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1.2 5 RNA )32l K mRNA 899 & QIAGEN Oligotex” mRNA Kit
Unizol 24'h  Thraustochytrium mRNA
sp. FIN-10 RNA ; 1.3 RT-PCR ¥ BEKEEERTE
Unizol, , : CLUSTAL X 1.8 C18-A° (C20-A°
, 0.8 , 75 % ,
DEPC(diethypyrocarbonate, 2 (1, RNA ,
) , RT-PCR

R A6/AS EKEERE FF514
Table 1 Degenerate primers for RT-PCR

Primers Length/bp SD Sequence(5'— 3')

A6 E6F1 23 F AARATHTGGGARTGGTTYGAYAC
elnogase E6R2 23 R AACTGGACNADCTGNARCTGSGT
A5 ESF1 20 F TCATGGGGGSCTTKGTCGAT
elnogase E5R1 20 R GGGTDGTCGCAGGGGTTKTA

SD: Synthesis direction; F: Forward; R: Reverse;R: Gor A; N: AorTorCorG; D: GorAorT; Y: TorC; S: GorC; K: Gor T

1.4 SuperScript Reverse Transcription PCR (NGSP), RACE( 2) UPM
RNase-free PCR , 4 mg mRNA A6-5"GSP  A5-5' GSP 5'RACE,

Oligo dTs (5'-GAGAGAGAGAGAGAGAGA NUP  A6-5NGSP A5-5' NGSP
GAACTAGTCTCGAGTTTTTTTTTTTTTTTTTT-3'), PCR: UPM  A6-3' GSP A5-3' GSP
70°C 10 min, Sxfirst strand buffer 3' RACE NUP A6-3' NGSP A5-3'
DTT dNTP RNase inhibitor, 42°C 2 min NGSP PCR

,427C 50 min; 70°C, 15min , PCR . 53

PCR PCR £ 94C 3 min; 94C 30s, A6 A5 ( 3)
57°C 30s, 72°C 3min, 30 ; 72°C 7min PCR T Easy Vector , E.coli
1.5 3'. 5'-rapid amplification of ¢cDNA ends (RACE) DHI0B, MI13
A6 AS , , Phrep-Cross_match-Phrap
5! 3’ (GSP)
%2 RACE3|#
Table 2 Primers for RACE

Primers Length/bp Sequence(5'— 3')

UPM

Long 45 CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

Short 22 CTAATACGACTCACTATAGGGC

NUP 25 AAGCAGTGGTATCAACGCAGAGT

A6-5" GSP 25 TTCGGGAATGGGCGGAAGTAGTGCG

A6-5" NGSP 25 CGACGCCGTACTTGATGGACGAGAG

A6-3" GSP 25 GCTCCGCTTCCTGCACGTCTTGCAC

A6-3' NGSP 25 ACGACCTTTTGGCTCTACGCCATCG

A5-5" GSP 24 AGGATGGTAGAGAAGTAGGCGTCG

A5-5" NGSP 24 TGCTTCCACTTCTTGCCGAGGATC

A5-3" GSP 24 CCAGGCATACCTCGGCGGCTACAA

AS-3" NGSP 24 TGGAGAAGGGCACCGAGTCGCACG

UPM: Universal Primer A Mix; NUP: Nested Universal Primer A; 3’ GSP: Gene-Specific primer for 3’ RACE; NGSP: Nested
Gene-Specific primer
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T3 A6AS EKREEL KT IESIH
Table 3  Full length primers forA6/AS elongase

Primers Length/bp SD Sequence(5'— 3) Tu/
A6Full-1 24 F ATGATGGAGCCGCTCGACAGGTACA 80
A6Full-2 24 R CTATGCCTTCTTGGTTTTTGCGGGC 79
ASFull-1 22 F ATGGACGTCGTCGAGCAGCAAT 76.8
A5Full-2 24 R TTAGATGGTCTTCTGCTTCTTGGGC 74.2
1.6 EAKBEZS (8 RN L 4 4 Consensus ;
TR(Hidden markov model for local sequence- 1.7 A6/A5 IEKEERIEFIRAFE
motif, ) Bl Rosetta . A6/AS
(6] 7.8, ’ ’ 5
) ) Hind 1II , 5'
, Xba 1 ( 4 RT
ClustalX 1.8  CI8-A° (20-A° , PCR , A6 A5
AS A6 A9 , ORF(Open reading frame, )
Mega 4 (Molecular Evolutionary Genetics , pYES2
Analysis, Version 3.0) 1000 , , pYTFD6 pYTFDS5( 1),
(Neighbor-Joining) o1 E.coli ToplO, ,

R4 A6/A5S RIEFIHY
Table 4 Expressed primers forA6/AS elongase

Primers Length/bp SD Sequence(5'— 3') Tl
A6Express-1 33 F CCCAAGCTTACCATGGTGGAGCCGCTCGACAGG 88.6
A6Express-2 32 R GCTCTAGACTATGCCTTCTTGGTTTTTGCGGG 825
ASExpress-1 31 F CCCAAGCTTACCATGGATGTCGTCGAGCAGC 85.3
A5Express-2 32 R GCTCTAGATTAGATGGTCTTCTGCTTCTTGGG 81.3

Underlined sequence indicated start or stop codon; italic sequence indicated Hind Il or Xba I site

start of transcription

GAL1 T7 TEDS/TFD6  CcyCl TT pUC Ori  Ampicillin -~ URA3  2u Ori f1 Ori

Hind T ATG TAA  Xbal Bel | Apal Nhel Clal SnaB 1

PGALL o 4 T

TFD6/5 ORF

Xba 1

URA3

Ampicillin

Bl 1 pYTFD6/D5 RikHikry#iE
Fig. 1 Construction of pYTFD6/DS5 Vectors.
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S.cerevisiae INVScl
SC-U(Synthetic minimal medial without uracil, 2%
) ODgpy 0.4 2 , 1
Tergitol type NP-40, 300 umol/L GLA(C18:3n-6)
EPA(C20:5n-3), 25C 60h
1.8 RRAAEE 9> #R

, , 1.5mL 10M

HCl , , 80T 1h;
1.5mLHCI-CH;0H(1.25 Mol/L), 2min, 60C

3h; 2 mL , 1 min,
(200xg), :

, 100 puL , (o)

GLA EPA

(6890N, America), FID ,
HP-INNOWax polyethylene glycol (30.0

mx0.32 mmx0.50 pm)

150C Imin, 150 200C(15C/min), 200°C

250C(3C/min), 250°C Smin
280°C , 20 mL/min
2 ERWAH
21 EREERARE
2.1.1 A6 : E6F1  E6R2 RT-PCR
242 bp , 5" RACE 520 bp , 3
RACE 350 bp ,5RACE  3'RACE
phrap , 60 bp,
cDNA A6Full-1 A6Full-2
816 bp A6 (GenBank Ac-
cession No: DQ299828) EMBOSS pepstats

Thraustochytrium sp. FIN-10 A6

(TED6)271 ,
31.3 kDa, 9.26 TFD6 151~157
FLHXXHH , C
(-KK-)
2.1.2 A5 : E5F1  E5R1 RT-PCR
535 bp , 5" RACE 430 bp , 3
RACE 400 bp ,5'RACE 3'RACE
, 121 bp,
ASFull-1  A5Full-2 831 bp AS
(GenBank Accession No: DQ299827)
Pepstats A5 276

, Thraustochytrium sp. FIN-10 A5
(TFD5) 31.9 kDa, 8.8 TFD5
152~158
FLHXXHH , C
(-KK-)
2.2 ERAKMESR
Kyte-Doolittle TFD6 TFDS5
(i ,TFD6 TFD5
, ELO ,
N- C- 5 7
23 EKEBEAERSN
expasy TMHMM (http://www.cbs.
dtu.dk/servicessTMHMM-2.0/) TFD6 TFDS5
, , TFD6 TFD5
, TFD6 5
7 ; TFD6
,  TFD5

2.4 TFD6. TFD5 =5 8] Z5# 71N

, TFD5

(PDB) ¢ TFD6 TFD5

: (<10 %),

HMMSTR

TFD6 TFD5
TFD5 B-

Rosetta ,
TFD6

FLHXXHH

, HXXHH

2.5 EREBEERFIOHN

Blast ,
, Thraustochytrium
(17.1%  35.7%),
Thraustochytrium A5
(55.7% 99.2%) Thraustochytrium FIN-10 TFD6
TFD5 21.8%,

s s

Thraustochytrium FIN-10 A6 A5
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GenBank A6 A5 (
, TFD6 TFDS5 ,
HXXHH PUFA
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Fig. 2 Sequence comparison of A6 A5 elongase. Red box indicated conserved histidine-rich motif. TFD5: Thraustochytrium sp.FIN-10 A5
Elongase(DQ299827). TsD5: Thraustochytrium sp. A5 Elongase(CAI58898). TaD5: Thraustochytrium aureum A5 Elongase(CAI58889). EgD5:
Euglena gracilis A5 Elongase(CAJ30861). TFD6: Thraustochytrium sp.FIN-10 A6 Elongase(DQ299828). ThD6: Thraustochytrium A6
Elongase(CAI58871). OtD6: Ostreococcus tauri A6 Elongase(CAI58897). PiD6: Phytophthora infestans A6 Elongase(CAF05416)

2.6 EAEGHMUH DT

N-J
3 , N-J
A5 A6 A9 TFD6
Thraustochytrium A6 ,
C18:3n-6 C20:3n-6 TFDS5
Thraustochytrium sp. A5 ,
C20:5n-3 C22:5n-3 ;
( Thraustochytrium sp.FIN-10 A5
A6 , Ostreococcus tauri A5 A6 )

( Xenopus laevls Clona intestinalis A5

, Thraustochytrium sp.FIJN-10
),

Thraustochytrium
aureum A5

bl

2.7 EEBRIEHIK pYTFD5/D6 R E
FIF HindIll Xba I TED6 TFD5

pYES2 PCR
,pYTFD5 pYTFD6
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Ostreococcus tauri Delta-5-Elongase (gi|76059294)
|ﬂ| 68! Ostreococcus tauri Delta-5-Elongase (gi| 76059282)
Ostreococcus tauri Delta-5-Elongase (gil 76059292) Ostreococcus tauri
Ostreococcus tauri Delta-5-Elongase (gi|76059290) \ Delta-5-Elongase
Ostreococcus tauri Delta-5-Elongase (gi| 76059328)
Ostreococcus tauri Delta-5-Elongase (gi|76059406)
Xenopus laevis Delta-5-Elongase (gi| 76059300)
Ciona intestinalis Delta-5-Elongase (gi 76059332) } Delta-5-Elongase
98 Xenopus laevis Delta-5-Elongase (gi| 76059330)
Thraustochytrium sp. Delta-5-Elongase (gi/60220798)
73 Thraustochytrium sp. Delta-5-Elongase (gi|76059298)
O\ hraustochyirium sp.FIN-10 TFDS (gi83416663)
Tbrau.vroch}.frmm aureum Deha—S—Elaﬁglsc (gi|60220?80)
100 ' 7hyaustochytrium aureum Delta-5-Elongase (gi/76059280)
Ostreococcus tauri Delta-6-Elongase (gi|60220796) \
Phaeodactylum tricornutum Delta-6-Elongase (gi|55163950)
Phaeodactylum tricornutum Delta-6-Elongase (gi|55163967)
100 | physcomitrella patens Delta-6-Elongase (gi|52748008)
Physcomitrella patens Delta-6-Elongase (gil40781922)
57 ] Mortierella alpina Delta-6-Elongase (gil40781948) } Delta-6-Elongase
| Phvtophthora infestans Delta-6-Elongase (gil40781938)
100 1 ppytophthora infestans Deha-6-Elongase (gi60220746)
Mortierella alpina Delta-6-Elongase (gil40781944)
Thraustochytrium Delta-6-Elongase (gi|76059244)

100

89

Thraustochytrium

70l T00 Delta-5-Elongase

Thraustochytrium Delta-6-Elongase (gil60220744) Thraustochytrium
88 ) Delta-6-Elongase
T00 l_Thrm.r.n‘ocl'_r_l_!n'fum Delta-6-Elongase (gi40781924) )
— Thraustochytrium sp.FIN-10 TED6 (gi83416665)
— Arabidopsis thalian Delta-5-Elongase (gi76059348)

100 L—— 4rabidopsis thalian Delta-5-Elongase (gil76059350)
r Euglena gracilis Delta-5-Elongase (gi|76059344)
1001 Euglena gracilis Delta-5-Elongase (gi|76059346)
Rattus norvegicus Fatty acid elongase 2 (gi81871591)
5] Isochrysis galbana Delta-9-Elongase (gi|60220718)
100 |I.s-ochrjv.~.'£s galbana Delta-9-Elongase (gil76059218)
Isochrysis galbana Delta-9-Elongase (gil50831504)
3 EKEGFHWRS T
Fig. 3 Phylogenetic analysis of elongases. Numbers at the nodes indicate the confidence level from 1000 replicate bootstrap samplings. The
scale bar indicates the 0.1 evolutionary distance unit. Numbers in bracket refer to GenBank accession number.

Isochrysis galbana
Delta-9-Elongase

s 1
2.8 TFD6. TFD5 INAEEE 3 Wi

, GLA EPA , Thraustochytrium sp.FIN-10 TFD6 TFD5
pYES2 , ,

4 , GLA R R ,
pYTFD6
DGLA(Dihomo-y-linolenic aicd, , , GLA EPA , ,
C20:3n-6) EPA |, pYTFDS5 ,

DPA(Docosapentaenoic , Thrauustochytrium

acid, , C22:5n-3) , C18:0 C18:1n-9 C18:2n-6 (C20:3n-6 C20:4n-6
TFD6 TFD5 C18:3n-6  C20:5n-3 C20:5n-3 (C22:5n-3 C22:6n-3041%17]

TFD6 TFDS5
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| | A 0
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Fig. 4 Gas chromatograms of fatty acid methyl esters extracted from transformed yeast containing pYTFD6 and .pYTFDS5.A: GLA standard
esters; B: without pYTFD6; C: with pYTFD6; D: EPA standard esters; E: without pYTFDS5; F: with pYTEFDS
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Cloning and expression of two elongase genes involved in the biosynthesis of
docosahexaenoic acid in Thraustochytrium sp. FIN-10

Xianzhang Jiang, Lina Qin, Baoyu Tian, Zhengyu Shu, Jianzhong Huang

(Engineering Research Center of Industrial Microbiology, Ministry of Education, Fujian Normal University, Fuzhou 350108, China)

Abstract: Docosahexaenoic acid (DHA C22:6n-3), a typical long chain polyunsaturated fatty acids (PUFAs) has many
positive effects on diseases such as artherosclerosis, hypertriglyceridemia, hypertension and cancers. Marine fungi,
especially Thraustochytrium spp. producing much DHA can serve as model organisms for explaining the mechanism on
the biosynthesis of PUFA. We described two elongase genes (TFD6 and TFDS) involved in the biosynthesis of DHA in
Thraustochytrium sp. FIN-10 was cloned by using reverse transcription PCR and rapid amplification of cDNA ends. TFD6
cDNA was 816 bp in length and encoded a protein of 271 amino acids. TFD5 ¢cDNA was 831 bp in length and encoded a
protein of 276 amino acids. Transmembrane analysis revealed that TFD6 contained five transmembrane domains while
TFDS5 contained seven. Tertiary structures of TFD6, TFDS elongases were predicted by HHMMSTR (Hidden markov
model for local sequence-structure) model and Rosetta program. Alignment of TFD6, TFDS with other elongases showed
that both of them shared an HXXHH conserved histidine-rich motif. Phylogenetic analysis showed that TFD6 was the
closest to Thraustochytrium A6 elongase, while TFD5 was the closest to Thraustochytrium sp. A5 elongase. TFD6 and
TFD5 were subcloned into the Hind Ill/Xba [ restriction site of pYES2 vector respectively. Recombined plasmids were
transformed into Saccharomyces cerevisiae using lithium acetate method. Gas chromatography analysis showed that TFD6
could elongate C18:3n-3 to C20:3n-3 while TFD5 could elongate C20:5n-3 to C22:5n-3.

Keywords: polyunsaturated fatty acid; docosahexaenoic acid; thraustochytrium; elongase; cloning; expression
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