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Abstract

The present experiment was conducted to determine proteome changes in Longissimus muscle of finishing pigs fed conjugated linoleic

acid (CLA), in association with alteration of intramuscular fat content. Previously, seventy-two Duroc £ Landrace £ Large White gilts

(approximately 60 kg) had been fed maize–soyabean meal-based diets with 0, 12·5 and 25 g CLA/kg diet. The CLA contained

369·1 mg/g cis-9, trans-11 CLA, 374·6 mg/g trans-10, cis-12 CLA and 53·7 mg/g other isomers. Six pigs per treatment were slaughtered

when they reached a body weight of approximately 100 kg. Data published from a previous experiment demonstrated that supplemen-

tation with 12·5 or 25 g CLA/kg diet increased intramuscular fat content (P,0·05). The present study investigated the proteome changes

in Longissimus muscle of control and pigs supplemented with 25 g CLA/kg diet. CLA significantly influenced the abundance of proteins

related to energy metabolism, fatty acid oxidation and synthesis, amino acid metabolism, defence, transport and other miscellaneous

processes (P,0·05). The increase in intramuscular fat content was positively correlated with the increased abundance of carbonic

anhydrase 3 and aspartate aminotransferase (P,0·05). We suggest that the proteome changes in Longissimus muscle contributed to greater

intramuscular lipid content in CLA-supplemented pigs.
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Conjugated linoleic acids (CLA) are a group of geometric

and positional mixtures of linoleic acid with conjugated

double-bond pairs. cis-9, trans-11 CLA and trans-10, cis-

12 CLA are biologically active isomers(1). Previous studies

have demonstrated that CLA can reduce obesity, improve

immunity and have anticarcinogenic, antiatherosis, antidia-

betes properties, indicating that CLA play a versatile role in

regulating metabolic pathways. Most studies have demon-

strated that dietary CLA modulates energy repartition in

favour of body fat reduction in finishing pigs(2–8).

However, there have been reports that CLA did not affect

or increased backfat thickness in pigs(9,10).

Interestingly, dietary CLA was found to increase intramus-

cular fat content(4,7,8,11,12), suggesting that effects of CLA on

lipid metabolism varied with fat depots. However, other

investigators reported either no change(6) or even a decrease

in intramuscular fat content(3,13) in CLA-supplemented pigs.

Thus, the biological effects of CLA on porcine subcutaneous

and intramuscular adipose tissues as well as on skeletal

muscle are probably complex. At present, mechanisms

responsible for the actions of CLA are largely unknown.

Proteomics technology can simultaneously determine

many proteins in tissues(14), including pig skeletal

muscle(15). This method is useful to identify proteins related

to meat quality attributes(16–19), pathophysiology(20,21) and

nutrient metabolism(22–24). Therefore, this approach was

employed in the present study to determine proteome

changes in Longissimus muscle of finishing pigs sup-

plemented with 0 or 25 g CLA/kg diet, which was previously

shown to differ in lipid content, according to CLA treatment.

Materials and methods

Animals and diets

The care and use of all animals in the present study were

approved by the Institute of Animal Science in Guangdong
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Academy of Agricultural Sciences. Animal design, growth

performance and carcass data of experimental pigs have

been described in a joint experiment(8). Briefly, seventy-

two Duroc £ Landrace £ Large White gilts, free of the

halothane gene, were assigned to three treatments with

six pens in each treatment and four pigs in each pen.

The initial and final body weights of pigs were approxi-

mately 60 and 100 kg, respectively (Table 2). All the pigs

had free access to water and maize–soybean meal-based

feed during this period. Treatments differed according to

CLA supplementation in the diets. In the present exper-

iment, only the two groups that were extremes for the con-

tent of CLA in the diet (i.e. 0 and 25 g/kg, respectively)

were considered. The intermediate group supplemented

with 12·5 g CLA/kg diet(8) was abandoned to exclude the

interaction between cis-9, trans-11 CLA, trans-10, cis-12

CLA and cis-9, cis-12 linoleic acid in the diets. The diets

that met National Research Council-recommended nutrient

requirements(25) and compositions are listed in Table 1. All

the diets were supplemented with sunflower oil containing

667·3 mg cis-9, cis-12 linoleic acid/g fatty acids (supplied

by Zhuhai Changqingshu Food Company, Limited,

Zhuhai, China), and 0 (control) or 25 g/kg CLA (369·1 mg

cis-9, trans-11 CLA, 374·6 mg trans-10, cis-12 and 53·7 mg

other isomers/g fatty acids).

Collection of pig tissues

Pigs from control and 25 g/kg dietary CLA-treated groups

were randomly selected (n 6) to analyse the intramuscular

fat content and muscle proteome changes. The animals

were killed by electrical stunning and exsanguination.

They were then scalded, dehaired, eviscerated and divided

into halves. Samples of Longissimus muscle from the ninth

to tenth rib were immediately obtained and frozen in liquid

N2 for proteomics analysis and fatty acid composition

determination. Samples of Longissimus muscle from the

eleventh to the last rib were collected and stored at

2208C to determine the intramuscular fat content.

Measurement of intramuscular fat content

The muscle samples were minced and freeze dried to pro-

duce muscle powders. The content of intramuscular fat

from these muscle powders was measured using pet-

roleum diethyl ether extract using the Soxtec 2055 fat

extraction system (Foss Tecator AB, Höganäs, Sweden)

according to the Association of Official Analytical Chemists

official method 991.36(26). The boiling point of petroleum

diethyl ether used in the present study was 30–608C.

Fatty acid composition analysis

The fatty acid composition of CLA and sunflower oil was

analysed according to our previous method(8). Each fatty

acid methyl ester was determined as the percentage of a

specific peak area to total fatty acid methyl ester peak areas.

Main chemicals for proteome analysis

Phenylmethanesulfonyl fluoride and trypsin were pur-

chased from Roche Applied Sciences (Hoffmann-La Roche

AG, Basel, Switzerland). Dithiothreitol, Tris, Coomassie

Brilliant Blue G-250, urea, agarose and acrylamide were

obtained from Bio-Rad Laboratories, Inc. (Hercules, CA,

USA). Thiourea was purchased from Acros Organics Geel

(Liège, Belgium). Other chemicals were obtained from

Sigma (Sigma-Aldrich, St Louis, MO, USA).

Two-dimensional electrophoresis

Frozen muscle sample (approximately 1 g) was crushed

into powders with mortar and pestle in liquid N2. Powders

(1 g) were homogenised in 3 ml lysis buffer consisting

of 8 M-urea, 2 M-thiourea, 65 mM-3-((3-cholamidopropyl)

dimethylammonio)- 1-propane sulfonate, 60 mM-dithio-

threitol, 40 mM-Tris, pH 8·6, and 0·5 mM-phenylmethanesul-

fonyl fluoride by sonication. The solution was centrifuged

at 15 000 g for 45 min at 48C. The non-fat supernatant fluid

was centrifuged at 40 000 g for 45 min at 48C. Extracts were

stored at 2808C until used. Protein concentration was

determined as described previously(27), and bovine serum

albumin was used as a standard.

Immobilised pH gradient isoelectric focusing was per-

formed in a Protean isoelectric focusing Cell (Bio-Rad Lab-

oratories, Inc.) using Bio-Rad ReadyStrip (17 cm, pH 3–10,

non-linear), according to the manufacturer’s instructions.

The running program was set as described previously(19).

Low voltage (100 V) was gradually increased to 8000 V

until a total of 60 000 Vh. A total of 800mg protein was

loaded onto the strip. Before isoelectric focusing, the

Table 1. Composition of experimental diets (g/kg)

Ingredient Control CLA

Maize 627·5 627·5
Soyabean meal (442 g/kg crude protein) 168·9 168·9
Wheat bran 145·0 145·0
CLA 0 25·0
SFO 25·0 0
Calcium hydrogen phosphate 4·1 4·1
Limestone 9·8 9·8
Lys 1·7 1·7
Salt 3·0 3·0
Premix* 15·0 15·0
Total 1000 1000
Calculated values

Digestible energy (MJ/kg) 13·4 13·4
Crude protein 150·0 150·0
Lys 7·8 7·8
Ca 5·5 5·5
Total P 4·8 4·8

CLA, conjugated linoleic acid; SFO, sunflower oil.
* Providing the following per kg diet: 40 mg Cu as CuSO4, 133 mg Fe as FeSO4,

145 mg Zn as ZnSO4, 58 mg Mn as MnSO4, 3 mg iodine as CaIO3, 0·3 mg Se as
NaSeO3, 858mg vitamin A, 12·5mg vitamin D3, 22 mg vitamin E, 5 mg riboflavin,
16 mg pantothenic acid, 0·3 mg folic acid, 20 mg niacin and 22mg vitamin B12.
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strips were rehydrated overnight with a buffer consisting of

8 M-urea, 2 M-thiourea, 65 mM-3-((3-cholamidopropyl)

dimethylammonio)-1-propane sulfonate, 60 mM-dithio-

threitol and 40 mM-Tris, pH 8·6. After completion of iso-

electric focusing, the strips were equilibrated in 10 ml

equilibration solution as described previously(28), and the

second dimension SDS-PAGE was carried out in a Protean

II xi Cell (Bio-Rad Laboratories, Inc.) with 12 % polyacryl-

amide (36·5:1 ratio of acrylamide to bisacrylamide). The

program was set as 12 mA/gel for 30 min and 25 mA until

bromophenol blue reached the end of gel at 128C. Gels

were stained by 0·1 % hot Coomassie Brilliant Blue G-250

in 50 % ethanol for 30 min and were then destained with

25 % ethanol and 5 % acetic acid for 30 min and three times.

Image analysis

Destained gels were used immediately for image analysis

or stored at 2808C for future analysis. Triplicate gels

from one pig sample were scanned with Image Master

2D Pt Software v5.0 (GeneBio, Amersham Biosciences,

Little Chalfont, Bucks, UK) to analyse qualities and num-

bers of protein spots. After image scanning, two of three

gels were selected according to the better protein spot pat-

tern and higher spot number. Consequently, twelve sample

gels from six pigs (two sample gels from each pig) in each

treatment were obtained. The processing and quantifi-

cation of the selected protein spots were performed as

described previously(29).

Protein digestion and HPLC-MS/MS analysis

Protein spots were excised with 1 ml pipette tips and sterile

blade from the gels, and were transferred to sterile 1·5 ml

Eppendorf tubes for tryptic digestion. Proteins were

digested by trypsin(30), followed by the HPLC-MS/MS anal-

ysis as described previously(31) with some modifications.

Briefly, extracts of peptides were dissolved in 20ml sol-

ution consisting of 2 % acetonitrile and 0·1 % ammonia,

and they were loaded into a 0·3 £ 5 mm C18 micro pre-

column (Agilent Technologies, Wilmington, DE, USA).

The effluents entered a 75 £ 150 mm C18 analysis column

(Agilent Technologies), and the peptides were separated

by gradient elution (2–40 % acetonitrile and 0·1 % ammo-

nia for 20 min). The MS spectra were automatically

acquired by Esquire 3000 plus and processed by Esquire

Data Analysis Software (version 3.1). Proteins were

identified using the Ms-Fit search engine (http://pros

pector.ucsf.edu/prospector/mshome.htm) against National

Center for Biotechnology Information non-redundant and

Swiss-Prot databases. The parameters adopted for search-

ing were as follows: taxonomy: mammals; enzyme: trypsin;

peptide tolerance: ^ 1·2 Da; MS/MS tolerance: ^ 0·6 Da,

allowed up to one missed cleavage; peptide charge: 1 þ ;

monoisotopic: average. The National Center for Biotech-

nology accession number, theoretical molecular weight/

isoelectric point, determined molecular weight/isoelectric

point, molecular weight search score, fold change in the

dietary CLA group, molecular function, sequence coverage

and P value from statistical analysis between the control

and dietary CLA groups were presented to identify each

protein. The molecular weight search score $50 was con-

sidered a significant match (P,0·05). Each identified

protein was annotated with its biological process in the

gene ontology and AmiGO term tools, according to

the source of identified protein. The proteins without

gene ontology annotation were sorted according to the

literatures available.

Statistical analysis

Data on intramuscular fat content were analysed by one-

way ANOVA (Statistical Analysis Software version 8.1; SAS

Institute, Inc., Cary, NC, USA) using treatment as the

main effect (0 v. 25 g CLA/kg diet). Body weight was

initially added as a covariate in the model; however, it

was NS (P¼0·95) and was then removed from the final

analysis. The abundance of protein spots in two-dimen-

sional gels was analysed by t test between the two

treatments. Pearson correlation coefficients were calculated

between the intramuscular fat content and the abundance

of some protein spots (50-AMP-activated protein kinase

subunit gamma-3 (AMPK-g3), medium-chain specific

acyl-CoA dehydrogenase (MCAD), carbonic anhydrase 3

(CA3), stearoyl-CoA desaturase (SCD) and aspartate amino-

transferase (AST)). Probability values #0·05 were con-

sidered significant.

Results

Carcass traits

Feeding pigs with supplemental 25 g CLA/kg diet resulted

in a 54 % greater intramuscular fat content when compared

with controls at final slaughter (Table 2).

The proteomes in Longissimus muscle

After image analysis, a total of 589 (SD 41) protein spots

were detected in the control gels, and 598 (SD 36) protein

spots were detected in the CLA-supplemented gels. A

representative pattern of protein separation is shown in

Fig. 1. Compared with the control group, dietary CLA sig-

nificantly affected (P,0·05) the abundance of twenty-six

proteins, which are marked in Fig. 1. Of these proteins,

fourteen and twelve of them exhibited increased (Table 3)

and decreased (Table 4) abundance, respectively. Proteins

with a greater abundance were found to participate in six

different biological processes, whereas those with a lower

abundance were matched to four biological processes. The

striking difference was observed for fatty acid oxidation

that was up-regulated and for fatty acid synthesis that

Proteome changes and carcass fat distribution 3
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was down-regulated, respectively, in CLA-treated group v.

controls. Transport and miscellaneous processes were

shared by the two protein lists, whereas energy expendi-

ture was found only in proteins with a greater abundance

in the CLA-treated pigs than that in the controls.

By Pearson correlation analysis, it was found that the

enhanced intramuscular fat content was positively corre-

lated with the increased CA3 and AST protein abundance

in Longissimus muscle (CA3, r 0·774, P¼0·003; AST, r

0·702, P¼0·011). No significant correlation was observed

between intramuscular fat content and each of the follow-

ing proteins: SCD, MCAD and AMPK-g3 (P.0·05).

Discussion

Results of the present study indicate that dietary sup-

plementation with CLA increases the abundance of pro-

teins related to energy expenditure and fatty acid

oxidation. A major function of these proteins is to degrade

macronutrients to provide energy. Our finding is consistent

with the reports that whole-body energy expenditure is

enhanced by dietary CLA in mice(32,33) and rats(34).

Recently, Zhai et al.(35) have demonstrated that although

both cis-9, trans-11 CLA and trans-10, cis-12 CLA increased

energy expenditure in cultured 3T3-L1 preadipocytes, only

trans-10, cis-12 CLA has a stimulatory effect on fatty acid

oxidation. In the present study performed in vivo with

pigs fed a mixture of CLA isomers, we found a greater

abundance in both proteins involved in energy expendi-

ture such as creatine kinase and creatine kinase M-type

playing a key role in the maintenance of energy homeosta-

sis(36,37) and in the fatty acid oxidation pathway. Especially,

a greater abundance in AMPK-g3, i.e. the predominant

AMPK-g isoforms in white muscle, was also observed

here in the muscle of pigs fed CLA, an observation that

closely matches with the increase in the same protein

reported in 3T3-L1 adipocytes treated with trans-10,

cis-12 CLA(35). Activation of AMPK-g3 alone or in heterodi-

merisation with a2/b2 forms results in oxidation of

fatty acids(38,39). MCAD is responsible for the first step of

b-oxidation of fatty acids in mitochondria(40). Notably, as

demonstrated for skeletal muscle in the present study,

MCAD mRNA levels were elevated in the livers of mice

supplemented with CLA(41) and in rats fed a-linoleic acid-

rich diacylglycerol(42). Likewise, Nall et al.(43) recently

found that CLA supplementation increased oxidation of

fatty acids and glucose in rat liver and skeletal muscle.

Thus, MCAD may play a role in mediating the effect of

CLA on pigs. The CLA effects observed in the present

study are, however, of a shorter magnitude than those

observed in vitro for adipocyte cell line(35), considering

the lower number of spots as involved in these two path-

ways having a differential abundance in the present study.

Dietary CLA also enhanced protein abundance related to

amino acid metabolism. Though mitochondrial AST plays

Table 2. Growth performance, intramuscular fat content and fatty acid composition in Longissimus muscle in pigs fed dietary conju-
gated linoleic acid (CLA)*

Control 12·5 g/kg CLA 25 g/kg CLA SEM P value

Initial wt (kg)† 60·89 60·59 60·73 0·507 0·934
Final wt (kg)† 101·97a 98·51b 99·67a,b 0·985 0·097
Feed intake (kg/d)† 2·36a 2·18b 2·28a,b 0·039 0·039
Average daily gain (kg/d)† 0·76 0·70 0·72 0·016 0·100
Intramuscular fat content (% of wet wt)† 1·45b 2·28a 2·23a 0·207 0·045
Fatty acid composition

cis-9, trans-11 CLA 0·00c 0·57b 1·68a 0·128 ,0·0001
trans-10, cis-12 CLA 0·00c 0·31b 0·76a 0·065 ,0·0001
Total SFA 43·76b 50·79a 51·38a 0·486 ,0·0001
Total MUFA 40·25a 34·22b 33·17b 0·559 ,0·0001

a,b,c Mean values with unlike superscript letters in the same line differ significantly (P,0·05).
* Reference to Jiang et al.(8).
† The data of initial weight and final weight were presented as means of twenty-four pigs. The data of feed intake and average daily gain were presented

as six pens. The data of intramuscular fat content were presented as six pigs.
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Fig. 1. Proteomic image of a representative Longissimus muscle sample

from pigs fed a diet supplemented with conjugated linoleic acid (25 g/kg diet).

Proteins were separated by pH 3–10 in the first dimension and 12 % SDS-

PAGE in the second dimension. Proteins with significant changes in abun-

dance compared with the unsupplemented control are indicated by numbers

in the image.
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Table 3. Proteins with a greater abundance in pig skeletal muscle after dietary conjugated linoleic acid (CLA) supplementation

No. Identified proteins (source)
Accession

no.
Theoretical

MW/pI
Calculated

MW/pI SC
MOWSE

score
Fold

change* P † Biological process GO term

Fatty acid oxidation
11 Medium-chain specific acyl-CoA dehydrogenase

(mitochondrial precursor, pig)
P41367 46 485/7·03 34 834/8·02 42 78 1·43 0·006 Fatty acid b-oxidation

12 50-AMP-activated protein kinase subunit g3 (pig) Q9MYP4 56 790/5·07 58 884/5·39 39 67 1·33 0·025 Fatty acid biosynthesis and oxidation, glucose
transport, and glycogen biosynthesis

Energy expenditure
26 Creatine kinase M-type (human) P06732 43 101/6·01 33 884/6·95 85 95 1·33 0·046 Phosphocreatine biosynthetic process
28 Creatine kinase (sarcomeric mitochondrial

(precursor), bovine)
Q3ZBP1 47 231/10·27 42 267/10·25 79 88 1·50 0·041 Phosphocreatine biosynthetic process

Amino acid metabolism
9 Ser/Thr protein phosphatase 2A 55 kDa regulatory

subunit B a isoform (fragment) (pig)
Q29090 49 641/6·41 49 888/5·71 67 69 1·60 0·037 Protein amino acid dephosphorylation and

signal transduction
20 Asp aminotransferase mitochondrial precursor (pig) P00506 47 436/9·01 42 267/8·27 45 56 2·00 0·004 2-oxoglutarate, Asp, and Glu metabolic

processes
Metabolism

15 Carbonic anhydrase 3 (pig) Q5S1S4 29 411/7·78 27 164/7·32 56 59 1·50 0·020 One-carbon metabolic process
Transport

7 Mannose-6-phosphate/insulin-like growth factor II
receptor (fragment) (pig)

Q95LC9 252 552/5·17 102 329/5·96 53 78 1·27 0·046 Transport

39 Albumin (rat) Q5U3X3 68 714/6·09 69 502/5·72 32 57 1·40 0·002 Respond to stress and transport
Miscellaneous

4 Calsequestrin-2 (fragment) (pig) P00189 11 206/9·6 11 858/8·15 39 53 1·33 0·027 Striated muscle contraction and heart
development

5 Type X collagen (pig) Q9N178 65 447/9·97 62 230/10·25 41 348 1·38 0·040 Cartilage development and endochondral
ossification

23 5-Lipoxygenase-activating protein (pig) AAA31032 17 334/8·59 12 883/7·69 76 50 1·38 0·041 Leukotriene biosynthetic process and protein
homotrimerisation

24 Hairless (fragment) (pig) AAP33389 37 123/8·87 73 451/7·94 39 224 1·33 0·036 Regulation of transcription and protein
hetero-oligomerisation

27 Unnamed protein product (human) CAA23753 69 250/5·92 44 668/6·62 32 70 1·50 0·030 Unknown

No., number; MW, molecular weight (Da); pI, isoelectric point; MOWSE, molecular weight search; SC, sequence coverage (%); GO, gene ontology.
* Fold change, relative volume of spot in the dietary CLA group/relative volume of spot in the control group.
† P value, statistical analysis between the control and dietary CLA groups.
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Table 4. Proteins with a lower abundance in pig skeletal muscle after dietary conjugated linoleic acid (CLA) supplementation

No. Identified protein (source)
Accession

no.
Theoretical

MW/pI
Calculated

MW/pI SC
MOWSE

score
Fold

change* P† Biological process GO term

Fatty acid synthesis
13 Protein kinase, AMP-activated,

b-1 non-catalytic subunit
(fragment) (pig)

Q70PH1 3221/6·86 3062/7·03 32 86 0·57 0·031 Fatty acid and lipid biosynthetic processes,
respond to stress, and regulation of
catalytic activity

14 Stearoyl-CoA desaturase (pig) AAR87714 41 245/9·38 69 502/8·19 38 58 0·64 0·026 Fatty acid biosynthetic process and oxidation
reduction

Transport
30 Serum albumin (bovine) AAN17824 69 278/5·82 62 230/6·70 53 307 0·71 0·001 Transport and negative regulation of apoptosis
31 Albumin (cat) CAD32275 65 866/5·23 63 973/6·58 74 145 0·83 0·002 Respond to stress and transport
32 Chain A, X-ray study of recom-

binant
human serum albumin
(human)

1UOR_A 66 358/5·67 62 230/6·54 62 70 0·83 0·028 Transport and negative regulation of apoptosis

34 Lipocalin-1 (human) Q5T8A1 19 238/5·39 6109/4·89 60 67 0·75 0·048 Transport
48 Serum albumin (mouse) CAD29888 51 334/5·49 33 884/5·72 52 59 0·67 0·046 Transport and negative regulation of apoptosis

Defence
22 IL-4 (pig) Q04745 14 892/9·09 8054/8·97 31 378 0·83 0·044 Cellar defence response and immune response

Miscellaneous
19 Calsequestrin-2 (fragment) (pig) O18934 18 990/4·50 6457/5·88 52 53 0·71 0·025 Striated muscle contraction and heart development
33 2 d neonate thymus thymic cells

complementary DNA (mouse)
Q8C7C7 64 961/5·49 58 884/6·46 82 57 0·67 0·006 Thymic lymphopoiesis

35 Lacritin (human) AAG44392 14 237/5·43 11 858/6·29 23 77 0·75 0·026 Tear secretion
46 Calpastatin (human) AAB32311 76 573/4·78 73 451/5·06 55 69 0·60 0·048 Myoblast fusion and negative regulation of catalytic

activity

No., number; MW, molecular weight (Da); pI, isoelectric point; MOWSE, molecular weight search; SC, sequence coverage (%); GO, gene ontology.
* Fold change, relative volume of spot in the dietary CLA group/relative volume of spot in the control group.
† P value, statistical analysis between the control and dietary CLA groups.
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an important role in amino acid metabolic process, it is also

a transport protein that is identical to a plasma membrane-

bound fatty acid-binding protein(44,45). The greater AST

abundance observed in the muscle of pigs fed the CLA

mixture was also observed in 3T3-L1 cells cultured in the

presence of trans-10, cis-12 CLA but not in the presence

of cis-9, trans-11 CLA(35). Some evidence suggests that

plasma membrane-bound fatty acid binding protein/AST

plays a role in the transmembrane movement and oxi-

dation of long-chain fatty acids (LCFA) for energy

supply(46). It is possible that an increased abundance of

AST in muscle may facilitate the entry of LCFA into

muscle cells where LCFA could either undergo mitochon-

drial b-oxidation or be incorporated into TAG(47). How-

ever, muscle relies predominantly on an exogenous

source of LCFA(48), due to limited intramuscular storage

sites for LCFA utilisation. The exogenous LCFA may in

part be derived from backfat. Unfortunately, recent studies

have paid more attention to relative than absolute changes

of fatty acids in muscle and backfat of pigs fed CLA(7–9,11),

which makes it difficult to postulate that exogenous LCFA

were used to enhance lipid storage in muscle. In support

of this hypothesis, we found a positive correlation between

the intramuscular fat content and AST. Quantitative deter-

mination of the change in fatty acid content of muscle

and backfat is still needed to confirm the function of AST

in lipid storage.

In support of a role for CLA in stimulating intramuscular

lipid accretion, the results of the present study indicate

that the abundance of CA3 is increased in muscle in

response to dietary CLA supplementation. CA3 catalyses

the hydration of CO2 to generate bicarbonate and hydro-

gen ions for enhancement of fatty acid synthesis and for

maintenance of pH homeostasis. Thus, some studies

have demonstrated that the CA3 protein is associated

with intramuscular fat content(49) and lipid accretion(50),

which agreed with our present results from correlation

analysis. Consequently, an increase in CA3 abundance

may be the factor for up-regulation of intramuscular fat

levels in CLA-supplemented pigs.

In the present study, dietary CLA also decreased the rela-

tive abundance of proteins involved in fatty acid synthesis.

The SCD plays a key role in regulating the synthesis of

MUFA, especially oleate and palmitoleate. These two fatty

acids are major MUFA components in membrane phospho-

lipids, TAG, wax esters and cholesterol esters(51). Growing

evidence shows that dietary CLA affects the ratio of SFA to

MUFA in skeletal muscle and adipose tissues(7,8,11,12,52,53)

due to the inhibition of desaturase. At present, there is lim-

ited information about SCD expression or activity in pig

skeletal muscle, despite numerous studies of this gene in

3T3-L1 adipocytes(54), mouse liver and isolated hepatic

cells(55), human HepG2 cells(56) and human breast cancer

cells(57). Moreover, a reduced SCD abundance was

observed in 3T3-L1 cells by trans-10, cis-12 CLA after pro-

teomics analysis(35). In adipose tissue, depressed SCD

enzyme activity was in part responsible for the depression

of adiposity by CLA(58). However, a role for SCD in

muscle may be different from that in liver and adipose

tissue. According to the idea of Doran et al.(59), future

studies are warranted to test the role of SCD in muscle

and adipose tissue.

Another new and important observation from the present

study is that dietary supplementation with CLA affected the

expression of proteins related to the immune defence

system (e.g. IL-4) and thenutrient transport system (e.g. albu-

min). For example, albumin would facilitate transport of

LCFA to liver and muscle for oxidation and lipid synthesis,

respectively. In addition, a reduction in IL-4 would attenuate

inflammatory responses and, therefore, oxidative stress in

tissues. This is expected to result in improved pork quality.

However, spots (no. 39 and 31) named with albumin from

rat and cat, respectively, and spots (no. 4 and 19) named

with calsequestrin-2 (fragment) from pig had different abun-

dance expression by dietary CLA. The difference may be

derived from different sequence coverage to produce differ-

ent entire amino acids composition between the protein

spots with the same name. Furthermore, the spots with the

samenameexhibiteddifferentmolecularweight and isoelec-

tric point value.

In conclusion, dietary CLA enhanced the abundance of

proteins related to energy metabolism, fatty acid oxidation

and synthesis, amino acid metabolism, defence and trans-

port. Increases in the abundance of CA3 and AST in Long-

issimus muscle may contribute to increased intramuscular

fat content in finishing pigs.
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