African Journal of Biotechnology Vol. 11(68), pp. 13235-13243, 23 August, 2012

Available online at http://www.academicjournals.org/AJB
DOI: 10.5897/AJB12.556
ISSN 1684-5315 ©2012 Academic Journals

Full Length Research Paper

Tissue and ontogenic expression profiles of FATP1 and
FATP4 genes in goose

Fanli Kong?, Juan Luo?!, Jing Sun?, Dagian He?, Zhiging Yang®, Qing zhu' and Yiping Liu®*

College of Animal Science and Technology, Sichuan Agricultural University, Ya'an, Sichuan Province, 625014, China.

’Institute of Animal Husbandry and Veterinary Medicine, Shanghai Academy of Agricultural Sciences, Shanghai,
201106, China.

Accepted 8 August, 2012

Fatty acid transport proteins (FATPs) are a family of proteins involved in fatty acid uptake and
activation. The tissues and ontogenic expression profiles of the critical genes participating in fatty acid
metabolism have little been systematically investigated in goose. To gain insight into the gene-
regulation processes in goose fatty acid metabolism, we detected the expression profiles of FATP1 and
FATPA4 transcripts in goose tissues using the quantitative real-time PCR method in two goose breeds:
Zhejiang white goose and Landes goose. The results show that FATP1 and FATP4 genes were
ubiquitously expressed in all seven studied geese tissues. Both genes exhibited tissue-specific
expression pattern in mRNA level with the highest expression level in leg muscle and the lowest in
abdominal fat. The liver and heart were also two important tissues for both of genes expression. The
growth points at 35 and 56 days were important points for both of genes expression. In addition, for the
two breeds, both genes showed Zhejiang white goose had higher expression than Landes goose. It can
be speculated that the expression of FATP1 and FATP4 genes may have breed-specific. The results

could serve as a primary reference for the expression profile of goose fatty acid metabolism.
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INTRODUCTION

Globalization and a growing demand for meat products in
developing regions in recent years have led to rapid
expansion of the livestock sector. The goose is
considered as an ideal and healthy food for its high
protein, low fat and low cholesterol, and it contains all
kinds of amino acids which are needed for human. Goose
has the ability to store energy in its liver through
overfeeding to form fatty liver (Hermier et al., 1994),
which serves as food product. In poultry, triglycerides
(TG) are synthesized mainly in the liver, then transported
and stored in subcutaneous fat, visceral fat, and other
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organs, such as liver and muscle (Hirsch et al., 1998).
This tissue-specific distribution of fat is a crucial factor to
determine carcass quality and appropriate fat deposition
in muscle can improve the tenderness, juiciness, and the
flavor of meat. Within two to three weeks, the goose liver
accumulates large TG in response to overfeeding, and its
weight may increase up to 10-fold (Hermier et al., 1994).
This change is different among different goose breeds, so
their fatty liver performances are also different (Mourot et
al., 2000). Accordingly, the molecular mechanism of
tissue-specific fat deposition in poultry has been one of
focused issues in the field of animal nutrition and
physiology. Landes goose, a well-known goose breed,
can produce large fatty liver. However, Chinese
indigenous goose breeds Zhejiang white goose, with the
features of fast growth and good meat quality, showed a
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relatively poor fatty liver performance. So far, because of
the weak capability of fatty acid’s de novo synthesis, TG
accumulation in poultry adipose tissues depended greatly
on transmembrane fatty acid transportation (Bartov et al.,
1974; Griffin et al., 1992; Zhang, 1995), which gave rise
to a hypothesis that the fat tissue-specific deposition of
poultry is probably based on the differences of tissue
expression and function of specific fatty acid transport
proteins.

The fatty acid transport protein (FATP) represents a
family of six related proteins (FATP1-6) that are highly
conserved during evolution with representatives in all
vertebrate and invertebrate species as well as in yeast
(Stahl, 2004). Several lines of evidence demonstrated
that FATPs were a key transporter family for exogenous
fatty acid transmembrane transport and directly took part
in the fat deposition process as well (Schaffer and
Lodish, 1994; Dirusso et al., 2000; Chiu et al., 2005).
FATPs also have enzymatic activity. Recently, a good
number of studies showed good correlation between
FATP expression and fatty acid uptake (Marotta et al.,
2004; Heather et al., 2006; Larqué et al., 2006). And
MRNA and/or protein levels of different FATP family
members are regulated by hormones such as insulin, by
inflammatory mediators such as endotoxin, and by
activators of peroxisome proliferator activated receptor
(Pohl et al., 2004; Stahl, 2004; Doege and Stahl, 2006).
FATP1, as the first discovered using an expression clone
strategy in these 6 members, is a 71-kDa transmembrane
protein (Schaffer and Lodish, 1994), which is mainly
expressed in fatty acid utilization and storage tissues,
such as muscle and adipose tissue (Marotta et al., 2004).
It is an insulin-sensitive LCFA transporter. Insulin-induced
FATP1 translocation coincides with increased LCFA
uptake (Stahl et al., 2002), which suggests that hormonal
regulation of FATP activity may play a vital role in energy
homeostasis. It is also considered as one of important
candidate genes that can influence the obesity because
of its active role in mediating fatty acid uptake (Doege
and Stahl, 2006). The polymorphism of human FATP1
intron was also closely related to intracellular triglyceride
(TG) concentration (Meirhaeghe et al., 2000). Further-
more, FATP1 could channel exogenous fatty acids into
cells, preferentially for intracellular TG biochemical
synthesis (Hatch et al.,, 2002). FATP1 knockout
significantly reduced the TG content in adipocytes (Lobo
et al.,, 2007). And FATP1 deletion does not alter food
intake, but increases liver fatty acid oxidation and liver
expression of PPARa target genes, suggesting that
increased energy expenditure due to increased liver fatty
acid uptake may underlie the protection from obesity (Wu
et al., 2006). The expression of FATP1 gene presents a
gender-related variance in skeletal muscle of lean
individuals and might not actively contribute to the
alterations of fatty acid uptake in patients with obesity
and/or type 2 diabetes (Binnert et al., 2000). FATP4 is

most closely related to FATP1 and like FATP1 is
expressed in adipose tissue, skeletal muscle, and the
heart (Doege and Stahl, 2006). FATP4 expression and
polymorphisms have been linked to markers of insulin
resistance and obesity in humans (Doege and Stahl,
2006; Gertow et al., 2006). In addition, FATP4 is the only
member expressed in intestine (Stahl et al., 1999) and in
muscle tissues FATP1 and FATP4 are co-expressed
(Hirsch et al., 1998; Gimeno et al., 2003). Compared with
previous studies of FATPs in human and mice, few
studies are done in domestic animals. In recent study,
Wang et al. (2010a, b) identified the SNPs and detected
the expression pattern of FATP1 gene in chicken. They
found the polymorphisms of FATP1 gene were
associated with chicken carcass traits and the expression
of FATP1 mRNA in chicken tissues exhibited specific
developmental changes and age-related patterns. So this
gene may be used as a potential marker during chicken
breeding. Several genes have been demonstrated to be
involved in the regulation of hepatic steatosis in geese
fatty liver, such as SCD, Elov1-6, and ACSL1 (Zhu et al.,
2011). Whether FATP1 and FATP4 genes are involved in
goose fatty acid metabolism are still unknown.

Here, the main objectives of this study are to reveal the
relationship between fat deposition and the FATP1 and
FATP4 genes expression in goose by using fluorescence
gRT-PCR reaction. So, these results provide an
experimental basis for fatty acid metabolism in goose and
may improve the goose carcass composition and meat
quality.

MATERIALS AND METHODS
Animals and tissues

One-day-old geese, 300 Zhejiang white geese and 80 Landes
geese provided by Shanghai Academy of Agricultural Sciences,
raised by special staff at the same levels of nutrition and
management in poultry house, were housed on the deep-litter
bedding, and then transferred to the growing pens at the age of 63
days. Zhejiang white goose is a famous native breed of Zhejiang
Province in China, with fast-growing and a favorable meat quality.
Landes goose is an introduced breed originally from France for fatty
liver production. At 1, 14, 21, 28, 35, 42, 49, 56 and 63 days, 5
Zhejiang white geese and 5 Landes geese were sacrificed. The
samples of heart, liver, leg muscle, breast muscle, intestines,
abdominal fat and subcutaneous fat were collected. We isolated
and weighted the liver, leg muscle, breast muscle and abdominal
fat at 63 days. All experimental procedures in the present study
were in accordance with the guidelines described by the guiding
principles for the care and use of research animal in biology of
reproduction. All tissue samples were snap frozen in liquid nitrogen
and stored at -80°C.

Total RNA extraction and cDNA synthesis

Total RNA of all samples was extracted from about 50 mg tissue
samples of geese using TRIzol reagent (TaKaRa Biotechnology Co.



Table 1. Gene and primers used in this study.
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. s a1 Annealing Product Correlation
Gene Primer sequence (5°-3°) temperature (°C) _ length (bp) Standard curve coefficient (1)
. F.-TGATGGAGTTGAAGGTGGTCTC
-act =-3. . .
B-actin R: TCCCTGGAGAAGAGCTACGAG 60 113 Y=-3.358X+34.851 0.985
F:CAGGAGATGTGTTGGTGATGG
FATP1 R-CGTCTGGTTGAGGATGTGACT 60 137 Y=-3.367X+35.741 0.982
FATP4 F: GCAGACAGCTCTTCGCCACC 60 102 Y=-3.378X+31.429 0.977

R: GCAGCCTTGGGCATTCCCGT

A slope of -3.32 indicates the PCR reaction has 100% efficiency (Ginzinger, 2002). The slopes of all primer pairs were close to each other, from -
3.37 to -3.35, suggesting a close efficiency of the amplification between reference and target genes in gqPCR. The close efficiency of amplification

between target and reference validates the quantification of genes by either the standard curve or the 2"

Ltd., Dalian, China) according to the manufacturer’s protocol, and
dissolved in RNase-free water. The quality of RNA was measured
by the Azsors0 absorbance ratio of 1.6-1.8 and the integrity of the
18S and 28S rRNA bands was detected by using 1% agarose gel in
Tris-EDTA buffer, and stored at -70°C for further analysis. For cDNA
synthesis, we used ImProm-ll Reverse Transcription System
(TaKaRa Biotechnology Co. Ltd., Dalian, China) using 1 ng/uL of
digested RNA in every tissue in total volume of 10 pL, according to
the manufacturer’s instruction, and ended with incubation at 15 min
at 37°C, and 85°C for 5 s, and the cDNA product was stored at -
20°C.

All PCR products were sequenced in order to confirm their
identity and to eliminate the possibility of DNA contamination.

Quantitative real-time PCR (qRT-PCR) assay for FATP1 and
FATP4 genes

Without any available goose sequences, the primers designed for
gRT-PCR were based on the chicken sequence: FATP1 (accession
number: NM001039602) and FATP4 (accession number:
FJ868804) mRNA sequences in GenBank and synthesized by
TaKaRa Biotechnology Co. Ltd., (Dalian, China), and the
housekeeping gene pf-actin (Genbank accession number:
AF047874) used as an internal control was also synthesized (Table
1). The qRT-PCR products was cloned into a pMD 18-T vector
(TaKaRa) and then sequenced by Shanghai Yingjun Biology
Technique Corporation (Shanghai, China). All the PCR products
had high homology with chicken FATP1 and FATP4 genes.

gRT-PCRs were performed on iQ5 Real Time PCR thermal cycle
instrument (Bio-Rad, German) using SYBR Green | detection
chemistry in a final reaction volume of 25 uyL containing 12.5 pL
SYBR Premix Ex TagqTM 2x (TaKaRa Biotechnology Co. Ltd.,
Dalian, China), 0.5 pL of each primer (10 pM) (listed in Table 1), 2
ML cDNA and 9.5 pL ddH.O. The reaction carried out without
template was used as negative control. PCR amplification was
performed in triplicate wells, using the following conditions: 35
cycles of denaturing at 94°C for 30 s, annealing at 60°C for 30 s
and extension at 72°C for 50 s.

The specificity of amplifications was checked by melting curve
analyses and 2% agarose gel. All primers gave specific melting
curves and electrophoresis bands as expected (data not shown).

In addition, the efficiency of the amplification for each primer pair
was assessed by a slope of the equation of a standard curve
generated from the 8-fold dilutions (102, 10™, 10%, 10°, 107, 10%,
10°, and 10™) of a purified specific intestine PCR product (Table
1).

® methods in further experiments.

Statistical analysis

The values were expressed as the mean * standard deviation (SD).
Comparison of variables between breeds was analyzed by using
one-way ANOVA and an independent-samples t-test with SAS 8.0
for Windows Software (SAS Institute Inc., Cary, NC). Statistical
significance was interpreted as values of P< 0.05.

RESULTS
Ontogenic expression of goose FATP1 mRNA level

The FATP1 transcripts were ubiquitously expressed in all
collected tissues at all growth points in this study.
Relative to the B-actin gene, the FATPL1 transcripts had a
relatively higher expression level in leg muscle, liver and
heart. Especially, the leg muscle had the highest
expression at every growth points, while the liver had a
relatively higher expression before 35 days, and the heart
had a high expression level after 35 days. However, the
adipose tissues had relatively low expression level
(Figure 1). The breast muscle also had a relatively low
expression level. We also detected that the FATP1 gene
in intestines also had a little expression level.

The ontogenic expression of FATP1 gene in geese with
different growth points was also analyzed. As shown in
Figure 3, the liver, heart and leg muscle had the highest
expression at 56 days. Especially, the heart had a rise
development change before 56 days. In total, the breast
muscle had a significant higher expression level after 35
days than before (P<0.05). In addition, the intestines
tissue made a “decline-rise-decline” development chan-
ges, the abdominal fat tissue had a ‘“rise-decline”
development changes, and the subcutaneous fat tissue
had a decline development change after 21 days.

Ontogenic expression of goose FATP4 mRNA level

As shown in Figure 2, the expression of FATP4 gene was
also detected in all collected tissues and varied



13238 Afr. J. Biotechnol.

1day 14days 21days
23 25 25
—kk
20 20 20
—k
15 15 15
10 10 10
% -
5 5 | 5
& & A S & & F N o @ g & & F ¢ &F @
S ¥ ¥ ¥ & F v IFFFEs R A v
& &2 & & 2 & & F -?‘G P §::
& - & " \;\b‘._ ¥ ‘0‘\? = -
o ¥
® $~c- &
28days 35days 42days
35 35 . ok 35
30 30 30
25 23 23 * ok
20 20 20
15 15 15
10 10 = 10 ok %k
5 1 ’ a ‘ 11
0 = I —— g -~ ——_am Qg  — —= = ———
& L ab A s @ & & S A a8 g & - A A Y
.'\‘9 b2 v;\“":g‘ =i \}"? 3“\ S’\ \.\ol' "s‘u & & Q"br §\ - .,—"S- A bl & & o > >
& & & s & § & & & & & & & F
& - W 4 & e & & 2 3 & F
& v & F & - & " FONET g
& VN &Y & <& ¥ &
d & g
b & L &
49days S6days 63days
100 100 ; 100
80 80 g0
60 60 60
40 40 40
20 - 20 20 1 OLG
A I T F S o N @ & 4 & a0 e & 3
o L W R o P S [y ! & - o " 2 bl Pl
o sF ol ‘\\’-—_-\‘ \\,;Fv ) Q'} & J‘S B wF {\‘-\—, ,\\‘TH \\'b\ & ‘5\‘\} L o '\0'-?’ ‘\\’-.‘-‘ -Q-%' &
= & o 4 o = o o o
'\\\\- e - & -\\é‘ & \&u = ; = ; '\é\\ & '\0\r & - -"(,\ -\‘?\ &
o b A F & i = aF o L = &
o ¥ o F & o ¥ o
S ) ¥

Figure 1. The relative expression level of FATP1 gene in seven goose tissues at different growth points. The relative expression amount

was calculated as 22 and the Ct

value of intestine at 1day of Zhejiang white goose was used as a reference in each respective reaction

to normalize the deviation. The means marked by asterisks was significantly different of FATP1 mRNA in the same tissues between
Zhejiang white goose and Landes goose (* for P<0.05 and ** for P<0.01) and the abscissa was on behalf of every tissue, the ordinate was

on behalf of the relative expression
mean * SD. LG, Landes goose; ZW

level for mRNA. For each growth point, at least four geese were analyzed, and the results reflect the
G, Zhejiang white goose.

considerably in different tissues. The FATP4 transcript expression in geese at different growth points shows that
had a relative higher expression in leg muscle, liver, heart the liver, heart and leg muscle had the highest
and subcutaneous fat. However, the leg muscle, liver and expression at 56 days. Especially, the leg muscle and
subcutaneous fat had relative higher expression level at heart at 56 days had significant difference from other

35 days and younger and the

heart tissue after the 35 growth points (P<0.05). Totally, the abdominal fat tissue

days. In addition, FATP4 in liver and subcutaneous fat had a “rise-decline” development changes, and the

may display concomitant. The
and abdominal fat tissues had
level.

intestines, breast muscle subcutaneous fat tissue had a decline development
relative lower expression change after 21 days. However, the intestines made a
“rise-decline” development changes after 1 day but the

The developmental changes of the FATP4 mRNA development changes of breast muscle were not evident
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Figure 2. The relative expression level of FATP4 gene in seven goose tissues at different growth points. The relative expression amount
was calculated as 2 and the Ct value of intestine at 1day of Zhejiang white goose was used as a reference in each respective reaction to
normalize the deviation. The means marked by asterisks was significant difference of FATP1 mRNA in the same tissues between Zhejiang
white goose and Landes goose (* for P<0.05 and ** for P<0.01). The abscissa was on behalf of every tissue, the ordinate was on behalf of
the relative expression level for mMRNA. For each growth point, at least four geese were analyzed, and the results reflect the mean = SD. LG,

for Landes goose; ZWG, for Zhejiang white goose.

in all selected growth points (shown Figure 4).

The difference of FATP1 and FATP4 genes
expression pattern between Zhejiang white goose
and Landes goose

To characterize differences of FATP1 and FATP4 genes
expression pattern between breeds, we analyzed the
expression level of both genes in all collected tissues
between the two goose breeds. In total, the expression of
both genes in the Zhejiang white goose tissue was higher
than Landes goose (Figures 1 and 2). Especially in leg

muscle and heart, the difference of both genes was great
significant at some growth points (P<0.01) and both of
breeds showed the same developmental change in every
tissue at every growth points.

DISCUSSION

It is well known that FATP1 and FATP4 genes have close
relationship in fatty acid uptake (Lobo et al., 2007). As a
development step for clarifying the mechanism for
expression differentiation, our results reveal that FATP1
and FATP4 transcripts were ubiquitously expressed in all
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Figure 3. The expression quality of FATP1 in different growth point for Zhejiang white goose. The relative expression
amount was calculated as 2*2% and the Ct value of intestine at 1day of Zhejiang white goose was used as a reference in
each respective reaction to normalize the deviation. The abscissa was on behalf of the growth points of every tissue, the
ordinate was on behalf of the relative expression level for every tissue mRNA. For each growth point, at least four geese

were analyzed, and the results reflect the mean + SD.

collected tissues at every growth points in geese. abundant in leg muscle (Figures 1 and 2), which was in
Compared to its expression in other tissues, the geese accordance with chicken (Marotta et al., 2004; Wang et
FATP1 and FATP4 mRNA expression levels were al., 2010b). The results display that both genes may be
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Figure 4. The expression quality of FATP4 in different growth point for Zhejiang White Goose. The relative expression amount
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respective reaction to normalize the deviation. The abscissa was on behalf of the growth points of every tissue, the ordinate was
on behalf of the relative expression level for every tissue mMRNA. For each growth point, at least four geese were analyzed, and

the results reflect the mean + SD.

active in fatty acid uptake for leg muscle. It was paralleled
with the intramuscular fat deposition in muscle (Hatch et
al.,, 2002) and this may be connected with the fiber type
in goose’s leg muscle. The leg muscle is made up of type
1 fiber which utilized the energy form aerobic oxidation of
fatty acid (Hatch et al., 2002). This also may suggest that
these proteins, as a vital transporter of long chain fatty

acids, possibly play an important role in the metabolism
type of regulation and intramuscular fat deposition in
muscles. Meanwhile, the liver and heart also had a
relatively higher expression level. This could be due to
differences in lipid mobilization within tissues and levels
of hormone-induced FATP1 and FATP4 genes activity
that caused a remarkable increase plasma lipids and very
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low density lipoprotein in production in avian species
(Dashti et al., 1983). And the low expression level of both
genes in goose abdominal fat most likely reflects the fact
that lipogenesis, in birds, occurs primarily in liver (O'hea
and Leveille, 1968). Previous study has shown that
FATP4 was the principal FATP expression member in the
intestine (Stahl et al., 1999), and that reduction of FATP4
protein levels result in reduced LCFA. Consistent with
this observation, we also detected expression of FATP4
gene in goose intestines. The expression of FATP1
MRNA in intestines was first observed in this experiment,
which could be speculated as being related to the
utilization of unsaturated fatty acid and synthesis of
bioactive substances in this organ. In addition, the growth
points at 35 and 56 days may be important for goose lipid
transporting. It may be related with the goose fattening.

Davail et al. (2000) showed that there is evident breed
or species-related differences in the process of
lipogenesis among different geese breeds, and probably
under genetic control. In order to characterize the breed
effect on the goose expression of FATP1 and FATP4, we
analyzed the expression level of these two genes in two
goose breeds. The Zhejiang White Goose is a famous
native breed of Zhejiang Province in China, with fast-
growing and a favorable meat quality. In contrast, Landes
Goose is an introduced breed for fatty liver production.
We found that both genes in Zhejiang White Goose
exhibited a higher expression level than Landes Goose
(Figures 1 and 2), which indicate that the different
expression levels of both genes may be correlated with
the characters of these two breeds. It has been reported
that the susceptibility to fatty liver varies in different
species and the fatty liver serves as an energy storage
organ (Hermier et al., 2003). But there is little report
about the relationship between the mechanisms of
molecular regulation and the expression of lipogenic
gene. In our work, we also found that the expression level
of both genes in the liver tissue showed different
developmental changes between the two breeds (data
not shown). It may be that in the process of liver fatten-
ing, the metabolism of the liver changed dramatically in
goose (Davail et al., 2000), so the expression level in
fatty liver is also different.

In conclusion, we report first the experimental evidence
for FATP1 and FATP4 genes expression level in goose
tissues using qRT-PCR method. Especially, leg muscle
had higher expression level than other tissues even great
significance in some growth points of both genes. We
also found both genes may have breed-difference
expression. Thus, our study may provide a new
conclusion to understand the expression pattern of
FATP1 and FATP4 genes in goose.

ACKNOWLEDGEMENTS
We thank Bing Zzhou and Huali Wu for the sample

collection and technical support. This study was
supported by the National Natural Science Foundation of
China (31172181), the Program from Sichuan Province
(11TDO007; 2011JTD0032) and the Program from
Shanghai (2009-2-1).

REFERENCES

Bartov |, Bornstein S, Lipstein B (1974). Effect of calorie to protein ratio
on the degree of fatness in broilers fed on practical diets. Br. Poultry
Sci. 15(1):107-117.

Binnert C, Koistinen HA, Martin G, Andreelli F, Ebeling P, Koivisto VA,
Laville M, Auwerx J, Vidal H (2000). Fatty acid transport protein-1
mRNA expression in skeletal muscle and in adipose tissue in
humans. Am. J. Physiol. Endocrinol. Metab. 279(5):E1072-1079.

Chiu HC, Kovacs A, Blanton RM, Han X, Courtois M, Weinheimer CJ,
Yamada KA, Brunet S, Xu H, Nerbonne JM, Welch MJ, Fettig NM,
Sharp TL, Sambandam N, Olson KM, Ory DS, Schaffer JE (2005).
Transgenic expression of fatty acid transport protein 1 in the heart
causes lipotoxic cardiomyopathy. Circ. Res. 96(2):225-233.

Dashti N, Kelley JL, Thayer RH, Ontko JA (1983). Concurrent
inductions of avian hepatic lipogenesis, plasma lipids, and plasma
apolipoprotein B by estrogen. J. Lipid Res. 24(4):368-380.

Davail S, Guy G, Andre JM, Hermier D, Hoo-Paris R (2000).
Metabolism in two breeds of geese with moderate or large
overfeeding induced liver-steatosis. Comp. Biochem. Physiol. A Mol.
Integr. Physiol. 126(1):91-99.

Dirusso CC, Connell EJ, Faergeman NJ, Knudsen J, Hansen JK, Black
PN (2000). Murine FATP alleviates growth and biochemical
deficiencies of yeast fatlDelta strains. Eur. J. Biochem. 267:4422-
4433.

Doege H, Stahl A (2006). Protein-mediated fatty acid uptake: novel
insights from in vivo models. Physiol. (Bethesda) 21:259-268.

Gertow K, Rosell M, Sjogren P (2006). Fatty acid handling protein
expression in adipose tissue, fatty acid composition of adipose tissue
and serum, and markers of insulin resistance. Eur. J. Clin. Nutr.
60:1406-1413.

Gimeno RE, Ortegon AM, Patel S, Punreddy S, Ge P, Sun Y, Lodish
HF, Stahl A (2003). Characterization of a heart-specific fatty acid
transport protein. J. Biol. Chem. 278(18):16039-16044.

Ginzinger DG (2002). Gene quantification using real-time quantitative
PCR: an emerging technology hits the mainstream. Exp. Hematol.
30:503-512

Griffin HD, Guo K, Windsor D, Butterwith SC (1992). Adipose tissue
lipogenesis and fat deposition in leaner broiler chickens. J. Nutr.
122(2):363-368.

Hatch GM, Smith AJ, Xu FY, Hall AM, Bernlohr DA (2002). FATP1
channels exogenous FA into 1, 2, 3-triacyl-sn-glycerol and down-
regulates sphingomyelin and cholesterol metabolism in growing 293
cells. J. Lipid Res. 43(9):1380-1389.

Heather LC, Cole MA, Lygate CA, Evans RD, Stuckey DJ, Murray AJ,
Neubauer S, Clarke K (2006). Fatty acid transporter levels and
palmitate oxidation rate correlate with ejection fraction in the infarcted
rat heart. Cardiovasc. Res. 72(3):430-437.

Hermier D, Guy G, Guillaumin S, Davail S, André JM, Hoo-Paris R
(2003). Differential channelling of liver lipids in relation to
susceptibility to hepatic steatosis in two species of ducks. Comp.
Biochem. Part B: Biochem. Mol. Biol. 135(4):663-675.

Hermier D, Rousselot-Pailley D, Peresson R, Sellier N (1994). Influence
of orotic acid and estrogen on hepatic lipid storage and secretion in
the goose susceptible to liver steatosis. Biochim. Biophys. Acta.
1211(1):97-106.

Hirsch D, Stahl A, Lodish HF (1998). A family of fatty acid transporters
conserved from mycobacterium to man. Proc. Natl. Acad. Sci. USA.
95(15):8625-8629.

Larqué E, Krauss-Etschmann S, Campoy C, Hartl D, Linde J, Klingler
M, Demmelmair H, Cao A, Gil A, Bondy B (2006). Docosahexaenoic
acid supply in pregnancy affects placental expression of fatty acid



transport proteins. Am. J. Clin. Nutr. 84(4):853-861.

Lobo S, Wiczer BM, Smith AJ, Hall AM, Bernlohr DA (2007). Fatty acid
metabolism in adipocytes: functional analysis of fatty acid transport
proteins 1 and 4. J. Lipid Res. 48(3):609-620.

Marotta M, Ferrer-Martinez A, Parnau J, Turini M, Macé K, Gomez Foix
AM (2004). Fiber type-and fatty acid composition-dependent effects
of high-fat diets on rat muscle triacylglyceride and fatty acid
transporter protein-1 content. Metabolism 53(8):1032-1036.

Meirhaeghe A, Martin G, Nemoto M, Deeb S, Cottel D, Auwerx J,
Amouyel P, Helbecque N (2000). Intronic polymorphism in the fatty
acid transport 1 gene is associated with increased plasma triglyceride
levles in a French population. Arterioscler. Thromb. Vasc. Biol.
20(5):1330-1334.

Mourot J, Guy G, Lagarrigue S, Peiniau P, Hermier D (2000). Role of
hepatic lipogenesis in the susceptibility to fatty liver in the goose
(Anser Anser). Comp. Biochem. Physiol. 126:81-87.

O'hea E, Leveille G (1968). Lipogenesis in isolated adipose tissue of the
domestic chick (Gallus domesticus). Comp. Biochem. Physiol.
26(1):111-120.

Pohl J, Ring A, Hermann T, Stremmel W (2004). Role of FATP in
parenchymal cell fatty acid uptake. Biochim. Biophys. Acta. 1686(1-
2):1-6.

Schaffer JE, Lodish HF (1994). Expression cloning and characterization
of a novel adipocyte long chain fatty acid transport protein. Cell
79(3):427-436.

Stahl A (2004). A current review of fatty acid transport proteins (SLC27).
Pfliigers Arch. Eur. J. Phy. 447(5):722-727.

Stahl A, Evans JG, Pattel S, Hirsch D, Lodish HF (2002). Insulin causes
fatty acid transport protein translocation and enhanced fatty acid
uptake in adipocytes. Dev. Cell 2(4):477-488.

Kong et al. 13243

Stahl A, Hirsch DJ, Gimeno RE, Punreddy S, Ge P, Watson N, Patel S,
Kotler M, Raimondi A, Tartaglia LA, Lodish HF (1999). Identification
of the major intestinal fatty acid transport protein. Mol. Cell 4(3):299-
308.

Wang Y, Zhu Q, Zhao XL, Yao YG, Liu YP (2010a). Association of
FATP1 gene polymorphisms with chicken carcass traits in Chinese
meat-type quality chicken populations. Mol. Biol. Rep. 37:3683-3690.

Wang Y, Zhu Q, Zhao XL, Yao YG, Liu YP (2010b). Age-related
expression profile of the SLC27A1 gene in chicken tissues. Mol. Biol.
Rep. 38:5139-5145.

Wu Q, Ortegon AM, Tsang B, Doege H, Feingold KR, Stahl A (2006).
FATP1 is an insulin-sensitive fatty acid transporter involved in diet-
induced obesity. Mol. Cell Biol. 26(9):3455-3467.

Zhang WD (1995). Research on biochemical characteristics of fatty acid
metabolism in porcine as auxiliary factors of fat deposition.
Dissertation, China Agricultural University.

Zhu L, Meng H, Duan X, Xu G, Zhang J, Gong D (2011). Gene
expression profile in the liver tissue of geese after overfeeding. Poult.
Sci. 90(1):107-117.



