermostable enzymes such as proteases and lipases. Therefore, the proteomic study
of the bacteria in Bacillus sp. could provide the basic knowledge of this bacterium.
Proteomics is the study on the global changes of protein within the cell. Furthermore,
proteomics combined electrophoresis and mass spectrometry in order to characterize

proteins.



In this study, B. stearothermophilus TLS33 were encountered to cold stress at
37°C and 25°C while it had entered to mid-log phase. At 37°C, this thermophile
synthesized a number of proteins which involved in sporulation signaling proteins.
These proteins were TagE, YbbB, RsfA, RsbT, MrpA and PyrC which related to the
sigma F and sigma G factors on the Forespore stage of the sporulation process. This
bacterium was also exposed to salt stress (10% wi/v NaCl), ethanol stress (10%
ethanol) and cold stress (25°C). These stress conditions induced unique proteins in
individual stress conditions. For instance, EF-TU was up-regulated in salt stress, L-
lactate dehydrogenase in ethanol stress and Cold shock protein (CspB) was up-
regulated in cold stress. It was also found that a number of proteins related to
oxidative stress were up-regulated, for instance, alkyl hydrogen peroxidase (AhpC) or
peroxiredoxin (Prx) and thiolperoxidase (Tpx).

In oxidative stress study, Prx was found to possess four isoforms which are
denoted that Prx I, Prx I, Prx 11l and Prx IV which had same molecular weight
approximately 27 kDa but different in pl 5.0, 4.87, 4.81 and 4.78, respectively. These
isoforms shift to more acidic region in 2DE gel corresponding to the increasing of
concentration of hydrogenperoxide (H,O,). Therefore, it was hypothesized that the
shift to more acidic region in 2DE gel might result from the —=SH of cysteine residue
in protein molecule which was modified by H,O, and to form sulfenic acid (-SO,H).
The tandem mass spectrometry, liquid chromatography mass/mass spectrometry (LC-
MS/MS) was performed in order to investigate this post-translational modification. It
was found that the 598 m/z tryptic peptide from Prx Il and Prx 111 were 598 m/z and
598, 809 m/z, respectively. These peptide fragments had 135 of mass difference

between b3 and b4 ion of 598 m/z in both of Prx Il and Prx Ill and in b6 and b7 in 809



Vi

m/z in Prx I11. The mass difference could not be found in Prx IV. It was believed that
this isoform might be overoxidized and formed sulfonic acid (-SOzH).

The Cy3 Maleimide labeling and Pro Q Diamond, phosphoprotein detection
reagent, was applied to investigate the thiol oxidized proteins. For the Cy3 Maleimide
labeling technique, it was found that the major proteins labeled with Cy3 Maleimide
involved in protein synthesis. Furthermore, these proteins related in pentose
phosphate pathway such as fructose-bis-phosphate aldolase, Glyceraldehyde-3-
phosphate dehydrogenase and L-lactate dehydrogenase were participating in NADPH
production were up-regulated. It was also found that the Cy3 labeling technique was
able to label on the proteins different from Sypro Ruby and Pro Q diamond. It could
be preliminary concluded that this technique can be valuable for investigation of post-
translational thiol modified proteins which are believed that they had potential as
signaling proteins. Moreover, two dimensional differential in-gel electrophoresis (2D-
DIGE) was also employed for detection of thiol oxidized proteins. This technique can
provide reproducibility of 2DE gel. Also, it can assist to view on the differential
protein expression obviously. Thus, the investigation of thiol oxidized proteins with
fluorescence dyes can be applied for new branch of the proteomics called “Redox
proteomics”. However, this study was subjected to be applied for genetic
improvement of B. stearothermophilus TLS33 in highest benefit of industrial

application.
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