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Effects of high and low nitrogen concentration on the growth
and lipids accumulation pattern of two oleaginous microalgae

WU Gui-Xiu GAO Bao-Yan ZHOU Zhi-Wei LEI Xue-Qing HUANG Luo-Dong
LI Ai-Fen ZHANG Cheng-Wu'"

(Research Center for Hydrobiology, Department of Ecology, Jinan University, Guangzhou, Guangdong 510632, China)

Abstract: [Objective] To study the time-course changes in the cell morphology, growth, total lipid
contents, lipid fractions and fatty acids profiles of Eustigmatos magnus and Eustigmatos polyphem
(Eustigmatophyceae) under two different initial nitrate concentrations. [Methods] The cultured
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concentration were 18.0 mmol/L (high nitrogen concentration) and 3.6 mmol/L (low nitrogen
concentration). [Results] The cell morphology and formation process of oil bodies of E. magnus and
E. polyphem were also observed. The results showed that the vegetative cells of E. magnus and
E. polyphem are usually oval to spherical. There are a single parietal, lobed chloroplast, conspicuous
vacuoles, many vibrating granules and a large reddish pigment body in cytoplasm. The main
reproduction way is by forming two D-shaped or four tetragonal autospores. The oil bodies emerged in
cytoplasm along with cultivation time extending and nutrients exhausting. The initial nitrate
concentration had a significantly influence on the growth and lipids accumulation of these two
microalgae (P<0.05). The biomass concentrations of E. magnus and E. polyphem cultured under low
nitrogen concentration were 9.0 g/L and 8.5 g/L, respectively, which were less than those gained at high
nitrogen group. However, the higher contents and volumetric productivities of total lipids, neutral lipids
and total fatty acids of these two microalgae were obtained at low nitrogen concentration. Their highest
values reached 59.10%, 51.90%, 46.95%, 0.28 g/(L-d), 0.24 g/(L-d), 0.22 g/(L-d) (E. magnus); 64.20%,
56.80%, 56.80%, 0.32 g/(L-d), 0.28 g/(L-d), 0.25 g/(L-d) (E. polyphem), respectively. The fatty acids
analysis indicated that the main fatty acids compositions of these two microalgae were palmitic acid,
palmitoleic acid, oleic acid and eicosapentaenoic acid, which were up to 85.83% and 85.48% (of total
fatty acids), respectively, among them, the content of palmitoleic acid was highest one. [Conclusion]
Low-nitrogen stress is conducive to storage lipids accumulation of E. magnus and E. polyphem, and
both two microalgae are promising feedstock for biodiesel production.

Keywords: FEustigmatos magnus, Eustigmatos polyphem, Total lipids, Neutral lipids, Fatty acids,
Volumetric productivity
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Figure 1 The variation of cell morphology and lipid bodies formation of E. magnus and E. polyphem
during the different cultivation periods
A (E. magnus) B (E. polyphem) C
(E. magnus) D (E. polyphem) ( ).

Note A: E. magnus; B: E. polyphem; C: Reproduction way of E. magnus; D: Reproduction way of E. polyphem (binary and quadnpamon
division). Arrow shows the lipid bodies.
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Figure2  The growth of E. magnus and E. polyphem under high and low concentrations of nitrogen conditions
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Note: A: E. polyphem; B: E. magnus.
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Figure 3 The time-course changes in total lipid contents of E. magnus and E. polyphem under high and low
concentrations of nitrogen conditions
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Note: A: E. polyphem; B: E. magnus.
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Figure 4 The time-course changes in lipid fraction contents on the basis of total lipids of E. magnus and E. polyphem under
high and low concentrations of nitrogen conditions
A B C D
.NL GL PL

Note: A: E. magnus under high concentrations of nitrogen conditions; B: E. magnus under low concentrations of nitrogen conditions;
C: E. polyphem under high concentrations of nitrogen conditions; D: E. polyphem under high concentrations of nitrogen conditions.
NL: Neutral lipid; GL: Glycolipid; PL: Phospholipid.
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Figure 5 The time-course changes in lipid fraction contents on the basis of dry biomass of E. magnus and E. polyphem under
high and low concentrations of nitrogen conditions
A B C D
.NL GL PL .
Note: A: E. magnus under high concentrations of nitrogen conditions; B: E. magnus under low concentrations of nitrogen conditions;

C: E. polyphem under high concentrations of nitrogen conditions; D: E. polyphem under high concentrations of nitrogen conditions.
NL: Neutral lipid; GL: Glycolipid; PL: Phospholipid.
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Table 1 The time-course changes in fatty acids composition and content on the basis of total fatty acids of E. magnus and
E. polyphem under high and low concentrations of nitrogen conditions

Individual fatty acid content

Day  NaNO; (mmol/L) Microalgae
C14:0 C16:0 Cl6:1 C18:1 C18:2 C20:4 C20:5 Others

0 3.6 E. magnus 4.50 15.22 39.58 1.53 2.16 4.41 26.66 5.03
E. polyphem 4.65 18.70 43.01 5.36 3.50 4.14 8.40 10.24

18.0 E. magnus 4.50 15.22 39.58 1.53 2.16 4.41 26.66 5.03

E. polyphem 4.65 18.70 43.01 5.36 3.50 4.14 8.40 10.24

3 3.6 E. magnus 5.17 15.29 53.89 12.38 0.98 1.34 7.22 3.74
E. polyphem 4.52 20.67 438.82 8.68 2.12 2.08 8.23 4.87

18.0 E. magnus 4.47 17.53 46.32 6.51 1.83 3.27 16.84 3.21

E. polyphem 4.58 18.53 43.69 6.45 2.52 3.78 10.70 9.75

6 3.6 E. magnus 4.67 13.60 53.31 13.64 1.17 1.32 4.98 7.29
E. polyphem 4.39 18.12 52.04 11.16 1.15 1.34 3.11 8.68

18.0 E. magnus 3.72 15.61 46.40 6.99 1.40 291 13.87 9.11

E. polyphem 4.62 18.41 51.22 7.00 2.02 3.21 7.67 5.85

9 3.6 E. magnus 4.97 13.87 56.58 15.02 1.21 1.14 4.03 3.20
E. polyphem 3.69 19.88 53.02 11.08 1.44 1.32 3.13 6.44

18.0 E. magnus 4.21 13.79 54.61 8.43 1.93 2.38 9.57 5.10

E. polyphem 3.55 19.86 51.05 6.63 1.99 3.79 5.79 7.34

12 3.6 E. magnus 5.00 13.91 57.82 14.46 1.30 1.05 3.36 3.10
E. polyphem 4.10 20.37 53.36 10.87 1.18 1.12 2.31 6.69

18.0 E. magnus 3.91 13.27 53.37 9.76 1.84 2.09 7.37 8.39

E. polyphem 3.98 18.89 50.71 6.71 2.22 3.26 5.74 8.50

15 3.6 E. magnus 4.81 13.42 56.95 15.31 1.52 1.15 3.59 3.24
E. polyphem 3.86 19.59 54.86 10.74 1.50 1.28 2.75 5.42

18.0 E. magnus 3.81 13.68 53.61 10.60 1.85 1.88 6.28 8.28

E. polyphem 3.34 20.61 52.86 6.46 2.14 3.45 4.73 6.41

18 3.6 E. magnus 4.73 13.22 57.02 15.59 1.70 1.20 3.65 2.89
E. polyphem 4.17 18.93 55.73 10.82 1.36 1.21 2.37 5.41

18.0 E. magnus 3.83 12.60 55.41 11.23 1.92 1.88 6.38 6.74

E. polyphem 3.73 20.97 53.46 6.94 2.35 3.13 5.08 433

55.41% 6
57.82% 4
7
43.01%—55.73%
55.73%
53.46% ( 1.05%-2.17%)

3

http://journals.im.ac.cn/wswxtbcn



1450 WA 2F i@ 4. Microbiol. China 2015, Vol.42, No.8

3.57%
14.15% 2.18% 18
4.38% 19.24% 3.90%
3

5.85% 23.87% 6.34%
18

6.21% 26.77% 7.32%

26 SRAMRAFHTARERSEMKKER
lu\l7|< E,]$1—L1zt* \IL.\HH ) EF ]iﬂﬁ*ulb\ﬂﬁﬂﬁg K

(=)
<

[ =mCl14:0mmC18:2
= C16:0 = C20:4

I =mCl16:1 mm C20:5

—Cl18: IIZIOthersb

wn
[l

I~
O

[\
O

O

Individual fatty acid content (%, DW)
(U8)
O

O

t (d)

18

028 024 0.22g/(L-d)

032 028 0.25g/(L-d)
2

mm Cl14:0 == C20:5

50 mmC16:0 = Others
mm C16:1
= Cl18:1

405 o182
mm C20:4

30+

20+

10 + i

0

t (d)

Individual fatty acid content (%, DW)

B 6 SRMRTIEFRZFHTAERSEFLEICERSREREREAN BN SENTL
Figure 6 The fatty acid contents (% of dry biomass) of E. magnus and E. polyphem under high and low concentrations of
nitrogen conditions

A B .a 18.0 mmol/L NaNO;

b 3.6 mmol/L NaNOs.

Note: A: E. magnus; B: E. polyphem. a: 18.0 mmol/L NaNOs; b: 3.6 mmol/L NaNOs.
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