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Abstract: In order to clarify the regulatory effect of light quality on astaxanthin synthesis and lipid accumu-
lation of Haematococcus pluvialis, this study was conducted to analyze the effect of light quality (white,
red, blue and green lights) on pigment composition, photosynthesis, total lipid content and fatty acid com-
position. The results show that blue light enhanced astaxanthin content, ratio of astaxanthin content to total
chlorophyll content and total lipid content of H. pluvialis, which are significantly higher than those in algal
cells treated by white, red and green lights. However, blue light inhibited actual photochemical efficiency
(Y,), maximum photochemical efficiency (F,/F,,), photochemical quenching coefficient (gp) and relative
electron transfer rate (rg), indicating that blue light accelerated astaxanthin accumulation, accompanied
by suppressing photosynthetic activity of H. pluvialis. Quantitative real-time PCR detection showed that
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blue light treatment induced up-regulation of the astaxanthin synthesis genes, B-carotene ketolase gene
(bkt) and phytoene synthase gene (psy), compared to the control of white light treatment. After cultivation
for 4 or 6 days, the red light treatment up-regulated the expression of caleosin gene, which was involved in
oil body formation. These results suggest that the enhancement of total lipid content induced by blue light
may be closely related to the promotion of astaxanthin accumulation, whereas the increased total lipid
content induced by red light may be directly related to the oil body synthesis. This study sheds new in-
sights into further study of regulation mechanism of astaxanthin and lipid synthesis under different light
quality conditions, and provides a theoretical basis for light environment regulation of astaxanthin produc-

tion in H. pluvialis.
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Table 1 Primers information

FIA4FR ERFIFHI(5'—3) I 555" —3)

188 CAAAGCAAGCCTACGCTCT ATACGAATGCCCCCGACT

bkt CAATCTTGTCAGCATTCCGC CAGGAAGCTCATCACATCAGAT

ptox CTATTACCGCAACCAGGACC ACGCACATTGATGAACACG

psy CGATACCAGACCTTCGACG TGCCTTATAGACCACATCCAT

caleosin ATGGCTCTGACTCGGAGGT ACAGGAGGTACAGCGTGAAC
#*2 qRT-PCRER Rifk % B STk R Z%

Table 2 gRT-PCR reaction system

7 FH&E/uL
TB Green Premix Ex Taq 11 (T1liRNaseH Plus) (2%) 5.0
NREEEY 0.4
S 514 0.4
cDNAR R 0.8
WA K 3.4
LA R 10.0

1.3 BRI
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B REAT 3R A A, i HISPSS 19.0 (SPSS, 3
[ )id ik B[R 25 77 72 29 M1 (analysis of variance, ANO-
VA)J7 15147 481t 73 o {8 F GraphPad Prism 8%
4(GraphPad 2 7], 2 EN)EK]
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Fig. 1 Effects of different light quality on the colors of

H. pluvialis cultures
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TR (oleic acid, C18:1) 5 S g T BRI L 2 2. 2 v T
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Fig. 5 Effects of different light quality on total lipid content (A) and fatty acid composition (B) of H. pluvialis
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2017). 5 REME I Ik S AN R SRR SR A B 1 1)
TE UL B o 5 4t 1) HL A% 3 SR 1R 715 5% & /E FH (Shin
£52008). AH T I LR R O S HUR R AN [F]
JEIR T TN AR 2R AN M 1) e A T RE . W T A
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FEAE G F G W TF TORE A A% 3 ORI, TR
W R A% FEL T A RE D95, DA 52 240
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AL 80 2R BN AE S 5 HE R 2 4 BRI

RIFL R, R R0 A 1) e A TG P 52 2 )

BTNBE AR, i R SR S S
T A R DR (S A 4H2018). AW IT I 45 3
52 —8: BT ENEEASIFERTEN
Ak —8, HFE IR ki mird
Ep iV ICITN S s re AN IS R TR il ES
(1) 3 G 5 R A 53 O BR RE R (C16:0). B fi 1R
(C18:0). JHIFER(C18:1) A1V FR(C18:2), iX L& 5 fijj
2 Ry e 2 5 N A 40 BRIV AR 75 R WA 1 2 g
Jiji 2 (Weesepoel Z52013).

L3 4H (2018) MILees5 (2018) T 7 W, Wi
BE %38 1 b1 ke A psy 5 [R] ) 2 38 7P SR Al HE R
BHRME K. AFFH, BT T, bkfER R
gk FiRFRIK, ptoxMipsy LA 73 HIfERE 774 dLL Je6~8
dHA TR KPR IE, HEN B SRS R AR
SR IR 1) s R R AR T R AL R . hAh,
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Z 5 AR A I S 8 1 caleosin B G 5 78 P i
WX _E A R =k H i (triacylglycerol, TAG)4E & 1
BSGHAAR, AR AT LA A7 i 17 (Huang 1996). ASHIT 5%
KIN, T caleosinFE N TE4~6 A3 [a] B 5. i %
18, RO\LICA R T M AR LLEREE AR ) A %, AT
m SRS E. A, W6 T caleosindk RN AL 3
74 dfg mERIk, HE R E R SRR, HENE
e BRI RN R G R e e 2
BT AWM TS IR, i 6 R
M AEZLER B AR R 25 A IR A 2R A 4
B (7). b3 Bamad & 4F FH R Y A 20 Bk

=R ——
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Fig. 7 Effects of light on photosynthesis, astaxanthin synthesis and lipid accumulation of H. pluvialis

Acetyl-CoA: TELE#BEA; Adonirubin: 4 % 76,41 % ; Adonixanthin: 4~ % ¥4 /i ; Astaxanthin: ¥F% % ; Astaxanthin ester: ¥F
FZB5; ATP: JR"2oh4% 3 Z A58 ; ATPase: = A5 B4 AR B5; beh: B-#A Y |~ & &AL, bkt: B-#AF |~ FBR{LEE; caleosin: 45& &1 ;
Calvin cycle: F 4 S 3/; Canthaxanthin: (&% /ii; DAG: — Btk Hid; DGAT: —BtH Bt L 444584, e : @ -F; Echinenone: #
R2.BA; Fatty acids: Ji§ 5 8% Fatty acid pathway: A8 5 BRi242; GGPP: 4548 L4k 4 )Lk B AREL; H,O: /K; IPP: 5 R BARER;
Light: 5&; Lipid globules: fi§ /i -J~3k; NADH: if & & 2 B41; NADPH: if R A $#5B£11; O,: £ A,; pds: NS & #n 4L JBL A B%; Phy-
toene: NAFE 644 PSI KA 4L PSIL b & 4L psy: NAFH 4545 ptox: Ak K% AALBE; TAG: ZBtHih; TCA
cycle: = # BA4E3R; Thylakoid membrane: & 485 ; zds: (-#AF | &ML EUBE; Zeaxanthin: E K% B-carotene: B-#AF [ &;
B-cryptoxanthin: B-F&# JiT; (-carotene: (-#AF M & . EAMERN 9K E RN PTIEa) AR . FLRAT K AT B 37 SAIEE )
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