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1.1
(Chlorella vul-

garis FACHB-7),

SE 131:0.75 g/L NaNO;,
0.23 g/L MgSO,4-7H,0, 0.23 g/L K,HPO,, 0.53 g/L
KH,PO,, 0.03 g/L NaCl, 0.01 g/L FeSO4 6H,0, 2.0
mL/L Fe-EDTA, 1.0 mL/L As solution
2].

,  pH6.0—7.0,

200g 1 4
60°C , ,
, 20 min, 0.1%—0.2% -
R 30 min,
20 min , HCl pH4.5—5.0, 0.4%
, , 60°C, l1h
4000 r/min 5 min, ,
1.2
SE ,
1.5 3.0 6.0 mmol/L NaNOs;
NaNO;, 1.5
3.0 6.0 mmol/L 0.75 1.5 3.0 mmol/L
S pH 6.0,
120°C 20min 10%
( 1.6x10°cell/mL) 100 mL
( 20g/L) (25£1)C
150 r/min
, 10d
1.3 (6]
: u=(InN#2—-InN¢1)/ At
DU, ; N#2, 2
(cell/L); N1, t1
(cell/L) At
10d(240h) ,  Ar=10
14
48h 3.0 mL (
9.0x10° /mL), 4000 r/min 10 min ,

3.0 mL, 4C , 752

) 665 nm 652 nm oD
Wellburn, et al. (71,
C(a+b)(mg/L)=1.444445+24.934 45,
15
(9-diethylamino-SH-benzo
[a]penoxazine-5-one) [8—10]

9.0x10° /mL),

5.0 mL (
250 mL DMSO, 500 pL
(0.1 mg/mL ), 60°C Imin, 480 nm
580 nm ,
580 nm
1.6
_ (1]
03¢g , 3.0 mL
( 1 2), 40°C
) ) 10%
4000 r/min 10min,
, 60°C
=( /
)x100%
2
2.1
NaN03 N
(1 6.0 mmol/L NaNO;
, 240h ,
; NaNO; 3.0 mmol/L
, 240 h s

(1.5—6.0 mmol/L NaNQO3) ,

> >

b ( 1)9

( 2
3.0 mmol/L 6.0 mmol/L NaNO; ,
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, 6 mmol/L
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Fig. 1 Growth curves of C. vulgaris under different NaNO; con-
centrations
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Fig. 2 Total chlorophyll contents of C. vulgaris under different
NaNOj; concentrations
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Fig. 3 Growth curves of C. vulgaris under different alanine con-
centrations

~ 97

2.l —— 1.5 mmol/L N&iz
g 71 —— 3.0 mmol/L N&E iz
‘g 6L —— 6.0 mmol/L &g
st

0 37

o2

= 0 . .

0 48 96 144 192 240
Hsf (i) Time (h)

Fig. 4 Total chlorophyll contents of C. vulgaris under different
alanine concentrations
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Fig. 5 Growth curves of C. vulgaris under different tyrosine
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Tab. 1 Growth rates and chlorophyll contents of C. vulgaris under different nutrient levels
1.5 3.0 6.0 1.5 3.0 6.0 0.75 1.5 3.0
. mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
Nitrogen sources NaNO; NaNO; NaNO; alanine alanine alanine tyrosine tyrosine tyrosine
. 0.74 0.85 0.86 0.49 0.52 0.59 0.46 0.40 0.34
Special growth rates
Chlorophyll 15.10 16.68 21.46 13.21 16.88 16.72 12.33 15.62 29.89
content, pg/cell
B . NaNO3
, 1.5 mmol/L, C 7
2.57 mg/L; 3.0 mmol/L , NaNO; 1.5 mmol/L 2.65
428 mg/L(  6) g/L -
3.0 mmol/L | 51.21%, 1.36 g/L( 2),
12.33 pg/cell 0.75 mmol/L - ,
1) 9.55x10° a.u.
7.07 a.u. « 7,
2 50p  ——0.75 mmol/L B¥%AR
g —=— 1.5 mmol/L &R NaNO;
g 401 ——3.0 mmol/L ByER 6.0 mmol/L 494 gL,
g 30} 13.65%,
S 20 ( 2 NaNOs ,
ﬂilﬁi
<10t ’ ’
&
s’ ' ' ' ' '
= 0 48 96 144 192 240
K] Time (h) ’
6 R , 0.10—
Fig. 6  Total chlorophyll contents of C. vulgaris under different 0.14 g/L, » NaNO;
tyrosine concentrations 7—10 ( 2)
1.5 mmol/L 2.73 a.u.
’ | (30.78%) ,
( ) 3.0 mmol/L 6.0 mmol/L,
, R 0.74—0.86,
046 /L 0.50 g/L, 1.25
’ ’ a.u. 0.10 au., 28.72%
19.50%( 2 7),
) > ) 1.5 mmol/L 6.0 mmol/L,
: 0.23 g/L,
2.42—2.86 a.u., 3.0 mmol/L
2.2 NaNO3(2.82 a.u.) 1.5 mmol/L (2.73 au)
(7, 38.78%—
) 47.02%( 2) )
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Tab. 2 Effects of different nitrogen sources on biomass accumulation and lipid content of C. vulgaris

Nitrogen source Dry cell weight(g/L) Lipid content(%) Lipid weight(g/L)
1.5 mmol/L NaNO; 2.65 51.21 1.36
3.0 mmol/L NaNO; 4.56 27.67 1.26
6.0 mmol/L NaNO; 4.94 13.65 0.67
1.5 mmol/L 0.44 30.78 0.14
3.0 mmol/L 0.46 28.72 0.14
6.0 mmol/L 0.50 19.50 0.10
0.75mmol/L 0.25 47.02 0.12
1.5 mmol/L 0.23 46.42 0.11
3.0 mmol/L 0.23 38.78 0.09
11.000 [
10.000
9-000 | 0 WF& (L)
8.000 |
7.000 | 'I' B 1 mLAIzO6E (10°%a.u.)
6.000 =
5.000 | = O 1041560 (au.)
4.000 | =
3.000 |
2.000 | =
1.000 =
0.000 =
&o\\\»
5 N
N S

Fig. 7 Effects of different nitrogen sources on biomass accumulation and fluorescence intensity of C. vulgaris cells

[12]

0.23—0.25 g/L,

30%—60%

[13, 14]

8 (x400)
Fig. 8 Optical microscope photographs of C. vulgaris under dif-
ferent nitrogen sources (x400)
0] NaNO;(2) 3)
(1) NaNO; as the nitrogen source (2) alanine as the nitrogen source
(3) tyrosine as the nitrogen source
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EFFECTS OF DIFFERENT NITROGEN SOURCES ON GROWTH AND LIPID
ACCUMULATION OF AHETEROTROPHIC MICROALGAE-CHORELLA VULGARIS

ZHU Yi-Ping, SONG Dong-Hui and YANG Guo-Lan

(Tianjin Key Lab of Marine Resource and Chemistry, College of Marine Science & Engineering,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Chlorella strains have great potential as a resource for production of biofuels due to their relatively fast
growth rate and easy cultivation. Heterotrophic cultivation of Chlorella has been developed due to higher biomass con-
centration and accumulation of much higher lipid content than classical photoautotrophic culture. Instead of using glu-
cose, using low cost materials, such as starch or cellulose-hydrolyzed solution, is a good strategy to reduce the cost of
culture medium and the cost of microalgae-based biofuels from heterotrophic fermentation of Chlorella. Potato starch is
relatively cheap material in comparison with cornstarch or cassava starch, hence it could be an ideal carbon source for
cultivating Chlorella. In a number of oil-producing microalgal species, Chlorella has the capacity of accumulating much
higher proportion of fatty acids by nitrogen starvation. The objective of this study was to investigate the effects of
various nitrogen resources on cell growth and lipid accumulation in heterotrophic Chlorella vulgaris using potato starch
hydrolysate (PSH) as the sole carbon source. In order to illustrate the influence of various nitrogen sources on biomass
and lipid content in C. vulgaris, the effects of these nitrogen source including inorganic and organic nitrogen source
such as alanine or tyrosine on cell growth and lipid accumulation of C. vulgaris were examined. As the sole carbon
source PSH was added to SE medium for algal cultivation prior to addition of all nitrogen sources. NaNO; and alanine
were added to yield starting concentrations of 1.5 mmol /L, 3.0 mmol/L and 6.0 mmol/L, respectively. Tyrosine was
added to yield starting concentrations of 0.75 mmol/L, 1.5 mmol /L and 3.0 mmol/L, respectively. Continuous cultiva-
tion of C. vulgaris was carried out under dark condition for 10 days. The cell number, special growth rate, cellular
chlorophyll content, neutral lipid content and total lipid content of C. vulgaris under present cultural condition were
determined throughout the entire experimental period. The results showed that: (1) Higher chlorophyll content and bio-
mass production were observed with higher nitrate-nitrogen concentration, although low concentrations of ni-
trate-nitrogen can achieve high lipid accumulation in C. vulgaris. The highest biomass productivity was obtained at 1.5
mmol/L sodium nitrate, the biomass of 2.65 g/L, lipid concentration of 51.21% and the total lipid production of 1.36 g/L
were achieved. (2) When alanine was used as the sole nitrogen source, it was also observed that the cell growth and total
chlorophyll content increased but the lipid content reduced. (3) A low level of biomass production was observed while
adding tyrosine as a nitrogen source; however, cell enlargement and high chlorophyll content were achieved under this
condition, resulting in high lipid content of 38.78%—47.02%. Based on above results, it was concluded that the unicel-
lular alga C. vulgaris was able to respond to nitrogen nutrient changes by inducing specific amino acid transport systems,
and it seemed to have developed more specific mechanisms of amino-acid uptake and lipid production along with subtle
regulatory phenomena such as induction by nitrogen starvation. Furthermore, tyrosine, as the part of the third uptake

system induced by glucose transport system, can also enhance continually cellular lipid accumulation in C. vulgaris.

Key words: Chlorella vulgaris; Heterotrophic fermentation; Nitrogen source; Alanine; Tyrosine



