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Abstract

Microalgae have been the focus of intensive global
research over the past few years because their
great advantages as a new biomass source for
biofuel production. In this study, we investigated the
cellular content of major biomolecules in Chlorella
ellipsoidea SD-0701 including total lipids, protein
and chlorophyll in response to different nitrogen-
containing compounds and characterized effects on
the cell metabolism. The results indicated that
complex nitrogen-containing compounds in the
media were more nutritional than simple nitrogen-
containing compounds, and yeast extract is the
optimum nitrogen-containing compound for the
growth of C. ellipsoidea SD-0701. When the
concentration of yeast extract was increased from 0
g L-1 to 6 g L-1, chlorophyll and the expression of
intracellular soluble proteins were also increased
linearly, especially the expression of the 48 kDa
ammonium transporter and the 47.4 kDa GTPase.
And the biomass and lipid yield were also increased
with the concentration of yeast extract added in
medium. This study suggest that nitrogen sources
were provided to improve the content of cellular
solute protein and chlorophyll in C. ellipsoidea SD-
0701 so that high algae biomass can be achieved.
The concentration of nitrogen source was one of the
most important factors for the high algae biomass.
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1. Introduction

As the development of renewable and eco-friendly
sources of energy as alternative energy is urgently
needed [1], microalgae have gained a lot of
attention as a new biomass source for biofuels
production over the past few years [2-4]. Algae
grow incredibly fast, doubling their numbers every
few hours, can be harvested daily, and have the
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potential to produce a volume of biomass many
times greater than the most productive land crops
[5]. The lipid content of algae is very high, and
under certain conditions some algal species can
accumulate up to 70% of their dry weight as oil [6].
In addition, the efficiency of these photosynthetic
algae in converting carbon dioxide into carbon-rich
lipids, which is only a step or two away from
biodiesel. The high oil content together with rapid
biomass production makes algae an excellent
source for biodiesel production [7].

Several high oil producing microalgae strains
such as Isochrysis  zhangjiangensis  [8],
Haematococcus pluvialis [9] and Scenedesmus
rubescens [10] have been suggested as potential
candidates for biodiesel production. However,
production of biofuel from microalgae is dependent
on the microalgal biomass production rate and lipid
content. Both biomass production and lipid
accumulation are limited by several factors, of
which nutrients play a key role. To improve the
algae biomass and lipid content, some papers have
researched on the optimization of carbon sources
[11,12] and nitrogen sources [13-15] in media for
algae. Mineral elements, such as phosphorus [16]
and iron [17], were also reported to be the impact
factors.

Nitrogen sources such as ammonium and nitrate
couple with either limitation or starvation culture
regimes have been identified as the most critical
culturing condition affecting lipid metabolism in
many microalgae [18,19]. The sensitivity
characteristics of microalgae towards changes in
culture conditions are expected to cause major
drawback in production of suitable oil with
consistent fatty acid profile for conversion to high
quality biodiesel [20]. In this study, C. ellipsoidea
was cultivated in the media containing different
nitrogen-containing compounds. The aim was to
investigate the total oil, protein and chlorophyll
content in response to different nitrogen treatments
at early growth phase. We also analyzed the effects
of these factors on the cell metabolism of C.
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ellipsoidea, and provided scientific basis for
production microalgae biofuels.

2. Materials and Methods
Oleaginous microalga

Chilorella ellipsoidea SD-0701: Chlorella ellipsoidea
SD-0701 was screened from YAOSHI Lake and
maintained in the microbiology laboratory of Tianjin
Normal University.

Growth medium

SE medium: 0.25 g L NaNO;, 0.075 g L™
K,HPO,-3H,0, 0.075 g L MgS0O,4:7H,0 , 0. 025 gL
' CaCly 2H20 0.175 g L' KH,PO,, 0.025 g L™ NaCl,
0.005¢ L" FeCl;-6H,0, 40 ml soil solution, 1 ml Fe-
EDTA, 1 ml As solution, 958 ml ddH,O [21]. The
medium was sterilized by autoclave at 121°C for 20
min.

Determination of microalgal biomass

1.23x10° microalgal cells were inoculated in each
250-ml flask containing 100 ml medium. All the
experiments were kept under contlnuous
illumination at a light intensity of 60—80 ymol m’ %5

at 25°C for 7 days, and were shaken once every 4
hours (lluminated incubator, LRH-250Z,
Guangdong Province Medical Devices Factory).

The algal cells were then harvested from the culture
and centrifuged at 5,000 r min’ ' for 10 min at 4°C to
produce a cellular pellet. The cellular pellet was
dried in incubator at 80°C until constant weight was
reached, and the microalgal biomass was quantified.

Determination of the lipid content in the
microalgal cells
To make a standard curve, total lipids were

extracted from 10g microalgae powder by acid
hydrolysis method [22]. Lipids of 0.0, 0.1, 0.2, 0.5,
1.0, 2.0 and 5.0 mg were weighed and they were
dissolved in 1 ml chloroform, respectively. 1 ml of
H,SO, was added into each chloroform solution,
mixed thoroughly and incubated for 10 min at 100°C.
The solutions were cooled, and 5 ml of vanillin-
phosphoric acid reagent (0.1978 g vanillin, 20 ml
distilled water, 80 ml 85% phosphoric acid) was
added into the solutions, respectively. The tubes
were then incubated for 2h at room temperature.
The ODsyg of each chloroform solution was read at
528 nm using a spectrophotometer [23]. The
standard curve was plotted with the weight of the
lipid on the x axis and the ODs,5 readings on the y
axis, and linear regression analysis was performed
on the standard curve.

The algal cells were harvested from 100 ml
culture and centrifuged at 5,000 r min’ ! for 10 min at
4°C. Cellular deposit was frozen at -80°C (Ultra-low
Freezer, UF 3410, Heto-Holten) and thawed for 5
times in 24h, and dried at 80°C until constant weight
was reached to produce dry microalgae powder. To
determine the lipid content, 1 mg of dry microalgae
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powder was weighed and was treated according to
the vanillin colorimetric method. Then lipid yields
were calculated. The lipid content is the lipid weight
per mg of dry microalgae powder. The lipid yield is
the lipid weight per liter of the cultured-alga media.

The comparison method for microalgae growth
and lipid accumulation in media supplemented
with different nitrogen-containing compounds

The Basic Medium (BM) was SE medium without
NaNOj;. The effects of microalgae growth were
tested by adding different nitrogen-containing
compounds into the BM. The compounds were
KNO; 2.94 mmol L Ca(N03)2 2.94 mmoI L’
(NH4)2S0Oq4 2 94 mmol L , tryptone 3 g L’ soybean
flour 3 g L™ and yeast extract 39 L™ The control
group was SE medium without any nitrogen-
containing compounds. The microalgal biomasses
and lipid contents were measured according to the
above methods, the lipid yields of cultures were
calculated according to the lipid contents. Each
experiment and the subsequent analysis were
repeated three times.

Determination of intracellular soluble protein in
microalgal cells

Protein standard was prepared with Bovine serum
albumin (BSA) with a concentration series of 20, 40,
60, 80 and100 ug ml™. 5 ml of Coomassie Brilliant
Blue reagent (60 mg Coomassie Brilliant Blue G-
250, 100 ml of 3% perchloric acid) was added into
each tube containing 1 ml of BSA standard solution
and mixed thoroughly. One group was treated with
the distilled water as a control. The tubes were then
incubated for 15 min at room temperature and the
absorbance was read at 595 nm using a
pectrophotometer. Plot the standard curve with the
protein concentrations on x axis and the ODspg
readings on y axis.

Then the intracellular soluble protein content of
microalgae were determined as follows: after
culturing for 4 days, microalgal cells were disrupted
and the supernatant was obtained by centrifugation
at 10000 r min™ for 20 min. Mix 1 ml supernatant
with 5 ml Coomassie Brilliant Blue reagent. The
mixtures were incubated for 15 min at room
temperature and the absorbance was measured at
595 nm using a pectrophotometer. The intracellular
soluble protein content of microalgae was
calculated according to the standard curve. Each
experiment and the subsequent analysis were
repeated three times.

SDS-PAGE

The cells were collected from the cultured-alga
media by centrifugation (6,000r min”™', 10 min, 4° C),
resuspended in 5 ml of PBS, and sonicated on ice
with a tip sonicator 60 times for 3s each. After
sonication, the sample buffer was added, and the
sample was boiled for 10 min and centrifuged in a
microcentrifuge. The supernatant was transferred to
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a new microcentrifuge tube. Gel electrophoresis
was carried out as described in Olkkonen and
Bamford [24]. The gels were scanned with Gel
imaging system (Gel imaging system, GelDoc XR+,
Bio-Rad Laborateries). Protein patterns were
analyzed by using an image-processing apparatus
(Quantity one V4.62).

Method for identifying proteins

After SDS-PAGE, the protein patterns were cut off
from gel for identification. The protein was identified
by peptide mass fingerprinting (PMF). All peak sets
were scored, using the Mascot tool from Matrix
Science.

Determination of chlorophyll content

80% acetone are used to extract the pigments from
the separated algal cells. Centrifuge 1.05%108 algal
cells at 3000 r/min for 1 min and discard the
supernatant. Wash the pellet three times with PBS
and then resuspended into 5 ml of 80% acetone.
Extract the pigment at 4°C for 24h and then
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centrifuged. The chlorophyll content is calculated by
reading the absorption at 663nm and 645nm of the
pigment extract in a spectrophotometer and use the
following equation:

Chlorophyll content=8.02x0D663+20.2x0D645.
Statistical analysis

All the experiments were conducted in three
replicates. The data were analyzed using one-way
analysis of variance (ANOVA) with SPSS software
(version 18.0). A confidence of 95 % (probability
limit of p < 0.0 5) was chosen.

3. Results

Different nitrogen-containing compounds in the
media have different availability, so there are
significant differences in the growth rate and lipid
accumulation of microalgae, which leads to different

microalgal biomasses and lipid contents. The
results were shown in Figure 1.
C
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Figure 1. Algal biomasses (a), lipid contents (b) and lipid yields (c) of C. ellipsoidea SD-0701 cultured in media
supplemented with different nitrogen-containing compounds (p<0.05, n=3). CK, control check; KN, KNO3; CN, Ca (NOs)y;
NS, (NH4)2SOg4; TT, tryptone; SF, soybean flour; YE, yeast extract.

Figure 1A showed that the cell concentration in
flasks with different cultured-alga media was not
same. The highest cell concentration was the group
cultured in media with yeast extract, and the color
was deep green. The lowest was the group cultured
in media without any nitrogen-containing
compounds, and the color was light green. The
soybean flour was obtained after soybean was
directly grinded, and then added into media, so the
cultured-alga media of this group was white finally.
The determination results indicated microalgal
biomasses of C. ellipsoidea SD-0701 cultured in
media with nitrogen-containing compounds were
much higher than that of the control group. In this
experiment, complex nitrogen-containing
compounds in the media were greater impact than
simple nitrogen-containing compounds to promote
C. ellipsoidea SD-0701 growth. Among the tested
complex nitrogen-containing compounds, yeast
extract (0.32 g L") was the optimum nitrogen-
containing compound, followed by tryptone (0.30 g
L") and soybean flour (0.23 g L™).

The lipid content of each treatment was quantified
according to the standard curve of the lipid content
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y =4.694 x, R?= 0.993 (x: the weight of lipid (mg), v:
ODsy5). The results indicated that the lipid content of
each treatment had no significant differences (Fig.
1B). The lipid yields (Fig. 1C) of cultured-alga media
were calculated according to the lipid contents of
the microalgae powder. The lipid vyield of C.
ellipsoidea SD-0701 was markedly affected by the
nitrogen-containing compounds in the media (Fig.
1C). The highest lipid yield (83.2 mg L'1) was
achieved in the medium containing yeast extract.
The lipid yield of the sample supplemented with
soybean flour was not determined because
soybean flour itself contains lipids.

The above results indicated that yeast extract
was the optimum nitrogen-containing compound for
C. ellipsoidea SD-0701. The effect of the yeast
extract concentration on the growth of C. ellipsoidea
SD-0701 was then investigated. The concentrations
of yeast extract were setat 0, 1.5, 3,4.5and 6 g L
and microalgae were cultivated in media with these
concentrations of yeast extract. The microalgal
biomasses, lipid contents and lipid yields were
determined (Figure 2A-C).
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Figure 2. Algal biomasses (a), lipid contents (b) and lipid yields (c) of C. ellipsoidea SD-0701 cultured in media
supplemented with different yeast extract concentrations (p<0.05, n=3)

With yeast extract concentration increased from 0 g
L" to 6 g L”, the microalgal biomass increased
linearly (Fig. 2A), showing a positive correlation
between nitrogen concentration and microalgal
biomass. The lipid contents of microalgae powder
were 44.43 % (0g L"), 41.27 % (1.5gL™"), 43.23 %
(3glL™", 41.74 % (4.5 g L") and 43.55 %(6 g L™).
There were no significant differences between each
treatment. As shown in Fig. 2C, the lipid yield per
liter cultured-alga media increased gradually with
the increase of microalgal biomass.

To better understand the effect of yeast extract
on microalgal growth, the intracellular soluble
protein content of 1.28x10° microalgal cells was
determined after a 2-day incubation. The
intracellular soluble protein content were 12.14 ug
(0gL"), 3542 pg (1.5 g L"), 59.96 pg (3 g L™,
8454 pg (45 g L") and 100.48ug (6 g L),
respectively (Fig. 2D). The result indicated that the
content of intracellular soluble protein increased
gradually with increasing concentrations of yeast
extract, which was consistent with the change in
microalgal biomass.

The intracellular soluble proteins in C. ellipsoidea
SD-0701 cells were analyzed to better understand
the mechanism of the effect of yeast extract. Same
numbers of microalgal cells were sonicated after a
2-day incubation and the whole-cell protein were
characterized by SDS-PAGE. Coomassie brilliant
blue staining of the gel is shown in Figure 3A. Lane
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M was molecular weight of protein Marker. Lane 1,
2, 3, 4 and 5 proteins isolated from five treatments
with yeast extract concentrations of 0, 1.5, 3, 4.5
and 6 g L. Two bands of 48 and 47.4 kDa were
visible in each lane and their intensity increased
gradually with increased concentrations of yeast
extract. Protein patterns were analyzed by
Quantityone software V4.62. The volumes of the
bands were about 551.78 INT*mm? (0 g L"), 857.50
INT*mm? (1.5 g L"), 973.68 INT*mm? (3 g L),
997.54 INT*mm~ (4.5 g L"), 1288.91 INT*mm” (6 ¢
L'1), respectively. This result indicated that the yeast
extract in the medium could induce the expression
of two proteins of 48 and 47.4 kDa, and the effect of
the induction was positively correlated with the
concentration of yeast extract.

The 47.4 kDa protein was identified by peptide
mass fingerprinting (PMF). All peak sets were
scored using the Mascot tool from Matrix Science.
The identified protein was GTPase (Figure 3B).

The chlorophyll content was determined after
culture for 6 days. And the chlorophyll content of
treatments were 3.76(0), 6.18(1.5), 7.03(3),
8.49(4.5) and 8.95(6) ug/1.05 X 108 cells,
respectively (Figure 4). With the yeast extract
concentration increasing, the absorbed nitrogen
increased. Except for growth, most of the remaining
absorbed nitrogen was used for chlorophyll
systhesis.
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Figure 3. The results of intracellular soluble proteins in C. ellipsoidea SD-0701 cells by SDS-PAGE analysis (a) and PMF

identification (b).
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Figure 4. Chlorophyll content of C. ellipsoidea SD-0701 cultured in media supplemented with different yeast extract

concentrations (p<0.05, n=3).

4. Discussion

Nitrogen-containing compounds provide nitrogen
source for cell growth. In addition, complex organic
nitrogen-containing compounds also provided extra
amino acids, vitamins and growth factors. The
microalgal  biomasses cultured in  media
supplemented with comPIex nitrogen-containing
compounds were 0.32 g L (yeast extract), 0.30 g L’
! (tryptone) and 0.23 g L™ (soybean flour). Another
reason for this result is that the amino nitrogen
accounts for 5.1% of yeast extract and 2.5% of
typtone, and the content of amino nitrogen in
soybean flour is lower. According to previous
experiences, ammonium nitrogen is easier to enter
the C. ellipsoidea SD-0701 cells than nitrate
nitrogen is, and moreover, it can be synthesized
into glutamine by glutamate synthase in the cells,
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which can lead to rapid protein synthesis [25]. So
yeast extract was the optimum nitrogen-containing
compound among the tested nitrogen-containing
compounds.

C. ellipsoidea SD-0701 were cultured with
different  concentrations of yeast extract.
Determined the content of intracellular soluble
protein of each treatment and it indicated that the
yeast extract in the medium can contribute to the
increase of the intracellular soluble protein content
in a dose dependent manner (Figure 2D). The
content of intracellular soluble protein correlates
with the amount of enzymes that participate in the
biocatalytic reactions. The higher the content of
intracellular soluble protein is, the more enzymes
there are participating in metabolism. This promotes
cells to synthesize organic substance to support
rapid growth.
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Valenzuela et al. [25] reported that the up-
regulation of nitrogen metabolism genes including
ammonium and nitrate transporters is most likely a
result of the fast growth and biomass accumulation
during exponential growth. The whole-cells’ proteins
were characterized by SDS-PAGE. According to the
analysis of Quantityone software V4.62 and peptide
mass fingerprinting (PMF), the expression of
ammonium transporter with mol. masse of 48kDa
[26] and GTPase with mol. mass of 47.4 kDa
increased with the increased concentrations of
yeast extract. Ammonium transporter is an active
transport carrier of ammonium ion which is widely
present in cell membrane of microorganisms, plant
and animal cells (Figure 5). Nguyen et al. [27]
reported that GTPases were identified in
Chlamydomonas reinhardtii by proteomics, and they
were potentially involved in vesicle trafficking and
transport. GTPases function as molecular switches
that cycle between an active GTP-bound state and
an inactive GDP-bound state. They regulate
vesicular transport by controlling actin filament
assembly and organization [28].
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Figure 5. The function of GTPase and ammonium
transporter enhancing C. ellipsoidea SD-0701 growth.

GTPase accelerates the substance transport
among membrane-enclosed organizations in cell,
which promote the growth and metabolism of C.
ellipsoidea SD-0701. The higher content of yeast
extract could induce the overexpression of
ammonium transporter and GTPase which led to
the yeast extract entering cells increased, so C.
ellipsoidea SD-0701 grew rapidly (Figure 3A).

In  conclusion, complex nitrogen-containing
compounds in the media were more nutritional than
simple nitrogen-containing compounds, and yeast
extract is the optimum nitrogen-containing
compound for the growth of C. ellipsoidea SD-0701.
When the SE medium was supplemented with
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suitable concentration of yeast extract, the
microalgal biomass and lipid yield increased 3.05
and 3.21 times, respectively. When the
concentration of yeast extract was increased,
chlorophyll and the expression of intracellular
soluble proteins were also increased linearly,
especially the expression of the 48 kDa ammonium
transporter and the 47.4 kDa GTPase. And the
biomass and lipid yield were also increased with the
concentration of yeast extract. This study suggest
that nitrogen sources were provided to improve the
content of cellular solute protein and chlorophyll in
C. ellipsoidea so that high algae biomass and lipid
yield can be achieved. The concentration of
nitrogen source was one of the most important
factors for the high algae biomass.
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