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poddegradalion of tehadecane from 0% 1o 957,
methylnaphthalene from 10 " to 20%. However, the inocula
hevadecene and pristane degradation and no incre

seudomonas aeruginosa, Pseudomonas fluorescens, Psewdomonas
aod Bacillus subtilis degraded tetradecane, hexadecene, pristane and 2-
Seudomonas aeruginosa | strain was the best strains in degradation  of
Biosurfactants were produced by the isclated Pseudomonas aeruginosa
Alter 7 days of incubation in a non-hydrocarbon medium, about 10 m! of
. ure supematant. Biosurfactants lowered the surface tension of water 10 35
ntration (CMC) a 20) g/'ml and exhibited an emulsifying activity of 315 U/ml. Addition of
am wncreased the biodegradation. Addition of biosurfactant to culture medium improved
pristane rom 30% 1o 70%; hexadecene from 40% to 60% and 2-
) addition caused only 10% increase in percentage of tetradecane,
asean percentage of 2- methylnaphthalene biodegradation.
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INTRODUCTION

Hydrocarbons such as oil products, petroleum
roducts, and halogenated compounds form an serious
Jass of pollutants on global scale. This oceures through
continuous input, spillage, improper handling or waste
disposal, and natural  seepage. These compounds
normally enter and penetrate the soil and ground water
and the environments (M Once released, hydrocarbons
tend 1o be dispersed over diffuse areas.

The presence of hydrocarbons in the environment
is of considerable public health and ecological concem
due to their persistence, ability to be bioaccumulated
and toxicity to a wide variety of biological systems (2:3),
Therefore, there is a great demand to clean up soils and
ground water which have been contaminated with
hydrocarbons.

Recently, interest in microbial surfaclants has
been  increased counsiderably especially due to their
potential application in enbanced oil recovery. The
production of surfactants by microorganisms is well
established 46) | Their potential for enhanced oil
recovery is based on their application as agents for
emulsification, micellar {looding and viscosity reduction
of heavy crude oils (7,

Hydrocarbons are widely used as the substrate
for the production of biosurfactants. It has been
postulated that the hiological function surface active
“ompound is related to hydrocarbon uptake, and

tefore a spontancous release occurs with these
Substrates 8.9), The surface activity was related to a
Bycolipid moiety called rhammolipids. These were
Produced when hydrocarbons, glycerol, glucose or
Peptone was the substrate (10,11,9,12),

which exhibited
ar emulsifying activity have been isolated(3).
CHam of the present work was the optimization of

Several . Bacillus

species
“Mrage])y)

biosurfactant production by Pseudomonas aeruginosa
and enhancement of biodegradation of selected
hydrocarbons.

MATERIALS AND METHODS
Microorganisms :

The following bacterial strains were isolated
from soil samples contaminated with hydrocarbons near
crude oil extraction company (El-Suez and Red Sea ) in
Egypt:  Pseudomonas — aeruginosa,  Pseudomonas
fluorescens, Pseudomonas lemoignei, Alcaligenes
Jfaecalis, Alcaligenes eutrophus and Bacillus subtilis.
All isolates  were maintained on agar slants (Sigma
Chemical Company) at 4°C and subcultured every two
weeks.

Degradation of selected hydrocarbons :

The selected hydrocarbons were: tetradecane (a
linear aliphatic alkane), pristane (a branched alkane),
hexadecene  (a linear  aliphatic  alkene) and
2-methylnaphthalene (an aromatic hydrocarbon). These
compounds are the components of crude oil (14
obtained from Sigma Chemical Company. Mixed
hydrocarbons  were used with the following
concentrations (w/w): tetradecane 40%, pristane 25%,
hexadecene 25% and 2-methylnaphthalene 10%.

Hydrocarbon degrading bacteria were routinely
grown in basal mineral salt (BMS) medium containing
0.2% of hydrocarbons as carbon source (15), The BMS
consisted of the following: 137 mgl of NaNO3;
22 mg'L of MgSO4. 7H»0; 55 mg/'L of KCL,; 55 mg/L
of NaCL; 275 mg/LL of CaCLa. HyO; 275 ugl. of
FeSO4. 7 H>0; 82.5 ug/L of ZnSO4. 7 Hp0; 82.5 pg L.
of MnSO4. 110; 165 ug'L of H3BOy4 ; 85 ugl of
CoCl3. 6 120 and 8.5 gL of CuS04 .5 HyO.

The residual hydrocarbons were extracted with
carbon tetrachloride, centnfuged at 4000 x g for 30 nin
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10 remove the biomass and analyzed '16) using a gas
chromatograph equipped with flame ionization df:wclor
For determination of the reduction of different
component  peaks of degraded  hydrocarbons,

corresponding peaks of untreated hydrocarbons (control)
Was used as 100 % values.

Cultivatjon condition for hiosurfactants production :

A series of 1000 ml flasks were set up. Each flask
contain 250 m] of BMS medium which consisted of (he
Same components used ip hydrocarbon degradation but
0.2% glucose (20 2L)  was used as carbon source
instead of hydrocarbons. The pH of the medium was
adjusted 10 7.0 before autoclaving. CaClp was
autoclaved separately before adding to the medium. To
each flask a loopful of bacterial cells was added,
incubated at 25 “C wig shaking at 200 pm. Samples (1
ml) were removed a intervals, diluted with distilled
Water and surface tension measured using a Fisher
Tentiomat, Biosurfactant production was also assayed
by using the drop- collapsing test (17, 18).

To study the effect of medium composition such
as nitrogen concentration on production of biosurfactant,
0.5 mg/L of yeast or 230 mg/L of NH4SO4 was added 10
BMS medium. The concentration of
increased to 1,000 ug/l
concentration on production

FeSO4 was
1o study effect of iron
of biosurfzctant.
Surfactant extraction :

Alfter 6 days of growth, cells were removed from
the medium by centrifugation at 16,000 x g for 15 min
(Sorval, GSA rotor). The pH of the medium was
lowered t0 2.0 using 1.0 N HCL. The biosurfactant was
extracted with diethyl ether (11). Briefly, 1o the
Supematant (about 500 ml) w
of diethy! ether and the mixture placed in 2 scparating
funnel and shaken vi gorously for 5 min.

culture
as added an equal volume

The mixture was held stationary for 5 min 1o

allow phase separation. The top diethyl ether layer
containing the surfactant was removed and the bottom
aqueons layer was re-extracted with diethy] cther unti]
solutions {rom the bottom layer no longer exhibited drop
collapsing ability. This usually required 5.8 extractions.
The aqueous phase was further concentrated by drying

under vacuum using a rotocvaporator at 30 C 1 20 of
its original volume. The dicthy} ether extraction process
Was repeated with the smaller volume of agueous phase
-until all surfactant achivity was removed b
- surface tensjon, emulsifying activaty g
- collapsing ability «

¥ Measuring
wd the drop

One unit of enonlsif SINZ acuvty was defined g4
the amount of erudsifier mving an absorbance of 10w
540 nm . ‘I'his matenial was fnnhér_placcd under vacuygy
for 1 b followed by heating a1 867 4, 15 min 10

~temove other volatile substances m the extraer 16,1%) ,
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The potency u'l" the u"m(,cnlrallulv 3
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of the extracl were prcparm_l and |f3mx apnarey
(ensions measured b;.f a tentiomat. The oy, thitryy,
the extract at which the am’a’"‘?‘ :-f'f&c
dramatically increased was recorded as Cge
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Effect of biosurfactant or inoculum on ds

g"dgun‘
of the selected hydrocarbons :

Degradation of mxed h)dmcar'},m., Way g
by adding 02% of hydrocarbon mixmyy, 0
medium mstead of glucg@c as carbon SOurce
medium was inoculated with a !fnpm 'ff Pres
aeruginosa and incubated at 20 €
intervals, the content were analyzed

yj,u’;
lagy h

vl
hydrocarbons according to a previous repery 116,

To stdy the effect of adding i, tla o
hydrocarhon degradation, !’xeud/,m:)r.a_-g GerUgings,, ey
grown in tryptone soy broth at 25 'C wi, '.ha';_-,-;? o
200 rpm as described above. Cells were harvested 4 e
mid- log phase (about 14 b) by centrifugation 4 TP
g and washed twice with 085 % (w v) saline Scliggiog
before adding to an inoculated medium <Dtz

s
02% of mixed hydrocarbons,

To study the effect of addin
hydrocarbon degradauon,
biosurfactants were extracted

g surfactapey o

¢

the Concentrged |

as described ahose,
dissolved in water by heating a1 §5°C for 30 mup wy
coniinuous  stirnng A stock 017 solunog

= R, B

blosurfactant was prepared and diluted with (83
(wv) saline solution

RESULTS AND DISCUSSION

Hydrocarbon degrading bacteria -
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psodatend bactenia strains e ol hvdrecarbon Jegradation ,
Teuadecane Pistane | Hexadecene | 2 miethy Inapbihalene
: meu weruginesa
e aernginesa A S0 15 30 0
M GEPENINOW B‘ 40 W0 20 10
Py wernginosa O a0 20 0 0
5 Jertig IR r} 40 i 25 O
Py wernginesa B 45 a0 30 10
ps. aeruginoss F ss as 25 5
Py wernimaxa O 15 24 20 3
Py arrugimost H 3% 0 15 10
Py \‘-‘Oyg\“i’h\\'d j* x) o) 40 10
Proaemgmosa J. 45 45 15 2
P aernginosa K 50 20 0 4
#o aenginosa L 29 1% 1% 1
Ps werngimosa M 25 5 20 0
M. geruginosa N 2s 20) 10 0
Py, asrugmosa O 20 10 0 0
| Paemdomonas Quorescens
Py, fworescens P a0 0 30 10
Py uorescens Q &) e 20 s
Py Mawvscens U 1n A0 0 5
Py flworescens V 20 10 T 0
fx fluorescens W 10 10 5 0
Py tinerescens N 10 5 0 0
Prewlomonas lemoignes
Pr. femoignes Y 15 10 0 0
Alcaliyenes faecalis
A farcalis 2 is 28 15 10
A farcalis 7A i 20 10 10
A faecalis ZR 25 20 5 0
A faecalis 7C 10 0 0 O
Alcaligenes eutrophus 25 s 5 S
Bacidlus spebiilis
B subnlts 7D a5 40 i) 10
B anbuin 7E 40 30 20 s
B subahiy ZF 0 23 0 £y
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B subniy ZH 10 () 0 0
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Effect of medium composition on biosurfactant
production :

The isolated strain produced surface-acve
componnds when cultivated in basal mineral salt
medium as indicated by the lower surface fension values
of the culwre. Fgure 1 indicated that several medium
components influenced the biosurfactant production.
Addition of yeast extract to BMS medium decrcgfcd
hiosurfactant production from 100% to 4)%. Addition
of (NI S0 10 BMS medium decreased biosurfactant
production from 100% to 50%, while the incrcasc.of
iron concentration decreased biosurfactant prqdnctl(m
from 100 to 70%. A minimal iron copcentration, 1o
yeast extract and low nitrogen concentration optimized
the biosurfactants productuon.

)
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Fig. (1): Effect of medium composition on
hiosurfactant producion.

By applying medium limitations other than
carbon firon and nitrogen), it was possible 1o direct
celiular metzbolism to product formation. Smee mediim
limitations were 2lso leading 16 polysaccharide produc-
tion ‘2% 29) Because of these facts, the use of comples,

- medium 2dditives, such as veast, has 1o be avorded

Effei_t of Inocala znd biosurfactang additions on
‘degradation of hydrocarbops :
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Fig. (2) : Effect of inocula and biosurfactay,
additions on degradation of teradecane
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Fig. (3) : Effect of inocula and biosurfactant
additions on degradation of pristane

In four months incubation, the increase 1
percentage of hexadecene degradation was from 407 w
0% after addivon of biosurfactamt  and from 30 G ©
5% after addition of the inocula as shwonminFip 4

Over four months, a Jow percentage  of
Z-mclb)lnaphlha}cnc was (less than 107%) degraded
Addition of inocula to cultore medinm had no cifect on
the  budegradanon while addiion ‘teosurfactest
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additions on degradation of hexadecene.
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Fig. (§) : Effect of inocula and biosurfactant
additions on degradation of 2-methylnaphthalene.

Hydrocarbon  polluted soils have been
decontaminated by physical or chemical methods such
& thermal evaporation, extraction, flooding, adsorption,
@d immobilization () Enhancement of biological
dfmdatiou based on seeding with microorganisms.
Bioremediation is an attractive and ecologically sound
metiod of decontaminating hydrocarbon polluted soils
= ground water and has been claimed to be efficient,
*eonomical and versatile (28) .

_ The present study clearly showed the use of
Solated Pseudomonas aeruginosa for degradation of
“ude il hydrocarbons, biosurfactant production and the
:ffczgl‘ adding cither Pseudomonas aeruginosa inocula
‘Ostrfactants  on  biodegradation of mixed
i Hbons. The results revealed that the addition of
g Bl biosurfactants enhanced the degradation of
: »w&ag’hi’ic tetradecane, pristane, hexadecene and
°¢ 2-wethylnaphthalene, (the most water-soluble)
: ; 'htf(mx compounds (29

n* addition of inceula to the culture medium
2 litgle effect on biodegradation of aliphatic

70
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Fig. (6) : Gas chromatographic profiles A) Sterile con-

trol, B) Hydrocarbons after degradation by Ps. ger-
ruginosa, C) Inocula effect on hydrocarbon degra-
dation , D) Biosurfactant cffect on hydrocarbon
degradation.

hydrocarbons but not on aromatic hydrocarbons, The
reasons of lesser effect  of imocula addition than
biosurfactant addition may be due to the combined
toxicity of the four hydrocarbons as well as the inability
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e its
sran 0 pmdtl&f :

of Presdomonax aeruginasd “'a'rr-.\oluhlt‘
the mort :

ot "5 fomd B Jed while the less
hydrocarbons can be canly degrade aholized when
water-soluble hydrocarbons are only me b osurfactants
the mterfacial fension was lowered by S-u\-j- it (he
y 1 SUgES
production. These obstl\fﬂlUDﬁ_ e sifler amOnNg
requirement for surfactant solubility may
hydrxcarbons.

In conclusion the results suggested e 1%90“::
BMS medium containmg 0.2% of h)'dm““,bo“ mli‘b sc
as carbon source to study the biodegradation of the (
hydrocarbons by Pseudomonas aeruginosa , the use ©
BMS medium containing 0.2% of glucose as carbon
source  {or maximum biosurfactant producuen and the
addition of concentrated  bhivsurfactant 1o the Fuhurt
medium of Pscudomonas aeruginosa v opthmize the
biodegradation of hydrocarbons

Addition  of bhiosurfactants mipht enhance
biodegradation of hydrocarbons in soil and ground
waler as low aqueous solubility of hydrocarbons ‘co.uld
affect their bioavailability and sorption characteristics.
The presence of biosurfactants could increase the
solubility of hydrophobic compounds, decrease the
face tension, increasc mobility and surface area for
microbial contact and all of these might promote
degradation (30, 31).
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