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Bl E MeJA W Ak EK BNEFZEEMds HEXRAWPH., £ RKHA, MeJA
EMHWECREAREKMBIT TR E WA R0 B A, 20 a8 (R FE T 4 20 205 2 40 g o7
TEMAKEE S . U MelA % E % 800 wmol/L i, 2847 40 i dF F £ 4 Kbk /1 3£ 1.75x107°
mg, A8 A BB 41 (1.42 x 10~ mg) ¥ 4w 23.24% ., RT-PCR #4582 Rk 0, dxs 2 H k& &
MeJA 7% §,800 wmol/L MeJA A3 4 1F T ,dxs HE W REKFRGEG. XM ERKHA,
MeJAER THR ALK EN TR EMds AR XA EEEMX, W dos ZE TR ZTAE
ABREREZFLRN DR EBELAE X HA -SRI RP I ERERRETELRRETFTE
GERMBET ANEL WAL FEAEME TR FEZREN>TFINERESE,
K WAL E; RARWE,; FFK; 1-HA-D-KEHE-5-% 8 6 KB (DXS)

FESES: Q785; S917.3

T A 21 3R % ( Haematococcus pluvialis ) 52—
Tofr A2 Jid £ 5, J& %% 3 1] ( Chlorophyta) | 413 H
( Volvocales) . 213k # £} ( Haematococcaceae ) | £
BR¥E R, AB AR 7 — PP 4 e i R AR kA AR g
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JBT R4 ) A R R R SR BT AR R R 4
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TR A 8 — it A BRI N2 TR o ) o, 7EAE
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(Taxus mairei) P 4R 5= 19565 10 .20 KA
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Jii 4E-D-A Wi BE-5-E TR 5 % B§ ( 1-Deoxy-D-
xylulose 5-phosphate synthase, DXS) & MEP & 4%
RIS — A, 8 — AN Gk L B R R
does BEP R4 g S AL 5 ) A N R 2Rk
ARG A MR S R H T,
A5 DR A= £ 3R oh ST T does D8 A 0
Fr B {H MeJA TR AE LT RS IR 2 A L dxs
FARM B AR DL AR IE

APFFEE XTI AR ZLK BN RAENH BB
K1, W98 1T MeTA X A= 21 1K 35 40 i A 4 A
IR R R, A FR AR ZLBR BT 7 2 10 AR
A SR AL R B fitl . [FIB, FSE T MeJA Jifrie
XTHRFT R G BOCREB A ] dxs FRIB A2, AR
WIRT AR 21 BR R 7 3 A R 19 4 F HLEE A 53 4 1t
Hefilt

1 BRI

1.1 EFRFLRH

T AR £ 3R 7 I R A A ) R o A S
IS = o =4, i BBM(Bold’ s basal medium)
FEFR 3% 55 PrimeScript™ One Step RT-PCR Kit
5 B TaKaRa 2y ] & RNA $i Bt ) BIOZOL
Reagent I3 H BioFlux 2] .
1.2 FRAELPKRIEFR MeJA iREIZE

JHI BBM 1537 B 7 AF 21 R 15 57 X0k
KHH OEIEIR R A 4 000 1x,24 C,12 /12 h(O/
) 557 10 d, B0 I 258 TOKTETE IR,
BT TS INA [ ot 5 4R B MeJ A 15 5 111 500
mL BBM Bttt & TR bR T (12 000 Ix,
24 °C,24 h) HEATIMARESR USG5 S
EY AL

WHE T A MeJA BRI FEKF-, 43512 0,50,
100,200,400,800 #1 1 600 pwmol/L, AU BB
JER 3 ANEA MR 3 R, e F A= 218k
PR TE BB 6 RIC— U, U 9 AE 2T 3K
IFE R &R
1.3 FAELIKRMEE ERNE

H T A 2T BREE R LA 10 A58 B A B AR 5 4
AR B . B 10 L AR SEB0R A 3R H400AR
THEE N FE62 WA T e, e 3 R, IR
SRR, BTG MR A 2D R A M A e (/
mL) , [A]f DU s A i) BBM 85 55 35y 25 ]
T R3O0 BE B 5 [) — A4 i 1 S i

{EL OD gy o HRFEIN 52 25 52 LA W A= 21 35K 35 41 Jif 2%
FER X i, G H ODyy) o Y il I 240 25 2
- CE AR AEM 2, A3 B H T & y =0. 043 4x —
0.048 1( = y Jy OD fH , x Sy B2 FH 356 1 4 i
B, HA TR R AU 0.981 1)

3 RN E AN o B R FE MeJA [ A= 21 Bk
BEREFRUL A E I 2 mL $EE, 78 680 nm A
B OD fi, HE45 b R 15 Y 0 T A= 21 35K 35 41 it 25
FE = 6% B B Iy A , TR SR R A 21 3Kk
) 240 i 25
1.4 NBFEZRAEHNE

FEfE 6 RN AF BT EE MeJA [ RTAE 4L
BRI SR W 8 B 25 mL RTINS R
FRME . BT 5 000 t/min Z.0 5 min, 5
BRI BEAIMUNE . A 5 mL 5% KOH Fi
30% CH,OH [IRA T 70 C/KIE 5 min BERH:
k% . 5000 r/min B0 5 min, 7 FVE, IEE
TR P EUBREE  A 3 mL —HIEW R, 70 TK B
10 min, B [8] A WrEE 4,5 000 r/min 2.0 5 min, BL
FVEW . EE AR B MIITIE 2 ~ 3 IR B AR
R, ETE W T 490 nm R E SR E RS &
OD g0 o FANIARFIN AL LT ERBE IR 2 & 5 (C)
HRBI AR E

C(mg/L) =(4.5x A, xV,)/V,

K, A £ OD fH, V, TR ZHEEWAR A AT,
V, RN,

A RZEFM B EIEI TS R E L% R
FH) SR 07 22 0 B idi o
1.5 FHALIKE dxs BEEFRIEHH

RYEC Z ARG A L0 BRI dxs FER A9 %0
o B I X RS, S
( FDXS ): 5'-AACGAGGTGAAGAGTGCGGAG-
AC-3" f1 F W2 21 % ( RDXS ) : 5'-CGTCAAAC-
ACTCGCTCAGGGTAG-3' ,PCR 2|9y g4 T
AW TARREAR MRS A FRA F A .

FH BIOZOL ;2 U [V i MeJA b3 (1) T
A= £1BR¥E RNA 2% H] One Step RT-PCR Jy 21l 5
dxs FEH ) 3k, One Step RT-PCR H' [ B-actin
( W8] % actinF: 5'-GAGCAACTGGGATGA-
TATGG-3', F ¥i# 5|1 ¥ actinR:. 5'-ATTTCGC-
TTTCAGCAGTGGT-3") 3L K V5 Jy 4 47 & RNA
1P RGP AR, i AR B I AE A R R R = R
MIFEE F R — 5, DL MeJA 4b 3 i) 9 A4 413K 3
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RNA it , LA FDXS il RDXS 2 | R 5 | 4k
17 PCR 7 3 A5 0 AS [A] 9k JB2 MeJA X g AE 21 35K 35
dxs JERFIR MR

FIHH GeneScope %444 A [F] o1 it e iE MeJA
WF T I A £ BRI dos JE PRI 263K 7K P
ARG FEAE, 5 75 3 450 T BT A= 213K i
IR R S s AT — ootk Bl H 43 A (Il E 5 # v
y ONIRE R &, x N ds FERFGE K ), IFSY
AF R E MeJA 55 T A LIRS RS
TR dos FE PRI IR Z A A A DG o

2 4k

2.1 MeJA T ELABKEAME KN

ANTA]EE R e BE MeJA Jilaf X 19 A= 21 BR 5 20 it
AR EE S UL 1, B2 R 57 B TR A A1, T
A LTERBEAN AR A A S B TG N . TG MeJA e
I, 95 200 A R T 4 2 R R X O K
MR —E HeFF MeJA I, F A= 20 BR¥E 40 M AR 1
ST [R) A 4 i RN, R v B (1 600 mol/L)
MelJA Jifjae Bt R ] 5t 0 o 3 2 e ) 2 K

200 o
1801 50
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E1 MeJA XMFELKEMIE RN
Fig.1 The effect of MeJA on the cell
growth of H. pluvialis

LA R B MeJA [ N T A 21 BRBEAE T
BUERIN(18 d) I dn s B (K 2) , 253580,
MeJA I A= 2Bk A0 B 9 AE KL W T MeJA
AR FREZH 1) e A M FE AR T 0T AL R
MeJA B}, 3 20 i % B (8 B K, o 1. 029 x 10°/
mL, 724 MeJA ¥R 1 600 wmol/L B, 41 itg
BREE(H A 1.451 x10°/mL
2.2 MeJA X WAELAKERIFER~ENZMIN

ANTRVEE /R MeJA it i AR 2T Bk A R 257
TSR ULIE 3, B B SR ] 2, F A= 21
BRI 27 i W i, 24 MelA ¥
JER 0 ~800 pwmol/L i, EVHRTE 2 7 it £ X RO K

R 35 %
T MeJA YRIEZE A 1 600 pmol/L B, SR &R
PR AN AE T AN REF B 2
200290
~ )
2 100}
5 8.160 B
; = 8.0 7.175 6.709 7.506
= Z 6.0 5.652
% ® 40
§ 20| 1451
0 " n " " )
0 50 100 200 400 800 1600

MeJ AJFR B / (umol/L)
concentration of MeJA

B2 AEIRE MeJA It MELEKE
R AERKHIR N (18 d)
Fig.2 The effect of different concentration of
MeJA on the cell growth of H. pluvialis (18 d)
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Fig.3 The effect of MeJA on the total astaxanthin

production of H. pluvialis
FEACAN [ B MeJA 38 T 1 AR £EBR R AR XS
BRI (18 d) IR R R i 2, 25 R R0,
AN MeJA b B 4L R SR 27 8 B R T 0 IR

Ao 2 MeJA ¥Z T 0 wmol/L i, EURF 27 i
e ik 1,466 mg/L(E4)
161466
= 14 1.313
2 1ol 1.114 1.100
L 1.000 0.960
=2 Lot
H ;:; 0.8}
B 2061
o = 04+
T oo
& 02¢ 0.113
- 0 : - : ‘ L
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Fig.4 The inducement of different concentration MeJA on
the total astaxanthin production of H. pluvialis (18 d)
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2.3 MeJA XTAELKEINERSMBENRIFN

SSUINCE Wal =N e VAL k2 ) LN N b i
RET , AWTFEAR I © 2 I A5 (14 W AE 21 BR5E 200 i 2
BERE IR 274, 715 MeJA s T AR 215K
AL BRI (18 d) Ay AL A LIRS R 5 i
IR A LL B R AR 7 R AR S IR RE T o WESE
ZEREI (K 5) B MeJA W R, M AR 41
BRSO 20 AR 77 3R 45 AE 1 22 SE T R AR Y
%, X MeJA #0800 wmol/L i, #4072 g
WR5 2 A AR J7 3k, 3K 1. 75 x 10 77 mg, A EE XS

FHZH(1.42 x 107" mg) i 23. 24%

- L

Z 2000 L70x10%  175x10°

£ 160x10™ 139107 LeAXI0

= 142x107 137107

eh

E E 120x107 |

# 5 8.00x10° | 782107
4t

B 2.00x10™

Hr

= 0 ‘ ‘ ‘ |

0 50 100 200 400 800 1600

MeJAJEWREE / (umol/L)
concentration of MeJA

ES5 AREIRE MeJAFSEMGFTMELIKE
BAMEMIRESRSE(184d)
Fig.5 The inducement of different concentration of
MeJA on the unicellular astaxanthin
content of H. pluvialis (18 d)

2.4 MeJA FESTHAAKENREZAEM dxs

¥ H RT-PCR J5 58 A ] vk B MeJA 75 &
TR A LLBK A MR R B A G R des YR
KK, S5 Rk B MeJA MR BERYSEAN , dxs Kk
PRI ERIR 2 a1 I 5 BEAR A R 3, 2 MeJA ¥R
800 wmol/L B}, YA LT BREE dxs JE R it 2% 3k /K
R (E6) X HTEZIREE T INS R A e ) &
SR A LS TE— 3o

FLASAS R MR MeJA 5 5T B T A 21 Bk i o
TR O A does B DR 3G GK 1 22 [A) A A DG4, 45
R, 2Y dxs FEDR IR AT 1 s s, FR AR Z1BR AR
HROGEMPEZ R, XY des 3 3358 K Dk 55
B, TR AR ZDBKEE AR 22 & it Pl RGP R 8L
—EMIEARDG . WHRE 2R & i A dxs B[R 3Rk K
T-HEATERPE R /AT, 45 2 B, MeJA YER T 11
AR LT BRI 25 RN des LRI 0k T SR 4Rk
M, H I IH A y =5 x10 7x +9 x 1077 (X

HLy IR R S, x O des R RIAAKCF, A
TR G R HOZ 0.981) o ikl LA,
dxs FEPRIZRIR K- AT LA ST e R A 2D BR 3 (1 4R 7 3R
i, does FE [N AT RE R R AR £ BR BN KA N
— BRI

0 50 100 200 400 800 1 600

Ry
'z = 2,162
ﬁ 520
S5 1486, 577
RE 10100919
Eg 05 H H 0,533 0.495
ol ]| ]
) I
0 50 100 200 400 800 1600
MeJAJREWREE / (umol/L)

concentration of MeJA

6 RERE MeJA FRTHAELKE
YA dxs EE B FRIAKTE
Fig.6 The inducement of different concentration
MeJA on the dxs gene expression

level of H. pluvialis

3 he

MeJA JEAH ) 1A P B2 & MR I 2 4 T R AL 4
AR B, AL A S e R R AR R A Y Y
PER R BRSO AN MelA i fig
R AERE Y BP0 30 5 v 5 A 0 B 1 5 PR )
I8 A B AR B A R AR AR BT B A
TR, A, MeJA S22 #E A s W AR R =
BiFEFHE T 75 MeJA it firh, MeJA W] J#5
(ER/E T SN R /B SN X
J 0 R SR AR 2 S AR A
PIrIG . {5 MeJA 5 B2 UCE S R R
DR B RS BT R, MeTA Xt £k
BRI S MR T EAWEE R, 100 wmol/L
MeJA b B35 B-# 0 b R & i e, 200
pwmol/L MeJA 4b # £k ¥ i ot 4 25 % /& e i o
ABFFE L KA R, —E MR ) MeJA REASAIE
T AE 21 B S 5 20 M AR R A R L &
200 ~800 wmol/L MeJA ZbF 5 , Fi A £L BRI N 1
RS RS A AR5, K, 2 MeJA
WSE S 800 wmol/L i, B 20 i MR 5 2R 5 R i
5,15 1.75 x10 " mg,

MeJA Gl 175 G U A A ™ ) HE ) R O
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FE BRI R AR =Y 2, MeJA Ginkgo biloba [ J]. In Vitro Cell Development
REVE 42 1 W 4 2 35 [34] NSEES *ﬂ@ﬁ%[gs] 4 By Biology Plant,2006,42(1) ;44 —49.
TIPS, KRR EM G ROcR g L8] ARJTL KB XI5, MIA G 125 ¢
1 g10h strtdc _sgd . dAh 5 1E 5 K F %éﬂiﬂﬁi—%‘é%@aﬁﬁz%ﬁﬁi%%ﬂmﬂ R F
% MeIA SRR GONG 5 phspae L
91, FH MeJA Ab SRS AL L AN, B DA B 1 S g g
- ) ) B-TAE RS EMEMW[T]. T R¥FFM T
=] i%%ﬁ%’? dxs % H‘J%%ljj?f(:izﬁﬂi Lt , %‘:_{Eﬁ EH J,2010,23(1) .13 - 17.

DXS HEFCHI R (2 SRR W BRAE IS U (107 gt iRt K 3E. 724 £0BR 08 10 55 95 2B

BN, dxs JE SRR AT N ERAC I TR E HRRBBUURAMBS [T]. RN R4 A RF

PRI RE AL . AL R R U], MelA ] “F1T,2005,33(2) :259 —263.

RN EREIR S Z AW A A I des (g (1] WRGE, 22 5006, Bk W 20 38 B X R A= 20 Bk 9

FKOE, A L0 ER T £ 45 dos it ( Haematococcus pluvialis) =)= FUF S Z77 &1

s BTN, 9] dvs 36 D 2 24 20 B DALY RILIIEOTE 2005, 23(1) 178 ~10.

W75 22 25 ) 2 R 2 P G — SR (ELF [12] %E'é'@l,@ﬂﬁi‘f@,ﬁéﬂl%ﬁ- ﬂ:??’*‘ﬁﬂﬂ\i‘ﬁ}iﬁ?%

- . " VEAHRIR T R R B T ] TRk A

RIS B T 9 TR T SR 2005 16(3) 306 312
FRAAEIRA0 7 P, G BRI MEIA (131 e e oot 5. B A DL R
Vi A2 AU HE R R IR RO R SR BRI P R R 0] A TR,

2006,34(12) :46 —48,57.
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H RS F P AL BUR [T ], o o P 2 [17] CHAHED K,OUDIN A, GUIVARC’ H N, et al. 1-
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The effects of methyl jasmonate ( MeJA ) on the astaxanthin production and
dxs gene expression of Haematococcus pluvialis

WANG Xin-wei, WANG Li-li, GONG Yi-fu®, JIN Si, LI Lin, CHEN Dong-rui
(Key Laboratory of Marine Biotechnology , Faculty of Marine Sciences ,Ningbo University ,Ningbo 315211, China)

Abstract.; Haematococcus pluvialis, a unicellular green alga,is one of the potent biological sources for
valuable secondary metabolite astaxanthin production. Methyl jasmonate( MeJA ) ,a naturally-occurring plant
cellular signal molecular,was found to induce secondary metabolites production. In this paper,the effects of
MelJA on the cell growth, astaxanthin production and dxs gene expression of Haematococcus pluvialis were
investigated in detail , which provides a theoretical foundation for cosmically manufacturing astaxanthin. The
results showed that, the addition of different concentrations of MeJA restrained the cell growth of H. pluvialis
and decreased total astaxanthin production also. Addition of MeJA could promote unit cell astaxanthin
accumulation, and with the increased MeJA concentrations, the unit cell astaxanthin content showed the
trendency that was first increased and then decreased. The optimum addition concentration of MeJA for
astaxanthin production was 800 pmol/L. The highest yield of the unit cell astaxanthin content in H. pluvialis
was 1. 75 x10 "’ mg, which increased by 23.24% compared with 1.42 x10 ~* mg without MeJA. This study
provides a simple means to increase astaxanthin production. RT-PCR analysis showed that dxs gene
expression was induced by MeJA. With the treatment of 800 pmol/L MeJA ,dxs gene expression levels were
the highest. The correlation analysis results showed that, the astaxanthin content of H. pluvialis and the
amount of dxs gene expression were in positive correlation,thus it can be seen that the dxs gene expression
level can reflect the astaxanthin production of H. pluvialis, and dxs gene was a key enzyme gene of
astaxanthin synthesis of H. pluvialis.

Key words: Haematococcus pluvialis; methyl jasmonate ( MeJA ) ; astaxanthin; 1-Deoxy-D-xylulose 5-
phosphate synthase ( dxs)
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