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Abstract

The effect of growth medium on hydrophobicity of phenol-utilizing bacteria isolated from petroleum refinery effluent was
investigated. The hydrophobicity expression of the isolates were assessed via BATH, SAT and CRB assays. Four different
growth media: tryptone soy broth (TSB), nutrient broth (NB), peptone water (PW) and Bushnell Haas broth (BH) was used.
All the test isolates exhibited high to moderate hydrophobicity when grown on all the media. However, using SAT assay,
Pseudomonas sp. RWW was found to be strongly hydrophobic (<1.0) when grown in all the media while Escherichia sp.
OPWW was found to be moderately hydrophobic (1.0 — 2.0) in all the media using the same SAT assay. Using Congo red
binding assay, Bacillus sp. RBD was found to express weak hydrophobicity when grown in BH medium with Congo red up
take value of 9.0 ug. All the media used for the assays were observed to be quite well for expression of hydrophobicity by
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refinery effluent bacteria in the following order: TSB > HB > PW > BH.
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Introduction

Oil refinery is one of the major industries in the petroleum
industrial world. It is where other industries, especially,
petrochemical industries rely for their feedstock in which the
resulting processed products such as synthetic materials and
resins are useful for agricultural purposes'. Processing of raw
crude oil in the refineries means that the oil will pass through
many processes for the production of the desired finished
product. The processes of producing these refined products have
resulted in the production of volumes of wastewaters'. Common
sources of these wastewaters include water from storage tanks
and processing equipments. The composition of these
wastewaters varies according to the type of raw material
processed and the treatments employed in reducing wastewater
contaminants™’. Wastewater from oil refinery industries usually
harbours toxic chemicals such as hydrocarbons, phenols and
heavy metals among others. Due to its chemical composition
and concentration, their effects on the environment are not
desirable (eutrophication) as well as being dangerous to
microbial and human health.

The toxic effects of refinery effluents on bacteria strains have
been reported*. Bacteria are unable to insulate themselves from
the toxic nature of their habitat because of their large surface
area that are exposed to these harsh environment as concerned
with industrial effluents especially refinery effluents. The
pollutants of the effluent exert their toxic effects on the bacterial
surfaces thereby inhibit their attachment to substrates and other
surfaces. The most important mechanism of this action is the
destabilization of cell membrane®. This results in adaptation and
changes in their physiological functions.
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The interfacial role of microbial cells is associated with its
physicochemical properties and chemical composition. Cell
contact with the environments is by cell wall which plays
important role in microbial life. Most organisms are in contact
with water and are always in aqueous phase as a result of
hydrophilic moieties that surrounded microbial surfaces’. The
hydrophilic sites of bacteria cellwall consist of charged groups
such as carboxyl, phosphate, amino and guanidyl groups and the
non charged hydroxyl group while the hydrophobic consists of
lipids and lipopolysaccharides”®.

Hydrophobic responses are known to be responsible in the
adherence of microorganisms to several of surfaces in the
environments. The partitioning activities of bacterial cells at
interfaces is related to the hydrophobic nature of
microorganisms hence the adherence of bacteria to surfaces,
marine sediment, to one another as well as growth on
hydrophobic compounds”''. Cell surface hydrophobicity
relating to bacterial adhesiveness has been documented''.
Doyle'” and Rosenberg" reported that microbial cell surface
hydrophobicity varies from organism to organism, from strain to
strain and is influenced by the growth medium, bacterial age,
growth temperature, pH, ionic strength and cell numbers. As a
result of importance of microbial hydrophobicity in
fermentation technology'®, engineered bio-treatments of water',
etc, several techniques of measuring microbial hydrophobicity
had been documented'®. These include bacterial adhesion to
hydrocarbons (BATH), salt aggregation test (SAT), Congo-red
binding to bacteria (CRB), micro-sphere adhesion to cells
(MAC), etc' ™.
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In this study, we assess the influence of growth media on the
hydrophobicity of bacterial species isolated from Port Harcourt
oil refinery effluents treatment plants.

Material and Methods

Sample source and organisms: Samples and its collections
were described elsewhere®. Samples include physicochemically
treated raw wastewater (RWW), biologically treated wastewater
(Rotary biodisk) (RBD), observation pond treated wastewater
(OPWW) and discharge pipe wastewater (DP). The
physicochemical analyses are as shown in table 1. The
organisms were isolated from the samples using mineral salt-
phenol agar medium® and were marked according to their
sources as well as being stored in agar slants at 4°C.

Preparation of inoculum and culture condition: The
organisms were grown in the following sterile media: Tryptone
soy broth (TSB) (Oxoid, Basingstoke, UK), Nutrient broth
(NB)(Fluka), Peptone water (PW) (Sigma Aldrich, Germany)
and Bushnell Haas mineral salt broth (BH) medium amended
with phenol (50 mg/l) contained in 250ml Erlenmeyer flasks
covered with cotton wool wrapped in Aluminum foil. This was
done by inoculating the flasks with organisms scrapped from the
agar slants with sterile wire loop. The flasks were incubated on
a rotary shaker (120 rpm) for 24h at 28 + 2 °C. The cells were
recovered by centrifugation (6,000 rpm for 10 min) and washed
twice in phosphate buffered saline (PBS, 0.02M; pH 7.2 for
BATH assay and Congo red assay and pH 6.8 for SAT),
thereafter resuspended in the same medium. The turbidity was
brought to 1.0 by spectrophotometrical adjustment at 540nm.

Bacterial hydrophobicity: Surface hydrophobicity of phenol-
utilizing bacteria was assessed using the bacterial adherence to
hydrocarbon (BATH), modified salt aggregation test (SAT) and
Congo red binding.

Bacterial adherence to hydrocarbon: BATH was performed
as described elsewhere with little modification. The cell
suspensions (A)) were dispensed in 4ml aliquots into sterile
20ml volume screw capped test tubes. The tubes received
different volumes viz 0.1, 0.2, 0.3, 0.4 and 0.5ml of either n-
octane or p-xylene (Sigma Chemical Co., St. Louis, Mo., USA).
The mixtures were vortexed uniformly for 120s and allowed to
equilibrate for 15 min for the completion of biphasic formation.
Thereafter, the aqueous phase was carefully recovered and the
optical density estimated at 540 nm, (A;). Values were
expressed as the percentage of bacteria adhering to the
hydrocarbons (A) relative to the control (Ap) as follows:

(Ao _Al)

0

A(%):{ }xloo

The reference value for the BATH assay is the percentage of
bacteria from 4 ml of suspension that partition into 0.5 ml of n-
octane or p-xylene. Strongly hydrophobic, moderately

International Science Congress Association

Int. Res. J. Biological Sci.

hydrophobic and hydrophilic were assigned to the organisms
when percentage of adhesion values were > 60%, 40-60% and
<40% respectively*"

Salt aggregation test: SAT assay was carried out as described
elsewhere™ with little modifications. The assay is based on
clumping of bacterial in the presence of salts'®. Isolates were
salted out (aggregated) by combining 25ul volumes of the cell
suspension with equal (25ul) volumes of a series of varying
molarities (M) of (NH,),SO, solution (0.2 - 4.0 M, differing by
0.2) in different wells in a microplate. Addition of 400 ul of
0.1% w/v methylene blue solution to 10 ml volumes of
(NH4),SO, solution facilitates better visualization of
aggregation”'. The plate was rocked for 4 min after which it was
visually examined and scored against a white background for
cell aggregation. The reaction mixture causing maximum
agglutination was considered positive whereas absence of
agglutination was considered as negative. Lowest concentration
of (NH4),SOy in the reaction mixture causing clumping of cells
is expressed as hydrophobicity. Classification was expressed as:
< 1.0 M = strongly hydrophobic, 1.0 — 2.0 M = Hydrophobic, >
2.0 M = Hydrophilic™.

Congo red binding assay: This assay is used to study the
pigment binding ability of the strains as well as a marker of
hydrophobicity™. The experiment was performed as described
elsewhere® with little modification. Aliquot (1.0 ml) of
bacterial suspension were dispensed into screw capped glass test
tubes containing 4 ml of PBS amended with 25ug/ml of Congo
red dye and incubated at 28+2°C for 15 min. Thereafter, the
Congo red bound to cells are removed by centrifugation at 6,000
rpm for 10min. The supernatant (cell free Congo red solution)
was collected in separate tubes and its absorbance determined
spectrophotometrically at 480nm against a PBS blank. The
amount of Congo red dye that bind to the cells were calculated
from a standard curve as the difference between the amount
added to the mixture and the amount remaining in the cell free
Congo red solution. Uptake of Congo red greater than 10 pg
was scored as strongly hydrophobic".

Results and Discussion

The physicochemical properties of the petroleum refinery
effluent samples are shown in table 1. The refinery effluent
samples had increased concentrations of THC, BOD, COD and
phenol as all measured values exceeded the Federal
environmental protection (FEPA) permissible limit. This
showed that autochthonous microorganisms isolated from these
samples are subjected to pollutants stress. The organisms
isolated from the samples include Pseudomonas sp. RWW,
Bacillus  sp. RBD,  Escherichia sp. OPWW and
Corynebacterium sp. DP. These strains represent the major
morphotypes present in their respective sources. These
organisms are well known for their ability to grow on highly
hydrophobic compounds of petroleum origins®.
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Figure 1 showed a gradual decrease in absorbance of the cell
suspensions after mixing with varying volumes of hydrocarbons
(n-Octane and p-Xylene). This indicated that the cells were
partitioned into the hydrocarbon phase and the loss of bacteria
from the aqueous phase was approximately proportional to the
volume of n-octane and p-xylene added to the cell suspension.
Similar report had been observed by Sorongon in their work
using Cytophaga sp. strain U67 to assess hydrophobicity of
gliding bacteria. Also, Lachica and Zink®’ obtained similar
results in their work when they assess cell surface charge and
hydrophobicity of Yersinia enterocolitica. The organisms
partitioned more in n-octane than in p-xylene as shown in Figure
1. This may be as a result of devastating effect of p-xylene on
the surface of the organisms than n-octane regardless of growth
medium of the organisms. In a similar study, Pembrey* as well
as Lachica and Zink® attributed the low partitioning of the
organisms in p-xylene to lysing effect of the compound on the
organisms.

Results of cell surface hydrophobicity of the organisms using
BATH, SAT and Congo red binding assays are shows in table 2.
Using n-octane in BATH assay, Corynebacterium sp. DP was
found to be moderately hydrophobic when grown in PW and
BH media respectively while other organisms expressed strong
hydrophobicity when grown in all the media. This indicated that
hydrophobicity could not be better expressed when
Corynebacterium sp. DP were allowed to grow in PW and BH
but will be better expressed in NB and TSB respectively. All the
test organisms were observed to express high hydrophobicity
when grown in TSB then followed by when grown in NB
medium (table 2). This may be attributed to a high production of
hydrophobic cell surface proteins®". However, the finding in
this study is in line with the observation of Das and Kapoor’'
who obtained high hydrophobicity with Staphylococcus aureus
by BATH when the organism was grown in TSB and PW.
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Using p-xylene in BATH assay, all the organisms expressed
moderately hydrophobicity when grown in TSB, NB, PW and
BH media respectively. Only Pseudomonas sp. RWW was
observed to express strong hydrophobicity when grown in TSB
medium. The moderately hydrophobicity expression by the
organisms in BATH using p-xylene may be as a result of
alteration on the surface of the organisms by toxic effect of p-
xylene.

Cell surface hydrophobocity estimated by salt aggregation test
(SAT) assay as shown in table 2 showed that majority of the test
isolates expressed moderate hydrophobicity when grown in all
the media. This indicated that the bacterial strains found in Port
Harcourt refinery effluent are moderately hydrophobic. The
differences in SAT values between Pseudomonas sp. RWW that
showed strong hydrophobicity in all the growth media than
other test organisms may be as a result of differences on cell
surface charges. This indicates that SAT values may be
dependent on the charge on microbial surface as well as the age
of the culture no matter the type of growth media. This is in
agreement with the results obtained by Qadri*' in which they
found that aggregation of bacterial strains increase with old
cultures as charges on microbial surfaces increases.

Using Congo red binding assay, the results obtained showed that
the test organisms bind effectively with Congo red. This
indicated that the organisms are hydrophobic and can uptake
Congo red in solution effectively irrespective of growth
medium. It was only Bacillus sp. RBD that showed weak Congo
red uptake with a value of 9.0 pg when grown in BH medium
indicating weak hydrophobicity. Pseudomonas sp. RWW
showed the highest Congo red uptake with a value of 14.9 ug
when grown in NB medium. The hydrophobic nature of the
organisms may be as a result of their growth in non nitrogen
limitation media as nutrient starvation affects cell surface
hydrophobicity when bacteria are cultivated under nitrogen
limitation medium®?,

Table -1
Characteristics of the petroleum refinery wastewater

Parameter/unit Sample source

RWW RBD OPWW DP
pH 7.64 8.18 7.45 8.87
Temperature °c 26.4 26.1 26.8 26.7
Elect. Conduc.(uscm™) 845 443 926 643
Oil and grease (mg/1) 17.5 15.0 21.0 16.0
BOD (mg/l) 32.0 8.0 12.8 12.8
COD (mg/1) 112.0 76.0 114.0 84.0
PO, (mg/1) 0.22 0.14 0.13 0.12
SO4 (mg/l) 37.63 13.52 35.3 11.8
Phenol (mg/1) 71.2 13.6 10.1 9,4
Pb (mg/l) <0.01 <0.01 <0.01 <0.01
Zn (mg/l) 0.13 0.02 0.06 0.08
Cu (mg/l) <0.01 <0.01 0.01 0.01

Legend: RWW: Raw wastewater, RBD: Rotary biodisk, OPWW: Observation pond wastewater, DP: Discharge pipe.
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Percentage absorbance of aqueous suspension of bacteria strains

remaining after being mixed with increasing volumes of hydrocarbon of
(A) rn-Octane and (B) p-Xylene
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Table- 2
Cell surface hydrophobicity of phenol-utilizing bacteria grown in different growth media
Hydrophobicity
BATH (%) SAT Congo red binding

Bacteria/medium n-octane p-xylene M(NH,),S0O, (ng)
Pseudomonas sp. RWW

TSB 66.2+1.0 61.3+1.0 0.4+0.0 13.3+£1.0

NB 62.3+1.0 55.8+4.0 0.6 +0.0 149+1.0

PW 62.0+1.0 58.2+3.0 0.6 +0.0 11.1+£1.0

BH 60.3+2.0 56.7+5.0 0.4+0.0 13.3+£0.0
Bacillus sp. RBD

TSB 65.6+1.0 58.3+3.0 0.2+0.0 12.1 £ 0.0

NB 64.0+1.0 53.0+£2.0 1.8+0.0 10.8 £ 1.0

PW 65.7+2.0 46.8 £2.0 1.2+0.0 13.2+£0.0

BH 61.3+1.0 57.3+2.0 1.4+0.0 9.0+0.0
Escherichia sp. OPWW

TSB 653+1.0 56.6+3.0 1.0+0.0 13.3+£1.0

NB 659+1.0 57.6+5.0 1.6 +0.0 14.1+£0.0

PW 63.1+1.0 54.5+2.0 1.6 +0.0 11.3+£0.0

BH 60.0+2.0 48.8 £2.0 2.0+0.0 10.5+£2.0
Corynebacterium sp. DP

TSB 62.2+1.0 59.3+£2.0 0.8+0.0 11.8+£2.0

NB 62.6+1.0 56.2+3.0 2.0+0.0 13.8+£0.0

PW 59.1+£1.0 56.5+2.0 1.4+0.0 10.1£1.0

BH 51.2+1.0 51.9+2.0 1.6 +0.0 147+£1.0

Legend: BATH expressed as the percentage of bacteria that partition into 0.5 ml of n-octane/p-xylene. SAT indicates lowest of
concentration M (NH,),SO, in the reaction mixture that produced visual clumping. Uptake of Congo red dye greater than 10ug was
scored as strongly hydrophobic. TBS: Tryptone soy broth, NB: Nutrient broth, PW: Peptone water, BH: Bushnell Haas broth.

Conclusion

In conclusion, the investigation showed that among the four
growth media used in the study TBS was most suitable in
expression of hydrophobicity of refinery effluent bacteria. This
was followed by NB and PW while BH was the least medium
for expression of hydrophobicity in effluent bacteria. This also
shows that cell surface hydrophobicity of refinery effluent
organisms can be enhanced by growing the organisms in TBS
medium in order to enhance their bioremediation capacity as
hydrophobicity is correlated with biodegradation.

References

1.

Ojumu T.V., Bello O.0., Sonibare J.A., Solomon B.O.,
Evaluation of microbial systems for bioremediation of
petroleum refinery effluents in Nigeria, African Journal of
Biotechnology, 4(1), 31-35 (2005).

Wisjnuprapto J, Kardena E., Biotreatment of natural oil
and gas industry wastes. Proceedings of the sixth
AEESEAP Triennial Conference Kula, Bali Indonesia,
August, pp, 23-25 (2000).

Wake H., Oil refineries: a review of their ecological
impacts on the aquatic environment, Estuary and Coastal
Shelf Science, 62, 131-140 (2005).

International Science Congress Association

4.

Nwanyanwu C.E. and Abu G.O., Assessment of viability
responses of refinery effluent bacteria after exposure to
phenol stress, Journal of Research in Biology, 8, 594-602
(2011)

Krishnakumar P.K., Dineshbabu A.P., Sasikummar G. and
Bhat G.S., Toxicity of treated refinery effluent using brine
Shrimp (Artemia salina) egg and larval bioassay, Fishery
Technology, 44, 85-92 (2007).

Walsh S.E., Maillard J.Y., Rusell A.D., Catrenich C.E.,
Charonneau D.L. and Bartolo RG., Activity and
mechanism of action of selected biocidal agents on gram

positive and gram negative bacteria, Journal of Applied
Microbiology, 94, 240-247 (2003)

Mafu A.A., Roy D., Savoie L. and Goulet ],
Bioluminescence assay for estimating the hydrophobic
properties of bacteria as revealed by hydrophobic
interaction chromatography, Applied and Environmental
Microbiology 57: 1640 — 1643, (1991)

Noda Y. and Kanemasa Y., Determination of
hydrophobicity on bacterial surfaces by nonionic
surfactant, Journal of bacteriology, 167: 1016 — 1019,
(1986)




International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 2(10), 6-11, October (2013)

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Fattom A., and Shilo M.,. Hydrophobicity as an adhesion
mechanism  of  benthic  cyanobacteria,  Applied
Environmental Micrbiology, 47, 135-143 (1984).

Cover W.H. and Rittenberg S.C., Changes in the surface
hydrophobicity of substrate cells during bdelloplast
formation by Bdellovibrio bacteriovorus 109, Journal of
Bacteriology, 157,391-397 (1984).

Vastsos I.N., Thompson K.D. and Adam A., Adhesion of
the pathogen  Flavobacterium  psychrophilum  to
unfertilized eggs of rainbow trout (Oncorhynchus mykiss)
and n-hexadecane, Letter of Applied Microbiology, 33,
178-182 (2001).

Doyle R.J., Contribution of the hydrophobic effect to
microbial infection, Microbes and Infection, 2, 391-400
(2000)

Rosenberg M., Bacterial adherence to hydrocarbons: a
useful technique for studying cell surface hydrophobicity,
FEMS Microbiology Letters, 22, 289-295 (1984).

Abu G.O. and Chikere B.O., Cell surface properties of
hydrocarbon-utilizing bacterial isolates from the Port
Harcourt marine environment, Nigerian Journal of
Microbiology, 20(1): 809 — 816, (2006)

Jirku V., Masak J. and Cejkova A., Significance of
physical attachment of fungi for bio-treatment of water,
Microbiol. Res., 156: 383 — 386, (2001)

Balebona M.C., Morinigo M.A. and Borrego J.J,
Hydrophobicity and adhesion to fish cells and mucus of
Vibrio strains isolated from infected fish, Int. Microbiol.,
4: 21 - 26, (2001)

Heard J., Johnson B.B., Wells J.D. and Angove M.J,,
Measuring ‘hydrophobicity’ of filamentous bacteria found
in wastewater treatment plants, Colloidal and Surface B:
Biointerface, 72,289-294 (2009)

Daffonchio D., Thaveesri J. and Verstracte W., Contact
angle measurement and cell hydrophobicity of granular of
sludge from anaerobic sludge bed reactors, Applied and
Environmental Microbiology 61: 3676 — 3680, (1995)

Payne S.M. and Finkelstein R.A., Detection and
differentiation of iron-responsive avirulent mutants on
Congo red agar, Infect. Immun., 18, 94-98 (1977).

Nwanyanwu C.E., Alisi C.S., Nweke C.O., Orji J.C., Cell
surface properties of phenol-utilizing bacteria isolated
from petroleum refinery wastewater, Journal of Research
in Biology, 2(4): 383 — 391, (2012)

Basson A., Fleming L.A. and Chenia H.Y., Evaluation of
adherence, hydrophobicity, aggregation and biofilm

International Science Congress Association

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Int. Res. J. Biological Sci.

development of Flavobacterium johnsoniae-like isolates,
Microbiology Ecology, 37, 1-14 (2008)

Lindahl M., Faris A., Wadstrom T. and Hjerten S., A new
test based on salting out to measure relative surface
hydrophobicity of bacterial cells, Biochim. Biophys. Acta.,
677,471-476 (1981).

Majtan V. and Majtanova L., In vitro effect of
fluoroquinolones and aminoglycosides on surface
hydrophobicity and motility of Salmonella enterica
serotype Typhimurium DT104, Biologia Brtislava, 56(6):
625 — 631, (2001)

Qadri F., S.A.Hossan, I.Ciznar, K.Haider, A.Ljungh,
T.Wadstrom and D.A.Sack., Congo red binding and salt
aggregation as indicator of virulence in Shigella species, J.
Clin. Microbiol., 26, 1343 - 1348 (1988)

Chrzanowski L., Bielicka-Daszkiewicz K., Owsianiak M.,
Aurich A., Kaczorek E. and Olszanowski A., Phenol and
n-alkanes (C12 and C16) utilization: influence on yeast
cell surface hydrophobicity. World Journal of
Microbiology and Biotechnology, 24, 1943—-1949 (2008)

Sorongon M.L., Bloodgood R.A. and Burchard R.P.,
Hydrophobicity, adhesion and surface-exposed proteins of
gliding bacteria, Applied and Environmental Microbiology,
57,3193-3199 (1991)

Lachica R.V. and Zink D.L., Plasmid-associated cell
surface charge and hydrophobicity of Yersinia
enterocolitica, Infect. Immun, 44, 540-43 (1984)

Prembrey R.S., Marshall K.C. and Schniedier R.P., Cell
surface analysis techniques: What do cell preparation
protocols do to cell surface properties, Applied and
Environmental Microbiology, 65, 2877-2894 (1999).

Mamo W., Rozgonyi F., Brown A. and Hjerten H., Cell
surface hydrophobicity and charge of Staphylococcus
aureus and coagulase-negative Staphylococci from bovine
mastitis, Journal of Applied Bacteriology, 62, 241-249
(1987).

Jonsson P. and Wadstrom T., Cell surface hydrophobicity
of Staphylococcus aureus measured by the salt aggregation
test (SAT), Current Microbiology, 10, 203-210 (1984)

Das S.C.and Kapoor K.N., Effect of growth medium on
hydrophobicity of Staphylococcus epidermidis. Indian J.
Med. Res. 119: 107 — 109 (2004)

Sanin S.L., Sanin F.D. and Bryers J.D., Effect of starvation
on the adhesive properties of xenobiotic degrading
bacteria, Process Biochemistry, 38, 909-914 (2003).



