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When proteins extracted from longissimus dorsi muscles of Landrace and Berkshire at the finishing
stage were compared by 2-DE, the Landrace demonstrated a quantitative increase in proteins related
to slow skeletal muscle function, such as serum albumin precursor, troponin T (slow skeletal muscle;
sTnT) and myoglobin. In contrast, the Berkshire exhibited comparatively elevated enzymes involved
in metabolic pathways, fast skeletal muscle function, and energy production, such as heat shock
27-kDa protein (HSP27)-1, TnT (fast skeletal muscle; fTnT), muscle creatine kinase, phosphoglucomu-
tase 1 (PGM1), triosephosphate isomerase (Tpi1) and adenylate kinase isoenzyme 1 (AK1). When com-
pared to growing Berkshire, finishing Berkshire showed increased levels of aldehyde dehydrogenase
1 family, member L1 (ALDHL1), and muscle creatine kinase. In contrast, the growing Berkshire mus-
cle had elevated levels of HSP27-1, sTnT, fTnT, serum albumin precursor, PGM1, AK1, and Tpi 1 as
compared to the finishing Berkshire. The Landrace longissimus dorsi muscle may be composed of slow-
er skeletal muscle, whereas Berkshire is composed of a faster skeletal muscle. The uniquely elevated
quantities of proteins involved in skeletal muscle function, energy metabolism, and cytoskeleton func-
tion in the growing Berkshire indicate that these factors support growth and maintenance during the
growing stage when compared with the finishing Berkshire.
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Introduction

The lineage of a pig with superior growth and meat qual-

ity is maintained in a specific heritage. Various investigators

have identified changes in protein expression caused by ge-

netic polymorphisms that directly impact the growth and/or

meat quality of pigs or mice [6]. Although data regarding

pig muscle properties and meat quality with respect to age

and body weight are quite limited, increases in age and body

weight are generally considered to result a more potent meat

color and higher muscle fat content [5]. Otherwise, Beta-2

adrenergic receptors (ARs) regulate glycogenolysis, lipolysis

and proteolysis in muscle and fat tissues [19]. The factors

that affect beta-2 AR function, such as genetic poly-

morphisms, are predicted to influence meat quality and oth-

er attributes [10]. The myogenin gene has been studied for

its contribution to the generation of lean meat content of

pigs and especially how myogenin polymorphisms affect

this content [6].

Among the very limited data gleaned from proteomics

studies performed with pig tissue is a comparison between

white and red muscle of embryonic and growing pigs [8].

Generally, proteomic studies with 2-DE results in approx-

imately 300-500 protein spots. Among these spots, com-

parative proteomics with proteins from white and red mus-

cle indicated differences in the expression of only a few pro-

teins: myoglobin, two slow-twitch isoforms of myosin light

chain and two small heat shock proteins [15].

To expand this field of knowledge, we investigated the

differences in protein expression patterns in longissimus
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dorsi muscle tissue between finishing Landrace and

Berkshire pigs, as well as between growing and finishing

Berkshires.

Materials and Methods

Animals and tissue harvesting

To compare and analyze the expression pattern of pro-

teins among different pig breeds and growth stages, four

individual pigs were selected for each of finishing Danish

Landrace and British Berkshire pigs (110 kg; Chonbuk

Dasan Pig Breeding Co.). Four individual Berkshires were

also selected for each of the growing (60-70 kg) and finish-

ing stages (110 kg; Chonbuk Dasan Pig Breeding Co.). The

selected animals were euthanized in accordance with the

animal welfare regulations of the National Institute of

Livestock and Grassland Science. Longissimus dorsi muscles

were harvested from the euthanized pigs, snap-frozen in

liquid nitrogen, and stored at -80°C until used in

experiments.

Protein extraction from longissimus dorsi muscle

Harvested longissimus dorsi muscle tissue (100 mg) was

sonicated for 10 seconds by Sonoplus (Bandelin Electronic,

Germany) in the sample lysis solution made of 7 M urea,

2 M thiourea, 4% (w/v) CHAPS, 1% (w/v) DTT, and 2%

(v/v) pharmalyte, and 1 mM benzamidine, and then directly

homogenized by a motor-driven homogenizer

(PowerGen125, Fisher Scientific). After the homogenized

product was centrifuged at 15,000× g for one hour at 15
o
C,

the precipitated insoluble material was discarded, and the

soluble supernatant fraction was collected and used for

2-DE. Protein quantity was normalized by Bradford assay

for sample loading [4].

Protein separation via 2-DE and gel image analysis

An IPG dry strip (130×3×0.5 mm, pH4-10, GE Healthcare

Bio-Sciences AB) was incubated for 12-16 hours in a rehydra-

tion buffer (7 M urea, 2 M thiourea, 2% CHAPS, 1% DTT,

and 1% pharmalyte), and 1.1 mg of each sample was loaded

into a strip fixed in a strip module. IEF was performed

at 20
o
C using a Multiphor II electrophoresis unit and an EPS

3500 XL power supply (Amersham Biosciences, USA) ac-

cording to the manufacturer’s instruction. The voltage for

IEF was linearly increased from 150 to 3,500 V over three

hours to allow for sample entry into the gel, followed by

constantly applying 3,500 V for complete focusing until 96

kVh-1 was reached. Prior to electrophoresis, the treated

strips were incubated for ten minutes each in equilibration

buffer (50 mM Tris-Cl, pH 6.8, 6 M urea, 2% SDS and 30%

glycerol) with 1% DTT added to the first incubation and

2.5% iodoacetamide added to the second incubation. The

equilibrated strips were inserted into SDS-PAGE gels (20 x

24 cm, 10-16%) and protein separation via SDS-PAGE was

performed by the Hoefer DALT 2D system (Amersham

Biosciences, USA) according to the manufacturer’s

instructions. The 2-DE gels were run at 1,700 Vh
-1

at 20
o
C,

and were then stained by CBB G250 solution, as described

by [1]. The 2-DE gels were gently incubated in colloidal CBB

stain to allow for analysis of protein spots. The colloidal

CBB solution was prepared by combining 177 ml 85% phos-

phoric acid, 150 g ammonium sulfate, 1.8 g colloidal CBB-G

250, adjusted to 1,200 ml with water, and then finally ad-

justed to 1,500 ml with methanol.

Quantitative analysis of digitized gel images was per-

formed with the PDQuest software (version 7.0, Bio-Rad) ac-

cording to the manufacturer’s protocol. The quantity of each

spot was normalized by total valid spot intensity. Protein

spots with significant expression differences between pig

group samples were selected for further analysis.

Protein identification via PMF and CAF-MALDI

sequencing

Protein identification by PMF was performed as follows:

Protein spots were enzymatically-digested in-gel with modi-

fied porcine trypsin in a manner similar to the method pre-

viously described by [22]. Target spots were cut from the

gel and the gel pieces were washed with 50% acetonitrile

to remove SDS, salt and staining dye, then dried to remove

solvent, rehydrated with digestive solution containing tryp-

sin (8-10 ng/μl), and then incubated for 8-10 hours at 37oC.

The proteolysis reaction was terminated by adding 5 μl of

0.5% TFA. Tryptic peptides were recovered by combining

the aqueous phases obtained from several extractions of gel

pieces with 50% aqueous acetonitrile. After concentration,

the peptide mixture was desalted using C18ZipTips

(Millipore, USA) and eluted in 1-5 μl acetonitrile. An aliquot

of this solution was mixed with an equal volume of a satu-

rated solution of α-cyano-4-hydroxycinnamic acid in 50%

aqueous acetonitrile, and 1 μl mixture was spotted onto a

target plate.

Protein analysis via PMF was performed by an Ettan
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Fig. 1. Comparative analysis of expressed protein pattern in Landrace and Berkshire longissimus dorsi muscles. Protein patterns

of longissimus dorsi muscles of (A) Landrace and (B) Berkshire pigs. The spots that changed in intensity are marked with

an identifying number.

MALDI-TOF (Amersham Biosciences, USA). Peptides were

evaporated with a N2 laser at 337 nm with a delayed ex-

traction approach. The peptides were accelerated with 20-kV

injection pulse for TOF analysis. Each spectrum is the cumu-

lative average of 300 laser shots. The search program

ProFound developed by Rockefeller University

(http://129.85.19.192/profound_bin/ WebProFound.exe)

was used for protein identification by PMF. Spectra were

calibrated using the trypsin auto-digestion ion peak m/z,

842.510 and 2211.1046, as an internal standard.

Chemically assisted fragmentation-MALDI (CAF-MALDI)

sequencing was performed as follows: Protein digestion was

performed by the same method with PMF as described

above. Additionally, the 4-sulfophenyl-isothiocyanate

(SPITC; Sigma-Aldrich) reaction was performed as per [9].

SPITC was dissolved at a final concentration of 10 mg/ml

in 20 mM NaHCO3, pH 9.5, and then treated by a half-vol-

ume of SPITC solution versus one volume of trypsin-di-

gested solution. The reaction was allowed to progress for

30 minutes at 55oC and terminated by adding 1 μl 5% TFA.

The remainder of the protocol was performed by the same

method used for PMF.

Statistical analysis

Statistical analysis was performed with SAS (Statistics

Analytical System, USA, 1999) according to the general line-

ar model (GLM). Duncan’s Multiple Range Test was used

to compare the differences of the means between samples.

Data are expressed as mean±SD.

Results and Discussion

Protein expression differences in longissimus

dorsi muscle between pig breeds

Various pig breeds are different with respect to growth

and meat quality based on genetic lineage and protein ex-

pression pattern [6]. To identify differences in protein ex-

pression patterns between different breeds, we com-

paratively analyzed proteins from the longissimus dorsi mus-

cles between finishing Landrace and Berkshire breeds. The

protein profiles of the longissimus dorsi muscle were analyzed

by 2-DE via IEF and SDS-PAGE (Fig. 1). The average number

of spots in the gels after staining with colloidal CBB was

approximately 450 for each pig breed. Intensities of almost

all spots between finishing Landrace and Berkshire were

similar; however, the intensity of a few spots was different

between groups.

Spots exhibiting varied intensity by gel image analysis

were selected as proteins differentially expressed between

groups. However, we only accepted the spots that were of

altered intensity in at least three of the four samples ana-

lyzed in each group (data not shown). We identified in-

tensity changes in 29 spots between the protein repertoire

of Landrace and Berkshire pig longissimus dorsi muscle tissue

(Fig. 1). By comparing protein quantity between the two

breeds, we identified 10 spots that represented proteins ei-

ther specifically expressed only in Landrace (SSP 4002 and

4101) or expressed at elevated levels in Landrace compared

to Berkshire (SSP 4607, 4608, 5102, 5201, 5207, 5208, 5601,
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Table 1. Protein expression patterns in Landrace and Berkshire longissimus dorsi muscles

SSP1) MW2) PI3) Mean intensity

of W4)

Mean intensity

of BA5)

Fold variation:

W versus BA
P value

3102 26.67 5.24 683.2±160.5704 1190.6±426.7319 0.57 0.820

4002* 19.10 5.33 629.2±191.47 - - -

4101* 29.57 5.46 543.5±840.481 - - -

4607 72.74 5.67 631.6±30.05204 215.1±95.6091 2.94 0.170

4608 72.64 5.84 1081.7±220.9002 291.5±99.28095 3.71 0.070

5102 29.46 5.89 2600.5±2663.933 200.7±62.16772 12.96 0.190

5201 36.46 5.90 2597.1±1349.202 503.3±152.721 1.93 0.090

5207 36.54 6.22 2013.1±663.2540 810.4±340.2541 2.48 0.190

5208 36.50 6.32 1221.2±378.4666 312.3±135.4965 3.91 0.110

5601 72.71 5.94 590.0±278.7477 222.3±93.31052 2.65 0.170

6101 27.86 6.79 1121.7±360.6687 2117.0±275.6112 0.52 0.004

6103 26.13 7.06 160.8±118.9443 1031.8±661.6153 0.16 0.040

6104 26.44 6.70 18.0±3.407262 254.0±141.5931 0.07 0.020

6105 26.00 6.68 7.1±4.2659 241.0±135.3298 0.03 0.001

6107 28.69 6.97 193.4±99.89321 633.9±113.8523 0.31 0.001

6312 38.43 6.96 326.0±61.19987 1500.3±455.4619 0.22 0.020

6505 65.89 6.97 286.8±149.751 1178.6±87.33367 0.24 0.005

7006 14.43 8.22 7994.0±1378.333 4368.1±1093.182 1.83 0.200

7102 27.83 7.55 3190.8±616.0017 7284.7±815.0820 0.44 0.020

7107 27.98 8.07 6167.5±2856.350 11787.4±2639.7080 0.52 0.020

7109 23.37 7.47 161.7±165.7149 606.9±66.13413 0.27 0.060

7110 29.83 7.56 11.5±17.45701 449.8±241.3508 0.03 0.060

7111 30.48 7.65 29.8±8.593581 268.3±134.2736 0.11 0.020

7210 33.02 7.80 21.6±9.957578 233.1±182.741 0.09 0.060

7304 38.46 7.56 2416.6±390.2600 3579.1±1152.280 0.68 0.490

7305 38.48 7.83 2065.4±478.6041 3253.2±1593.737 0.64 0.200

7307 38.60 7.91 1181.5±423.1873 2615.1±1270.187 0.45 0.350

7502 65.89 7.20 445.9±142.9668 1506.3±308.3955 0.30 0.001

7505 66.02 7.69 467.5±44.47702 1346.3±111.0929 0.35 0.001

SSP, standard spot protein; MW, molecular weight by kDa; PI, isoelectric point; W, Landrace; BA, Berkshire. Spots of greater

intensity in Landrace are indicated by bold font. *Spots detected at only Landrace.

and 7006). The other 19 of 29 total spots represented pro-

teins expressed at elevated levels in muscle from Berkshire

compared to those of Landrace (Table 1).

Protein expression differences in longissimus

dorsi based on growth stage of the Berkshire breed

Because the Berkshire pig is generally known for its supe-

rior meat quality compared to the Landrace pig, we chose

the proteins of the Berkshire longissimus dorsi muscle by 2-DE

to investigate the protein expression pattern of this breed

according to growth stage. We performed 2-DE on muscle

tissue from the Berkshire at growing and finishing stages

and observed about 450 spots (data not shown). We sought

to select the spots that exhibit differential expression con-

sistently between the two growth stages and identified 12

specific spots (Fig. 2).

By comparing the protein expression in Berkshire accord-

ing to growth stages, we found that the protein expressions

of 9 of the 12 identified spots were elevated in the growing

Berkshire versus finishing. We identify three spots, SSP

7110, 7111 and 7210, that were expressed more highly in

the finishing pig. These proteins may be essential for initial

growth of the Berkshire pig (Table 2).

Self-organizing map clustering (SOM) was performed for

analysis of expression pattern of the spots exhibiting specific

changes according to breed and growth stages (data not
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Fig. 2. Comparative analysis of expressed protein pattern between growing and finishing Berkshires longissimus dorsi muscles. Protein

patterns of longissimus dorsi muscles of (A) growing and (B) finishing Berkshire pigs. The spots that changed in intensity

are marked with an identifying number.

Table 2. Protein expression patterns in longissimus dorsi muscles of growing and finishing Berkshires

SSP MR PI
Mean intensity

of GB

Mean intensity
of FB

fold variation:
GB versus FB

P value

3102 26.67 5.24 1190.6±426.7319 395.0±174.1998 3.01 0.057

5201 36.46 5.90 569.6±92.9584 287.2±78.28379 1.98 0.700

5208 36.50 6.32 312.3±135.4965 44.9±27.80366 6.96 0.025

5601 72.71 5.94 180.7±112.914 132.5±51.6912 1.36 0.470

6101 27.86 6.79 2117.0±275.6112 1495.8±160.3946 1.42 0.008

6107 28.69 6.97 633.9±113.8523 338.2±192.3229 1.87 0.030

6505 65.89 6.97 1178.6±87.33367 618.7±147.1811 1.91 0.157

7109 23.37 7.47 606.9±66.13413 246.2±73.60982 2.47 0.208

7110 29.83 7.56 327.8±164.869 496.2±220.3342 0.66 0.231

7111 30.48 7.65 268.3±134.2736 373.6±185.0381 0.72 0.393

7210 33.02 7.80 297.8±158.0181 429.0±178.9225 0.69 0.176

7307 38.60 7.91 2044.6±683.3091 1568.3±293.77 1.30 0.420

SSP, standard spot protein; MW, molecular weight by kDa; PI, isoelectric point; GB, growing Berkshire; FB, finishing Berkshire.

Spots of greater intensity in growing Berkshire are indicated by bold font.

shown). The results of SOM were similar to results of

PDQuest analysis, and expression patterns of protein were

divided into either Landrace and Berkshire or growing and

finishing Berkshires. It suggests that the results of 2-DE were

performed without error of experimental procedure and

methods.

Identification of proteins differentially expressed

between breeds

We then sought to identify the protein spots with differ-

ential expressions between pig breeds by PMF and

CAF-MALDI sequencing (Tables 3 and 4). Among the 27

spots (except two spots expressed only in Landrace among

29 total, specifically 4002 and 4101) that were different be-

tween pig breeds, 24 spots were completely identified by

PMF and CAF-MALDI sequencing. The other three proteins

were identified by partial amino acid sequences and are un-

known proteins.

Our analysis determined that the proteins specifically ele-

vated in the Landrace muscle compared to the Berkshire

muscle were: serum albumin precursor, sTnT (slow skeletal

muscle troponin T), and myoglobin. Serum albumin, which

is generated by the removal of 18 amino acids from serum

albumin precursor, plays an essential role in maintaining os-



718 생명과학회지 2012, Vol. 22. No. 6

Table 3. Proteins identified by PMF

SSP Identified protein
Accession No.

(source)

Sequence

coverage (%)
pI/kDa1

6103 Muscle creatine kinase
gi|54111517

(Sus scrofa)
25 6.6 / 43.27

6105 Muscle creatine kinase
gi|54111517

(Sus scrofa)
25 6.6 / 43.27

6505 Chain A, structure of phosphotransferase Phosphoglucomutase
gi|1942289

(Rabbit)
29 6.6 / 61.69

7102 Tpi1 protein
gi|38512111

(Rattus norvegicus)
44 7.1 / 27.21

7107

Chain A, crystal structure of recombinant human triosephosphate

isomerase at 2.8 angstroms resolution. Triosephosphate isomerase

related human genetic disorders and comparison with the

trypanosomal enzyme

gi|999892

(Homo sapiens)
32 6.5 / 26.81

7109 Adenylate kinase isoenzyme 1
gi|125151

(KAD1_PIG)
56 8.6 / 21.74

7110 Aldehyde dehydrogenase 1 family, member L1
gi|27532959

(Mus musculus)
29 5.6 / 99.55

1pI/kDa: values registered in Genebank.

motic pressure by distributing fluids between the intra-

vascular compartments and body tissues [7]. Serum albumin

is also a serum carrier via nonspecific interactions with hy-

drophobic steroid hormones, as well as being a transport

protein for hemin and fatty acids [20]. Although the specific

function of TnT has not yet been identified, it is known that

it is a component of the troponin complex, which blocks

muscle contraction by forming a troponin-tropomyosin

complex. Among the ten TnT isoforms in pigs, eight iso-

forms are fast-type isoforms and the other two are slow-type

isoforms [16]. Fast-type TnT isoforms (fTnT) are highly ex-

pressed in fast skeletal muscle, whereas slow-type isoforms

(sTnT) are expressed at low levels in the fast skeletal muscle

[26]. In bovine muscle, a large number of slow fibers in the

muscle indicate elevated expression of sTnT, whereas a large

number of fast fibers indicate elevated expression of fTnT

[3]. Based on the data described above, the increased level

of sTnT in Landrace pigs versus Berkshire pigs may indicate

that Landrace pigs have larger quantities of slow skeletal

muscle. Myoglobin satisfies the oxygen requirement of mus-

cle tissue by mediating oxygen transfer. We identified the

partial amino acid sequences of spots 4002, 4101, and 5102,

but these sequences had no homology with known proteins.

Among them, spots 4002 and 4101 were proteins specifically

expressed in Landrace pigs. Taken together, these data in-

dicate that the Landrace longissimus dorsi muscle promotes

complete oxidation and increased oxygen transfer mediated

by myoglobin, which occurs as a result of increased amounts

of slow skeletal muscle.

Proteins that were expressed specifically in Berkshire pigs

were HSP27-1, fTnT, muscle creatine kinase, phosphogluco-

mutase 1 (PGM1), triosephosphate isomerase (Tpi1) and ad-

enylate kinase isoenzyme 1 (AK1). Small heat shock proteins

(HSPs) are HSPs with molecular weights less than 30 kDa,

and these HSPs are critical for the stress response and other

physiological activations. HSP27 and αB-crystallin are com-

ponents of small HSPs and act as regulators of cytoskeletal

filaments such as microfilament and intermediate filament

[12]. HSP27 is an inhibitor of actin polymerization, and this

inhibitory activity is inhibited by phosporylation [2]. The

fTnT protein is involved in contraction of skeletal muscle,

as described above.

Although most of the energy in skeletal muscle is pro-

duced by mitochondrial ATPase activity, the consumed in-

termediates (ADP or AMP) do not reach the ATPase active

site due to limited permeation of adenine nucleotide. If nec-

essary, muscle creatine kinase can supply energy by induc-

ing ATP production [24]. PGM1 is an enzyme that catalyzes

the transformation of glucose-1-phosphate into glu-

cose-6-phosphate or vice versa, and functions in the storage

and degradation of glucose. Tpi1 is an enzyme that catalyzes

the transformation of dihydroxyacetone phosphate (DHAP)

into glycerolaldehyde-3-phosphate, and plays an essential

role in the Embden-Meyerhof pathway (EMP). AK mediates
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Table 4. Proteins identified by CAF-MALDI sequencing

SSP Identified protein
Accession No.

(source)
Identified sequence pI/kDa1

3102
Heat shock 27kDa

protein 1

gi|4504517

(Homo sapiens)
LFDQAFGLPR 6.0/22.78

4002 Unknown - AFGQMPVPVPVVI -

4101 Unknown - IQWGTYQDYNEGNR -

4607
Serum albumin

Precursor

gi|5915682

(ALBU_MOUSE)
DVFLGTFLYEYSR 5.8 /68.69

4608
Serum albumin

Precursor

gi|5915682

(ALBU_MOUSE)
DVFLGTFLYEYSR 5.8 /68.69

5102 Unknown protein NEGQGTYQDYNEGNR

5201
Troponin T, slow

skeletal muscle

gi|1174800

(Homo sapiens)
YEINVLYNR 5.9 / 32.95

5207
Troponin T, slow

skeletal muscle

gi|1174800

(Homo sapiens)
YEINVLYNR 5.9 / 32.95

5208
Troponin T, slow

skeletal muscle

gi|1174800

(Homo sapiens)
YEINVLYNR 5.9 / 32.95

5601
Serum albumin

Precursor

gi|5915682

(ALBU_MOUSE)
DVFLGTFLYEYSR 5.8 / 68.69

6101 Unknown protein - NSVPTEVVSGSPPTAYNNFAR -

6104 Unknown protein - NSVPTEVVSGSPPTAYNNFAR -

6107 Unknown protein - NSVPTEVVGCAPPTAYNNFAR -

6312
Troponin T, fast

skeletal muscle

gi|33518637

(Homo sapiens)
DLMELQALIDSHFEAR 5.7 / 31.82

7006 Myoglobin
gi|226793

(Ondatra zibethicus)
HGBTVLTALGGILK 8.7 / 17.13

7111
Muscle creatine

Kinase

gi|21536288

(Homo sapiens)
SFLVWVNEEDHLR 6.8 / 43.10

7210
Muscle creatine

Kinase

gi|21536288

(Homo sapiens)
SFLVWVNEEDHLR 6.8 / 43.10

7304
Troponin T, fast

skeletal muscle

gi|33518637

(Homo sapiens)
DLMELQALIDSHFEAR 5.7 / 31.82

7305
Troponin T, fast

skeletal muscle

gi|33518637

(Homo sapiens)
DLMELQALIDSHFEAR 5.7 / 31.82

7307
Troponin T, fast

skeletal muscle

gi|33518637

(Homo sapiens)
DLMELQALIDSHFEAR 5.7 / 31.82

7502
Phosphogluco-

mutase 1

gi|21361621

(Homo sapiens)
IALYETPTGWK 6.3 / 61.45

7505 Phosphogluco-mutase 1
gi|21361621

(Homo sapiens)
IALYETPTGWK 6.3 / 61.45

1pI/kDa: values registered in Genebank.

the reaction ATP + AMP → 2ADP, and this family is a

strongly conserved enzyme. The AK reaction is critical for

adenine nucleotide metabolism and the phosphate-mediated

transfer of chemical energy into bioenergy. AK1 is among

the AK isoenzyemes discovered in mammals and is specifi-

cally expressed in skeletal muscle [23]. Lastly, spots 6101,

6104 and 6107 could not be identified.

These data indicate that the longissimus dorsi muscle of

Berkshire pigs promotes fast energy production due to the

elevated amount of fast energy-producing tissue predicted

by fTnT. Additionally, the expression of muscle creatine

kinase, PGM1, Tpi1 and AK1, also suggests that reduced

oxidation occurs in the Berkshire muscle. The protein ex-

pression patterns in these two breeds indicate that the

Berkshire longissimus dorsi muscle is comprised of more

white fiber/fast twitch muscles and this muscle from



720 생명과학회지 2012, Vol. 22. No. 6

Landrace pigs is comprised of red fiber/slow twitch mus-

cles of Landrace pigs.

Identification of proteins differentially expressed

according to growth stage

Proteins that were elevated in finishing Berkshire pigs

(110 kg) were aldehyde dehydrogenase 1 family, member

L1 (ALDHL1) and muscle creatine kinase. The ALDH1L1

gene in humans encodes 10-formyltetrahydrofolate de-

hydrogenase and catalyzes the reaction between

10-formyltetrahydrofolate, NADP, and water to form tetra-

hydrofolate, NADPH, and carbon dioxide. Tetrahydrofolate

is a coenzyme for the metabolism of amino acids and nucleic

acids, and NADPH serves as the reducing power for the

biosynthetic reaction. Muscle creatine kinase produces en-

ergy in a manner different from ATPase, as described above.

Protein expression elevated in the growing Berkshire pigs

(60-70 kg) were heat shock 27 kDa protein (HSP27)-1, sTnT,

fTnT, serum albumin precursor, PGM1, AK1 and Tpi1. These

proteins aid in muscle function, as described above. In sum-

mary, the results from these studies suggest that the proteins

elevated exclusively in the growing Berkshire pig promote

functions related to growth and maintenance, such as fTnT

and sTNT, as well as increased energy consumption and cy-

toskeleton maintenance. Additionally, the proteins ex-

pressed specifically in the finishing pig suggest that those

muscles are specialized to support energy and reducing

power.

Functional analysis of identified proteins

A total of 29 proteins differentially expressed between fin-

ishing Landrace and Berkshire pigs were identified. Among

them, 11 proteins are known to have roles in metabolism

and had the largest expression changes between two breeds

(Fig. 3A). We identified changes in expression of four iso-

forms of muscle creatine kinase and two isoforms of PGM1.

Contractile apparatus was discovered by all TnT isoforms.

Three serum albumin precursor proteins located in different

positions were identified that have structural functions.

Additionally, one oxygen transporter and one defense pro-

tein were identified. In a previous study, [13] compared

muscle tissue proteomes between Norwegian Landrace and

Duroc pigs. They identified a change in expression of 50

proteins between Norwegian Landrace and Duroc. Among

the 50 proteins, 13 were structural, 16 were metabolic en-

zyme, 15 were cellular defense/stress proteins and 6 were

(A)

(B)

Fig. 3. Functional analysis of identified proteins. (A) Proteins

expressed in a differential pattern between Landrace

and Berkshire longissimus dorsi muscles. (B) Proteins ex-

pressed in a differential pattern between growing and

finishing Berkshire longissimus dorsi muscles.

miscellaneous proteins. Protein expression changes, which

were identical in both this and Hollungs’ studies, were crea-

tine kinase and Hsp27. Significantly, creatine kinase was de-

tected in both studies in various isoforms.

A total of 12 proteins in this study were identified that

are differentially expressed between growing and finishing

Berkshire pigs. Among them, five proteins were related to

metabolism and exhibited the largest changes in expression

between the two age groups (Fig. 3B). Contractile apparatus

was discovered by all troponin T isoforms. One protein each

had functions related to structure and defense. These results

were entirely different from those of [13].
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초록：돼지의 품종 및 성장 단계에 따른 등심조직의 단백질 발현 양상 비교, 분석
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Landrace와 Berkshire의 longissimus dorsi muscle으로부터 단백질 발현양상의 차이를 보기 위하여 2-DE실험을

통하여 분석한 결과 Landrace 에서 특이적으로 발현 양이 증가한 단백질들은 serum albumin precursor, tropo-

nin T (TnT; slow skeletal muscle), myoglobin였다. Berkshire에서 특이적으로 발현 양이 증가한 단백질들은 heat

shock 27 kDa protein 1, troponin T (fast skeletal muscle), muscle creatine kinase, phosphoglucomutase 1, tri-

osephosphate isomerase (Tpi 1), adenylate kinase isoenzyme 1 (AK1)였다. Landrace의 longissimus dorsi muscle

에서는 slow skeletal muscle과 연관된 단백질들이 발현된 반면에 Berkshire에서는 fast skeletal muscle, 물질대사

경로, 에너지 생산과 관련된 단백질들이 발현되었다. Berkshire를 이용하여 성장단계별로 단백질 발현을 분석해

본 결과 growing Berkshire에서 발현이 증가한 단백질은 aldehyde dehydrogenase 1 family, member L1

(ALDHL1)와 muscle creatine kinase이고 finishing Berkshire에서 발현이 증가한 단백질은 heat shock 27 kDa

protein 1, TnT (slow skeletal muscle), TnT (fast skeletal muscle), serum albumin precursor, PGM 1, AK 1, Tpi

1였다. 이 결과는 Finishing Berkshire의 등심에서는 growing Berkshire에 비교하여 골격근육, 에너지물질대사,

세포골격 등이 보다 활성화된 것으로 사료된다.


