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Abstract 

Overcoming the inability of marine bacteria to grow under laboratorial conditions is of upmost importance for 

using marine microbes as a source of novel compounds and enzymes. The small fraction of microbes able to 

grow on nutrient media is a known microbiological phenomenon, called the “Great Plate Count Anomaly”. This 

work aimed at increasing the percentage of grown cells in nutrient media. The strategy for the study involved the 

testing of commercially available media, and their combination and dilution. Other carbon and energy sources 

were also tested and used in liquid and solid media. The number of species that could be retrieved in agar plates 

depended mostly on the type of environment from where samples were collected (sea, tidal pool and shallow-

water hydrothermal vent). When bacterial populations grown in laboratory were used, the number of CFU per 

mL obtained after plating on different media was lower than the number of cells per mL observed under the 

microscope. Apparently, part of the population remained viable but in a non-replicative state and were the main 

contributors to the lower CFU numbers. To study if the conditions in the laboratory could be improved to allow 

the growth of “unculturable” bacteria, strain 695, isolated from a sample from the Azores, was used as model 

bacterium. The isolation and growth of strain 695 was successfully done after combining one commercially 

available medium, thioglycollate broth, diluted 10-fold and mineral medium. 

Keywords: marine bacteria; unculturable bacteria; fatty acids; cultivation; media formulation; bacterial 

adaptation 

 

1. Introduction 

The oceans comprise more than 70% of the 

planet’s surface and contain the most diverse 

forms of life. No ecosystem provides greater 

genetic diversity and a larger source of varied 

bioactive compounds to be used in industrial 

and medical applications than the world´s 

marine environments [1]. Focus on natural 

product screening from microorganisms was 

initially due to the discovery of penicillin by 

Fleming in 1929 and its isolation in 1940 by 

Chain and Florey [2-4]. Mainly microbes from 

soil were cultured, yielding many antibiotics 

still used today. By the end of 2002, more than 

22,000 microbial bioactive compounds had 

been discovered [5]. However, new terrestrial 

natural compounds are no longer discovered at 

the same rate as they used to [6]. Instead, 

marine ecological systems are regarded as more 

promising sources, in particular marine 

microbes. On the other hand, little is known of 

marine microbial diversity and proper studies 

are hampered by the “Great Plate Count 

Anomaly”: the percentage of cells efficiently 

cultivated under standard laboratory conditions 

to 0.1 to 1% of the total assemblage [1, 7]. 

Besides, there is a lack of investment from the 

researchers in the growth of marine bacteria in 

the laboratory, mostly due to the role of 

metagenomics. However, culture-dependent 

methods such as dilution to extinction [8], cell 

encapsulation [9], diffusion chambers and 
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isolation chips [10], supports culturomics as an 

effective way to study rare and fastidious 

bacteria [11]. The present study aimed at 

research and perseverance as key factors to 

overcome the culturing challenge, considering 

that a sound approach to grow “not-yet-

cultured” marine bacteria would be focusing on 

nutrients requirements and incubation 

conditions. 

 

2. Materials and Methods 

 

2.1. Bacterial Strains 

Escherichia coli K-12, Pseudomonas putida, 

Bacillus pumilus, Micrococcus luteus and strain 

695 were first isolated from samples collected 

in different locations in the Azores (Table 1). 

The strains were identified by their fatty acid 

profile using the Sherlock™ Microbial 

Identification System, as described previously 

[12]. Strain 695 was sent to Laboratório de 

Análises do IST for identification by 16S rRNA 

sequencing. 

 

Table 1 – Location and environmental conditions of 

the sampling site of the strains used in the study. 

Bacteria ID Location 
T (ºC), 

H2O 
pH 

E. coli K-12 
Termas da 

Ferraria 
28 8.91 

P. putida 
Faial da 

Terra 
18 9.25 

B. pumilus Mosteiros 19 9.30 

M. luteus 
Termas da 

Ferraria 
28 8.91 

Strain 695 
Caldeira das 

Furnas 
100 - 

 

2.2. Growth Conditions 

Cells were grown in 100 mL Erlenmeyer flasks 

containing 20 mL of growth medium. The 

following media were tested as growth 

medium: Marine Broth (MB; Pronadisa); 

Thioglycollate Broth (Thio; Fluka
®
); Tryptic 

Soy Broth (TSB); and Mineral Medium (MM). 

The latter contains per liter of demineralized 

water: 0.01 g EDTA, 0.002 g ZnSO4·7H2O, 

0.001 g CaCl2·2H2O, 0.005 g FeSO4·7H2O, 

0.0002 g Na2MoO4·2H2O, 0.0002 g 

CuSO4·5H2O, 0.0004 g CoCl·6H2O, 0.001 g 

MnCl2·4H2O, 0.1 g MgCl2·6H2O, and 1.55 g 

K2HPO4 and 0.85 g NaH2PO4·H2O for 

buffering (all chemicals were from Sigma-

Aldrich) [13]. The media were also diluted 

1:10, 1:100 or tested in mixtures (see section 3). 

In the case of MM, the following compounds 

were used as carbon sources: n-alkanes (0.25%, 

v/v); 0.1–1% (w/v) CH3COONa.3H2O; 0.1–1% 

(w/v) CH3COONH4; 0.1–1% (w/v) Tween 80. 

Cultivation of bacteria was also performed 

using 15 mL falcon tubes and agar plates 

containing the previous mentioned media and 

Blood (BA; Fluka
®
), Mueller-Hinton (MH; 

Fluka
®
), and Tryptic Soy Agar (TSA; Fluka

®
). 

The liquid cultures were inoculated from plate 

cultures or liquid inocula, to achieve an initial 

optical density at 600 nm of ca. 0.1–0.2. For 

cell growth, the following conditions were 

tested: temperature 30–70ºC, 0–5% (w/v) NaCl 

and stirring speed 0–200 rpm (orbital shaking 

and mechanic stirring). Growth at temperatures 

higher than 50ºC was promoted by immersion 

of 100 mL Erlenmeyers in a water bath (VWR) 

and stirred mechanically (Lab Egg, IKA). Cell 

growth was monitored by measurement of 

optical density at 600 nm in a Hitachi U-2000 

spectrophotometer. Biofilm growth was 

promoted using sand. All assays were 

performed at least in duplicate. 
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2.3. Extraction of Lipids and Fatty Acids 

Composition Analysis 

Cells were harvest by centrifugation at 12,000 

rpm for 5 min from 1 mL of cell suspension in 

1.5 mL eppendorf tubes (Eppendorf, Hamburg, 

Germany), and were washed once with 1 mL of 

milli-Q water. The extraction and methylation 

of the fatty acids (FAs) to fatty acid methyl 

esters (FAMEs) was simultaneously done using 

the Instant FAME
TM

 procedure from MIDI, Inc. 

(Newark, DE, USA). The analysis of the 

FAMEs was performed on a 6890N gas 

chromatograph (GC) from Agilent 

Technologies (Palo Alto, CA, USA), which 

includes a flame ionization detector (FID) and a 

7683 B series injector, equipped with a 25 m 

long Agilent J&W Ultra 2 capillary column. 

The equipment was programmed and controlled 

by the Sherlock software package, version 6.2, 

from MIDI, Inc. The FAMEs were identified by 

the software, using MIDI calibration standards. 

The samples were also analyzed on an Agilent 

5977E GC-Mass spectrometer equipped with a 

HP-5ms capillary column from Agilent to 

confirm the peaks’ identification. For bacterial 

identification, the samples were analyzed by the 

ITSA1 method whilst for analysis to determine 

the adaptations performed by the cells at the 

lipid level, the samples were analyzed by the 

PLFAD1 method, and both run by the Sherlock 

v6.2 software from MIDI. The degree of 

saturation (Dsat) of the cell membrane FAs was 

defined as the ratio between saturated straight 

FAs and monounsaturated FAs present in the 

cells. 

 

2.4. Degradation of n-alkanes using Strain 

695 

Strain 695 was used to inoculate 20 mL of Thio 

1:10 + MM medium in 100 mL Erlenmeyer 

flasks. Once cells reached an optical density of 

1.0 at 600 nm, 250 µL were used to inoculate 2 

mL of MM in 24-well plates. To each well 

0.25% (v/v) of n-alkane was added as carbon 

and energy sources. The wells were sealed with 

Breathe-Easy
®
 sealing membrane from Sigma-

Aldrich. The n-alkanes used were the 

following: n-pentane (99%; Sigma-Aldrich
®
), 

n-hexane (99%; Panreac), n-heptane (99%; 

Panreac), n-octane (>99%; Sigma-Aldrich
®
), n-

nonane (99%; Acrós organics), n-decane 

(>99%; Sigma-Aldrich
®
), n-undecane (99%; 

Sigma-Aldrich
®
), n-dodecane (>99%; Sigma-

Aldrich
®
), n-tridecane (≥99%; Sigma-

Aldrich
®
), n-tetradecane (99%; Sigma-

Aldrich
®
), n-pentadecane (≥98%; Sigma-

Aldrich
®
), n-hexadecane (>99%; Merck) and n-

heptadecane (99%; Sigma-Aldrich
®
). After 24 

and 48h, 1 mL of suspension was used to 

evaluate cell growth. All the well content was 

centrifuged for 5 min at 12,000 rpm for 

harvesting of biomass. The FAs of the cells 

were extracted and methylated according to the 

procedure described above and analyzed by GC 

and GC-MS. 

 

2.5. Viable Cells Plate Count Method 

To determine if a correlation between the 

number of viable cells of E. coli K-12, P. 

putida, B. pumilus and M. luteus in liquid 

culture, observed under the microscope, and the 

number of colony forming units (CFU) in agar 

plates could be found, bacteria were grown in 

20 mL of TSB in 100 mL Erlenmeyer flasks. 

Once cells reached an optical density of 1.0 at 

600 nm, 1 mL of sample was transferred to a 

sterile eppendorf, using aseptic techniques. This 

sample was then sequentially diluted in 10
-1

 

steps in MM up to 10
-10

. The mixtures were 

shaken vigorously and 20 µL of each were 

aseptically transferred and spread on TSA and 

Luria-Bertani (LB), MB and Thio agar plates. 
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Simultaneously, 500 µL of the culture medium 

was placed inside an Eppendorf and a mixture 

of Live/Dead
TM

 Viability Kit (Molecular 

probes, Invitrogen) was added to determine the 

number of viable cells as previously described 

[14]. 

To assess if some cells remained attached to the 

tip of the micropipette used to collect the mL 

from the growth media, the micropipette’s tip 

was placed on a 15 mL falcon containing 1 mL 

of MM and the tube was vortexed before being 

diluted up to 10
-8

 and plated. The plates were 

then incubated at 30ºC for 24h. After the 

incubation period the CFU on each plate were 

counted using a colony counter (N. Usui & Co, 

Ltd., Japan). Calculations to obtain the number 

of bacteria per mL of sample were made and 

the results compared to those obtained by 

fluorescence microscopy and image analysis. 

 

3. Results and Discussion 

 

3.1. The Dogma: Great Plate Count Anomaly 

The present study evaluated if the great plate 

anomaly was also observed when using cultures 

of commonly studied bacteria, namely E. coli, 

P. putida, B. pumilus and M. luteus. Two 

hypotheses to justify the significant lower 

number of cells usually grown in comparison to 

the number of cells visible under the 

microscope, were tested: hypothesis 1) the 

lower number of CFU results from the adhesion 

of cells to the plastic tips used for serial 

dilutions of samples; hypothesis 2) the number 

of CFU is dependent on growth media 

composition. To assess the validation of 

hypothesis 1, both the diluted sample and a 

sample obtained from washing the plastic tip 

were plated on agar media and the 

corresponding CFU were determined. To assess 

hypothesis 2, the samples were spread on TSA 

and agar plates with MB, LB and Thio. 

Regardless of the species and media 

composition, microscope counts were always 

higher than the number of CFU. However, Thio 

allowed the growth of more than 84% of the E. 

coli, M. luteus and P. putida cells. When the 

same strains grew on MB, only 12% of cells 

formed colonies, when compared to 

observations made under the microscope 

(Figure 1). 
 

 

Figure 1 – Percentage of Escherichia coli, 

Pseudomonas putida, Bacillus pumilus and 

Micrococcus luteus cells (referred to the original 

number of cells initially added) recovered in the 

media tested (TSA – Tryptic Soy Agar, MB – 

Marine broth, LB – Luria-Bertani, Thio – 

Thioglycollate broth with resazurine). 

 

The number of CFU/mL resulting from the 

washing of the tip is not responsible for the 

lower number of CFU when compared to 

microscope counts, as it only represents up to 

6% of the number of cells obtained from the 

diluted samples. It was concluded that 

hypothesis 1 is not valid. Therefore, the results 

presented suggest that hypothesis 2 is correct 

and thus a customized media composition 

allowing cell growth should be formulated. 

 

3.2. Improving the Ability of a Bacterium to 

Grow under Laboratorial Conditions 

Strain 695 was initially isolated in Thio 

medium diluted 10-fold and the green colonies 

were only observed after ca. 1 month. 
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3.2.1. Cultivation 

According to hypothesis 2, there should be a 

medium composition allowing the growth of 

strain 695. Thus, the first part of this study was 

dedicated to cultivation using several media, 

supplemented or not with different nutrients, 

under different conditions. Strain 695 was 

successfully cultivated within 24h in agar plates 

with Thio 1:10 + MM medium at room 

temperature. Replication of the same conditions 

was done several times to produce sufficient 

biomass to perform biochemical studies. To 

further improve the growth rates and yields, 

other media composition and conditions were 

tested. The best conditions to grow strain 695 

were Thio 1:10 + MM and MB 1:10 in both 

liquid and solid media. The optimal temperature 

was 30ºC for liquid cultures and room 

temperature for agar plates. Growth of strain 

695 was obtained within 24h under these 

conditions. 

 

3.2.2. Identification of Strain 695 

BLAST (Basic Local Alignment Search Tool) 

searches at the National Center for 

Biotechnology Information (NCBI) GenBank 

database (http://www.ncbi.nlm.nih.gov) were 

used to compare nucleotide sequences from 

strain 695 and those on a database of sequences. 

The 16S rRNA sequence of strain 695 was 

found to be 99% homologous to sequences 

from an uncultured bacterium clone C_18 and 

an uncultured cyanobacterium clone E_6, both 

present in samples collected in the McMurdo 

Dry Valleys in Antarctica, the coldest desert on 

Earth [15]. These results were unexpected since 

strain 695 was isolated from a sample collected 

from a hot spring with water at ~100ºC. 

 

 

 

3.2.3. Green Color Characterization 

The green dye produced by strain 695 was 

extracted using acetone, hexane and methanol, 

and its UV-VIS spectrum was determined. To 

assess if the green compound was chlorophyll, 

the same extraction procedure was done using a 

plant leaf. Since both spectra presented the 

same profile, it could be concluded that strain 

695 was producing chlorophyll. 

 

3.2.4. Formation of Biofilm 

Strain 695 showed an ability to attach to the 

Erlenmeyer’s walls during incubation. Thus, 

several surfaces were used to test the ability of 

strain 695 to form biofilms. Cells were grown 

in Thio 1:10 + MM medium and the surfaces 

used were: pieces of gauze of different 

dimensions (1, 4 and 16 cm
2
), copper-covered 

steel (0.05€) and Nordic gold (0.1€) coins, glass 

filters, glass slides and scratched glass slides. 

The 16 cm
2
 gauze and the glass filters promoted 

the fastest biomass production by strain 695 

(93.2 and 54.7 µg/h, respectively). The 

scratched glass slides were expected to be 

preferable to biomass adhesion than the 

polished glass slides, as cell colonization 

benefits from an increase in surface roughness 

[16-18], but the opposite was observed. The 

coins were not expected to allow bacteria 

adherence as metallic copper is an efficient 

contact killing agent. However, the biomass 

adhered 5% faster in the coins than in the glass 

and strain 695 was mainly found near the rims 

of the coins, where accumulation of dirt and 

skin tissue helps bacteria to survive [12]. 

 

3.2.5. Effect of Salinity 

To assess the influence of different NaCl 

concentrations (15, 35 and 50 g/L) on strain 695 

growth, Thio 1:10 + MM medium was used. 
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The two highest concentrations of salt, 35 and 

50 g/L, promoted the formation of cell 

aggregates. Dry weight measurements showed 

that 35 g/L of NaCl promoted the highest 

biomass production at the highest growth rate. 

The highest salt concentration, 50 g/L, 

promoted the highest biomass production 

(Figure 2), but the maximum growth rate was 

approximately 62% of that observed under the 

other concentrations. 
 

 

Figure 2 – Biomass dry weight (mg) of strain 695 in 

the presence of 0, 15, 35 and 50 g/L of NaCl, after 

39h of growth. 

 

The FA profile of the phospholipids of the 

cellular membrane showed no significant 

changes when the cells grew in the presence of 

0 to 35 g/L of NaCl. However, an increase in 

salt concentration up to 50 g/L caused an 

increase in the saturation degree (Dsat) of the 

FAs. This increase, associated to the lower 

percentage of monounsaturated FAs (MUFAs) 

produced by strain 695 cells at higher NaCl 

concentrations, would indicate a higher rigidity 

of the membrane. Moreover, MUFAs were not 

converted in saturated straight FAs (SSFAs) but 

in saturated methyl-branched FAs (SMBFAs). 

The composition of these last FAs affects 

membrane fluidity due to the disruptive effect 

of the methyl group on acyl-chain packing. A 

less fluid membrane is promoted by the iso FAs 

[19]. The ratio iso:anteiso was 48% higher at 

50 g/L of NaCl than at 15 g/L, meaning that 

higher salt concentrations promoted a decrease 

the membrane fluidity. According to literature, 

the ability of reducing membrane fluidity in 

response to high concentrations of NaCl is 

shared by halotolerant strains isolated from 

Antarctica [20]. 
 

 

Figure 3 – Relative abundance of lipid classes and 

degree of saturation of the fatty acids (FAs) of the 

membrane of strain 695 cells in the presence of 0, 

15, 35 and 50 g/L of NaCl. PUFAs – 

polyunsaturated FAs, SCBFAs – saturated 

cyclopropyl-branched FAs, HSFAs – hydroxyl-

substituted FAs, SMBFAs – saturated methyl-

branched FAs, MUFAs – monounsaturated FAs, 

SSFAs – saturated straight FAs and Dsat – degree of 

saturation. 

 

3.2.6. Alkanes as Carbon and Energy 

Sources 

To assess the ability of strain 695 to degrade 

both short and long-chain alkanes, a series of 

alkanes from n-pentane (C5) to n-heptadecane 

(C17) were tested as single carbon and energy 

sources in MM. The growth rates when cells 

grew on even-numbered alkanes were 15–35% 

higher in comparison to cells grown on 

“neighbor” odd-numbered alkanes. The 

influence of the n-alkanes used as carbon 

source on the FA composition was analyzed. 

The average Dsat when the cells used odd-

numbered alkanes was higher after 48h of 

incubation than after 24h, whilst on even-

numbered alkanes no significant differences 
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were observed (data not shown). After 24h of 

growth, the cells were producing more 20–40% 

of SMBFAs than any other class of FAs and the 

production of SSFAs varied only 2–4% when 

cells were degrading the different alkanes. After 

48h of growth, the cells maintained the 

production of SMBFAs and increased 5% the 

production of PUFAs in comparison to the first 

24h of growth. The n-alkanes that allowed the 

growth of strain 695 in the 48h of the assay 

(C14–C17) were the ones producing more 

SMBFAs (47–54%). Regardless of the n-alkane 

used as carbon and energy source, the main FAs 

incorporated into the membrane phospholipids 

were anteisoC15:0, C16:0, C18:1ω9c, 

C18:2ω6c and C18:3ω6c. 

 

3.2.7. Effect of Temperature 

To assess the influence of three different 

temperatures (30, 50 and 70ºC) on strain 695 

growth, Thio 1:10 + MM medium with 50 g/L 

of NaCl was used. Planktonic and biofilm 

growth were promoted and biomass dry weight 

was determined. After 30h of planktonic 

growth, strain 695 incubated at 50ºC registered 

the highest growth rate. At 30ºC there was 

growth after 20h. At 70ºC no significant growth 

was observed, although the biomass obtained 

proves that the cells were growing. It is worth 

mentioned that lack of growth at 70ºC could be 

the result of lower dissolved oxygen 

concentrations, as it is known that oxygen 

solubility decreases sharply with increasing 

temperature. The biomass obtained from 

planktonic growth, after 48h, at 50ºC was 4 mg, 

a higher amount than at 30ºC (2.6 mg) and 70ºC 

(1.1 mg). Determination of the biomass 

obtained for biofilm growth was done after 48 

and 66h. The highest amount of biomass was 

obtained at 50ºC (6–6.5 mg). The biomass 

obtained in biofilm growth was 1.5-fold higher 

than in planktonic growth at 50ºC and 2–3-fold 

higher at 70ºC. At 30ºC the biomass obtained in 

biofilm growth was 40 and 20% lower than in 

planktonic growth, after 48 and 66h, 

respectively. Biofilm growth is apparently 

significantly promoted with increasing 

temperature probably due to a protective effect 

offered by this type of community. 

The degree of saturation of membrane FAs 

reached its highest value after 24h of planktonic 

growth at 50ºC as a result of a 6% decrease in 

MUFAs. Along with MUFAs variation, a sharp 

increase of 30% in the percentage of SMBFAs 

was observed. The ratio iso:anteiso dropped 

from 4 to 0.4 (Figure 4). Adaptation of the cell 

membrane to the highest temperature, 70ºC, 

involved a decrease of 11% in MUFAs and a 

20% increase in SMBFAs, mainly iso-branched 

FAs, which resulted in an increase in membrane 

rigidity. At 30ºC, the FAs profile was changing 

through the incubation time, which was a result 

of the cells growth. At 50ºC, the exponential 

phase occurred in the first 7h of growth, which 

is consistent with the modifications observed in 

the FAs profile from 0 to 7h. The cells then 

entered the stationary phase and almost no 

variations were observed in the FAs profile. At 

70ºC, as no significant growth was observed 

during the experiment, the FAs profile was 

expected to be similar to the inoculum profile. 

However, the results indicated that these cells 

changed the FA profile (Figure 4), which 

suggests that cells were adapting their FA 

composition and were thus active. 
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Figure 4 – Relative abundance of lipid classes and 

corresponding ratio iso:anteiso of the FAs of the 

membrane of strain 695 cells at 30, 50 and 70ºC. 

Abbreviations as in Figure 3. 

 

The FAs profile of strain 695 during biofilm 

growth suffered almost no variation from 48 to 

66h of incubation (Figure 5). At 30ºC the main 

FAs were MUFAs, which increased 10% from 

48 to 66h. The SMBFAs, which were not 

observed at 70ºC, decreased 16%. The highest 

degree of saturation (2.0) was observed at 50ºC. 

The amount of SSFAs was higher than the 

MUFAs and the ratio iso:anteiso was higher 

than 1, meaning that the membrane reduced 

fluidity in response to the temperature. 
 

 

Figure 5 – Relative abundance of lipid classes and 

corresponding degree of saturation of the FAs of the 

membrane of strain 695 cells immobilized in sand at 

30, 50 and 70ºC. Abbreviations as in Figure 3. 

 

4. Conclusions 

The great plate count anomaly was observed 

when using cultures of E. coli, M. luteus, B. 

pumilus and P. putida, as the number of cells 

grown in nutrient media was always lower than 

the one observed under the microscope. 

Apparently, part of the cell population observed  

was composed by viable cells, but in a non-

replicative state, contributing to the lower CFU 

numbers [21]. 

Strain 695, a fastidious bacterium initially 

identified as an “unculturable” microorganism, 

was successfully isolated and grown once the 

nutritional and environmental requirements 

were provided. The best conditions were Thio 

1:10 + MM and MB 1:10 in both liquid and 

solid media. The optimal temperature for 

growth was 30ºC for liquid cultures and room 

temperature for agar plates. Biomass in the mg 

scale was obtained within 24h in 20 mL. The 

biomass production of strain 695 could be 

further scaled-up using a bioreactor, in which 

all culture conditions would be monitored, 

although the initial inoculation would require a 

higher amount of viable cells. The green color 

was a result of chlorophyll production, 

indicating that this strain is possibly a 

cyanobacterium. 

The cells of strain 695 responded to high 

concentrations of NaCl by decreasing 

membrane fluidity, as a result of an increase in 

the amount of SMBFAs, mainly iso- branched 

FAs [19]. These cells were able to degrade C5–

C17 n-alkanes as single carbon and energy 

sources. The growth rates observed when the 

cells grew on even-numbered alkanes were 15–

35% higher than when cells grew on odd-

numbered alkanes. Concerning the effect of 

temperature on the growth of strain 695, the 

highest amount of biomass was obtained at 

50ºC, either for planktonic and biofilm growth, 

although the biomass obtained in biofilm 

growth was higher, not only at 50ºC but also at 

70ºC. In planktonic growth, it was observed an 

increase in membrane fluidity at 50ºC and a 
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decrease at 70ºC. In biofilm growth, the 

opposite was observed. 

The present study suggests that by adjusting 

cultivation medium composition, previously 

“unculturable” strains may be successfully 

grown under laboratorial conditions, increasing 

the possibility of using these strains in a novel 

bioprocess. 
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