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Abstract :[Objective] The variation of growth and photosynthesis of microalgae was studied and
compared under autotrophic condition and hetero - and mixotrophic conditions with acetate as
carbon source. [Methods}With Chlorella sorokiniana as material, the changes of growth and
photosynthesis were reflected by determining the OD3;5 and the chlorophyll fluorescence from
photosystem [l (PS [l ). [Results]The growth rates of hetero-and mixotrophic conditions were
significantly higher than that of autotrophic condition. It was only 1.5 d for cells reaching sta-

tionary phase under hetero - and mixotrophic

.2016-02-21 conditions, but 9 d for cells under autotrophic
:2016-04-05 condition. The parameters of chlorophyll fluo-
(1982 =), ) rescence under autotrophic condition were signif-

icantly higher than that under hetero-and mix-

(31201973). (BSZOBHZO& otrophic conditions, and that under mixotrophic
(201303003) condition were significantly higher than that un-

(2014GHY115006) . der heterotrophic condition. The effective PS 1[I
(1983—), ) . quantum yield under mixo - and heterotrophic
»E-mail: hongjingiao@ hotmail. com. condition was reduced 21. 5% and 98. 1%, re-
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spectively,compared with that of autotrophic condition. The mRNA expression of Rubisco gene

under mixotrophic condition were highest,and 3. 2-fold and 1. 8-fold of that under hetero-and

autotrophic conditions,respectively. [Conclusion] The photosystems of Chlorella under mixotro-

phic condition only slightly inhibited. In addition,the growth rate and maximal cell density un-

der mixotrophic condition were higher than other conditions. Therefore, mixotrophic growth

mode is suitable for large-scale cultivation.
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Fig. 1  Growth curves of Chlorella sorokiniana under

different trophic modes
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HT s
(P <0.05

Transcript level of 7ocL in AT and MT is normalized to
that in HT. Values with different letters are significantly dif-
ferent ( P < 0.05)

2 rbcl mRNA
Fig. 2 Messenger RNA expression of rbcL gene under

different trophic modes in Chlorella sorokiniana
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Table 1 Comparison of chlorophyll fluorescence parameters under different trophic modes in Chlorella sorokiniana
Sample F,/Fn Y CII) rETR NPQ
AT 0.71340. 003" 0.53840. 009° 18. 00040, 265° 0.06040,012¢
HT 0.06140.010° 0.01040. 004" 0.25040. 212" 0.01340. 004"
MT 0.61940. 005¢ 0.42240.008¢ 14. 06740, 252¢ 0.03640.003¢
s, P<C0.05

Note: Values within the same column with different letters are significantly different ( P <C0. 05)

3
[3.25-26] R
C 1,
[21.23,27] ,
(
1, 2), ;
Rubisco ,
C D, F./F,
Y 1) s
Pringsheim % Heifetz " Kroymann [
o s Rubisco mR-
NA s
Rubisco . mRNA
s RUbif
sco
4
, 1.5d ,

[1] GRIFFITHS D A,GRIFFITHS D J. The fine structure
of autotrophic and heterotrophic cells of Chlorella
vulgaris (Emerson strain)[J]. Plant Cell and Physiolo-
gy»1969,10(1):11-19.

118

(2]

[3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

WALTER J,RICKERT M, AACH H. The role of glu-
cose on the enzymes involved in the release of mature
spores of Chlorella fusca []]. Physiologia Plantarum.,
1987,71(2) :219-223.
ENDO H,SANSAWA H,NAKAJIMA K. Studies on
Chlorella regularis s heterotrophic fast—growing strain
Il . Mixotrophic growth in relation to light-intensity and
acetate concentration [ ] ]. Plant and Cell Physiology,
1977,18(1) :199-205.
, s GRANT N G.
. [yl
,1992,18(3) : 293-299.

WU Q Y,KUANG M,GRANT N G. Growth, AEC and
pigments of Chlorella protothecoides in two strains un-
der the autotrohic and heterotrophic conditions[ J]. Acta
Phytophysiologica Sinicas1992,18(3):293-299.
BASSHAM ] A,CALVIN M. The Path of Carbon in
Photosynthesis [ M ]. Berkeley: Interscience Publishers.,
1960:1-66.
LEY A.MAUZERALL D. Absolute absorption crossse-
ctions for photosystem [[ and the minimum quantum
requirement for photosynthesis in Chlorella wvulgaris
[J]. BBA-Bioenergetics,1982,680(1) :95-106
LIl 22003,32(1) :68-72.
JIANG H X, ZHENG Y. A review of pharmaceutical
and health care value of microalgae and their current sta—
tus of research and development [ J]. Subtropical Plant
Science,2003,32(1):68-72.
BOROWITZKA M A. Microalgae source of pharmaceu-
ticals and other biologically active compounds[]J]. Jour-
nal of Applied Phycology,1995,7(1):3-15.
PULZ O, GROSS W. Valuable products from biotech-
nology of microalgae[ J]. Applied Microbiology and Bio-
technology 2004 ,65(6) :635-648.
(1l 22015,46(2) :305-310.
HE L Y,HAN X T, YU Z M. Evaluation of microalgae
potential for biodiesel production in entropy weight
theory[ J]. Oceanologia et Limnologia Sinica, 2015, 46
(2):305-310.
RODOLFI L,ZITTELLI G C,BASSI N,et al. Microal-

Guangxi Sciences, Vol 23 No 2, April 2016



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

gae for oil: Strain selection, induction of lipid synthesis
and outdoor mass cultivation in a low-cost photobiore-
actor[ J . Biotechnology and Bioengineering. 2009, 102
(1):100-112.
Lyl 22014, 12
(05) :62-68. DOI1:10. 3969/j. issn. 1672-3678. 2014. 05.
011.
YINJ L, TANG X H,ZHENG H L, et al. Effect of
light wavelengths on lipid accumulation of Chlorella
wvulgaris in photoautotrophic culture[ J ]. Chinese Jour-
nal of Bioprocess Engineering, 2014, 12 (05): 62-68.
DOI:10. 3969/j. issn. 1672-3678. 2014. 05. 011.

/ [yl
(1):12-29.
HU Y S,LIU B, HAO X D.et al. Current status and

»2015,35

outlook of microalgae flocculation in wastewater treat-
ment[ ] ]. Acta Scientiae Circumstantiae,2015,35(1):
12-29.

ASLAN S,KAPDAN I K. Batch kinetics of nitrogen
and phosphorus removal from synthetic wastewater by
algae[ J . Ecological Engineering,2006,28(1) :64-70.
PRINGSHEIM E G, WIESSENER W. Photo-assimila-
tion of acetate by green organisms [ ]J]. Nature, 1960,
188:919-921.

EPPLEY R W,MACIAS F M. Role of the alga Chlam -
ydomonas mundana in anaerobic waste stabilization
lagoons [ J]. Limnology and Oceanography. 1963, 8
(4):411-416.

HEIFETZ P B,FORSTER B,OSMOND C B.et al.
Effects of acetate on facultative autotrophy in
Chlamydomonas reinhardtii assessed by photosyn-
thetic measurements and stable isotope analyses[ ] ].
Plant Physiology,2000,122(4) :1439-1445.

KINDLE K L. Expression of a gene for a light-harves-
ting chlorophyll-a-binding chlorophyll-b-binding pro-
tein in Chlamydomonas reinhardtii . Effect of light
and acetate[ ]]. Plant Molecular Biology.1987,9(6):
547-563.

FETT J P,COLEMAN J R. Regulation of periplasmic

carbonic - anhydrase expression in Chlamydomonas

2016 4 23 2

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

reinhardtii by acetate and pH []]. Plant Physiology,
1994,106(1):103-108.

sOLDSCHMIDT-CLERMONT M. The two genes for
the small subunit of RuBP Carboxylase/oxygenase are
closely linked in Chlamydomonas reinhardtii [ ]].
Plant Molecular Biology,1986,6(1):13-21.

SYRETT P J,MERRETT M J,BOCKS S M. Enzymes
of glyoxylate cycle in Chlorella vulgaris []]. Journal of
Experimental Botany,1963,14(2) :249-264.

SYRETT P J. Kinetics of isocitrate lyase formation in
Chlorella — Evidence for promotion of enzyme synthe-
sis by photophosphorylation[J]. Journal of Experimen-
tal Botanys1966,17(53) :641-654.

sOULDING K, MERRETT M. The role of glycollic
acid in the photoassimilation of acetate by Chlorella
pyrenoidosa [ J]. Journal of Experimental Botany,
1967,18(4) :620-630.

BISCHOFF H W,BOLD H C. Phycological Studies
IV. Some Soil Algae from Enchanted Rock and Related
Algal Species[ M ]. Austin: University of Texas Publi-
cation,1963.

OGAWA T,AIBA S. Bioenergetic analysis of mixotro-
phic growth in Chlorella wvulgaris and Scenedesmus
acutus [ ]]. Biotechnology and Bioengineering, 1981, 23
(5):1121-1132.

MARQUEZ F J,SASAKI K, KAKIZONO T et al.
Growth-characteristics of Spirulina platensis in mix—
otrophic and heterotrophic conditions [ J]. Journal of
Fermentation and Bioengineering, 1993, 76 (5): 408~
410.

LALIBERTEG, NOUE J. Auto-: hetero- and mixotro-
phic growth of Chlamydomonas humicola (Chloro-
phyceae) on acetate [ J]. Journal of Phycology.1993.29
(5):612-620.

KROYMANN J, SCHNEIDER W, ZETSCHE K. Op-
posite regulation of the copy number and the expres-
sion of plastid and mitochondrial genes by light and ac-
etate in the green flagellate Chlorogonium []]. Plant
Physiologys1995,108(4) :1641-1646.

119



