1519

Vol.52, n. 6: pp. 1519-1525, NO\_/emb(_er—Dece_mber 2009 BRAZILIAN ARCHIVES OF
ISSN 1516-8913 Printed in Brazil BIOLOGY AND TECHNOLOGY

AN INTERNATIONAL JOURNAL

Quantitative Differential Expression of Alpha and Beta
Ryanodine Receptor Genes in PSE (Pale, Soft, Exudag)
Meat from Two Chicken Lines: Broiler and Layer

Sandra Helena Inoue Od4, Alexandre Lima Nepomucend, Monica Corréa Ledur®, Maria
Cristina Neves de Oliveird, Silvana Regina Rockenbach Marif, Elza louko Ida' and
Massami Shimokomaki”

'Departamentade Ciénciase Tecnologiade Alimentos; Centro de Ciéncias Agrarias; UniversidaBstadual de

Londrina, C. P.: 600; 86051-970; Londrina - PR -aBil. ’Centro de Pesquisa Embrapa Soja; 86001-970; Lormdrin
- PR - Brasil 2 Centro de Pesquisa Embrapa Suinos e Aves; 89700dhcordia - SC - Brasil

ABSTRACT

Total RNA isolated from Pectoralis major musclenfr®SE (L34>53.0, pH<5.8) and non-PSE (44*,,>53)
meats of two phenotypically distinct chicken linesiler and layer, was used to investigate theyr and g-ryr
gene expression by real-time RT-PCR approach. Melative quantification (RQ) values were lower (p8b) for
S-ryr in PSE chickens from both lines when compadecedon-PSE chickens, while there was no differépe8.05)

in a-ryr gene expression regardless of line studiede Fhryr RQ results suggested that in PSE samples an
alteration might occur in the regular ratio (1:1f a-RyRpS-RyR normally found in avian muscles. These results
provided the first evidence of PSE meat occurreagca result of the differential expression of rydine receptor
genes which might lead to an increased if'@aailability at the cell milieu.
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INTRODUCTION leading to changes in some other characteristics,
such as an increase in the rapid contraction muscle
The increased consumption of avian fresh medibers, limited vessel networks, acceleraigabt
and its products in recent years has led to tlee rignortem glycolysis and a higher susceptibility to
of raw material quality problems, associated wittstress factors (Le Bihan-Duval et al., 1999).
toughness, low cohesiveness, color and watdtoultry PSE Rale, Soft, Exudatije meat
holding capacity (Dransfield and Sosnicki, 1999)represents an economical problem for the meat
These problems are a consequence of breeditedustry  affecting the  development  of
programs established to develop the birds with aompetitiveness for meat products because of
rapid growth rate and high breast yield, givingris impairment of the meat functional properties.
to the appearance of the so-called, moderdWhile much is known about PSE in pigs, the
chicken. Genetic selection has also been conductédhdamental biochemical knowledge of this
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syndrome in poultry still remains to be confirmedConsidering that it might be conceivable, RyRs
despite its intensive investigation. Recent reportexpression differences might be associated with
have shown that PSE in poultry is related tdhe potential skeletal muscle PSE characteristics i
animal nutrition (Olivo et al., 2001), meat the affected birds, the objective of this study was
phospholipase Aactivity (Soares et al., 2003) andto determine the differences at the expression
pre-slaughtering management (Guarnieri et allevels of the ryanodine receptor genesyr and
2004). However, impairment in calcium efflux g-ryr by real time PCR in PSE and non-PSE
from the sarcoplasmic reticulum (SR) to thePectoralis major m. from two phenotypically
sarcoplasm by calcium channel proteins is linkedlistinct chicken lines i.e. broiler and layer line.

to this meat quality problem (Werner et al., 2005).

In swine, a point mutation in the DNA sequence

that coded the ryanodine receptor 1 (RyR1) waMATERIALS AND METHODS

identified (Fujii et al., 1991). This mutation lead

to the pork stress syndrome, which is equivalent tBxperimental animals and sample collection
human malignant hyperthermia (McLennan andne hundred and two chickens (Gallus gallus)
Phillips, 1992, Jurkat-Rott et al., 2000), afrom a broiler male line (TT) and 102 from a layer
membrane linked disease. The participation oline (CC), both developed by Embrapa Swine and
RyR has not yet been fully related to thePoultry Research Center, were used in this study.
occurrence of poultry PSE meat although sever@thickens were reared as broilers and were
authors have reported genetic similarities betweeslaughtered at 45 days of age with average weight
different species (Owens et al., 2000; Lara et alof 450.3 g (CC) and 2.298 g (TT). Birds were
2003; Strasburg and Chiang, 2003). Two RyRs arslaughtered manually under laboratory conditions
co-expressed at the same ratio in avian, amphibiasy cutting the carotid artery and jugular vein
and piscine fast twitch skeletal muscles. These tw@ithout previous electrical stunning. Just after
isoforms, homologous to RyR1 and RyR3, weréleeding, muscle samples (0.5 x 2.0 x 1.0°cm
nameda-RyR andB-RyR, respectively. There are were collected and stored in micro tubes (1.5 mL),
differences in the excitation-contraction (EC)rapidly frozen in liquid nitrogen and stored at —
coupling mechanisms between mammals an@(’C. Pectoralis major m. samples were deboned
avians. In avian muscles, tubules T depolarizatioand skinned immediately after slaughter and stored
induces the  structural  modification  of at £C for 24h.

dihydropyridine receptor (DHPR), which is

physically connected to the-RyR and finally Color Measurement

resulting in the C& release by the calcium Minolta CR10 colorimeter (Minolta Corp.,
channel. The local increase in Z%aions Ramsey, NJ) was used to evaluate the color, L*
concentration results in the activation of theglightness), a* (redness) and b* (yellowness)
channel and in the €a efflux by B-RYRs (CIELAB color system) on the posterior surface of
(Strasburg and Chiang, 2003). On the other hanthe intact skinless breast muscles at 24 h post
in mammals, C3 release to the cytosol is mortem. The L* values were measured at three
controlled only by RyR1 (Percival et al., 1994).  different sites in the same sample.

The expression of genes is mainly regulated by

regulatory sequences (promoters, enhancerpH Measurement

located up stream from the gene start codomH was measured by inserting electrodes into the
Polymorphism in these sequences and thebreast muscle using a portable digital pH meter
interaction with regulatory factors and RNAwith 0.01 units resolution (PH-720, Instrutherm).
polymerases can determine the initiation and thAnalyses were performed in duplicate at 2goist
efficiency of mRNA transcription (Lin and mortem(Qlivo et al, 2001).

Barbosa, 2002). Thus, the comprehension of the

factors and processes that induce and regulate tBamples classification

expression of ryanodine receptors expression arirds fillets were selected based on mean L*
their interaction with other factors to lead ?Ca values higher than 53.0 for PSE and.&b6.8 and
transport at the cell membrane level should bd4.0 to 53.0 for the non-PSE group (Soares et al.,
evaluated (Roden and Kupershmidt, 1999). 2003).
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Total RNA extraction and cDNA synthesis GTT-3") primers fora-RyR were similar to those
Total RNA was extracted frorRectoralis major described by Maak et al. (2005) for turkeys, and
m. based on the method developed byesulted in a PCR product of 210 bp. The primers
Chomczynski and Sacchi (1987) and was reversspecificity was confirmed by DNA sequence
transcribed into cDNA using Moloney murine analysis of the amplified PCR product. The real
leukemia virus transcription (M-MLV) time PCR amplification was performed in a 7300
(Invitrogen). Briefly, the reverse transcriptionReal Time System thermocycler (Applied
reaction was performed in a 26 volume. An Biosystems, Foster, Ca). The final PCR products
RNA-primer mix [l of oligo (dT) primer, 2.hg were analyzed on a 1.0% ethidium bromide—
of total RNA (fuL)] was heated at 8C for 3 min. stained agarose gel to check for amplification
This mixture was immediately incubated on icespecificity (Liu et al. 2005). The cycling program
and 18L of reaction mix [6uL of 5 X First- consisted of a denaturation step°®@3%or 10 min)
Strand Buffer (250 mM Tris-HCI, pH 8.3, 375 mM followed by amplification and quantification steps
KCI, 15 mM MgC}, and 50 mM dithiothreitol), 4 (45 cycles of 9% for 2 min, 55C for 30 s; 72C

uL of 2.5 mM dNTP mix (dATP, dCTP, dGTP, for 30 s), with a single fluorescence measurement
and dTTP), 2L of M-MLV (200 U/ uL), 4 uL of at the end of each cycle. The melting curve
nuclease free-water and @ of dithiothreitol program was set at 95 for 15 s, 66C for 30s and
(DTT)] were added. This complete reaction95°C for 15 s.

mixture was incubated at %7 for 60 min and

heated a85°C for 10 min for its inactivation. Statistical analysis
Data were analyzed by examining differences
Relative quantification by Real Time PCR between the ultimate pH and color ¢k by a t-

Four PSE meat and four non-PSE meat samplégst using the STATISTICA Program version 6.0
were selected from each line for real time(STATSOFT, 1995). Differences were considered
quantitative PCR (RT-PCR) analysis. Two poolssignificant at p<0.05. Gene expression data (RQ)
of cDNAs from non-PSE meat from each linewere analyzed in a randomized complete block
were prepared and used as control samptastin  design (RCBD), with 4 blocks (replications),
gene expression was used as an internal standagiéscribed in the following model: ¥
RT-PCR analyses were performed usingitC+Bj+e;, where Y is the observed RQ value
Platinun? SYBR® Green gPCR Superix UDG from the meat sample (PSE/TT or non PSE/TT or
(Invitrogen Life Technologies) kits, according to PSE/CC or non-PSE/CC) in block j is the
the manufacturer protocol. The PCR reactiogeneral mean; Gs the meat sample (where i = 1
consisted of ZiL of RT reaction diluted with @L  to 4); B is the block effect (where j = 1 to 4); and
of nuclease free water, 1218 of SYBR Green, ¢ is the random error associated with thg Y
0.5uL of ROX dye, and LL each of the forward experimental unit. The data were analyzed using
and reverse primers. Reaction components wetbe SAS statistical package (SAS Institute, 1989).
assembled in multiple low-profile plates andAll assumptions required by the analysis of
sealed with Microseal B Adhesive Seals. Thevariance were verified. The error normality,
standard curves to cheakRyR, p-RyR andp- according to the experimental model design, was
actin primer amplification efficiency were evaluated by the Shapiro-Wilk test (1965), the
performed using dilution series of 010> and homogeneity of variance by the Burr-Foster test
10°. Forward and reverse primer sequences usé#972) and the non-additivity of the model by
for amplification of-RyR (G1:46048743) an@- Tukey's method (1949). The coefficients of
actin (G1:45382926) were designed using thekewness and kurtosis were also checked.
Primer Express Program (Applied Biosystemspifferences were considered significant at a level
Foster, CA), and are listed, respectively, as follo of p<0.05. Differences between the means of
5"-CTGGCCAGGAGTCATTTGTGT-3', 5’- treatments were evaluated by Tukey's test.
TGGGAAGAAATCCCAGCATCT-3"  (product

size: 59 base pairs (bp)) and 5-TTCTTTTGGCG

CTTGACTCA-3,  5-GCGTTCGCTCCAACA RESULTS AND DISCUSSION

TGTT-3" (product size: 88 bp). Forward (5'-

GGCGGGGCTCTACGGGAGCTT-3) and In the present work, a hypothesis was adopted that
reverse (5-ACGTTCAGCCGGTCGATGCA the broiler chicken line (TT) would present higher
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incidence of PSE meat than the layer chicken linemean pH values of both chicken lines studied
(CC). This could be related to differences in thavere: 5.92 (TT) and 6.09 (CC), similar to those
gene expression levels on the calcium channébund by Barbut (1997) and Olivo et. al, (2001),
proteins ¢-RyR and B-RyR) in breast muscle. Soares et al., (2003), and Guarnieri et al. (2004)
Meat was classified as PSE when presented valuegth values ranging from 5.56 to 6.42. The broiler
of L*,4>53.0 and pkl<5.8 (Olivo et al. 2001, line (TT) presented lower pH values than the layer
Guarnieri et al. 2004, Barbut, 1997). Ten cases ¢ihe (CC). In the present study, TT breast
PSE meat (9.8%) in the TT line and 4 cases (3.9%Pectoralis major n). muscle had higher values
in the CC line were found. The higher nhumber inp<0.05) of luminosity (L*) than CC. The lower
the incidence of meat with poor quality in TT line (p<0.05) a* values found in TT line (5.25+0.12) in
was in agreement with Le Bihan-Duval et alrelation to the CC line (9.94+0.24) could be
(1999) and Berri et al. (2001) studies, whichattributed in part to a decrease in the concenptrati
reported that genetic selection for increased bodyf muscle pigments observed in muscle of selected
weight and breast meat yield was related to thines (Berri et al. , 2001). Meat redness (a*) and
increase in the PSE cases. yellowness (b*) were significantly reduced in the
ThepH.4n and color (L*, a*, b*) values of chicken broiler line than its non-selected control line (Le
breast meat are shown in Table 1. The ultimatBihan-Duval, 1999).

Table 1 -Meat quality attributes of breast fillets from twbicken lines.

Attribute Broiler male line (TT) * Layer line (CC)*
pH

pH 241 5.92+0.02 6.09+0.01
Color

L* 51.85'+ 0.25 50.81+ 0.28
a* 5.28+0.12 9.94+0.24
b* 11.68 +0.14 15.98+ 0.21

3P Means within row with no common superscript disignificantly by t test (g0.05).
'n= 102 birds/ line.

In this study, a total of four samples PSE and foun muscle tissue Rectoralis majorm.). Primer
samples of non-PSE from each line were selectedmplification efficiency was tested by efficiency
following the color and pH criteria describedcurves fora-RyR p-RyRandg-actin, and showed
before. The average kf, values in PSE samples linear regression coefficients and slopes of 0.9940
from TT and CC lines, selected for geneand -4.2335; 0.9921 and -3.6482; 0.9980 and -
expression analysis, were 56.57 (£0.78) and 552.8053, respectively.

(x0.79), respectively. In non-PSE samples, resultSene expression analyses (RQ) data are presented
of 50.45 (+0.55) and 49.95 (+0.78), respectivelyjn Table 2. The RQ values for tifieRyR gene in
were observed. The pld values of TT and CC PSE birds were lower (p<0.05) than in non-PSE
samples (5.65+0.06 and 5.73+0.02, respectivelysamples. In relation te-RyR gene expression,
were lower (p<0.05) than the normal samples fronthere was no difference (p>0.05), regardless of
both lines studied, which presented values of 5.9éhicken lines considered. Maak et al. (2005) also
(x0.03) and 6.14 (+0.05), respectively. The,ds* did not find significant differences im-RYR
and pHg, values of PSE and Normal samples fronreceptor gene expression in skeletal muscles of
broiler and layer lines used in this analysigurkeys with poor meat quality. The lowgRyR
presented negative correlation (p<0.001) as shownRNA levels observed in PSE musclies this

in Figure 1. Other studies also reported that lowestudy could be considered as indicative of the
values of pH in fillets were related to the highedower number of availablg-RyRs in the periphery

L* values (Barbut, 1997, Soares et al., 2003). of the SR, thus leading to a non-balanced increase
The real-time PCR technique was used tan the well-known RyR1:RyR3 ratio (1:1) found in
investigate the expression of gemesyr andg-ryr  birds and amphibians (Sutko and Airey, 1996).
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Figure 1 —Relationship between pH and L* values of PSE anthabbreast fillets samples, at 24
h post mortem, from two distinctly different chickdines selected for the gene
expression analysis (p<0.001, r = - 0.9172).

In the interpretation of these results, it is neaeg interacting with enhancer sequences. Once
to take into consideration the transcriptiontranscribed a long series of RNA modifications
mechanism governing the conversion of genomican occur before it can be used in translation
information to its translation into an active piote (Roden and Kupershmidt, 1999).

It is by transcription that all cells RNAs are Mutations in the gene sequence of the RyR1, could
synthesized. The mRNAs are used to transfeesult in changes in the sensitivity of the calcium
genetic information from DNA to protein channel to many ligands that act in the calcium
synthesis, and other types of RNA have structuraklease (Murayama and Ogawa, 2004). Mickelson
and catalytic functions. RT-PCR gene expressioat al. (1994) described that swine homozygous
analyses use mMRNA from different samples(nn) prone to Malignat Hyperthemia development,
aiming to identify amount differences amongpresented lower content of junctional membranes
samples that could be related to the occurrence of the Sarcoplasm Reticulum (SR), with a
PSE meat. However, very little is known about theorrespondent reduction in the components of the
control of ion channel gene transcription, but thealcium channel, including DHPR and RyR
process certainly begins with regulatory factorsubunits. This could be a tool for the cell
guiding chromatin unfolding. Then, RNA adaptation to the excessive release of calcium ions
polymerase enzymes recognize promoterdyy the RyR mutant.

Table 2 —Real time PCR analysis ofryr and S-ryr genes in pale, soft, and exudative chicken meattpralis
major, m.) from two distinctly chicken lines.

Broiler male line (TT)*! Layer line (CC)!
Gene PSE Normal (Control) PSE Normal (Control)
a-RyR 1.3374+0.1526 1.6+ 0.0 0.94006+ 0.1608 1.8+ 0.0
S-RyR 0.838% + 0.0560 1.8+ 0.0 0.7938+ 0.0680 1.0'+ 0.0

3P Means within row with no common superscript difegnificantly by Tukey’s test &D.05).
'n= 8 birds/ line.
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It was expected that together with the arrival ofRESUMO
electric impulses in the transverse tubulefyRs
would be activated and €aons released from the As proteinaso-RyR e B-RyR apresentam papéis
triads to cytosol. After that, attachment of th&ses  distintos no mecanismo de excitagdo-contragdo com
to the availableB-RyRs in the SR might possibly diferencas em seus mecanismos de ativacdo e
result in higher concentrations of calcium in therespostas a ligantes. O RNA total de filé de peito
intracellular environment in animals prone to the(Pectoralis major ficom PSE (L%4>53,0; pH 5,8)
development of PSE meat #sRyRs were much e n&o-PSE (44.*,4>53) de duas linhagens
more reactive to the presence of this ion andistintas, de corte e de postura, foram utilizadas
furthermore, and they were not deactivated apara estudar a expressdo génica dos gengse -
milimolar concentrations (Shirokova et al., 1996). ryr por PCR-em-tempo-real. Os valores médios de
Finally, these ion channels have longer channedxpressédo génicas relativas (RQ) foram inferiores
openings and once activated, show an increasein tlp<0,05) parag-ryr em frangos PSE das duas
frequency of these openings (Percival et al., 1994)inhagens quando comparadas aos frangos ndo-PSE.
Therefore, these small amounts of calcium releaseor outro lado, ndo houve diferencas (p>0,05) na
could prepare the muscle fiber to be quicklyexpressdo da-ryr, independentemente da linhagem
activated by a subsequent stimulus (O'Brien et al. estudada. Os resultados de RQ gargr indicaram
1995). The increase of €an the cytosol could, in nas amostras PSE, uma alterac&o na proporcso (1:1)
turn, increase the availabilty of the ionde o-RyRB-RyR comumente encontrada em
concentration and in sequence to chemicallynGsculos de aves. Estes resultados originam a
associate to troponin C resulting in muscleprimeira evidéncia da ocorréncia de carnes PSE
contraction and ultimately to the PSE meatcomo resultado de uma disponibilidade acentuada
formation. de C&" no citosol pela expressdo diferenciada de
proteinas receptoras de rianodina.

CONCLUSIONS
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