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Abstract: [Objective] With the defection in starch synthesis in mutated Chlamydomonas reinhardtii
CC-4326, the effects on the acyl profiling variation of glycerides were inspected with or without
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nitrogen deficiency stress. It provided basic information to understand glyceride metabolism. Wild
type strain CC-137 was chosen as the control. [Methods] Cultivations were carried out in both shake
flasks and 500 mL cylindrical bubbling photobioreactors under nitrogen rich or deficient conditions.
Triacylglycerols were purified by thin-layer chromatography. After transesterified with methanol,
acyls were quantified by gas chromatography with an internal standard and the abundance of acyls in
glycerides and triacylglycerols were compared. [Results] The amount of C16:4 and C18:3 in each
strain accounted for about 45% of total acyls under nitrogen rich condition in both shake flask and
photobioreactor cultivation. With nitrogen supply, CC-4326 showed no difference in the abundance
and changing pattern of the above two major acyls in glycerides, whereas the wild type showed
higher increase and higher abundance of these two acyls in shake flasks than in photobioreactors.
However, without nitrogen supply, the difference in the accumulation of triacylglycerols was
observed between strains. In photobioreactors, CC-4326 accumulated 0.5 fold more triacylglycerols
than CC-137, whereas in shake flasks, the difference was not significant. As an indicator, C18:1 was
increased significantly in glycerides and triacylglycerols of both strains. And the same as
triacylglycerol accumulation, C18:1 increased faster in photobioreactors than in shake flasks. As
contrast, CC-137 showed similar triacylglycerol level in the matter of weight percentage of biomass,
however, with higher monounsaturated fatty acids in shake flasks than in photobioreactors. It
suggested that triacylglycerols can be more effectively induced in the shake flasks than in
photobioreactors. But the highest triacylglycerol accumulation achieved in CC-4326 with 12.8% in
dry weight, which were cultured in the photobioreactors under nitrogen depletion. [Conclusion] By
inhibiting the starch synthesis, comparing to CC-137, CC-4326 obtains the high efficient
triacylglycerol accumulation in photobioreactors with nitrogen depletion regulation.

Keywords: Chlamydomonas reinhardtii starchless mutant, Photobioreactors, Shake flasks, Acyl
chains, Triacylglycerols

(TAG)
TAG!
[10,14]
[4-6]
TAG
78 James [
BAF-J5 25-32°C
76% 25 °C
[10] [15-16]
19 CC-137
nitl nit2) 40%—80% 1
CC-4326
Lohman'"!  Gardner!'”
TAG
TAG (13

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn

(mt
18]

TAG



2407

[19-25]

TAG
Cl6:0 Cl6:1  C18:1P
Cl6:0 Cl18:1 50%
[27]
CC-137 CC-4326
TAG
1 ME5EhE
L1 #8
111 EFh CC-137
Invitrogen GeneArt TOPO Engineering Kits
CC-4326 Chlamydomonas

Resource Center
112 BEHEREFFH: 2
Tris-Acetate-Phosphate [28](TAP+N)
(TAP-N)
100 mL 250 mL
60 umol/(mz-s) 3
500 mL

600 mL

0.22 pm 160 mL/min
4% CO, 56 pmol/(m*s)
2d 80 pmol/(m*s) 3 d
100-120 pmol/(m*s) 3 d
2542 °C 14h:10 h
1.1.3  EERFIFAEE: C17:0-TAG
Sigma-Aldrich (silica gel 60 F254)
Merk KGaA
V-530
Heinz Walz
P9710 Gigahertz-Optik
6803 DB-23
(30 mx0.32 mmx0.25 um)

1.2 F%

121 BEEBESNE: Liu &
5-10 mg 5 mL 2% -

70 °C 1h

Wang [30]

122 TAG 2 EE: 31]

Wang 10 mg
=2:1:0.1
0.2 mol/L H3PO4

TAG

( ) 1 mol/L KCI

=70:30:1( ) TAG
C17:0-TAG

1.2.3 HIEALE: 3
3 SPSS

2 RS540

2.1 EMERBE BB EE S B 4 B R AR 4R bh Bt
£k

2.1.1 EEEFEETIEME KM EHE T
EEWRM: (TAP+N)

0d 3d
1 2d
Fo/Fn 0.7 CC-137
3 Fy/Fin 0.75
Cl6:0 Cle64 Cl18:3
Cl6:4 C18:3
3d 45% 1
CC-137 Cl6:4 10%
14% C18:3(9,12,15) 24%
29% 36% 18%
3d 12% 24%
CC-4326
CC-4326 Clo6:4
13% C18:3(9,12,15) 22%
24% C18:1(9)

(2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2408 AEY) 4R Microbiol. China

2016, Vol.43, No.11

t(d)

1 AMIEFART CC-4326 F1 CC-137 MpEE
(OD7s) Tk fh 2k
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indicated culturing times
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Table 1 The total acyl profiles of the CC-4326 and CC-137 strains in the photobioreactor and shake flask cultivation
respectively under TAP+N at 0 d and 3 d ( X %S, %)

Composition Strains
Photobioreactors Shake flasks

4326 20.95+2.98 18.24+0.86 18.78+0.15
C16:0

137 15.80+0.33 15.75+0.85 17.19+0.67

4326 6.8240.60 8.34+1.11 7.89+0.26
Cl16:1(7)

137 4.10+1.33 7.19+1.34 6.28+0.89

4326 1.55+0.18 0.85+0.00 1.51+0.11
C16:1(9)

137 0.00 0.00 0.00

4326 2.35+0.09 6.55+1.42 2.11£0.12
Cl16:1(3t)

137 2.97+1.87 2.33+0.06 3.56+0.57

4326 1.24+0.18 1.02+0.10 1.55+0.14
C16:2(7,10)

137 1.05+0.11 1.71£0.07 1.19+0.11

4326 1.76+0.27 1.67+0.06 1.67+£0.23
C16:3(7,10,13)

137 0.68+0.95 1.24:+0.42 1.33+0.07

4326 12.6242.11 13.79+1.20 13.07+0.10
C16:4(4,7,10,13)

137 10.45+1.42 12.98+0.08 14.19+0.25

4326 2.37+0.12 3.16+0.69 2.77+0.35
C18:0

137 3.63+£1.72 2.56+0.44 2.45+0.98

4326 7.51+1.34 2.77+0.66 4.56x1.10
C18:1(9)

137 14.91+3.19 10.8142.52 7.08+1.43

4326 3.93+0.59 7.17+1.41 3.74+0.06
C18:1(11)

137 2.70+0.20 3.38+0.04 3.30+0.21

4326 8.81+0.09 4.28+0.26 8.56+0.85
C18:2(9,12)

137 15.32+2.23 11.87+1.91 8.61+0.72

4326 5.30+0.21 4.38+0.22 6.62+1.03
C18:3(5,9,12)

137 3.31+0.69 3.63+0.07 4.16+0.25

4326 22.48+2.42 25.25£1.72 24.77+0.28
C18:3(9,12,15)

137 24.18+2.72 24.48+0.00 28.55+1.29

4326 2.36+0.21 3.09+0.23 2.45+0.02
C18:4(5,9,12,15)

137 0.87+1.23 2.07+0.28 2.63£0.15
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Table 2 The acyl profiles of glycerides and TAGs of the CC-4326 and CC-137 strains in the photobioreactor and shake
flask cultivation respectively under TAP-N at 0 d and 3 d ( X %S, %)

TAG
Glycerides Triacylglycerols
.. . 3d 3d 3d 3d
Composition Strains . )
0d Photobioreactors Shake flasks 0d Photobioreactors Shake flasks
at3d at3d at3d at3d

4326 19.10+0.36 29.61+£0.22 27.46+1.03 30.48+0.28 33.15+0.14 34.69+0.12
C16:0

137 23.18+0.67 25.05+0.16 31.26+0.94 32.95+0.25 30.31+£2.23 33.69+1.71

4326 7.93+£2.17 1.52+0.13 3.79£1.80 2.13+0.12 2.47+0.03 1.99+0.03
C16:1(7)

137 6.40+0.89 1.39+0.64 1.55+0.26 0.64:+0.22 1.52+0.33 1.66+0.63

4326 1.38+0.05 2.00+0.33 1.76+0.08 0.43£0.01
C16:1(9)

137 0.59+0.00 2.64+0.04 1.40+0.31 2.54+0.24 1.89+0.38

4326 2.24+0.24 1.21+0.17 2.00£1.14 1.22+0.16 0.83+0.01 0.98+0.02
C16:1(3t)

137 1.25+0.57 1.61£1.46 0.61+0.06 0.62+0.10 0.52+0.03 0.35+0.13

4326 1.40+0.04 0.40+0.07 0.75+0.06 0.34+0.01 0.44+0.03
C16:2(7,10)

137 3.36+0.11 0.53+0.04 1.39+0.38 0.90+0.46 1.47+0.07 0.88+0.21

4326 1.90+0.08 2.28+0.01 2.19+0.28 1.24+0.09 1.38+0.06 1.40+0.05
C16:3(7,10,13)

137 1.56+0.07 3.86+0.01 2.11+0.04 0.62+0.15 1.70+0.57 1.47+£0.15

4326 13.65+0.65 5.61+0.56 7.46+0.47 4.72+0.38 3.32+0.14 3.04+0.21
C16:4(4,7,10,13)

137 10.85+0.25 5.64+0.30 4.88+0.80 5.62+0.41 5.73+0.50 2.63+0.81

4326 2.59+0.19 3.11£0.21 3.34+0.86 10.23+£1.52 3.65+0.04 4.49+0.15
C18:0

137 3.75+0.98 2.77+£0.22 3.50+0.18 8.84+0.66 4.37£1.16 5.18+0.13

4326 5.34£1.71 13.99+0.15 12.50+1.09 10.33£0.41 20.39+0.19 16.80+0.22
C18:1(9)

137 1.95£1.43 14.59+0.66 13.35£2.70 1.81£0.25 10.50+0.03 19.434+2.10

4326 3.60+0.12 5.85+0.46 5.34+0.07 6.06+0.46 6.42+0.03 8.26+0.04
CI18:1(11)

137 3.20+0.21 6.70+1.17 4.98+0.21 2.25+0.20 7.93+0.26 6.17+0.28

4326 7.93+1.34 12.85+0.65 10.62+2.05 8.79+0.13 13.25+0.07 13.43+0.14
C18:2(9,12)

137 18.26+0.72 13.86+0.15 15.79+0.22 13.09+0.41 14.54+0.23 14.21+0.70

4326 5.62+0.24 5.21+£0.25 4.68+0.37 6.92+0.40 4.78+0.06 4.49+0.06
C18:3(5,9,12)

137 6.40+0.25 4.71+0.04 5.60+0.14 4.354+0.18 5.89+0.56 4.96+0.73

4326 24.80+0.86 15.04+1.02 16.66+0.21 14.25+0.24 8.34+0.03 8.74+0.03
C18:3(9,12,15)

137 17.56+1.29 15.34+1.11 11.47+0.83 10.14+0.32 11.72+1.64 6.53+1.31

4326 2.56+0.08 1.30£0.13 1.48+0.13 3.63+0.30 1.26+0.02 1.25+0.03
C18:4(5,9,12,15)

137 1.72+0.15 1.37+0.06 0.90+0.07 0.77+0.37 1.26+0.27 0.95+0.38
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