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Cloning and Functional Analysis of Enoyl-CoA Reductase Gene BNnECR from
Oilseed Rape (Brassica napus L.)

NI Yu, ZHANG Fei-Cui, WANG Ya-Chao, PU Fei, WANG Rui, CHAI You-Rong, and LI Jia-Na

College of Agronomy and Biotechnology, Southwest University, Chongging 400715, China

Abstract: Very-long-chain fatty acids (VLCFAs) are critical components found in cuticular waxes, sphingolipids and triacylglyce-
rols in higher plants. Biosynthesis of VLCFAs is catalyzed by the fatty acyl-CoA elongase, a membrane-bound enzymatic com-
plex containing 3-ketoacyl-CoA synthase (KCS), 3-ketoacyl-CoA reductase (KCR), 3-hydroxacyl-CoA dehydratase (HCD), and
trans-2,3-enoyl-CoA reductase (ECR). In this research, primers were designed based on multiple alignments of trans-2,3-
enoyl-CoA reductase (ECR) gene sequences from Arabidopsis thaliana, and the full- length cDNA, here designated BnECR, and
the corresponding genomic sequences were isolated from Brassica napus by using rapid amplification of cDNA ends (RACE)
method (GenBank accession No. FJ899705 and No. FI899705). The sequence of BhnECR ¢cDNA was 1 328 bp (excluding the poly
dA tail), and the corresponding genomic sequence was 2 093 bp. BnECR was composed of four exons and contained a 163 bp 5'
untranslated region (5' UTR) and a 233 bp 3' UTR. The deduced BnECR protein was 310 amino acid in length, with a MW of
735.78 kD and a pl of 9.52. The critical functional sites K44 and Rjys in AtECR were unchanged in BnECR. The
G5SGGYQIPR/HG,34 which presented a non-classical NADPH-binding motif was found in C-terminal of BnECR. NCBI Blastn,
multiple alignments and conserved domain search showed that BnECR had the highest homology to A. thaliana AtECR. RT-PCR
analysis showed that BnECR was ubiquitously expressed in B. napus and preferentially expressed in stem. The transcript level of
BnECR at middle and late stages of seed development in low erucic acid rapeseed cultivar was obviously lower than that in high
erucic acid rapeseed cultivar, suggesting that BnECR was involved in biosynthesis of erucic acid. The 933 bp BnECR ORF was
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subcloned into the yeast-E. coli shuttle vector pYES2.0. And then the recombinant plasmid was transformed into Saccharomyces
cerevisiae wild type strain By4743 and mutant strain YDLO15c, respectively. With galactose as inducer, the transformant was
cultured to induce the expression of BNECR. The GC result indicated that BhnECR was overexpressed effectively in S. cerevisiae,
and the content of erucic acid reached to 1.34% of the total fatty acid in the recombinant strain, an increase of 52% over the con-
trol. Functional complementation of BNnECR in a ECR-deficient mutant yeast demonstrated that with BnECR mediated the biosyn-
thesis of VLCFAs. Our results suggest that BNECR should be functional orthologue of AtECR.

Keywords: Brassica napus L; Enoyl-CoA reductase; Cloning; Erucic acid; Saccharomyces cerevisiae
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Table 1 Sequences of primers for BnECR isolation and expression
Primer Sequence (5'—3") Application
3'-P GCTGTCAACGATACGCTACGTAACG 3"-RACE
Kit primer for 3'-RACE primary amplification
3'-NP CGCTACGTAACGGCATGACAGTG 3'-RACE
Kit primer for 3'-RACE nested amplification
FECR3-1 CCTTCAGATGAAGATTGGTTTCGGG 3'-RACE
Gene-specific primer for 3’-RACE primary amplification
FECR3-2 TGGCTAGGATTCAACATCGCTACTCAGAC 3'-RACE
Gene-specific primer for 3-RACE nested amplification
5'-P CGACTGGAGCACGAGGACACTGA 5'-RACE
Kit primer for 5'-RACE primary amplification
5'-NP GGACACTGACATGGACTGAAGGAGTA 5-RACE
Kit primer for 5'-RACE nested amplification
RECRS-1 CAAACCAAACCAAACCCGAAACC 5'-RACE
Gene-specific primer for 5-RACE primary amplification
RECRS5-2 ATCCGTTTGAAGTAGTGAAAGCACCAGTAG 5-RACE
Gene-specific primer for 5'-RACE nested amplification
FECR AGTTAGTTAGTTGTCCTACTCCCAACTACACAAC
Upstream gene-specific primer for amplifying full-length cDNA of
BnECR gene
RECR GGCAAAATGTTTTGAGTTTGACTTACCA
Downstream gene-specific primer for amplifying full-length cDNA of
BnECR gene
F26S CACAATGATAGGAAGAGCCGAC RT-PCR
Upstream primer for amplifying 26S rRNA gene
R26S CAAGGGAACGGGCTTGGCAGAATC RT-PCR
Downstream primer for amplifying 26S rRNA gene
FECRO AGAGCTCATGAAAGTCACCGTCGTCTCCCGC BnECR
Upstream primer for amplifying BhECR ORF
RECRO  ATCTAGACTACAGGAATGGAGGTAAGATCACCC BnECR

Downstream primer for amplifying BhnECR ORF
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Fig. 1 Schematic structure of BhECR
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The black boxes indicate the exons. The black lines between the black boxes indicate the introns. UTR: untranslated region.
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Fig. 2 Deduced amino acid sequence of BnECR compared with sequences of related proteins

BnECR (GenBank ACR56737) AtECR(NP_191096) GhECRI1(ABV60088)
GhECR2(ABV60089) NbECR(AAY17262) ScTSC13(NP_010269) ,
; BnECR AtECR *  ECR
, NAD(P)H

Amino acid sequence of BnECR (GenBank accession No. ACR56737) was aligned with orthologues AtECR from A. thaliana (NP_191096),
GhECR1 and GhECR2 from Gossypium hirsutum (ABV60088 and ABV60089), NbECR from Nicotiana benthamiana (AAY17262) and
ScTSC13 from Saccharomyces cerevisiae (NP_010269). Identical, conservative, and non-similar residues are denoted by black shading, grey
shading, and white background respectively. Residues in BnECR preferentially similar to AtECR are underlined. In the consensus line, the
critical functional sites are marked by the asterisks and the NADPH-binding region is underlined.
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Fig. 3 Phylogenetic tree of BnECR protein and ECR proteins
from other species established by Bootstrap neighbor-joining

Calculated relative distance values are shown in parentheses
following molecule names.
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Fig. 4 Expression pattern of BnECR in different rapeseed
organs
M: DL2000 DNA marker; Ro: ; St ; Le: ; FI: ; Si:

( 30d); 26S rRNA:

M: DL2000 DNA marker; Ro: roots; St: stems; Le: leaves; FI:
flowers; Si: siliques of 30 days after flowering; Simultaneous de-
tection of 26S rRNA gene expression was used as internal control.

2.4 BnECR
FECRO/RECRO

cDNA PCR s

>

pYES2.0 Sacl Xbal )
s DH5a,
Amp LB ,
, PCR ,
pYBnECR pYES2.0
pYBnECR
BY4743 YDLO15¢ SC-Ura
YBnECR,
) GC )
6 )
, Cl6 C18
, 18
(C22:1) BY4743
, (C22:1)
1.34%, 1.52 (P<0.05)
BnECR YDLO15¢
, (C22:1)
0.96%, 4.17 ,
(P<0.05)
BnECR
83501R 2821R

10d 25d 40d 55d M 10d 25d 40d 55d

BnECR

m é S ! "‘e II\II/1

5 BnECR #E&. EFBHMRAELZEMBEMFHIRIE
Fig. 5 Expression of BnECR during high erucic acid rapeseed
cultivar and low erucic acid rapeseed cultivar seed development

M: DL2000 DNA marker; 10 d: 10d ;25 d:
25d ;40 d: 40 d ;55d: 55d ;
83501R: ; 2821R: ; 26S rRNA:

M: DL2000 DNA marker; 10, 25, 40 and 55 d: seeds of 10, 25, 40,
and 55 d after flowering, respectively. 83501R: high erucic acid
rapeseed; 2821R: low erucic acid rapeseed. Simultaneous detec-
tion of 26S rRNA gene expression was used as internal control.
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Fig. 6 Gas chromatographic analyses of fatty acid methyl esters prepared from transgenic yeast cells compared with cells containing
empty vector as the control
BY4743;C D:
YDLO15¢
A and B: S. cerevisiae wild type strain BY4743 yeast cells transformed with the empty vector pYES2.0 and the construct pYBnECR, respec-
tively; C and D: S. cerevisiae mutant strain YDLO15c yeast cells transformed with the pYES2.0 and the construct pYBnECR, respectively.
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