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—TEEEREKITHAEIIKEINRSEHM
RS TR B RSN

EWK' AT RAE' EEEY

(1. BUB TR = EmPlE SHARER BW 6505005 2. BRWIMILEER RY  650228)

HE DL 4 21 2k % (Haematococcus pluvialis) ¥ st &, AR E LB, 82 & T, MR A E
Wt — T #£# 3 W 9K (Butylated hydroxytoluene, BHT) Xt 1 £ 412k £ K | #FHHZMRE | & A .
JERFBRALAK . A AN, EALEURNEZMENBRARMEXBEENT W, £REF, A
FEWEHN BHT J&, 2 mg/L BHT A F XM R EN TS, REFH THM LR Afoxt HA
(P<0.05), 3£ %|31.66 mg/g, = FEAH 1.87 {5, i ff& &3k 45.56%, W& T Bl H %t H 41(39.06%),
JERFBR A E A BE. ERAHT, HFRERIHEBLE dxs A bkt &Ik AT 27 & 3t B 418
5.19 541 2.04 ;5 7B & p ok S B 2k [ kas A acp Fk ik KT 3 B 4 B % 4% 5 (P<0.05), 47 &
Xt 4.56 {5 F0 3.02 15, SATEAMLL, 2mg/L BHT A s kKb Ek b E8HETHR
B, FREW, EHEAET, AMERMEEREZ N BAHT b AR R WA a2 E I F 2O R
Z, AHEETEEE NN EESE.

KEIR WALZRE; —TEERXFR;, 0FF; wiE; OFFREE; BHREREARE
FESES S968.41  XEIFRIRAE A XEHRS  2095-9869(2019)06-0145-09

URFE B — AL @R A TR e 2 bR, K
PRSI AEMIBR G | el SRR T (MR A

PR IR R
e 24T, MAELLEREERR T RRIFE 250, i

2014; Higuera-Ciapara et al, 2006; Shah et al, 2016).

W R B, Whascit, e, mih. RS, e
i 3 e B MR 95 2 (Chen et al, 2017; Gao et al,
2015; Liu et al, 2016; Zhekisheva et al, 2002), FyA:=ZL
BKk % (Haematococcus pluvialis) (& 1] . A H )& —
b oA T 45 A LA R K e, TR R
R AL YNNI PN S N e et D oY ST (e
% 2011; Lorenz, 1999; Rao et al, 2010), 7=, —
5 SR FH 38 0 A= By A A N R R A BRI O ok

Kot B R NG 07 R A H il =B (Saha et al, 2013) BIF5E &
B, WAELTBREE P A 95% YIRS IR 2 S AR IR
K e ER AL I AE AT AR B A = BESE T I A4 B RS R A oh
(Holtin et al, 2009; Yuan et al, 2000; Chen et al, 2015),
WRT5 22 A 1 LA A 1R 0 H T -3 - R (GA3P) R i R
Y, 4 1-BAA-D-AREE-5-BE R & BLF(DXS) AL,

TE R - A8 -D- AR ERWE-5-W 8, Fefa 228 % | &K
i (BKT) A R IiF 2 iR 5 & (Estévez et al, 2001; Huang
etal, 2016). acp % i 4 fg H BESL AR 2 1 (ACP)RY &

* [E % H AR S X R R 4 10 H (21766012 ; 21666012)F1 = 5 4 TR RHE L Wi H %1 (20182G003) 2L [7 %E B [This
work was supported by Regional Science Foundation Project of National Nature Science Foundation of China (21766012;
21666012), Yunnan Province Major Science and Technology Special Program (2018ZG003)]. & & Bk , E-mail:
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2 R %40 &

B, RE TR G LSS — MG & L BE-CoA 5N R
HLPE-ACP 7F B-FilfE-ACP A il (KAS) L T A4 il &
Bk O WE-WE LBk R |, AT — 2B IR R 1 &
(MR, 2018), TR ILH K BHT) & —F AT A
BB BT EALR, E B R R | FER AT, B
SEER L ML SO T Z N T RT B
P 25 S5 45U (X 5 %%, 2016) . Nanou %5:(2010)F57 & FH
ARG BHT fE4R = B Blakeslea trispora H p-1]
3 NRBUR I B-HAE b ZIRURT R A Al i &
B R AR Y, XM AR BHT HF WL
BREETS AR RZ R R0 T EIS KR

ARG AR R SR TP B INOR R R E BHT, %
EHXTW ARk EEK ISR E . WIES 2. I8
WIBRAL 5y . KAL) . B A i 5 AE B AR AR AR A &
XTHRT 2R . BRIR A R SC R L PR ek i s, pifb
BHT WSV EE, Ay Hooicss R A 21 8K i vp R 5 22
BRAL R T A4

1 MR57E=®
11 SRBEM RS

A LIRS B | TiE A s A vk, AR
FORAF. BHT W H A TAY TR (EBROERA
A5 Trizol, #MiFEsi &, 1% (dxs. bkt. acp Fi
kas) Fl1 9 6 s R & A Bl < RAEYHEARSA
FR/N ] ; HEE, DMSO. KOH. PN 21
SAIEL

1.2 FEMNEE

1730R B 7R OHL, FH27 Labogene Scanspeed
/Nl Ultrospec 2100pro 540 n] WA BT, 32 E
General Electric 2y ) ; FD5-12 ¥ % T EEHL, 765 EH R
Bl POt PCRAY, 3E[E Bio-Rad 247,
13 FHik
131 WAL EWE AR 1 Bold’s Basal
Medium (BBM)(Ebrahimian et al, 2014) % Al 5% 57
FE, K AR ZLERBEEE AN BN 3 L B0y
R ARHT, 2800 Ix FRE2 B, KigRiREE h(25+1)C,
BEEHEA 0.1 vwm BITCIE S, B R 15 dm AR Y i
2524 7.0x10° cells/ml),
1.3.2 BHT#% ¥ BHTIETIKZEE, Hl 5
IR 3.5 ¢/L 1 BHT R, %M. 3000 r/min &
L5 min, WAE BaRBYEEAAE, FHICRE/KYE 3 K, BR
KR, EETASAEMN BBM KR H, ImA

BHT B}, {1555 573 BHT AR 2518 0.
1. 2 F1 3 mg/L(PRFRA AL S BEE IEAH)) o B5 57 5%
4. 12000 Ix FFEOEIR, KGRI (28+1)C, i
SLiE A 0.04 vvm AR, B398 15d, PR,
5 4% A B AE AL SR AR
133 HE@pAHETRTEEFLZLSZTHMNLT e
WU A Y D7 VR O S 15 S R R R vh R A £ RO R
7 (Boussiba et al, 1991), BERERTEL 5 ml 75 5 15 77 5
B, 5000 r/min B0 3 min, FFETEWR, WEE
B, A 2 ml Biit /380N 5%/ KOH A&
B0h 30% M HBER AW, & T 65°C/K¥E 15 min A
N2, 3500 r/min &0 57 FIEW, WEEDTERE, K
Ve 2 WLAVE 2L UTTE PR AR M2 R, B LIRS TTE,
A5 ml () DMSO, 1RA]J5FIH B S RE, 2
REFKLZ A, 5000 r/min .0 3 min, BEHR,
T 490 nm B T IAE BOGEE Asgo amo FELA T AT
TR R TR
B R TR (mg/L)=(4.5%Aug0 nm* Va) Vs

KA, V, 4 DMSO A (ml); V, k3 A (ml)

Ak, EEBE 1 d 2B 10 mliF SR 5 5L
W, SO, Wk, T, FRE, 4iAYE
R R m i P AT

A Wy e (g/L )= 4 T o/ VR AR
W5 28 it (mg/g)= 1T 2 0 vk B/ 400 A= 4 o
1.3.4 3k 4m B0 b s A& An IS B ik 40 ol iz 1R
Yu ZE(2012)19 77 250 i 5 40 A wb i) de B B S R Dy
FRZ A o B UERA  B A, W UR T8, FRILE o,
AR FE A BIFIE L In A 3 ml S5 —FF iR A W (A
HEg=2 1 1, vwEBGHAE, BT 150 r/min (FERH
20 min, 2000 x g &5.0> 10 min, W FiEw, HEEE
B 2~3 IR EEARE A, K EIHRE T E o, 1) 50 ml
BET, 39CHAET TR, FRE o, WAESEIT
BANXWT .
TG 2 & (%)=(035—0,)/0, X100

] bR E A MR A B O A PO 2 ml fRR FH B
B (BRIER © HEE=3 1 97, vV)IR2], 70°C/Kif 4 h,
FA 2 mlIEC B, 568 2 AR, FI 1] Agilent 7890
HATRE iR GC-MS 43#r, @i%4F. @ikt
HP-5MS (5% Phenyl Methyl Silox, 30 mmx250 pmx
0.25 um), B THEREF: 170°C4EEF 0 min, L 10°C/min
FYEEETFZE 190°C, 4EFF 1 ming FELL 0.8°C/min Ff) 2k 5
FHRZ 207°C, 4EFF | ming BEFEFTELE 40 1 1, 4300
HERE 1 ply #ERE DR 4ERFAE 250°C 5 #iA b &4
A, LA 1 ml/min JEEETEA ; BT AR5 DOATIR L
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150°C, EI B FIRIEE N 230°C, LR 2 min; i
L E N 50~550 amu, LA NISTOS.L 1F A 504 8
I e T AR — Ak E — 2B 1155 T R 45 4 4y 22 1]
AT B o i
135 @b RANASYFEGETHMNT

K H Jia ZF(2015) Y 77 72 0 0 35 240 it rh A e 7K 4k
9, W10 mg R THEM A 0.5 ml L&, 80°C/KIF
20 min, fIA 10 ml AR, 3500 r/min 250> 10 min,
F W, BUEEET 2.5ml # 4 mol/L =5 LR
dr, Wk 4h, 10000 r/min B0 3 min, B 20 pl _E 7
W, IMABRR—RE— KB 900 pl(Filiz @ /K @ K=
15ml:7.5ml:0.15g), &k 20 min, £E 490 nm il
WG RE , R ERR e S, LAE AR AL &4

10 mgik T8, MIA100 pliY1 mol/L NaOH
W, 80°CIK¥E10 min, JIA900 ulZEif7K, 12000 x g
B30 min,  LIHRERBEHNELE . EE L
WEAE2UR, A0 LIS, VAR LT AR F 7R A v
2k, FHBerges® (1993) ) 73 I B M & 1 .
1.3.6 M M A LRSI F A A g By BR A R AR X B
ARy REE  ARFLEA Primer 5.0 it dxs.
bkt, kas il acp EEENAY LR 5 1HIGEE 1), -
18 5 PR 2 AR ) TR () A A BR A w1 R
BLAST X, PR T2 62 5 113k 2).
WA BRI, JCRKTE 2 IR, RAFT-80°CH . 1F
WA P I HHES B4, (i Trizol IRH2HUEL RNA,
FI 5% 54K & TaKaRa 3655 54 B cDNA, DLt
FFEMGHEST RT-PCR ¥4, i#id ABI 7500 9406 E &
XXt dxs. bkt. kas Fl acp FeH ik fTilE, L
18S (314¥): 5-CGGTCTGCCTCTGGTATG-3'5 5'-GC
TTGCTTTGAACACGCT-3") 3% [H 1 4 P 45 ok 8 35
RNA (S FIEAEL, Al P bRSE R 7 A 6]k 35
TR

*1 BEERESY

Tab.1 Primers for gene cloning

B JOR
Annealing
temperature(C)

519 ekl

Primer Primer sequence (5'~3")

dxsF ACAACCAGCAGGTGTCGC

dxsR CCGTCTCCGCACTCTTCA 8
bkt F GACCTGCACTGGGAGCACCAC 62
bkt R GACGTTGGCCACCGCTACTGA

kasF AGTGCGGTAATTCAGGTGC 62
kasR GCTGTAACATTGGTGATGC

acpF CAATCCCCACCTACAGCA 59

acpR CATTACAACGATAGAACACGAA

*2 BMERNAEEPCR3IY
Tab.2 Primers for enzyme genes RT-PCR

R EE
314 51451 -
. . o Annealing
Primer Primer sequence (5'~3") :
temperature(C)
dxsF GTCTCCGCACTCTTCACC 57
dxsR CCCACCCAGTACAACAAC
bkt F CAATCTTGTCAGCATTCCGC 61
bkt R CAGGAAGCTCATCACATCAGA
kasF CACCCCACTCTGAACCAGGA 62
kasR GACCTCCAAACCCGAAGGAG
acpF CAGCTCGGCACTGACCTTG 59

acp R CAAGGGTCAGCTCGAACTTCTC

1.4 #HIFEAIE

SR HWE 3 AT, BIEAEER A
ANOVA(SPSS 19.0)—# 1543 Hrfil Duncan [KZ
Rl EL AT 00T o oo/ i 3 Pk 22 S 6 AT 2 O K
A AR SCE R 25257, P<0.05 A EA &,

081 A

04 -

0.2+

H:¥J & Biomass/(g-L ™)

1 3 5 7 9 11 13 15
BE3E0HA] Culture time/d
0- p

30 -

20 -

10 -

IR £ 58 Astaxanthin content /(mg-g ™)

5 7 9 11 13 15
$EFEMTE] Culture time/d

Bl 1 OR[FH B BHT Ab RN A 21 3Kk
CR7E LN AL
Fig.1 Effects of BHT on biomass and astaxanthin
content of H. pluvialis during induction process

* RN B A B 22 7 (P<0.05), R 414 W i &
Z5(P<0.01), R
* represents significant difference between groups (P<0.05),
** represents highly significant difference between groups.
The same as below
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g3

%40 %

-
el

2 H#R

21 BHT MBAOKEEMEMNSZR RN

W 1A Fizs, 0. 1 12 mg/L BHT 4bHiZH A=)
RS0 0.62. 0.58 F10.56 g/L, 3 mg/L BHT
Ab PR AN A K I B A B RR . & 1B W, 0. 1
H12 mg/L BHT ZLFRZH AR R & B W&, 2 mg/L
BHT AbFE4IBEINE N B3, 7€ 13 d B a3
31.66 mg/g, 0 Fl 1 mg/L BHT ZbHEZH 43 %1H 16.94 Fi
22.30 mg/g; 3 mg/L BHT 4bFHAI R 5 & 4L .

2.2 BHT A4 L EkE M BE FR RS A B 42 2 RO 22 M

EOLIR . BRAESIET, 0 F12 mg/L BHT 4bBRZH
FA A Ih AR AR AN 2 iR, 0 Al 2 mg/L
BHT A & 358 B, e TRE; 2 mg/lL
BHT A HHAITE 11 d Wik sy, b7 40T H Y 45.56%,
AT REZH(39.06%) 4 T 16.6%

%3 %5 11 KW 0 F1 2 mg/L BHT AbBRAL NG 7 R
HE, FE 11d, Cl16: 0, C18: 1n9t. C18 : 2n6e¢
F1C18 & 3n6 MNRHIFRH) EZH AL A, o BRI R
1 88%LA I 2 mg/L BHT AbHRZH Fxf BRZIAH L, A5
FRAS Aoy AR AN K, L C18 & 1n9t 5 HEMEH TP .

W
(=]
1
*

I
S
T

W
(=]
T

=
e %

EEEEEEEEEREEEEE R uE

—_
(=]
T
"'
-
=

8 & & Lipid content (%, o/m)
8
T

(=]

13 5 7 9 11 13 15
5 3REHA] Culture time/d
AN[E]He e BHT Ab BT T AR 2Dk it IS AR R 1Y 52
Fig.2 Effects of BHT on lipid content of
H. pluvialis during induction process

& 2

2.3 BHT WHALKERKLEMMZEARES=EN

=)

KA S PR A TS S i Y A S
B, ARUEFTKI TAERN BHT &0 F &L
o 2 mg/L BHT AbBRALFIXT REZH AUl K A & 90 & it
PRI RS, 2 mg/L BHT ZLBH4 N 9 KIT 14
WEMT XA, 13 d W RRME, M40 T &K
13.45%, EHEXTHRZH N 16.12%(8 3A); T4 A
S SRR RS, 2mg/LBHTE5d, 7d

N
G
1
>

[\
(=]
T

—
w
T

*

—— 2 mg/L
1 1 1 1 1 1
1 3 5 7 9 11 13 15
BEFRAA] Culture time/d

BRI AEY/(% TE)
Carbohydrate/(% dry weight)

—
(=]

AIS—B

5

o
i B
850l
SR
=g
Hﬂg —— 0 mg/L

<] —— 2 mg/L

A 0 | | 1 1 1 1 1 |

1 3 5 7 9 11 13 15
BRI E Culture time/d
K3 N[FYe)E BHT Ab BN FE AF 21 5k

KA 5 W) R 195 S R
Fig.3 Effects of BHT on carbohydrate and protein
content of H. pluvialis during induction process

R 3 AREIRE BHT X /A LI ks s AT BR 4H A B9 =208 (%)
Tab.3 Effects of BHT on fatty acid profile of
H.pluvialis during induction process (%)

NEWiR Fatty acids 0 mg/L BHT 2 mg/L BHT

Cl4:0 0.64+0.07 0.85+0.14
Cl15:0 0.14+0.03 0.17+0.03
Cl6: 0 25.31£0.42  24.94+0.20
Cl6 @ 1 0.48+0.18 0.53+0.01
Cl17:0 0.24+0.01 0.27+0.03
C18:0 2.61+0.43 3.31+0.29
C18 © 1n9t 19.67£0.21 17.49+0.13
C18 © 2n6¢ 28.80+0.28 28.96+0.06
C20:0 0.57+0.15 0.46+0.10
C18 : 3n3 2.67+0.29 2.89+0.61
C20 : 1n9 0.10£0.01 0.14+0.02
CI18 : 3n6 16.58+0.31 17.41%0.01
C20:2 0.14+0.03 0.13+0.02
C22:0 0.42+0.07 0.34+0.01
C20 : 3n6 0.14+0.02 0.15+0.01
C20 : 4n6 0.98+0.04 1.25+0.01
C24:0 0.23+0.03 0.21+0.02
C20 : 5n3 0.23+0.02 0.32+0.01

BRI I R 20.25£0.15  18.16£0.12

Monounsaturated fatty acid

EZN R 49.54+0.41  51.11+0.33

Polyunsaturated fatty acid

HuFINE I RR Saturated fatty acid 30.16£0.32  30.34+0.28
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X RIER
Relative transcription level (fold)

BE 38R A] Culture time/d

N
W
1

N
o

—_
W

—
(=)

e
n

Xt RA R
Relative transcription level (fold)

S

1 3 5 7 9 11 13 15
1% FRA}E] Culture time/d

€l 4 BHT Xt dxs Fl bkt 3P 2 5 & 1Y 5% 10
Fig.4 Effects of BHT on the transcriptional expression
levels of dxs and bkt during induction process

i i T % IR 4H (& 3B).

2.4 BHT XM WMELIKEMNSEREXEEBER dxs
F0 bkt B 22

dxs i1 bkt JEAFT 2 G st PR IL , & 4
Sk RE R dxs T bkt R AR ik AR Ak .2 mg/L
BHT AbPREH [ dxs FERAHXT FRIBEE 3. 5. 9. 11,
13 F1 15 d Y5 35 TR, 25 9 KA X 4L
519 f5(E 4A); SXTH4IAMHEL, 2 mg/L BHT 4b ¥4
bkt Feik NE 3 KIF4H W EH N, 5 9 Kbk
W, HNTHRZEAY 2.04 £%, 7 A 11 d B T
4, 53918 1.97 51 1.96 £5(1 4B).

25 BHT XMALBKEREEMER kas 1 acp

% i

H qRT-PCR J5 LKA [A)175 0 A] A, 2 mg/L
BHT 75 541 AT HE 21 W9 A= 21 B3R 3 i 05 R 7 i 32 P kass
1 acp ik (F SA . E 5B), 2 mg/L BHT 4bFE4H
kas AT Fe Ik AR 1 K i 3 X R, Axd
MR 3.36 fiF, 25 5 Kik#E s, MXTRE4L) 4.57
s BANEREFRYIE, 2 mg/L BHT 4hHE4 acp %
DAL ) AF OGS 20k 0 3 v T R A

rA

W

* %

N w -

X RIAE
Relative transcription level (fold)

13 1

5 7
BESEmTE] Culture time/d

B acp

X Rk R
Relative transcription level (fold)

1 3 5 7 9 11 13 15
& FREFE] Culture time/d

K 5 BHT % kas Fil acp JE[F ik £ AR
Fig.5 Effects of BHT on the transcriptional expression
levels of kas and acp during induction process

3 Tt

31 EFERRMBHT M MALKELEK., If5H
RMEMBEREAR LN

AHRGE R, AME R IR R R B BHT 45 R 8K,
IRHR B (1 R 2 mg/L)X} W AE 218K 8 1 A ) 1 5 i A
B2, MEREQG mg/L)XH Y e mis kK, XEgn
A BT EMEH. 2 mg/L BHT IS AHNINE &R
FRE G 2 e T 2H 5 1 mg/L BV IR 20 75 T %
MR, (HRCRANIN 2 me/L AUALFEA ; 3 mg/L Wna
)5 EEH FEURE R Z A 7, BHT 2&—
Fhpt A A7), vk B2 T AR X AL P A AR AR AR
(Prooxidant), MM FEFEEANMIFET- . Nanou %5(2010)
I FH s v B 1) BHT 4b BE 174 Blakeslea trispora fif &
B, BHT S 745AHEAEH, P ERA At
AIABF, R EITE, SEAERT; TS
(201858 A B, 1) FH o Wk B e S Ah 300 4 I Y T Ak 3
BONA R I B EEHER], X 5 ARURE R —
. Wen Q0155 LB, & EWE M LA T W
AT ER AR R U LR Z LR, 1573 25.10 mg/g;
T HLAE (201 7) A e b P 175 W AR LD BB AR 7 1 AR S
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%40 %

EE R, fom ik 24.94 melg, XL TAMIGEPIE
HEMZEE31.66 mg/g).

dxs Fl bkt JZURF R G BRSO HE G JE ],
X2 A HEEERRESIFEENHRBERERIEME, Gao
FQOI)WIFE A, MR MAKFIR LV T bkt JEA
PR XS b, (2 TIFE R MG . Ding 5£(2018)
KL, UNINAREE R T WAL BRI dxs A1 bkt
FEHFR A, MRS TS R R AR T,
B4 AL XF T, Gk AR R LR 2 ]
ANEA R, TFF R KER RN T dxs Al bkt
AL F R AN, Gao 45(2012)fd FH/K AR % S 4
TR RE R, MR R G BOCHBG LR 7 b i S5
IO FEE K- FE I, B A SRR RE St 5 LR ER
R, A KA ST RAR T R A .
Zhao SE(2015)WIER T X —2518 .

3.2 SMEBHT MBAOEKEHERE. IBRHERHM
SRR ER & A BEEE E A

R EACTIE i 2 1ok 3 = AR iR kA
U= B & i, BRI o Franz 5(2013)
W9 KB, WS INIE B W BB RS S T
Nannochloropsis salina BEXS 4N PG & &, Xt
MR T 2,17 % Li QO017)INFEIR AR R ZRZ 4= T
Fi%T3 Monoraphidium sp. QLY-1 H g uh g &, AWF
S BHT 1ERAS T, $&m 7 A2k thimig
B, IREIM TR 45.56%, & T HAb SCER R
B AT EE T S & 5 (Bogen et al, 2013; Holbrook et al,
2014; Shrivastav et al, 2015),

IAh, Che %5(2016)WF 58 AL, AMRES INEE IR
pettmimAs o a, AR A H B A K, X 5AHE
FEMILEIR—E. acp F kas J& g 1 R & Bl i i ¢
L, AT AMEES N BHT #2755 T acp fil kas
AR Rk T, e A XTHRZLY 3.36 51 3.02 4%,
TEHE T IR RS . Lei Z5(2012) % BLAS 5 R &
AR A FERE A acp A kas &1k 2 2 5 . Shang
ZE(2016) W8 T 75 fik 75 5 I ZE 2T BR B BUIF B %, acp
Fil kas MyAEXT B T, & TR S &, 5
AL B B R A AR R AE R T R SRk KR
B 1, Ui e acp Al kas 2 T #4575 /KRS E 35 VE

Tk AL A FIVER 11 Jo e 5 240 i o 2 1 2 TR A
Ho % (2017) k¥l = #hi5% T, Chlamydomonas sp.
ISC4 3 3xF B2 A% 40 JH P9 U A 3 B T IR A R
Chokshi %5(2017)fifF 5% & PR, {34 Acutodesmus dimorphus
TESRASAE S, dHME N A 88 11 % i e 15 5% 0 R] Y
FImiBE LA, AUF5E T, BHT Ab B FG AL

oK ALA PR AR T REES, BHT 34 T
oW B, FEMRE SRR, WA 20 Bk 0T AR I
it o A B R K AL G R RS G s R
E T ANEIRE /P S YR IR

A LT RPN T 2R A R ST AR & B %A G,
NEWIRAE NN R &P A WAMEH ,, — &5 E Kig
fb, JERUITE &R, AR TIRE RWAE; 55—
JE IR B4 (Lipid bodies, LBs)LAJF 771K+ % (Zhang
etal, 2016), MiA£IEREE T 95% UG R SR &
AEERAE O, TR IR R, i T8 & Hh =R
g 33X — RN FEAI T R &, I8 A S )
PHIVEA, {2k TR R A 2 (Chen et al, 2015),
B MR A %, A R IR R kA LBs 515 U4y
B, ATAE SR sl R v = A0 . SR R AR R
% (Zhekisheva et al, 2005).

TEREDEIE . BUESIET, SNEESIINGE Bk B
A7) il B 2R BB A5 400 ) 200 L PN 1 35 PR AE(ROS), B4
JH PR AR A T T R AR A R, AR REAN A PN Y A
U8 B Ak 7 MR A, AR S B R ORI ) B R
(Zhao et al, 2018; Ding et al, 2018), [A#:, BHT /Eh
UG, PTHR L P T ER B PR, AT R M
Wit it ROS, #EMifEE B-#H 2 h & 95 ii(Nanou et al,
2010), % —7J7TH, Ding %5(2018)i i #ME A i &
LR R IE S WAL BRI R, BIE T 40—
LA NO)HIKAHIR(SA)KF-, NO Fl SA ifiit—FR 5
PR RN AR UE T HR T R AR FLER s SA 1E A
Yy T A 1 N A 41 Bk P IR Z A LR (Gao et al,
2012); #Hn NO fit4Ak, SNP wls i i s i i S A AL
BTG 1, PR K i ROS, 1 17 1 s S 7 4% Whatt R )
PPk (Kovacik et al, 2015) . 1fiif & ROS AJ LIS i i
R G AR B 9 FR Z(Shi et al, 2017), HIL, AME
SN BHT A] G828 1 8 ROS L A 55 0 T
K-, SE TR SRR 2R AR AR AR B (Zhao et al, 2018;
Ding et al, 2018; Nanou et al, 2010), It#+, BHT i
TR R G 05 R A i ad 4 Hp 5% el 3R I A R G
ik, fE#E TIRE R AR DRI R .

4 Zig

AN NS B FE ) BHT BEAE #EE S 41 T
A LT R PR R A AR AL R . 2 mg/L BHT b3
A 2T BRE RO AR R A B8 31.66 mg/g,
XTI 1.87 %, ek TIFE R & ROk R 3E A
dxs Fll bkt ()Fik; [WHEF, $&& T HRMER & A HE A
acp il kas F ik, TMAG & EIGINE T HE A 45.56%,
FEXT B4 T 16.6%; AR R, AR TIFE &R
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Effects of Butylated Hydroxytoluene on Accumulation of Astaxanthin
and Lipidsin Haematococcus pluvialis LUGU

YUE Chenchen', YU Xuya', ZHAO Yongteng', WANG Huiping®”

(1. Faculty of Life Sciences and Technology, Kunming University of Science and Technology, Kunming 650500,
2. Kunming Children's Hospital, Kunming  650228)

Abstract Haematococcus pluvialis is a microalga, and this species is economically important since it
is a rich source of natural astaxanthin, which is considered a “super anti-oxidant.” The study was
conducted using H. pluvialis LUGU filtrated from Lugu Lake in Yunnan Province, China. Studies have
shown that under stress, the exogenous addition of appropriate concentration of butylated hydroxytoluene
(BHT) can effectively promote the accumulation of astaxanthin and increase the content of lipids in the
algal cells. The effects of BHT on several traits were investigated under stress conditions (high
illumination and nitrogen deficiency), including the impact on growth of algae; the accumulation of
astaxanthin; the synthesis of lipids; the composition of fatty acids, carbohydrates and protein; the
expression level of the key enzyme gene of astaxanthin; and fatty acid biosynthesis. In this study, the
different concentrations of BHT (0, 1, 2, and 3 mg/L) were achieved through single factor experiments in
algal cell culture medium. Results from these experiments showed that BHT treatment does not
effectively promote the algae growth, but it does affect the accumulation of astaxanthin in algae cells.
There was a significant dose effect depending on the BHT treatment applied to H. pluvialis. After
examining BHT additions of different concentrations, astaxanthin accumulation was determined to be the
highest after the 2 mg/L BHT treatment, and it was significantly higher than that resulting from other
treatments or the control group (P<0.05). Moreover, astaxanthin accumulation was 1.87 times higher than
that in the control group, reaching 31.66 mg/g. The lipid content of the 2 mg/L BHT treatment was
45.56%, which was also higher than that in the control (39.06%). Under these conditions, the expression
levels of the key enzyme genes of astaxanthin synthesis, dxs and bkt, were 5.19 folds and 2.04 folds,
respectively, as those of the control, and the expression levels of the key enzyme genes of fatty acid
synthesis, kas and acp, were significantly higher than those of the control (P<0.05), being 4.56 folds and
3.02 folds, respectively, as those of the control. Contrastingly, the carbohydrate and protein contents
decreased compared to those of the control group. Overall, our results also show that BHT can increase
accumulation of astaxanthin and increase the content of lipids in the algal cells when administered at an
appropriate dose.

Key words Haematococcus pluvialis; Butylated hydroxytoluene; Astaxanthin; Lipids; Astaxanthin
synthesis genes; Fatty acid synthesis genes
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