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Figure 1.
autotrophic and mixotrophic conditions.
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Figure2. Cell growth status and division modes of Chlorella pyrenoidosa. A: cell size; a D<2 um. b: 2<D<4 um;

C: 4<D<6 pum; d: 6<D=<8 pum; e D>8 um. B: division mode. f: equal division and non-equal division.
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Figure 3. Growth dynamics of Chlorella pyrenocidosa on a circadian rhythm under autotrophic and mixotrophic
conditions. A: The second day; B: The fifth day. White background for the light period, gray for the dark period,
twill filled indicates the part of algae under mixotrophic condition for 2 h light prolonged.
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Figure4. Cell size of Chlorella pyrenoidosa on a circadian rhythm under autotrophic and mixotrophic conditions.
A: The second day; B: Thefifth day. The part of algae under mixotrophic condition for 2 h light prolonged.
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Figure 5. Biochemica components of Chlorella pyrenoidosa on a circadian rhythm under autotrophic and

mixotrophic conditions. A: Autotrophic; B: Mixotrophic.
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Circadian rhythm response of Chlorella pyrenoidosa under
autotrophic and mixotrophic cultivation

Cheng Wang, Yan Zhao
College of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, Zhejiang Province, China

Abstract: [Objective] To study the effect of autotrophic and mixotrophic cultivation on the growth, division and
biochemical components accumulation of Chlorella pyrenoidosa, then to explore the response mechanism on
circadian rhythm under artificial cultivation and optimize the corresponding technology. [M ethods] BG11 medium
was used for autotrophic cultivation of Chlorella pyrenoidosa and BG11 medium supplemented with glucose of
different concentrations (1, 5, 10, 20 g/L) for mixotrophic cultivation. The algae cell number was determined by
a hemocytometer, biomass was measured by dry weight, and the size and division of algae cells were observed by a
microscope. We used staining method for quantification the total lipids of Chlorella pyrenoidosa. Chlorophyll,
protein and starch contents were determined by ultraviolet spectrophotometry. [Results] Glucose had a significant
growth promoting effect on Chlorella pyrenoidosa, and the optimum concentration was 10 g/L. Under a circadian
rhythm, about 76.00% of new daughter cells in the autotrophic cultivation group were proliferated under dark
period on the second and fifth day, whereas 67.50% of the new daughter cells were generated under light period in
the mixotrophic group. The silent period of the algae in the autotrophic group was 8 hours, but that in the
mixotrophic condition was only 4 hours on the second day. On the eighth day, the contents of total lipids and
chlorophyll of algae cells kept relatively stable under a light-dark period, the protein and starch content of that
reached their respective peak after 8 and 12 hours in light. [Conclusion] Mixotrophic cultivation with glucose can
increase the biomass of Chlorella pyrenoidosa notably. The growth, proliferation and the biochemical components
accumulation of Chlorella pyrenoidosa were regulated by circadian rhythm, the algae in autotrophic culture mainly
grow during day in light and undergo cell proliferation in dark. The machanism of mixotrophic cultivation
increasing the biomass was shortening the growth silence period of algae cells, and increasing the proportion of
larger cells for passing through commitment point of cell-cycle, it was especialy obvious during light period. The
protein and starch contents of Chlorella pyrenoidosa showed obvious circadian rhythm, their best harvest time were
8 and 12 hours after in light, respectively.

Keywords: Chlorella pyrenoidosa, autotrophic cultivation, mixotrophic cultivation, circadian rhythm, commitment
point

(ALt %h: &%)

Supported by the First-Class Discipline Construction Project in Zhejiang Province 2017 (Food Science and Engineering)
(1110JY N6517001G) and by the National Natural Science Foundation of China (31772100)

"Corresponding author. Tel: +86-571-28008970; E-mail: yanzhao9918@163.com

Received: 10 October 2017; Revised: 30 December 2017; Published online: 24 January 2018

actamicro@im.ac.cn



