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ABSTRACT

Fungi are a good worker in many environmental duties, where the use of an organism to produce more than one
product in the same medium is profitable. Exopolymer, total lipids and mycelium mass, etc... are the scope of
different separate studies. In the present work a fungal Curvularia sp. strain DFH1 can act as oleaginous where it
contain about 26% of its dry weight as lipids with a Fatty acid profile of hexadecanoic, octadecenoic, octadecanoic
and erucic. Which have a valuable economic impact or it can act as a feed stock for biodiesel production, also and
at the same time produce an exopolymer which act as a good powerful bioflocculants giving flocculation activity
reached to 95%, The FTIR spectra of bioflocculant showed the presence of carboxyl, hydroxyl, amide and amino
groups. And the cell debris functions as heavy metal absorbent biomaterial, where about 85% Cd(I1) and 15%
Zn(11) were removed by cell debris as biosorbent. So the purpose of this paper is to view the various attributes of
the fungal isolate and explores the possibility of utilizing themin different ways in a manner of zero waste process.
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INTRODUCTION

Fungi are used in many ancient and modern biotdobimal processes, such as the production of engyme
vitamins, polysaccharides, pigments and lipids. Sofithese products are produced commercially wdthers are
potentially valuable in biotechnology. In additiangtabolically inactive fungal dead biomass du¢htr unique
chemical composition sequesters metal ions andl oetaplexes from solutions. Today, fungal biotedbgy is a
major participant in global industry.

Some of fungi are reported to be oleaginous whigh accumulate significant amounts of lipids [1, Rlingi
metabolically transform the external carbon intoboaydrate or hydrocarbon and then to lipids. Lspiare
considered to be important storage compounds iffiattme of triacylglycerols (TAG). If the lipid conte in the cell
exceeds 20%, then microorganism can be called eagiolous. Therefore, oleaginous filamentous fungi a
suggested as a favorable feedstock for a sustaibatdiesel industry[3, 4].

Lipid accumulation in oleaginous molds has been atestrated to occur when a nitrogen source in thdiume
becomes limited and the carbon source is preseexdass, then the growth rate slows down and ththegis of
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proteins and nucleic acids tends to cease. Whateigtioned previously that in non-oleaginous spedhes carbon
excess remains unutilized or is converted into agfer polysaccharides, while, in oleaginous spediess

preferentially channeled toward lipid synthesiadiag to the accumulation of TAG within intracefialipid bodies
[5]. However in the present study the coproductadnlipids in addition to exopolymer which act asgaod

bioflocculant was observed.

Extracellular biopolymer was isolated and subjedtedurther bioflocculant experiments. It is nost&blished that,
in comparison with the widely used chemical floesu$, including aluminum sulfate, ferric chloridand

polyacrylamide that have been widely used, biofldaots show more advantages because of their safaty
biodegradability [6, 7]. So, screening for novekmiorganisms which could produce bioflocculantshveikcellent
flocculating activity, cost-effective productionqmess and high polymer yield is one of the maigets of many
research groups worldwide[8, 9].

It is known that filamentous fungi are used in sal/éermentation industries to produce varied coumuts releasing
thousands of tons of residual cell walls. To dateineration is the main way of destroying thisgrgduct. On the
other hand, there is found highly metal-loaded wasgtater which produced from different industriesiséng

treatments to purify these effluents are often bffsrdable than the taxes required to disposéhermtin effluent
[10]. Studies on the mechanism of removal of ma&ak by microorganisms assessed that the cell iwalhe

primary site of metal ion accumulation [11, 12]h#s also been shown that the uptake of heavy ro&tiahs is not
mediated by metabolic processes, and can take ptadead as well as living cells. These findingfeidd the
possibility of using dead waste mycelia for biogmp. Employment of such biosorbent would offeratractive

potential use of this waste material. Muzzarelklethave already reported success in this arga[13

In modern biotechnological processes, several mtsdare often obtained simultaneously. In additmiipids as a
biodiesel feed stock and exopolymer as a gooddzofllant, fungal mycelium can be a source of clisra good
heavy metal absorbent. Formation of three productée biotechnological cycle would reduce theistcand make
the method more profitable. The objectives of thespnt study are to test the ability of the filatoes fungal
isolate for its lipids accumulation, secretion dfiaflocculant exopolymer and to combine the isolabf the main
two products with obtaining cell wall as anothegt product for heavy metal removal.

MATERIALS AND METHODS

Sample collection and isolation of fungus

A water sample was collected from Al-lbrahimia dadesyut, Egypt, in the depth of 10-30 cm, the skrmpvere
then stored at 4°C until use. 1 mL of the waterglamvas serially diluted to 10 fold by distilleceste water and
plated on yeast peptone dextrose agar plates (YRDp/L: D-xylose 100, yeast extract 1.0, KO, 2.0,
MgSQ,.7H,O 0.75, NaHPQ, 1.0, CaC).2H,0 0.2, Fed 0.01, ZnC} 0.01) with the initial pH 6 and supplemented
with 50 mg/L Rose Bengal (4,5,6-Tetrachlorofluossy and 100 mg/L chloramphenicol. The plates were
incubated at 30°C for 3 days. Pure cultures of ifwege isolated by cycles of re-plating on YPD aplates.

Screening for oleaginous fungus

The procedure of prescreening for oleaginous fungas performed on a 72 hours old slant of pureatssl
Directly, Fungal biomass was stored in dark with ®w.L PBS solution and 0.05 mL Nile-red solutionlé\ied 25
Kg Nile-red/ acetone 1000 mL) for 30 min then,ia fiim was made on clean glass slide after waslktiregbiomass
with distilled water and kept for drying in the .aifhereafter, slide was observed and photographsedg u
fluorescence microscope (1X-70, Olympus, Tokyo,ailgpequipped with a CCD camera (U-CMT, Olympus, yipk
Japan). The fungal isolate designated DFH1 gavehipkest red florescence signal was subjected dahér
analysis.

Identification of fungus

The isolated fungus DFH1 was identified to the gemevel on the basis of morphological (color, testu
appearance, and diameter of the colonies) and miomphological characteristics on potato dextrage anedium
(showing the spore and mycelium shape), and the¢ upokated keys for identifications.
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Biomass production, lipid extraction and characterzation

Strain DFH1was cultured in basal medium (in g/Lasteextract 0.5, MgSLKYH,O 0.4, KHPQ, 2.0, Cad{ 0.5,
CuSQ 5H,0 0.05 and 5% glucose (w/v), with initial pH 6.@amples were withdrawn every 24 hours for seven
days. The culture broth was centrifuged where;stifgernatant was preserved to the next step. Hoywenerobial
cells were harvested and washed with distilled wtteee times, and then freeze dried at —-50°C. texaweight
was taken, and then total lipids were extractedchftbe dried biomass with chloroform: methanol, woturatio of
2:1. Ultrasonication to favor cell membrane disroiptduring extraction was done. The mixture conteajrextracted
lipids was separated from residual biomass by ifagation and the solvent fraction was transfeted new tube.
Then, the residual of solvent was removed in aryataaporator followed by lyophilization to determaithe ratio of
extracted lipids in compare to the cell dry weigBtibsequently, transesterfication reaction wadezhiwut using
sulfuric acid as catalyst in flasks at followingnditions: 30:1 molar ratio of methanol to lipid§0lrpm, 5 h of
reaction time, temperature at 55°C and 80% catagsbunt based on lipids weight. The reaction m&twas
cooled and undisturbed until two layers were forneda separating funnel. The upper layer (biodjeses
separated with petroleum ether and the final bemligproduct was obtained by evaporating the ettwn fthe
solution.

The fatty acid methyl esters of biodiesel were ywed by GC/MS. It was performed with Agilent 689@4s
Chromatograph connected to Agilent 5973 Mass Spaetrer at 70 eV (m/z 50-550; source at 230 °C and
quadruple at 150 °C) in the EI mode with an HP-Baqsillary column (30 m “ 0.25 mmi.d., 0.25 mm fithickness;

J & W Scientific, USA). The carrier gas, helium,svaaintained at a flow rate of 1.0 mL/min. The irnilenperature
was maintained at 300 °C and the oven was prograhione min at 150 °C, then increased to 300 °@ &C/min,

and maintained for 20 min at 300 °C. The injectioiume was 1 mL, with a split ratio of 50:1.

Bioflocculant from strain DFH1

To determine the ability of strain DFH1 to produero-biopolymer having the capability to be usedaas
bioflocculant; the slightly viscous broth obtaingblove after removing mycelium was precipitatedvey volumes
of cold ethanol. The precipitate obtained was ssalived in deionized water and re-precipitated tigireg two
volumes of cold ethanol with stirring. After sevienaurs in refrigerator, the precipitate was cdkel; dissolved and
precipitate like above, then the precipitate washea with ethanol, air dried and lyophilized tocharacterized.

After ensuring the presence of polymer in the hrétle flocculating activity of the biopolymer wasasured by
calculating the flocculating rate using the methddscribed elsewhere[9]. A mixture of syntheticyctaspension
(5g/L) with a known volume of fungal broth in theepence of CaGwas stirred with rapid mixing at 230 rpm for 2
min, followed by slow mixing at 80 rpm for 3 mining Laboratory Flocculator (Flocumatic 6PLAZAS/sdmp
Spain) and left standing for 3 min. A sample forticgd densities (OD) measurement was withdrawn gisin
automatic pipette from a height of 3 cm below th&ace of clay suspension. Relying on the uppesgHhaD for
clay suspension that was measured at 540 nm vsffeetrophotometer (7230G, Shanghai, China) thedlation
efficiency of the isolated strain was screened. fibeculating activity was calculated accordingthe following
equation:

Flocculation activity (%) = (a-b)/a*100

Where a and b are the supernatant optical den§fdB3 of the control (clay suspension without angflocculant
addition) and sample respectively, at 540 nm.

To characterize the extracted bioflocculant, tstejar content of the bioflocculant was determingdhe phenol-
sulfuric acid method using glucose as standardisoll4]. The protein content was measured by toemry-Folin
method using bovine serum albumin as a standardFFdR measurements, the absorption spectrum [eetvBe0
and 4,000/cm was measured for the dried biopolyr8pectra were recorded using attenuated totalctafiee
(ATR) on a Bio-Rad FTS 6000 FT-IR spectrometer.

The fungal strain DFH1 as a biosorbent of heavy mats

Cadmium and Zinc solutions and standards were pedpasing analytical grade anhydrous cadmium and i)
chloride salts (CdGJ] ZnChLAcros organics, USA). All reagents were preparedlirapure water with resistance of
18.2 MQ x cm. Fungal biosorbent was obtained as a caliuakfrom the mycelium of strain DFH1 cultured in
basal medium as described above. The biosorbenbwers dried overnight at 60°C. It was then grouinelf to
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particles with size< 150 um. The biosorption experiment was conductétht w00 mL of 100 mg/L initial
concentrations of cd (Il) and Zn (Il) solutions2B0 mL Erlenmeyer flask for 60 minutes of contactet at room
temperature 26 + 2°C with agitation at 150 rpm lraker incubator. PH was adjusted to 6. After bipton,
samples were centrifuged at 1400 rpm for 20 min(k624, Kubota, Japan). The concentrations of nietel were
analyzed by using a graphite furnace atomic abmorpspectrophotometer (GBC 932 AA, Australia). Each
experiment was repeated three times and the reguéis are the average values.

RESULTS AND DISCUSSION

Identification of the fungal strain DFH1 and lipids detection

Morphological and micromorphological characteristidemonstrated that the isolated fungal strain DR$1
belonging to the genus Curvularia. It is known ttieg genus Curvilaria is one of the most importaembers of
family Dematiaeceae, the large and heterogenougpgrbd moulds. The organisms are wide spread inrenmient

and are found in soil and plant debris [15]. Whetegin DFH1 produces rapidly growing, woolly cdeson potato
dextrose agar at 25°C. From the front, the colothef colony is white to pinkish gray initially aridrns to olive

brown or black as the colony matures. From therssyét is dark brown to black. Microscopic exantio of strain

DFH1 showed septate, slightly curved, brown conlgiiane singly on a geniculate conidiophore (Fig.So, the

isolate DFH1lare identified as Curvilaria and thetonfirmed through the repeat of identificationtle regional

center of mycology, at Al-Azhar University, Caitegypt.

Figure 1: Morphological characteristics of the fun@l strain DFH1 observed and photographed under lighmicroscope

In addition, microscopic observation of the oleagi® fungi DFH1 has indicated the existence of ligidbules.
However, direct observation under the microscopg nué give a correct picture unless there is aifipenethod to
observe the lipid particles. Several dyes, inclgddudan black B [16], Luminor 490PT [17], and Ni&l which is a
marker of cytoplasmic lipid droplets in mammaliagil€ [18] were reported to determine the lipid @mtof cells,
but Nile red seems preferable for the intracelllipid determination. As shown in Fig. 2,strain DEéxhibited
strong red fluorescence signal and showed someeltga with different diameter stained with the wdor, the
isolate was visualized by light and fluorescencerascope[19].

Biodiesel production and characterization by strainDFH1

As shown in Figure (3) both cell dry weight andidipyield of strain DFH1 were of almost in paraltilring the
seventh days of incubation. Strain DFH1 showed mari lipid content of 26% of its dry weight whichuedj to 20
g/L (w/w) with maximum lipid yield of 5.2 g/L. Readly [20, 21]recorded similar pattern of performanwith
respect to biomass production and lipid yield witternaria sp. andAspergillus sp., the lipid yield was found to be
as high as 7.8 g/L and 3.1 g/L corresponding to highest biomass production of 14.6 g/L and 136, ¢/
respectively.
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Figure2: Confirmation of lipid production in strai n DFH1 using Nile-red staining assay
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Figure3: Time course of both growth and lipid yieldof strain DFH1 grown in basal medium containing 5%glucose

Furthermore, the fatty acid composition of straifH1 was analyzed by GC/MS in order to ascertain@mdpare
their potential as biodiesel feedstock. The resphssented in Table 1 showed the presence of titye daids

hexadecanoic (29%), octadecenoic (54%), octadecgi@%) and erucic (3%), respectively. This resudts in

agreement with [22] where hexadecanoic acid plearit acid was the most abundant fatty acid isdl&iem the

fungus Geotrichum. In addition[23]found that the lipid fraction df. japonica VKMF was characteristic by
octadecenoic acids reaching up to 50% of totay fatids.

Table 1: Fatty acid composition of extracted totalipids from Curvilaria sp. strain DFH1 by GC/Mass

Fatty acic Retention tim | Peak Are | Heightof pea | m/z | % of each one in the extracted total lif
Hexadecano 37.92¢ 4042622 691298: 74.0C 29 %
11-Octadecenoiq 43.519 89223443 9945100 55.00 54 %

Octadecanoic 44.200 16036250 2864652 74.00 12%
Erucic 44.595 4252146 700501 55.00 3%
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Interestingly, the fatty acids profile of strain BE indicates the presence of both saturated aratumaged forms of
fatty acids. Since the presence of unsaturatey &afids only, show low oxidative stability espelyiainder long
periods in storage conditions above ambient tentpess with exposure to air and/or light [24]. Whesaturated
forms tend to give more favorable properties ofdmeel. These include an increased cetane numbsy, (C
decreased nitrogen oxides (NOx) emissions, shigtéion delay time, and oxidation stability, butthe same time
the saturated forms has also some disadvantageeli&tively poor low-temperature flow propertiesowtver, to
ensure satisfactory in-use performance with resfgeldw temperature operability and oxidative diihibiodiesel
should contain both long-chain saturated and pobaturated fatty acids. In conclusion, these tygfefatty acid
produced by strain DFH1 have potential utilities fidodiesel production as have been documentededgetable
oils [25], oleaginous yeasts [26] and fungi [27].

Characterization of the exopolymer as a bioflocculiats

In contrast to that observed in biodiesel productithe bioflocculation activity (FA %) of supernateof lipid
experiment was not in parallel with cell dry weid®\W) of strain DFH1 during the seventh days ofuination. As
shown in Figure 4, cell dry weight was increaseadgally by increasing the incubation period froto 7 days as
mentioned above. However, the FA% during this gehicreased and reached its maximum value of 9%6é6 72
h then a gradient decrease was observed till r@di% after 7 days of incubation. This result intkdathat strain
DFH1 produces an extracellular bioflocculant. Tteme bioflocculant production pattern was reporteth w
Aspergillus parasiticus [28] and Aspergillus flavus [29]. Accordingly, in order to produce biofloccutawith high
flocculating activity, 72 h culturing time has beehosen. Concerning both bioflocculant productiod HW
profile, it is evident that the bioflocculant pradion was almost in parallel with cell growth tilie first 72 hours
studied which indicating that the bioflocculant wasduced by biosynthesis during its growth, notbkl autolysis
[30].
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Figure 4: Time course of growth and bioflocculatioractivity of strain DFH1 (clay concentration =5g/L, agitation speed= 2min at 230rpm
then 3min at 80 rpm, dosage of strain supernatant 2.5ml/L, dosage of CaCl2 (3%) = 50ml/L clay supeie pH=7)

The chemical analysis of the purified biopolymeoduced by strain DFH1 demonstrates that it conthioth
protein and carbohydrate. However its major camstit is shown to be protein, where the proportioithe total
sugar and protein content are 24% and 72% (w/\speetively. As a method for confirming the chemiaahlyses
and explores the relationship between the functignaups and the flocculation rate of the biopolyntee FTIR
spectrum (Figure 5) of the pure bioflocculant waalgzed. A broad stretching intense peak displayednd 3400
cm®can be assigned to the stretching vibration of @#i[dH groups [31]. The peak at 2918 tim an indication of
aliphatic C—H stretching. However, the peak at 1648 may be due to the C=0 stretching vibration in CONH
group or NH bending [32]. The strong peak observed a round3 16" corresponding to the C-O stretching
vibration in alcohols suggests the presence of @i in the flocculant, and also it was generalipwkn to be
typical characteristics of all sugar derivativeson€equently, the infrared spectrum indicates thesqce of
carboxyl and hydroxyl groups [33] which is in agremt with the chemical analysis results that thefipd
biopolymer contains both polysaccharide and prot€he protein and the polysaccharide contents efpthrified
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biopolymer may explain its stability toward all died organic solvents (acetone, methanol, ethabbroform,
dimethylsulphoxide). However, it has a tendenclpdasoluble in water as well as both acidic andlalkanedia.
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Figure 5: FT-IR spectra of the partially purified exo-biopolymer from strainDFH1

Usage of the fungal cell wall as a biosorbent

To mitigate the heavy metal pollution, many proesskave been developed[34]. Biosorption is oné, @fnd it is
the property of certain types of inactive, nondiyimicrobial biomass to bind heavy metals even fiamy dilute
aqueous solution. Cell wall structure of certaigaal, fungi and bacteria was found to be respongiiiahis
phenomenon [35].
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Figure 6: Biosorption of Cd(ll) and Zn(ll) onto the lyophilized fungal cell wall of the isolated fungs strain DFH1 from aqueous solutions
at: pH, 6.0; temperature, 26'C; and initial concentration of 100 mg/|

In the present study, biosorption of Cd(Il)and Zn@nto the oven driedfungal cell wall debris dedvfrom the
above lipid extraction was investigated againgfieigl wastewater in the concentration of 100 mghAls shown in
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Figure 6, results indicated that about 85 and 15%hetals is removed from solution after 1 hour emhtime for
cadmium and zinc, respectively. Previously [36]mgd that Aspergillus niger, Penicillium chrysogenum and
Claoicepspaspali have a removal capacity for zquakto 55, 8 and 12%, respectively. However, aactd result
for cadmium absorption was recorded by [37]. Se, ke of waste-biomass in biosorption applicationla be
helpful not only to the environment in solving taid waste disposal problem, but also to the eagno

CONCLUSION

A fungus isolate was identified as Curvilaria sjpais DFH1produced three products including lipidsppolymer
and mycelium mass on the same media. It was comtadut 26% of its dry weight as lipids with a vdlea
economic impact as a feed stock for biodiesel prtdn, also the exopolymer act as a good poweibfldzculants
for kaolin suspension, and the cell debris fundias heavy metal absorbent biomaterial. In lighthete results it
is either to grow the fungus for three days to thikeeadvantage of the three products, but in thée ¢he amount of
lipid extracted will be reduced to the half, orsiarches the optimal conditions for the extractbrihe three
products at large amounts and this needs to omirei@me growth conditions and this is the resednah are
conducted in our labs now.
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