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Bis-(3-5")-cyclic dimeric guanosine monophosphate (c-di-GMP) is in the
spotlight of the scientists as the result of last achievement of microbial genomics and
great interests in microbial communities [6, 8]. Depends on concentration of this
regulator bacteria shifts its life-form from motile to sessile (biofilm
formation) [7]. Aim was to determine swarming motility and biofilm formation
abilities in P. aeruginosa PAO1 AwspF1, with high c-di-GMP level.
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Cytoplasmic c-di-GMP is a bacterial secondary messenger, that regulate
numerous of physiological processes: cell-to-cell communication, biofilm formation,
motility, virulence, etc. [1-3]. It 1s found that c-di-GMP affects all stages of the
biofilm formation process in Pseudomonas aeruginosa from the beginning of
adhesion to biofilm decay. This compound regulate biosynthesis of matrix
components, quorum sensing signal molecules, biosurfactants. [4, 7]. The aim of this
work was studding a features of P. aeruginosa PAO1 AwspF1 swarming motility and
biofilm formation in fact that this strain characterize with high level of ¢-di-CMP in
its cells.

Materials and methods

In this work two strains of P. aeruginosa were used. P. aeruginosa PAO1 - the

wild type strain was obtained from the collection of Odessa Mechnikov National
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University microbiology, virology and biotechnology department. PAO1 AwspFl
with high level of c-di-GMP was kindly provided by Dr. Olena Rzhepishevskaya
from University of Umea, Sweden. The methods of research were described in
another article [9].

Results and discussion

In this study we focused attention on comparison of hidrophobicity,
z-potential, motility, and exopolysaccharides and biosurfactants secretion in two
P. aeruginosa strains - PAO1 (wild type), and PAO1 AwspF1l. According to literature
data its known that in P. aeruginosa PAO1 intracellular content of this messenger
equals 3.5 fmol/mg proteins, and in P. aeruginosa PAOl1 AwspFl there is an
undetectable amount of this compound [5].

Determination of planktonic and attached cells were carried out after 30 and 60
minutes of incubation (fig. 1). Optical density of inoculums were 0,047 for
P. aeruginosa PAOL and 0,051 for P. aeruginosa PA01 AwspF1.

LiPlankton, 30 min
HPlankton, 60 min
Li Adhesion, 30 min

u Adhesion, 60 min

P. aeruginosa PAO1 P. aeruginosa PAO1 wspF1

Fig. 1. Attached and free cells amount of P. aeruginosa test strains

Note: * - significant difference compared with P. aeruginosa PAO1

Obtained results show that from the beginning of cultivation P. aeruginosa
PAO1 AwspF1 show lower than wild type strain ability of attachment to solid surface.
After 30 min of incubation attached cells amount of P. aeruginosa PAO1 were in 2,5
higher. In the next 30 min of incubation attached cells amount increased in both

cases, but it was on 20% higher in case of P. aeruginosa PA01 AwspFl compare the
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P. aeruginosa PAOl. After 60 min of incubation there is a tendency of higher
increasing of planktonic cells amount in P. aeruginosa PAOL.

Examination of daily biofilms show that there were a significant differences in
there general form and structure (fig. 2). P. aeruginosa PAO1 biofilm consists of
multicellular 3D-structures. At the same time, P. aeruginosa PA01 AwspFl biofilm
was flat and "monolayer" (fig. 2A). The difference from two strains also was
noticeable on microcolony level (fig. 2B). P. aeruginosa PAO1 microcolonies were
good formed that consists of matrix enclosed cells. In addition, there are secondary
microcolonies formation that enhance biofilm mass. In P. aeruginosa PA01 AwspFl

only the small structural units were detected.
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Fig. 2. Images of biofilms (A, B) and swarming motility (C) forming by wild
and mutant strains of P. aeruginosa

(Magnification: A - x 200, B - x 400, crystal violet staining; C-16 mp)

Swarming experiments showed that P. aeruginosa PAO1 AwspFl swarming
motility zones diameter were 5 + 0 mm and it were in 0.11 times lower than at
P. aeruginosa PAOl1 - 43 £ 3 mm. P. aeruginosa PAO1 swarming zones have not
clearly formed central "core". In the end of each "rays" there is a white thick colony.

P. aeruginosa PAO1 AwspF1 not able to motile by swarming (fig. 2C).
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Quantity examination of the biofilm formation shows (fig. 3) that
P. aeruginosa PAO1 biofilm have in 13 times lower mass than P. aeruginosa
PAO1 AwspFl (p<0,001). However, planktonic cells amount were higher in the case
of P. aeruginosa PA01 AwspFl by 10%. Pel and alginate exopolysacharides amount

were similar in all strains biofilm matrix.
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Fig. 3. Biofilm mass and exopolysaccharides ammount.
Note: * - significant difference compared with P. aeruginosa PA01

Cell size and physical-chemical properties of the cells surface study show that
examined strains have a difference in hydrophobicity. More over, strains

hydrophobicity changed during the cultivation (table).

Table
Cell size and physical-chemical properties of the P. aeruginosa strains cells surface
Strain Cell hydrophobicity, % z-potential,
3h 24 h dnm -mV

P. aeruginosa
PAO1

P. aeruginosa
PAOL AwspF1

Note: * - significant difference compared with P. aeruginosa PA0O1

42,8 +23 142 + 17 666,4 + 46,4 234+ 172

416+ 19 23,5+ 14* 677,3 +46,1 24,7+ 15

In logarithmic phase of growth, after 3 h of incubation cell hydrophobicity of
P. aeruginosa PAO1 were higher in 1.03 times then in P. aeruginosa PA01 AwspF1.

Transition to stationary phase accompanied with opposite changes of hydrophobicity
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especially for wild strain — 3 fold decreasing and only 1.8 fold decreasing in mutant
type strain. Cell diameter in P. aeruginosa PAO1 overnight culture was 10% less than
in P. aeruginosa PAO1 AwspF 1. Z-potential of the cells were the same.

More over, decreasing in biofilm formation ability on the background of
c-di-GMP decreasing make this system an attractive target for novel antimicrobial

drugs.
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