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Abstract—The aim of the study was to compare the expressiarf selected skeletal muscle proteins of six animal
species (cattle, pig, chicken, turkey, duck and gee), the meat of which is most often consumed in Epe, and to
reveal differences between them. This paper presenthe interspecies differences detected in range tie myosin
light chains (MLC1f, MLC2f, MLC3f). Proteins extracted from the muscle tissue were separated using two
dimensional electrophoresis. The separations reveal the differences between examined species in nmlkar
weight (MW) and isoelectric point (pl) values of tle fast essential as well as the fast regulatory msia light
chains. In the case of cattle and pig MLCL1f isoform had a similar pl values, but differed in MW up to2.4 kDa.
All poultry species (chicken, turkey, duck, goosedlso differed in MW of the MLC1f. Only the MLC1f extracted
from goose had the same MW like pig but its pl vale was more alkaline (4.91) in relation to pig (4.99Apparent
differences were observed for proteins matching tMLC2f isoform. These proteins had similar pl valuesfor all
examined species but differed in MW MLC3f isoforms also differed in their MW. The MLC 3f extracted from
chicken had the highest MW (17.4 kDa). The lowesine was found in duck muscles (16.1 kDa). The causkthat
phenomenon might be slightly different their aminoacid composition.

Index Terms— MLC isoforms, species identification, two-dimenginal electrophoresis

[. INTRODUCTION

Myosin plays a key role in shape-maintaining and/@meent of eucariotic cells. It is the best-knowntonic protein
(molecular motor). Myosin has the ability to cortvehemical energy into mechanical one through daramational
change — a contraction, which is possible due ¢oréhease of energy from ATP hydrolysis. At presastmany as 15
distinct classes of myosin were indentified, of eththe role of molecular motor in muscle contratt@rform class I
myosins which are presented in muscle fibres, lgisteepithelial gastroenteric cells or neuronsg@iani, Bottinelli
and Stienen, 2000).

Skeletal muscles differ in their contractile prdpes. These differences occur not only betweenispdaut also
between muscles within a single organism. The readcahat is slightly different muscle fibres sttue due to the
presence of different myofibrillar proteins isof@nincluding myosin. In adult mammals fast fibréskeletal muscles
include three MHC isoforms (MHC-2A, 2X and 2B) athése in turn the fast alkali/essential two isofer{MLC1f and
MLC3f) and the fast regulatory isoform (MLC2f). $&&l muscles contain also few slow fibres (typwith the MHC-
| isoform, which is associated with the slow alkedoform (MLC1s) and the slow regulatory isoform LEPRSs)
(Bottinelli, 2001; Andruchov, Andruchova, Wang &@dller, 2006).

Currently detailed information about the characegion of biochemical, energetic and mechanicahipaters or
sequences of sarcomeric myosins are available rtyr several species, among mammals for rat, redotidt human,
among birds for chicken. The amino acid sequenteat gkeletal muscles indicate that the myosim fagulatory light
chains (RLC) type | and Il are identical in 98.8%z¢zesna-Cordary, 2003). The role of MLC isoformsnich less
known in comparison with the MHC (Andruchov et &006). At present it is believed that the RLC play
physiological role in the regulation of contractigmobably through its phosphorylation but the ¢xaechanism of that
process is still not known. An influence may havieiractional coupling between phosphorylation and*®éinding to
RLC (Szczesna-Cordary, 2003).

In recent years a significant progress has beerermthe methodology used in proteomic researcboisiderable
number of papers based on 2-DE and MS techniquespping of skeletal muscle proteins and examicmgnection
between the content of protein and meat quality besen published. In case of farmed animals mosh®fpapers
concerned pigs and cattle, some - chicken, whexdaw of them concerned other poultry. Thus, time af the study
was to compare the expression of skeletal musaeeipis, especially in the range of the myosin ligh&ins of six
animal species (cattle, pig, chicken, turkey, danll goose), the meat of which is most often consum&urope, and
to distinguish differences between them. Displayihg interspecies differences may also contribatebétter



understanding of the structure and function of efieél muscle proteins, as well as the mechanisnmectaify the
processes of meat aging.

II. MATERIALS AND METHODS

Five animals of six species: cattlBas tauruy, pig (Sus scrofg chicken Gallus gallu3, turkey Meleagris
gallopavg, duck @nas platyrhynchgsand goose Anser ansérwere used in this study. Both feeding and rearing
conditions of the animals were controlled. Samplédongissimusmuscle (LM) orpectoralis muscle (PM) were
harvested within 45 mipost mortemimmediately frozen in liquid nitrogen and theorsd at -80°C until subsequent
analysis.

Muscle sample of 0.1 g was homogenized in 1 miaekion buffer (7 M urea, 2 M thiourea, 4% CHAPSpZarrier
ampholytes, 40 mM DTT, protease inhibitor mixtuesjng Ultra-Turrax T25 at 9500 rpm 2 x 20s. The bgenate
was centrifuged (1h at 11000 rpm) at°’@0 Protein concentration was determined using ti2 Quant Kit (GE
Healthcare). The samples containing 90 pg of pmotaire loaded onto the strips.

The separation in the first dimension (IEF) wagiedrout on an Immobiline DryStrip pH 3-10 and 424,cm long
(GE Healthcare) using the Ettan IPGphor 3 (GE Healte). Proteins were diluted to 450 pl with De&ltr&olution
supplemented with 0.5% IPG Buffer pH 3-10 (GE Hezdtre) and used for overnight rehydration of the BryStrip.
For the subsequent IEF, voltage was increased glisdip to 8000 V until reaching a total of 70008.V

The two-dimensional electrophoresis (2-DE) wasiedrout on 15% SDS-polyacrylamide gels (200 x 260 mm)
using Ettan Daltsix Large Vertical System (GE Hegcdire). Strips were equilibrated in 6 M urea, 50 ms-HCI pH
8.8, 80% glycerol, 2% SDS, 0.002% bromophenol laiod 1% DTT for 15 min, followed by another 15 mimthe
same buffer, but with 2.5% iodoacetamide insteaB BT, and then applied to the top of SDS-PAGE geld sealed
with 0.5% agarose. Electrophoresis was carriecaablitW/gel for 45 min and 7 W/gel until the froetached the bottom
of the gel. Gels were stained with silver nitrated ascanned using ImageMaster Scanner and analyzied u
ImageMaster 2D Platinum 7.0 software.

[ll. RESULTS AND DISCUSSION

Two-dimensional electrophoretic separations of eflabl muscle proteins extracted from six speciestlecapig,
chicken, turkey, duck and goose, revealed the reiffiees between examined species in molecular wéig¥t) and
isoelectric point (pl) values of the myosin lightains (Figure 1, Table 1). In the case of cattld pig the MLCL1f
isoform (spot 1519) had a similar pl values, bdteded in MW up to 2.4 kDa. All poultry species {cken, turkey,
duck, goose) also differed in MW of the MLC1f. Onhe MLC1f extracted from goose had the same MW filg but
its pl value was more alkaline (4.91) in relatiomptg (4.79).Apparent differences were observed for proteinsrilesd
as spots 1595 and 1590, matching to MLC2f isofdrhe amount of protein 1595 was especially lowegonltry than
in cattle and pig meat. These proteins had singlavalues for all examined species but differedvidv. MLC3f
isoforms (spot 1626) also differed in their MW. Tkik.C3f extracted from chicken had the highest MW .@LkDa).
The lowest one was found in duck musd&8.1 kDa). It is worth to mention that the spofl&@vas plainly visible in
mammals, whereas only a trace amount of this prateis found in poultry. The correctness identifmatf the above
discussed spots was confirmed by comparing oultsesith the data from literature, for beef (Boul&hambon and
Piccard, 2004; Muroya, Ohnishi-Kameyama, Oe, Nakaji Shibata and Chikuni, 2007) and for pork (HwaPgrk,
Kim, Cho and Lee, 2005).

A few slow-twitch fibers exist in théongissimusand pectoralis muscles. Spots 1455 and 1580 correspond to the
slow-twitch MLC1s and MLC2s isoforms, respectivelthe MLC1s was found in pigs in tltBaphragmandsoleus
muscles (Bicer and Reiser, 2004), while the MLQ2shie longissimusmuscle (Muroya et al., 2007). The spot 1455
may be the same as MLC1sb in cat skeletal musplertesd by Bicer and Reiser (2004). Our results iconthat there
are different isoforms of MLC even between closelated animal species, such as goose and dudighalyg different
amino acid composition is likely to be the causeahat phenomenon. Dalla Libera and Carpené (198@paring the
content of myosin light chains isoforms in chickemd wild birds PM separated by SDS-PAGE techniguad no
apparent differences in electrophoretic mobilityMifC2f and MLC3f. The differences occurred onlyNiLC1f of jay
and woodcock. However, the percentage contentsaf/zed isoforms were various. The share of MLCaéwigher
and of MLC2f was lower in chicken in comparisontitd birds.

LM in cattle is composed mainly of the slow-twitokidative-red fibres, and in pig’s case the fasttavtibres
dominate in approx. 90%. Pectoralis muscle of aicls composed almost entirely of the fast-whibeefs, while in
wild avian species the fast-red fibres dominatentes studies inform that the light chains of fastite and fast-red
myosins in guinea-pig muscles contain the same ¢ofpeC1f, LC2f and LC3f with the same molecular gleti and pl
values (Dalla Libera, Sartore, Pierobon-Bormiolida8chiaffino, 1980). Our 2-DE separations showestethis a
diversification in MW and pl values within the ML&xtracted from LM of cattle and pig, which may icatie that these
isoforms, derived from red and white fibres mayégarious structures, what can be the base taeliffiate species.
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Figure 1. Pictures of representative 2-DE gelstgimospots found 45 mipost mortempH range of 4-7. A — cattle, B — pig, C — chickBn- turkey,
E — duck, F — goose. Spots 1519, 1626 — the fasnéal myosin isoforms (MLC1f and MLC3f, respeeti); 1595, 1590 — the fast regulatory
myosin isoforms (MLC2f); 1455, 1580 — the slow dilksoform (MLC1s) and the slow regulatory isofo(iMLC2s).

Table 1. Experimental pl and MW (kDa) of chosentspo

Spot Cattle Pig Chicken Turkey Duck Goose
1519 4.86/26.8 4.79/24.4 4.89/24.0 4.89/25.4 4B8/2 4.91/24.4
1595 4.71/19.8 4.71/19.0 4.65/19.0 4.72/18.7 4&5/1 4.73/18.6
1590 4.62/19.9 4.61/19.0 4.59/19.1 4.66/18.7 4%8/1 4.66/18.7
1626 4.41/17.2 4.39/16.2 4.34/17.4 4.37/16.9 464/1 4.37/16.3

V. CONCLUSION

The obtained results showed differences in pl valaed MW of the fast essential as well as the rfagtlatory
myosin light chains (MLC1f, MLC2f and MLC3f). Theistence of different isoforms of MLC even betwedosely
related animal species, such as goose and duckiewealed. A slightly different amino acid compasitis likely the
cause of that phenomenon.
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