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Glucose utilization and lipid production by oleaginous yeast cultures
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The laboratory experiment was conducted to investigate the effect of different concentrations of glucose ranges from 0.11 to 0.66
M and utilization pattern (7 days) was studied for lipid production in oleaginous yeast cultures. Lipid and biomass production was
gradually increased in response to glucose concentration. In Rhodotorula glutinis, Rhodosporidium toruloides and Lipomyces
starkeyi lipid content reached maximum as 4.55 g I (40.26 per cent), 4.25 g 1 (38.20 per cent) and 4.23 g I (38.10 per cent),
respectively at 0.55 M of glucose concentration. Biomass content was also highas 11.30, 11.13and 11.10 g I %, respectively at 0.55
M concentration. While studying the utilization pattern, consumption of glucose was started from the second day with small
amount of lipid and biomass production and it was gradually increased on third and fourth days of fermentation period. Maximum
amount of lipid (4.80, 4.64 and 4.61 g 1'%) and biomass (11.40, 11.26 g, 11.20 g I'*) wasrecorded on fifth day of fermentation with the
utilization of 0.5M of glucose. Then declinein lipid production was observed on sixth and seventh days. At the end of fermentation

Rhodotorula glutinis utilized 0.55 M of carbon and exhibited 4.56 g 12 of lipid and 11.30 g I'* of biomass.
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INTRODUCTION

ipid accumulation is a dynamic process, which

depends on the microorganism, the growth conditions
and the growth phase. M ost ol eaginous microorganisms
start to accumulate oil whenever excess carbon source
ispresent. While, at the sametime, growth is limited by
another nutrient (Ratledge and Evans, 1989). Depending
on the microbial species and environmental conditions,
thelipid content of microorganisms may vary between a
few per cent to over 80 per cent of the biomassdry weight
(Ratledge, 1993; Leman, 1997).

Lipid accumulationin an ol eaginous microorganism
begins when it exhausts a nutrient from the medium,
usually thisisnitrogen but with asurfeit of carbon, usually
intheform of glucose, still remaining. Glucose continues
to be assimilated by the cells and is converted into
triacylglycerols at more or less the same rate at which
lipid was synthesi zed during the bal ance phase of growth.
However, the limitation in the supply of nitrogen arises,
thecell proliferationisprevented, and thelipid that isnow
formed has to be stored within the existing cells which
can no longer divide (Ratledge, 2002). Lipids serve as
storage materia sin somelipid accumulating yeasts, e.g.
Rhodotorula graminis. It is reported that yeasts can
storeupto 70 per cent of lipidsin dry matter (Guerzoni et
al., 1985).

M ost yeasts produce small numbersof cytosoliclipid
bodies, but the oleaginous yeasts can accumulate up to
25 per cent (w/w) storage lipid in response to a high
carbon: nitrogen (C/N) ratio (Leber et al.,1994). Lipid

bodiesin Saccharomyces cerevisiae contain amost equal
amounts of TAGs and sterol esters. Studies of Leber et
al. (1995) imply that, in yeast, lipid bodies do not serve
simply asinert lipid stores but play an important role in
thebiosynthesis, mobilization and trafficking of intrace lular
neutral lipids. Hence, this present study was undertaken
to optimize the glucose concentration for increasing the
lipid production in oleaginousyeast cultures.

MATERIALS AND METHODS

Laboratory experiments were conducted in the
Department of Agricultural Microbiology, Tamil Nadu
Agricultural University, Coimbatore (T.N.) in the year
2008 to study the influence of varied concentrations of
glucose on biomass as well as lipid production by
oleaginousyeast cultures. The pattern of glucoseutilization
for lipid production was al so assed.

Influence of levels of glucose on lipid and biomass
production :

Oleaginousyeast culturesviz., Rhodotorula glutinis
(MTCC 247), Rhodosporidium toruloides (MTCC
1400) and Lipomyces starkeyi (MTCC 2974) were
collected from MTCC, Chandigarh, India and used for
the experiment.

Screening broth (Dai et al., 2007) containing yeast
extract -15.0g,/l, Peptone 5.0g/l was prepared without
carbon source, in which different levels (0.11 M to 0.66
M) of glucose was added separately. The pH of the broth
was adjusted to 6.0 and threereplicationswere maintained
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for each carbon source. The broth was inoculated with
24 hold cultures grown in yeast extract peptone glucose
broth at 10 per cent level containing 28x10* cfu/ml inthe
broth. (Saxenaet al., 1998).

Inocul ated flasks were incubated at 30°C for 7 days
in an incubator shaker at 200 rpm (Innova 4320, New
Brunswick, USA) for the growth of culture. After seven
daysof growth, cultureswere harvested by centrifugation
and the cell pellets were obtained. Lipid content and
biomass production of dried yeast cells were estimated
by adopting the standard methods.

Cell biomass determination :

For dry weight determination, culture sample was
centrifuged at 6000 rpm for 10 min at room temperature
and cell pellet was washed first with 0.1 M phosphate
buffer at pH 7.0. The supernatant was discarded and the
cell pellet was dried at 65°C for 48 h. After cooling, the
cell dry weight was estimated (Esther et al., 1988).

Extraction of yeast lipid :

Yeast lipid was extracted from the dried cells as
described by Bligh and Dyer (1959) using methanol
chloroformmixture 2:1 (v/v). Thefiltrate wastransferred
to a graduated glass cylinder. Small quantities of yeast
cellsremaining inthe blender and inthefilter paper were
washed with 10 ml of chloroform and the contents were
transferred to the graduated cylinder and allowed for few
min for the phases to separate. The lower volume of
chloroform layer (20 ml added above) was recorded as
‘x” ml. Upper methanol - water layer was removed by
pipetting out along with layer of chloroform to ensure
complete removal of methanol-water layer. Again the
remaining lower volume of chloroformlayer wasrecorded
as ‘y’ ml. This volume was transferred quantitatively into
a pre-weighed conical flask denoted as ‘a’ g. The contents
inthe conical flasks were evaporated at 40-50°C in water
bath under stream of nitrogen gas. Remaining residues
were cooled and dried over phosphoric anhydride in a
vaccum desiccator. Weight of the conical flask wastaken
again and denoted as ‘b’ g.

Five ml of chloroform was added three times to
dissolvetheevaporated lipid. Again flaskswere evaporated
and dried as above. Weight of the flask was taken at
third time and denoted as ‘¢’ g. Amount of lipid present
in the yeast cells was calculated by using the following
formula:

Weight of lipid (g) = (b-a) - (c-a) =*d’ g.
where a- isthe weight of empty flask.
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Total volume of

chloroform layer (x ml)
Volume of chloroform
layer evaporated (y ml)

Total lipid (g) = Weight of lipid (d) x

Total lipid (g)
Weight of sample(g)

Total lipid (per cent)= 100

Lipid production and glucose utilization by oleaginous
yeast cultures :

Intheearlier study, lipid productionwasfound higher
with the glucose concentration of 100g/l (i.e. 0.55M) in
the broth. This experiment was conducted to find out the
relationship between the rate of depletion of glucose
source and the formation of lipid in yeast cultures.

The screening broth with 0.55 M of glucose
concentration was prepared in 250 ml Erlenmeyer flasks
and sterilized. Ten per cent inoculum containing 28x10*
cfu/ml of different yeast cultures was inoculated and
incubated in environmental shaker at 200 rpmfor 7 days.
After incubation, culture samplewas centrifuged and the
cell pellet was used for estimation of biomassand lipids.
The filtrates were analyzed for glucose content (Miller,
1972) using arsenomolybdate reagent.

REsULTS AND DiScussION

The results obtained from the present investigation
are summarized below:

Effect of different concentrations of glucose on lipid
production by three oleaginous yeast cultures :

Concentration of glucoserequired for maximum |ipid
and biomass production inyeast cultureswas studied. The
broth was prepared with different glucose concentration
ranged from 0.11 t0 0.66 M. Lipid and biomass production
was gradually increased in response to glucose
concentration. In Rhodotorula glutinis,Rhodosporidium
toruloides and Lipomyces starkeyi lipid content reached
maximum as 4.55 g | (40.26 per cent), 4.25 g 1 (38.20
per cent) and 4.23 g |1 (38.10 per cent), respectively at
0.55 M of glucose concentration. Biomass content was
also high as 11.30, 11.13 and 11.10 g I, respectively of
Rhodotorula glutinis, Rhodosporidium toruloides and
Lipomyces starkeyi at 0.55 M concentration. There after
lipid production was declined to 38.30 per cent in
Rhodotorula glutinis, 36.40 per cent in Rhodosporidium
toruloides and 35.50 per cent in Lipomyces starkeyi,
respectively at 0.66 M concentration.

When the mean values of the cultures were
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compared, biomassand lipid content was higher (11.17 g
[tand 4.34 g 1) at 0.55M glucose concentration, agai nst
the lower biomassand lipid content (9.15gl*and gl?) at
0.11M concentration. Among the three cultures,
Rhodotorula glutinis produced higher biomass (10.57 g
I*) andlipid (3.24 gl™*). Smilarly 0.55M and 0.66M carbon
yielded best results for lipid and biomass and they were
at par with each other. With the increase in glucose
concentration, biomass production and lipid accumul ation
was significantly increased up to 0.55 M concentration
after that started declining, which is an agreement with
theresultsobserved by Saxenaet al. (1998).Similar results
also reported in other oleaginous yeast strains as 22-25
gl (Bail etal.,1984),5.2g*(Colinetal., 1977) of lipids
produced with of 100g glucose consumption (i.e. 0.55M).
Whilefurther increasein the glucose concentration (0.66
M) resulted decreased biomass and lipid accumul ation.
In general no significant differences among the cultures
were noticed with respect to either biomass, or lipid yield.
But concentration of glucose exhibited significant variation.
Similarly lipid in the biomass did not show significant
variation among the cultures as well as with higher
concentration of glucose (Table 1 and Fig. 1).

At lower concentration of glucose lipid content of
theyeast wasless, probably dueto diversion of theglucose
to energy production. Under nitrogen limiting conditions
with the presence of a carbon-source in excess,
organismsstarted to storelipids. Therefore, ahigh carbon
to nitrogen (C/N)-ratio, around 100, isabasi c requirement
for theaccumulation of lipids (Holdsworth and Ratledge,
1988). The reason behind that yeast strains can tolerate
to high glucose concentration.The yeast Rhodosporidium
toruloidesgrew well on glucose asasole source of carbon
and energy at aconcentration reached up to 150 gl When

the glucose concentration reached200gl* cell growth was
greatly repressed dueto lack of nitrogen for the synthesis
of proteins and nucleic acids and more severe inhibiting
effectswere observed at higher concentration of glucose
(Li et al., 2007).

Lipid production and glucose utilization by three
oleaginous yeast cultures:

Carbon utilization pattern and lipid production by
yeast cultures were determined through out the
fermentation period (7 days). In Rhodotorula glutinis,
glucase consumption started from the second day (0.17)
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Fig. 1: Effect of glucose concentrationson lipid production by

three oleaginous yeast cultures

Table 1 : Effect of glucose concentrationson lipid production by three oleaginous yeast cultures

Glucose Biomass (g7 Lipidyield (g1?) Lipidsin biomass (%)
concentration (M) Cy C, Cs Mean C, C, Cs Mean C. C Cs Mean
0.11 9.26 9.10 9.10 9.15 1.31 1.20 1.19 1.23 14.13 13.20 13.10 13.47
0.22 10.20 10.15 10.13 10.16 2.42 2.28 2.25 2.31 23.76 22.46 22.20 22.80
0.33 10.80 10.55 10.63 10.66 3.10 2.86 2.88 2.91 28.66 27.20 27.10 27.65
0.44 11.00 10.90 10.80 10.90 3.84 354 3.52 3.63 34.90 32.45 32.60 33.31
0.55 11.30 11.13 11.10 11.17 4.55 4.25 4.23 4.34 40.26 38.20 38.10 38.85
0.66 11.10 11.05 11.00 11.05 4.25 4.02 391 4.06 38.30 36.40 35.50 36.73
Mean 10.57 10.48 10.40 3.24 3.02 2.99 30.00 28.31 28.10

SE. + C.D. (P=0.05) SE. + C.D. (P=0.05) SE. + C.D. (P=0.05)
C 0.19 NS 0.21 NS 171 NS
T 0.27 0.56 0.29 0.59 241 4.83
CXT 0.47 NS 0.51 NS 4.18 NS

C,-Rhodotorula glutinis
NS = Non significant

C,- Rhodosporidium toruloides
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Cs- Lipomyces starkeyi

C- Cultures  T- Glucose concentration
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with small amount of lipid 0.70g | and biomass (4.00g 1)
production and it was gradually increased on third and
fourth days of fermentation period. M aximum amount of
lipid (4.80 g I'Y) and biomass (11.40 g I!) was recorded
onfifth day of fermentation with the utilization of 0.5M
of glucose. Then declineinlipid production was observed
on sixth and seventh days. At the end of fermentation
Rhodotorula glutinis utilized 0.55 M of carbon and
exhibited 4.56 g1 of lipid and 11.30 g I of biomass. In
Rhodosporidium toruloides glucose consumption
commenced from the second day (0.15 M) with small
amount of lipid and biomass production. The lipid
production was gradually increased on third and fourth
days of fermentation period. Maximum amount of lipid
and biomass was recorded on fifth day of fermentation
by utilizing 0.48 M of glucose. It utilizes0.55 M of carbon
at the end of fermentation and exhibited comparatively
lessamount of lipid (4.27 g I') and biomass (11.15 g 1Y)
than Rhodotorula glutinis. Similar trend was observed
in which Lipomyces starkeyi also recorded maximum
lipid yield (4.61 g I'*) on fifth day. At the end of
fermentation period, (7 days) lipid and biomass content
were recorded lower. (Table 2 and Fig. 2).

A high lipid content of 54 per cent (w/w) was
obtained in Lipomyces starkeyi at 140 h of fermentation
period (Yamachui et al., 1983). Generadly growth and lipid
production were good in aerated glucose solutions
containing small amounts of yeast extract asthe nitrogen
source. Under favourable conditions, 20 to 25 per cent of
the consumed glucose was converted to yeast cellswhich
contained 50 to 63 per cent of lipid. About 10 to 14 per
cent of the consumed glucose was recovered as lipid. In
afed batch mode, with a C: N ratio of 30, Rhodotorula
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Fig. 2 : Lipid production and glucose utilization by three
oleaginous yeast cultures

Time Glucose consumed (M) Biomass (g1™) Lipidyield (g1™) Lipidsin biomass (%)
(Days) C,; G, C Mean C G, C; Mean C G, C; Mean C G, C; Mean
1 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
2 017 015 015 016 400 38 38 387 070 065 063 066 1750 17.00 1657 17.01
3 028 025 024 026 650 612 610 624 200 182 180 187 3076 29.70 2950 30.00
4 038 036 03 036 88 83 832 850 330 305 300 311 3728 3652 36.00 36.60
5 050 048 048 048 1140 1126 1120 1128 480 464 461 4.67 4290 4120 4115 4175
6 053 050 050 051 1135 1120 1115 1120 470 456 452 455 4140 4071 4053 40.85
7 055 055 055 055 1130 1115 11.10 1116 456 427 420 432 4017 3830 37.83 38.76
Mean 034 0.76 0.32 762 741 738 286 271 268 30.00 28.90 28.78

SE+ C.D. (P=0.05) SE+ C.D. (P=0.05) SE+ C.D. (P=0.05) SE+ C.D. (P=0.05)
C 0.03 NS 0.15 NS 0.19 0.57 2.55 NS
T 0.05 0.11 1.09 221 0.43 0.87 3.59 7.86
CXT 0.09 NS 1.89 NS 0.75 151 6.74 NS
NS = Non significant
C,-Rhodotorula glutinis C,- Rhodosporidiumtoruloides ~ Cs-  Lipomyces starkeyi C- Cultures T- Time (Days)
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minuta |1P- 33 recorded the lipid yield of 0.48 and the
decline in lipid yield was observed with to increase in
C:Nratioto 40 (Saxenaet al ., 1998). Similar resultswere
obtained in the present study, in which increasein glucose
level with thesimilar nitrogenlevels(high C: N) resultsin
the reduction. Thus, the excess carbon is not favourable
for lipid accumulation, which is also in agreement with
the earlier results observed by Patel et al. (1992) and
Chen and Chang (1996).

Theseresults highlighted the significance of glucose
onlipid production, inwhich 0.55 M glucoseresulted better
lipid production. While observing the glucose consumption
pattern, lipid accumul ation was found higher in 5 day of
fermentation with utilization of 0.5M of glucose, thismay
be explained due to the presence of more number of
viable cells on 5" day combines with the production of
secondary metabolites. There after reduction in biomass
resultsin reduction of lipids on 7" day.
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