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Scope of Research

Microorganisms are found almost everywhere on
Earth. They have a great diversity of capacities to adapt
to various environments, including chemically and physi-
cally unusual environments. Our main subject is to clarify
the molecular basis of environmental adaptations of
microorganisms and their application. Specific functions
of proteins and lipids with essential roles in environ-
mental adaptation of extremophilic microorganisms are
of our particular interest. We also undertake mechanistic
analysis of microbial enzymes, in particular, those in-
volved in unique metabolic pathways, and their appli-

cation.
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Topics

Bacterial Regulation of Vesicle Production
and Biofilm Dispersion in Response to
Extracellular Environment

Extracellular membrane vesicles (EMVs) secreted by
many kinds of bacteria have various roles in survival such
as inter-cellular communication and biofilm formation.
Therefore, the amounts and components of EMVss should
be tuned in response to their growing environment. Al-
though several vesiculation mechanisms are suggested,
it remains largely unknown how bacteria regulate vesicu-
lation in response to the environments. We are focusing
on a sensor protein, HM1275, identified in EMVs of
Shewanella vesiculosa HM13, a cold-adapted Gram-
negative bacterium.

Addition of Lys to a poor nutrient medium increased the
vesicle production by the parent strain in a dose-dependent
manner, whereas the effect of Lys addition on the
hm1275-disrupted mutant was less significant. HM1275
has approximately 40% sequence identity to BdlA, which
is known as a protein for biofilm dispersion. The amount of
biofilm of the parent decreased over time probably due to
biofilm dispersion and was lower than that of the mutant in
the poor medium containing additional Lys (Figure 1).

Together, HM1275 is involved in regulation of both
vesicle production and biofilm dispersion in response to
Lys in the poor nutrient medium. There may be a linkage
between these two phenomena, where HM1275-containing
EMVs released by the Lys-sensing cells are delivered to
other cells to induce biofilm dispersion for collective cell
behavior.

Figure 1. Side-view of SEM image of Ahm1275 biofilm.

Bioconversion of DHA into EPA

The psychrotrophic bacterium Shewanella livingstonensis
Acl0 produces eicosapentaenoic acid (EPA) at cold tem-
peratures. The EPA-less mutant that is deficient of de novo

EPA biosynthesis showed cold-sensitive phenotypes such
as growth retardation and abnormal cell filamentation, and
these phenotypes were suppressed by supplementation of
EPA and of docosahexaenoic acid (DHA). The interesting
finding was that the EPA-less mutant produced EPA when
grown in the presence of DHA, suggesting the presence of
the unidentified metabolic pathway that converts DHA into
EPA (Figure 2A). The biosynthesis of EPA/DHA in marine
bacteria has been intensively studied, whereas the other
metabolic route including degradation and bioconversion
are poorly understood. To understand the DHA conversion
mechanism in S. livingstonensis Ac10, we carried out mu-
tagenesis experiments of genes of B-oxidation enzymes
and their homologs. We found that the disruption of
sl 1351 gene that putatively encodes 2,4-dienoyl-CoA re-
ductase (FadH) resulted in the decreased conversion level
(Figure 2B). FadH is an auxiliary enzyme of B-oxidation
pathway and essential to degrade A*-unsaturated fatty ac-
ids, like DHA. As SI 1351 is highly homologous to a
well-studied FadH from Escherichia coli, the DHA con-
version is likely mediated through a typical B-oxidation
pathway. On the other hand, possible f-oxidation interme-
diates other than EPA (e.g. octadecapentaenoic and hexa-
decatetraenoic acids) were not detected on the supplemen-
tation of DHA. It suggests that S. livingstonensis Acl0
metabolizes DHA to preferentially form EPA, which is an
important biofactor for the bacterium.

Figure 2. (A) The schematic view of the bioconversion from DHA to
EPA. (B) Mass spectrometry analysis of EPA-containing phospholipids
from the parent and As/ /351 cells. The precursor ion scans for the target
ion of m/z 301 (corresponding to [M-H] ion for EPA) are shown.

ICR ANNUAL REPORT, 2019 35



