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ABSTRACT 
In the marine environment the bacterial biofilm formation is influenced by water 

dynamism and for this reason bacteria can attach at the liquid - solid interfaces without a strong 
fixation in the exopolysaccharides (EPS) matrix. 

A method of to obtain in laboratory conditions biofilms are the artificial recirculate 
devices called bioreactors. The aim of this study was to determine the influence of 
hydrodynamics in the first phase of biofilm formation and cells attachment . 

The results have reveled a higher biofilm density and growth in the conditions of 
intermittent sea water circuit compare with the continuous one. 
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INTRODUCTION 
Biofilms are assemblages of surface-associated microbial cells that are enclosed in an 

extracellular polymeric substance (EPS) matrix. These communities of microorganisms and 
exopolysaccharides have a structural and functional architecture which is influenced by the internal 
metabolic processes of microorganisms, the formation of biofilms themselves occurs due to the 
existence of organic nutrients at the level of interfaces in the liquid medium (Pringle and Fletcher, 
1983, Sutherland, 2001, Costerton, 2007). 

The majority of in vitro studies investigating detection of biofilm formation have been 
performed under static conditions, the conditions met in vivo (i.e. fluid flow over / through 
catheters, movements of artificial joints, etc.) are almost exclusively dynamic (Zheng et al., 1994).  

Bioreactors are very important experimental devices for biofilm formation in dynamic in vitro 
conditions that provide some similar parameters with those in the marine environment, were flow 
velocity is a main factor in cells adherence on the surfaces (Yuehuei and Friedman, 1997). 

It is therefore reasonable to suspect that studies evaluating biofilm formation under static 
conditions might be somewhat misleading in some aspects. Thus, influence of dynamic conditions 
on in vitro is a necessary factor in understanding the bacterial biofilm formation. 

 
MATERIAL AND METHODS 
In the experiments colonies formation and cell forms were investigated in dynamic conditions 

in bioreactors with seawater. All the hydrophile surfaces (microscope slides) were previously 
degreased with 70% ethanol and sterilized (Lazar et al. 2004) by immersion in sulfochromic 
mixture (K2Cr2O7/H2SO4) for 2 days and washed with doubly distilled water to avoid 
contamination with microorganisms and organic matter before the experiments (Mercier-Bonin, 
2004). 

In order to obtain biofilms on the smooth surfaces of the microscope slides, fresh seawater 
from the Black Sea (Eforie Nord) was used as culture medium in the bioreactors. These were made 
from large vertical storage PVC boxes, with pumps, filled with 2.5 l of seawater above which 12 
glass slides were arranged in an oblique position and attached to 2 plastic rods located on a rack. 
Thus, the glass slides came into contact only with the flowing seawater, according to the bioreactor 
method and the microbial fishing (Henrici Slide Technique) was used as culture method in order to 
obtain biofilm on the artificial surfaces as shown by Burmølle et al. in 2007 and 
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www.BiofilmsONLINE.com in 2008. The slides were stained by capillarity between slide and 
coverslip without fixation whit one drop of 0.1 % Methylene Blue to observe the natural growth 
immediately after harvesting and for minimal quantification errors do to slides preparation and 
storage. 

In order to obtain data about the first phases in biofilms formation under environmental 
factors influences the biofilms were investigated for a period of 2 hours to 72 hours, with the 
harvesting of the slides at different time period of 4 hours in the first phases up to 24 hours and 8 
hours in the later phases up to the 72 hours of the experiments.  

The biofilms were fist studied under the influence of a continuous permanent circuit and after 
wards by stopping temporally for some time intervals the circuit in intermittent conditions. 

Afterwards the analyses were made under bright field light at the Hund Wetzlar Microscope 
with 100X objective and 10X ocular (Hulea, 1969). The number of bacteria was determined as 
described by Fry, 1990, with the means of the 10mm X 10mm micro-ocular grid (macroscopically), 
investigating 10 microscopic fields per harvested slide, three repetitions per analyzed time period . 

 
RESULTS AND DISCUSSIONS 
The glass slides were collected and analyzed under bright field microscopy. The bacterial 

biofilms formed on the surfaces emphasized the existence of successive phases for the formation of 
biofilms, which display an important increase of the bacterial density but the values were lower than 
those obtain in static conditions previously (Moldoveanu, 2010). 
 

 Dynamic circuit at constant temperature
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 Intermittet circuit at constant temperature
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Fig.1 Biofilm in circuit continuous (a) / intermittent (b) at 18º C (constant) 
 

In the case of the slides collected from bioreactor with permanent circuit and the initial cell 
density of 0.13·103 cells/mm2 followed by a progressive increase of the cellular density after six 
hours at a value of 0.52·103 cells/mm2 (double from the initial growth) and after 24 hours the cell 
density 3.54·103 cells/mm2. This growth continues to 48 hours went the pick of 4.84·103 cells/mm2 is 
achieved and after 72 hours the cell density decreases to a value of 4.73·103 cells/mm2 (Fig.1a). 

In figure 1.b the slides collected from intermittent bioreactors were analyzed and the initial 
cell density was 0.63·103 cells/mm2 followed by a progressive increase of the cellular density after 
six hours at a value of 0.87· 103 cells/mm2 (double from the initial growth) and after 24 hours the 
cell density 3.42·103 cells/mm2. This growth continues to 48 hours went the pick of 5.23·103 

cells/mm2 is achieved and after 72 hours the cell density decreases to a value of 4.17·103 cells/mm2 

(Fig.1b). 
The progression of cellular density growth was 0.47 for dynamic condition and 0.38 for the 

intermittent one. The R coefficient was 0.91 higher for the dynamic condition and of 0.84 for 
intermittent circuit. 
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Dynamic circuit at room temperature
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Intermittent circuit at room temperature 
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 Fig.2 Biofilm in circuit continuous (a) / intermittent (b) at 23º C (variable) 
 
In figure 2.a the slides collected from dynamic conditions were analyzed and initial cell 

density of 0.22·103 cells/mm2 followed by a progressive increase of the cellular density after six 
hours at a value of 0.71·103 cells/mm2 (double from the initial growth) and after 24 hours the cell 
density 3.24·103 cells/mm2. This growth continues to 48 hours went the pick of 5.12·103 cells/mm2 is 
achieved and after 72 hours the cell density decreases to a value of 4.67·103 cells/mm2 (Fig.2a). 

From intermittent bioreactors were analyzed and the initial cell density was 0.85·103 

cells/mm2 followed by a progressive increase of the cellular density after six hours at a value of 
1.21· 103 cells/mm2 (double from the initial growth) and after 24 hours the cell density 3.86·103 

cells/mm2. This growth continues to 48 hours went the pick of 4.82 ·103 cells/mm2 is achieved and 
after 72 hours the cell density decreases to a value of 3.98·103 cells/mm2 (Fig.2b). 

The microcolonies are also formed in dynamic conditions, but in a slower rhythm which 
depends on the speed of the water flux, in this case a high flux of 200l/h which determined the 
formation of colonies three-four hours from the immersion of the substrate into liquid medium. The 
colonies are made up especially of bacilli fixed in the matrix of exopolysaccharides.  
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 Fig.3 Total bacterial cell growth in circuit (a) and total bacterial cell forms 

 
In the case of the slides collected from the containers and bioreactors the total cell growth was 

36.9·103 cells/mm2 for the continuous circuit and 38.9·103 cells/mm2 for the intermittent circuit in 
case of the 18ºC and for the 23ºC temperature the value 38·103cells/mm2 for the continuous circuit 
and 41.1·103 cells/mm2 for the intermittent one (Fig.3a).  
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The differences between the to circuits reveled that in the continuous flow condition bacteria 
tend to adhere in a lower number and the bacterial cells are very detachable compare to the 
intermittent one were they form a thick layer of EPS and the matrix.  

Tryptone determine some lower values the bacilli growth was 32.1 · 103 cells/mm2 , 6.5· 103 

cells/mm2 for cocci , 2.2· 103 cells/mm2 for spirillim and 0.2 · 103 cells/mm2 for filamentous bacteria 
(Fig.3b). 

The bacilli form adhere in much higher in intermittent conditions but the main reason for this 
kind of growth was the fact that bacilli are the predominant gram negative marine microorganisms 
and they have a very important role in colonization do to their chemotactism towards the surfaces 
were nutrients are present. 
 

 
 

Fig.4 Bacterial cells forming a macrocolony in intermittent conditions 
 

The intermittent condition permitted the formation of a large number of macrocolonies and 
forming colonies compare to the dynamic one were cells can be washed by the water circuit. (Fig.4) 

 
CONCLUSIONS 
Biofilm formation was influenced by the dynamic conditions obtain in the bioreactors.  
The colonies formation was progressive and started from the first hours after surface 

immersion. 
Biofilms were formed by different bacterial cell forms attached on immersed surfaces form 

and the bacilli form are the predominate one in the intermittent circuit 
Temperature influence the bacterial cell densities in dynamic conditions, higher values 

determines bacterial cell attachment incensement.  
  
 REFERENCES 

1.  Costerton J.W., (2007). The biofilm Primer, Springer publishing house , Hiedelberg, pp. 1-
200 

2.  Burmølle M., Hansen L.H. and Sørensen S.J. (2007). Establishment and early succession of 
a multispecies biofilm composed of soil bacteria, Microb Ecol. A.,54(2), pp.352-62 

3.  Fry, J.C., (1990). Direct methods and biomass estimation, Meth. Microbiol., 22, pp. 41-85. 
4.  Hulea A., (1969). Ghid pentru labortoarele de micologie şi bacteriologie, Ed. Agrosilvică, 

Bucureşti 

 Volume I, Number 2, 2011 
 Nautical & Environmental studies 15 

javascript:AL_get(this,%20'jour',%20'Microb%20Ecol.');


Science & Technologies 

 Volume I, Number 2, 2011 
 Nautical & Environmental studies 16 

5.  Lazar V., (2003). Microbial Adhesion, Romanian Academy publishes. House, Bucharest, 
pp. 1-216 

6.  Lazar V., Herlea V., Cernat R., Balotescu M., Bulai D., Moraru A., (2004). General 
Microbiology, Laboratory Protocols, Bucharest University pp. 320 

7.  Mercier-Bonin M., Ouazzani K., Schmitz P. and Lorthois S., (2004). Study of bioadhesion 
on a flat plate with a yeast/glass model system, Journal of Colloid and Interface Science 271, 
pp.342–350 

8.  Moldoveanu A. M., (2010). Analysis of biofilms temporal dynamic on hydrophile and 
hydrophobe surfaces in bioreactor conditions, Annals of RSBC, 15(2), pp. 227-233 

9.  Pringle J.H. , Fletcher M. (1983) - Influence of substratum wet ability on attachment of 
freshwater bacteria to solid surfaces. Appl Environ Microbiol; 45, pp.811–17. 

10.  Sutherland I.W. 2001. Biofilm exopolysaccharides: a strong and sticky framework. 
Microbiology; 147, pp.3–9.  

11.  www. BiofilmsONLINE.com, (2008). Techniques & Protocols, Henrici’s Microbial 
Capture Technique 

12.  Yuehuei H. A., Friedman R. J.(1997)- Laboratory methods for studies of bacterial adhesion 
J. off Microb. Meth., pp.141-152 

13.  Zarnea Gh., (1994). General microbiology, Microbial ecology, 5, Romanian Academy 
publishing house, Bucharest 

14.  Zheng D., Taylor G.A., Gyananath G. (1994) - Influence of laminar flow velocity and 
nutrient concentration on attachment of marine bacterioplankton. Biofouling; 8, pp.107–20. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11160795&dopt=Abstract

