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Effects of melatonin on accumulation of astaxanthin and synthesis of
fatty acid in H. pluvialis LUGU
YUE Chenchen,DING Wei, ZHAO Peng, XU Junwei, LI Tao, YU Xuya

(Faculty of Life Sciences and Technology, Kunming University of Science and Technology,
Kunming 650500, China)

Abstract: The effects of melatonin ( MLT) on the algae cell growth, astaxanthin accumulation, fatty
acids, and fatty acid synthesis — related enzyme activities of H. pluvialis LUGU were studied. The results
showed that the astaxanthin content in algae cells achieved 26. 62 mg/g under the induction conditions of
MLT concentration 10 pmol/L and cultivation time 13 d, which was 2. 16 times as high as that of the
control (12.3 mg/g). The content of fatty acids (15.32% ) was the highest when cultivating for 5 d,
which was 1.24 times as high as that of the control, and the astaxanthin ester content increased. Moreo-
ver, the acetyl — CoA carboxylase ( ACCase) activity significantly increased, but the phosphoenolpyru-
vate carboxylase (PEPCase) activity reduced by MLT induction. The study revealed that the appropriate
concentration of MLT not only could improve the astaxanthin accumulation in H. pluvialis LUGU, but also
could boost the fatty acid content and change the fatty acid composition.
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%1 10 pmol/L MLT 5534 My 4 L1 3K M BE AR & AL A 28 AL B 75 1

i GE

1d 3d 5d 7d 9d 11d 13d 15d
C10:0 0.103 £0.002 0.032 +0.01 Nd 0.057 £0.03 0.041 £0.02 0.059 £0.03 0.089 £0.04 0.143 +0. 138"
CI1:0 0.109 +0.05" Nd Nd Nd Nd Nd Nd Nd
C12:0 Nd Nd Nd Nd Nd 0.092 +0.03 0.097 £0.041 0.712 0. 24™

Cl14:0  0.65+0.2" 0.87£0.35" 0.718£0.42  0.731 £0.31 0.463 +0.24 0.683 +0.38 1.303 +0.54 .134 £0.51
C15:0 0.273 +0.11 0.255+0.14  0.367 £0.18" 0.361 £0.17" 0.259 +0.13 0.29+0.13  0.355+0.16™ 0.341 £0.132"
C15:1 Nd Nd Nd Nd Nd Nd Nd 0.054 £0.009
Cl16:0 33.546 +1.5 34.46£2.5  35.491 £1.9" 36.897 £2.2™ 28.163 2.1 30.626 +1.1  31.66 £2.9  30.631 +2.2
Clé:1  1.509 +0.21 1.054+0.32  0.849+0.21  0.709+0.21 0.725+0.18" 0.687+0.24  0.83+0.42  1.334x0.5"
C17:0 0.568 +0.235" 0.416+0.18" 0.636+0.32  0.629+£0.24 0.542 +0.15 0.523+0.12 0.546 +0.07" 0.531+0.05
C17:1 Nd Nd Nd Nd 0.024 £0.008  0.045 £0.02 Nd 0.059 £0.029

3.

6.

—_

C18:0 3.035+0.153 3.09 £0.148™ 1.721 £0.965 2.609 £0.129 1.478 +0.65 2.722+£0.49 3.135+1.23 083 £1.15
C18:1 5.789+1.35 8.338 £1.89™ 3.877+1.863 4.318 £1.475 8.75+3.286 8.116 £3.56  8.09 £4.02 449 £2.48
C18:2 16.67+2.83 19.642+3.52 14.776 +2.85 17.724 +3.01 26.81 £3.65 25.295 £3.2" 23.577+1.92 22.375+1.57
C18:3 32.716 +2.37  27.299 +1.36  36.738 +2.67" 31.21 £2.21" 27.522 +1.92™ 26.053 £1.2 27.462 +2.86" 27.866 +2.49"
C20:0 0.147 £0.064 0.09 £0.0095 Nd 0.086 +0.006 0.233+0.056 0.282+0.12 0.282+0.14  0.262 +0.13
(20:1 Nd Nd Nd 0.041 +0.004 0.047 +£0.013  0.083 +0.03 Nd Nd
(202 Nd 0.133+0.023 0.084 £0.043 Nd 0.204 +0.049 0.112+£0.03 0.11840.012  0.096 +0. 025
C€20:3  0.46 £0.198™ 0.263 +£0.056 0.087 +0.021 0.111 £0.065 0.169 £0.075™ 0.328 £0.15" 0.219 £0.089" 0.205 +0. 103
C20:4 2.858 +0.856  2.774+0.973  3.17+1.943 3.011 £1.21 2.799 £0.478™ 2.429 +1.02 0.288 +0.094 2.751 £0.095
C20:55 1.077 £0.236™ 0.893 +0.153 1.313+£0.423 1.179 £0.056 1.103 +0.076 0.92 £0.082 0.931 +0.128 1.031 +0.283
C21:0 Nd Nd Nd Nd 0.024 +0.003 Nd Nd 0.026 +0.012
(€22:0 0.356 £0.153" 0.203 +£0.091 0.106£0.05  0.178 £0.082 0.373 +0.029  0.411 £0.18 0.732 +0.219™ 0.649 +0.253
(C24:0 0.133+£0.083  0.188+0.076 0.067 £0.016 0.149 £0.075 0.27+0.091  0.244 £0.13 0.286 +0.163 0.267 +0.129
A 10.80£0.08*  13.36 £0.01"  15.32£0.04" 12.75£0.21 11.96 0. 12 10.11£0.17  8.23 +0.13 9.94 +0.11

HE:Nd TR E, T,
F*2 X MLT QB FAELIBKENIEMEE SRR AR

et CE

1d 3d 5d 7d 9d 11d 13 d 15 d
C10:0 0.124 +£0.05 0.066+0.03"" 0.045£0.19" 0.07 £0.02 0.067 +0.03" 0.2+0.07" 0.135+0.37" 0.077 £0.02
C11:0 Nd Nd Nd Nd 0.038 +0.016 Nd Nd 0.084 +0.03"
C12:0 Nd Nd 0.015+0.09 0.112+£0.06 0.061 +£0.015 0.162 £0.4™ 0.229 +0.89™ Nd
C14:0 0.497 £0.96 0.50£0.072 0.618 £0.95 0.629 +0.16 0.712 £0.069™ 1.07 £0.23™ 1.048 £0.51 1.368 £0.42
Cl4:1 0.142+0.09™ 0.039 +0.01" Nd 0.042 +0.013" Nd Nd Nd Nd
CI5:0 0.202+0.094 0.254+0.106 0.298 +0.116 0.266 +0.126 0.219+0.094 0.279 +0.097 0.301 £0.153 0.279 +0. 106
CI5:1  0.225+0.107" 0.055+0.01 Nd 0.043 £0.012 0.041 £0.02 Nd 0.124 +0.056™ Nd

C16:0 34.218 +2.3 33.156 £1.8 33.361 £1.6 30.099+1.7 27.889+1.2 33.065 £2.1 29.793 +1.8 29.22 1.3
Cl6:1  1.03+0.28 0.857 +0.24 0.845+0.21 0.574£0.14  0.501 £0.12 0.732+0.16  0.76 £0.18  0.805 +0.21
C17:0  0.207 £0.12 0.225 +0.11 0.94+0.25" 0.558 +0.18  0.462 +0.13 0.474 +0.17  0.375+0.11 0.496 +0.13
C17:1 Nd Nd Nd 0.012 0. 009 Nd Nd Nd Nd

C18:0 3.677+1.3 1.921 £0.93 5.045+0.8" 2.841£0.63  3.439£0.54™ 4.862+0.83" 4.976 £+0.91" 4.222+0.73
CI8:1 7.1211.6" 5.352+1.4 8.171 £2.3" 9.683 +0.79™ 13.313 +1.23" 7.06 £0.57 10.466 +1.1 9.712 1.2
C18:2 15.381 2.1 18.572 +1.63  19.559 £2.83" 23.499 +2.63" 27.496 +1.89  21.596 £2.15 25.477 +2.36  25.931 +2.73
CI8:3 30.782+£0.23  32.493+0.21" 27.618 +1.89 27.002+1.76 21.667 £1.56  25.396 +2.83 21.871 +1.57 22.091+1.2

—_

C20:0  0.352+0.15" Nd 0.065 +0.023 0.238 +£0.089 0.361 £0.12 0.208 +0.97 0.252+£0.102  0.437 +0.13"
C20:1  0.191 £0.092°  0.05+0.014  0.062+0.015 0.07 £0.02 Nd Nd Nd Nd
€202 0.37+0.16"  0.277 £0.102" 0.041 +0.021 0.126 £0.098 0.153 £0.094  0.084 +0.02 Nd 0.073 +0.03

(€203 0.074 £0.021  0.201 £0.098  0.091 +£0.029 0.122+0.05  0.079 £0.024 Nd Nd 0.287 £0.102
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%2
et EE
1d 3d 5d 7d 9d 11d 13.d 15d

C20:4 2.852+0.18 3.349 £0.13 2.232£0.096 2.559 +0.12 Nd 2.738 +0.14 2.909 +0.11™ 2.552 £0.092
C20:5 0.414 £0.17 1.027 £0.28 0.795+0.15 0.914 £0.18 0.657 £0. 14 1.325+£0.23 0.744 +0.19 1.031 £0.321
C21:0 0.763 +0.27" 1.075 £0.37" Nd Nd Nd Nd Nd Nd
€22:0 0.192 £0.067 0.227 £0.094  0.107 +£0.058 0.329 +0.068" 0.418 £0.094 0.563 £0.18 0.249 £0.102 0.754 +0.21
C22:1 0.481 +0.15 Nd Nd Nd Nd Nd Nd Nd
C23:0 Nd Nd Nd Nd 2.135+0.16" Nd Nd 0.033 +0.011
C24:0 0.705+0.249™ 0.302+0.122 0.092 £0.013 0.212+0.096 0.292 +£0.093 0.186 +0.074 0.291 £0.098 0.548 +0.18"
ARE 8.39+0.04 11.76 £0.06 12.35+0.03 14.81 £0.17 14.27 +0.23" 13.87 + 0.21" 12.43 +0.13™ 11.867 +0.11"

2 1.3% 2 AT, 10 pmol/L MLT i 5 Y W 2
ZLBRHE AN IR D5 R 3 R B T e, A S d ik
Bl (5 THEAY 15.32% £0.04% ) , X HRZHAY
1.24 1% B)E JF 4R I, 13 d IR 25 AR (8. 32% +
0.13% ) AR T [FHHI % B2, T xof AR ALAE R 37 7 d
IR E R K (14.81% = 0. 17% ) , SET & 2 Fo
WAL BREE P RE IR %54 C16:0,C18:0,C18: 1,
C18:2 1 C18:3, FHEFFRISE] AL, C16:0 5 G
This i85 36. 897% , iy T4 HRZH W (34. 218% ),
Wi a5 R B CI8 IS i MR Bk C18: 3 & {H
(36.738% ) 1 T HELHIAEAR (32. 493% ) S, HoAhd
T X IR AL . MLT 3755 (9 (ol 200 it B 07 1R 5 i i
B RAE i T % HR AL, X Fp B R wl EJE [ O« MLT
se— LA, BE—E R _E BT IR IR AL,
SENNG R P B 5 10 U5 P A PR 9l 1 A
SR A B R 5 e B R 2R RO A R R
i, ol P R 7 R AT A o =B H IR A
WG TR IR T RN N R A R BB
e TIRE R AR AP, 10 wmol/L
MLT 554645 T, T Az £ 3K 38 v i 107 1R AR 5 2R i

P s00r

g

§= - 0 umol/L b4

E 400 f ok

% - 10 pmol/L ¢

g 300

8

& 200}

2 100F

<

O

(=9} 0 1 1 1 1 1 1 1 1
E 1 3 5 7 9 11 13 15 17

FiJRmflal/d

FrRAR RS TiX — Wi . Shang 2524 1 % BLAN I
TSI AEUAT T  Fik BR 8 41 E AR T R 5 18, D T 42
AR R AR

2.5 MLT st4m i i ACCase #= PEPCase # %% (L
K 4)

ACCase F1 PEPCase & lg 1 2 £ ¥ & R 12
(ROCHERE, ACCase REMEAL S WERHTE A RALIN —
WA B A, N —WEAiE A 1 TRZEMIENTIR &
J ) s PEPCase f Ak s i 28 DY R R #1 HCO;
A IR COTR T U7 TR 5 ISk A4 v 1l I i T
PUBRRRE— 20 OB A BN B R o e 1 4RI, e
MEEFEBTEE 10 wmol/L MLT #5540 PEPCase {5 4:HH
AR T X, MLT 75520 1 ACCase T % 5 T X0 i
H5R KW 10 pmol/L MLT REH 5 M A= £ 2K 3%
ACCase i1, f&{k PEPCase {51, W] GE /2 10 wmol/L
MLT if5 7 $& = T ACCase i 5 A ) 235 &, R AIK
PEPCase [N (1) 235 & , #E ML 7 IR IR & o
F TR I R AR T 3R A R AR M FL ] AT 32
IR R R,

%100

. -@- 0 umol/L

§ 80+ & 10 umol/L

e

g

3

=

it

o

£

&
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