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bar-egfp-ipiHp1,

> 5

1
1.1
1.1.1 ,

(Haematococcus pluvialis) ,
BBM (Zhuang et al, 2000), 22°C 20
pmol/(m?-s) , 12h 12h /

B

RNA
(Agrobacterium tumefaciens) EHA105
(Escherichia coli) DH5a

pBlueScript SK pAHC25 pEGFP-N1 pCAT3-
Control pCAMBIA3300
1.1.2 RNA ,
M-MulLV cDNA , SanPrep
, SanPrep DNA
, DNA
, , DNA Marker Tagq DNA
«C ) ,
, «C )
1.1.3 Sun  (1998)
ipiHp1 cDNA (GenBank

AF082325.1),

ipiHpl-F: GCGCCCGGGATGCTTCGTTCGTTG
CTCAGAGGCCTCA;

ipiHpl-R: GCGGAGCTCTCACGCTTCGTTGAT
GTGATGCACCGTTC

Smal Sacl (

egfp

egfp-F: GCGAAGCTTATGGTGAGCAAGGGCG
AGGAGCTGTTCA

egfp-R: GGCTCTAGATTACTTGTACAGCTCGT
CCATGCCGAGAG

Ubi-ipiHp1-NOS

Ubi-F: CCATGATTACGAATTCTGCAGCGTGA
CCCGGTCGTGCC

Ubi-R: GTAAGAGCTCGAATTCCCCGATCTAG
TAACATAGATGAC

1.2
121 ipiHpl

5000r/min 4°C Smin,

0.1% DEPC , ,

RNA

RNA

100mL

M-MulLV cDNA
, cDNA , cDNA
, ipiHp1-F/ipiHpl-R PCR
Smal Sacl

pBluescript SK pSK-ipiHp1l,
( ) DNA
ipiHp1 160
, IPP
, ipiHpl ,
, ipiHpl 160 C,

1.2.2 pCAMBIA3300-egfp-ipiHpl
Smal Sacl pSK-ipiHp1,
ipiHpl
pAHC25 , pAHC25-ipiHp1,
Ubiquitin NOS ipiHpl
egfp , egfp-F/egfp-R
pEGFP-N1 egfp , Hind
Xbal , egfp
pCAT3-Control ,
pCAT3-Control-egfp,
SV40 poly A

SV40
Sv40 egfp

pCAMBIA3300
BamH 1 pCAT3-Control-EGFP,
(SV40 promotor-egfp-SV40 polyA-SV40

Sac I
EGFP

enhancer), pCAMBIA3300(Sac 1

BamH 1 ) , pCAMBIA3300-
egfp (LIC, liga-
tion-independent cloning), Ubi-F/Ubi-R
pAHC25-ipiHpl ipiHp1 (Ubiquitin-
ipiHp1-NOS), pCAMBIA3300-
egfp pCAMBIA3300-egfp-
ipiHp1, ipiHpl ,

egfp bar

pCAMBIA3300-egfp-ipiHpl
( ) DNA
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1.2.3 pBlueScript SK  -bar-egfp-
ipiHpl 1.25
pBlueScript SK pCAMBIA3300 Heiser (1992)
CaMV 35S , Poly A , PBS ,
bar , egfp 1x10° 1.5cm
ipiHpl R , BBM ,
pBlueScript SK  -bar-egfp-ipiHp1, 6.1x10° Pa,
( ) DNA 450 psi (pound per square inch),
1.2.4 6cm ,
EHA105 28°C OD¢ypy 0.5, 20°C , 12h 12h  / ,
ipiHp1 20pmol/(m?-s) , 48h
pCAMBIA3300-egfp-ipiHpl 5mg/L 50mg/L Ampicillin
EHA105, 50g/mL 50pg/mL , , ,
TYNG ( 10g/L, 5g/L, NaCl (50mg/L) (100mg/L)
5g/L, MgS040.2¢g/L) BBM ,22°C, 20—50umol/(m*s) (12h 12h /
SmL TYNG ( 50 ) 3 ,
pg/mL 50pug/mL ), 28°C  200r/min
24h , SmL 50mL TYNG 1.2.6
ODgp9  0.4—0.5, 100pmol/L BBM ,
: ODgye  0.6—0.8 , EGFP
> BBM ; bar Ubi-ipiHp1
SmL 5.8mmol/L NaNO; BBM .
1:10 100mL BBM bar-F: 5'-GCATGAGCCCAGAACGACGCCCGG

,  22°C,20—50pmol/(m*-s) (12h 12h /
) ( 5 ) 227C,2700r/min
, BBM
(20mmol/L pH 5.8 +25mmol/L DTT
) 30min ,
4°C, 2700r/min , BBM
10mL 5.8 mmol/L NaNO; BBM
9cm 4mL ,
ImL , 22°C, 20—50pmol/(m*-s)
48h 50mL
,4°C, 1000r/min,
500pg/mL
100pg/mL

Smin

5min ,
, 200pg/mL ,
BBM
ImL BBM
, 107 , 500uL

500pg/mL , 200pug/mL , 100pg/mL

50pg/mL BBM ,
22°C, 20—50pmol/(m*-s)(12h  12h / )

B B

CCGAC-3;

bar-R: 5-GGTCAAATCTCGGTGACGGGCAGG
ACCGGA-3

Ubi -F: 5'-CTATTCATATGCTCTAACCTTGA
GTACCTATCTA-3';

Ubi -R: 5'-GCTCATCCTGCGACTGCCCGC
CTGCCCAGGTGCTT-3;

10mL BBM
s Universal Genomic DNA
Extraction Kit (Takara) DNA, bar-F/

bar-R  Ubi -F/Ubi -R PCR
1.2.7
, 10ml ,
5000r/min 10min, ,
, 80°C 2h
, 22°C,
2700r/min 10min, BBM (
NaNO;) , 22°C 4 ,
140—280pmol/(m*-s) ,
25mg ,3g

5mL DMSO, 45—50°C 30min,



1036 44
10min 15s 4°C, 4000r/min Smin, ) , egfp
p
S 50mL ;
2
SmL , 30s, 4C, 2 bar 4
4000r/min 5min, 50mL , 1323
3 ( 0.05), 500 23 pBlue-
50mL, 5—7mL , 4 C, 250 Script SK _bar_egfp_
4000r/min 474nm 100 ipiHp1
) 1.25,
| ’ 2 ipiHp1 pBlueScript SK  -bar-
/ ' RT-PCR egfp-ipiHpl,
Cxe = AgrgxVxFx10/2500 Fig.2 RT-PCR products of ipiHp1 (Ubiquitin-
C = Cy.cx1000x80%/m H. pluvialis ipiHpl gene . .
. ' Hp1-NOS)
,C (mg/g ); Cye M: DL2000 DNA Marker; 'P'P g
(mg); Ags 474nm  lem 1 2:ipiHpl egfp (SV40-egfp-
Vv (mL); f ‘m Poly A) bar
(mg) (CaMV35S-bar-Poly A)
2.4
2
21 ipiHp1 ,22°C, 20—50pmol(m*'s) (12h  12h /
RNA 1 ) ( 5b),
, RNA  28S RNA ( 5a)
188 RNA , 283 RNA 188 25
RNA , RNA , pBlueScript SK  -bar-egfp-
, ipiHp1 ipiHpl ,
RT-PCR 1% ) , , 6
0.9kb ( 2), 2.6
BBM s
) ipiHpl :
918bp, 305 GenBank EGFP , egfp
ipiHpl (AF082325.1) « 7
s 99% (917/918), ipiHpl DNA,
160 T,  GenBank ipiHp1 bar-F/bar-R  Ubi -F/Ubi R
G, (54 Arg , DNA bar
Cys) IPP
,  pSK-ipiHpl AF082325 | MLRSLLRGLTHIPRVNSAQQPSCAHARLQFKLRSMQMTL 39
iHo1 ipipl | MLRSLLRGLTHIPRVNSAQQP SCAHARL.OQFKLRSMOMTL 39
1p1 =
’ PP AF082325 40 MQPSISANLSRAENRTDHMRGASTWAGGQSQDELMLKDE 78
( 3 28 SRNA ipiHpl 40 MQPSISANLSRAED(TDHMRGASTWAGGQSQDELMLKDE 78
18 S RNA l
AF082325 | MLRSLLRGLTHIPRVNSAQQPSCAHARLQFKLRSMOM 37
2.2 ipiHpl %4 | MIRSLLRGLTHIPRVNSAQQPSCAHARLOFKLRSMQM 37
pCAMBIA3300-egfp- AF082325 38  TLMQPSISANLSRAEDRTIDHMRGASTWAGGQSODELM 74
ipinl ipiHp1%€4£ 38  TIMQPSISANLSRAEDRTDHMRGASTWAGGQSQDELM 74
1 RNA 3 ipiHpl

pCAMBIA3300-egfp-ipiHp1,

o Fig.1 Total RNA of
ipiHpl

H. pluvialis

Fig.3 Amino acid sequence alignment of ipiHp1 before and
after mutation
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MSC

CaMV35S

T Border(R)

bar:

pCAT®3-Control

Poly A Site
T Border(L)
Vector
pCAMBIA3300 ori (4465 bp) SV40
Promoter
(Hind TI)

8425 bp

npt
SV40
Enhancer SVao
. Xbal
Rep Orign2 late poly(A) l
SV40 SV40

Promoter EGFP Enhancer

MSC Feature2
Rep Orign1

Sac I, BamH I SXE§t)), %%

MSC Ubi promoter

CaMV35S
SV40 promotor

bar EGFP
Poly A Site

pAHC25

T Border(L)

pCAMBIA3300-egfp
Ubi promoter

NOS

npt
Intron

Exon

T Border(R)

l

Rep Orign2
MSC Feature2 STA Ubiquitin v
promotor ipiHp1 NOS
Rep Orignt ||
— LICIazE -
MSC Ubiquitin

CaMV35S

bar

Poly A Site
SV40 promotor

EGFP

Poly A Site
3~ SV40 Enhancer

T Border(L)

pCAMBIA3300-

npt egfp-ipiHp1

T Border(R)

Rep Orign2

MSC Feature2

Rep Orign1

4 pCAMBIA3300-egfp-ipiHpl
Fig.4 Construction of vector pPCAMBIA3300-egfp-ipiHpl
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5 6

Fig.5 Screening positive clone of A. tumefaciens-mediated Fig.6 Screening of positive clone of particle bombardment
transformation of H. pluvialis of H. pluvialis
a. : , ; b a. : , ;

7
Fig.7 EGFP assay of transformed cells of H. pluvialis
a. (DIC); b. (UV); c. ( )

b M 1 2 3 4 5 6

bp
2000
bar 780
Ubi-ipiHp1
(570 bp) ggg 445 bp
100
8 PCR
Fig.8 Identification of transformed cells of H. pluvialis by PCR
a. PCR bar ; b. PCR Ubi-ipiHpl 1 ( pCAMBIA3300-egfp-ipiHpl ), 2
( DNA ), 3—6 ( DNA )
Ubi-ipiHpl , (D, GraphPad Prism 5
DNA (9, ,
(P>0.05),
ipiHpl
2.8
2.7 WT Al—A6, B1—
WT, B6 , ( 2),
Al—A6 GraphPad Prism 5

B1—B6
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2 R S , B2 Dunnett's
A3 , AS Multiple Comparison Test 4),
3 Dunnett's Multiple Comparison Test
Al A2 A4 A5 A6 (P=0.1350>0.05)
’ 3
(P<0.05), 16.49
mg/g, ( 15.68mg/g) 5.16%, )
ipiHp1 )
2 , s Liang  (2006)
, B4 (PSY) cDNA s
F1 MEAKEHRUFNELERNEYS (L)
Tab.l1 Biomass of H. pluvialis transformants and wide type (g/L)
Al A2 A3 A4 AS A6 WT
0.83 0.83 0.78 0.84 0.81 0.81 0.81
0.85 0.79 0.80 0.83 0.82 0.85 0.83
Bl B2 B3 B4 B5 B6 WT
0.84 0.86 0.81 0.84 0.81 0.82 0.84
0.84 0.84 0.85 0.82 0.81 0.80 0.82
K2 MEAKEZUFMEFLERMITFTES S (me/)
Tab.2 Astaxanthin content of H. pluvialis transformants and wide type (mg/g)

Al A2 A3 A4 AS A6 WT
16.32 15.82 16.59 15.87 15.55 15.91 15.76
15.76 16.06 16.39 15.79 15.15 15.43 15.58
Bl B2 B3 B4 B5 B6 WT
16.34 15.02 15.53 16.40 15.76 15.59 15.73
15.74 15.68 16.13 16.59 16.12 15.91 15.36

FRMRFEREFEU TSR BENRRRAESN

Tab.3 One-way analysis of variance of astaxanthin content of A. tumefaciens-mediated transformants and wide type of H. pluvialis

Dunnett q (P<0.05) 95%

WT vs Al —-0.3700 1.5100 No ns —1.1860—0.4461
WT vs A2 —-0.2700 1.1020 No ns —1.0860—0.5461
WT vs A3 —0.8200 3.3470 Yes * —1.6360—-0.003881
WT vs A4 -0.1600 0.6530 No ns -0.9761—0.6561
WT vs A5 0.3200 1.3060 No ns —0.4961—1.1360
WT vs A6 0.0000 0.0000 No ns -0.8161—0.8161
D (P<0.05), ns

R4 MEAKEFEANERSEUTNSZSENBRREARESN

Tab.4 One-way analysis of variance of astaxanthin content of H. pluvialis transformants of particle gun and wide type

Dunnett q (P<0.05) 95%
WT vs Bl —0.4950 1.4830 No ns -1.6070—0.6171
WT vs B2 0.1950 0.5841 No ns -0.9171—1.3070
WT vs B3 -0.2850 0.8536 No ns -1.3970—0.8271
WT vs B4 —-0.9500 2.8450 No ns -2.0620—0.1621
WT vs BS —-0.3950 1.1830 No ns -1.5070—0.7171
WT vs B6 —-0.2050 0.6140 No ns —-1.3170—0.9071
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mRNA Grunewald (2000) ,
(PDS) c¢DNA > > >
pds Steinbrenner  (2003) pBlueScript SK  -bar-egfp-
B- (CRTZ) cDNA , ipiHp1, ipiHp1
mRNA > >
IPP IPP DMAPP > K
>
Sun  (1998) N (P>0.05)
, DMAPP, ipiHp1 ’
; Sun (1998) ’
IPP cDNA , ’ ’
ipiHpl  ipiHp2, 34kDa  32.5kDa ’ ’
,IPIHp1  IPIHp2 12-aa ; ’ ’
mRNA R
ipiHp1, ’
IPP ’
IPP
cDNA R
ipiHpl s ipiHpl ’ i ipiHpl
s , T-DNA , Albrecht M, Sandmann G, 1994. Light-stimulated carotenoid
biosynthesis during transformation of maize etioplasts is
iniHOL regulated by increased activity of isopentenyl pyrophosphate
pIFp isomerase. Plant Physiol, 105: 529—534
> SOug/mL Anila N, Chandrashekara Arun, Ravishankara G A, 2011. Estab-
egfp  PCR , lishment of Agrobacterium tumefaciens-mediated genetic
ipiHp1 transformation in Dunaliella bardawil. European Journal of
Phycology, 46(1): 36—44
Boussiba S, 2000. Carotenogenesis in the green alga Haemato-
> coccus pluvialis: Cellular physiology and stress response.
A3 Physiol Plantarum, 108: 111—117
s 16.49mg/g, Cha T S, Chen C F, Yee W et al, 2011. Cinnamic acid, coumarin
5.16% and vanillin: Alternative phenolic compounds for efficient
Agrobacterium-mediated transformation of the unicellular
’ o green alga, Nannochloropsis sp.. J Microbiol Methods, 84:
» IpiHpl 430—434

Cunningham F X Jr, Gantt E, 2000. Identification of multi-gene
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THE EFFECTS OF GENETIC TRANSFORMATION OF ISOPENTENYL
DIPHOSPHATE ISOMERASE GENE ON THE ASTAXANTHIN CONTENT
OF HAEMATOCOCCUS PLUVIALIS

WANG Na, LIN Xiang-Zhi, MA Rui-Juan, YAN Jin-Fei

(Engineering Research Center of Marine Biological Resource Comprehensive Utilization, Third Institute of Oceanography, State Oce-
anic Administration, Xiamen, 361005)

Abstract
Haematococcus pluvialis. In this study, the ipiHpl gene fragment was amplified by RT-PCR. We constructed a binary vector
pCAMBIA3300-egfp-ipiHpl and an expression vector pBlueScript SK
was introduced into H. pluvialis by Agrobactrium tumefaciens-mediated transformation and particle. The transformants was

Isopentenyl diphosphate isomerase gene (ipiHpl) is a key enzyme gene for biosynthesis of astaxanthin in

-bar-egfp-ipiHpl for particle gun. The target gene

selected and maintained in the BBM agar plates containing 50pg/mL Basta. The EGFP fluorescence assay and PCR analysis
indicated that ipiHp1l gene was integrated into genomic DNA of the H. pluvialis. The majority of the transformants displayed
similar biomass comparing with the wild type strain. Astaxanthin content detection found that the A. tumefaciens-mediated
transformant strain A3 had significant difference comparing with the wild type strain (P<0.05). The average reached to
16.49mg/g, compared to wild type increased by 5.16%. The statistical analysis also showed that there was no significant dif-
ference (P>0.05) between particle gun transformants and wild-type strains in the variation of astaxanthin content.

Key words astaxanthin; Haematococcus pluvialis;

isopentenyl diphosphate isomerase (IPI); genetic transformation



