Biochemical and Biophysical Research Communications 443 (2014) 389-394

Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Scd1 mammary-specific vector constructed and overexpressed in goat
fibroblast cells resulting in an increase of palmitoleic acid and oleic acid

CrossMark

Lizhong Wang, Jihao You, Bushuai Zhong, Caifang Ren, Yanli Zhang, Li Meng, Guomin Zhang,
Ruoxin Jia, Shijia Ying, Feng Wang *

Jiangsu Livestock Embryo Engineering Laboratory, Nanjing Agricultural University, Nanjing 210095, China

ARTICLE INFO ABSTRACT

Article history:
Received 19 November 2013
Available online 2 December 2013

Stearoyl-CoA desaturase-1 (Scd1) is a rate-limiting enzyme in the biosynthesis of monounsaturated fatty
acids. Overexpression of Scd1 in transgenic animals would modify the nutritional value of ruminant-
derived foods by increasing the monounsaturated fatty acid (MUFA) and decreasing the saturated fatty
acid (SFA) content. The aim of this study was to develop an effective Scd1 vector that is specifically
expressed in dairy goat mammary glands. We successfully amplified the goat full length Scd1 cDNA
and evaluated its activity in goat ear skin-derived fibroblast cells (GEFCs) by lipid analysis. In addition,
we constructed a mammary gland-specific expression vector and confirmed efficient expression of
Scd1 in goat mammary epithelial cells (GMECs) by qRT-PCR and Western blot analysis. Fatty acid analysis
showed that Scd1-overexpression resulted in an increase in levels of palmitoleic acid (16:1n-7) and oleic
acid (18:1n-9), from 1.73 £ 0.02% to 2.54 + 0.02% and from 27.25 + 0.13% to 30.37 + 0.04%, respectively
(both p < 0.01) and the ratio of MUFA to SFA was increased. This work lays a foundation for the generation
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of Scd1 transgenic goats.
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1. Introduction

Stearoyl-CoA desaturase-1, a membrane-bound protein of the
endoplasmic reticulum that is encoded by the Scd1 gene, has re-
cently been identified as one of the major enzymes in the control
of lipid metabolism [1,2]. SCD1 is a A-9 desaturase that introduces
a cis-double bond at the A-9 position of carbon-14 through
carbon-19 fatty acyl-CoAs to yield the corresponding monounsatu-
rated fatty acids (MUFAs) [3]. SCD1 is also responsible for the con-
version of trans-11 C18:1 to cis9, trans11-conjugated linoleic acid
(CLA), a major isomer of CLA in ruminant-derived foods which
are significant sources of CLA in the human diet [4].

Increasing evidence indicates that excessive intake of saturated
fatty acids (SFAs) leads to cardiovascular disease, insulin resistance
and obesity [5-7]. MUFAs and two major isomers of CLA (cis-9,
trans-11 and trans-10, cis-12) have a range of positive health effects

Abbreviations: Scd1, Stearoyl-CoA desaturase-1; GEFCs, goat ear skin-derived
fibroblast cells; GMECs, goat mammary epithelial cells; MUFA, monounsaturated
fatty acid; SFA, saturated fatty acid; CLA, conjugated linoleic acid.
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including reducing body fat and decreasing the risk of chronic dis-
eases such as cardiovascular diseases and cancers [8-11].

Milk and milk products provide high-quality protein and other
macro- and micronutrients but contribute significantly to total
SFAs in the human diet [12,13]. The nutritional value of milk can
be modified by alteration of the diet management and transgenic
approaches. The fatty acid content in foods can be modified by
gene transfer or increasing the expression of target genes in vivo
[14]. Many studies have focused on increasing the synthesis of n-
3 PUFA (polyunsaturated fatty acid) and reducing the n-6/n-3 ratio
via transgenic technologies [15]. To our knowledge, there is only
one study on increasing MUFA levels in ruminant [16].

To modify the nutritional value of milk by increasing the MUFA
content, we aimed to express Scd1 exclusively in transgenic mam-
mary glands of dairy goats. Firstly, we amplified the goat full
length Scd1 ¢cDNA and demonstrated that the expressed SCD1 pro-
tein possessed A-9 desaturase activity for the conversion of C16:0
to C16:1n7 and C18:0 to C18:1n9. Secondly, mammary gland-spe-
cific expression vector of Scd1 was constructed and its function
was confirmed in GMECs. The ultimate goal of this study in the fu-
ture is that, MUFA-rich milk can be produced from the transgenic
goats with Scd1. In sum, it lays a foundation for the study on the
molecular mechanisms of this gene in lipid metabolism or Scd1-re-
lated signal pathways in the mammary gland, as well as the appli-
cation in animal transgenesis experiment.
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2. Materials and methods

2.1. Construction and assessment of the goat Scd1 eukaryotic
expression vector

The full length cDNA fragment encoding Scd1 (GeneBank No.
AF325499) was amplified from saanen goat lactating mammary
gland tissue. The primers F1/R1 used for the synthesis of Scd1
cDNA, were capped with Xhol sites in the 5’ terminal end to facil-
itate the subcloning of pIRES-EGFP. The synthesized fragment was
inserted into the pMD-19T vector (Takara, China), followed by
sequencing. The Scdl gene was isolated from pMD-SCD1 and

A SCDI1

IRES

inserted into the vector pIRES-EGFP (Clontech, USA) by Xhol site,
followed by enzymatic digestion and partial DNA sequencing.
The plasmid obtained was named pSCD1-EGFP. A schematic repre-
sentation of this vector was shown in Fig. 1A and primers used for
the plasmid construction were listed in Table 1.

2.2. Construction of the goat Scd1 mammary-specific expression vector

The Scd1l cDNA was released by Xhol enzyme (Takara) and
inserted into the same Xhol site of pBC1 (Invitrogen, USA). The ob-
tained vector was named pBC1-SCD1. Loxp-Neo-IRES-EGFP was
amplified from pNeo-IRES,-EGFP vector [17] and inserted into
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Fig. 1. Construction and assessment of pSCD1-EGFP and pBC1-SCD1-LNIE. (A) The synthesized Scd1 was cloned into pIERS-EGFP (Clontech) which has been digested by Xhol
to generate the pSCD1-EGFP vector. (B) DNA construct for Scd1 mammary gland-specific vector with a goat B-casein promoter and dual selectable marker genes Neo and
EGFP. (C) Restriction enzymatic digestion of pSCD1-EGFP. Lanel: Scd1 fragment (1080 bp); Lane 2-4: pMD-SCD1, pIERS-EGFP and pSCD1-EGFP digested by Xhol; Lane 5:
pSCD1-EGFP plasmid, M1: Supercoiled DNA Ladder Marker, M2: DL10000 DNA marker. (D) Restriction enzymatic digestion of pBC1-SCD1-LNIE. Lane 1-3: pMD-SCD1, pBC1
and pBC1-SCD1 digested by Xhol; Lane 4: pBC1-SCD1 plasmid; Lane 5: Loxp-Neo-IRES-EGFP fragment (3114 bp); Lane 6-8: pMD-LNIE, pBC1-SCD1 and pBC1-SCD1-LNIE
digested by Sall; Lane 9: pBC1-SCD1-LNIE plasmid. M1: DL10000 DNA marker, M2: x-Hind III digest DNA marker.

Table 1
Primers for the plasmid construction.

Gene name and DNA fragment Primer sequences

Size of PCR  Annealing
product (bp) temperature (°C)

Scd1 F1: CCGCTCGAGATGCCGGCCCACTTGCTGC 1080 60
R1: CCGCTCGAGTCAGCCACTCTTGCAGCTTTCCTCT
Loxp-Neo-IRES-EGFP F2: GGCGGGTCGACATAACTTCGTATAGCATACATTATACGAAGTTATTAGTTATTAATAGTAATCAATTACGG 3114 65

R2: GTAATGTCGACATAACTTCGTATAGCATACATTATACGAAGTTATTTGGACAAACCACAACTAGAATG




L. Wang et al./Biochemical and Biophysical Research Communications 443 (2014) 389-394 391

Table 2
Primer sequences and conditions used for real-time PCR analysis.

Genes and reference sequences (Genbank No.) Primer sequences

Size of PCR product (bp) Annealing temperature (°C)

Scd1(AF325499)

F: GGCACATCAACTTTACCACATTCTT 120 60

R: TTTCCTCTCCAGTTC CATCC

Gapdh (NM001034034)

F: CGACTTCAACAGCGACACTCAC 119 60

R: CCCTGTTGCTGTAGCCGAATTC

the pMD-19T vector (Takara, China), followed by sequencing. The
primers F2/R2 used for the synthesis of the marker genes,
contained Sall sites and loxp sites in the same orientation in the
5 terminal end, Sall sites were to facilitate the subcloning of
pBC1-SCD1 vector and two loxp sites were used for the deletion
of marker genes (Neo and EGFP). The obtained vector was named
pMD-LNIE. The Loxp-Neo-IRES-EGFP fragment was released by Sall
enzyme (Takara) and cloned into the same Sall site of pBC1-SCD1.
The final vector was named as pBC1-SCD1-LNIE. The plasmids were
confirmed by enzymatic digestion and partial DNA sequencing. The
schematic diagram of this vector was shown in Fig. 1B and primers
used for the plasmid construction were listed in Table 1.

2.3. Cell culture and transfection

Goat ear skin-derived fibroblast cells (GEFCs) were transfected
with pSCD1-EGFP and goat mammary epithelial cells (GMECs)
were transfected with pBC1-SCD1-LNIE plasmid by the Lipofect-
amine™ LTX and PLUS reagent (Invitrogen, USA) according to the
manufacturer’s protocol. The GEFCs were cultured in fresh growth
medium 6 h after transfection, the GMECs were cultured in induc-
tive medium (DMEM-F12 +10% FBS+5 pg/ml insulin +5 pg/ml
hydrocortisone + 10 ng/ml EGF + 5 pg/ml Prolactin). After incuba-
tion for 48 h, the confluent cells were harvested for lipid analysis,
real-time PCR or Western blot analysis.

2.4. Lipid analysis

As previously described, the confluent cells were collected for
fatty acid analysis after 48 h incubated [18,19]. Fatty acid methyl
esters (FAME) were quantified using a GC-2010 Plus gas chromato-
graph (Shimadzu, Japan) with a CP-Sil 88 WCOT fused silica col-
umn (100 m x 0.25 mm i.d. x 0.2 pm film thickness). Peaks were
identified by comparison with fatty acid methyl esters standards
(Sigma) and peak areas of various analyzed fatty acids were used
to calculated relative contents of fatty acids.

2.5. Real-time PCR analysis

Total RNA were isolated from GMECs and T-GMECs (transfected
GMEC) using PureLink® RNA Mini Kit (Invitrogen, USA) according
to manufacturer’s protocol. Real-time PCR was performed on an
ABI 7300 Real-Time PCR System (Applied BioSystems Carlsbad,
CA) and detected by SYBR Green Master in a reaction volume of
20 pl. The Genbank accession numbers and primer sequences used
for amplification of the target genes were presented in Table 2.
Comparative quantification of Scd1 mRNA was done by the “2Ct
method [20].

2.6. Western blotting

Protein were isolated from GMECs and T-GMECs using RIPA Ly-
sis Buffer (Beyotime, China). Western blotting was conducted using
a standard protocol. A primary rabbit anti-SCD1 antibody (1:500,
Santa, CA) and HRP-conjugated GAPDH (1:500, Abcam, USA)
(loading control) were used in the Western blot analysis. Band

intensities were estimated by densitometry and corrected by the
respective GAPDH band intensities [21].

2.7. Statistical analysis

All experiments were repeated at least three times. Results
were expressed as mean *standard error (SEM). Statistically
significant differences were performed using the SPSS software
(version 18.0). Differences of p<0.05 were considered to be
significant.

3. Results
3.1. Construction and assessment of plasmids by restriction digestion

The full length Scd1 cDNA (1080 bp) was amplified from goat
cDNA and the cloned sequence was 100% homologous with the
Scd1 sequence available in GenBank. The Loxp-Neo-IRES-EGFP
fragment was also amplified and the cloned sequence was 100%
homologous with the template. The pSCD1-EGFP plasmid and the
mammary gland-specific plasmid pBC1-SCD1-LNIE was success-
fully confirmed by PCR, restriction enzyme digestion and sequenc-
ing. As predicted, Xhol cleaved pSCD1-EGFP into 5.3-kb and 1.1-kb
fragments (Fig. 1C) and cleaved pBC1-SCD1 into 21-kb and 1.1-kb
fragments (Fig. 1D). Sall cleaved pBC1-SCD1-LNIE into 22-kb and
3.1-kb fragments (Fig. 1D).

3.2. Expression of the Scd1 gene in goat ear skin-derived fibroblast cells

A eukaryotic expression vector for goat Scd1, pSCD1-EGFP, was
successfully constructed and introduced into GEFCs to evaluate the
activity of Scd1 in vitro. Microscopic inspection of cultures under
UV light 24 h post-transfection confirmed expression of EGFP and
indicated that Scdl was successfully co-expressed in the cells.
Real-time PCR analysis confirmed that the relative expression level
of Scd1 was 16.5-fold higher than that in control cells.

GEFCs transfected with pSCD1-EGFP or pIRES-EGFP were sub-
jected to fatty acid analysis. Consistent with the qRT-PCR results,
gas chromatography data showed that overexpression of Scd1 re-
sulted in changes in fatty acid composition (Fig. 3 and Table 3).
Levels of palmitoleic acid (16:1n-7) and oleic acid (18:1n-9) were
markedly increased in the transfected cells compared with the
control (2.54+0.02% vs. 1.73+0.02% and 30.37 +0.04% vs.
27.25 +0.13% respectively, p <0.01). There was no significant in-
crease in cis9, trans11-CLA (p > 0.05), but the concentration of
trans10, cis12-CLA (0.42 £ 0.01% vs. 0.24 + 0.01%) was greatly in-
creased (p<0.01). The amount of total monounsaturated fatty
acids was significantly increased compared with the control
(43.10 £ 0.01% vs. 40.31 £ 0.52%, p < 0.01). In contrast, the amount
of total saturated fatty acids was significantly lower than in the
control (29.41 + 0.33% vs. 31.28 £ 0.45%, p < 0.05). In addition, com-
pared with the control, the conversion ratio of C16:1n-7/C16:0 in
the transfectants increased from 0.10 to 0.14 and the ratio of
C18:1n-9/C18:0 increased from 2.09 to 2.70, both of which were
significant changes (p < 0.01).
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Table 3
Partial fatty acid composition in GEFCs (goat ear skin-derived fibroblast cells)
transfected with pIRES-EGFP or pSCD1-EGFP.

Fatty Acids GEFCs

Control Transfected
C16:0 17.98 £0.37 17.84 £ 0.25
C18:0 13.01£0.19 11.26 £ 0.08"
C16:1n-7 1.73 £0.02 2.54 +0.02**
C18:1n-9 27.25+0.13 30.37 £0.04™
c9, t11 CLA 0.09 + 0.02 0.11+0.00
t10, c12CLA 0.24 +0.01 0.42 +0.01**
C16:1n-7/ C16:0 0.10 £ 0.00 0.14 + 0.00**
C18:1n9/C18:0 2.09 £ 0.04 2.70 £0.02**
MUFA 40.31 £0.52 43.10 £ 0.01*
SFA 31.28 £0.45 29.41+0.33*

Fatty acids composition is presented as a percentage of the total cellular lipids from
the control cells and Scd1 cells. Each value represented the mean + SEM. Significant
differences between the control and Scd1 cells were marked (*p < 0.05; **p <0.01).
Total monounsaturated fatty acids are given by C16:1, C18:1, C20:1. Total saturated
fatty acids are given by C16:0, C18:0, C20:0.

3.3. Induced expression of Scd1 in goat mammary epithelial cells
GMECs were transiently transfected with pBC1-SCD1-LNIE and
the expression of Scd1 was analyzed by real-time PCR and Western
blotting analysis. Inspection of cultures under UV light 24 h after
transfection revealed that the plasmid was successfully introduced

into GMECs (Figs. 2E-H). QRT-PCR analysis showed a 14.1-fold in-
crease in expression of Scd1 in T-GMECs (Fig. 4A). In Western blot

pIRES-EGFP

pSCD1-EGFP

pBCI-LNIE

pBC1-SCDI-LNIE 48

analysis, lysates of both GMECs and T-GMECs reacted positively
with anti-SCD1 antibody. GAPDH was used as a loading control
and protein expression was normalized to GADPH expression
(Fig. 4B). Quantification of signal intensity using IPP 6.0 software
indicated a 7-fold increase in SCD1 protein expression in T-GMECs
compared with cells transfected with the pBC1-LINE control
plasmid (Fig. 4C).

4. Discussion

With increasing awareness of the benefits of lower consump-
tion of SFAs, many studies have focused on increasing the unsatu-
rated fatty acid (UFA) content of our food. In 2004, transgenic goats
carrying the rat Scd1 gene were successfully produced, and which
showed a significant increase of UFAs and cis9, trans11-CLA in milk
[16]. Expression of human Scd1 in 293 cells in vitro resulted in an
increase in levels of CLA and n — 7 fatty acids [22]. In the present
study, we found that Scd1 overexpression significantly up-regu-
lated MUFA and trans10, cis12-CLA in GEFCs. However, the level
of cis9, trans11-CLA was not significantly increased, possibly due
to a lack of additional trans11-C18:1 in the culture media. The level
of C18:0, the substrate of C18:1, was decreased whereas that of
C16:0, the substrate of C16:1, did not significantly decrease. This
difference may stem from their different biosynthesis pathways:
approximately half of the cellular C16:0 can be synthesized de novo
whereas all C18:0 must be provided [3]. The unsaturated/saturated
FA ratios in milk are usually used to estimate the desaturate

Fig. 2. GEFCs transfected with pSCD1-EGFP and GMECs transfected with pBC1-SCD1-LNIE plasmid. EGFP fluorescence was detected at 24 h post transfection. A, C, E, G (x100)
under UV light; B, D, F, H (x100) under bright field. A, B transfected by pIRES-EGFP; C, D transfected by pSCD1-EGFP; E, F transfected by pBC1-LNIE; G, H transfected by pBC1-

SCD1-LNIE.
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Fig. 3. Partial gas chromatogram traces showing fatty acid profiles of total cellular lipids extracted from the GEFCs transfected with pIRES-EGFP or pSCD1-EGFP. The lipid
profiles revealed that the level of C16:1n-7, C18:1n-9 and t10, c12-CLA were significantly increased and the level of C18:0 was markedly decreased in cells transfected by
pSCD1-EGFP, while the level of C16:0 and ¢9, t11 CLA did not have a significant change compared with the control cells (**represent p < 0.01).
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Fig. 4. Induced expression of Scd1 in GMECs. GMECs were transfected with pBC1-
LNIE or pBC1-SCD1-LNIE cultured in induced medium for 48 h. (A) Scd1 mRNA
levels were determined by real-time quantitative PCR in triplicate. The expression
data were normalized to the amount of cellular GAPDH. (B) Whole cell lysates were
harvested and Western-blotting was performed to detect SCD1 expression. GAPDH
served as an internal control. (C) Quantification of relative SCD1 protein level by
gradation analyses. IPP 6.0 software was applied to analyze the gradation of each
band and the relative expression level was normalized to the expression amount of
GAPDH (*p<0.01).

activity of Scd1. In this study, ratios of both 16:1 to 16:0 and 18:1
to 18:0 were increased, but the increase in the 16:1/16:0 ratio was
slightly less than the increase in the 18:1/18:0 ratio. In previous
studies on mammary lipid synthesis, it demonstrated that only a
small proportion of C16:0 was desaturated to C16:1 [23,24] and
C18:0 was the primary substrate for Scd1 in the mammary gland
[3,23].

Transgenic gene expression requires a stable highly-expressed
promoter and regulatory elements. In our current study, the
pBC1 plasmid was used as the vector backbone and carried the 5’
flanking regulation region and 3’ untranslated region of goat B-
casein. The goat B-casein promoter allows expression of the gene
of interest exclusively in lactating mammary glands. The insulator
derived from the chicken B-globin gene suppressed the position

effect and blocked the action of cis-acting regulatory elements on
transgene expression [25].

Selectable marker genes are generally required for the prepara-
tions of donor cells. Once the genes of interest have been trans-
ferred into the genome of donor cells, the marker genes become
unnecessary and undesirable. Moreover, marker genes raise public
concerns on biology and food safety. Thus, it is reasonable to excise
marker genes after they fulfills their function. In the mammary-
specific vector, two loxp sites with the same orientation were
amplified on either side of the selectable marker genes (Neo and
EGFP) to excise the marker genes from the genome [26].

For transgenic livestock production, assessing the function of
the expression vector in vitro can significantly reduce the probabil-
ity of the foreign gene being silenced in offspring [27]. Because the
Scd1 gene was cloned from goat cDNA, we evaluated the efficiency
of the mammary-specific vector by measuring the relative expres-
sion level of Scd1 in GMECs. The data demonstrated that the Scd1
transcript was overexpressed in T-GMECs 14.1-fold and the SCD1
protein was overexpressed in T-GMEC cell lysates 7-fold relative
to the control. These results indicated that the Scd1 mammary-spe-
cific vector was successfully expressed in GMECs.

For the purpose of production of Scd1 transgenic goats, the goat
Scd1 mammary-specific vector was constructed, which homolo-
gously expressed in coordination with the endogenous Scd1. Scd1
functions as a desaturase in GMECs without introducing other
new proteins, which reduces the risk of transgenic food. To our
knowledge, this is the first report on construction of goat Scd1l
mammary-specific vector to increase MUFA content in milk. The
role of Scd1 as a lipogenic enzyme in the synthesis of monounsat-
urated fatty acids is well known. Abnomal expression of Scd1 has
been reported in some diseases, including obesity and cancers
[28]. In our study, we confirmed overexpression of Scd1 did not
cause synthesis of new fatty acids, but it is still unknown whether
overexpression of Scd1 can cause lipid metabolism disorders and
metabolic diseases or not.

In conclusion, we successfully amplified goat Scd1 ¢cDNA and
demonstrated that its expression could change the fatty acid com-
position in GEFCs. We further showed that a mammary-specific
vector could be used to effectively express Scdl in GMECs.
Therefore, this work lays a foundation for both the production of
transgenic dairy goats and study of the role of Scd1 in lipid
metabolism in the mammary gland.



394 L. Wang et al./Biochemical and Biophysical Research Communications 443 (2014) 389-394

Acknowledgments

This study was financially supported by the National Major
Special Projects on New Cultivation for Transgenic Organisms
(Nos. 2013ZX08008-004, 2013ZX08008-003) and Fundamental
Research Funds for the Central Universities (KYZ201211).

References

[1] ES. Heinemann, J. Ozols, Stearoyl-CoA desaturase, a short-lived protein of
endoplasmic reticulum with multiple control mechanisms, Prostaglandins,
Leukotrienes Essent. Fatty Acids 68 (2003) 123-133.

[2] M.T. Flowers, J.M. Ntambi, Role of stearoyl-coenzyme A desaturase in
regulating lipid metabolism, Curr. Opin. Lipidol. 19 (2008) 248-256.

[3] J.M. Ntambi, M. Miyazaki, Regulation of stearoyl-CoA desaturases and role in
metabolism, Prog. Lipid. Res. 43 (2004) 91-104.

[4] H. Steinhart, R. Rickert, K. Winkler, Identification and analysis of conjugated
linoleic acid isomers (CLA), Eur. J. Med. Res. 8 (2003) 370-372.

[5] D.IL Givens, Milk and meat in our diet: good or bad for health?, Animal 4 (2010)
1941-1952

[6] C.M. Reynolds, F.C. McGillicuddy, K.A. Harford, O.M. Finucane, K.H. Mills, H.M.
Roche, Dietary saturated fatty acids prime the NLRP3 inflammasome via TLR4
in dendritic cells-implications for diet-induced insulin resistance, Mol. Nutr.
Food Res. 56 (2012) 1212-1222.

[7] SJ. Choi, F. Kim, M.W. Schwartz, B.E. Wisse, Cultured hypothalamic neurons
are resistant to inflammation and insulin resistance induced by saturated fatty
acids, Am. J. Physiol. Endocrinol. Metab. 298 (2010) E1122-1130.

[8] L Larsson, A. Lindroos, T.C. Lystig, I. Naslund, L. Sjostrom, Three definitions of
the metabolic syndrome: relations to mortality and atherosclerotic morbidity,
Metab. Syndr. Relat. Disord. 3 (2005) 102-112.

[9] A.L. Lock, D.E. Bauman, Modifying milk fat composition of dairy cows to
enhance fatty acids beneficial to human health, Lipids 39 (2004) 1197-1206.

[10] KW. Wahle, S.D. Heys, D. Rotondo, Conjugated linoleic acids: are they
beneficial or detrimental to health?, Prog Lipid. Res. 43 (2004) 553-587.

[11] A. Dilzer, Y. Park, Implication of conjugated linoleic acid (CLA) in human
health, Crit. Rev. Food Sci. Nutr. 52 (2012) 488-513.

[12] K. Shingfield, M. Bonnet, N.D. Scollan, Recent developments in altering the
fatty acid composition of ruminant-derived foods, Animal 7 (Suppl. 1) (2013)
132-162.

[13] J.A. Rivera, C. Hotz, T. Gonzalez-Cossio, L. Neufeld, A. Garcia-Guerra, Animal
source foods to improve micronutrient nutrition and human function in
developing countries, J. Nutr. 133 (2003) 4010S-4020S.

[14] L. Martinelli, M. Karbarz, I. Gribaudo, C. Lopes, P. Martins-Lopes, Gene Transfer
and Modulation for the Production of Food with Enhanced Quali-Quantitative
Values: Potentials, Promises and Achievements, Food Technol. Biotechnol. 51
(2013) 208-223.

[15] J. Jiao, Y. Zhang, Transgenic biosynthesis of polyunsaturated fatty acids: a
sustainable biochemical engineering approach for making essential fatty acids
in plants and animals, Chem. Rev. 113 (2013) 3799-3814.

[16] W.A. Reh, E.A. Maga, N.M. Collette, A. Moyer, ].S. Conrad-Brink, S.J. Taylor, E.J.
DePeters, S. Oppenheim, ].D. Rowe, R.H. BonDurant, G.B. Anderson, J.D. Murray,
Hot topic: using a stearoyl-CoA desaturase transgene to alter milk fatty acid
composition, . Dairy Sci. 87 (2004) 3510-3514.

[17] L. Meng, Y. Wan, Y. Sun, Y. Zhang, Z. Wang, Y. Song, F. Wang, Generation of Five
Human Lactoferrin Transgenic Cloned Goats Using Fibroblast Cells and Their
Methylation Status of Putative Differential Methylation Regions of IGF2R and
H19 Imprinted Genes, PLoS One 8 (2013) e77798.

[18] J.X. Kang, ]. Wang, A simplified method for analysis of polyunsaturated fatty
acids, BMC Biochem. 6 (2005) 5.

[19] Y. Chen, M. Zhang, K. Gou, SDD17 desaturase can convert arachidonic acid to
eicosapentaenoic acid in mammalian cells, Biochem. Biophys. Res. Commun.
394 (2010) 158-162.

[20] K. Livak, T.D. Schmittgen, Analysis of relative gene expression data using real-
time quantitative PCR and the 2(-Delta Delta C(T)) Method, Methods 25 (2001)
402-408.

[21] S. Hu, W. Ni, W. Sai, H. Zi, ]. Qiao, P. Wang, J. Sheng, C. Chen, Knockdown of
myostatin expression by RNAi enhances muscle growth in transgenic sheep,
PLoS One 8 (2013) e58521.

[22] Z. Wu, D. Li, K. Gou, Overexpression of stearoyl-CoA desaturase-1 results in an
increase of conjugated linoleic acid (CLA) and n-7 fatty acids in 293 cells,
Biochem. Biophys. Res. Commun. 398 (2010) 473-476.

[23] Y. Chilliard, A Ferlay, RM Mansbridge, M. Doreau, Ruminant Milk Fat
Plasticity: Nutritional Control of Saturated, Polyunsaturated, Trans and
Conjugated Fatty Acids, Annales de Zootechnie, Institut national de la
recherche agronomique, 1960-2000, Paris, 2000, pp. 181-206.

[24] E. Tsiplakou, G. Zervas, The effect of dietary inclusion of olive tree leaves and
grape marc on the content of conjugated linoleic acid and vaccenic acid in the
milk of dairy sheep and goats, J. Dairy Res. 75 (2008) 270-278.

[25] J. Zhang, L. Li, Y. Cai, X. Xu, J. Chen, Y. Wu, H. Yu, G. Yy, S. Liu, A. Zhang, G.
Cheng, Expression of active recombinant human lactoferrin in the milk of
transgenic goats, Protein Expression Purif. 57 (2008) 127-135.

[26] Y. Zhou, L. Ren, ]. Zhu, S. Yan, H. Wang, N. Song, L. Li, H. Ouyang, D. Pang,
Construction of a recombinant human FGF1 expression vector for mammary
gland-specific expression in human breast cancer cells, Mol. Cell. Biochem. 354
(2011) 39-46.

[27] Y.L. Zhang, Y.J. Wan, Z.Y. Wang, D. Xu, X.S. Pang, L. Meng, L.H. Wang, B.S.
Zhong, F. Wang, Production of dairy goat embryos, by nuclear transfer,
transgenic for human acid beta-glucosidase, Theriogenology 73 (2010) 681-
690.

[28] D. Mauvoisin, M. Prevost, S. Ducheix, M.P. Arnaud, C. Mounier, Key role of the
ERK1/2 MAPK pathway in the transcriptional regulation of the Stearoyl-CoA
Desaturase (SCD1) gene expression in response to leptin, Mol. Cell. Endocrinol.
319 (2010) 116-128.


http://refhub.elsevier.com/S0006-291X(13)01993-1/h0005
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0005
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0005
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0010
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0010
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0015
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0015
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0020
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0020
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0025
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0025
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0030
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0030
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0030
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0030
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0035
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0035
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0035
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0040
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0040
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0040
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0045
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0045
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0050
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0050
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0055
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0055
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0060
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0060
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0060
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0065
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0065
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0065
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0070
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0070
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0070
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0070
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0075
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0075
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0075
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0080
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0080
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0080
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0080
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0085
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0085
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0085
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0085
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0090
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0090
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0145
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0145
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0145
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0100
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0100
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0100
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0105
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0105
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0105
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0110
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0110
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0110
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0150
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0150
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0150
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0150
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0150
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0120
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0120
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0120
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0125
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0125
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0125
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0130
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0130
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0130
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0130
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0135
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0135
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0135
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0135
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0140
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0140
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0140
http://refhub.elsevier.com/S0006-291X(13)01993-1/h0140

	Scd1 mammary-specific vector constructed and overexpressed in goat fibroblast cells resulting in an increase of palmitoleic acid and oleic acid
	1 Introduction
	2 Materials and methods
	2.1 Construction and assessment of the goat Scd1 eukaryotic expression vector
	2.2 Construction of the goat Scd1 mammary-specific expression vector
	2.3 Cell culture and transfection
	2.4 Lipid analysis
	2.5 Real-time PCR analysis
	2.6 Western blotting
	2.7 Statistical analysis

	3 Results
	3.1 Construction and assessment of plasmids by restriction digestion
	3.2 Expression of the Scd1 gene in goat ear skin-derived fibroblast cells
	3.3 Induced expression of Scd1 in goat mammary epithelial cells

	4 Discussion
	Acknowledgments
	References


