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Abstract

This study was conducted to validate the theoretical feasibility of a technique to identify biomarkers in Korean native

black pig (KNP) and a commercial Landrace breed. Using two-dimensional electrophoresis, we found six proteins (NADH

dehydrogenase Fe-S protein 1, an unnamed protein product, similar to T-complex protein 1, annexin V = CaBP33 isoform,

fatty acid-binding protein, and catechol O-methyltransferase), which appeared in KNP alone. We raised polyclonal antibod-

ies (used as the primary antibody) for Western blotting to confirm the characteristics of the six KNP proteins. As a result,

catechol O-methyltransferase, annexin V = CaBP33 isoform, and the unnamed protein product presented thicker bands in

KNP than those in Landrace. Moreover, catechol O-methyltransferase was shown to be more feasible as a biomarker for

KNP. However, cross-reactivity was observed with the polyclonal antibodies for KNP and the other three proteins (NADH

dehydrogenase, a protein similar to T-complex protein 1, and fatty acid-binding protein). This study only showed limited

results from a limited number of animals; however, our research suggests possibilities for future studies.
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Introduction

In the post Genomics era, proteomics studies have been

the cornerstone of many important findings in meat sci-

ence, commonly proteomics in meat science is focused

on dissecting the molecular networks for the basis of cel-

lular functions and physiologic processes. During post

mortem, immediately after slaughter, there is a change of

biochemical processes in response to the halt of the respi-

ratory system and the circulation of blood on animal.

Also in muscle cells, the ultra-structural and biochemical

changes as well as the changes in energy metabolism that

happened while going the post mortem have been ex-

plained (Lametsch and Bendixen, 2001). There are numer-

ous proteomics papers in the meat science literature that

analyse the genetic characteristics and/or eating quality

such as meat colour, marbling, meat ageing and tender-

ness on various species of animals (Bendixen, 2005; Hoc-

quette et al., 2009; Jia et al., 2006, 2007; Kim et al.,

2008a, 2008b; Martin et al, 2007; Mastellone et al., 2011;

Mullen et al., 2006; Oliveria et al., Park et al., 2009).

Also several studies demonstrated metabolic proteins

related with glycolysis during post mortem for early ten-

derness given have been being published (Jia et al., 2006,

2007).

Muscle fibre type greatly varies between pig breeds

(Gariépy et al., 2001; Waritthitham et al., 2010), and that

is a significant attributor to meat quality as significantly

affecting pre- and post-mortal metabolic rate and/or its

susceptibility to protein de-naturation (Bowker et al.,

2004). The authors reported that fast MyHC iso-forms

had a higher ATPase activity early post mortem than slow

muscle fibres, but these were more prone to inactivation

by a rapid pH decline. Kim et al. (2008a) confirmed that

two genes related to energy metabolism were more highly

expressed in KNP breed than Landrace pure breed. The

studies, not surprising on the other hand, imply that pigs

with distinctive fibre type had different expression levels

of proteins. Furthermore, from the biological perspective,

fibre type specific proteins might exist between two

breeds with different colour and water holding capacity
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traits of the meats.

When Korean consumers buy a meat, they want to know

information of the meat, and/also they prefer Korean native

breeds (Jang and Kim, 2009; Lee and Jin, 2009a).

Recently, several researchers presented Korean native

breeds identification techniques using gene (Lee et al.,

2009b; Lim et al., 2010; Yeo et al., 2000), but these tech-

nique was spent much time for identifying breed of a

meat. In medical area, biomarker discovery with pro-

teomics technique for quick diagnosis of diseases has

been studied by researchers (Goo and Goodlett, 2010; Shi

et al., 2009). Thus we expected that KNP specific pro-

teins have possibility to be used biomarker for deciding

whether or not KNP. Korean native black pigs (KNP)

shows a slower growth rate, lighter carcass weight and

more reddish meat colour than ordinary commercial pig

breeds (eg, landrace crossbreed) (Park et al., 2007). The

sluggish growth performance is a significant flaw from

the economic standpoint, whilst the reddish meat with

higher intramuscular fat content is one of the most

demanded meats in Korea (Hwang et al., 2004). Park et

al. (2007) recently identified four proteins (i.e., myosin

regulatory light chain 2, myosin light chain isotype v/sb,

fatty acid-binding protein and albumin) which were

expressed at a greatly higher level for KNP longissimus

muscle than those for landrace pure-bred one.

The current study was a satellite experiment of our long

term project (e.g., Park et al., 2007), and attempted to

identify breed specific proteins between KNP and lan-

drace pure-bred longissimus muscle, and raise polyclonal

antibodies to validate the identified proteins from 2D

Electrophoresis technique. The objective of this study

was to find specific proteins in KNP through comparison

between KNP and Landrace using proteomics technique,

and suggested feasible direction to develop biomarker

that can be used for industrial.

Materials and Methods

Animals and sampling 

A total of six market-weighted male pigs (3 Korean

native black pigs and 3 landrace pure-bred) were sampled

from the previous study reported by Park et al. (2007).

Pigs were transferred in approximately 3 h from the

research station to the NIAS (National Institute of Animal

Science) abattoir by the ordinary commercial trucking

system, before being slaughtered the following day. Upon

arrival of the animals at the abattoir, their live-weight was

determined and used as the live-weight in the experimen-

tal analysis. Whilst in abattoir, the animals were kept off

feed, but were given free access to water. The following

day animals, after a low voltage stunning (lower than

280 V by the mixture of head to head and head to breast

technique for 2.5 s), were conventionally slaughtered.

During bleeding, approximately 3 g of tissue samples

from the last rib region of longissimus muscle were taken

for proteome analysis at 0 h, and immediately placed in

liquid nitrogen, then stored at -70oC until analysis. After

that, the carcasses were normally hung via Achilles ten-

don and placed in the cold storage facility at a tempera-

ture of 1oC until the next day. The day after slaughter,

longissimus muscles were separated, and muscle samples

were vacuum packed and then aged for 7 d at a 4oC for

proteome analysis at day 7. Also all of muscle tissue kept

at -70oC were powdered in liquid nitrogen using mortar-

based homogenizer (Warning, Dynamics Corp., USA) for

a gel based proteomics analysis, and stored at -70oC until

used.

Proteome analysis 

For 2DE analysis, 50 mg muscle sample was homoge-

nized with 1ml whole extraction buffer containing 7 M

urea, 2 M thiourea, 2% CHAPS, 1% DTT, 40 µL Pro-

tease Inhibitor Cocktail (Roche, Germany) and 0.8% IPG

buffer pH range 4-7 using handheld sample grinding kit

(GE health care, USA). Then grinded sample was soni-

cated at 10oC for 10 min and incubated at 25oC for 20

min, and then sample solution was centrifuged at 40,000

g at 15oC for 1 h. The supernatant fraction of each sample

was taken, and the protein concentration was determined

using 2D-Quant Kit (Ettan Dalt, GE Healthcare, USA).

The samples extracted were separated by a 2DE system

(GE healthcare, USA), largely according to the method

described by Yan et al. (2001) and Hwang et al. (2005).

Gels were stained by 0.1% colloidial coomassie briliant

blue G-250 in 2% phosphoric acid, 10% ammonium sul-

phate, and 20% methanol for 48 h (Westermeier and

Naven, 2002), and were digitalized by an imaging system

(Versadoc Model 3000, Bio-Rad, USA). Triplicate gels

for each sample were analysed using 2DE image analysis

software (PD-Quest, Bio-Rad, USA) according to the

manufacturer’s instruction. Targeted spots were excised

using an automated spot cutter (Proteome Works, Bio-

Rad, USA) by a circular plug of 1.5 mm in diameter, and

transferred to polypropylene 96 well reaction plates. Pro-

teins were subjected to in-gel trypsin digestion (Yan et al.,

2001). MALDI-MS spectra were obtained using a delayed-

extraction reflection time-of-flight mass spectrometer
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(Model MALDI-R, Micromass, UK), while MS/MS

spectra were generated by nano-ESI on a Q-TOF2 mass

spectrometer (Micromass). The data were processed

using a Mass Lynx Windows NT PC system. Peptide

masses from MALDI-TOF MS were matched with the

theoretical peptides of proteins in the NCBI database

using MASCOT and/or Profound software. Also, all MS/

MS spectra recorded on tryptic peptides were searched

against protein sequences from NCBI and EST databases

using the MASCOT search program (www.matrixscience.

com).

Rising polyclonal antibodies

Six proteins (all of proteins were observed on only KNP,

also 3 proteins among them were decreased or increased

during ageing; similar to NADH dehydrogenase, unnamed

protein product, similar to T-complex protein 1, annexin

V=CaBP33 isoform, fatty acid-binding protein, Catechol

O-methyltransferase) differently expressed proteins between

KNP and Landrace, were selected and rose polyclonal

antibodies that were processed from rabbits. The domains

of polyclonal antibodies were chosen based on both low

hydrophobicity and high antigenicity exist because they

demonstrated high capability to be made specific anti-

body also had high probability to be exposed the outside

of three dimensional protein structure of the specific pro-

teins. Consequently, these polyclonal antibodies were

rose using regions near N-term and/or C-term of hydro-

phobicity and antigenicity in whole protein.

Western blotting

Each muscle samples, which were previously used for

proteome analysis stored at -70oC until analysis, were

homogenised in extract buffer containing 50 mM Tris and

10 mM EDTA, pH 8.3 for 20 s, 3 times. protein concen-

tration were determined by using protein assay kit (BIO-

RAD, USA) and made up to 2 mg/mL protein concentra-

tion with treatment buffer which contained 0.125 M Tris,

4% SDS, 20% glycerol, 0.1% MCE, 1% bromophenol

blue. This is boiled for 5 min, and then kept at room tem-

perature overnight. The immunoblotting was principally

conducted according to the method of Hwang et al.

(2004) with following modification. Ten microliters of

the sample was separated at 130 V for 60 min. using

acrylamide gel (4% stocking and 12% resolving gel), and

transferred to 0.2 µm PVDF membrane (BIO-RAD, USA)

at 200 mA for 120 min in transfer buffer (10% Methanol,

192 mM glycine, 25 mM Tris). After transfer, membrane

was blocked using 5% skim milk-TTBS (5% skimmed

mink in TTBS contained 20 mM Tris, 137 mM NaCl, 5

mM KCl, 0.05% Tween 20) at room temperature for 1 h.

Blots were incubated with each primary antibodies,

which were polyclonal antibodies that were made using

the 6 proteins, diluted 1:1,000 in TTBS for 60 min under

the same conditions. The bound primary antibodies were

then labelled (60 min at room temperature) with goat

anti-rabbit IgG HRP conjugated secondary antibody

(Sigma, USA) diluted 1:2,500 in TTBS. The bound anti-

bodies were visualized by incubating membranes with

BCIP/NBT substrate (BIO-RAD) according to the manu-

facturer’s guide. Images were taken by Floure-S (BIO-

RAD).

Results and Discussion

Korean native black pig has been widely grown until

1970’s in Korea, but at the time there was no implemen-

tation for improving breeds for lean meat production and

fast growth, consequently a number of KNP growing was

significantly recessed. However, when comparing KNP

with commercial pig breeds, such as cross-breed and

Landrace, there is not enough genetic information related

to meat quality traits. Phenotypically, the meat of KNP

shows reddish and has high intracellular fat content. This

is more desirable by most of Korean consumers (Hwang

et al., 2004). 

In our previous study (Park et al., 2007), which this

study followed to, showed that KNP had a significantly

(p<0.05) higher content of myosin heavy chain1, and

concurred with greatly (p<0.05) with higher inter muscu-

lar fat content and Hunter a* value, and significantly

(p<0.05) lower drip loss than those seen in Landrace. In

addition, the result of proteomics analysis reported that

approximately a hundred proteins were found in abun-

dance while store (0 h and 7 d) on various breed of KNP

and Landrace, in which 26 proteins were changed more

than threefold to be related ageing. Jia et al. (2007)

reported that the expression levels most affect during the

24 h post slaughter are those of HSP and the energy and

protein metabolism enzyme using proteomics analysis.

Similarly we observed mainly cellular defence/stress pro-

teins and energy/protein metabolism enzymes in the

group increased during aging. In this regard, 12 protein

spots were increased in density more than threefold

including three structural proteins (actin, myozenin1 and

f-actin capping protein β), four energy and protein meta-

bolic enzymes (adenylate kinase, dehydrogenase oxidase,

GDPH and cytochrome c oxidase subunit) and five cellu-
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lar defence/stress proteins (alpha B-crystallin, f-box/WD-

repeat protein 1A, heat shock cognate 71, heat shock pro-

tein 27 and heat shock protein 70.2) during ageing period.

On the other hands, 14 protein spots decreased in density

while the intensities of 12 proteins increased, these were

mainly structural proteins and plasma proteins. In the

study, especially, there were five noteworthy protein,

which were myosin regulatory light chain 2, myosin light

chain isotype v/sb, fatty acid-binding protein and albu-

min, that were greatly higher in density for KNP at 0 h

sample (Park et al, 2007).

For the rising antibody of KNP specific protein (Table

1), the proteins that were differed in density compared

and sorted by ageing between KNP and Landrace, there

were six proteins in only KNP muscle, also three proteins

(NADH dehydrogenase Fe-S protein 1, Unnamed protein

product, Similar to T-complex protein 1) among them

were observed during ageing, and the other three proteins

(Annexin V=CaBP33 isoform, Fatty acid-binding protein,

Catechol O-methyltransferase) disappeared with ageing

status.

For two proteins existed during ageing in only KNP

muscle, NADH dehydrogenase Fe-S protein (NADHS1)

and T-complex protein 1 (TPC-1-epsilonis) are associated

with ATP metabolism, NADHS1 is located at the mito-

chondrial inner membrane and related ATP synthesis, it

transfers electrons from NADH to the respiratory chain,

and TCP-1-epsilonis not only assist of proteins upon ATP

hydrolysis and chaperon and folding catalysts at cyto-

plasm, but also is essential in the folding of actin and

tubulin (Grigorieff, 1999; Kubota et al., 1995; Yokota et

al., 2000). These two proteins related energy metabolism

expressed only in KNP muscle is due to glycolysis pro-

gressing speed in red muscle including KNP (Kim et al.,

2008a; Park et al., 2007). On the other hand, on the other

five proteins included two structural proteins disappeared

with ageing. Annexin V=CaBP33 isoform has been par-

ticipated to Ca ion channel activities. This protein’s bio-

logical roles are not known, but reported to be widely

distributed in animal tissue by immunology (Giammbanco

et al., 1993). Fatty acid binding protein plays a role in

lipid-metabolism, and controls cell proliferation in mus-

cle and heart, it activates PPAR signalling pathway, also

Grebens et al. (1999) suggested feasible that this protein

can be used to biomarker for increasing intramuscular fat

in pig muscle. Catechol O-methyltransferase (COMT) is

a ubiquitous enzyme that is involved in the inactivation of

catecholamine, it works controlling on automatic nervous

system and inhibition of degradation fat on muscle cells

through steroid biosynthesis, thyrosin metabolism and

beta actin metabolism pathway (Annerbrink et al. 2008;

Niehaus et al. 2001).

Finally polyclonal antibodies for six proteins (NADH

dehydrogenase Fe-S protein1 isoform, unnamed protein

product, Similar to T-complex protein 1, Annexin V =

CaBP33 isoform, fatty acid-binding protein, Catechol O-

methyltransferase) were rose using rabbits for verifying

specific protein in KNP and Landrace (Table 1 and Fig.

1). In Fig 2, there were thicker bands at the polyclonal

antibody blot 1 (Catechol O-methyltransferase), blot 2

(annexin V = CaBP33 isoform) and blot 4 (unnamed pro-

tein product) in KNP than Landrace, particularly the case

of polyclonal antibody 1 appeared to specific band in

only KNP, and it presents theoretical feasibility to use for

indicating KNP at industrial area. Nevertheless, at the

other polyclonal antibodies which were rose using NADH

dehydrogenase, similar to T-complex protein 1 and fatty

acid-binding protein, there were not shown specific band

for KNP, and we expected that a traits of polyclonal anti-

body involved a lot of their non-specific binding in both

breeds. Thus the results of this study leave more research

to be required with raising monoclonal antibodies for

these specific proteins. To be sure, this study begins with

the limited results from a limited number of animals

Table 1. List of proteins and changes in spot density in arbitrary unit for Landrace (Lan) and Korean native black pig (KNP)

immediately after slaughter (0 h) and 7 d storage at 4oC

Spot no. Identified fragments
NCBI Access 

number
C/Q†y Estimated

MW/pI

Spot density

Lan 0 h Lan 7 d KNP 0 h KNP 7 d

3904 NADH dehydrogenase Fe-S protein 1, 

75 kDa precursor isoform 3

gi|74005204 23/15 80717/6.04 0 0 04.98 02.45

4805 Unnamed protein product gi|1335218 13/90 102241/5.23 0 0 04.33 06.04

5801 Similar to T-complex protein 1 gi|74003009 23/16 60055/5.58 0 0 24.60 11.20

1305 Annexin V=CaBP33 isoform gi|260137 32/70 35978/4.94 0 0 09.32 0

2119 Fatty acid-binding protein gi|2143386 26/50 14797/6.11 0 0 11.24 0

2215 Catechol O-methyltransferase gi|544074 Q-ToF 20859/6.1 0 0 18.59 0

†C/Q, Percentage of coverage/number of matched query for MALDI-TOF analysis; yPeptide sequence for Q-ToF analysis, Q-ToF 1
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involved that was not found and made obvious indicator

proteins/antibodies for KNP. Although it has good reason

to report it, as we believe this results can become a case

to be considered for future researches.

In the previous study (Park et al., 2007), we found six

proteins (NADH dehydrogenase Fe-S protein 1, Unnamed

protein product, Similar to T-complex protein 1Annexin

V=CaBP33 isoform, Fatty acid-binding protein, Catechol

O-methyltransferase) appeared in KNP merely, and rose

polyclonal antibodies (used to primary) for western blot-

ting to confirm specification of six protein with KNP. In

result, Catechol O-methyltransferase, Annexin V=CaBP33

isoform, Unnamed protein product were presented thicker

band in KNP than Landrace, moreover Catechol O-meth-

yltransferase was shown feasibility to be used biomarker

for KNP. However there were not specification of KNP

with the other three proteins, which were NADH dehy-

drogenase, similar to T-complex protein 1 and fatty acid-

Fig 1. Representative 2DE electrophoresis profile and spots number of specific proteins of Korean native black pig (KNP) at 0 h

and 7 d. The three proteins, (NADH dehydrogenase Fe-S protein 1,75kDa precursor isoform 3, spot no. 3094; Unnamed protein

product, spot no. 4805; Similar to T-complex protein 1, spot no. 5801) were increased and/or decreased, and another three pro-

teins ( Annexin V=CaBP33 isoform, spot no. 1305; Fatty acid-binding protein, spot no. 2119; Catechol O-methyltransferase, spot

no. 2215) were disappeared during ageing.
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binding protein. Although this study remained more

research to be needed with the limited current results and

number of animals, the current study demonstrated a pos-

sibility that can become a case to be considered for future

researches
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