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Construction of Dunaliella salina heterotrophic expression
vectors and identification of heterotrophically
transformed algal strains

Tao Chen, Hongtao Liu, Pengju Lii, and Lexun Xue
Laboratory for Cell Biology, Department of Bioengineering, Zhengzhou University, Zhengzhou 450052, China

Abstract: We constructed inducible and constitutive heterotrophic expression vectors of Dunaliella salina (D. salina) and identified
heterotrophic transformants. A gene encoding a glucose transporter (Glutl) was cloned from human placenta tissues by RT-PCR and
sequenced. Inducible heterotrophic expression vector pMDDGN-Bar of D. salina, which included a duplicated carbonic anhydrase
(DCA) promotor and a Bar selectable marker that could drive expression of the Glutl gene in D. salina, was constructed by
molecular biology methods. In addition, we constructed another vector G5Glutl-Bar that contained a constitutive ubiquitin promotor,
Glutl and Bar box. The two expression vectors were introduced into D. salina by electroporation method, and then screened the
transformants with phosphinothricin (PPT). Total RNA of the transformants extracted was used to analyze the integration of the target
gene (Glutl) by RT-PCR. The cloned Glutl sequence was 1479 bp and encoded 493 amino acids. The results of all enzymes digesting
showed that two expression vectors were successfully constructed. After screening by PPT for several weeks, the transfomants grew
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well whereas wild-type cells died completely. The result of RT-PCR indicated that two transformants both had an about 250 bp

specific band and the sequence homology was 100% compared with the human Glutl sequence by Blast analysis. Taken altogether,

inducible and constitutive heterotrophic expression vectors of D. salina was constructed successfully and the Glutl gene was

integrated into the genome of D. salina. Expression vectors above-mentioned may be used for the expression of the foreign Glutl

gene in D. salina.

Keywords: Dunaliella salina, expression vector, heterotrophy, glucose transporter1(Glutl)
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x1 SIMFINEXER

Table 1 Detailed sequences of primers

Primers Sequences(5'-3") Length of PCR products (bp)
Glutl Forword: GGGGTACCACCATGGAGCCCAGCAGCAAGAA(KpnI) 1479
Reverse: CGGGATCCTCACACTTGGGAATCAG(BamH I)
Glutl Forword: TCCCCCGGGACCATGGAGCCCAGCAGCAAGAA (Smal) 1479
Reverse: CGAGCTCTCACACTTGGGAATCAG (Sac 1)
Glutl Forword: AGGCTTCGTGCCCATGTATGT 265
Reverse: CTTGGCCCGGTTCTCCTCGTT'
Nos Forword: GCTCTAGACCGATCGTTCAAACATTTGGCA (Xba I) 258
Reverse: GCGTCGACCCCGATCTAGTAACATAGATGAC (Sal I)
DCA Forword: CGAGCTCCAGCAAGTAAAGCACTAGTTAAGGGC (SacI) 1377
Reverse: GGGGTACCCTTGGGACACCGCAAATGGGACGGG (Kpn )
) ) , ubiqutin
G5Glutl-Bar, s ) s
1.2.2 pMDDGN 1.25
Nos (DCA)
Nos (DCA) ( . : 0.4 kV,
1), Nos pMDGlutl , 25 uF, 400 Q, 5 min, 1000 r/min,
pMDGN , DCA , 10 min , , 1 mL
pMDDGN JM109, , , UTEX , 12 h,
48 h 3 pg/mL PPT R PPT
1.2.3 pMDDGN-Bar 6 ug/mL
Bar G12(PBI221- ,
Bar) Hind 111 , Bar 34 , 2
pMDDGN pMDDGN- ( PPT) ( ,
Bar 1 PPT)
Sac 1 Kpnl BamH1 Xbal Sal 1 ?ﬂd I 1.2.6 RT-PCR
v v v #Z Vi Trizol RNA,
— —| G —> — —
DCA1 Glutl Nos Bar i RNA ’
1 pMDDGN-Bar # AR FEE cDNA, cDNA » PCR
Fig. 1 Schematic illustration of pMDDGN-Bar vector. Glutl

1.2.4 G5Glutl-Bar
1) G5-Glutl
Glutl Smal Sacl
(D, Glutl ,
G5 , GUS
(1.9 kb) , ;
Glutl , G5-Glutl ,
2) G5Glutl-Bar
G5Glutl Hind 111 ,
6.5 kb s Bar
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<—1479 bp
3000 bp —»

1500 bp —»

1500 bp —»
U —

2 AGlutl EEHEEREE

Fig. 2 Clonging and identification of the human Glutl gene.
(A) PCR production of Glutl gene. 1: DNA marker, Sangon
GeneRuler™ DNA Ladder mix; 2: Glutl gene. (B)
Identification of the Glutl gene. 1: DNA marker, Sangon
GeneRuler™ DNA Ladder mix; 2: digestion of pMDGlutl
vector with Kpn I and BamH 1.

2.2 HEE{KFRIEZ(PMDDGN)BIHE

2.2.1 Nos pMDGN
PCR Nos , ( 3A), )
, pMDGlut1 pMDGN
Kpn I Hind III R R
Nos 258 bp, (3000 bp)
Nos+Glutl (1700 bp)( 3B),
A B 1 2 3 4
3000 bp
1737 bp—» 2000 bp
258 bp—» <«—300 bp

3 EE#H K pMDGN RIEEI £ E

Fig. 3 Restriction analysis of recombinant pMDGN. (A) PCR
production of Nos gene. 1: Nos; 2: DNA marker, Sangon
GeneRuler™ DNA Ladder mix. (B) Identification of
recombinant vector pMDGN. 1, 2: digestion of vector with Kpn I
and Hind III; 3: DNA marker, Sangon GeneRuler™ DNA
Ladder mix; 4: plasmid control.

2.2.2 DCA
(PMDDGN)
PCR , DCA
1400 bp , pMDGN ,
pMDDGN Kpnl Sacl ,
pMDGN DCA (1369 bp),

4,
A B
5000 bp—
1500 bp— B
1369 bp— <—1500 bp

B4 FH#HK pMDDGN HIEEY] K E

Fig. 4 Restriction analysis of recombinant pMDDGN. (A)
PCR production of DCA promotor. 1: DCA; 2: DNA marker,
Sangon GeneRuler™ DNA Ladder mix. (B) Identification of
recombinant vector pMDDGN. 1: DNA marker, Sangon
GeneRuler™ DNA Ladder mix; 2, 4: plasmid control; 3, 5:
digestion of vector with Kpn I and Sac I.

2.3 BFHEFRIEH K pMDDGN-Bar i

Hind III G12 ,
Bar 2000 bp(  5A) Bar , ,
pMDDGN ,
pMDDGN-Bar, , 2
pMDDGN (5700 bp) Bar( 2000 bp)(
5B), ,
A
2000 bp —
P 6000 bp
2000 bp

5 RFERIEHIK pMDDGN-Bar RyfiE

Fig. 5 Construction of heterotrophic expression vector
pMDDGN-Bar. (A) Digestion of plasmidG12. 1: DNA marker,
Sangon GeneRuler™ DNA Ladder mix; 2: digestion of G12
with Hind III; 3: plasmid control. (B) Identification of
heterotrophic expression vector pMDDGN-Bar. 1: plasmid
control; 2: digestion of pMDDGN-Bar with Hind III; 3: DNA
marker, Sangon GeneRuler™ DNA Ladder mix.

2.4 BHEFRIEHIK G5GIutl-Bar ByHgiE
, PCR Glutl G5

Sacl , (
5000 bp), G5-Glutl,
6A Bar

Smal

Journals.im.ac.cn

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



396 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

March 25, 2009 Vol.25 No.3

G5Glutl-Bar
(6500 bp)

HindIlI ,
Bar(2000 bp)(  6B),

6 HFRILFHIK G5Glutl-Bar BIHE

Fig. 6  Construction of heterotrophic expression vector
G5Glutl-Bar. (A) Digestion of recombinant vector G5Glutl
with Hind III. 1: digestion of G5Glutl with Hind IIT; 2: DNA
marker, Sangon GeneRuler™ DNA Ladder mix. (B)
Identification of heterotrophic expression vector G5Glutl- Bar.
1: plasmid G5Glutl-Bar; 2: digestion of G5Glutl-Bar with
Hind III; 3: DNA marker, Sangon GeneRuler™ DNA Ladder mix.

2.5 FLEIRRYTFIE

pMDDGN-Bar  G5Glutl-Bar
) 6 pg/mL
PPT , 1 , ,

; 7

B 7 EEERERIRTEIE

Fig. 7 Liquid selection of transformed D. salina with PPT.
1: transformants with pMDDGN-Bar; 2: transformants with
G5Glutl-Bar; 3: wild-type D. salina.

26 HLEHNERE

RNA, cDNA,
cDNA , Glutl
PCR
, PCR
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Fig. 8 PCR identification of transformed algal strains. I:
pMDDGN-Bar; 2: G5Glutl-Bar; 3: wild-type D. salina; 4:
D2000 marker.
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= [ ref INMO06516.1 |1 Homo sapiens solute carrier family 2 (facilitated glucose transporter),
member 1 (SLC2AT1), mRNA

Length=2856

Score = 490 bits  (265). Expect =3e-136

Identities = 265/265 (100%), Gaps =0/262 (%)

Strand = Plus/Plus

Query 1 AGGCTTCGTGCCCATGTATGTGGGTGAAGTGTCACCCACAGCCTTTCGTGGGGCCCTSss 60
. [N RN RN RN AN RN RN 649
Sbjct 590 AGGCTTCGTGCCCATGTATGTGGGTGAAGTGTCACCCACAGCCTTTCGTEGGGCCCTGOG
Query 6] CACCCTGCACCAGCTGGGCATCGTCGTCGGCATCCTCATCGCCCAGGTGTTCGGCCTGGA 120
BEELERR R e i et rerernrrnerntnn
Shjct 630 CACCCTOCACCAGCTEGGCATCGTCETCGGCATCCTCATCGCCCAGSTETTCGGCCTGGA 709

Quer}.’ 1 2 ] CTCCATCATGGGCAACAAGGACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGGC l 80
. IR N N N NN RN R RN RN AR RN
Sbjct 710 CTCCATCATGGGCAACAAGGACCTGTGGCCCCTGCTGCTGAGCATCATCTTCATCCCGSE 769
Query 18] CCTSCTGCAGTECATCGTGCTGCCCTTCTGCCCCEAGAGTCCCCGCTTCCTGCTCATCAL 240
[N RN N NN NN RN AR RRY
(;bjct ‘?70 CCTGCTGCAGTGCATCGTGC TGCCCTTC TGO CCCGAGAGTCCCCGCTTCCTGCTCATCAA 829
Query 24] CCGCAACGAGGAGRACCGGGCCAAG 265

Shict 830 LLLLAMLALLLLMLLLLLIILL oo)

B9 #{LEMkH Glutl EEHY Blast 247

Fig. 9 Blast analysis of Glutl gene in transformed algal strains.
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Fig. 10 Commercially important metabolic pathways in microalgae®’.
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