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ABSTRACT

A novel rhamnolipid producing Acinetobacter boumanii and Acinetobacter variabilis strains were isolated from oil contaminated soil,
near refinery area. Biosurfactant compound was separated by solvent extraction of the cell free broth. Semi purified biosurfactant of
Acinetobacter boumanii and Acinetobacter variabilis categorized as rhamnolipid using TLC was able to reduce the surface tension of
water from 72 to 43 mN/m™ and 72 to 50 mN/m™ respectively. Shake flask biosurfactant production studies of Acinetobacter
boumanii and Acinetobacter variabilis could produce 1.2g/l and 0.921g/| biosurfactant along with E24 of 44+ 0.3 and 40%0.5 at 72
hr. Fourier transform infrared spectroscopy revealed the presence of a highly charged amine, carbonyl, carboxyl and hydroxyl
groups. Presence of sixteen rhamnolipid homologues with variation in chain length was revealed from liquid chromatography
coupled to mass spectrometry. Further, it elucidated highest relative abundance of Rha-C10:C12 and Rha-C8:2 in both strains, along
with unique and major isoform of Rha-Rha-C14: C12 in Acinetobacter variabilis.

Keywords: Acinetobacter spp., Biosurfactants, Congeners, FTIR analysis, Glycolipids, LC/ESI-MS analysis, Rhamnolipids.

INTRODUCTION

iosurfactant is biologically synthesized surfactant

produced by microorganisms. It is the secondary

metabolite synthesized by Pseudomonas spp.,
Acinetobacter spp., and Enterobacter spp. L2

In comparison with Petrochemical and oleo-chemical
surfactants, biosurfactant are suitable as are
environmentally friendly and biodegradable.3 They carry
low or non-toxicity, effective surface activity, reusability,
and high specificity. Also, they have a broad range of
applications in various areas like hydrocarbons, waste
products degradation, bio-remediation, agriculture,
health care, cosmetics, food and waste utilization.* They
are effective at wide range of ,H and temperature.s’ ®The
worldwide average annual growth rate of surfactant is
approximately 3% along with its market capture of
approximately 15 million tones/annum.”? Biosurfactants
have been the subject of increasing attention because of
their lower toxicity and higher biodegradability compared
to their synthetic chemical surfactants. Despite of their
many commercial applications, their large-scale
production has not been possible because of the low
yields and high production costs.”

Rhamnolipids are glycolipid biosurfactant by type.10
Rhamnolipids may play multiple roles in the life of
microorganisms.11 Particular biosurfactant purpose seems
to be connected with environmental surroundings and
corresponding regulatory procedures. It is very different
subject matter for study. In the view of most current
studies, rhamnolipid should be considered as a versatile
segment of mechanism which commands the
fundamental component of microbial life. The
consideration supporting this mechanism is more suitable

and more apparent with each sequential scientific study.
Moreover, studies emphasis on acquiring a superior
assumption and understanding of the proposition of
microbial community will surely bring about diverse new
possible applications for rhamnolipids.11

Acinetobacter spp. is one of the groups; very well studied
for biosurfactant and bio emulsifier production.lzlt can
produce mono and di-rhamnolipid biosurfactants.”
Physiologically, they are Gram negative bacilli which are
strictly aerobic and non-fermentative in nature' and can
sustain in a broad range of temperature and
environmental conditions.” Rhamnolipids are surface-
active glycolipid of microbial origin, which have been
extensi\llely studied by numerous scientists all over the
world.

Biosurfactant belongs to high and low molecular weight
class. Glycolipids, lipopeptides, and phospholipids are
three subgroups which belong to low molecular weight
class. Whereas, polymeric and particulate surfactants fall
under high molecular weight class.”® Bacteria like
Acinetobacter spp. can produce both classes of
biosursfactant, which are rhamnolipidic biosurfactant by
type.l , 17

This work is aimed at isolation of novel biosurfactant
producing bacteria and physicochemical characterization
of produced biosurfactant. Qualitative and quantitative
evaluation of various strains for biosurfactant production
was concluded with an identification of Acinetobacter
variabilis and Acinetobacter boumanii. To our knowledge;
this is the first report of the production of rhamnolipid
biosurfactant by Acinetobacter variabilis. In context to
this; ten different congeners were detected in
Acinetobacter  variabilis  followed by eight in
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Acinetobacter boumanii. The highest relative abundance
of Rha-C10: C12 and Rha-C8:2 in both species of
Acinetobacter along with presence of the unique, major
isoform of Rha-Rha-C14: C12 in Acinetobacter variabilis
expands the scope for future research to unfold deep
insights about the same.

MATERIALS AND METHODS
Sample collection and processing

The sample was collected from oil contaminated soil near
refinery area, Pune. It was followed by its enrichment in
MSM broth containing NaNO; (Himedia) 15g/l; KCl
(Himedia) 1.1g/l; NaCl (Himedia)l.1g/l; FeSO, (Himedia)
0.00028g/l; KH,PQ43H,0 (Himedia) 3.4g/l; K,HPO,
(Himedia) 4.4g/l; MgS0O, (Himedia) 0.5g/l; Yeast Extract
(Himedia) 0.5g/l; and 20 g/l soya oil as the sole carbon
source. For this, 1g of soil was inoculated into 100 ml of
MSM broth and incubated at 37°C for 24 hr.

Screening and
bacteria

Isolation of biosurfactant producing

1 ml of enriched broth was diluted serially in 0.85% saline
and was spread inoculated over nutrient agar. It was
followed by incubation at 37 °C for 24 hr. Strains obtained
in primary screening were purified using nutrient agar
and screened for qualitative detection of biosurfactant
production. Qil displacement test, hemolysis test, and
blue agar test were used for this evaluation.

Oil displacement test was performed in a petri dish using
20ul oil. To this, 20ml of deionized water was added to
maintain layer uniformity. 10ul culture of each of selected
strain was suspended over oil layer and observed for clear
zone formation which was an indicator used for
biosurfactant production.

Hemolysis test was conducted using blood agar medium.
Pure culture of each of selected strain was streak
inoculated over blood agar, followed by incubation at 37
°C for 24 hr. Alpha and or beta hemolysis was used as a
standard for biosurfactant production.

Blue agar test was performed using Cetyltrimethyl-
ammonium bromide (CTAB)-methylene blue agar
medium. It was prepared by adding CTAB( Himedia)
0.2g/l, methylene blue (Himedia)0.005g/l, and agar-agar
(Himedia) 15g/I in Minimal Salt medium (MSM) with 20g/I
glucose as a sole carbon source. Activity testing was
performed in 5mm well with inoculation of 50ul of 48 hr
fermented broth, followed by incubation at 37 °C for 24-
72hr. Dark blue color zone formation was used as an
indicator for biosurfactant production.

Comparative analysis of secondary screening and its
results evaluated the performance of selected strains.
Thereby, strains showing consistent, reproducible and
highest biosurfactant production were finalized for shake
flask fermentation and physicochemical characterization
of biosurfactant.
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16srRNA gene sequencing and phylogenetic analysis

Bacterial DNA was extracted using Wizard® Genomic DNA
Purification Kit. To amplify the 16S rRNA gene,
polymerase chain reaction (PCR) was performed using a
pair of 27F and 1492R primers. PCR was performed in
25ul  volume using 0.4 pmol of each primer,
deoxynucleotides triphosphates (dNTPs, 200 uM each),
0.75 U Taq DNA polymerase, supplied with buffer having
3 mM MgCl2 and water. The PCR mixtures were
preheated at 95 °C for 5 min prior to running the
following cycles: 95°C, 30s; 51°C, 15 sec; 72°C, 2 min. The
PCR was run for 30 cycles in a Bio-Rad thermal cycler. At
the end of the final cycle, a chain elongation step at 72° C
for 5 min was programmed. The PCR products were
purified by standard methods and directly sequenced
with primers 785F and 907R using BigDye® Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems). The
sequencing was completed by First Base Malaysia. The
16S rRNA sequence of strains RA3 and RA4 were
subjected to a similarity search BLAST on the NCBI
website (http://www.ncbi.nim.nih.gov).The phylogenetic
tree was constructed accordingly.

Shake Flask Fermentation studies for biosurfactant
production

Inoculum preparation

Nutrient broth was used as a medium for inoculum
preparation. 10% culture was inoculated into 100ml
nutrient broth followed by its incubation at 37°C for 16
hr. It was observed microscopically for its purity and
consistency. Culture density of inoculum was determined
at 660,,, using UV —visible spectrophotometer (Agilent).

Fermentation

Fermentation studies were performed in 1 lit Minimal
Salt Medium (MSM) containing NaNO; (Himedia) 15g; KCl
(Himedia) 1.1g; NaCl (Himedia) 1.1g; FeSO, (Himedia)
0.00028g; KH,P0O,,3H,0(Himedia)3.4g; K,HPO, (Himedia)
4.4g; MgS0Q, (Himedia) 0.5g; Yeast Extract (Himedia) 0.5g;
and 20 g soya oil as the sole carbon source; added before
sterilization. 1ml of glycerol stock was used as an
inoculum for fermentation and it was performed at 37°C
for 96 hr. Sampling was done at the interval of 24hr till
96hr and was analyzed for xH (Figure 3: a) microscopically
for purity, and spectrophotometrically (at 660,,) for cell
density (Figure 3: b). Biosurfactant production in
fermented broth was monitored in a qualitative mode
using oil displacement test. In particular, presence of
rhamnolipidic biosurfactant in fermented broth and its
concentration was estimated using orcinol method. Its
details are as described below.

Detection of Biosurfactant production
Qualitative detection

Biosurfactant production was checked with oil
displacement test using methodology as described above.
Fermented broth of Acinetobacter sp. was centrifuged at
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12000 rpm for 15 min. 10 pl of supernatant was
suspended over the top of oil layer and observed for clear
zone formation. Its data is shown in Figure: 4(a) and (b)

Quantitative detection

Quantitative detection was performed with purified
rhamnolipids for which; fermented broth was processed
as described above. 0.5ml of supernatant was treated
with 1ml C: | (2:1v/v) for phase separation. In this, organic
phase was evaporated till complete drying and suspended
with 0.2ml of water. To 0.1ml of each of the sample,
0.9ml of a solution containing 0.19% orcinol (prepared in
53% H,S0,) was added.

100pl water, taken as a blank was also treated with 0.9ml
orcinol reagent. Standard solutions of L-rhamnose
between 0-50ug/ml concentrations were prepared with
water and treated with orcinol reagent. Sample, standard,
and blank were boiled at 80 °C for 30 min and cool down
to room temperature. Optical density was measured at
421,,. The rhamnolipid concentrations were calculated
from standard curves prepared with L-rhamnose and
were expressed as rhamnose equivalents.

Characterization of Rhamnolipid biosurfactant
Surface Tension Measurement

The surface tension of cell-free medium was determined
at the interval of 24hr till 120hr for strains RA3 and RA4
using stalagmometer at a constant temperature 30 £ 2 °C

and calculated by the following formula where G ;0=
surface tension of reference solvent (for water 71.18 +

0.02 mN/m), ©= surface tension of the test BS solution, m
H20= drop numbers of the reference solvent, m= drop
numbers of the test BS solution. All surface tension values
were recorded in triplicates 819 1ts data is shown in
Figure: 5(a)

G = O i1p0-M /m H20

Emulsification Index (E4)

The emulsification index of cell free medium was
determined using 2ml of crude oil and an equal volume of
cell free supernatant. It was homogenized in a vortex at
high speed for 2 min. It was verified using 0.1 % SDS as a
positive control and water as a negative control. The
emulsification stability was measured at the interval of 24
hr. Emulsification index was calculated as per the formula
stated below *°. Its data is show in Figure: 5 (b)

E,a (%) = (Total height of the emulsified layer/ Total height
of the liquid layer) x 100

Thin Layer Chromatography

Bio surfactants on crude extract by TLC on precoated
silica gel of standard 20 x 20 Kiesel-gel 60 F254 Merck
plates using the appropriate solvent system and
visualization agent for biosurfactant. In the case of RLs,
the solvent system used was Chloroform: Methanol:
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Acetic acid (65:15:2 v/v/v), the spray agent was
anthrone”. Its data is shown in Figure: 6.

Fourier Transformation Infrared Spectroscopy

Semi purified rhamnolipids were used for FT-IR analysis.
The FT-IR spectra were recorded on a Perkin-Elmer 31725
X FTIR spectrophotometer in a spectral region of 4000-
400cm™ using Potassium bromide (KBr) solid cells.
Spectra were recorded and analyzed using standard
method ** %, Its data is shown in Figure: 7 (a) and (b).

Liquid Chromatography-Mass Spectrometry analysis

Mass spectra of rhamnolipids were recorded on MS
system consisting of an HPLC (Agilent 1200 Series, Agilent
Technologies) and a 6210 Time-of-Flight LC/MS (Agilent
Technologies), using Zorbax Eclipse Plus C18 column and a
DAD detector. The mobile phase was a mixture of solvent
A (0.2 % formic acid in water) and solvent B (acetonitrile)
in a gradient mode: 0—1.5 min 95 % A, 1.5-12 min 95-5 %
A, 12-15 min 5% A, 15-16 min 5-95 % A.lts data is shown
in Figure: 8-12.

RESULTS AND DISCUSSION
Screening of biosurfactant producing microorganisms

Among 24 strains obtained, qualitative detection tests for
biosurfactant production seen negative for strains RA1,
RA2, RA11, and RA12. Strains RA5 to RA7 could only show
positive Hemolysis. Whereas, strains RA8 and RA9 could
only give positive drop collapse test. RA10 was only strain
found positive for oil displacement. Strains RA3 and RA4
were only strains shown positive blue agar test. The
activity of RA3 was seen highest for all qualitative
detection tests followed by RA4. Irrespective of this, strain
RA1 to RA21 showed growth in MSM broth in 24 hr. Only
strains RA22 to RA24 neither grown in MSM broth nor
shown positive results for any of the qualitative test
performed. Here, water was used as a negative control for
analysis. Its data is shown in Table: 1.

16srRNA gene sequencing and phylogenetic analysis

Strains RA3 and RA4 were identified using the 16srRNA
gene sequence with a 1431 bp and 1440 bp fragment,
which was aligned with sequences from the GenBank
database and checked manually. It was 97% similar to the
16SRNA gene of species Acinetobacter boumanii and
Acinetobacter variabilis. A phylogenetic tree was
constructed using sequence distance method. Based on
the above characteristics, strains RA3 and RA4 were
identified as Acinetobacter boumanii and Acinetobacter
variabilis. Its details are presented in Figure: 1 and Figure
2.
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Table 1: Qualitative detection of biosurfactant production by 24 shortlisted strains

Shortlisted Growth in . . Drop Collapse
Strains MSM Oil Displacement Test Hemolysis Test  Blue Agar Test Test
RA1 + - - - -
RA2 + = o o =
RA3 + +++ + ++ ++
RA4 + + + ++ +
RA5 + = + = =
RA6 + = + = =
RA7 + = + o =
RA8 + - = +
RA9 + - - - +
RA10 + + - = =
RA11l + - - - -
RA12 + - - - -
RA13 + + + - +
RA14 + - + + T
RA15 + + - - T
RA16 + + + - -
RA17 + + - - T
RA18 + + - - 1
RA19 + + - - 1
RA20 + + + - +
RA21 + + + - -
RA22 - - - = =
RA23 - - - = =
RA24 - - - = =
Negative . ) ) ) }
Control
¥ Actmetobuier sedfertit sratn LUH 1072 1S ribosomal RNA, partil soquence
J Actmesobarky justl sratn Massbetm 772050 16 ribosomal RNA gove, il seguesce
0 3
3 Actmesobacter Joutt strats ATCC 17908 165 ribosomal RNA gene. complete sequence
)
2 Actaeschacer jost wiratn DSM G064 165 riboncmsal RNA gene, parstal soquence
9
QRAL Ity
b] 7 Actmmobacter bomusedt srats ATCC 19605 165 riosomad RNA grse. purtiad sooence
9 2 Actesohacter dunssunedt wrala ATCC 19606 163 rbosomal RNA proe. coomplete wquece
v 2 Actembacter bonmunedi srals CI2 704 163 rbosomal SNA gooe, partil sequence
9 3 Actmchurcer bssmared st JOM 6841 165 rbencemal RNA groe, partl sepeees
? 9 Actmotchartor banmanndt wrats [SM X007 165 rioncmad RNA groe, partial soquencs
b}
I Actotcharser basmannd! strats [ISM 30007 1ES ribonomd RNA grow, partiad wopoence

Figure 1: 16srRNA gene sequencing and Identification analysis for RA3
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9 Avmercbocner sectarn weals SAF 7612 165 ribosomal INA, partial squence
3 Actwtobictet exdurestions sirate NARC 102413 185 rbeomoensd RNA gone, partial soquence
O hiaiat ™

sirns FO 1165 rbomoonsl RNA o, complets soquence

3 Actwtobacter wdvws sraks AGAS (65 rbumonnad RNA s purmial e
ORAL 1oy

& Actastobacser vartabiin werats NIFH 2171 1S riboscmal KNA, completo squence
2 Actsetcbucter gramgongreats irain 1NV 4 165 riboscenal RNA, partal seqarece
3 Actoctchucs wkormb weats SW 100 1S riboncenal KNA grve, partisl soquence
2 Arwmessbacs walTi uram JOM G540 165 rtwnomal RNA o panial soquence

¥ Acwencbiacr sandott v DAM 10970 165 rbaonomad RNA gose. complese quoncs

3 Actesctanter pot wiatm ATCC 17908 165 rbosumal RNA gove, (omplote wmence

Figure 2: 16srRNA gene sequencing and Identification analysis for RA 4

Fermentation studies with Acinetobacter boumanii and
Acinetobacter variabilis

Acinetobacter boumanii and Acinetobacter variabilis were
cultivated in MSM with 2% soya oil as a sole carbon
source; biomass growth (determined as O.D. at 660,,,), pH
and rhamnolipid production were measured during the
cultivation (Figure: 3a and 3b). Rhamnolipid production
was determined at five cultivation times with 24hr
interval. Highest rhamnolipid production was observed at
72hr for both strains with (1.2 g/l) for Acinetobacter
boumanii and (0.921g/l) for Acinetobacter variabilis
(Figure: 3a).The kinetics of growth had a different
progress in both cases where highest O.D. obtained at
72hr for both strains was 8.3 and 2.5 respectively. Both
strains showed a gradual decrease in pH at the end of the
exponential phase (72hr) (Figure: 3b). Fermentation broth
(72hr) of both strains showed the large diameter of clear
zone in oil displacement activity which is an indirect
indicator of the high surface activity of rhamnolipid
against soya oil (Figure: 4a and 4b).
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Figure 3: (a) O.D. and RLs production profile studies (b),H
profiling of fermentation studies with Acinetobacter
boumanii (RA3) and Acinetobacter variabilis (RA4)

—_— 3 > — T

Figure 4: (a) Qualitative detection of biosurfactant
production by Acinetobacter boumanii (RA3) (b)
Qualitative detection of biosurfactant production by
Acinetobacter variabilis (RA4)

Characterization of Rhamnolipid biosurfactant

Rhamnolipid biosurfactant production of Acinetobacter
boumanii and Acinetobacter variabilis was studied in
MSM with 2% soya oil as a sole carbon source. Surface
tension (mMN/m™) was determined at five processing times
with 24hr interval; equivalent and highest surface tension
reduction were observed at 120hr for both strains. In
comparison, Acinetobacter boumanii showed highest
surface tension reduction up to (43 mN/m™) (Figure: 5a).

®

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

114



Int. J. Pharm. Sci. Rev. Res., 46(2), September - October 2017; Article No. 20, Pages: 110-120

Emulsion indices tested with crude oil (of 72hr) were
observed as highest and equivalent for Acinetobacter
boumanii (E24=44) and Acinetobacter variabilis (E24=40)
(Figure: 5b).

80
E i
E 50
g 50
@
3 40
3 —e—RA3
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T 20 —m—RASG
v
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0
-+ 20 44 68 92 116 140
Time (hr}
60 b
S0
M positive control
40— e
ERA3
30 — =
4 20 —— E Lo
w
10 W lNegative control
0

24hr  48hr

72 hr 96 hr 120 hr

Time(hr)

Figure 5: (a) Surface tension reduction (b) Emulsification
index analysis by Acinetobacter boumanii (RA3) and
Acinetobacter variabilis (RA4)

Thin Layer Chromatography

4

||::—;._.

I Solvent front

R¢=10.78

RA3 RA 4

Figure 6: Rhamnolipids TLC detection

Biosurfactant extracted from cell-free broth was analyzed
by thin-layer chromatography (TLC) and visualized with
specific reagents. Spots with similar Rf (retention factor)
obtained were as shown in Figure: 6. Single spot with Rf
value of 0.78 obtained for Acinetobacter boumanii and
Acinetobacter variabilis indicated about presence of
rhamnolipid having monorhamnolipidic composition.Zl

Fourier Transformation Infrared Spectroscopy

The functional groups of biosurfactant were confirmed by
FT-IR spectra of Acinetobacter boumanii (RA3) and
Acinetobacter variabilis (RA4) revealed that a
heterogeneity evidenced by different characteristic
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peaks; was in agreement with the possible presence of
amino, carboxylic, hydroxyl and carbonyl groups.

The FT-IR range of Acinetobacter boumanii (RA3) has the
specific stretching vibration band of —OH, throughout
3364cm™. The potent peaks at 3010cm™ and 1647cm ™
were originated by the bending and stretching of —CH and
-C=0 groups respectively. Immersion around 2925 em™is
specified to the asymmetric C-H stretch of CH, and CHs;
groups of aliphatic chains. The corresponding uniform
stretch is seen at 2854cm™. Also, a weak symmetric
stretching peak at 1740cm™ demonstrated the existence
of ester carbonyl group (C=0O in COOH) in the
biosurfactant. The band at 1458 cm™ be compatible to C-
O-H in the plane binding of carboxylic acid (-COOH). The
ester carbonyl group was demonstrated by the band at
1377cm™  which corresponds to C-O deformation
vibrations, although different groups also absorbed in this
region. Absorption bands at 1275cm™ and 1217cm™
represent O-H deformation. The peak at 1164cm™,
1098cm™  and 1031cm™ and 968 cm™ present to C-O
stretching and CHs; rocking.

The FT-IR spectra of semi-purified rhamnolipid of
Acinetobacter variabilis (RA4) revealed bands at 3366cm™
which corresponds to O-H stretch while asymmetric
stretching and symmetric stretching of methylene occurs
at 2925 cm™ and 2855 cm™ respectively. The strong peak
at 3010cm™ was caused by the bending and stretching of
—CH group. The absorption band at 1742cm™ contribute
to C=0 stretching from lactone ester or acids. The band at
1456 corresponds to C-O-H in the plane binding of
carboxylic acid (-COOH). Similarly, absorption bands at
1375 ¢cm™ and 1218 cm® represents C-H and O-H
deformation. Bands at 1160 cm'l, 1094 cm " and 1029¢m
! contribute to C-O stretching. CH3 rocking and C-H
deformations exist at 966cm™ and 912 cm™ respectively.

Distinguishing structural spectra was observed for
Acinetobacter boumanii (RA3) as alpha-pyronyl Il sorption
band at 850cm™ which indicates the presence of di-
rhamnolipid in the mixture.”*
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] ~-- b
R

Figure 7: (a) FT-IR spectra of Acinetobacter boumanii
(RA3) and (b) FT-IR spectra of Acinetobacter variabilis
(RA4)

Liquid Chromatography-Mass Spectrometry analysis

LC/ESI-MS revealed presence of sixteen rhamnolipid
homologues in Acinetobacter boumanii and Acinetobacter
variabilis with the pseudo molecular ions between m/z
302 and 734. The pseudo molecular ions and comparative
target score (%) for all rhamnolipid congeners are
summarized in Figure: 8. Mono rhamno di lipidic
horologes were found to be the major constituent in the
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C8.2 in Acinetobacter boumanii (95.85%) and
Acinetobacter variabilis (98.4%) respectively. Di-rhamno-
di-lipid with m/z of 716.4723 was observed as unique and
major isoform in Acinetobacter variabilis (95.61%), within
di-rhamno-di-lipid homologs which correspond to Rha-
Rha-C14-C12.
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Figure 8: Comparative abundance (Target score) of RLs
congeners and their unique distribution pattern in

mixture with Rha-C10: C12 as a predominant component AC".Te;(.;Pa(EtKZ) boumanii (RA3) ~and  Acinetobacter
in Acinetobacter boumanii (94.65%) and Acinetobacter variaoiiis
variabilis (93.91%) and its m/z is 532.3831 and 532.3826
respectively. Mono-rhamno- monolipid with m/z of
285.1323 and 285.1336 is the isoform within mono-
rhamno- monolipid homologs which correspond to Rha-
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Figure 9: MS spectrum of highly abundant rhamnolipid congeners of Acinetobacter boumanii (RA3) and Acinetobacter
variabilis (RA4) (a) & (b) mono-rhamno-mono-lipidic Rha-C8.2 rhamnolipid congener detected in both strains (c) &(d)
mono-rhamno-di-lipidic Rha-C10-C12 detected only in both strains and (e) di-rhamno-di-lipidic Rha-Rha-C14-C12

detected only in Acinetobacter variabilis (RA4)

This research has focused onto screening of novel
rhamnolipidic biosurfactant producing bacteria followed
by structural characterization of its biosurfactant. It
pertains to the increase in environmental awareness
about use of renewable-based, biodegradable and more
environmentally friendly surfactants.”In comparison with
oil spills and marine environments, oil refinery area may
have lower degrees of extreme environments which
possibly reduce the stress of simulation ways while
screening of novel biosurfactant producing
microorganisms. In this study, 24 bacterial strains
obtained had shown growth in MSM broth irrespective of
their performance in qualitative tests including hemolysis,
drop collapse test, blue agar test, and oil displacement
test. This may suggest that strains capable of growing in a

minimal salt medium may not have the ability for
functional biosurfactant production. In context with this,
only strains RA3 and RA4 with a remarkable performance
in described qualitative tests have shown promising
biosurfactant activity.

Through 16SrRNA gene sequencing and identification,
shortlisted strains RA3 and RA4 were identified as
Acinetobacter boumanii and Acinetobacter variabilis.
Though 97% sequence similarity with NCBI GeneBank
database concludes about their earlier existence, very
few reports are available on Acinetobacter spp.
biosurfactant production. The literature describes genera
Pseudomonas and Bacillus as great biosurfactant
producers and is very well studied by the researchers. The
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current study for isolation of Acinetobacter spp. from
hydrocarbon-contaminated soil was done by Wong and
Zhao *’ and Nevarez-Moorillonet al.”® Acinetobacter
spp.were discovered as biosurfactant producers very
earlier.”” * Furthermore many strains from this genus
were studied and reported. For example, Acinetobacter
calcoaceticus BD4 and BD413 was reported by Kaplan et
al. ** and Koket al.* respectively. Torenet al.>> had studied
Acinetobacter radioresistens KAS53 for rhamnolipids
production. Acinetobacter venetianus RAG-1was reported
by Bach et aI.34, Acinetobacter haemolyticus TA77 and
Acinetobacter Iwoffii TA38 was isolated by Jagtap et al.*
from human skin for rhamnolipids production. Novel
microorganisms producing biosurfactant is potent and
helpful from a biotechnological point of view and to avoid
uses of infective P. aeruginosa strains which ultimately
ensure industrially safe production of Rhamnolipids.

Shake flask biosurfactant production studies of
Acinetobacter boumanii and Acinetobacter variabilis
showed their highest performance at 72hr with the
production of 1.2g/l and 0.921g/| biosurfactant at O.D. of
8.3 and 2.5 respectively. It clearly inclines the scope
towards highly efficient Acinetobacter variabilis for future
biosurfactant production studies. Apart from this,
LenkaKrizova et al.*® isolated Acinetobacter variabilis
sp.nov. from clinical specimens of humans and animals.
However, this work reveals the potential application of
Acinetobacter variabilis in the field of biosurfactant
production for the first time. Baoet al.”’ could get 0.52g/I
biosurfactant production after 7 days of fermentation
using MSM with 0.5% crude oil. It illustrates the need for
media optimization studies with Acinetobacter variabilis
to unfold its true potential. In continuation with this, our
study with Acinetobacter boumanii and Acinetobacter
variabilis showed a gradual drop in ,H from 7.2 to 6.4+ 0.5
throughout the fermentation, suggesting that; minor ,H
range near neutral ,H affected neither the synthesis nor
the vyield of biosurfactant.®®*° These results are in
accordance with previous reports which revealed a direct
relationship between the production of surface-active
compounds with a reduction in the surface tension
values.*

Physicochemical characterization of biosurfactant is a
direct way to understand the efficiency and commercial
potential of new biosurfactant. For industrial scale, there
needs to be an improved development of fermentation
process and downstream separation techniques for
effective biosurfactant production.*”** The ability to form
and stabilize emulsions is one of the most important
features to be considered for the practical application of a
surfactant. Chen J et al. and Bao M et al. **isolated
Acinetobacter sp. YC-X 2 and Acinetobacter sp.D3-2 from
petroleum contaminated soil. Here, Acinetobacter sp. YC-
X 2 showed E24 and surface tension of 54.87 + 1.23 and
32.5£0.51 mN/m 1 at 20°C. Whereas, Acinetobacter
sp.D3-2 decreased surface tension from 48.02 to 26.30
mN/m'l. In our study, Acinetobacter boumanii and
Acinetobacter variabilis showed highest E24 of 44+ 0.3
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and 40+0.5 at 72hr. And, their surface tension was seen
to be 43 mN/m™ and 50 mN/m™ respectively. Soil belongs
to petroleum contamination area and oil refinery area can
have variable proportions of saturated and or
unsaturated fatty acids which in turn changes the
emulsification index (E24) and surface tension potential
of isolated strains.

In the present research, advanced structural
characterization of a biosurfactant produced by
Acinetobacter boumanii and Acinetobacter variabilis was
evaluated using thin -layer chromatography (TLC), LC/ESI-
MS and FT-IR. Thin layer o:hromatography21 suggests that;
isolated surface—active product from Acinetobacter
boumanii and Acinetobacter variabilis is composed of

glycolipid and more specifically it belongs to
monorhamnolipidic type. This indicates that, both
Acinetobacter sp. produce a similar category of

biosurfactant though their thin layer chromatography
analysis using orcinol-sulphuric acid method ” may reveal
different biosurfactant composition. In detail FT-IR
characterization of semi purified biosurfactant of
Acinetobacter boumanii and Acinetobacter variabilis
predicted about their glycolipid structure. Unfolding of
alpha-pyronyl Il as a di-rhamnolipid moiety in
Acinetobacter boumanii through FT-IR indicates a higher
sensitivity of this technique than TLC 'which could detect
the presence of only monorhamnolipidic biosurfactant.
Also, FT-IR showed the presence of highly charged groups
such as carboxyl; amine and hydroxyl moieties in both
strains of Acinetobacter sp. which needs to get evaluated
for their antibacterial potential against negatively charged
surfaces.”

Among 16 different congeners as detected by LC/ESI-MS,
three belongs to monorhamnolipidic nature which can be
co-related to the thin layer chromatography analysis
revealing the presence of monorhamnolipidic
components in both strains of Acinetobacter sp. In
contrast to this, four congeners representing di-rhamno-
di-lipidic moieties in LC/ESI-MS correspond to FT-IR
absorption band at 850cm™ suggesting the presence of di-
rhamnolipids in Acinetobacter boumanii only. This can be
evidenced by the presence of single predominant Rha-
Rha-C14-C12 in Acinetobacter variabilis in 95.61% vs.
three different congeners of Rha-Rha-C12-C10, Rha-Rha-
C10-C10-1 and Rha-Rha-C10-C10-1 as detected in
Acinetobacter boumanii. LC/ESI-MS is more
comprehensive to understand about quantitative
compositional analysis. In context with this, ten different
congeners were detected in Acinetobacter variabilis
followed by eight in Acinetobacter boumanii. 1t can be
said that platforms of structural characterization
gradually increased their analytical sensitivity from TLC to
LC/ESI-MS. Though our study reported existing
rhamnolipid congeners, it’s the first report to unfold
about biosurfactant production, growth, fermentation
characteristics and  structural characterization of
rhamnolipid biosurfactant from Acinetobacter variabilis.
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CONCLUSION

Rhamnolipid  biosurfactant  producing strains  of
Acinetobacter boumanii and Acinetobacter variabilis
elucidated the true potential of oil refinery area for
isolation of a novel, non-pathogenic microorganisms for
biosurfactant production. Physico-chemical
characterization of their biosurfactant with FT-IR revealed
its glycolipid nature with the presence of a highly charged
amine, hydroxyl and carboxyl moieties which may have an
association with surface tension and emulsification index
potential of microorganisms. Highest abundance noticed
for Rha-Rha-C10-C12 and Rha-C8.2 in Acinetobacter
boumanii and Acinetobacter variabilis interestingly noted
the existence of congener Rha-C8.2 in Acinetobacter
variabilis which have been unfolded first time in our
study. Accuracy and sensitivity of diligent analysis seen
expanded from TLC to LC/ESI-MS. To our knowledge, this
is the first report of isolation of Acinetobacter variabilis
from oil refinery area with detailed characterization of its
rhamnolipid biosurfactant. In this regard, extensive
optimization studies with Acinetobacter variabilis and its
biosurfactant production is necessary to step up towards
its new applications and commercialization.
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