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Accumulation of a biofilm of X. pneumcniae and P. aeruginosa
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SUMMARY

Biofilm experiments were conducted with monopopulaticons of Klebsiella
pneumoniae and Pseudomonss aeruginosa and with binary populations of
these species. Process rates and stoichiometric coefficlents for the
mono- and the binary population biofilm were compared.

Results indicate that process rates and stoichiometric coefficients
of the binary population bicfilm appear determined by the rates and
coefficients in the monopopulation biofilms and by the distribution
of the species in the binary population biofilm. Moreover, although
the specific cellular growth rate of K. pneumoniae is five times that
rate of P. aeruginosa, the former species does not dominate the
biofilm. Possible reasons are discussed.

1, INTRODUCTION

A biofilm is a layer of microbial cells and {in-)organic components
held together in a polymeric matrix and firmly attached to a
substratum. Accumulation of biofilms is encountered in many natural
and man-made environments. Natural purification of water depends to
a large extent on the activity of adsorbed microorganisms. In
various engineered environments, the activity of adsorbed organisms
is an inherent process component or is considered a nuisance,
MNaturally accumulated biofilms are extremely complex environments
making it virtually impossible to obtain process information.
Therefore, biofilms have been studied consisting of one microbial
species, monopopulation biofilms. As the practical existence of
these films is doubtful, information gathered mainly serves to
improve theoretical understanding.

This research concentrated on hinary population biofilms, biofilms
resulting from the accumulation of two identified microbial species.
The objective was to describe accumulation of a binary population
of Klebsiella pneumonise (isolated from a water distribution network)
and Pseudomonas aeruginosa {a common agquatlic bacterium) in terms of the
accumulation of the monopopulation biofilms of X. pneumoniase and P.

aeruginosa.
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2. BACKGROUND

The behavior of different microbial species respiring in close
proximity does not necessarily egqual the sum of the behaviors of the
individual species. This fact has frequently been described in terms
of microbial interaction, Different interactions between organisms
have been distinguished. Specific areas of research include
biodegradation {1) and algal - bacterial interactions (2-3). More
classical interaction studies were conducted by (4) who found that
interaction has a strong tendency to result in the exclusion of one
of the competitors but that often mitigating circumstances allow a
‘balanced coexistence®.

Most studies in this area have been conducted in suspended growth
systems., However, results may not be directly applicable to systems
with attached microbial growth. For example, homogeneity of
suspended growth conditions is not found in attached growth system
while characteristic aspects of the latter,ie. transport through
laminar sublayer, adsorption, growth on substratum, transport
through the biofilm, shear force, and desorption are not accounted
for in suspended growth. If inter-organism distance is a variable of
importance in microbial interaction, attached growth seems more
liable to result in interaction phenomena than suspended growth:
cell densities per unit volume in biofilm reactors are several
orders of magnitude of those in suspended growth reactors.

3. MATERIALS AND METHODS

Biofilm experiments were conducted in a RotoTergque. The RotoTorque
consists of a stationary outer cylinder and a concentric, rotating
inner c¢ylinder. Removable slides form an integral part of the inside
wall of the outer eylinder, permitting sampling of the biofilm. The
reactor liquid phase is completely mixed. Therefore, effluent liquid
samples represent the reactor ligquid composition. The reactor has
a high surface area-to-volume ratio., Hydraulic residence time was
maintained at 10 minutes. Therefore, suspended growth was negligi-
bie and all reactor activity can be attributed to the biofilm.
Ambient temperature was maintained at 21 % 1°C.

Biofilm experiments were conducted using either monopopulations of
K. pneumoniae oY P, aeruginosa, or binary populations or these two
species. With a continuous sterile flow of substrate, buffer, and
nutrients, dissolved in oxygen saturated water into the clean,
autoclaved RotoTorque, the biofilm experiments started by feeding
the reactor for 12 hours with a suspended population from a
chemostat (inoculatien). For the binary population biofilm
experiments, populations from two chemostats were used, The
chemostat was operated under steady-state conditions, at a dilution
rate of 0.3 h'', and with a cell density of 10" to 10%.m™. cells,
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adsorbed during the period of inoculation, form the beginning of the
piofilm,

Three sets of four replicate biofilm experiments,
inoculum as experimental variable, were conducted: with K. pneumoniae
and P. aeruginosa in monopopulation experiments, with beth organisms
in binary population experiments. Initial conditions in all experi-
ments were the same except for the initial substrate concentration
(20 g carbon.m”’ for twe binary, 8 g carbon.m® for other experi-

the microbial

ments) .
Biofilm samples were analyzed for cell and product carbon. Biofilm

thickness was determined microscopically (5). Effluent samples were
analyzed for cell, product and glucose carbon and for dissolved
oxygen. Differential plating of effluent or re-~suspended biofilm
samples allowed the determination of cell nmumbers and cell mass of
each of the species in the binary population. Analytical procedures
have been described elsewhere (6). Biofilm accumulation, biofilm
species distribution, and the biofilm process parameters specific
product formation rate and glucose-oxygen stoichiometric ratio are
determined for the three types of biofilms and compared.

4. RESULTS

Biofilm accumulation
The accumulation of X. pneumoniae and P. aeruginosa biofilms and of

binary population biofilms is shown in Fig. 1.

Fig. 1 Nomarsky microscopic photographs of dried Dbiofilms
{magnification 500 or 625 times).

Left K. pneumoniae. Top: 50 h, bottom 100 h after inoculation.’

iddle P. asruginesa. Top: 50 h, bottom 65 h after inoculation.

ight B. population. Top: 123 h, bottom 208 h after inoculation.

=
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K. pneumoniae accumulates in small, isolated clusters (Fig. la).
Cell clusters enlarge resulting in the formation of 'microtowers' of
up to 60 um height, but space between the microtowers remains more
or less bare (Fig. 1d) resulting in a patchy biofilm. Colonization
by P. aeruginosa results in a relatively uniform distribution of cells
(Fig. 1b). With time, intercellular distances reduce resulting in a
smooth biofilm (Fig. 1le}.

A binary population biofilm appears smooth with peaks extending
above the smooth surface (Fig. 1c). Gradually, biofilm surface
roughness increases (Fig. 1f).

Biofilm species T
distribution . '

Time progression of the
cell mass fraction occu-
pied by X. pneumoniaze in T
the binary population
biofilm (Fig. 2) shows
that, starting from an
equal mass fraction at
time = 0, the contribu-
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tion of K.  pneumoniae
reduces from an initial E
one half to approx. one-
fourth. Fig. 2 Time progression of . pneumoniae

mass fraction in biofilm.

Specific product forma-
Eion rate

The biofilm specific
product formation rate,
Yee, is the rate at
which product is formed
per unit cell mass and
per unit time {the
mathematical background
has been given elsewhere
{(6)) . The biofilm
specific product for-
mation rate is a linear
function of the biofilm
specific cellular growth pjq, 3 Specific product formation rate
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assocliated product formation coefficient (7). It can be seen (Figq,
3) that the growth-associated product formation coefficient (the
slope of the 1lines) of K. preumoniae is several times that of »p.
aeruginosa. k; of the binary population is in between,

Glucose-oxygen stoichiometric ratio

The glucose=-oxXygen stoi-
chiometric ratio is the
ratio of the specific
oxygen consumption rate
to the specific glucose - ~
consumption rate in the '
biofilm {(the mathemati-
cal derivation has been

(R FET I
=3
C T

LT

GLaal,
]
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.

given elsewhere (6). The R

specific oxygen o ;'i:i;;)>’ #
A H i

consumption rate is g s R
o

o 2 3 = - -

linearly related to the
specific glucose con-
sumption rate (Fig. 4)

for the mono- and the Ffig, 4 The glucose-oxygen stoichiometric
binary population ratio for the mono- and binary population

.. . biofilms.
biofilm experiments. The
glucose-oxygen stoichiometric ratio (slope of the lines) for ¢.
preumoniae is approx. 3 times that ratio for P. aeruginosa. The ratio
for the binary population is in between.

SPEZ, CRvGEM COMNS RATE -

5. DISCUSSION

Coefficients were determined experimentally for the specific product
formation rate and for the glucose-oxygen stoichiometric ratio in
the mono- and binary population biofilms., In addition, the cell mass
fraction in the binary population biofilm was determined. The
specific product formation rate and the glucose-axygen
stoichiometric ratio in the binary population biofilm could alsec be
calculated on the basis of the cell mass fraction (indicated with
dots in Fig. 3 and 4). It was found that neither the specific
product formation rate, nor the glucose-oxygen stoichiometric ratio,
determined exXperimentally, were different at the 5% level of
significance from the values calculated on the basis of the cell
mass fractions in the binary population biofilm. Therefore, neither
of the species in the binary population biofilm is affected by the
presence of the other species.

The morphelegy of the binary population biofilm may also be
described in terms of the monopopulation biofilm morphology. X.
prneumoniae accumulates as clusters on an otherwise bare substratum




18

{Fig.  la, 1d). P. aeruginosa accumulates as a smooth film with cells
equally distributed (Fig. 1b, le). The binary population biofilm
accumulates as a relatively smooth base film with peaks extending
from this base film (Fig, ¢, 1f). Considering the contrasting
monopopulation biofilm morphology and the lack of indications for
species interaction, it is speculated that P. seruginosa makes up the
smooth part of the biofilm while the clusters are formed by k.
pneumoniae.

Species identification in the binary population biofilms revealed
that both species are present in approx. equal mass concentrations.
This may seem inconsistent with the fact that the maximum specific
cellular growth rate of X. pneumonize is approx. 5 times that of p.
aeruginosa, le. the former species could easily outcompete the tatter

if growth rate was the only determining factor. However, other

factors may play a role as well. In assessing the effect of
motility, it was showed (B) that motility could increase the
diffusivity through the laminar layer by a few orders of magnitude.
In the case under consideration, P. aeruginosa would have a 250 times
better chance than K. pneumonize of crossing the laminar layer (&),
Moreover, it was shown that ak. preumoniae biofilm has a relatively
high diffusional resistance, probably due to a heavy layer of
product around the cell (it should be noted that product formed by
£. aeruginosa directly diffuses away from the cell while product
formed by K. pneumoniae remains around the cell). This suggests that
the majority of the cells in the cluster may have a growth rate
considerably below that determined by the liquid phase substrate
concentration.

6. CONCIUSIONS

For the range of experimental conditions tested, it can be concluded
that, on the basis of a comparison between rate and stoichiometric
coefficients, interaction between K. pneumoniae and P. aeruginosa in a
binary population biofilm was not detected.
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