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Polylactide

Polyethylene terephthalate (PET), low density polyethylene (LDPE) and
biodegradable polylactide (PLA) were tested as a potential surface material for
Vibrio coralliilyticus biofilm formation by setting up a microcosm with seawater
under two different temperature conditions. It was possible to successfully locate
Vibrio coralliilyticus settled on all three plastic particle surfaces, by means of
scanning electron microscopy and crystal violet staining. The biofilm formation
was documented as confirmed well and by an increase in optical density values
after mechanical detachment of the biofilm and comparing the values to seawater
for reference. The quantitative data from the optical density measurements
suggested that, the floating LDPE particle was preferred for biofilm formation by
Vibrio coralliilyticus.
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INTRODUCTION
Out of 80 million tons of plastics produced as consumer packing material,
approximately 10–20 million tons per year end up in the oceans, where they
persist and accumulate [1],[2]. Like all surfaces in the marine environment microplastics, are rapidly colonized by microorganisms creating a specific environment,
that differs from the surrounding water communities [3]. Sequencing results
obtained from recent studies indicate that, potentially pathogenic Vibrio might be
present on floating plastic debris [3]. Furthermore, these particles might function
as vectors for the distribution of pathogens across the ocean [3]. One of these
potential pathogens might be Vibrio coralliilyticus, which causes tissue damage in
several coral species, known as the coral bleaching [4].
RESULTS
The biofilm formation of Vibrio coralliilyticus was documented by measuring the
optical density at 600 nm. Plastic particles from the microcosm, were placed into
seawater and after a mechanical detachment of the biofilm, the turbidity was
measured. For reference seawater from the microcosm was measured without
biofilm detachment. Referring to the graph in figure 1, biofilm detachment from
the LDPE particle shows mostly the highest optical density values. The values for
both temperatures have similar results, however after detaching the biofilm the
values for all three kinds of particles were higher compared to seawater.
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Figure 3: The photo documentation of the scanning electron microscopy (S3400, HITACHI).
The pictures show Vibrio coralliilyticus settled on the different kinds of plastic particles:
polylactide (top), polyethylene terephthalate (middle) and low density polyethylene (bottom).
Electron acceleration voltage = 10,0 kV for all pictures taken. The magnification varies
between 35×103 and 27×103 times.

Further experiments in this project:
Vibrio coralliilyticus show a growth rate of maximal 0,28 generations h-1, in the
alkaline seawater (pH 8) under 30°C incubation. Additionally, by means of
confocal laser scanning microscopy it was possible to locate genetically modified
Vibrio cells that have previously integrated a plasmid with a green fluorescent
protein (GFP) gen by the triparental mating technique.
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The project focused on the ability of the coral pathogen Vibrio coralliilyticus to adhere to three different kinds of plastic particles, as potential vehicles for the
dispersal on floating plastic debris.

A photographic documentation is illustrated in figure 2, showing the plastic
particles after they were dyed in a crystal violet solution. The particles were
previously incubated for one week in filtered or unfiltered seawater with Vibrio
coralliilyticus .There are obvious differences visible with the violet coloring
between the samples from the negative control, only containing filtered seawater
and the samples with V.coralliilyticus inoculation. The results suggest that the
V.coralliilyticus strain is able to form biofilms on the PET, LDPE and PLA
particles.
To locate the V.coralliilyticus on the plastic particle and confirm the data from the
crystal violet staining a scanning electron microscopy was performed. The
electron-microscopic pictures shown in figure 3, lead to the same conclusion that
V.coralliilyticus settles on all three kinds of plastic particles.
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Figure 1: Bar chart with the mean from the
optical density values (at 600 nm) after
detaching the biofilm, by “vortexing”, in
comparison to seawater. The
measurements were performed three
times, on subsequent days with biological
triplicates in double determination. PET=
polyethylene terephthalate; LDPE = low
density polyethylene and PLA= polylactide

A

B

C

Figure 2: Crystal violet staining of the plastic
particles. The pictures at the top: plastic
particles from the negative control without
bacteria inoculation in filtered seawater. The
pictures in the middle: plastic particles under
the same condition, but with V.coralliilyticus
inoculation in filtered seawater. The pictures
at the bottom: the plastic particles from
unfiltered seawater with V.coralliilyticus
inoculation. Pictures were taken by a
stereomicroscope with 5x magnification.
Picture series in A) low density polyethylene
(LDPE); B) polylactide (PLA ) and in C)
polyethylene terephthalate (PET).

The usage of small scale portions of seawater in laboratory glass tubes as a
microcosm might not be able to mimic living conditions in the ocean, but the
results strongly suggest that Vibrio coralliilyticus is able to adhere on plastic
surfaces introduced to seawater. The pictures from the scanning electron
microscopy as well as the crystal violet staining show V.coralliilyticus cells on all
three kinds of analyzed plastics (PET, LDPE, PLA). Therefore, plastic particles
theoretically provide the right surface structure for the settlement and a long
distance distribution through hitch-hiking is conceivable. Although, one must keep
in mind that V.coralliilyticus has to compete with other bacteria in natural
conditions, and might not be able to prevail against the other communities on the
plastic surfaces, what has to be further examined.
The optical density measurements in the first and the second approach showed a
possible preference of V.coralliilyticus towards the LDPE particle, that is the only
floating particle analyzed in this project and thereby provides the most air contact.
The underlying cause for this observation is probably that facultative anaerobic
Vibrio species are able to produce more adenosine triphosphate by switching to
the aerobic respiration in presence of oxygen.
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