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VIRGIBACILLUS/PROTEINASE PRODUCTION/RESPONSE SURFACE
METHODOLOGY/SODIUM CHLORIDE ADAPTATION/DNA MICROARRAY/

FISH SAUCE

Obijectives of this study were to optimize the medium components on biomass
and extracellular NaCl-tolerant proteinase production of Virgibacillus sp. SK37, a
potential starter culture strain of fish sauce fermentation. In addition, the growth
condition to activate a NaCl-adaptive response was addressed. The NaCl adaptation
behavior of the strain was thoroughly elucidated at the transcript levels using DNA
microarray technique.

Based on Plankett-Burman design (PBD), dried anchovy, yeast extract, and pH
were key factors affecting biomass and proteinase production. Further optimization
using rotatable central composite design (RCCD) showed that the highest incremental
yields of biomass of approximately 1.6 log CFU/ml and 1.4-fold increase in the
proteinase production were achieved in the culture medium containing 1.5% dried
anchovy, 0.5% yeast extract, and 2.5% NaCl, at pH 8. The predicted models obtained
by cubic regression were proved to be adequate. Dried anchovy and yeast extract did
not influence the proteinase secretion pattern based on the activity staining of a peptide

synthetic substrate (Suc-Ala-Ala-Pro-Phe-AMC), but molecular weight (MW) of the



secreted proteinases varied with NaCl contents and pHs of the medium. A greater
extent of proteolysis at high NaCl medium was observed based on peptide mass
fingerprint (PMF). Virgibacillus proteinases in the presence of NaCl preferably
hydrolyzed dried anchovy proteins at Lys, Arg, and Tyr positions, while in the absence
of NaCl, they exhibited a specificity for the basic residues Lys and Arg, located at P;
position on the peptide as evidenced by de novo sequencing.

Although Virgibacillus sp. SK37 did not grow at 25% NacCl, it can survive
when cells were pre-incubated in 15% NaCl for 15 min prior to exposure of the
extreme condition of 25% NaCl. Transcriptome analysis revealed that genes expressed
for a protective function against improper protein folding (dnaK, grpE, groES, and
groEL), irreversible denatured proteins (clpP, clpC, clpE, clpX, lonA, and ftsH), and
oxidative stress (kate and yfkM/yraA) were significantly induced under 15% NacCl.
The physiological responses were associated with a metabolic shift from the
tricarboxylic acid cycle (TCA) cycle and oxidative phosphorylation to the ethanol
fermentative pathway, and the induction of specific oxidative response genes. The cell
envelop of the strain was rearranged during the NaCl-stress condition. The genes,
encoding compatible solute transporters, namely sodium/proline symporter, OpuA,
OpuB/C, and OpuD, were significantly transcribed. The outcome of this research
would lead to the understanding of the cellular mechanisms of Virgibacillus sp. SK37
in NaCl-adaptive response and proteinase-producing starter culture with the potential

application for fish sauce fermentation.
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