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Chlorella spp. MACC/C95/C97/C102)
(Stichococcus bacillaris MACC/C19)

, 3
; Yao  (2012) ,
(Tetraselmis subcordiformis)
; Ho  (2012)
s (Scenedesmus obliquus CNW-N)
; Shekh  (2013)
, (Chlorella pyrenoidosa)
, (PUFA)
; Wang  (2015) (Isochrysis
zhangjiangensis)
EPA ,
4
1
1.1
, SCS-01
1.2
1.2.1
[ @6.0cm*x60cm
, 100umol photons/(m*s)],
ASW (Andersen, 2005),
OD750=1.0£0.01, (25+1)°C,
300umol photons/(m*s), @3.0cm*x60cm
, ( 1% CO, )
, , 3.0 50 75
14.9mmol/L, , 14.9mmol/L ASW

B B

1/5 1/3 1/2, 3

, 4 , 2 ,
, 0 6
10 14 ,
, 14
1.2.2 2 5—
10mL , (0.45pm)
(g/L)
1.2.3
Khozin-Goldberg  (2005) , 0 6
10 14 100mg
, 10% -
2mL, 50°C 1.5h,
, 1.5h, 3000r/min
Smin, s 4mL
- (11, viy), 0°C
1h, 3000r/min Smin,
, 12h,
[g/(L-d)]=( 14 x
14 - 0 x 0
)/14
1.2.4
( , 2014; , 2016),
s 10mg
, 0.5mmol/L H,SO,
5mL, , 100°C 4h,
3000r/min Smin, 50mL
, 2,
ImL, 2mL, H,SO,
6% , ,
490nm s
[g/(L-d)]=( 14 x
14 - 0 x 0
)/14
1.2.5
, 10mg
s SmL
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0.5mmol/L NaOH s s s 2mL
80°C 30min, 3000r/min Smin, 2% H,S04 - 9 1Lyviv ,

50mL , , , , 80°C
ImL, Lowry 1.5h, ImL ,
) , 1.5mL ,
[g/(L-d)]=( 14 , 100pL
x 14 - 0 x —20°C
0 )/14 ,
1.2.6
Clark (Hansatech Oxygraph, ) 1.2.10 Origin8.6  SPSS13.0
,P 005
(25°C) 30min ,
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) 2.1
(umol), (umol/mg chl a /min) 30 50 7.5 14.9mmol/L
, 10min ) s
(umol) , 1 , ,
(umol/mg chl a /min) , 0—38
1.2.7 Gao (2015) , 8
XE-PAM PS (Fy/Fpn) 14.9mmol/L , ,
(rETR) 7.82g/L ,
30min, 3mL ,
30s, Fy 9-
5min [300pmol photons/(m*s)], sl :%8 mgi ﬁmgj .
—a—7.5 mmol KNO, ]
, PS 7 | —v—14.9 mmol KNO,
rETR  F/Fy s
1.2.8 0 14 5 5|
10mg , @ 4
SmlL, 12h, i 3
, 3500r/min Smin, 2
, (0.22um) , 1‘
, 4°C 0 2 4 6 8 10 12 14 16
UltiMate 3000 ( SBIRNIE (R)
DAD ); 1
Kromasil Cg (Sum, 1004, 250mmx4.6mm), Fig.1 Changes of biomass Nannochloropsis gaditana at
Acclaim 120 Cy (S5um, IZOA, 15mmx4.6mm) different potassium nitrate concentrations
A: - (90 10, v/v), B: 2.2
: 445nm, : 300—800nm, : 20°C,
: ImL/min, :20uL >
2a , ,
1.2.9 0 6 )
10 14 25mg, 0—o6 , 6—14



109
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Fig.2 Changes in biochemical components of Nannochloropsis gaditana under different potassium nitrate concentrations
ca: ; b ;ce
, 3.0mmol/L s
. 41.6%(  ,dw) 2¢
2b 3.0 50 75 14.9mmol/L 4
, 31.3% 32.5% 35.0% 36.7% (dw)
(P<0.05) 3.0mmol/L 1 , 14.9mmol/L
38.9% (dw) 13.0% (dw) (P<0.05), 0.150 0.053  0.17g/(L-d)

F1 TREEBREKENSURIKESE. TAMER. SHEEMEAR~E g/(L-d)

Tab.l  Volumetric biochemical components productivity of Nannochloropsis gaditana under different potassium nitrate concentrations

g/(L-d)
(mmol/L)

3.0 5.0 7.5 14.9
0.074+0.013 0.097+0.021°! 0.130+0.0190"! 0.150+0.023%!
0.014+0.002> 0.020+0.004% 0.028+0.004"2 0.053 +£0.009%
0.049+0.002% 0.073+0.004 0.120+0.006" 0.170 +£0.009*

cal, bl, cl, dl ;a2,b2,c2 ; a3, b3, ¢3,d3
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2.3 Cl16:0 Cle6:1 C18:1 60%
> >
5 0.6%
, (C20:5, EPA) —5.8% TFA ( , total fatty acids, TFA),
(C20:4, AA) (C18:1) 2.9%—10.9% TFA, C18:3 C20:5
(C16:1) (16:0) C20:4
3
R2 FEIFHERRKE TS MUIREkRIEERA M (%TFA, & 2 A5RHER #Y EL51)
Tab.2 Changes in fatty acid composition of Nannochloropsis gaditana under different potassium nitrate concentrations
3.0mmol/L 5.0mmol/L 7.5mmol/L 14.9mmol/L
0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15
Cl14:0 530 446 348 433 530 249 286 3.01 530 3.63 331 331 530 392 3.65 2.63
Cl4:1 080 088 084 083 080 08 085 083 08 083 082 08 08 148 149 1.73
Cl6:0 2350 29.70 42.90 43.45 23.50 27.07 40.87 41.69 23.50 26.74 38.52 4027 23.50 2637 3331 38.60
Cl6:1 25.19 26.85 27.66 34.61 25.19 27.82 28.80 29.57 25.19 26.07 27.15 2851 2519 2648 2640 27.01
C18:0 1.22 1.72 1.02 0.98 1.22 3.08 1.60 1.40 1.22 1.57 1.38 1.23 1.22 1.23 1.23 1.20
C18:1 8.50 8.12 8.32 9.47 8.50 7.17 7.56 11.95 8.50 942 10.03 1275 8.50 8.32 7.76 9.20
C18:3 2.76 1.35 1.76 1.42 2.76 2.67 2.55 1.33 2.76 1.78 1.67 1.20 2.76 2.67 2.51 2.34
C20:4 346  2.20 1.40  0.66 3.46 2.46 2.08 1.66 3.46 3.92 2.68  2.20 3.46 3.83 5.03 5.73
C20:5 1091 9.50 2.68 1.01 1091 8.96 2.73 1.91 1091 8.07 260 286 1091 7.24 4.77 3.76
18.37 15.23  9.93 3.24 1837 17.46 10.10 6.65 1837 1798 11.86 6.85 18.37 18.46 13.85 7.82
2.4 ,
(violaxanthin) (vaucheriaxanthin) f-
(p-Carotene) a (chl a) (mono-
3 astaxanthin) 14, 14.9mmol/L
é 1I2 ‘IIG 2I0
{REBEYE (D)
3
anges in pigment composition of Nannochloropsis gaditana under different potassium nitrate concentrations

Fig.3 Ch

1

;28

;3

;4

; 5:

a; 6: 378 p-
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2.5

rETR 4

b a 2
5.0mmol/L ,
)s ( 4c, 4d)
(mono-astaxanthin) ,
4—7 R , 10
7 , 3.0 5.0 7.5mmol/L
14.9mmol/L
> 4a  4b (P<0.05) R
4a ,3.0  5.0mmol/L
7.5 14.9mmol/L (P<0.05) ,3.0
F,/Fy 5.0mmol/L 7
F/F, 6—16 (P<0.05), s s R
F/Fy, 4b R , 12
0.7
a
peX
ki M
R ®
K =
3 2
z 50 = 26
€ £ Fog —— 3.0 mmol/L KNO,
g E 241 —@— 5.0 mmoliL KNO,
E 40 = 22r —A— 7.5 mmoliL KNO,
2 > fg g —w— 14.9 mmol/L KNO,
= £
= 30 < 16[
% O 14t
£ 2 12f
13@% 20 S0}
i B el
I W 4f
i =
N a2
;R ER L L 1 1
0 2 4 6 8 10 12 14 16
BIREYE (R)
4
Fig.4 Time-course changes in apparent photosynthetic parameter of Nannochloropsis gaditana under different potassium nitrate
concentrations
ca: F./Fy; b: rETR; c: ;d:
(Geider et al, 1993)
14.9mmol/L
, , 3.0mmol/L 3.14g/L,
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(Converti et al, 2009) (2014)

(Scenedesmus acuminatus) s

, (Siaut et al,
2011) ,
(Huppe et al, 1994),

( ),
(Hortensteiner et al, 2002)
Rubisco,
(Ordoég et al, 2012),

Zhang (2013a)

(Eustigmatos. cf. polyphem)

b

, 14.9mmol/L

3.0mmol/L 23.3%
(P<0.05),
, 14.9mmol/L
, 3
, 14.9mmol/L 7.5
5.0 3.0mmol/L 15.4% 54.6% 102.7%

B >

(Borowitzka, 2013)
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TFA, (Levy et al,
1992; Khotimchenko, 1993) s
EPA  AA,
, Simionato  (2013)
EPA ,Cl16:0 Cl6:1 Cl18:1
(D) Kennedy
, ; (2)
, C16:0 Ci18:1,

B

C20:5 (Boudiére et al, 2012) ,

, EPA ,
(Zhang et al, 2013b)
s chl a
, PS (Wang et al,
2015) (Nitzschiaclosterium f. minut-
issima) chl a (Liu
etal, 2012) , chla
FJ/F, PS )
, PS
PS F./F,
2 FV/FITI
rETR ,
Jiang  (2012) (Thalassiosira
pseudonana) (Dunalliela tertiolecta)

, FJF, Yield ,
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THE GROWTH, PHYSIOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF
NANNOCHLOROPSIS GADITANA IN DIFFERENT POTASSIUM NITRATE
CONCENTRATION

YUAN Chao-Jie', ZHANG Ying', LITao?, LI Ai-Fen'

(1. Institute of Hydrobiology, Jinan University, Guangzhou 510632, China; 2. Key Laboratory of Tropical Marine Bio-resources and
Ecology, South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China)

Abstract  Nannochloropsis is a high-valued microalga but few studies on the targeted accumulation of active substances
are reported. To investigate the targeted accumulation of lipids, polysaccharides, proteins, and fatty acid profiles, as well as
the photosynthetic physiological response, we cultivated Nannochloropsis gaditana in ASW medium under different KNO;
concentrations (14.9, 7.5, 5.0, and 3.0mmol/L, and the normal concentration of the ASW medium as the control group).
Our results showed that, with the decrease in KNO; concentration, the total lipid content increased and the biomass
concentration, the soluble protein, and polysaccharide contents decreased compared with those of the control. However, the
maximum productivities of total lipids, polysaccharides, and soluble proteins occurred in the control, being 0.150, 0.170,
and 0.053g/(L-d), respectively. The relative contents of C20:5 in the 3.0, 5.0, and 7.5mmol/L treatment groups decreased by
73.1%, 49.1%, and 23.9%, respectively, compared to the control. The main pigment contents, including violaxanthin,
vaucheriaxanthin, f-carotene, and chlorophyll @, declined as the nitrogen concentration decreased. The maximal
photochemical efficiency of PS (F,/Fy), relative electron transport rate (fETR), and photosynthetic oxygen evolution
rate were correlated positively with nitrogen concentration. Therefore, the nitrogen concentration could control the targeted
accumulation of total lipids, soluble proteins, polysaccharides, and C20:5 of N. gaditana, while the biomass concentration
of these substances affected their productivity. In this research, the high active substance productivity of N. gaditana under
14.9mmol/L nitrogen concentration was due to a high photosynthetic efficiency.

Key words Nannochloropsis gaditana; potassium nitrate concentration; cellular substance; photosynthetic

efficiency



