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ABSTRACT

The biosurfactants are believed to be surface active components that are shed into the surrounding medium
during the growth of the microorganisms. The oil degrading microorganism Acinetobacter calcoaceticus
RAG-1 produces a poly-anionic biosurfactant, hetero-polysaccharide bioemulsifier termed as emulsan which
forms and stabilizes oil-water emulsions with a variety of hydrophobic substrates. In the present paper results
of the possibility of biosurfactant (Emulsan) production by microorganisms isolated from Iranian oil reservoirs
is presented. Fourthy three gram negative and gram positive, non fermentative, rod bacilli and coccobacilli
shaped baceria were isolated from the oil wells of Bibi Hakimeh, Siri, Maroon, Ilam , East Paydar and West
Paydar. Out of the isolated strains, 39 bacterial strains showed beta haemolytic activity, further screening
revealed the emulsifying activity and surface tension. 11 out of 43 tested emulsifiers were identified as
possible biosurfactant producers and two isolates produced large surface tension reduction, indicating the high
probability of biosurfactant production. Further investigation revealed that, two gram negative, oxidase
negative, aerobic and coccoid rods isolates were the best producers and hence designated as IL-1, PAY-4.
Whole culture broth of isolates reduced surface tension from 68 mN /m to 30 and 29.1mN/m, respectively,
and were stable during exposure to high salinity (10%NaCl) and elevated temperatures(120°C for 15 min) .
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INTRODUCTION

Biosurfactants have been used in a variety of
industrial and environmental applications
(Fiechter, 1992; Desai, 1994; Gorkovenko,
1997; Horacio, 2003). These bioemulsifiers are
believed to be capsular polymers that are shed
into surrounding medium during the growth of
the strains (Gutnick, 1989).

Surfactants are amphipatic molecules with both
hydrophilic and hydrophobic moieties that par-
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tition preferentially at the interface between
fluid phases with different degrees of polarity
and hydrogen bonding such as oil/water or
air/water interfaces. These properties render
surfactants capable of reducing surface and in-
terfacial tension and forming microemulsion
where hydrocarbons can solubilize in water or
where water can solubilize in hydrocarbons
(Jitendra, 1997).

Such characteristics confer excellent deter-
gency, emulsifying, foaming, and dispersing
traits, which makes surfactants some of the
most versatile process chemicals (Greek, 1990,
1991). Emulsan is a complex extracellular acy-
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lated polysacharide by the gram-negative bacte-
rium Acinetobacter calcoaceticus with an aver-
age molecular weight of about 1000 KD (Pines,
1985; Kim, 1997), which is ubiquitous in nature
and which is considered to be part of the
normal human commensal load (Bouvet, 1986,
1989; Bruce, 2002). Emulsan has been exten-
sively researched for its industrial applications
as an emulsifier (Gorkovenko, 1999). This
molecule is composed of an unbranched poly-
saccharide backbone with O-acyl and N-acyl
bound fatty acid side chains. The polysaccha-
ride backbone consists of three aminosugers, D-
galactosamine, D-galactosaminouronic acid and
a dideoxydiaminohexose in the ratio of 1:1:1
(Zhang, 1997, Bruce, 2002). The fatty acid side
chains range in length from 10 to 22 carbon
atoms and can represent from 5 to 23% (wt /wt)
of the polymer. The emulsan amino groups are
either acetylated or covalently linked by an
amide bound to 3-hydroxybutyric acid. The
combination of hydrophilic anionic sugar main
chain repeated units and the hydrophobic side
groups leads to the amphipathic behavior of
emulsan and, therefore, its ability to form stable
oil-in-water emulsions (Gorkovenko, 1997).

This study demonstrates production of Emulsan
from oil reservoirs microorganisms in Iran.

MATERIALS AND METHODS

Twenty four oil samples were collected from
Iran oil reservoirs including wells coded: Bibi
(three samples), Siri (seven samples), Maroon
(three samples), Ilam (five samples) and East
Paydar (five samples), West Paydar (one sam-
ples). 1 ml of each oil sample was added to 9
ml of 0.9% sodium chloride solution. Mixture
was placed on a reciprocal skaker for 1 h to
produce a well-dispersed suspension (Francy,
1991).

The suspension was serially diluted in phos-
phate-buffered saline solution (1.24g Na,HPO,,
0.180g NaH,PO4 H,O and 8.5g NaCl per liter
of deioized water) and was in triplicate on one-

half strength Nutrient Broth containing 1.5%
Agar-Agar.

After the stabilization of number of colonies,
viable cell counts in 24 oil samples were deter-
mined. Three successive pour plate isolations
were performed on isolates selected for emulsi-
fication tests to ensure that pure cultures were
obtained.

Isolation Medium The medium used for
isolation and cultivation of biosurfactant-
producing bacteria had the following compo-
nents (per liter) 2 g KH; PO4 5 g KoHPO,, 3g
(NH4)2 SO4, 0.1 g NaCl, 0.01 g FCSO4 7H20,
0.2 g MgS04. 7 H,0, 0.01g CaCl,. 2H,0 and
0.02 g Mnsos. 7H,O. It also contained 1 ml/l
trace element solution containing (per liter)
0.29 g ZnSO4. 7H,0, 0.24 CaCl,. 2 H,0, 0.25
CuSO4. 5H,0 and 0.17g MnSO4. 7H,O. The
pH was adjusted at 7 (Francy, 1991).

Crude oil samples were screened for biosurfac-
tant-producing microorganisms by using the
following procedure.

Screening and Isolation of Biosurfactant-pro-
ducing Microorganisms For screening
of biosurfactant-producing microorganisms
haemolytic and emulsification activity were
studied (Jain, 1991).

Haemolytic Activity ~ Haemolytic activity of
bacterial strains was determined by inoculating
sheep blood agar (Jain, 1991). The plates were
incubated at 30° C for 48-72h. Plates were ex-
amined for clearing zones around the colonies.
All experiments were repeated two times.
Emulsification Activity Emulsification ac-
tivity was measured using the method described
by Cooper and Goldenberg (Abu-Ruwaida,
1991), whereby (with a modification) 0.5 ml of
crude oil or other suitable hydrocarbon was
added to 5 ml of the culture broth in a gradu-
ated screw cap test tube and vortexed at high
speed for 2 min. using a vortex-GENIE. The
emulsion stability was determined after 24h and
the emulsification index (E24) was calculated
by dividing the measured height of the
emulsion layer by the mixture’s total and
multiplying by 100.
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Measurement of Surface Tension Surface
tension reduction was measured by the applica-
tion of du Nouy ring method (Adria, 2003).
Cell suspension were centrifuged (10,000xg,
Beckman model J2-21 centrifuge), and the cell-
free supernatant was placed into a clean glass
50-ml beaker.

A surface tensiomat was used to measure the
surface tension. Between each pair of measure-
ments, the platinum wire ring used to measure
surface tension was rinsed three times with
water, three times with acetone, and then al-
lowed to be dried (Cooper, 1987; Adria, 2003).

RESULTS

The screening program resulted in the isolation
of more than 43 isolates from twenty four oil
samples. The initial screening on blood agar
yielded a total of 39 isolates showing beta-
haemolytic activity. Isolated strains were grown
in MSM-crude oil for measurement of emulsifi-
cation activity.

11 bacterial strains showed over 60% emulsifi-
cation activity and the ability to reduce culture-
broth surface tension to values of below 23-33
mN/m that indicates the production of surface-
active compounds. Two isolates which reduced
culture-broth surface tension to values of below
23 mN/m were selected for further studies and
named IL-1 and PAY-4.

Identification of isolates IL-1 and PAY-4

Two isolates were found to be aerobic, gram —
negative, coccoid rod shaped bacterium exhib-
iting some morphological variations; one of
them was tentatively assigned to the Acineto-
bacter sp, other one assigned to the Pseudomo-
nas sp.

Dynamics of Surfactant Production Figs .1,
2 show the dependence of growth and bioemul-
san production surface tension, CMD*. Emulsi-
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fication activity by two isolates (IL-1 and PAY -
4) compared with A. calcoaceticus (PTCC) **
was obtained from Iranian type culture collec-
tion (Bio technology center) as standard strain.
All the three bacteria were cultivated in MSM
containing 2% crude oil. The surface tension of
culture broth of RAG-1, IL-1, and PAY-4
dropped rapidly after inoculation reaching their
lowest values of 28, 30 and 29.1, respectively,
during the exponential phase after about 24h
growth.

The CMD plot (a measure of bioemulsan con-
centration) showed that insufficient surfactant
was initially present to form micelles.

At about 24h of growth, the surfactant concen-
tration started to increase, reaching its maxi-
mum after about 32-36h of growth.

A. calcoaceticus PTCC, IL-1 and PAY-4 had a
doubling time of 0.5, 0.4 and 0.38h and were
reached to stationary phase after 17, 16.5 and
16h, respectively. After 72h of growth, total
cell numbers and cell dry weights were deter-
mined and the values obtained were 3.2 x10°
cells per ml and 3.6 g per liter for 4. calcoace-
ticus , 2.9 x10* and 4.1 g per liter for IL-1 and
1.7 x10° cells per ml and 4.8 g per liter for
PAY-4, respectively.

pH of the growth medium decreased from an
initial value of 7.0 to a minimum of 6.5 at 10-
20h and then increased to 6.9 at the end of fer-
mentation.

E24 wvalues increased with increasing cell
growth, reaching their optimum at about 32h
and remaining constant until the end of fer-
mentation.

These results indicate that the biosurfactant bio-
synthesis from crude oil microorganisms oc-
curred predominantly during the exponential
growth phase, suggesting that the biosurfactant
is produced as a primary metabolite accompa-
nying cellular biomass formation.
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Fig. 1: Typical batch fermentation of crude oil by IL-1 bacterial culture at 30°C and pH 7. CMD™ and CMD™ are
critical micelle dilutions (broth was diluted 1:10 and 1:100, respectively, and surface tension was measured)
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Fig. 2: Typical batch fermentation of crude oil by PAY-4 bacterial culture at 30°C and pH 7. CMD™ and CMD™ are
critical micelle dilutions
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In addition to surface tension,stabilization of an
oil and water emulsion is commonly used as a
surface activity indicator (Abu-Ruwaida, 1991).
Table 1 presents experimental results on the
emulsifying activities for the whole broth of
two isolates and A4. calcoaceticus RAG-1 as
standard with various short and long-chain hy-
drocarbon substrates. The highest emulsion val-
ues (water-in-oil) of about 78% for A. cal-
coaceticus, 70 % for IL-1 and 69% for PAY-4
were obtained using crude oil. Hexadecan-
methylnaphtalene produced emulsions approxi-

mately lower than crude oil. No emulsifying ac-
tivity was observed when gasoline and diesel
were used.

These results indicate that the biosurfactant
produced by the isolates had high emulsifica-
tion specificity toward crude oil and a rather
low efficiency with hexadecane- methylnaph-
thalene. These findings suggest that the emulsi-
fier’s activity depends on its affinity for hydro-
carbon substrates which involves a direct inter-
action with the hydrocarbon itself rather than an
effect on the surface tension of the medium.

Table 1: Emulsification of various hydrocarbons by whole broth cultures of three bacteria

Hydrocarbon E.C"in RAG-1 [%] E.CinIL-1[%] E.CinPAY-4 [%]
Crude oil 78 70 69
Gasoline 10 11 19
Disel 15 20 18
Hexadecane-methylnaphtalene 42 48 52

Effect of Sodium Chloride  Figs 3, 4. show
the effect of sodium chloride addition on sur-
face tension and surfactant concentration
(CMD) of IL-1 and PAY-4 biosurfactants. Lit-
tle changes were observed in either parameter
with the addition of 0 to 10% [w/v] sodium
chloride, although CMD values decreased
slightly with increasing of salt concentration,
indicating increased biosurfactant activity in the
presence of sodium chloride.

Effect of temperature  Table 2. shows the

effect of heat treatment on the biosurfactant ac-
tivity of IL-1 and PAY-4 culture, demonstrating
that no significant changes in biosurfactant
properties occurred, in the case that culture
broth and cells suspended in saline solution
were heated.

The biosurfactant properties, measured as sur-
face tension, CMD and E,;, remained stable
after exposure to high temperatures of (100,
120) °C for 15 min. There was also no change

in biosurfactant activity at lower temperature
(0-4) °C.
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Fig. 3: Effect of Sodium Chloride on IL-1
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Table 2: Heat stability of the biosurfactant from
bacterial cultures

Isolate Before After heat treatment
Biosurfactant heat temp/time, °C/min
Properties treatment 100/15 120/15
Culture broth
S.T. [mN/m]
! 30 30.7 29.4
IL-1 CMD_;[’”N/ m 36 315 313
CMD"[mN/m] 395 418 40.2
. : ) )
Eas[%] . 44.0 44.1 44.0
Cell suspension
S.T [mN/m] 28.5 28.4 29.5
CMD” [mN/m] 557y 33.0 333
CMD™ [mN/m] — (3's 63.2 64.0
Ea4[%] 35 41.0 37.1
Culture broth 291
S.T. [mN/m] 305 30.1 31.2
CMD™' [mN/m] 386 30.3 30.9
CMD[mN/m] 3.0 39.0 37.0
pay.q E2s[%] : 432 44.0
" Cell suspension 284
S.T. [mN/m] 364 29.1 29.9
CMD™' [mN/m] 62.6 34.9 342
CMD[mN/m] 310 62.0 64.1
En4 [%] : 38.0 38.0
DISCUSSION

In this study two isolates were screened with a
potential of the highest biosurfactant produc-
tion. These strains produced a bioemulsan like
biosurfactant.

Acientobacter calcoaceticus cells accumulated
capsular material on the cell surface during
logaritmic phase and then released this poly-
meric material in the form of an active emulsi-
fier in stationary phase or during conditions of
unbalanced growth (Kaplan, 1982).

Although biomulsifier production by microor-
ganisms is generally associated with growth on
hydrocarbons (Rubinovitz, 1982), 4. colcoace-
ticus RAG-1 (standard strain) produces at least
much emulsan when grown on crude oil and

ethanol rather than on hexadecane medium
(Rubinovitz, 1982).

IL.1 and PAY-4 showed the ability to reduce
culture broth surface to values below 30 and
29.1 [mN/m], respectively, if grown with wa-
ter-immisible hydrocarbons (crude oil) as their
sole carbon source. This reduction of surface
tension measurements indicated the production
of surface-active compounds, by the microbial
culture, which has been shown to aid metabo-
lism of the substrate and stimulate microbial
growth (Abu-Ruwaida, 1991).

Maximum biomass concentration (about 0.41
g/l dry weights for IL-1 and 0.58 g// for PAY-4)
was achieved after 32-36h of growth. Growth
rate (0. 24h™") and maximum biomass obtained
were much higher for this culture than for
other biosurfactant-producing microorganisms
on hydrocarbons reported in the literature
(Rosenberg, 1979).

The CMD plot, a measure of biosurfactant con-
centration, showed that insufficient surfactant
was initially present to form micelles. At about
24h of growth, the surfactant concentration
started to increase, reaching its maximum after
about 36h.

These results indicate that the biosurfactant bio-
synthesis occurred predominately during the
exponential growth phase, suggesting that the
biosurfactant is produced as a primary metabo-
lite accompanying cellular biomass formation.
Similar observations have been made for other
biosurfactant-producing microorganisms. (Abu-
Ruwaida, 1991).

The effect of sodium chloride addition on sur-
face tension and CMD, indicated increased
biosurfactant activity in the presence of sodium
chloride. Brown et al. (1985) reported a similar
effect on efficiency and effectiveness upon the
addition of %5 sodium chloride, with a biosur-
factant produced by the aerobic bacterium des-
ignated isolate 1165(Abu-Ruwaida,1991) .
Results of emulsification activity indicated that
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produced biosurfactant by two isolates had a
high emulsification specificity with crude oil
and this result differ to that of Kaplan and
Rosenberg (1982) and Abu and Banat (1991).
These findings suggest that the emulsifier’s ac-
tivity depends on its affinity for hydrocarbon
substrates which involves a direct interaction
with the hydrocarbon itself rather than an effect
on the surface tension of the medium.

The surface tension of biosurfactant IL-1 and
PAY-4 were maintained uniformly at all pHs
ranging from 2 to 10, indicating that variation
in pH has no appreciable effect on the surface
tension. Most known biosurfactants are less
stable over such an extreme pH range (Kaplan,
1982).

Both types of the biosurfactants remained sta-
ble, after exposure to high temperatures of
100°C and 120°C for 15 min. (Kim, 2000).
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