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ABSTRACT

Some fungi exhibit the capacity to accumulate intracellular lipids in excess of 70 percent of their biomass during
metabolic stress periods. Using Nile-red viable colony staining assay, several fungal isolates collected from
different Egyptian ecosystems were screened for its lipid production. Four isolates F1, F2, F3 and F4 were
identified as promising lipid producers. Lipid production was performed using basal based medium containing
glucose and yeast extract as carbon and nitrogen sources. The maximum lipid contents were 50, 49, 46 and 71% of
isolates F1, F2, F3 and F4, respectively. Both morphological and molecular examination identified the isolates F1,
F2, F3 and F4 as Drechdera sp., Fusarium sp., Fusarium sp. and Asper gillus fumigates, respectively. |dentification
and determination of produced fatty acids by GC/MS revealed the presence of long chain fatty acids. Fatty acid
profiles showed presence of hexadecanoic acid, octdecanoic acid, and 11-octadecenoic acid in all isolates, while 9,
12-octadecadienoic acid was present only in the lipids of strain F4 with percentage value 40%. In conclusion, this
work revealed the possibility of using the promising fungal isolatesin biodiesel production.
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INTRODUCTION

Because of the environmental and health disadvastagsulting from the use of the unsustainableilfossls,
finding new energy alternatives should be cleastanable, easily available and environment-frigridithe main
goal of many researchers in recent years aroundidhniel [1]. Among the various natural alternativedossil fuels,
biodiesel constitutes a renewable one that is ctibipawith current commercial diesel engines and bbear
benefits relative to diesel fuel including enhanbestiegradation, reduced toxicity and a lower eioisprofile [2].
However, the high costs of the biodiesel raw matefiedible oils) greatly restrict the expansiomt®production on
a large scale. In fact, this problem opened a ogmit debate about the dilemma of the use of edibbps in the
production of biofuels in general and biodieseparticular. That's where there is general agreettattthe use of
such crops in production of biofuels is a threathi® global food security. Therefore, it is necegs¢a explore new
raw materials that reduce the biodiesel price witlttompeting with food production [3].

In this concern, microbial lipids can representausble alternative feedstock for biodiesel promuctand a
potential solution for a bio-based economy. Regetitle development of processes to produce sirgleit (SCO)
by using oleaginous microorganisms has triggergdifsiant attention [4, 5]. These organisms accuataulipids,
mostly in the form of triacylglycerols (TAG). Theaurrence of TAG as reserve compounds is widespaeazhg
all eukaryotic organisms such as fungi, plantsamichals, where it was rarely described in bac{éiia
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In this context, fungi are an attractive sourcdipis for use in biodiesel synthesis [7, 8]. Sedeapecies of fungi
are able to accumulate significant amounts of aattalar lipid [9]; this lipid production can be tymized by adding
supplementary nutrients to culture media and/oalbgring culture conditions during growth [10]. Wlagbiomass-
based biofuel production represents the most irapbrapproach to face high energy prices and thengat

depletion of crude oils reservoirs, to reduce gheese gas emissions, and to enhance sustainalersggl1]. So,
oleaginous filamentous fungi are suggested as@dhle feedstock for a sustainable biodiesel ingij&®, 13].

Consequently, there is a need to identify new fatous fungi with a high lipid-producing ability dummprove its
biodiesel production efficiency. So, the main olijgs of the present study were: (i) isolation &hehtification of
filamentous fungi capable of yielding high amouhstrage lipids from different Egyptian ecosysteffiy analysis
of fatty acid profiles of the different positiveoiates and testing their potential utilities asdigsel feedstock.

MATERIALS AND METHODS

2.1 Samples collection and fungi isolation

Three soil samples from Bani-Sweif, Qena, Asyutegaerate, and one water sample from river Nile la¥ilBya
governorate, Egypt were collected. Samples wereaed 5-15 cm below the surface and then weredtat 4°C
until use. About 1 g of each soil sample was indirally suspended in 1 mL of sterile distilled watden soil and
water samples were serially diluted to 10 fold plated on yeast peptone dextrose (DOX) agar plateg/L: D-
xylose 100, yeast extract 1, KIPO, 2.0, MgSQ.7H,0 0.75, NaHPQ, 1, CaC}.2H,0 0.2, Fed 0.01, ZnCj) with
the initial pH 6 and supplemented with 50 mg/L Rd&engal (4,5,6-Tetrachlorofluorescein) and 100 Lmg/
chloramphenicol. The plates were incubated at 3@C7 days in an incubator. Several fungal coloniese
obtained from different plates and it was purifledsingle colony transferred repeatedly to a near gdate until
pure cultures were confirmed.

2.2 Screening for oleaginous fungi

After reaching to the pure culture, fungi were wa#a to grow for 3 days. So, the amount of oleaginou
microorganisms and the content of lipid accumulatedld reach a certain level. Subsequently, thiatiss that
appeared earlier and grew the fastest were piokedstialize the intracellular lipids inside fungadlls. Fungal
biomass was stored in a dark with 0.5 mL PBS smiutind 0.05 mL Nile-red solution (Nile red 25 pdeNied/
acetone 1000 mL) for 30 min [14]. Then, staineddlipodies were photographed using fluorescenceosdope
(IX-70, Olympus, Tokyo, Japan) equipped with a C&bnera (U-CMT, Olympus, Tokyo, Japan).

2.3 Classical and molecular identification of thedngal isolates

Observing the morphologic characteristics (colexfure appearance, and diameter of the coloniesjracroscopic
characteristics were performed to identify fungallates cultivated on potato dextrose agar medisidescribed
previously [15]. To identify fungal isolates at thelecular level, the protocol used by Abd-El-HabkeEL6] was
used. The primers used for the amplification arglisacing of 18S-rRNA-encoding genes were thoserithestcby

Suh and Nakase [17]. The PCR products were seqdersieg an ABI Prism BigDye Terminator Cycle Sequierg

Ready Reaction kit (Applied Biosystems).The segaesmeere analyzed using the BLAST program (Nati@exitre
for Biotechnology Information) to determine thes#st available database sequences.

2.4 Biomass production and lipid extraction

To screen and select the highest biodiesel prodacemg purified fungal isolates, they were cultunedasal
medium (in g/L: yeast extract 0.5, MgeTH,O 0.4, KHPQO, 2.0, CaC] 0.5, CuSQ@ 5H,0 0.05 and 5% glucose
(w/v), with initial pH 6). Flasks were removed eye24 hours for seven days and microbial cells werevested
from the media by centrifugation and washed wittillied water three times, then freeze dried at°€5Exacted
weight was taken, and then total lipids were exé@drom the dried biomass with chloroform: metHarolume
ratio of 2:1. Ultrasonication to favor cell membeagiisruption during extraction was done. The mixtoontaining
extracted lipids was separated from residual bisnbgscentrifugation and the solvent fraction wassferred to a
new tube. Then the residual of solvent was remawetdrotary evaporator followed by lyophilizatiom determine
the ratio of extracted lipids in compare to thd dey weight.

2.5 Biodiesel production and analysis by gas chrort@graphy.

Microbial oil was extracted as mentioned above tefmansesterfication. The transesterfication reastwere
carried out using sulfuric acid as catalyst inKiat following conditions: 30:1 molar ratio of rhahol to oil, 160
rpm, 5 h of reaction time, temperature at 55°C &% catalyst amount based on oil weight [18, 19 Teaction
mixture was cooled and undisturbed until two layeese formed in a separating funnel. The upperrldyediesel)
was separated with petroleum ether and the fir@libsel product was obtained by evaporating therdtom the
solution. The fatty acid methyl esters of biodiesele analyzed by GC/MS. It was performed with Agil6890N
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Gas Chromatograph connected to Agilent 5973 MasztBpmeter at 70 eV (m/z 50-550; source at 2307€C a
qguadruple at 150 °C) in the EI mode with an HP-Smapillary column (30 m “~ 0.25 mm i.d., 0.25 mm film
thickness; J & W Scientific, USA). The carrier ghsjium, was maintained at a flow rate of 1.0 mlomihe inlet
temperature was maintained at 300 °C and the owsnprogrammed for 2 min at 150 °C, then increas&00 °C
at 4 °C/min, and maintained for 20 min at 300 °@eTinjection volume was 1 mL, with a split ratio 58:1.
Structural assignments were based on interpretatfiormass spectrometric fragmentation and confirnbgd
comparison of retention times as well as fragménapattern of authentic compounds and the spedah
obtained from the Wiley and NIST libraries.

RESULTS AND DISCUSSION

Some works have dealt with the use of oleaginowsanrganisms for biodiesel production. Howeverja#tion of

oleaginous filamentous fungi as biodiesel produt¢ers a recent history, which derives from stud@su$ed to
poly-unsaturated fatty acid production (PUFA) [3,28]. In this context, this work described isadati screening
and characterization of oleaginous fungi for bisdigoroduction.

3.1. Screening fungal isolates for total lipids prduction

Nile-red viable colony staining assay was usedcteen for biodiesel producers. Previously, someksioeported
that Nile-red stain is emitting strongly positivedrfluorescence signals only with hydrophobic coumuis like

lipids and intended to show any lipid particlesidesthe cells and could be detected by fluorescspeetroscopy
[14, 21]. Figure 1 (A, B, C, D) showed that amotigungal isolates four of them F1 (Bani-Sweif goverate), F2
(Qena governorate), F3 (Asyut governorate) and EH4Minya governorate) where the most powerful bécsdil

producers. These results were confirmed througlophieal microscopic observation. In addition, fivesence of
lipid granules inside the stained fungal cells wasofed by the appearance of strong fluorescergwals emitted
from their stained lipidic organelles with diffetetiameter under fluorescence microscopy.

3.2. Identification of the fungal isolates

Fungal taxonomy is traditionally based on compaeatinorphological features [22]. However, specialtica
should be taken when closely related or morphobldlyicsimilar endophytes are identified, because the
morphological characteristics of some fungi are iomaddependent and cultural conditions can substiyntffect
vegetative and sexual compatibility [23]. In costranolecular techniques exhibit high sensitivibd aspecificity

for identifying microorganisms and can be useddassifying microbial strains at diverse hierarehitaxonomic
levels [24]. As shown in Figure 1, the observedatmscopic characters of the four selected fungdhiss F1, F2,
F3 and F4 identified them &xechdera sp.,Fusarium sp.,Fusarium sp. andAspergillus fumigates, respectively. In
the same line, 18S rDNA homology search valueseffour isolates confirmed the morphological chemastics
and showed similarity (>99%) with the following fyin Drechslera nobleae, Fusarium solani, Fusarium
neocosmosporiellum and Aspergillus fumigates, respectively Their GenBank accession numbers and the most
relative published sequences are presented in Table

Table 1: Similarities between isolates of the presestudy with its accession numbers and the most laive published sequences in the

GenBank
No. | isolates| Accession numbér Nucleotide lengtlosest published species with its accession nusnberSimilarity (%)
1 F1 KF703438 425 Drechslera nobleae, JN940959 99
2 F2 KF703439 479 Fusarium solani, JQ837837 99
3 F3 KF703440 507 Fusarium neocosmosporiellum, AB302198 99
4 F4 KF703441 486 Aspergillus fumigates, HM590663 99

3.3. Biomass production and lipid accumulation

It is known from the previous studies that the lmsbon source for lipid accumulation in fungi is@pse under
limitation of nitrogen [25, 26]. In the presentdyu fungal cells were grown in basal media contajnglucose and
yeast extract as carbon and nitrogen sources, atdggg. All grown flasks were exposed to the sacoaditions,

and three separate flasks were inoculated frorsdh@e culture in each case.
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Figurel: Shows the morphological characteristics (& B1, C1, D1), phase contrast and Nile red stainexells by fluorescent microscopy to
the same field (A2,3- B2,3-C2,3-D2,3) of the fourogitive isolates F1, F2, F3 and F4 respectively.

As illustrated in Figure 2, it was observed tha growth patterns behavior of strain F1 & F4 and&FE3 were
getting closer in the way of growth. It was alsdeabthat strains F 1, F2 and F3 reached their mairamount of
biomass (~ 8-10 g/l) after 7 days of incubationjlevktrain F4 reached its maximum growth rate @ /®biomass)
only after four days of incubation. The total ligidtterns of strain F4 was also differ from thegrais of strain F1,
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F2 and F3 (Figure 3). The maximum yield of lipidasaobtained after 6 days of incubation with str&ifisF2 and
F4 and after 5 days with strain F3. This may betdube fact that in case of high carbon and néroratio, glucose
did not get exhausted, and biomass accumulatiotintea throughout the first four days [26].
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Figure2: Shows the growth curve of the four positie isolates on basal medium for'7 days of incubation

-1 =2 -+13 -4

Total lipids (g/l)

Incubation time (day)
Figure3: Time course of lipid yield of the four diferent positive fungal isolates grown in basal medim containing glucose
As shown in Table 2, the lipid content of straink, F2 and F3 was 50, 49 and 46% (lipid/cell dry ghé),
respectively. However, 71% of lipid content was iaebad with strain F4. similar pattern of performangith

respect to biomass production and lipid yield witternaria sp. andAspergillus sp. was recorded [26, 27], where,
the lipid yield was found to be as high as 7.8 gfid 3.1 g/L corresponding to the highest biomasslymtion of
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14.6 g/L and 13.6 g/L, respectively. Also, 4.17 @il96 h and 13.6 g/L in 48 h with a lipid prodwitly of 23% and
23.3% forMucor circinelloides MU241, andAspergillus sp. , respectively. While a SCO vyield of 53% (wibf)dry
cell mass was obtained fMortierella isabellina, when grown on glucose with concentrations ran@iogm 2% to
7% [28, 29].

Table 2: shows the best biomass productivity, lipidontent and lipid percentage of the four differentpositive fungal isolates

Biomass dry| Total lipids dry | Total lipids percentage to

No. | isolates| \ ciont (o) | weight (o) | biomass dry weight (%)

1 F1 8.45 4.225 50
2 F2 8.14 4.062 49
3 F3 8.815 4.125 46
4 F4 8.53 6.137 71

3.4 Biodiesel production and analysis by gas chromatogphy

In order to compare the potential utilities of #adracted total lipids as biodiesel feedstockyfattid composition
(FAME) of the four strains were extracted by acidthanolysis and its profile were determined by GE/]20]. As
presented in Table 3, fatty acid profiles showedspnce of hexadecanoic acid, octdecanoic acid, 1dnd
octadecenoic acid in all isolates. However, phthatiid and tridecanoic acid was absent in thedipifistrains F1,
F2 and F3, while 9,12-octadecadienoic acid waseptesnly in the lipids of strain F4 with percentagdue 40%.
The major fatty acids in the lipids of strains F2,and F3 was hexadecanoic acid followed by 1ldec@anoic acid
exhibiting percentage values of 38, 51, 34 %, a®d33, 34%, respectively. This result was in agresimvith [31]
where hexadecanoic acid plus stearic acid was tst abundant fatty acid isolated from the fun@astrichum. In
addition, [32] found that the lipid fraction & japonica VKMF was characteristic by octadecenoic acids meagr
up to 50% of total fatty acids. Also, [33] showédttthe lipid extract ofFusarium sp.ML-GEN.1 mainly contained
oleic acid (41.66%), palmitic acid (23.26%), linclacid (19.18%).

Table 3: Show fatty acid composition and percentagef the extracted total lipids by GC-Mass of the far different positive fungal isolates

. Fungal Isolates Retention
Fatty Acids (FA) F11 F2| F3] E4l Time m/z (%)
1 | Phthalic acid - - - 5 149 -
2 | Tridecanoic acid - - - 3 74.0 -
3 | Hexadecanoic acid 38 51 34 22 74.0 39
4 | Octdecanoic acid 24 1p 12 13 74.0 24
5 | 11-Octadecenoic acid 36 | 35| 34| 15 55.0 36
6 | 9,12-Octadecadienoic acid 3 F 18 40 67.0 -

Interestingly, the fatty acids profile of the foisolates indicates the presence of both saturatedduasaturated
forms of fatty acids. Since the presence of una&tdrfatty acids only, show low oxidative stabiliB4]. Where,
saturated forms tend to give more favorable progedf biodiesel, but at the same time the satdrfatens has also
some disadvantage like relatively poor low-tempaeaflow properties. However, for optimized biodikgst should
contain both long-chain saturated and poly-unstdreatty acids [35, 36].

CONCLUSION

In the present study, several fungal isolates wereened for its lipid production. Four of them F2, F3 and F4
were identified as promising lipid producers witpraductivity reach to 50, 49, 46 and 71% respetfion a basal
media containing glucose as a carbon source. litiawldthe fungal isolate showed fatty acid profiteat has
potential utilities for biodiesel production as kaween documented for vegetable oils, oleaginoastyend fungi.
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