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Abstract

Pseudomonas aeruginosa has several flagella at a single pole. Flagella helps bacteria to settle in solid food.
They also perform the swimming movement, which is the movement in the liquid medium, with flagella. In the
study, P. aeruginosa ATCC 10145 (NRRL B-771) and recombinant P. aeruginosa integrated into the
chromosome of this bacterium by homologous recombination as a single copy vgb was used. While not
observed, it was observed that its recombinant strain also had a pronounced movement of about 2-9 mm. While
wild bacteria showed a twitching motion of about 0.2 mm, recombinant bacteria showed a tremor movement of
0.4-0.5 mm. While a small amount of significant swimming movement of approximately 0.2 mm was observed
in wild bacteria, it was observed that there was a much more pronounced movement of 1.1-2.2 mm in
recombinant bacteria. When the sliding motion was examined at the end of the 24-hour period, it was concluded
that there was an obvious movement up to 30 times compared to the wild type of the recombinant strain. When
the bacteria were examined in terms of the tremor action, it was found that the recombinant strain showed about
2.5 times more shivering movement than the wild type at the end of the 24-hour period. When the bacteria were
observed in terms of the swimming test, it was observed that the recombinant strain made approximately 10
times more swimming movements than the wild type at the end of the 24-hour period.
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Pseudomonas aeruginosa ve Rekombinant Susunun Yiizme, Titreme ve Kayma Hareketlerinin Analizi

Oz

Pseudomonas aeruginosa, tek bir kutupta birka¢ flagellaya sahiptir. Flagella bakterinin kati besi yerine
yerlesmelerine yardimect olur. Sivi besi yerindeki hareketleri olan yiizme hareketini de flagella ile
gerceklestirirler. Calismada P. aeruginosa ATCC 10145 (NRRL B- 771) ve bu bakterinin kromozomuna
homolog rekombinasyon ile tek kopya halinde vgb entegre edilmis rekombinant P. aeruginosa kullanilmistir P.
aeruginosa’da 0,2-0,3 mm’lik anlamli belirgin bir kayma hareketi gézlenmezken, onun rekombinant susun da
yaklagik 2-9 mm arasinda belirgin bir hareketin oldugu goézlenmistir. Yabanil bakteri yaklagik 0,2 mm‘lik
titreme hareketi gosterirken, rekombinant bakteri ise, 0,4-0,5 mm’lik titreme hareketi gdstermistir. Yabanil
bakteride yaklasik 0,2 mm’lik az miktarda belirgin bir ylizme hareketi gézlenirken, rekombinant bakteride 1,1-
2,2 mm’lik ¢ok daha belirgin bir hareketin oldugu gozlenmistir. 24 saatlik siire sonunda kayma hareketi
incelendigi zaman rekombinant sus yabanil tipe gore 30 kata varan bariz bir hareketin oldugu sonucuna
varilmistir. Bakteriler titreme hareketi acisindan incelendiginde, 24 saatlik siire sonunda rekombinant susun
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yabanil tipe gore yaklasik 2,5 kat daha fazla titreme hareketi gosterdigi tespit edilmistir. Bakteriler yiizme testi
acisindan gozlendiginde, 24 saatlik siire sonunda rekombinant sus, yabanil tipe gore yaklasik 10 kat fazla yiizme
hareketi yaptig1 gézlenmistir.

Anahtar Kelimeler: Pseudomonas aeruginosa, Viteroscilla hemoglobini, Bakteriyel hareketler

1. Introduction

Pseudomonas aeruginosa is a gram-negative, rod-shaped motile bacterium that can survive
in the soil, in environments such as marsh and coastal marine habitats, plant and animal
tissues. The lengths of these microorganisms are between 0.5-1 pm (width) and 1.5-4 um
(length). The genome size of P. aeruginosa is 5.9Mb with 65% G + C composition (Stover
et al., 2000). P. aeruginosa has several flagella at a single pole. Flagella helps bacteria to
settle in solid food. They also perform the swimming movement, which is the movement in
the liquid food place, with flagella. Pseudomonas piluses belong to the class called type IV.
Piluses have an important role in their attachment to epithelial cells and mucosal surfaces.
The tip of the pili is responsible for adhering to the host cell surface. Flagellin and pili vary
according to their structure, function and genetic organization. In P. aeruginosa, the
environment perception system plays an important role not only in the production of
virulence factors but also in the realization of swimming, trembling and sliding movements.
In P. aeruginosa, flagella provide the realization of the swimming movement, while the
type 1V pilus provides the realization of the sliding movement (Semler et al., 1999). The
obligate aerobic bacterium Vitreoscilla synthesizes a homodimeric hemoglobin (VHb).
Vitreoscilla, which is a subdivision of purple photosynthetic bacteria in the classification,
is a sliding member of the Beggiatoaceae family. Although this bacterium is gram-negative
obligate aerobes, it tends to grow in oxygen-poor environments (Frey & Kallio, 2003).
Webster et al. In their research in 1986, they determined that hemoglobins are not eukaryotic
originated proteins, and that Vitreoscilla stercoraria, a gram-negative bacterium, contains
natural hemoglobin. VHb is the best known prokaryotic hemoglobin (Geckil et al., 2001).
VHDb; It provides a positive effect on productivity and growth in bacteria, fungi, plant and
mammalian cells (Lin et al., 2003). The VHb gene increases protein and metabolite
synthesis, as well as the growth of bacteria and fungi (Aydin, 2003). Under growth
conditions below the oxygen limit, VHb protein producing cells have higher cell densities
and the ability to synthesize more proteins (Demodena et al., 1993). VHb has been shown
to have a potential to enhance bioremediation in Pseudomonas (Patel et al., 2008). Within
the scope of this study, the movement capacities of P. aeruginosa (PaJC) in which the vgb
gene was transferred with a transposon-based recombination system and the wild type strain
(Pa) without gene transfer were comparatively studied. In this respect, it has been
investigated for the first time.

2. Material and Methods

2.1. Microorganism

In the study, P. aeruginosa ATCC 10145 (NRRL B-771) (Pa) and recombinant P. aeruginosa
(PaJC) integrated into the chromosome of this bacterium as a single copy by homologous
recombination were used (Chung et al., 2001).
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2.2. Motility

Swarming: P. aeruginosa and PaJC to be tested were grown overnight in Luria-Bertani (LB)
medium at 30 °C. 2 ul of each culture was added to the petri dishes containing the sliding media
previously mentioned. The cultures were incubated at 37 © C for 16-18 hours (Rashid et al.,
2000) and the sliding motion was determined by measuring the diameter of the diffusion from
the point of inoculation to the periphery. The gliding action of wild and recombinant strain was
compared.

Swimming: For the swimming test, P. aeruginosa strains were grown at 37 °C overnight in LB
medium. Petri dishes containing swimming test medium were planted with sterile toothpicks
and left to incubate for 16 hours at 25 °C (Deziel et al., 2001). The swimming motion was
determined by measuring the diameter of the turbidity spreading from the planting point
towards the periphery.

Twitching: For the shaking test, each of the P. aeruginosa strains to be tested was added with
sterile toothpicks to the petri dishes containing shaking test medium and left for 24 hours’
incubation at 37 °C. The twitching movement was determined according to the state of the
zigzags radiating from the planting point towards the periphery (Deziel et al., 2001).

3. Resarch Findings

Swarming: Sliding motion was observed at 30 ° C in P. aeruginosa and PaJC bacteria. While
no significant significant sliding motion of 0.2-0.3 mm was observed in Pa (Figure 1a), a
significant movement of approximately 2-9 mm was observed in PaJC (Figure 1b). The
difference was up to 30 times in favor of PaJC.

(@)

(b)
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Figure 1. a) sliding motion of Pa b) sliding motion of PaJC

Twitching: Twitching movement was observed at 37 © C in P. aeruginosa and PaJC bacteria.
While no significant shaking movement was observed in Pa (Figure 2a), it was observed that
there was a significant movement in PaJC (Figure 2b). Pa's showed a twitching motion of about

0.2 mm, while PaJC's showed a twitching movement of 0.4-0.5 mm. As a result, 2-2.5 times
PaJC moved more

(@)

(b)

Figure 2. a) The twitching motion of Pa b) The twitching motion of PaJC

Swimming: Swimming movement was observed at 37 © C in P. aeruginosa and PaJC bacteria.
While a small amount of significant swimming movement of approximately 0.2 mm was
observed in Pa (Figure 3a), a much more pronounced movement of 1.1-2.2 mm was observed
in PaJC (Figure 3b). The difference was 10 times in favor of PaJC.
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Figure 3. a) Swimming motion of Pa b) Swimming motion of PaJC

4. Results

In our study; When the sliding motion was examined at the end of the 24-hour period, it was
concluded that the recombinant strain PaJC had an obvious movement up to 30 times compared
to the wild type (Figure 1 a-b). When the bacteria were examined in terms of the tremor action,
it was found that the recombinant strain PaJC showed approximately 2.5 times more tremor
than the wild type at the end of the 24-hour period (Figure 2 a-b). When the bacteria were
observed in terms of swimming test, it was concluded that the recombinant strain PaJC made
approximately 10 times more swimming movements compared to the wild type at the end of
the 24-hour period (Figure 3 a-b). In our study, it was observed that there was a 2-9 mm
swarming, 0.4-0.5 mm twitching and 1.1-2.2 mm swimming movement in the slip test, while
Takahashi et al. P. aeruginosa PAQL strains investigated that there was a significant spread in
Davis minimal synthetic agar medium in the presence of 37 © C oxygen (especially containing
0.8% sodium citrate and 1.5% Eiken agar). They concluded that in the presence of 0.1% sodium
citrate there was a 21.9 + 1.3 mm shift, and Luria-Bertani 15.9 + 2.7 mm (Takahashi et al.,
2008). According to these results, it was determined that the most active movement was sliding
and the VHb / vgb system increased all these movements with flagella. Regardless of the
resources added to the fattening media, the results of our study coincide with the findings of
these studies. As a result, we have not encountered similar studies in the literature, and we think
that they will contribute to the literature.
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