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Original Research Article
A study on isolation, screening, characterization of indigenous oleaginous
bacteria: Evaluation of various carbon and nitrogen sources as substrates
for single celled oil producing bacteria

ABSTRACT

Aims: In this study, isolation, screening and characterization of heterotrophic lipid producing bacteria
from various oil and fat contaminated sites. In addition influence some carbon and nitrogen sources
has been evaluated.

Study design: One way Anova statistical analysis

Place and Duration of Study: Soil samples collected from Hisar, Sirsa, waste water sludge samples
collected from Guru Jambheshwar University of Science and Technology, Hisar

Methodology: Isolation and purification of bacterial strains was done by simple plate streak plate
method, followed by screening of bacterial strains by Sudan black/Nile Red dye. Genomic DNA was
extracted from bacterial strain using Cetyl trimethyl ammonium bromide (CTAB) method. PCR product
was sequenced by 16sRNa approach. Effect of various carbon and nitrogen sources on lipid and

biomass were evaluated by using gravimetric bligh and dyer method.
Results:

Filamentous bacterial strains were initially isolated using selective culture media further these
oleaginous bacterial strains were screened out on the basis of growth rate and lipid content (dcw%)
and employed Nile red and Sudan black staining for detection of neutral lipids in cells. The biochemical
behavior (biomass production, accumulation of total lipid, substrate uptake by two oleaginous bacteria
Rhodococcus sp. and Gordonia sp. was studied when aforementioned bacteria were cultivated under
various carbon and nitrogen sources. Significant differences in the process of lipid accumulation and
biomass yield as related to the carbon, nitrogen sources used were observed for both microorganisms.
Although glucose containing MSM medium favour production of biomass yield 1.81£0.026 gL' and
1.63+0.032 gL' with corresponding high lipid content 16.78%,17.05% in  Rhodococcus opacus as well
as Gordonia alkanivorans respectively. Among Various tested ammonium sulphate was found to be
best nitrogen source for cultivation of Rhodococcus opacus and Gordonia alkanivorans as indicated
significant (P<0.05) higher lipid content of 16.55%,17.01 %.

Keywords: Oleaginous bacteria, filamentous bacteria, screening, Sudan black, Nile Red, 16srRNa, Yeast
extract, glucose

1. INTRODUCTION

Single-cell microorganisms (SCM) constitute an emergent alternative to source high-value lipids for a series of
growing markets demanding low-cost, high-quality alternatives. SCM as a broad class display a series of
advantages when compared to plants and animals as lipid sources. In addition to being more genetically
accessible, SCM are capable of producing greater bio-diversity and storing higher percentages of lipids
[1]-Therefore, their productivity per volume and energy input can be up to 5 or 6 times that of plants and even
more when compared to animal sources [2,3]. In principle, SCM can achieve greater sustainability to alleviate the
increasing problem of sourcing oils for both the fuel and human consumption markets, thus mitigating the
continuous increase in commodity oil prices. Recently, utilization of microbial lipid as an alternative feedstock for
the production of oleochemicals especially fatty acid methyl esters (FAMEs), which are also known as biodiesel,
has drawn interest of scientists to heterotrophic oleaginous microorganisms [4,5]. This encourages scientists to
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devote their efforts not only to screen microorganisms which produce high lipid yields by utilization of inexpensive
bio-based feedstocks [6-9], but also to produce lipid in a reproducible, high quality and sustainable way [10].
Microbial lipids can also become sources of safe and clean biomaterials at reduced costs and continuous
availability [11,12]. Oleaginous microorganisms, such as microalgae, yeasts, fungi and bacteria can produce high
levels of lipids and do not need arable lands. As India is agriculture country most of its income comes from
agriculture sector through the rural area the population mainly depends on the primary income source both men
and women are involved in this sector of agriculture farming [13]. Biodiesel from bacteria is alternative source of
income with agriculture sector. This can be done by any individual of any age, sex, qualification with proper
guidance, investment and some space along with its primary source of income [14].The fatty acid profiles are
dependent on oleaginous microorganism's types and the growth conditions. To fulfill the latter task, several
efforts have been conducted by determining the fundamental factors that control the lipid production by
oleaginous microorganisms [10] as well as trying to modify and optimize cultivation parameters [15-19]. While
heterotrophic bacteria have not been as extensively characterized with respect to their lipid and fatty acid content
as other microbes, the available information nonetheless suggests that they can provide an abundant source of
neutral lipids as well as specialized lipids [20-22]. Environmental conditions such as temperature, pH, substrate,
CIN ratio and oxygen pressure have an effect on the productivity of accumulating lipids [23]. Oleaginous
microorganisms that utilize a variety of carbon substrates provide advantages for TAG production from
renewable non-food resources such as lignocellulosic biomass [10, 24].Sriwongchai et al., studied that the
influence of different nitrogen sources on lipid production using glycerol on Rhodococcus sp. for biomass and
lipid production. Rhodococcus erythropolis was also using concentration of glucose in MSM medium for
cultivation of oleaginous cultures, there was significant increase in both biomass yield and lipid content [25]. In
this study, isolation, screening and characterization of heterotrophic lipid producing bacteria. In addition of
influence some carbon and nitrogen sources on biomass yield and lipid content has been evaluated.

2. MATERIAL AND METHODS

2.1 Samples collection for bacterial strains isolation

Soil samples collected from Hisar, Sirsa, waste water sludge samples collected from Guru
Jambheshwar University of Science and Technology, Hisar in sterile disposable plastic bags and were taken to
lab under non-contaminating conditions (Table 1)

Table: 1 Samples collection from various sites

S.No | Name of samples | No. samples | Collection sites
Hisar, Sirsa (Haryana)
1. Soil 2 Workshop auto market, Sirsa
2. Soil 2 Workshop auto market, Hisar
3. Sail 1 Slaughter house, Valmiki Chowk Sirsa,
4, Sail 1 Petrol pump Sangwan chowk (Sirsa)
5. Sail 3 Restaurant soil samples (Sirsa)
6. Soil 2 Vita milk plant, Sirsa
7. Waste water sludge 1 Guru Jambheshwar University of Science and
Technology, Hisar

2.2 Isolation and purification of bacterial strains

Samples were serially diluted to obtain desired dilution so that distinct bacterial colonies appeared in the nutrient
agar petriplates. 0.1 ml of 106 dilution was spread with spreader over agar plated nutrient agar medium in order
to get uniform bacterial growth. Inoculated plates were incubated at 30°C for 48hr and heterogeneous bacterial
colonies were appeared on plates. Purified strains were obtained by 3-4 times streaking. Pure and isolated
colonies maintained on slants containing nutrient agar. Schematic protocol for isolation and purification of
bacterial strains is given in Figure 1. Composition of nutrient agar is given as under:
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61 Table 2: Chemical composition of Nutrient agar media
Nutrient constituents Composition gL-1
NaCl 5
Beef extract 3
Peptone 5
Agar 15

62 pH adjusted 7.5 before autoclaving

63
64
65
Mixed colonies Purified strains
66
67 Fig. 1: Schematic protocol for isolation and purification of bacterial strains

68
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2.3 Isolation of filamentous bacterial strains and actinomycetes

For inoculation and isolation of filamentous bacteria two selective media were used named Tryptone
glucose yeast extract agar (TGY) and Tryptone yeast extract agar (TYE)[26] Composition of these media are
mentioned in Tables 2, 3 respectively. These two media are growth specific for certain filamentous bacteria only,
so a growth in them provisionally confirmed the presence of the respective bacteria and in filamentous bacteria
have considerable amount of lipid [26]

Table 2: Composition of Tryptone Glucose yeast extract agar (TGY)

Ingredients gL

Casein-enzymic hydrolysate 10.0

Glucose 5.0
Yeast extract 1.0
Dipotassium phosphate 1.25
pH adjusted 6.8+0.2

Table 3: Chemical composition of Tryptone yeast extract agar (TYE)

Ingredients gL
Tryptone 6.0
Yeast extract 3.0
Agar 15.0

pH adjusted before autoclaving Final pH 7.2 £ 0.2

2.4 Screening of lipid producing bacterial strains (Sudan black & Nile Red staining)

Sudan black staining: Smears of cells were deposited on a glass slide were heat fixed and stained with a 3%
(w/v in 70% ethanol) solution of Sudan black B for 10 min, then, immersion of the slide in xylene until it
completely was decolorized. The sample was counterstained with safranine (5% wiv in deionized water for 10
sec, washed with water and dried. A few drops of immersion oil were added directly on the completely dry slide,
and the cells were examined by phase contrast microscopy [27]

Nile Red staining: Based on preliminary procedure for improved Nile red staining, bacterial cells (0.5 ml) were
collected by centrifugation at 5000 rpm (Rotation per minute) for 10 min and washed with distilled water after that
washed with physiological saline solution (0.5 ml) several times. Further bacterial samples immersed in Nile red
solution (0.5 mg/ml-1 in acetone), mixed with 50 ml glycerol: water mixture (75:25),gently vortex for 1min.After 15
minutes of incubation in darkness, the fluorescence of bacterial samples was measured with fluorescence
Olympus Magnus microscope having 420 nm to 580 nm absorption and emission wavelength respectively[42]

2.5 Genomic DNA isolation from bacterial isolates and 16srRNA sequence determination and

phylogenetic analysis

Genomic DNA was extracted from bacterial strain using Cetyl trimethyl ammonium bromide (CTAB) method [28].
The PCR product of 16SrDNA was sequenced by Geneombio Technology Pvt. Ltd. Pune (Maharashtra).
Nucleotide sequence was analyzed and compared with Gen Bank nucleotide sequence database using the Basic
Local Alignment Tool (BLASTn).
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2.6 Effect of carbon and nitrogen sources on biomass yield and lipid accumulation in screened

bacterial strains

In order to test various carbon sources namely fructose, lactose, sucrose, sodium acetate, glucose, glycerol
individually added in the production medium. The cultures were inoculated and incubated for 5 days at 30°C. The
cultures were then collected and used for total lipid and biomass estimation. To investigate the effects of nitrogen
sources, various nitrogen sources viz. (NH4).SO4, urea, NaNO3, yeast extract and peptone were added 1% in
MSM media composition of MSM medium given in (Table 4). All the experiments were carried out in triplicates in
250ml flasks containing sterilized Minimal salt medium.

Table 4: Composition of Minimum salt medium

Constituents gL
KH2PO4 2
K2HPO4 7
ZnCly 0.01
MgCl2 0.20
FeCls 0.01
MnCl2.4H20 0.01
Na2S0q4 0.20
NH4NO3 1.0
Yeast extract 0.006
CaCl 0.01

pH adjusted 7.5 before autoclaving.

2.9 Statistical analysis

Statistical comparison between the groups was done by multi factors one-way analysis of variance
(ANOVA) and Duncan’s multiple-range test, using SPSS version 21.0. The p-values that were less than 0.05
were considered significant.

3. RESULTS AND DISCUSSION

3.1 Samples collection and isolation of bacterial strains

A total 12 samples were collected from various fat and oil contaminated sites as shown in Table 1.
Isolation was carried out by standard streak plate method on nutrient agar medium. Purified strains were
maintained on nutrient agar slants. Total 35 bacterial strains were isolated from various contaminated sites.

3.2 Isolation and screening of potent biodiesel producing strains

Two Selective media were used for the inoculation as well as isolation of filamentous bacteria from the
sludge and soil samples named Tryptone Glucose Yeast extract (TGY) and Tryptone yeast extract (TYE).These
media are specific for the growth of certain filamentous bacteria only, which have substantial amount of lipid. Out
of 35 bacterial strains,15 filamentous bacterial strains were isolated by using respective selective culture media
as shown in Fig. 2 (A). In preliminary screening by Sudan black B staining and Nile Red staining showed
different intensity in color uptake of dye based on their lipids content. Further these strains were screened out on
the basis on optical density and lipid content gravimetrically. Table 5 showing screening of oleaginious bacteria
with lipid content and biomass. Isolates S4,56,57,510 and S11 showed maximum lipid production in sudan black
blacks staining whereas only two isolates namely S4,S11 showed maximum lipid production in nile red staining.
In Sudan black staining, intracellular lipid granules are black in colour and rest are in pink colour (Fig. 3( B, C).
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127 For preliminary screening Sudan black staining have been used by many scientist to screen out oleaginious
128 bacterial strains [12,29,30]. Wheareas neutral lipid or triglycerides appeared as yellow dots, whereas polar lipid
129 were observed in red colour cells by Nile Red staining under fluorescent microscope with excitation wavelength
130 at 420 nm and emission at 580-nm (Fig.3, D, E).Similar results were reported by many workers for lipid staining
131 by using Nile Red dye for intracellular lipid identification [31,32,33].0n the basis of high growth rate and lipid
132 content four bacterial strains viz. S4,57,510,511 were screened out and characterized by molecular techniques.
133  Furthermore, phylogenetic analysis of 16s rRNA bacterial revealed that these bacterial strains have 99%
134 similarity with Bravibacillus, Bacillus cereus, Rhodococcus opacus and Gordonia alkanivorans. as shown in
135 Fig.4(A-D). Additionally after quantitative and qualitative screening, finally two bacterial strains (S4, S11) were
136 selected on the basis of comparatively higher lipid content and biomass for further study. Screened bacterial
137  strains further identified as S4 Rhodococcus opacus (KB05) and S11Gordonia alkanivorans (KB06) by using
138  molecular tools.

150
151

152

153 Fig. 3: Images of Sudan black and Nile red staining of Rhodococcus sp. (B, D);Gordonia sp.(C,E) under phase contrast
154  microscope (1000 x)

155  Table : 5 Screening of oleaginous bacterial strains

Oleaginous Bacterial | Sudan black Nile Red staining 0D, 600 nm Lipid content
isolates staining (DCW) gl

$1 ++ - 2.101 1.97+0.023n
S2 +t + 2.136 2.07+0.034¢
S3 + - 2.052 1.48+0.011
S4 +++ +++ 2.136 3.11£0.0252
S5 ++ + 1.921 2.31+0.032f
S6 ++ ++ 2.301 2.64+0.013¢
S7 ++ + 2.489 2.78+0.020¢
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S8 ++ + 2.135 2.33£0.011f
S9 + - 1.844 1.95+0.022"
$10 +H ++ 2.520 2.87+0.030¢
S11 ++t ++t 1.816 3.08+0.0150

156  +:good lipid visibility, ++ :

0.1058

13310

Moderate lipid visibility, +++ : Maximum lipid visibility, - : No growth

]']"m&ordmia sp. strain 08

"t Gordonia westfalica strain Kb2

¥ Gordonia polyisopreniverans strain OF 1

Gordonia alkanivorans isolate RIPT904 1

Gordonia desulfuricans strain 213E

Gordonia polyisoprenivorans strain VH2

Gordonia desulfuricans strain W83 71

Gordonia westfalica strain DSM44215T

Gordonia sp. strain i37

Gordonia sthwensis strain no. 9

I ']"JI]Eordmia alkanivorans KBO6 I

“¥E ardonia alkanivorans strain HKT 0136

Gordonia alkaniverans strain SKF120101

0.2518 13352
1.4910
0.2433 1203
0.5004
12033
— 1.4318
0.0341
1.2344
] 0.2219
1.2344
0.2474
15661
12732
0.4206
17782
0.287

Gordonia sthwensis strain 300

157

158

0.0
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. Brevibacillus parabrevis partial 165 rRNA gene, strain ASR-9
_-/_ # Brevibacillus parabrevis strain JJ8 168 ribosomal RNA gene, partial sequence
- Brevibacillus sp, N3 168 ribosomal RNA gene, partial sequence
2 Brevibacillus sp. Bbai-1 16S ribosomal RNA gene, partial sequence
A firmicutes | 4 leaves
9 Bacterium HWB3 168 ribosomal RNA gene, partial sequence
9 Brevibacillus parabrevis strain NBRC 12334 168 ribosomal RNA gene, partial sequence
~N Brevibacillus parabrevis strain HDYM-18 168 ribosomal RNA gene, partial sequence
. Brevibacillus parabrevis strain HDYM-19 165 ribosomal RNA gene, partial sequence
‘ 2 Unculured bacterium clone KU26 168 ribosomal RNA gene, partial sequence

9 Brevibacillus parabrevis gene for 165 rRNA, partial sequence, strain: NBRC 12333
A firmicutes | 2 leaves
* . Uncultured Brevibacillus sp. clone DZSY11 165 ribosomal RNA gene, partial sequence
4 Brevibacillus brevis strain DZBY 12 168 ribosomal RNA gene, partial sequence
/ A firmicutes | 2 leaves
& Uncultured Brevibacillus sp. clone DZSY10 168 nibosomal RNA gene, partial sequence
/ A firmicutes | 9 leaves
4 firmicutes | § leaves
{ / 2 Brevibacillus brevis strain DZBY 10 168 ribosomal RNA gene, partial sequence
" _Afirmicues | 14 leaves
- Brevibacillus sp. N4 16S ribosomal RNA gene, partiul sequence
» A firmicutes | 3 leaves

9 Bacterium "niv b3.11.4.19° 168 ribosomal RNA gene, partial sequence

. Brevibacillus parabrevis gene for 168 ribosomal RNA, partial sequence, strain: M3
"o Brevibacillus parabrevis strain IFO 12334 168 ribosomal RNA gene, partial sequence
& 2 lclQuery_43709

"ol firmicutes | 43 leaves

& 4 & P
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A Bacillus cereus strain Sn49 165 ribosomal RNA pene, partial sequence
= firmicutes | 4 leaves
Uncultured Bacillus sp. clone RL-11 165 ribosomal RNA gene, partial sequence
Bacillus cereus G9241, complete genoime
4 Bacillus anthracis strain RA3, complete genome
“ Bacillus thuringiensis strain HDIO11, complete genome
Bacillus anthracis strain K3, complete genome
Bacillus anthracis strain Ames A(M62, complete penome

= 4 Bacillus thuringiensis strain SR115-B7 165 ribosomal RNA gene. partial sequence

i Y Bacillus anthracis strain IHB B 7081 165 ribosomal RNA gene, partial sequence
i Bacillus sp. BAB-4397 165 ribosomal RNA pene, partial sequence
" Y Bacillus sp. XQW6 165 ribosomal RNA gene, partial sequence
ol 1 Bacillus sp. XOW3 165 ribosomal RNA gene, partial sequence
9 Y Bacillus anthracis strain Z50 165 ribosomal RNA gene, partial sequence
w Bacillus sp. L319 168 ribosomal RNA gene, partial sequence
o Bacillus sp. L313 168 ribosomal RNA gene, partial sequence
i A Bacillus sp. L121 165 ribosomal RNA gene, partial sequence
. Y Bacillus cereus strain B12 168 ribosomal RNA pene, partial sequence
o Bacillus anthracis strain Han, complete genome
'«'F Uncultuired bacterium clone EGSB_2(00_5-21 168 ribosomal RNA gene, partial sequence
9 Uncultured bacterium clone EGSE_200_5-2 165 ribosomal RNA pene, partial sequence
o Y Bacillus anthracis strain delta Sterne genome
i Unculiured bacterium clone nek332c6c] 168 ribosomal RNA gene, partial sequence
a Uncultured bacterium clone nek334p0icl 165 ribosomal RNA gene, partial sequence
] A Bacillus cereus strain L-8 165 ribosomal RNA gene, partial sequence
3 * Bacillus cereus strain SB127 165 ribosomal RNA gene, partial sequence
=} Bacillus cereus strain L-04 168 ribosomal RMA gene, partial sequence
““ Bacillus cereus strain 38LAG2 163 ribosomal RNA gene, partial sequence
4 Bacillus cereus strain HC1%a 165 ribosomal RNA gene. partial sequence
e ] Y Bacillus cereus strain BS2 168 ribosomal RNA gene, partial sequence
Bacillus sp. enrichment culture clone Jlu BC 163 ribosomal ENA pene, partial sequence
] = firmicutes | 14 leaves
= Uncultured bacterium clone EGSE_2(K)_5-12 168 ribosomal RNA gene. partial sequence
Y Bacillus cereus gene for 165 ribosomal RNA, partial sequence, steain: CSBR/LMT
4 gl firmicutes | 16 leaves
& =0 Uncultured bacterium clone EGSB_2(0_5-6 168 ribosomal RMNA pene, partial sequence

3 I Bacillus cereus strain BAB-2822 168 ribosomal RNA gene, partial sequence
2 Y Bacillus sp. BS16-3 168 ribosomal ENA gene, partial sequence
4 Bacillus cereus strain IHE B 379 165 ribosomal RNA gene, partial sequence
o U Bacillus cereus strain ASDSY 165 ribosomal RNA gene, partial sequence
=1 W ' Bacillus cereus strain JF70 165 ribosonal ENA gene, partial sequence
 firmicutes | 2 leaves
firmicutes | 11 leaves

Q Bacillus cereus strain RBI23 163 ribosomal RNA gene, partial sequence
3 || P Bacillus cereus strain Lem3 165 ribosomal RNA gene, partial sequence
> @ Bacillus cereus strain WG38 165 ribosomal RNA gene, partial sequence
1 = firmicutes | 2 leaves
& Bacillus thuringiensis strain HEN1 165 ribosomal RNA gene, partial sequence
3 Streptomyces sp. ess_amHI 165 ribosomal RNA gene, partial sequence
A firmicutes | 4 leaves
5 Al Query_121875
“ firmicutes | 2 leaves

Fig. 4. Phylogenetic tree based on 16S rRNA gene sequences showing the relationship of strain (A) S4,
Rhodococcus opacus (B) S11, Gordonia alkanivorans (C) S7, Brevibacillus parabrevis (D) $10, Bacillus
cereus with other universal identified species.

3.3 Effect of carbon sources on biomass and lipid yield in screened bacterial strains

As depicted in (Fig. 5 A, B) carbon sources have significant (P<0.05) effects on biomass yield and
lipid content in oleaginous microbes viz. Rhodococcus sp. and Gordonia alkanivorans. Significant (P<0.05) high
cell density as well as cell dry weight was obtained with glucose and fructose as the carbon source. In addition,
cells cultivated in a medium containing glucose yielded significant (P<0.05) high lipid content 16.78%,17.05%
with corresponding significant (P<0.05) biomass yield 1.81+0.026 gL-* and 1.63£0.032 gL' in Rhodococcus
opacus as well as Gordonia alkanivorans respectively. Quite poor biomass and lipid content were observed from
sodium acetate in both screened bacteria, while sucrose was also a favorable carbon source for biomass yield
1.59+0.023gL-" in Gordonia alkanivorans. Glycerol also found be suitable carbon source for biomass yield in
Rhodococcus opacus. Hence all carbons sources including control somewhat supported significant (P<0.05)
higher biomass and lipid content except sodium acetate in Gordonia alkanivorans and Rhodococcus opacus.

Uncultured bacterium clone nek333al lel 165 ribosomal RNA pene, partial sequence
& Uncultured bacterium clone nck32%01cl 165 ribosomal RNA gene, partial sequence
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Fig. 5. Effect of carbon sources on biomass yield (A) lipid accumulation (B) in Gordonia alkanivorans

and Rhodococcus opacus

Sriwongchai et al., explored that glucose as a sole carbon source reached highest dry biomass and
lipid yield in R. erythropolis [34] Vipra & his co-workers found that in Y. lipolytica, maximum biomass was
obtained using glucose in the medium [35]. These results strongly supported our work. While glucose and
fructose is easily taken up by microbial cells, disaccharides like sucrose or lactose must be first hydrolyzed to
monosaccharides or must have specific transport system before entering microbial cells as advocated by Perez-
Garcia et al.,[36]. Aeromonas sp. KMITL-R4.4 had maximum biomass and lipid contents when cultured with
glucose and fructose [37] as we found in our present study. Some report found mycophenolate strain could
produce gamma linoleic acid, with using glucose as carbon source and the concentration of oil was up to 66%
(w/w), with using starch as carbon source, the fat content was 41.2% [37-38]

3.4 Effect of nitrogen sources on lipid accumulation and biomass yield in screened bacterial

strains

Statistical comparison suggested that various nitrogen sources have significant (P<0.05) effects on
biomass yield and lipid content as shown in (Fig. 6 A, B). Ammonium sulphate was the best nitrogen source for
cultivation of Rhodococcus opacus and Gordonia alkanivorans as indicated significant(P<0.05) higher lipid
content of 16.55%,17.01 % respectively, followed by yeast extract, beef extract. In yeast extract Rhodococcus
sp. and Gordonia alkanivorans showed significant (P<0.05) higher biomass yield 1.61+0.030 and 1.47+0.025gL-
' respectively. Among various nitrogen sources, inorganic nitrogen salts viz. NaNO3, urea exhibited quite poor
biomass and lipid content in oleaginous microbes. These finding suggested that screened bacterial strains had
the ability to utilize inorganic nitrogen sources, particularly in the ammonium form for maximum cell lipid
production.
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Fig. 6 Effect of nitrogen sources on (A) Biomass yield, (B) lipid content DCW%

Huang et al., [39] studied the effect of diverse kinds of nitrogen sources affected microbial lipid synthesis and
reported that NHANO3 and urea as nitrogen source was ideal for the growth of cells, but using the above two
kinds of nitrogen source, the amount of oil synthesis is very low; peptone, beef extract were the best nitrogen
source for oil production, but the cell growth was severely affected by peptone, beef extract medium. Liang et
al.,[40] Zhao et al., [41] stated that concentration of nitrogen has important effect on the synthesis of microbial oil.
The research showed that potassium nitrate and urea were used as a nitrogen source for fermentation of
Mortierella, which could accelerate oil production and dry cell weight. In addition, the utilization of urea as a
nitrogen source required urease activity in cells in order to hydrolyze urea to ammonium which subsequently
incorporated into cellular components [37]

4. CONCLUSION

Biodiesel is a cost-effective and renewable fuel that can potentially be produced in microbes. Fatty acid methyl
esters (FAMEs) are common components of biodiesel and can be synthesized either from triacylglycerol or free
fatty acids (FFAs). Microorganism viz. microalgae and bacteria are ideal candidates, which can completely
replace petroleum based fuel with biofuel, which is due to higher productivity, higher lipid content, rapid growth
and no competition with food crops for agricultural land. Filamentous bacterial strains were initially isolated using
selective culture media. These fifteen oleaginous bacterial strains were screened out on the basis of growth rate
and lipid content (dcw%) and employed Nile red and Sudan black staining for detection of neutral lipids in cells.
Based on quantitative and qualitative screening, four potent oleaginous bacterial strains were screened out. In
addition, screened strains can utilize both inorganic and organic nitrogen sources for growth and lipid
accumulation but organic nitrogen sources has much more significant effects for lipid production in comparison
with inorganic nitrogen source. For heterotrophic cultivation, among carbon sources glucose was found to be
most suitable carbon source for both algal and bacterial strains. Among various tested nitrogen sources
(NH4)2S04 is the best nitrogen source for cultivation of bacteria namely Rhodococcus opacus and Gordonia
alkanivorans in the form of high lipid content.
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