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INTRODUCTION

The surfaces that are immersed in the marine environment are almost immediately a
suitable support for the attachment of a polymer coating in the environment, resulting in the
phenomenon of adherence of microorganisms and the formation of communities of
microorganisms, algae and other organic forms (Parsek and Fuqua, 2004; Cho et al., 2007).

The importance of the thesis is due to the study of prokaryotic presence on the surfaces by
determining the total number of cells attached to the substrate or the interface between the air
- liquid cell with altered cellular membrane structure and function and cell capable of biofilm
growth and multiplication, under normal conditions and under the influence of environmental

factors (temperature, salinity, nutrients, pollutants, and the differebt types of substrate).

CHAPTERI
MARINE PROCARYOTES

In general, prokaryotes have maximum numbers in coastal regions (especially in the
neighboring large urban communities) in estuarine and pelagic zones progressively decreases
as the distance from the shore and with depth (Zarma, 1963, 1965). This number is also
increased in the area of upwelling in the first few centimeters of the seabed where it can
reach high values. It decreases dramatically with depth due to anaerobic sediments and lack
of nutrients in these areas (Zarnea 1994).

Microorganisms play an essential role in marine ecosystems with a key role in the trophic
relations of this type of ecosystem, they are both microorganisms (microbiota) that break
marine snow, but recovered and dissolved organic matter and simultaneously helps to build
epibiosies (Sleigh, 1987; Zarnea, 1994).

Marine bacteria grow optimally at salt concentrations between 33-35%o and do not grow or
grow poorly in the absence of NaCl, are oligotrophic, or psychrophilic, psychrotrophe except
tropical surface waters. There are, depending on the habitat, barophobe (sea surface),
barotolerant or barophile. Presents a pronounced pleomorphism caused probably oligotrophic
and elevated hydrostatic pressure effects. Most of them (80% - 95%) are Gram negative,
mobile (75% - 85%), aerobic, facultativ anaerobic and anaerobic forced to live in the bottom

sediments (Zarma, 1959"; Zarnea, 1994).
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CHAPTER 11

ENVIROMENTAL FACTORS INFLUNCES ON MARINE
PROCARYOTES

a. Salinity

Natural environments offer very different conditions of salinity for organisms, from those
with very low concentrations (water rivers and lakes) to those with high concentrations such
as salt lakes and seas, or even those that are true solutions saturated (Zarnea, 1994).

Salinity is an important variable in marine microorganisms in biofilms are influenced by
this center according to their degree of tolerance to NaCl concentrations (Stanley and Morita,

1968; Zarnea, 1994).

b. Temperature

The growth and multiplication of microorganisms is the result of a coordinated series of
metabolic reactions whose normal development is ensured by a suitable temperature (Zarnea,
1994; Eddlemann, 1998, Hinrichsen, 2011).

The effect of temperature on the growth of microorganisms is related to its action on their
enzymatic reactions. As a result, the speed of the two processes gradually increases as the
temperature rises until it reaches an optimal level. Beyond this limit, their speed decreases

until the enzyme is denatured by the high temperature (Zarnea, 1994; Hinrichsen, 2011).

c. Water dynamics

Have a great importance because it determines one of the most important properties of
marine ecosphere that is relatively uniform environmental conditions. By making, according
to their direction (vertical or horizontal) and the level at which they appear (surface or deep
regions), the mixture of large masses of water, they also produce nutrient mixture, as well as a
redistribution of the microbiota (Zarnea, 1994; Lewandowski and Stoodley , 1995).

If current presence influences biofilm accessible nutrient components and facilitates

exchanges between cells (Pedersen, 1982°, Zarnea, 1994; Stepanovic et al., 2001).

d. The response to the lack of nutrients
Nutrition information requirements of microorganisms derived from artificial

environments rich in nutrients readily available. However little is known about the chemistry


http://www.brighthub.com/members/kingauthor.aspx
http://www.brighthub.com/members/kingauthor.aspx

Moldoveanu Aurelia Manuela Biofilms formed by marine prokaryotes

of microhabits in nature because of the exploring difficulty (Heukelekian and Heller, 1940;
Zarnea, 1994).

Natural environments are very heterogeneous in terms of their nutrient content. Although
biosphere contains an infinite variety of ecosystems, a very large proportion are inhospitable
habitats whose nutrient content is close to the lowest possible limits for the growth of

microorganisms (Penfold and Norris, 1912; Hagstrom et al., 1984).

€. The influence of the interfaces on microorganisms

In natural environments, in appropriate physico-chemical conditions, any surface exposed to
aqueous solutions containing small amounts of nutrients are covered by a film of
microorganisms as a single cell layer, of microcolonies or biofilms (Marshall, 1986, Zarnea,
1994).

This phenomenon was confirmed by numerous observations that revealed accumulation and
microbial growth even at the interface represented by the atach phase when microorganisms

are found on the solid surfaces (Marshall, 1986; Zarnea, 1994; James et al., 1995).

CHAPTER III
MICROBIAL ADHESION

This grip is of fundamental importance in biology, fixation of prokaryotes on different
surfaces, is a necessary precursor of most biological processes, physiological or pathological
microorganisms (Senet, 1995, cit. Lazar, 2003).

Prokaryotes have some of the properties of colloidal particles so that their adhesion to various
substrates has been studied experimentally as a physicochemical phenomenon applying the
principles of colloid chemistry, somewhat simplistic because prokaryotes are not inert colloidal
particles, modifying ther properties in time, depending on changes in environmental conditions.
The phenomenon has been studied most in terms of solid-liquid interfaces (van Loosdrecht,
1990, cit. Zarnea 1994, Marshall, 1992; Cooksey and Wigglesworth-Cooksey, 1995;
Moldoveanu, 2010c).
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CHAPTER IV
BIOFILMS FORMATION

Phases of biofilm formation:

1) The transport phase, that the movement of the microorganisms in the environment to the
substrate surface which in turn can be achieved by three different mechanisms (Lazar, 2003)

2) The initial adhesion phase is reversible, in the sense of a deposit on the surface of the
backing, the maintenance of a Brownian motion and flagellation and the possibility of removal,
either by mobility, or by gentle stirring (Lazar, 2003).

3) The secondary adhesion phase or permanent cessation is characterized by Brownian
motion and the possibility of removing adherent prokaryotes under the action of powerful forces
stirring. This is achieved in a very short distance from the cell wall, and the remote interactions
are dominated by attractive forces (Sutherland, 2001).

4) The colonisation phase. After tying firm, prokaryotes begin to grow and multiply rapidly.
The cells are irreversibly bound to the substrate, but not to each other to form a continuous
monolayer covering the entire surface of the substrate, and the substrate and linked to each other

and form microcolonies and biofilms (Lazar, 2003).

CAPITOLUL V
BACTERIONEUSTON

In the seawater are two types of interfaces particularly important: the solid-liquid where
biofilms are formed and the air-liquid classical where the bacterioneuston is formed
(microstratul surface) (Zook, 1992; Henk, 2004; Agogué et al., 2004; Hakvéag et al., 2008).

Air-liquid interface (ALI) is a ubiquitous environment that occurs on the surface of any type of
aquatic ecosystem and is a trophic niche for microorganisms. Thus, any body of water, be it
small or big, natural or man-made type has an ALI is formed between the atmosphere and
hydrosphere (Goldacre, 1949 Garrett and Duke, 1980; Burchardt and Marshall, 2003 Marshall
and Burchardt, 2005). Through this interface there is a dynamic and continuous gas exchange,
water and inorganic substances. Also, the level of this interface there is a series of processes
involved in transformation of energy and the formation of aerosol. The specific properties of

existing molecules at this level differ from those of the same molecules when water table is
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below the interface. These properties provide training in aquatic ecosystems tension (Harvey,

1966, Parker and Barsom, 1970; Zaitsev, 1997; Henk, 2004).

AIM AND OBJECTIVES OF THE THESIS

The aim of this thesis is to study the dynamics of biofilm formation and marine prokaryotes
bacterioneuston in laboratory (containers) under controlled conditions of temperature, salinity
and organic supply.

Objective 1: The dynamics of the cells in biofilms formed at different temperature conditions
(6 °C to 18 °C) and at different salinities (5 g/L, 10 g/L and 15 g/L).

Objective 2: Dynamics of the number of cells in biofilms formed under static and dynamic
conditions on hydrophilic or hydrophobic surfaces.

Objective 3: The dynamics of the number of cells and the type of cells/colony in biofilms in
seawater supplementation with organic substances (amino acids, tryptone, yeast extract,
glucose, starch).

Objective 4: The dynamics of the cell number in bacterioneuston made in terms at different
salinities (5 g/L, 10 g/L, 15 g/L and 25 g/L) and temperature (6 °C and 18° C and 23° C).

Objective 5: Influence of organic substances (peptone and gasoline) on the dynamics of cell

number bacterioneuston in container conditions.

CHAPTER VI
MATERIALS AND METHODS

6.1 Methods use to obtain biofilms at the liquid — solid interface

Container type systems are advantageous because they can be controlled within certain
parameters (temperature, salinity, nutrient concentration and/or pollutants, if at the beginning
of the experiment, and so on), thus achieving more streamlined experimental models
compared the natural ecosystem. This simplification allows, as a rule, clearly the

interpretation of the results compared with those obtained in situ.
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[ CONTAINERS (STATIC)

Figure 6.1 Containers with seawater for biofilm formation. Henrici method adapted (original), b) how classical

Henrici (www.biofilmsonline.com, 2008)

Unfiltered seawater is a favorable culture medium for biofilms due to the keeping
concentration of organic matter and marine bacteriovors that influence biofilm formation in situ.

Henrici technique is anchored in the natural or laboratory of sterile glass slides by means of
cables or wires in a horizontal position in order to allow the formation of biofilm on the surface
(Henrici, 1933) — Figure 6.1.

Thus to conduct experiments in dynamic conditions containers with a circuits were used to
achieve these conditions in vitro, according to the model suggested by Harsen et al. (2007).
Thus, we use PVC boxes storage capacity of 15 L, which has been attached to the pump tank of
200 L/h to ensure continuous flow of the water in the experimental surfaces.

In these containers with a circuit were used 2.5 L of seawater were placed high above the
angle by which the blades 12 of the glass for microscopy by two plastic rods, located on a top of
the culture medium. Glass slides were in contact with seawater that seeps onto the surface, the
method containers with a circuit and method Microbial fishing (Pedersen, 1982b, Hansen and

Serensen, 2007; Burmelle et al., 2007) v. Figure 6.2 .
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l_ CONTAINERS WITH A CIRCUT ||
, (DYNAMIC) =
Lcomuaea WITH CIRCINT Sides In continous | |

Figure 6.2 Getting biofilm under dynamic, d) scheme to achieve biorecatoarelor (www.biofilmsonline.com,

2008) and b, c) layout used in laboratory containers with a circuits (original)

6.1.1 Bacterial biofilm formation under the influence of temperature and salinity

The experiment was conducted in a room thermostatically controlled at a constant
temperature of 18 °C in Laboratory Investigation of Biodiversity, University Ovidius
Constanta in a refrigerator at a constant temperature of 6 °C, using 144 microscope slides
heat-sterilized and placed in time Ty in containers (Moldoveanu and Ardelean, 2010).

Salinity change was made of coastal seawater from 15 g/L normal value for the Black Sea
have created two experimental variables with a salinity of 10 g/L (to make a mixture of 666
ml seawater osmosis with 333 ml of water) and a salinity of 5 g/L (the mixture of 333 ml of
seawater with 666 ml of water osmosis), using the 216 microscope slides heat sterilized

seawater salinity which amended (Moldoveanu and Ardelean, 2010).

6.1.2 Formation of biofilm under static and dynamic conditions

Slides were used in a containers with a circuit using the microbial fishing with two plastic
rods, 288 microscope slides where used as sample surfaces (Moldoveanu and Ardelean,
2010b).

Sterilization microscope slides, sampling and desalting were performed according to the
protocol presented in the previous experiment.

Static conditions were obtained in containers according to the method glass slides of Henry,

that as the experiment described above (Moldoveanu and Ardelean, 2010b).
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6.1.3 Biofilm dynamics under variation of the amount of organic matter

The study was carried out using an adapted form of the Henrici method in sterile plastic
containers with a capacity of 100 ml, which was introduced seawater supplemented with pure
organic substances. There has been great water per liter of a number of changes in the
amount of organic matter with a mixture solution of 0.1% of amino acids (Difco), tryptone
(Difco), yeast extract (Difco), glucose (Merck) and starch (Merck) - (Moldoveanu, 2011c),
water and chemical analysis showed a number of differences, shown in Table 6.3, in

particular if the amount of the organic substance used in the experiment.

6.1.4 Formation of biofilm on hydrophilic and hydrophobic surfaces

Experiments performed under static and dynamic variable temperature on different
hydrophilic or hydrophobic surfaces, using a method adapted form Henrici and method which
allowed us to obtain biofilm containers with a circuit under dynamic in vitro (Moldoveanu and
Ardelean, 2012c).

The surfaces were sectioned on microscope slides of dimensions 75 x 25 mm subjected to a
sterilization process to minimize possible contamination with micro-organisms, such parafilm
and Teflon was immersed in 70% ethanol (Lazér et al., 2004) and glass blend sulfochromate

for two days (Moldoveanu, 2010b).

6.2 Methods use to obtain biofilms at the air — liquid interface (Bacterioneuston)

Collecting samples from the surface layer has long been a problem for researchers. In
laboratory conditions, the chemical structure of this layer and the effect of surface tension on
organic molecules has become a field of study of great importance because of the way these
molecules are organized at the air interface - water (Henk, 2003).

For these studies I used 15 PVC rectangular box with a capacity of 1.5 L, in which there
were added 600 mL of the unfiltered seawater, and modifying various environmental factors -

figure 6.3
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Figure 6.3 Containers used in experiments - control samples and experimental samples (original), b), ¢) Sampling

(original), d) scheme to achieve the gelatin-coated slides (R & D Products & Protocol Guide, 2012)

6.2.1 Dynamics of marine bacterioneuston under the influence of temperature and
salinity
The salinity of the medium was first analyzed factor of four different variants were chosen:
a low value of 5 g/L, both average values of 10 g/L and 15g/L and a high value of 25 g/L
(Moldoveanu and Flo 2012).
Temperature values were chosen similar to seasonal variations in the Black Sea: a low value
of 6 °C, an average and constant 18 °C and a high value of 23 °C (Moldoveanu and Ardelean,

2012).

6.2.2 Dynamic of marine bacterioneuston in variable nutrient conditions

In this case we made an additional seawater with organic substances of varying
concentrations of 0.1%, 0.5%, 1% peptone to simulate organic matter pollution, and similar
concentrations to simulate a gasoline pollution of the baterioneustonului (Moldoveanu and

Ardelean, 2012b).

6.3 The microscopic analysis of the surfaces

6.3.3 Optical microscopy in biofilm research

Brightfield microscopy is an essential method for direct observation of the biofilm or
histological sections, as long as biofilms can be included in paraffin and sectioned by

conventional histology techniques (Yuehu and Friedman, 1997). Microscopy allows
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examination of the entire structure of the biofilm and allows understanding its spatial

organization and their relations to surfaces, especially in the early stages of their development

(Surman et al., 1996).

6.3.2 Epifluorescence microscopy to study biofilm

This is extremely useful in analyzing properties of microorganisms and organic or
inorganic substances using the phenomena of fluorescence instead of refraction and
absorption used by optical microscopy (Lawrence et al., 1991; Sonak and Bhose, 1995, Suci
et al., 1997; Moldoveanu, 2010).

CHAPTER VII

THE DYNAMICS OF BIOFILMS FORMATION AT
THE SOLID - LICHID INTERFACE

7.1. Salinity

Salinity is an important factor contributing to the formation of a specific profile for the
communities of microorganisms in shallow waters. Because the Black Sea is considered at
large an atypical sea, if you were to compare it with other seas the organisms are expected to
present some peculiarities. In inland waters where there is permanent fluctuations of salinity,
microorganisms present spatio-temporal changes of their activity. Osmotic stress created by
abrupt changes in salinity may affect cellular metabolism and bacterial density (Gauthier et
al., 1990, 1991). Adaptation of the microorganisms to conditions of osmotic stress is due to
the protective enzyme may increase the acquisition of osmoprotector compounds of the
bacterial cells (Lim et al., 1996).

In the figure 7.1 are the experimental data on the dynamics of biofilm formation under
different salinity. The slides immersed into seawater with a high salinity of 15 g/L show an
increase in bacterial cell density at 12 -10* cells/mm” after one hour immersion, to a value of

25 -10% cells/mm?” fafter eight hours.

10
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Figure 7.1. The dynamics of bacterial density during the formation of biofilm in the containers

with various salinity (5 g/L, 10 g/L and 15 g/L)

The density of cells in biofilms formed at the different salinity showed an increase in the
rate of change, thus a salinity of 5 g/L (slope of 0.19) the ratio is less than 1 in the case of
biofilms formed salinity of 15 g/L (slope is 2.44) and 10 g/L (slope is 1.99), the values for
these experiments demonstrating that microorganisms quickly colonize surfaces at higher
salinities. Also, the coefficient values (R) were between 0.99 and 0.97 which shows a linear
increase.

In the international literature there is data on biofilm formation under different salinity. To
study the colonization of surfaces by bacteria Bdellovibrio bacteriovorus, Kelley et al. (1997)
have made experiments under the influence of different salinity was observed there was a
trend for colonization and biofilm formation on values between 34 g/L and 35 g/L. The
salinity influenced biofilm formation even at 5 g/L or 4 g/L, there was a decrease in the
number of cells from 3.5 - 10° CFU/cm? at 3, 8 - 10* CFU/cm? after 5 days of immersion in
water areas.

Some experiments on the role of salinity (from 12 g/L and 80 g/L) in corrosion surfaces were
made by Franca et al. (2000), which was used as stainless steel substrates have shown an
increase in cell density with the salinity of seawater samples. Subsequently a maximum of
corrosion occurring in 35 g/L of bacterial cell density values between 1.7 -+ 10 CFU/cm” and

2.1+ 10° CFU/cm” aerobic and anaerobic species analyzed in the experiments.

11
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7.1.2 Temperature

Water temperature can affect the rate of about 55% of the temporal variation of bacterial
abundance (Sommaruga and Conde, 1997 cit. Aonofriesei, 2004). Other studies indicate a
positive correlation between temperature and bacterial growth in planktonic phase and their
abundance (Tibes, 1996 Wikner et al, 1999 cit. Aonofriesei, 2004).

The temperature effect on bacterial growth is dependent on the nutrients, thus, nutrient-rich
environment and ecosystems have a low temperature, but in a lower concentrations of
nutrients (oligotrophic) temperature has a clear effect (Philip et al., 1996).

In the figure 7.2 are shown the dynamics of the bacterial cell density in the formation of
biofilm on microscope slides at a temperature of 18 °C or 6 °C.

For large water containers kept at 6 °C in the refrigerator there is a progressive increase in
the amount of 0,5 -10° cells/mm? after one hour and a doubling of its immersion after seven
hours at 1,0 10° cells/mm2, and a threefold increase from 1,5 10° cells/mm? after eight hours.

Data analysis revealed the existence of a dynamic biofilm formation, so that if biofilm
formed 18 ° C can be observed in one hour from immersing slides a cell density value of 1,2
10’ cells/mm’, value is doubled after eight hours 2,5 -10° cells/mm” and increase gradually

until there is a trend to triple cell density to a value of 3,7 - 10° cells/mm? after 11 hours.

4 )
4 Y = 2:4441x - 0.303 y = 0.1825x + 0.247
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Figure 7.2. Dynamics of bacterial density during biofilm formation in seawater containers at variable

temperatures (6 °C and 18 °C)

In 1994, Rogers et al. analyzed on different types of surfaces (copper, PVC and polybutylene)
phenomenon of adhesion at different temperatures: 20 °C, 40 °C, 50 °C and 60 °C using the

12
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species Legionella pneumophila (species with wide limits of tolerance of temperature
(between 5.7 and 63 °C) and other strains of non-Legionella for a period of 21 days, after
which it was found that the strains used are shown in a logarithmic growth phase growth
impairs the density values of 1,3 -10* cells/cm” and 7,56 -10* cells/cm” on the surface of PVC
polybutylene and non-Legionella strains at 20 °C and 4,25 -10” cells/cm? polybutylene surface
at 60 °C. It is obvious that a higher colonization hydrophobic surfaces at 20 °C, 60 °C there is
a decrease in prokaryotes are beyond the optimum temperature for the development of
microorganisms.

Kelley et al. (1997) conducted experiments on the colonization of surfaces by bacteria
Bdellovibrio bacteriovorus under the influence of different temperatures (4 °C and 29 °C),
using as substrate shell valves, glass and polystyrene. They found a positive correlation for the
factor and temperature during the formation of the biofilm, with a joint maximum of cells in
biofilms at 18 °C and a minimum of 14 °C as well as a significant decrease in density at
temperatures below 5 °C, over a period of 24 hours after this period is followed by a
progressive increase of the density values up to 120 hours after the start of the experiments.

The data presented in the literature reveals an increase in bacterial density on the time of
exposure of the surface to the aquatic environment contitiile to increase the temperature of the
culture. If personal data observed at 18 ° C have high bacterial cell density recorded within the
tolerances, bacteria generally having significant growth up to temperatures of 25 °C - 30 °C.
Subsequently the temperature rise above 35 °C, 40 °C, 50 °C affects biofilm formation

because it exceed the optimum survival of bacterial species (Di Bonaventura et al., 2007).

7.1.3 Influence the dynamic conditions

Biofilms were analyzed in different hydrodynamic conditions such as laminar or turbulent
flow and showed that they react differently to the altered dynamic conditions. Speed water
flow or hydrodynamic influences biofilm structure and may have a number of effects on the
type of biofilm formed. The amplified circuit is formed are fragmented and the rough looking
cell aggregates separated by interstitial spaces. Biofilms formed under turbulent circuit are
also fragmented but diverse and elongate forms that arrive in the fluid surrounding the biofilm
(Kokar, 2009).

Glass slides where harvested from flasks and containers with a circuit were analyzed after
counting microscopic fields observed a progressive increase in cell density for biofilms

formed in seawater in bottles at 1,2 - 10° cells/mm” at a hour after immersion in a doubling of

13
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the value of the cell density after eight hours in 2,5 - 10° cells/mm” and its value tripled after

16 hours of immersion of the surface, as shown in figure 7.3.
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Figure 7.3. Dynamics of bacterial density in containers during biofilm formation under static and dynamic

Changes in cell density in biofilms were determined by a faster growth rate of the marine
prokaryotes, the slope is 2.44 for microscope slides immersed in containers (static) compared
itwith the value of 0.18 obtained for containers with a circuit, in dynamic

The values of cell density obtained in the experiments are lower than those obtained by
Rijnaarts et al. (1993) that, under comparable conditions have seen an increase in bacterial
density between 5 - 10* cells/em® - 1,6 - 10" cells/cm” under static conditions and 5 - 10*
cells/em® - 3,6 - 10" cells/cm” dynamic conditions large difference may be due to the
recirculation of water in a slower pace allows the intake of substances for biofilm cells, and a
better fit through the mechanisms of adhesion to the surface of the sample.

Such experiments in static and dynamic conditions have been achieved and in-situ by
Casse and Swan (2006), which obtained a higher density of 80% in the case of bacterial cells
formed on surfaces submerged under static conditions compared to cell densities achieved
submerged surfaces without applying antifuling substances under dynamic marine

environment.
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7.4. Effect of organic substances on the total growth of the cells in biofilms

Planktonic marine prokaryotes can have a number of changes, they can attach to solid
surfaces and can incorporate organic particles, some even with a high degree of selectivity to
these components, so that many of them sessile stage becomes larger than their planktonic
form (Miinster and Chrost, 1990).

From the data obtained in the control sample without additional organic matter resulting
total bacterial density of 41,4 - 10° cells/mm®. Subsequently supplementation of seawater with
a small amount of mixture of amino acids of 3 mg/L, has influenced the the bacterial
metabolism and the value of cell density was of 50,6 - 10° cells/mm”. The use of a higher
concentration of 5 mg/L of a mixture of amino acids results in a total density of 56.3
cells/mm?2 - 103. The increase was even greater in the case of supplementation with 7 mg/L of
a mixture, such that the bacterial density was 69,4 - 10° cells/mm?, so that at a higher amount

of 9 mg/L density to 83,2 - 10° cells/mm?” (figure 7.4).
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Figure 7.4. Maximum bacterial density after 72 hours in containers with different concentrations of the amino

acid mixture

Another source of protein used was tryptone, which due to the amino acid content of casein
(which can be produced by acid hydrolysis) make it an accessible source for marine
prokaryotes.

In the control probe, without additional with organic matter, was determined a density
bacterial total of 39,5 - 10° cells/mm®. Subsequently supplementation of seawater with a small
amount of mixture of amino acids of 3 mg/L, has influenced the the bacterial metabolism, and

the value of cell density was of 46,4 - 10° cells/mm”. Using a concentration of 5 mg/L
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tryptone resulted in a total density of 57,1 - 10’ cells/mm”. The increase was even higher in
the case of supplementing with 7 mg/L of the mixture, the bacteria density was 69,4 - 10°
cells/mm?, respectively to the amount of 9 mg/L, the density is 78,3 - 10° cells/mm? (figure

7.5).
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Figure 7.5. Maximum bacterial density after 72 hours in containers with different concentrations of tryptone

On the basis of the values of cell density differences can be observed between the control
sample and the mixture supplemented with amino acids, such that with at least 3 mg/L
resulted in a difference of 9,2 - 10° cells/mm?, and that the prokaryotic being 22.3% of the
initial cell density on the surface, while the addition of 5 mg/L resulted in a difference of 14,9
- 10 cells/mm’, with a value of 36.2% of the original value. For samples supplemented with
an amount of a mixture of 7 mg/L difference was 28 - 10° cells/mm?, with an increase in the
amount of 68.12% of the initial and 9 mg/L, the difference was 41,4 - 10° cells/mmz, which
resulted in an increase in cell density than 101.7% of the initial value of 41,4 - 10° cells/mm”.

Glucose is a simple sugar (monosaccharide) and is the most important source of energy for
cellular metabolism and cellular respiration. Glucose is produced by deep-sea prokaryotes in
important processes of chemosynthesis.

The control sample without additional organic matter resulted in a total of 39 - 10°
cells/mm?®. Subsequently seawater supplemented with glucose a small amount of 3 mg/L, and
the amount of influence the metabolism of the bacterial cell density was 45 - 10° cells/mm”.
Using a higher concentration of 5 mg/L of glucose causes an overall density of 51 - 10°

cells/mm?. The increase was even greater in the case of supplementing with 7 mg/L of
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glucose, the bacteria density was 64 - 10° cells/mm?, so that at a quantity of 9 mg/L to be 70 -
10° cells/mm?” (figure 7.6).
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Figure 7.6. Maximum bacterial density after 72 hours in containers with different concentrations of glucose

A small percentage of marine prokaryotes are able to use complex carbohydrates such as
polysaccharides (starch), prokaryotes are enzymes (polizaharidaze) in order to divide these
compounds, as starch source of energy is not as fast as glucose microorganisms .

The control sample without additional starch total bacterial density was 40 - 10° cells/mm?”.
Supplementing the seawater with a small amount of starch of 3 mg/L, and the amount of
influence the metabolism of the bacterial cell density was 43 -10° cells/mm”. The use of a
higher concentration of 5 mg/L of starch resulted in a total density of 50 - 10° cells/mm®. The
increase was even greater in the case of supplementing with 7 mg/L of starch, such that the
bacterial density was 58 -10° cells/mm?, so that at increasing amount of 9 mg/L to 67 - 10°

cells/mm? (figure 7.7).
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Figure 7.7. Maximum bacterial density after 72 hours in containers with different concentrations of starch

On the basis of the values of cell density differences can be observed between the control
sample and supplemented with glucose as an additional 3 mg/L resulted in a difference of 6,9
+ 10’ cells/mm? and prokaryotic increase of 15.3% from The initial value of cell density on the
surface, addition of 5 mg/L results in a difference of 12 - 10° cells/mm? in an amount of 30.7%
of the original value. For samples supplemented with an amount of glucose to 7 mg/L
difference was 25 - 10° cells/mm?, representing 64.1% of the initial growth when added to 9
mg/L, the difference was 17,6 - 10° cells/mm? which resulted in an increase in cell density
over 79.4% of baseline at 39 - 10° cells/mm’.

The slope of the increase in cell density was over 8.1 for glucose and 6.9 for starch biofilms
formed and the ratio R was as 0.97.

Yeast extract is a water-soluble product containing a high proportion of B vitamins in
addition to the other components and is used as an excellent bacteriological stimulating
bacterial growth, but we obtained values were much lower than those obtained with other
types of organic matter in seawater added.

The control sample without additional yeast extract, total bacterial density is 42,8 - 10
cells/mm”. Subsequently seawater supplemented with a small amount of 3 mg/L of yeast
extract, influence the bacterial metabolism, and the density value was 42,8 - 10° cells/mm?>.
The use of a higher concentration of 5 mg/L results in the total density of 48,9 - 10° cells/mm?
The increase was even greater in the case of supplementing with 7 mg/L of extract of yeast,
such as bacterial density was 53,5 - 10° cells/mm?, so that at a quantity of 9 mg/L density is

from 83,2 - 10° cells/mm? (figure 7.14).
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On the basis of the values of cell density differences can be observed between the control
sample and supplemented with yeast extract, so an additional 3 mg/L resulted in a difference
of 2,5 - 10° cellsmm? and an increase in prokaryotes by 22.3% of the
The initial value of cell density on the surface, while the addition of 5 mg/L resulted in a
difference of 9,2 - 10° cells/mm?” in an amount of 36.2% of the original value. For samples
supplemented with a large amount of 7 mg/L, the difference was 13,8 - 10’ cells/mm?, with an
increase in the amount of 68.12% of the original, and in the case of the addition of 9 mg/L,
difference to reach 31 - 103 cells/mm2, this leading to increased cell density than 101.7% of
the initial value of 26,8 - 10> cells (figure 7.8).
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Figure 7.8. Maximum bacterial density after 72 hours in containers with different concentrations of

yeast extract

The progression of the cell density increase was more than 6.49 to biofilms formed and the
ratio R was 0.93.
The data revealed that statistically total bacterial density following supplementation with

3 cells/mm? in the mixture of amino acids, 24,9 - 10°

organic substances was 25,8 - 10
cells/mm” for tryptone and 21,1 - 10° cells/mm’ for yeast extract. If the addition of
carbohydrates bacterial density was 23 - 10° cells/mm?® for glucose and starch 21,8 - 10°

cells/mm”.

7.3 The influence of the surfaces
Generally any material in direct contact with various liquids containing bacteria may
become a substrate for biofilm formation. The surfaces may have some chemical and

physical characteristics that affect the rate and extent of adhesion of microorganisms to the
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substrate. These properties include the available space, hydrophobicity, surface energy, the
toxicity of the compound or nutrient character detached from the substrate and a series of
physical defects such as grain structure of the surface, recesses, elevations, cracks (Donlan
and Costerton 2002). In the biofilm developed on inert substrates, the bacterial cells are more
hungry than those fixed to the substrate cell, so death and basal cell autolysis, biofilm
thickness gas production contributes to its destabilization and detachment of fragments
responsible for the dissemination distance (Lazar, 2003).

Marine prokaryotes were fixed on the different types of artificial hydrophilic and
hydrophobic surfaces under varying conditions of temperature, static or dynamic form
biofilms.

The first type of experiment was conducted in order to track changes in cell adhesion to a
sampling period of one hour at room temperature (23 °C). Initially hydrophilic glass surface
just one hour immersion increase is 1,67 - 10° cells/mmz, followed three hours bacterial
density reached the value of 3,05 - 10° cells/mm?” and after a six-hour increased to reach a
value of 4,86 - 10° cells/mm” (figure 7.25).

On the surface hydrophobic parafilm initial bacterial density reached the value of 2,59 - 10’
cells/mm? after a four-hour period leading to the value of 5,07 - 10° cells/mmz, and the

interval of six hours harvest, reaching a value of 6,08 - 10° cells/mm? (figure 7.9).
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Figure 7.9. Dynamics of bacterial density during biofilm formation in containers (containers with a

circuits) on hydrophilic surfaces (glass) and hydrophobic (parafilm, Teflon)
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In the case of bacterial density PTFE film has reached the initial value of 2,96 - 10°
cells/mm?, so that after a four-hour period to experience a doubling of the bacterial growth in
the amount of 4,5 - 10° cells/mm?>.

The linearity coefficient values (R) were between 0.99 and 0.97, which means a progressive
linear increase, the slope was 0.54 in the case of glass, of 0.74 to 0.82, respectively parafilm
and for PTFE, the values showing a variation of the density values of the three kinds of
surfaces.

To observe the effect of temperature was performed a second experiment at a constant
temperature lower than 18 °C, and the period of harvest was up to eight hours after the
immersion of the hydrophilic and hydrophobic surfaces.

In the case of prokaryotes glass surface has a first density of 1,11 - 10° cells/mm?, so that
after a four-hour period appears to double the number of bacterial cells adhered to 2,89 - 10
cellsymm?® and after a six-hour shows a threefold increase from baseline to 3,88 - 10°
cells/mm?, followed by eight hours a density reaches 4,86 - 10° cells/mm?. This point is close
to the wvalue obtained at 23°C, the period of six hours (figure 7.10).

Parafilm surface temperature under constant initially observed an increase in density of
1,79- 10° cells/mm? after an interval of three to four hours when there is a doubling of the
bacterial growth reaches 4,12 - 10° cells/mm?” to show a threefold increase in the amount of
5,85 - 10° cells/mm?, and the value obtained by the eight range 6,28 - 10° cells/mm? again be
close to that of the period of six hours for experiments at room temperature (figure 7.10).

Teflon film presented the highest density values after the initial value of 2,14 - 10’
cells/mm” in a doubling of it after an interval of four hours at the value of 4,83 - 10° cells/mm®
and tripled in a span of seven hours of harvest to the value of 6,57 - 10° cells/mm®, followed
eight hours after bacterial density to reach 7,18 - 10° cells/mm?, close to the range of six hours

5,86 - 10° cells/ mm* at 23 °C (figure 7.10).
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Figure 7.10. Dynamics of bacterial density in the biofilm formation at 18 ° C in containers (storage

boxes) on hydrophilic surfaces (glass) and hydrophobic (parafilm, Teflon)

Under conditions of constant temperature, the linearity coefficient (R) was between 0.98 and
0.99 which shows a linear increase gradual slope being 0.52 for glass, 0.66 for respectively
parafilm 0.72 for Teflon, these values showing steady slope between the three types of
surfaces, a factor influencing the temperature.

Araujo et al. (2004) investigated anaerobic biofilms formed on the surface of the
hydrophobic and hydrophilic polypropylene bottle within the modified Robbins Device
(DRM).

After the first day of growth the bacterial biofilm is formed on the surface of 4,6 - 10*
cells/mm? polypropylene, compared with the glass surface where the biofilm formed had a
density of 8,2 - 10° cells/mm?. However, after nine days, the values were similar at 6,3 - 10°
cells/mm” for polypropylene and 7,2 - 10° cells/mm’, where glass. The data obtained show
that biofilms are not influenced by the hydrophobicity major where to obtain them by using
the Robbins (DRM) - (Araujo et al., 2004).

Colonization experiments were performed on surfaces with Bdellovibrio bacteriovorus
using as substrate shell valves, glass and polystyrene (Kelley et al.., 1997). These authors
found a positive correlation for Factor temperature and the formation of biofilms, with a joint
maximum of cells in biofilms at 18 © C and a minimum of 14 ° C as well as a significant
decrease in the density of below 5 © C, over a period of 24 hours , followed by a progressive
increase in the density value after 120 hours from the start of the experiments. The values

obtained showed an increase in cells adherent to the value of ,1 - 10° CFU/cm?* la 1,4 - 10°
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CFU/cm? the shell valves, 1,7 - 10° CFU/cm? side 1,8 - 10* CFU/em? for glass and 5,4 - 10°
CFU/cm % si de 1,0 - 10* CFU/cm? for polyethylene (Kelley et al.., 1997).

Chavez et al. (2002) analyzed the influence of different types of surfaces using MCDB 202
medium as a supplement and obtained values of 10’ CFU/cm2 after two hours of contact with
the surfaces studied prokaryotes. Initially, at 37 © C on the surface of stainless steel was
obtained from 0.2 to 0.6 log units, and the surface of the Teflon at 20 °© C values were
increased from 0.4 to 0.5 unit. log, except the temperature of 8 ° C on Teflon surface, the
number of prokaryotic was increased (from 0.4 to 1.4 units. log). The maximum values of the
adhesion have been attained by one, two, five or seven days for the two surfaces at 37 © C, 20
°Cand 8 ° C. At 37 ° C and 8 ° C there is a growing evident from the teflon surface of
stainless steel.

In the first 48 hours at 20 © C was observed exactly the opposite, and after this time the
teflon prokaryotic population decreases and that of the stainless steel increased slightly. At
lower temperatures there is a reduction in the population of prokaryotes obvious adherent
Teflon surface (Chavez et al., 2002).

In terms of inoculation of prokaryotic or stationary phase lag at varying temperatures, no
differences were observed in the ability of colonization, but there are clear differences
between hydrophilic and hydrophobic surfaces. Bacterial density was 108 CFU/cm2 for
stainless steel at a temperature from 15 © C to 37 °© C, and after 48 hours the increase is not
below 107 CFU/cm2. Teflon surface density is higher than CFU/cm2 108 stainless steel at a
temperature between 18 © C and 30 ° C, for 24 hours to four days. After this period appear
slightly lower values for these temperatures (Cerca et al., 2005).

With the marine environment, water dynamics is an extremely important phenomenon
influencing bacterial adhesion. To achieve dynamic conditions in vitro and are used containers
with a circuits with water recirculation system is the most appropriate large type of apparatus
for laboratory experiments.

Surface analysis showed a progressive bacterial growth, but density values obtained were
much lower than those obtained under static conditions at room temperature due to continuous
flow of seawater.

On the surface of the glass, initially, there is a density value of 0,85 - 10° cells/mm?,
followed after an interval of two to three hours may experience a doubling of growth in the
amount of 1,87 - 10° cells/mm’® and after four hours interval appears to triple the original
amount to 2,74 - 10° cells/mm?, as six hours between bacterial density value is 3,76 - 10°

cells/mm?” (figure 7.11).
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If there is an initial increase in parafilm 1,64 - 10° cells/mm2, after a three-hour interval

there is a doubling in the amount of 4,01 - 10° cells/mm?, and after the period of six hours to

reach the value of 5,02 - 10° cells/mm? (figure 7.11).
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Figure 7.11. Dynamics of bacterial density during biofilm formation in containers (containers with a

circuits) on hydrophilic surfaces (glass) and hydrophobic (parafilm, Teflon)

Teflon film presented the highest values of density from an initial value of 2,1 - 10°
cells/mm” in a doubling of it after an interval of four hours at the value of 4,56 - 10° cells/mm?®

and tripled in a span of seven hours of harvest to the value of 5,76 - 10° cells/mm” (figure

7.11).
In dynamic conditions (containers with a circuit) linearity coefficient (R) was between 0.98

and 0.99 which shows a linear increase progressively as the slope of 0.61 for glass, 0.74 for

parafilm and 0.77 respectively for PTFE, these values showing steady slope between the three

types of surfaces.

THE DYNAMICS OF BIOFILMS FORMATION AT
THE AIR - LICHID INTERFACE

Air-liquid interface provides different experimental conditions, this is a hydrophilic and
hydrophobic properties interface, surface tension, ventilation high concentrations of certain
nutrients and often there are large amounts of radiation. Organisms that live in this niche have

adapted to these conditions and characteristics which allow to populate these areas (Henk,

2003).
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8.1.1 The influence of salinity on bacterioneuston

The biofilms formed were analyzed in monolayer structure, ideal for epifluorescence
microscopy analysis and this bacterioneuston formation in vitro is a complex process that can
be affected by the modification of physico-chemical parameters with major influence on the

migration of planktonic bacteria to the interface liquid air.

a. 5 g/L salinity (120 h) b. 10 g/L salinity (120 h)

c. 15 g/L salinity (120 h) d. 25 g/L salinity (120 h)

Figure 8.1 Epifluorescence microscopy images concerning bacterioneuston formed
in different salinity conditions (Large square 50pm?)

The analysis of the sample surface an increase in bacterial cell density of the
bacterioneuston structure in the early stages after experimental salinity and temperature
variation under laboratory containers.

In figure 8.1 are shown some pictures of the bacterioneuston formed after 120 hours from
the experiment initiation in laboratory containers with different salinities.

In the beginning of our experiments with low salt concentration in the sample after two
hours of immersion in the number of bacteria is reduced and the period of 120 hours after the
bacteria have a high density. The cell density was high when the salinity of 25 g/L and the
temperature of 23 °C.
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Dynamics of cell density is shown in figure 8.2 ascertaining the following:
At low salinity 5 g/L of the seawater after two hours the density was 0,82 - 10 cells/mm’
and after 24 hours the density was 3,27 - 10* cells/mm?, while a peak is observed cell growth

of 4,12 - 10? cells/mm?, 72 hours after the density was 6,24 - 10° cells/mm? (figure 8.2).
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Figure 8.2. The dynamics of bacterial density during the formation of the containers

bacterioneuston (storage box) with seawater at a salinity variable (5 g/L, 10 g/L, 15 g /L
and 25 g/L)

At the microscopic level with an average salinity of 10 g/L of seawater density of 1,22 - 10°
cells/mm? (after two hours), the density was 4,37 - 10° cells/mm? (after 18 hours) of 5,62 - 10°
cells/mm”® (24 hours), you can see a peak of cell growth, then the density was 7,24 - 10°
cells/mm? (72 hours) (figure 8.2).

The linearity coefficients were lower at 48 hours salinity of 0.98 to 5 g/L, and in case it
changes the value of 10 g/L ratio was 0.97. The value of y was lower slope of 1.15 to 2.59.

At another average value of salinity of 15 g/L of seawater density of 1,12 - 10° cells/mm”
(after two hours), the density was 5,11 - 10° cells/'mm? (after 18 hours) , when cell growth
observed peak 7,29 - 10° cells/mm” (24 hours), the density is from 7,24 - 10’ cells/mm” (72
hours) (figure 8.2).

At high salinity of 25 g/L of seawater is observed after two hours a density of 0,92 - 10°
cells/mm?, 18 hours density was 6,4 - 10° cells/mm’, while a peak is observed cell growth of
10,39 - 10° cells/mm?, 72 hours later density was 14,90 - 10° cells/mm?® (Figure 8.2).

Linearity coefficients R were lower by 0.96 to changing salinity at 15 g/L The value of y
slope was low (2.62) to (2.88) to salinity of 25 g/L in 48 hours.
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8.1.2 The influence of temperature on bacterioneuston
The seawater is observed after two hours a density of 0,67 - 10* cells/mm?, 18 hours density
was 2,46 - 107 cells/mm?, you can see a peak of cell growth 2,99 - 10? cells/mm?, 72 hours

later density was 4,07 - 10? cells/mm? (figure 8.3).
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Figure 8.3. The dynamics of bacterial density during the formation of the containers

bacterioneuston (storage box) with seawater at a salinity variable (5 g/L, 10 g/L, 15 g/L
and 25 g/L)

At the average temperature seawater of 18 °C is observed after two hours a density of 1,7 -
10° cells/mm?, 18 hours density was 4.73 - 103 cells/mmz2, you can see a peak of cell growth
542 - 10° cells/mm®, 72 hours later density was 5,42 - 10° cells/mm® (figure 8.3).

For the high seawater temperature of 23 °C is observed after two hours a density of 1,20 -
10° cells/mm?, after 18 hours the density was of 5,23 - 10° cells/mm?, you can see a peak of
cell growth 7,69 - 10° cells/mm?, after 72 hours density was 14,33 - 10° cells/mm? (figure 8.3).

Linearity coefficients R were lower at 48 hours of 0.84 and under changing temperature 6 °
C, compared with values of 0.97 and 0.96 for temperatures of 18 ° C and 23 ° C. The value of
y was lower slope of 0.37, compared to 1.21 and 2.63 respectively.

Under natural conditions (Mediterranean) Agogué et al. (2005) observed the waters surface
area of Barcelona a Microstream (SML) with a density of 1,43 - 10° and 1,30 - 10° cells ml™,
respectively (n = 10). The area Banyuls sur Mer was observed values of 0.93 - 10° cells ml
'respectively (n = 13). These values demonstrate the existence of differences with higher

values to stop Barcelona from Banyuls-sur-Mer between the analyzed layer in the immediate
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vicinity of the interface layer of seawater. Determining the number of viable cells in agar
culture showed a higher capacity at the upper interface. The water from the Barcelona this
proportion was 4.16% and 2.51%, while in the Banyuls sur Mer 1.58% and 0.34%, thus the
percentage of prokaryotic cultivation was increased in the surface layer Barcelona and both
parts of the study (Agogué et al., 2005).

Table 8.1. The dynamic density of dead cells (membrane degraded) of bacterioneuston formed at different

salinities and temperatures (10° cells/mm?)

Tore)|[ 5gL |[10gL |[ 15¢L 25 g/L 6°C 18°C |[ 23°C
2 0,12 0,5 0,2 0,3 0,2 0,45 |[ 0,21

10 0,31 0,71 0,77 0,87 0,5 0,77 |[ 0,77
18 0,57 1,37 1,11 1,14 0,9 1,14 | 0,98
24 0,62 1,62 1,32 1,32 1,12 132 | 1,49
48 0,81 1,89 2 1,85 1,39 1,85 || 115
72 1 2,04 2,14 2,21 1,07 1,14 | 2,33
96 1,12 2,5 2,42 2,45 1,42 128 | 2,29
120 1,33 2,8 3 3,16 1,62 1,56 || 2,89

Consistent with experiments in the literature (Agogué et al., 2005) we determined the
number of propidium iodide-permeable cells, cells with impaired plasma membrane structural
and functional considered dead cells. The following table shows the format bacterioneuston
dead cell densities at different salinities and at different temperatures.

The personal data of the densities of dead cells (degraded membrane permeable to
propidium iodide) in the experimental samples at different salinity and temperature are
presented in table 8.1 for different experimental periods. These values are lower than those in
Figures 8.1 - 8.8, where the total density values shown include both live cells and dead ones.
Higher density of dead cells after 72 hours compared to values obtained in early experiments

suggesting the importance of this type of cell in the structure of marine bacterioneuston.

8.2. The influence of organic substances on bacterioneuston

Supplementing the seawater with organic substances has thermodynamically predictable

effect is affected by the temperature and the thermal conversion in the interface. The types of
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organic materials used can be set depending on the concentration and quantity. Possible effect
of organic substances can be analyzed based on the phenomenon of capillarity, by disrupting
and stopping the transfer of gas (CO2, O2, N2) at the interface level, the suspension of
bubbles forming and generating organic particles aggregate. The formation of these
aggregates may influence the presence of metal ions at the interface (Lion and Leckie, 1981
Carlucci et al., 1991).

Regardless of the type of material used, the organic components of the air-liquid interface
has a unique chemical composition and are substances with a high concentration that allows to
form metal compounds such as organic matter. Of the metal ions present in such compounds
may be mentioned those of Cu, Ni, Pb and Fe (Lion and Leckie, 1981, Wurl and Holmes,
2008).

Bacterial growth showed the influence of organic matter compared with the control. Thus, at
the beginning of the experiment the control sample, two hours after the bacteria have a lower
density compared with data obtained at 120 hours, the bacteria are of higher density than the

most significant increase was observed with the addition of high concentrations of peptone.
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Figure 8.4. Dynamics of bacterial density in containers during training bacterioneuston (storage

boxes) seawater supplemented with peptone (0.1%, 0.5%, 1%)

The dynamics of cell density bacterioneuston supplementation formed in the seawater with
varying amounts of peptone is shown in the figure 8.5 observing the following:
In the control sample (without addition of organic matter) after two hours of harvesting

bacterial density was 1,12 - 10° cells/mm?, 18 hours reaches 6,40 - 10° cells/mm? after 24
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hours from 10,70 - 10° cells/mm?, so that at 72 hours the cell density reaches to 14,20 - 10°
cells/mm? (figure 8.5).

In the case of the addition of low concentrations of peptone, 0.1%, after two hours of
harvesting bacterial density was 3,60 - 10° cells/mm?® 18 hours reaches 13,10 - 10°
cells/mm?and after 24 hours at 15,00 - 10° cells/mmz, followed 72 hours to reach a value of
15,00 - 10° cells/mm” (figure 8.5).

In the container with peptone 0.5%, bacterial density was 3,50 - 10° cells/mm’ (after two
hours), reaching a value of 15,10 - 10° cells/mm? after 18 hours and at 17,70 - 10° cells/mm?
(after 24 hours), followed 72 hours to reach a value of 27,65 - 10° cells/mm? (figure 8.5).

In container with peptone 1%, after harvest bacterial density was 5,20 - 10° cells/mm?
(after two hours), reaching a value of 20,10 - 10° cells/mm? after 18 hours and at 23,80 - 10
cells/mm? (after 24 hours), followed 72 hours to reach a value of 28,80 - 10° cells/mm? (figure
8.5). The coefficient was low of 0.83 at 48 hours, in the case of addition of organic substances

0.95. Also, the slope of y was 3.06 compared to control sample of 1.86.
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Figure 8.5. Dynamics of bacterial density in containers during training bacterioneuston (storage

boxes) seawater supplemented with gasoline (0.1%, 0.5%, 1%)

The linearity coefficients R were lower at 48 hours of 0.97, and for 0.1% peptone
supplementation compared with values of 0.94 and 0.91 for supplementation with 0.5% and
1%. The value of y was lower slope of 3.74, compared to 4.04 and 4.41 respectively.
As can be seen in figure 8.6 are differences between the structure of the dynamics of cell
density in the containers bacterioneuston varying concentrations of gasoline.

The control sample (without addition of organic matter) after two hours of harvesting
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3 cells/mm? after 24

bacterial density was 1,24 - 10° cells/mmz, 18 hours reaches 5,40 - 10
hours to 7,90 - 10° cells/mmz, followed 72 hours to reach a value of 14,30 - 10° cells/mm?
(figure 8.6).

In the case of the addition of low levels of gasoline of 0.1%, after two hours of harvesting
bacterial density was 9,10 - 10° cells/mmz, 18 hours reaches 13,10 - 10° cells/mm? and after 24
hours at 11,22 - 10° cells/mmz, followed 72 hours to reach a value of 17,30 - 10° cells/mm?
(figure 8.6).

In the container of gasoline of 0.5% bacterial density was 2,30 - 10° cells/mm” after two
hours of harvesting, reaches 10,1 - 10° cells/mm? after 18 hours at 13,0 - 10° cells/mm? after
24 hours, so that at 72 hours to reach a value of 21,30 - 10° cells/mm’ (figure 8.6).

In the case of the addition of high concentrations of gas of 1% after two hours of
harvesting bacterial density was 2,51 - 10° cells/mm?, 18 hours reaches 13,10 - 10’ cells/mm’
and after hours at 24 de ore la 17,80 - 103, followed 72 hours to reach a value of 24,80 - 10°
cells/mm? (figure 8.6).

The linearity coefficients were lower than 0.99, and in the case of supplementing fuel by
0.1% compared to values of 0.97 and 0.98 for the supplementation of 0.5% and 1%. The value
of y was lower slope of 2.85, compared to 3.78 and 4.33 to 48 hours respectively (figure 8.7).

Cunliffe et al. conducted experiments in 2009 in containers with water from the fjord,
which was supplemented with determinable ingredient (16mm NaNO;3; and 1 mM KH,POy)
for a period of 11 days. Monitoring of the samples was made every day, but significant
samples were collected at the beginning of the experiment in five days and ten days after the
end of the experiment.

Sample analysis was performed by two methods, flow cytometry and PCR assay (Q-PCR)
of bacterial 16S gene Rarn. Samples were stained with SYBR Green, and bacterial density
analysis of samples older than five days immersed in seawater was between 2,8 - 10> and 8,0 -
10° cells mL™" (ie 5.5 - 10° ) in samples from control containers and between 1,1 - 10° and 9,6
- 10° cells mL™" (ie 6.6 - 10° ) in containers with added nutrients. On the tenth day there was
a significant increase in the coefficient containers with organic extra (P = 0.004) for cells in
containers with added nutrients, with a value of 7.6 - 10> to 1.8 - 10° cells mL" (ie 1.4 -
10%), but not in the control sample with a value of 5.1 - 10° t0 8.9 - 10° cells mL™" (ie 6.9 -
10° ) (v. Cunliffe et al., 2009 ).

Bacterial density in the surface layer is the same way as the increase of the samples taken
from the immediate vicinity of the surface layer. Changing the density of bacterial cells from

the surface layer more older than five days immersion in seawater was between 5 - 10° —7,1 -
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10° cells mL™" (ie 6 - 10°) in the control samples container and between 8 - 10° —1,9- 10° cells
mL" (ie 7.7 - 10°) in containers with nutrient supplement. With the growth of bacteria in the
samples after the tenth day there was a significant increase in the coefficient additional
containers with organic (P = 0.001) for cells in containers with added nutrients, worth 8 - 10
~1,9- 10° cells mL™" (i.e. 1.5 - 10°), but not in the control sample with a value of 4 - 10°—1- 10°
cells mL™" (i.e. 6.1 - 10°). Bacterial density in the surface layer was less than 1,4 - 10° cells
mL"' (Cunliffe et al. 2009).

The number of heterotrophic bacteria from the surface layer (CFU 22 ° C) was 2.0 - 13.3
times greater than the number of bacteria in the adjacent layer (P <0.001), where the number
of cells was between 1.48 and 12.52 - 10° cells ml”, while CFU ranged between 0.35 and 0.94
- 10° cells ml™ according to the observations of Kalwasinska and Donderski (2005).

Studies have shown that the number of bacteria in the surface layer is higher than that of
the adjacent layer was observed that bacteria of Apine (1989) as well. The Kalwasinska and
Donderski (2005), Maki and Herwig (1991) and Donderski et al. (1998), Mudryk et al. (1999).
The increased number of bacteria in the surface layer is favored by increased nutrient
concentration in this layer which acts as a stimulant for bacteria at this level (Kalwasinska and
Donderski, 2005).

Walczak of a study carried out in 2008 on the bacterial cell density in the surface layer and
the adjacent layer by analyzing samples of water from the sterile recipinte samples were
collected from 10 ml. Analysis of samples targeted total number of bacteria (TNB), the
number of metabolically active bacteria (TNAB) dehydrogenase activity, the rate of protein
and DNA synthesis. Samples were filtered, colored with Acridine orange and analyzed by
direct quantification methods epiluorescentd microscope

Change values (TNAB) after 24 hours were higher than those obtained for (NTB). May
average values of TNAB, during the day, the surface was microstratul 8,35 - 10° cells cm™,
while nocturia during reached a value of 17,14 - 10° cells cm™. Cellular metabolism values

were higher during the month of July (Walczak, 2008).

CONCLUSIONS

1. Biofilm formation on the glass in seawater is rapidly at the salinities of 10 g/L and 15 g/L

similar to natural salinity medium (17 g/L) than at 5 g/L. After 12 hours the cell density in
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the biofilm formed from 5 g/L, 10 g/L and 15 g/L were 13,4 - 10* cells/mm?, cells/mm?2 18,7

-10% cells/mm? and 26,7 - 10* cells/mm? respectively.

2. Biofilm formation on glass is fastest at the temperature of 18 °C than at 6 °C, after 12
hours the cell density in biofilms were 26,7 - 10° cells/mm’® and 17,2 - 10 cells/mm?’

respectively.

3. Biofilm formation on glass is faster when seawater is kept under static conditions
compared to the experimental water circulation by pumps, the cell density in biofilms after

12 hours were 21,2 - 10° cells/mm? and 174 - 10* cells/mm? respectively.

4. Supplementing the seawater with pure organic substances in a concentration of 0.1% after
72 hours led to an increase in cell density at 30,9 - 10* cells/mm? biofilm, in the case of
mixtures of amino acids, 28,85 - 10* cells/mmz, in the case of tryptone, 26,9 - 10* cells/mm?
in the case of glucose, 25,8 - 10 cells/mm?, in the case of starch and 25,8 - 10* cells/mm?, , in
the case of yeast extract compared with the control probe to which the cell density was 39,5 -

10° cells/mm? respectively.

5. Biofilm formation on the hydrophilic support (glass) is slower than the hydrophobic
support (parafilm and Teflon) after eight hours of the initiation of the experimental density of
cells in the biofilm are 1,70 - 10 cells/mm? (glass) as compared to the density of three, 3,35 -
10° cells/mm’ (parafilm) and 3,88 - 10 cells/mm? (Teflon).

6. The bacterioneuston formation is faster in seawater with salinity closer (15 g/L and 25 g/L)
similar with the natural salinity of the Black Sea (17g/L) than 10 g/L and 5 g/L. After 72
hours the cell density in the biofilm formed at 15 g/L (14,10 - 10° cells/mm?) and 25 g/L
(14,90 - 10° cells/mm?) are higher than the results obtained in the salinity of 5 g/L (66,24 -
10% cells/mm?) and 10 g/L (7,24 - 10” cells/mm?).

7. The bacterioneuston formation is faster at 23 °C or 18 °C than at 6 °C after 72 hours the

cell density in biofilms was 14,33 - 10° cells/mm?, 7,56 - 10° cells/mm? respectively 0,40 -

10° cells/mm?®.

33



Moldoveanu Aurelia Manuela Biofilms formed by marine prokaryotes

8. Dead cell density increases with time (from 24 - 72 hours) in both the bacterioneuston
formed on the salinity of 5 g/L (1 - 10° cells/mm?), 10 g/L (2,04 - 10° cells/mm?) 15 g/L (2,14
- 10° cells/mmz), 25 g/L (2,21 -10° cells/mmz) and the bacterioneuston formed at different
temperatures 6 °C (1,07 - 10° cells/mm?) 18 °C (1,14 - 10° cells/mm?) and 23 °C (2,33 - 10°

cells/mm?).

9. Peptone supplementation in concentrations of 0.1%, 0.5% and 1% determined after 72
hours of initiation of experiments an increase in cell density of 103 cells/mm?2

bacterioneuston of 24,30 - 10° cells/mmz, 26,30 - 10* cells/mmz, respectively 24,30 - 10°
cells/mm?, 26,30 - 10* cells/mm?* compared to the control probe in the cell density after 72

hours is 14,30 - 10° cells/mm?.

10. The addition of gasoline in concentrations of 0.1%, 0.5% and 1% determined after 72
hours from the start of the experiments an increase in cell density up to values 17,30 - 10°
cells/mm?, 21,30 - 10° cells/mm” and respectively 24,80 - 10* cells/mm?, compared with the

control probe in which cell density after 72 hours was 14,20 - 10° cells/mm”.

RESEARCH PERSPECTIVES

Determination of the taxonomic structure of marine prokaryotes obtained in vitro biofilm.
Analysis of biofilms by electron microscopy.

Use of substances involved in preventing and combating biofilm formation on surfaces.
Analysis of enzymatic activity in vitro biofilm formed.

Chemical analysis of exopolysaccharides from biofilm structure formed in vitro.

The use of physically or chemically modified surfaces for biofilm formation in vitro.
Carried out experiments on biofilm formation in situ conditions
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