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OBJECTIVES: To determine the role of proteins in mediating
attachment by the marine bacterium Vibrio harveyi.

APPROACH: We use molecular and biochemical approaches to
examine the role of specific proteins in microbial
attachment.

ACCOMPLISHMENTS : Previous work had demonstrated that
several membrane proteins are potentially involved in
attachment of V. harveyi to surfaces (Montgomery and
Kirchman 1993; 1994). The general goal of this project was
to identify some of these proteins at the molecular level.
The initial surface used in attachment assays was chitin
because of its oceanographic relevance and because we
reasoned that marine bacteria would be adapted to common
natural surfaces such as chitin. Subsequent work
demonstrated that chitin-binding proteins may also be
involved in adhesion to manufactured surfaces and surfaces
covered with organic polymers more closely related to those
used in modern anti-fouling applications.

To isolate and examine potential attachment proteins,
clone libraries from V. harveyi were constructed and
screened with an antibody against ChiA, a chitinase (enzyme
that hydrolyzes chitin)from this bacterium found by previous
work. Several clones from this library were reqguired to
deduce the complete sequence of ChiA. Sequence analysis
suggested the presence of a non-catalytic chitin-binding
domain in ChiA. The actual role of this domain was
confirmed by constructing with molecular tools truncated
versions of ChiA. Removal of the chitin-binding domain
greatly reduced binding of the enzyme and chitin hydrolysis.
We speculated that the chitin-binding domain determines the
movement of ChiA along chitin-containing surfaces.
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Sequence analysis of the chitin-binding domain provides
some insights into the nature of surface-protein and
potentially microbe-surface interactions. The chitin-
binding domain was found in the sequence of several proteins
from taxonomically diverse microbes. Prominent among the
conserved residues were aromatic amino acids, especially
tryptophan, which have been shown to be important in
hydrophobic binding of glycanases to polysaccharides. We
observed similarity among the binding domains of chitinases,
cellulases, and xylanases. These observations have
implications for understanding protein binding and evolution
of proteins via the shuffling of domains among distantly
related bacterial species.

Another clone (pPV2) from the V. harveyi clone library
produces a 107 kDa protein with chitin-binding capacities.
Originally, we could not observe any chitinase activity
associated with the clone nor the 107 kDa protein, but
zymograms revealed three chitinases in crude extracts of
E.coli bearing pPV2. Although the clone is large enough (7
kb) to encode several proteins, sequence analysis indicated
that the clone synthesizes a single V. harveyi protein which
is hydrolyzed by E.coli proteases to three chitinases.

Analysis of pPV2, which was entirely seqguenced,
revealed several interesting features. The protein (ChiB)
contains a chitin-binding domain with the same conserved
tryptophan residues as in other binding domains, but overall
there was little similarity (30%) with the chitin-binding
domain in ChiA. Unlike ChiA, the chitin-binding domain of
ChiB is near the N-terminus of the protein. In addition to
a catalytic domain similar to other chitinases, ChiB also
has a glycosyl hydrolase family 3 domain.

We wished to explore the role of the pPV2-encoded
proteins in attachment by V. harveyi to surfaces by
Creating mutants in V. harveyi using insertion mutagenesis
with a kanamycin resistance cassette added to the suicide
vector pGP704. Successful integration of the modified gene
was verified by Southern blot analysis. Unexpectedly,
attachment by the insertion mutants was higher, not lower,
than attachment by the wild type to a wide variety of
surfaces. 1In addition to chitin, we examined attachment to
glass, sulphonated polyurethane, and aminated polyurethane
as a function of shear (flow) along the surfaces. We
observed differences in attachment by the mutants and wild
type as a function of both shear and surface material. One
mutant (Mutant M), for example, attached to glass and
aminated polyurethane at faster rates than another mutant
(Mutant B) and the wild type, but Mutant M attached slower
(depending on shear rates) than Mutant B and the wild type
to sulphonated polyurethane.

We are currently trying to understand the molecular




basis for the observed differences in attachment and to use
this information to explore how V. harveyi attaches to
surfaces. The insertion mutations apparently are in a
regulatory region because selected membrane proteins are
more abundant in the mutants than in the wild type. It is
important to note that overall surface hydrophobicity and
polysaccharide production do not differ from the wild type.
A few overexpressed membrane proteins in the mutants appear
to be causing the different attachment behavior.

To identify the regulatory region apparently governing
the production of the presumed attachment proteins, we are
currently identifying the insertion sites of the transposon
mutants. Clone libraries of the mutants were prepared and
screened for kanamycin resistence because these clones would
have the suicide vector inserted into the V. harveyi
chromosome.

CONCLUSIONS: The mutation studies indicate that attachment
proteins are subjected to a complex regulatory system
probably linked to the production of various extracellular
hydrolyases. Further work is necessary to understand the
details of this regulation, but the results provide further
support for the hypothesis that several proteins are
involved in the attachment of V. harveyi.

SIGNIFICANCE: Few studies have considered how specific
cellular components such as proteins may mediate attachment
by non-pathogenic bacteria. This work adds to our
understanding of interactions between surfaces and microbes
at the molecular level.
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