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Abstract 

Variations on hydrophobicity were monitored in two marine obligate 

hydrocarbonoclastic bacteria: Alcanivorax borkumensis SK2T and Thalassolituus 

oleivoras MIL-1T. These strains were inoculated, separately in ONR7a mineral medium 

with different concentration of sodium acetate. During 10 days measurements of cellular 

abundance and cellular hydrophobicity (capacity to adhere at polystyrene) were carried 

out. Data obtained revealed that the natures of carbon source and growth phase are 

important factors in the regulation of adhesion of bacteria to the surfaces. Moreover 

Alcanivorax showed a major capability to colonize polystyrene respect on Thalassolituus 

in the experimented conditions. The understanding of capacity to adhesion of these 

bacteria for utilization of hydrophobic compounds is fundamental for their potential use in 

the mitigation of oil spills phenomenon. 
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Highlights 

 The natures of carbon source and growth phase are important factors in the regulation 

of adhesion of bacteria to the surfaces. 

  Alcanivorax have better hydrophobicity than Thalassolituus. 

 Bacteria with better hydrophobicity have prevalent in oil biodegradation. 
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Introduction 

An important fraction of marine 

microbial community is characterized from 

“Obligate HydrocarbonoClastic Bacteria” 

(OHCB), (1). The group of OHCB is 

composed from indigenous bacteria of 

marine ecosystems able to utilize 

hydrocarbons as exclusive sources of 

carbon and energy (2).  

Presence of these bacteria in marine 

environment is directly dependent on 

presence of hydrocarbons and/or crude oil 

that determine, in specific condition, a 

change of microbial community, with the 

selection of bacteria able to tolerate these 

substrates (2). 

Several study showed that members of 

the genera Alcanivorax and Thalassolituus 

are of the most important microbes 

involved in removing the aliphatic fraction 

of crude oil from marine environment (3 

and 4).  

Alcanivorax sp. is a cosmopolitan 

marine bacterium (5) that exhibit a unique 

oligotrophic physiology with a specialized 

metabolism adapted to the degradation of 

aliphatic hydrocarbons (6) even if not 

effectively involved in degradation of 

aromatic compounds. However, members 

of the group of Alcanivorax are indeed able 

to use some organic substrates like n-

paraffins, alkylic groups pertaining to n-

alkylbenzene and n-alkylcycloalkane as 

only carbon source (6).  

Thalassolituus sp. is a 

chemoorganoheterotrophic bacterium. 

Microbes related to this genus inhabite both 

marine and terrestrial environments 

subsurface caves and ground waters and are 

the dominant alkane degraders (7). 

The importance of these bacteria resides 

mainly in biotechnological applications, 

especially in reference to bioremediation 

strategies. One of the barriers for the 

bioremediation processes in natural 

environments is the oil and water is 

immiscible liquids, and microbes grow only 

in an aqueous environment. Consequently, 

the interface between the oil and the water 

is of extreme importance for the success of 

degradation process. Microbial attachment 

to hydrophobic interfaces has been an area 

of interest for over 80 years, but there are 

relatively few studies about the controlled 

use of microbial adhesion as a means to 

promote reactions of oil. Attachment to 

hydrophobic surfaces is a common and 

natural strategy used by microorganisms to 

overcome limitations of solubility of 

hydrocarbons (7).  

Several studies have demonstrated that 

environmental factor (temperature, pH) 

growth conditions (nutrients concentration) 

and features of bacteria (shape, dimension, 

and metabolic status) are the main factors 

influencing the process of adhesion which 

can determine variation in hydrophobicity 

of the bacterial cell surface (CSH) (8). 

The aims of this work is to study the 

influence of carbon source concentration on 

the variation of cellular hydrophobicity 

(capacity to adhere at polystyrene) of two 

obligate hydrocarbonoclastic bacteria, 

Alcanivorax borkumensis SK2
T
 and 

Thalassolituus oleivorans MIL-1
T
. 

The understanding of capacity to 

adhesion of these bacteria for utilization of 

hydrophobic compounds is fundamental for 

their potential use in the mitigation of oil 

spills phenomenon. 
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Materials and methods 

Bacterial strains 

 A strain of Alcanivorax borkumensis 

SK2
T
 (2) and a strain of Thalassolituus 

oleivorans MIL-1
T
 (2) were used in all the 

experiments. A. borkumensis SK2
T
 and T. 

oleivorans MIL-1
T
 were isolated from sea 

water/sediment samples collected, 

respectively, around the Isle of Borkum 

(North Sea) and the harbour of Milazzo 

(Italy) using enrichment culture techniques 

with n-alkanes as sole carbon source. 

Inoculums preparation and culture medium 

Started cultures were prepared, 

separately, in ONR7a mineral salts medium 

(8) added with 0.1% of sodium acetate 

(CH3COONa, Sigma-Aldrich, Italia). Mid-

exponential-phase grown cells were 

harvested by centrifugation at 11.250×g for 

10 min, washed twice with sterile medium, 

and inoculated at a final concentration of 

0.1 of optical density (OD600nm) in sterile 

ONR7a mineral medium.  

Set-up and planning for experiments 

 The cells of strain SK2
T
 and MIL-1

T
 

were inoculated in independent flasks with 

500 ml of ONR7a medium and incubated at 

20 °C with shaking (Certomat IS B. Braun 

Biothec International, 80 rpm) for 10 days. 

Four different series of experimentations 

have been performed. In the first three 

experiments bacterial cultures were carried 

out in ONR7a salts medium added with 0.6, 

0.3 and 0.1% of sodium acetate, 

respectively. In negative control, bacteria 

were cultivated in the same medium 

without any source of carbon and energy.  

Sampling strategy and assays 

Every 24 hours during the whole 

experimental period sub-aliquots of 

cultures were collected to measure bacterial 

abundance and variation in hydrophobicity 

(measured as variation to adhesion at 

polystyrene). All the experiments were 

triplicate. Biomass variations were 

evaluated by optical density at 600 nm 

(Biophotomer Eppendorf), (OD). 

Adhesion to polystyrene 

 For the assay of the adhesion to 

polystyrene an aliquot of bacterial culture 

has been directly withdrawn from the flask 

daily. The cells were washed twice in a
 

phosphate-buffer saline (PBS; 137 mM 

NaCl, 2.7 mM
 
KCl, 4.3 mM Na2HPO4, 1.4 

mM KH2PO4, pH 7.4) a final concentration 

of 0.3 (OD600nm). The cells suspended in 10 

ml were put in a polystyrene Petri plate  

(60 mm) and incubated for 30 min at 30 °C 

without shaking in order to study the initial 

adhesion process. The capacity of adhesion 

to polystyrene was analyzed, as well as the 

percentage of hydrophobicity (HP%). Cell 

surface hydrophobicity was determined by 

partitioning the cell suspensions into the 

polystyrene plate and aqueous phases after 

incubation time.  

The percentage of hydrophobicity 

(HP%) of experimental bacterial 

suspension was calculated using the 

following equation, adapted to our purpose: 
 

HP% = (O.D init -O.Dexp)  100 / O.D init 
 

Where O.Dinit stands for the optical 

density of the suspension before incubation 

in the polystyrene plate, and O.Dexp was the 

optical density of the bacterial suspension 

after incubation (7). 

Statistical analysis 

Statistically significant differences 

between the experiments were detected by 

Analysis of variance (ANOVA).  

Results 
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Effect of different concentration of carbon 

source on adhesion, as percentage of 

hydrophobicity (HP%) of Alcanivorax 

borkumensis SK2
T
 

The quantitative estimation of the 

adhesion to polystyrene measured as 

percentage of hydrophobicity (HP%) to A. 

borkumensis SK2
T
 on the various 

concentration of sodium acetate as only 

source of carbon and energy is shown in 

Fig. 1.  

During cultivation in ONR7a salts 

medium amended with 0.6% of sodium 

acetate, Alcanivorax showed, in the first six 

days, an exponential growth, from a value 

of optical density of 0.1 to 0.85 (OD600nm). 

After the first week, the cellular abundance 

remained constant up to the end of 

experiment (10 days). During the 

cultivation, the value of HP% showed an 

increment during the first 48 hrs, from 

value of HP% = 50 (time zero) to HP% = 

68 and remaining constant up to the 5
th

 day 

of experimentation. After the 6
th

 day of 

cultivation a decrement of adhesion to 

polystyrene is observed, with values that 

are passing from a value of HP% = 62 (T5) 

to HP% = 38 (T8) and remaining constant 

for all periods of study (Fig. 1a). 

 

 
Fig. 1a- Dynamic of percentage of hydrophobicity (open squares) and bacterial abundance (filled squares) of 

Alcanivorax borkumensis SK2
T
 during growth in 0.6% ONR7a medium 

 

 

Also during cultivation in ONR7a 

medium with 0.3% of sodium acetate A. 

borkumensis SK2
T
 showed, for the first five 

days, an exponential growth with values 

that are passing from a 0.1 to 0.7 (OD600nm). 

Successively, at stationary phase the 

bacteria abundance remains constant with 

values around 0.75 (OD600nm) up to the end 

of experimental period. After an initial 

increment (HP% = 50 to 62 in the first 2 

days) the curve of percentage of 

hydrophobicity showed a progressive 

decrement with values starting from HP% = 

62 (T2) until reach, at the 6
th

 day of 

analysis, HP% value of 26. This value 

remains constant for all periods of study 

(Fig.1b).  
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Fig. 1b- Dynamic of percentage of hydrophobicity (open squares) and bacterial abundance (filled squares) of 

Alcanivorax borkumensis SK2
T
 during growth in 0.3 % ONR7a medium 

 

 

In ONR7a medium with 0.1% of sodium 

acetate and without this carbon source (Fig. 

1c and 1d), Alcanivorax growth seems to 

maintain values of optical density of 0.25 

(0.1% of sodium acetate) and 0.1 (no 

carbon source). In both experiments HP% 

values start from 40 and decrease in very 

few hours remaining constant at 14 for ten 

days.  

 

 
Fig. 1c- Dynamic of percentage of hydrophobicity (open squares) and bacterial abundance (filled squares) of 

Alcanivorax borkumensis SK2
T
 during growth in 0.1 % ONR7a medium 
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Fig. 1d- Dynamic of percentage of hydrophobicity (open squares) and bacterial abundance (filled squares) of 

Alcanivorax borkumensis SK2
T
 during growth in ONR7a medium without carbon and energy source 

 

Effect of different concentration of carbon 

source on adhesion, as percentage of 

hydrophobicity (HP%) of Thalassolituus 

oleivorans MIL-1
T
 

During growth with 0.6% of sodium 

acetate T. oleivorans MIL-1
T
 showed a 

long lag phase with values of optical 

density around 0.1 (OD600nm) up to the 5
th

 

day of experimentation. After the 5
th 

day, a 

rapid exponential growth was observed 

with an increment of bacterial abundance 

that was passing from a value of 0.1 (T5) to 

0.6 (OD600nm) at the end of experiment. 

During the cultivation the value of HP% 

showed a decrement during the first 3 days, 

from value of HP% = 50 (time zero) to 

HP% = 12 (T3) and remains constant up to 

the 5
th

 day of experimentation. After the 

sixth day of cultivation an increment of 

adhesion to polystyrene is observed, with 

values that are passing from a value of 

HP% = 12 (T5) to HP% = 60 (T7) and 

remaining constant for all period of study 

(Fig. 2a). 

 

 
Fig. 2a- Effect of different concentration of carbon source on adhesion, as percentage of hydrophobicity (HP%) of 

Thalassolituus oleivorans MIL-1
T
. Optical abundance (filled squares) and percentage of hydrophobicity (open 

squared) during growth in 0.6 % ONR7a medium 
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Also during cultivation on ONR7a 

added with the 0.3% of sodium acetate 

Thalassolituus oleivorans MIL-1
T
 showed a 

long lag phase with values around 0.1 

(OD600nm) just the 3
rd

 day of 

experimentation (Fig. 2b); after the 3
rd

 day 

of experimentation an exponential growth 

is showed with values of cellular 

abundance that passing from 0.1 (T3) to 0.7 

(T10). Curve of percentage of 

hydrophobicity present a trend with value 

of HP% = 50 (time zero), 12 (T2 and T3), 

60 (T5) and 30 (T10). 

Similarly to Alcanivorax, the addition of 

0.1% of sodium acetate induces a stationary 

phase with means values of optical density 

(OD600nm), respectively, of 0.17 and 0.1. of 

Thalassolituus MIL-1, while the values of 

HP% decrease during the first 48h, passing 

from 50 at time zero to HP% = 14 and 

remaining constant for all periods of study 

(Fig. 2c and 2d). 

 

 
Fig. 2b- Effect of different concentration of carbon source on adhesion, as percentage of hydrophobicity (HP%) of 

Thalassolituus oleivorans MIL-1
T
. Optical abundance (filled squares) and percentage of hydrophobicity (open 

squared) during growth in 0.3 % ONR7a medium 

 

 
Fig. 2c- Effect of different concentration of carbon source on adhesion, as percentage of hydrophobicity (HP%) of 

Thalassolituus oleivorans MIL-1
T
. Optical abundance (filled squares) and percentage of hydrophobicity (open 

squared) during growth in 0.1% ONR7a medium 
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Fig. 2 d- Effect of different concentration of carbon source on adhesion, as percentage of hydrophobicity (% HP) 

of Thalassolituus oleivorans MIL-1
T
. Optical abundance (filled squares) and percentage of hydrophobicity (open 

squared) during growth in ONR7a medium without carbon and energy source 

 

Discussion and conclusion 

In this preliminary study, for the first 

time, we have analyzed the effect of 

different concentrations of substrate 

(sodium acetate) and the phase of growth 

on hydrophobicity in two marine obligate 

hydrocarbonoclastic bacteria, Alcanivorax 

borkumensis SK2
T
 and Thalassolituus 

oleivorans MIL-1
T
. Among the 

hydrocarbon-utilizing bacteria, Alcanivorax 

borkumensis and Thalassolituus oleivorans, 

are two of the most frequently isolated 

from hydrocarbon-contaminated 

environments. 

Marine OHCB occupy a special tropic 

niche among marine heterotrophic bacteria 

participating in the global carbon cycle, as 

they mediate degradation of chemically 

stable saturated and aromatic hydrocarbon 

species that are not substrates for most 

bacteria (9). However, the eco-physiology 

of these bacteria has not been studied 

extensively for different motivations as 

discovery relatively recent, it is difficult to 

isolate these organisms in pure culture, etc.  

The analysis of the variation of bacterial 

adhesion during optimal growth conditions 

is a fundamental data in order to understand 

the adhesion and the potential use, of 

hydrocarbonoclastic bacteria (HCB), for the 

mitigation of oil spills. Bacteria and other 

microorganisms have a natural tendency to 

adhere to surfaces as a survival mechanism 

and bacterial colonization of solid surfaces 

have been described as a basic and natural 

bacterial stratagem in a wide variety of 

environment (9 and 10).  

As showed, during cultivation in ONR7a 

medium with 0.6 and 0.3% of sodium 

acetate, Alcanivorax present, in the first 

days, an exponential growth during which 

is possible to observe an increment of 

cellular hydrophobicity that decrease when 

bacteria enter the stationary phase. 

Moreover it is very important to remind 

that this growth-phase transition is 

controlled by a genetic regulatory network 
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integrating various environmental signals 

(11). This genetic network determines a 

reduction of proteic synthesis (12) 

characterized from specific stress proteins 

synthesis (13) to disadvantage of the 

synthesis of proteins and structures 

naturally implied in the processes of 

bacterial adhesion. 

The reduction of cellular hydrophobicity 

is more visible using the 0.1% of sodium 

acetate and without sources of carbon and 

energy. The concentration of 0.1% of 

sodium acetate is not sufficient to support 

bacterial growth and after complete 

utilisation of this substrate the population 

enter in a stationary phase presumably 

associate at a carbon starvation. In this 

case, the drastic decrement of cellular 

hydrophobicity, can be justified both from 

reduction of protein synthesis and from 

characteristic of carbon starvation. Both 

were through the dimensional reduction 

that the bacterial cells endure in that 

condition (14).  

The morphologic variation can 

determine a change in the contact angle that 

the bacteria have with the surface of 

adhesion with consequent variation in the 

cellular adhesion (15, 16 and 17). 

Thalassolituus shows a different behaviour 

when is cultivated with higher 

concentrations of substrate. In fact, HP% 

shows two phases of adhesion process: the 

first one, in the first hours of growth and the 

latter during the exponential phase of the 

growth. This capability is maintained at high 

values during the 10 days (18, 19 and 20).  

In conclusion, although Alcanivorax 

reaches absolute values of HP% a little 

higher than Thalassolituus, the efficiency 

of hydrophobicity is maintained for a 

longer period (21, 22 and 23). The 

preliminary data obtained showed a 

correlation between the physiological status 

(identified from curve of bacterial 

abundance) and cellular hydrophobicity 

(24). The maximum and minimum values 

of cellular hydrophobicity were obtained 

during cultivation of Alcanivorax 

borkumensis SK2 and Thalassolituus 

oleivorans MIL-1 depend to the bacterial 

status. The importance of these preliminary 

data resides mainly in biotechnological 

applications, especially in reference to 

application of these bacteria in 

bioremediation strategies. 
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 كیدهچ

وسی ه دو بارتری دریایی هییرورربن رلاستیی   تیزیه رننیه اجباری ه در هییروف بیسیتی ب ها  تناوت

 و Alcanivorax borkumensis SK2T:ی بارتریجججایی شجججاملهجججا  ایجججب سججج یه. بررسجججی شجججیننجججت 

 Thalassolituus oleivoras MIL-1T جیا انه در محیط رشت  ه شیلب ها  هر دوی ایب س یه. ب دنیONR 

 ،و همچنججیب هجا   بجارتری  فراوانججی ،روز 15در طجی  . ی متنججاوتی از اسجتات سجییک انی بججه شجینی   هجا   بجا ل ظجت  

 پژوهشاز ایب  به دست آمیهنتای  . شیمطا،عه و سنیش  (ااب یت اتصال به پ ی استرن)هییروف بیسیته س  ،ی 

بجه سجط      هجا   ی ی بجارتری فارت رهجای مهمجی در تنظجیک چسجبن     ،نشان داد ره ن ع منب  رربب و مرح ه رشی

ر  نیزه شین بجه پ جی اسجترن در مقایسجه بجا       برایبالاتری  ااب یت Alcanivoraxبارتری  ،الاوه بر ایب. هستنی

Thalassolituus اسجتناده از ترریبجات    برای ها  فهک ااب یت اتصال ایب بارتری. نشان داد ااهدر شرایط آزمایش

 . استی مییانی نشت ننت و آ، د ی ننتی ها  ها در ام یات نآراربرد  برایای  هییرورربنی پایه

 تیزیه زیستی، بارتری، ننت  ام، محیط دریایی :های کلیدی واژه
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