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NMB3* ,
1:1000
23°7C, 20 pmol/

(m*s) (D : L=12h : 12h),

%1 NMB3IEREBRER

Tab. 1 NMB3"* medium stock solution
Constituent Concentration (g/L)
KNO; 100
K,HPO, 10
MnSO, 0.25
FeSO,4-7H ,0 2.5
Na, EDTA 20
VB, 0.0005
VB, 0.005
1.2
>550 nm
, <500 nm
(1.0x10° cells/mL)
NMB3* (250 mL ,
200 mL), 3 25C,
50 pmol/(m*s) (D : L=12h : 12h)
23, ,
Water-PAM
(
)
Smartchem
200
(1.1x10° cells/mL), NMB3* ,
(10 :
1 ) , :

N/P=15/1.5 mg/L (1) N/P=20/2.0 mg/L (II) N/P=45/
4.5 mg/L (IIT) N/P=85/8.5 mg/L (IV) N/P=130/13.0 mg/L
(V), 200 mL,

3 5.3x10* cells/mL

Kwan Kim™® s

1.3
Excel 2003 SPSS 13.0  origin 7.5
(%)= A676(t2)_A676(t1)X
Ag76(t)
100%, Agr6(t1)  Ae16(12) L b
676 nm
2
2.1
1 . >
(N/P=8.5/0.8 mg/L) , 2d ,
52.8%  48.2%
“" d),
281 0.27 mg/L ,
(8" d) , , 2.0
0.2 mg/L
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Fig. 1 The growth of Haematcoccus pluvialis and the change of
nitrogen (N) and phosphorus (P) concentration in the medium in a
batch culture under red light
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Fig. 2 The change of chlorophyll fluorescence parameters of Haematcoccus pluvialis in batch culture under red light
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Fig. 4 The multiplication rate of Haematcoccus pluvialis under
different concentration of nitrogen (N) and phosphorus (P) _
I.N/P=15/1.5 mg/L; II. N/P=20/2.0 mg/L; III. N/P=45/4.5 mg/L; ’
IV. N/P=85/8.5 mg/L; V. N/P=130/13.0 mg/L ( ),
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Fig. 5 The maximum biomass of Haematcoccus pluvialis under 04 6 =
different initial concentration of nitrogen (N) and phosphorus (P) ' i
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Fig. 6 The growth and nutrient consumption of Haematcoccus
pluvialis in medium of different initial concentration of nitrogen
( 7, and phosphorus
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20r O Ast/Chl.a 60 mg/L ,
sl h B Ast/Chl (a+b)
= 16k . E#1% ~NF/Chl.(a+b)
a § 14} Borowitzka 7 KNO;
D&
i B 12] 0.01 g/L
€5 10}
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=35 g
& 4t , KNO; 0.07—0.15 g/L
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i v v 12d
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Fig. 8 The ratio of pigment content of Haematcoccus pluvialis
after cultured in mediums of different initial concentration of ni-
trogen (N) and phosphorus (P) R
[ . N/P=15/1.5 mg/L; II. N/P=20/2.0 mg/L; III. N/P=45/4.5 mg/L;
IV. N/P=85/8.5 mg/L; V.N/P=130/13.0 mg/L
5 ATP
, NPQ
, NPO ,
, PSII
M FF,
v/L'm FJ/F, NPQ
F, , ,
F, L F.  (F=FwF), FJF, 7 : :
, 5x10*(cells/mL)
) 45/4.5 mg/L

[1] Xiao Y, Wang G H, Liu Y D. UV-B effects on the
photosynthetic features and astaxanthin accumulation of

Haematococcus  pluvialis  and [J]. Acta

[14].

221—229]

U1 Garcia-Malea

, NOs3;-N 28 mg/L

of two- vs. one-stage production of astaxanthin by the green

[J1.
> Bioengineering, 2007, 98(1): 300—306

alga Haematococcus pluvialis

its responses
Hydrobiologica Sinica, 2010, 34(6): 221—229 [

R . UV-B
, 2010, 34(6):

Biotechnology and

s

[16] [2] Claude A, Yuval M, Aliza Z, et al. On the relative efficiency



1141

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Tomohisa K, Abdolmajid L, Kazumichi S, ef al. Astaxanthin
production by Haematococcus pluvialis under illumination
with LEDs [J]. Enzyme and Microbial Technology, 2004,
35(1): 81—86

Qi A X. Studies of cultures medium and cultures modes of
Haematococcus  pluvialis  for enhanced production of
astaxanthin [D]. Thesis for Master of Sicence. Xiamen

University, Xiamen. 2006 [

, .2006]
Satoshi Y, Reza R, Ryota I, et al. Effective utilization of
transmitted light for astaxanthin production by Haemato-
coccus pluvialis [J]. The Society for Biotechnology, 2006,
102(2): 97—101
Huang SY, Qi A X, Li Z, et al. Initial studies on the effects
on astaxanthin accumulation of

of stress conditions

Haematococcus pluvialis [J]. Studia Marina Sinica, 2009, 49:

144—151 [ , , ,

2009, 49: 144—151]

Wu X, Kang R J, Cong W, et al. Application of sun-light
conversion film on the growth of Hnematococcus pluvialis
[J]. The Chinese Journal of Process Engineering, 2006, 6(6):
969—972 [ , s , .
, 2006, 6(6): 969—972]
Kwan W C, Kin W C. HPLC pigment analysis of marine
phytoplankton during a red tide occurrence in Tolo Harbour,
Hong Kong [J]. Chemosphere, 2003, 52(9): 1633—1640
Liang Y, Feng L X, Yin C L, et al. Current status and
prospect of chlorophyll fluorescence technique in the study
of responses of microalgae to environment stress [J]. Marine
Science, 2007, 31(1): 71—79 [ R s s

,2007, 31(1): 71—79]

[10] Dewez D, Didur O, Vincent-Héroux J, et al. Validation of

(1]

[12]

[13]

[14]

[15]

[16]

[17]

photosynthetic-fluorescence parameters as biomarkers for
isoproturon toxic effect on alga Scenedesmus obliques [J].
Environmental Pollution, 2008, 151(1): 93—100
Liang Y, Feng L X, Yin C L. Effects of high temperature
stress on the chlorophyll fluorescence kinetics of
Phaeodactylum tricornutum and Chaetoceros gracilis [J].
Periodical of Ocean University of China, 2006, 36(3):
427—433
XulJ J, Zhang D L, Wu G Q, et al. Effect of wind stress on
photosynthetic activity of Microcoleus vaginatus crusts [J].
Acta Hydrobiologica Sinica, 2010, 34(3): 575—583 [ S
; fE,
. , 2010, 34(3): 575—583]
Wayama M, Ota S, Matsuura H, et al. Three-dimensional
ultrastructural study of oil and astaxanthin accumulation
during encystment in the green alga Haematococcus
pluvialis [J]. Plos One, 2013, 8(1): 1—9
Choi Y E, Yun Y S, Park J M, et al. Determination of the
time transferring cells for astaxanthin production
considering two-stage process of Haematococcus pluvialis
cultivation [J]. Bioresource Technology, 2011, 102(24):
11249—11253
Chang D K, Se J H, Seung P C, et al. Fed-batch culture of
astaxanthin-rich Haematococcus pluvialis by exponential
nutrient feeding and stepwise light supplementation [J].
Bioprocess and Biosystems Engineering, 2010, 33(1):
133-139
Garcia-Malea M C, Acién F G, Fernandez ] M, et al.
Production of astaxanthin by Haematococcus pluvialis:
taking the one-step system outdoors [J]. Biotechnology and
Bioengineering, 2009, 102(2): 651—657
Borowitzka M A, Huisman J M, Osborn A. culture of the
astaxanthin-producing  green alga  Haematococcus
pluvialis 1. effect of nutrients on and cell type [J].

Journal of Applied Phycology, 1991, 3(4): 295—304



1142 38

THE CHARACTERISTICS OF GROWTH AND NUTRIENT CONSUMPTION OF
HAEMATOCOCCUS PLUVIALIS UNDER RED LIGHT

WANG Jian-Yuan', ZHOU Cheng-Xu', YAN Xiao-Jun', LUO Qi-Jun', JIANG Ying',
MA Bin' and TAN Ying-Hong®

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. Chenghai Bao’er Biotechnology Inc., Lijiang 674202,
China)

Abstract: It has been proposed that Haematococcus pluvialis grow better under red light than PAR. In the present study,
the characteristics of chlorophyll fluorescence parameters and nutrient requirements during population growth under red
light were analyzed. The results showed that chlorophyll fluorescence parameters ®PS II, gP and ETR had the same
variation trend along with the population growth phase. F\/F,, and NPQ decreased with the increased cell numbers, and
then increased at the late growth stage when the cell density decreased. The turning point of F,/F,,, and NPQ is practi-
cally consistent with the cell stress condition caused by nutrient depletion stress. High concentrations of the nutrients
nitrogen (N) and phosphorus (P) such as 85/8.5 mg/L and 130/13.0 mg/L enhanced the biomas at early stage, and then
inhibited cell growth at the longer retarded phase before entering exponential growth phase that Nutrient consumption
was also reduced. These results suggested that the optimum of N/P concentration for H. pluvialis cultured under red
light was 45/4.5 mg/L. The potential application of the results in semi-continuous culture of H. pluvialis has been dis-
cussed.

Key words: Haematococcus pluvialis; Cell growth; Nitrogen and phosphorus; Chlorophyll fluorescence parameters;
Red light



