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Abstract : Lipid accumulationislimited by severa
factors, nutrient compostion, light typeandillumination
period. Threeaga strainsisolated from River Nile of
Egypt were used Chlamydomonus variabills,
Haematococcuspluvialis(green dgae) and Microcystis
aeruginosa (bluegreen dgae). The speciesweregrown
in BG11 mediumunder continuousillumination (24hr)
withwhitefluorescent light intensity ~2500 Lux and har-
vested at stationary phase. The factors studied were
NaNO, starvation, NaCl stress, different color of Light
Emitting diodes, with different light intensity and theef-
fect of illumination period. GC-analysisweredoneto
detect thefatty acids present at optimum conditionfor
each strain to know whichismoresuitablefor biofuel

INTRODUCTION

Theability of algaeto surviveor proliferateover a
widerangeof environmental conditionsisreflectedin
the tremendous diversity and sometimes unusual pat-
ternof cdllular lipidsaswell astheability tomodify lipid
metabolism efficiently in responseto changesin envi-

production. Microcystisaeruginosa, recorded themaxi-
mum lipid content (30%) at control and at NaCl stress
2.5¢/I. Chlamydomonusvariabills, showed maximum
lipid content 21% at control condition. Haematococcus
pluvialisgiventotal lipid content 10% at control and
nitrate starvation 0.075and 0.0 g/l whileat salt stress
0.5g/I thelipid content increased to reach 25%. In addi-
tiontheresults showed that continuesillumination pe-
riodisbetter withwhitelight florescent, while, thelight/
dark 16/8 cycleilluminationisbetter for selected iso-
lateswithLED light.  © Global Scientificlnc.

K eywor ds: Microagee, Biodiesd; Sdinity; LED
lights(Light Emitting Diodes).

ronmenta conditiong*3*333, Under optima conditions
of growth, a gae synthesizefatty acids principally for
ederificationinto glycerol-based membranelipids, which
congtituteabout 5-20% of their dry cell weight (DCW).
Under unfavorable environmental or stressconditions
for growth, however, many algaeadter their lipid bio-
synthetic pathways towards the formation and accu-
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mulation of neutrd lipids (20-50% DCW), mainly in
theformof triacylglycerol (TAG). Unliketheglycolip-
idsfoundin membranes, TAGsdo not perform astruc-
tural rolebut instead serve primarily asastorageform
of carbon and energy. However, thereis some evi-
dence suggesting that, inalgae, the TAG biosynthesis
pathway may play amore activeroleinthe stressre-
sponse, in addition to functioning as carbon and en-
ergy storage under environmental stress conditions..
Themajor chemica stimuli are nutrient starvation, sa-
linity and growth-medium pH. The major physical
stimuli aretemperatureand light intensity. Moreover,
chemical and physical factors, growth phase and/or
aging of the culture also affects TA G content and fatty
acid composition', Nitrogen limitation in the nutri-
entsisthemost critical factor affecting lipid metabo-
lisminagae. A generd trend towards accumulation of
lipids, particularly TAG, in responseto nitrogen defi-
ciency has been observed in numerous species or
strains of variousalgal taxa2+4.

Other typesof nutrient deficiency that promotelipid
accumulation include phosphate and sulfate limita-
tion”3, Salinity isafactor that caninfluenceinlipid
content of microalgag’®. Salinity, in both open and
closed systems, can affect the growth and cell compo-
sition of microalgae. Salinity changesnormally affect
phytoplanktonin threewaysd®: (1) osmotic stress (2)
ion (salt) stress; and (3) changesof thecellular ionic
ratiosdueto the membrane sel ectiveion permeability.
Theeasiest way for salinity control isby adding fresh
water or salt asrequired®Y.

Algaegrownat variouslight intensitiesexhibit re-
markablechangesintheir grosschemica composition,
pigment content and photosynthetic activity!01132,
Based upon the algal species/strains examined*?, it
appears, with afew exceptions, that low light favors
theformation of polyunsaturated fatty acids (PUFAS),
which areincorporated into membrane structures.

The present study aimed to investigatethefactors
affecting onlipid accumulationsin threeloca isolated
microa gae strainsunder different growth conditions of
nitrate sarvation, salinity stress, and light source, inten-
sty and theillumination period. Fatty acidsprofilere-
corded by GC-analysisat both controlled and stress
growth conditionsfor comparing between fractions of
fatty acidsand defined which growth conditions pro-

ducing fatty acidswith high efficiency for biofudl pro-
duction.

MATERIALAND METHODS

Algal isolationsand cultures

Theaga speciesusedinthisstudy wereisol ated
from River Nilewater using BG11 medid* asmen-
tioned in*, The isolated algal species are,
Chlamydomonus variabills, Haematococcus
pluvialis (green algae) and Microcystis aeruginosa
(bluegreendgae). Normd conditionfor cultivationsnce
isolationwascarried out insterilized 1 liter conica shoul-
der flasks containing 600 ml of the corresponding cul-
turemedium under continuousillumination (24hr) with
whitefluorescent light intensity ~2500Lux. Thecultiva-
tiontimediffered from one strain to another depending
ontheoptimum growth ratetill reaching sationary phase
which dwaysranged between (15-20) days. Each strain
was subjected to different conditionsin order to study
itseffect onincreasing lipid production.

Chlorophyll acontent measurement

Thefresh Sample (25ml) of each strainwastaken
every 48 h and filtered through 0.45pum membranefil-
ter and extracted with hot methanol after theaddition
of 0.5ml magnesium carbonate solution (1%o) in order
to prevent chlorophyll degradation. The concentration
of chlorophyll awas cal culated according to theequa
tionsitedin (Standard Method, 1998).

C ,=11.85(0OD664) - 1.54(0D647) — 0.08(0D630)
Chlorophyll apg/L=C, X extract volume, L/ volumeof sample,
L

Where: OD664, 647 and 630 are the absorbance at
664, 647 and 630.

Effect of different factorson lipid production

To study factorsaffecting lipid production, theaga
isol ates exposed to adaptati on period on stress condi-
tions. Theadaptation period involved there- culture of
theagd isolaesonthe sdected factorse.g. NO, Stress,
NaCl stressand light conditionsuntil theagdl isolates
reach the stationary phasethen transfer thealgal cells
to anew culture with the stress condition in order to
collect aga biomassand evauatethelipid content.
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Effect of nitrate concentrations

Thedgd isolateswerecultured indifferent NaNO,
concentrations (0.3, 0.15, 0.075 and 0.0 g/l) until sta-
tionary phase and the culture was collected to deter-
minetheeffect of decreasing NaNO, concentrations
ontotd lipid production and itsfatty acidsfractions.

Effect of salt stress

Theeffect of salt stressonalgal lipid production
were examined by adding NaCl through different con-
centrations (0.5,1,2.5, and 5 ¢g/L) thea gae harvested
at stationary phaseto study the effect of salt stresson
thetotd lipid production efficiency and itsfatty acids
profile.

Effect of light source

Thesd ectedisolateswerecultivatedin BG11 me-
dium under continuousillumination (24hrs) withwhite
florescent light at intensity ~ 2500 Lux. At stationary
phase, take equal samplesand sub cultured each one
twice 15-20 days as adaptation period with continuous
illumination under different colorsof light emitting di-
odes(LED), red and warm whit colorswith intensity
~1000L ux and bluecolor with ~ 1500 Lux. Then, the
isolateswere sub cultured again and harvested at sta-
tionary phaseto determinetheeffect of light color on
thelipidincreasing.

Effect of light duration cycle

At dationary phase of sdlectedisolatesat controlled
conditions, take equal samplesand sub cultured each
one twice 15-20 days as adaptation period under dif-
ferent colorsof LED and whiteflorescent light withillu-
mination cycle8/16 light/dark. Thentheisolateswere
sub cultured again and harvested at stationary phaseto
determinetheeffect of light duration periodonthelipid
productivity.

Algal biomassharvesting

In order to harvest agal biomass, asuitable har-
vesting method may involve one or morestepsand be
achievedin several physical or chemical ways. Filter
press operating under pressure was used with
Microcystis aeruginosa and Chlamydomonus
variabills, through membrane filter 0.8um, while
Haematococcus pluvialis harvested through settling
then centrifugation at 2000 rpm for 10 minutes.

Lipid extraction

All speciesafter harvesting were subjected totwo
methodsfor oil extraction:

M odified method of Bligh and Dyer and Hexane-
Isopropanol Extraction Method according to™,

RESULTSAND DISCUSSION

Algal growthrate

Chlorophyll ameasured asindicator of dga growth
revedled that under control condition (BG11 medium,
whiteflorescent light with intensity ~2500 Lux for illu-
mination period 24 hrs) thea ga speciesdifferedinits
biomass and hencelipid production. Accordingto the
chlorophyll a, the growth rate of selected microalgae
speciesat stationary phaseunder control conditionscan
bearranged inincreasing order asfollowing:
Microcystis aeruginosa > Haematococcus pluvialis >
Chlamydomonus variabills

Responseof isolated strainstonitrate starvation

Nitrogen limitation isthemost frequently reported
method of increasing lipid content, asit ischeap, easy
to manipulate and hasardliable and strong influence
on lipid content in many species'®. Thegrowth rate
of Chlamydomonusvariabillsat different nitrates con-
centrations continue to increase up to 14 daysthen
started to decline, Haematococcus pluvialiscontinue
togrow upto 18 day at 0.3 g/l NaNO,, at concentra-
tions0.15and 0.075 g/l it continueto grow upto 14
day. Microcystis aeruginosa continue to grow up to
20 dayswithincreasing the chlorophyll content at 0.3,
0.15and 0.075 g/l, while at zero nitrate Microcystis
aeruginosa continueto grow up to 12 daysthen be-
gan the stationary phase. The resultsindicated that
the effect of nitrate concentration is species specific
and each strain differ initsability to adapt with nitrate
concentration.

The selected isolated strains showed asin Figure
1 that the maximum li pid content was at control condi-
tion where NaNO, concentration equal 1.5 g/l.
Microcystis aeruginosa and Chlamydomonus
variabillsrecorded decreasing in lipid accumulation
with nitrate deplation. While, Haematococcus
pluvialisshowed alittledecreasinginlipid content by
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Figure2: Effect of sodium chloride concentrationson total lipid content

decreasing nitrateconcentration (0.3and 0.15g/l), with
further decreasinginnitrate (0.075and 0.0g/l NaNO,),
thelipid accumul ation increased again to the maximum
vaue(10%+0.14). This is an economically promising
result sincethisstrain (Haematococcuspluvialis) can
yield themaximum lipid percentagewithout adding ni-
trate. It isin agreement with theresultsof Melindaet
a., 2011, where, showed that, thelipid content at 0.15
g/l NaNO, higher thanthat at 1.5g/l. Also, theresults
of Subhasha et al, 2011 showed that as decreasing
thenitrate concentrationin the culturemedium, thelipid
content increasing. At the present study, thelipid con-
tent decreased by decreasing nitrate concentrationin
case of Microcystis aeruginosa and Chlamydo-
monus variabills, while, lipid accumulation of
Haematococcus pluvialis recorded the maximum
value (10%+0.3) at zero nitrate concentration. Such
results provethat, theresponseto nitrogen limitationis
species specific. However, stress conditionsthat in-
creaselipid content, such asnitrogen limitation, also

decrease the growth rate and thus may not improve
lipid productivity!-29,

Response of isolated strainsto salinity

The growth rate (as chlorophyll acontent) of the
selected strainsbeganto grow normally at 0.5and 1 ¢/
| NaCl concentrations, whileat 2.5 and 5 ¢/l NaCl con-
centrations, the growth rate began to increase after 6
day till stationary phasefrom 10" day to 14 daysfor all
strainsat al NaCl concentrations.

InFigure 2, Microcystisstrain recorded the maxi-
mum lipid content (30%+0.5) at control medium which
was salt free. Increasing NaCl concentrationsto 0.5
and 1 g/l decreasing lipid content t011.6%+0.13 and
11.9%+0.4 respectively. At salt concentration 2.5g/1 the
lipid content reeched againtothemaximumvaue While,
increasing NaCl to 5 g/l recorded adepletioninlipid
content to 1.1%+0.5. Chlamydomonus variabills
showed decreasing inlipid accumul ation by increasing
salt concentrations. while Haematococcuspluvialis
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showed increase in total lipids at 0.5 g/l to reach
25%+0.07. The composition of intracellular lipid of
microal gae was reported to changein responseto en-
vironmentd sdinity.

Increase of NaCl concentration from 0.4M to 4M
increased saturated and monounsaturated fatty acidsin
Dunaliella cellsisolated from an Antractic hypersadine
lake?, while polyunsaturated fatty acid decreased. The
fatty acid compaosition of polar lipidin Dunalidlasalina
Teodoresco was affected significantly by thechangein
NaCl concentration?!. Theincreaseinlipid content at
higher NaCl concentration may be dueto adaptation
under stress conditionswhich help inaccumul ation of
lipid content and these resultsarein accordancewith
thefinding of Takagi and hiscoworkerg®#,

TABLE 1 showed the G.C. analysis for the se-
lected microa gae strainsat control conditions. Also,
fatty acids profile at salt concentrations which in-
creased thelipid content in Microcystis and the frac-

tions of fatty acids of Haematococcus at NaCl con-
centration and nitrate starvation wherethelipid accu-
mulation at these conditions reached to maximum
vaue. Theresultsclear that for Microcystisstrain, the
percentage of PUFAsat sdinemediumincreasing than
that at control while monounsaturated fatty acidsde-
creased. Thesaturated fatty acidswhich are suitable
for biofuel production are present with high percent-
ageat control and salinemedia. (C16-0, C18-0). For
HaematococcusF.A. profile showed that C18-0 was
not found at control whileit appeared at saline me-
dium (0.5¢/I NaCl), and at zero nitrate medium with
higher percentage. Also, therewasanincreasein satu-
rated fatty acids and decreasing in unsaturated fatty
acids (mono-and poly- unsaturated fatty acids). GC
analysisof Chlamydomonusat control medium clear
that thelipid of this strain containing high percentage
of saturated fatty acidswhich are promising for biofuel
production.

TABLE 1: Fatty acid composition of selected microalgal strains

M.e.:Microcystis aeruginosa, H.p.: Haematococcus pluvialis, Ch.v.: Chlamydomonus variabills

Fatty Common M.e. M.e. 2.5¢/L H.P. H.P. 0.5g/L H.P.0.0g/l Ch.v.
acids name control NaCl control NaCl NaNQO; Control
C:80 Caprilic - - - - - 45
C:10;,0  capric acid 1.4 17 1.8 3.7 - -
C:12.0 Lauric 8.1 15 2.46 12.6 - 11.7
C:14:.0 Myristic 31 4.5 10.4 1.6 - 4.3
C:16:0 pamitic 36.4 22.7 2.6 24.3 40.2 24.7
C:17.0 Margaric 3 24 14.8 4.5 2.3 3.3
C:180 searicacid 17.7 22.3 - 23.6 32.8 10.7
C:20:0 5.4 32 - -
C:22.0 behenicacid - 59 55 - - 6.7
C:24:0 lignoceric acid - 21 55 18 - 11.9
C:14:1  myristoleic acid - 33 22.3 - - -
C:16:1 pametolic 53 4.4 6.8 6.9 29 -
C:181 Olec 17.7 8.4 2.6 55 124 53
C:18:2 Linolec 57 114 14 105 7.6 6.5
C:18:3 Lindlenic 1.4 0.8 - 0.9 0.9 5.7
C:20:1 gadoleic acid - - 4.4 - - -
C:20:2 . - - 7.4 - - -
C:20:3 . - - 5.2 - - -
Total fatty acids (%) 99.8 99.3 93.1 99.1 99.1 95.3
Saturated fatty acids (%) 69.7 68.5 43.06 75.3 75.3 77.8
Unsaturatde FA (%) 30.1 30.8 50.1 238 23.8 175
Monounsaturated FA (%) 23 18.6 36.1 124 15.3 53
PolyUnsaturated FA (%) 7.1 12.2 14 114 8.5 12.2
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It isnoted that theincreasein salinity canincrease
thelipid content of microalgae, but lowersthe growth
rate of aspecies. Salt stressisamajor abiotic environ-
mental factor that limitsplant growth and productivity.
Microdgeedifferintheir adaptability to sdinity and other
gressconditions. Theability of cellstosurviveand flour-
ishinsdineenvironment under theinfluenceof osmotic
stress hasreceived considerabl e attention. Under fa-
vorable and unlimited growth conditions microa gae
produceprimarily polar lipids(e.g. glycolipidsand phos-
pholipids), which enrich chloroplast and cellular mem-
branes. However, under unfavorablegrowth conditions
microalgae accumulate neutral lipidsinlipid droplets
located in the cytoplasm™.,

Effect of light color on total lipid content of iso-
lated strains

The selected i solateswere subjected to florescent
white light (2500L ux) and three colorsof LED light
(red, warmwhite (1000 Lux) and blue (1500L ux)] for
24 hr. Growth rate of each isolate was increased in
chlorophyll awith LED light than that at control condi-
tionusngwhiteflorescent light.

Asshown in Figure 3 Microcystisaeruginosaand
Chlamydomonusvariabill showed themaximumlipid
content (30%+0.3 and 21%-+0.28) respectively, when
subjected to florescent white light for 24 hr. while
Haematococcus pluvialisshowed the maximum lipid
content (10%+0.12) when subject for 24 hr. to flores-
cent whitelight, LED yellow light and LED bluelight.
Suchresultsprovethat, theresponsetolight color and
intengity isspeciesspecific.

The selected i solateswere subjected to florescent
whitelight and three colorsof LED light (red, warm
whiteand blue) for 8/16 light/dark cycle. Referring to
thegrowth rate of eachisolate, therewasanincreasing
inchlorophyll awith LED light than that at control con-
dition usngwhiteflorescent light. Figure4 reveded the
result of lipid content with exposureto LED light for 8/
16 light dark cycle.

LED warmwhitelight increasethetotal lipidfor,
Chlamydomonus variabills and Haematococcus
pluvialis. Theresult showed that thelight /dark cycle
illuminationisbetter than continuousfor the selected
isolateswith LED light instead of their lower intensity
than that of florescent whitelight

35
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— eariguinosa
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Figure3: Effect of light color on lipid content of isolatesat illumination period 24hr
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While continuesillumination period isbetter with
florescent whitelight. Many studies haveinvestigated
theeffectsof light conditionsonthegrowth of microalgee,
including Isochrysisgabana, by using continuouslight
onadid light/dark cycleand foundthat it isbetter for
growthi2+2,

CONCLUSION

- The growth rate of selected microalgae species
under control conditions can bearranged in order
of increasing asfollowing:

Microcystis aeruginosa > Haematococcus
pluvialis >Chlamydomonvariabills

- Theeffect of nitrate starvation is species specific
wheremicroageediffer intheir adgptability tostress
conditions.

- Lipid content of Microcystis aeruginosa and
Chlamydomon variabills, decreases with de-
creasing nitrate concentrations, while, thereisno
significant effect in total lipid content of
Haematococcus pluvialiswith nitrate deplation.

- Chlamydomon variabills showed decreasing in
lipid accumulation by increasing st Concentration.

- Microcystis aeruginosa and Haematococcus
pluvialiscan adapt themselves at salt stress 2.5¢/
| and 0.5¢/I to givelipid percentage 30% & 25%
respectively.

- Continuesillumination period isbetter with flores-
cent whitelight while, thelight /dark cydeillumina:
tionisbetter than continuousfor the selected iso-
lateswith LED light instead of their lower intengity
thanthat of florescent whitelight.

- GC analysis clear that lipid profile of the
Microcystis aeruginosa and Chlamydomon
variabillsat control medium containing high per-
centage of saturated fatty acidswhich arepromis-
ingfor biofud production.

- Lipid profilesof Haematococcuspluvialisat salt
stress and nitrate starvation given higher percent-
age of saturated fatty acidsthan that at control con-
dition.
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