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4 g Qthe development of the porcine-stress-syndrome in post mortem muscles of stress susceptible pigs an

rved. For this reason pyruvate-kinase (PK) a key enzyme of the energy turnover in the glycolytic
longissimus dorsi of normal and PSE-prone pigs.
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NZyme from normal muscles, PK from PSE-muscles shows an increased specific activity, a lower K value for

. °|Y'Sis is obse
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| sthen Sults achieved by isoelectric focusing techniques, PK from PSE-muscles consists of three isoenzymes,

fy Orm, ) E ) ) i :
My, e 0 ®Nzyme exhibits two bands only. The isoenzymes were isolated by preparative isoelectric focusing and

b ; . -
o "evandathl %ard to their kinetic properties. Isoenzyme 3, which is specific for PSE-meat, shows a tenfold higher specific
oy
i, diff

fen Old lower K, value for phosphoenol-pyruvate than isoenzyme 1. Analysis of the amino acid composition did

W C
i Mag. -°S between the isoenzymes 1 and 3.

g
I, Nan
‘mete P rd dephosphorylation experiments carried out with the isolated isoenzymes 1 and 3 from PSE-muscles and
| .
S%nzyme :Daranons from normal and PSE-pigs show clearly that the PSE-specific isoenzyme 3 is the phosphorylated
Mo . The kinetic properties of isoenzyme 1 are altered by phosphorylation with the consequence of a higher

Sag
lJCT|()N_ ' PH values in the case of PK from PSE-meat.
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ur theplgs experiencing stress shortly before or at slaughter show very fast biochemical changes in their muscles.
PH

Ong in some muscles drops down to values between 5,5 and 5,3, whereas in muscles of normal glycolysis
0 ’ = ) :
Ng leg Ur after slaughter decreases only to values of 5,9 and higher. At prevailing high temperatures (>35°C) this
S : ; e : .
' Sof to denaturation of sarcoplasmic and myofibrillar proteins and to degeneration of membranes with the result
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I%QQI Sars, 3 ORDWG, 1988) developing in the muscles of pigs and man after application of halothane are well-known

‘; %m;Cc)%nmySi S.Yndromes show some similar symptoms, especially acidosis and increased body-temperature. An ac-
Br of SIn muscle cells is accompanied by an accumulation of lactic acid and an increased ATP-turnover. There

Um pothesis, which try to explain this high energy turnover, e.g. uncoupling of ATP formation in mitochondria,

Bm
rhing brane transport systems, muscle contraction by increased Ca2* -efflux (von FABER et al., 1983) and futile
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Not ated to increased lipase activities and irregular activation of proteases (CHEAH et al., 1986). All these hy-

"

I hype"thermia during anaesthesia are still unknown. For this reason we focused our investigations on the
rnetabOIiC reasons of these muscle disorders, especially on glycolytic enzymes. Here we report about

0
M NPK (EC 2.7.1.40) from normal and PSE-muscles.
"ETHoDS:

Ufigg

ne I:::tébtaiﬁed 45 min post mortem from "halothane-tested" pigs of "German Landrace". At this time the pH-

“@rd 8l e Ive animals were higher than 6,2, whereas halothane-positive pigs showed values below 5,5 and

Dq " Bgy, b Perties of PSE-meat.
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pH-value 1 kg of M. longissimus dorsi was excised from each carcass, the connective tissue
g of the muscle homogenized in 1,5 | buffer containing 10 mM KCI and 30 mM potassium

""h rm:" 8 e S isOlated according to a method of SCOPES (1977). SDS polyacrylamide gelelectrophoresis (PAGE)

m_nyﬁrmy:.l‘sing te:r'b.ed by LAEMMLI (1970), whereas not-denaturating PAGE was performed by an own method.
a'arnin's of Pk Niques were performed according to HOFMANN and BLUCHEL (1986) as well as WINTER et al. (1980).
DaciqS 8 OC_’RE and STEIN, 1963) the resulting amino acids were analyzed on a Beckman Multichrom M. N-
g ISoenzymes of PK were determined using dansylichloride.
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Proteolytic digests of the enzyme were obtained using a method described by KAMP (1986). Chromatograph]C sep?
resulting peptides was achieved on a HPLC equipped with a reversed-phase C-18 column (HASCHKE, 1992) JELMGL
Enzymatic phosphorylation of the isoenzyimes was performed with cAMP-dependent protein kinase according e oOPEF
et al. (1974). The degree of phosphorylation of isoenzyme 1 was determined according to a method descri 3
(1980) with an assay Containingf 32p_ATP. Dephosphorylation of isoenzyme 3 and PK from-PSE-musclé was 8
application of alkaline or acidic phosphatase.
RESULTS AND DISCUSSION:
The investigations were carried out with 10 pigs. As expected, the five selected halothane-positive anim
min post mortem the PSE-syndrome in M. longissimus dorsi, whereas the halothane-negative pigs showed th° C
normal pork. o

. me P a0 |

The total and specific activities of pure PK isolated from PSE-meat were up to 4 times higher than for the enzy : dtoﬂ;w
i b
ok

from normal meat, although there were no differences in the amount of protein. The kinetic parameters for the I”
phosphoenol-pyruvate (PEP) with PK prepared from M. longissimus dorsi of two pigs with different pHﬂ.vaerswe
min after slaughter are shown in table 1. The K, of the enzyme from PSE-meat (pH 5,3) was about 5 times loas g
from normal meat (pH4 6,6). The effectiveness of an enzyme, which can be expressed by Keat/Km iginthe C nsible ff
PSE-meat more than ten times higher. This implies that in the muscle cells the kinetic properties of PK aré e
turnover of PEP and not the concentration of the enzyme.

Table 1: Kinetic data of total pyruvate-kinase isolated from PSE- and normal meat
kinetic
parameters PSE-meat normal meat

Km [pM] 17 o1
Vinax [PM min] 0,67 0,36
Kot [s71] 1075 445
Koat/Km M- 1s71] 63 4.9

Figure 1: Analysis of pyruvate-inase from normal and PSE-muscles by isoelectric focusing techniqués-
9.0 pH-value 6.5

The two isolated PK species were very different with regard to their activities in dependency upon the pH‘VaI:IFeadY
from normal meat is inactive at pH-values between 5,0 and 5,5. The enzyme isolated from PSE-meat show vgrﬂ“ﬂ‘
its maximal activity at the latter pH-value in the test medium. E usi”g |
The molecular weight of the enzyme, which consists of four identical subunits, was determined by SDS'PA Uartem ?
protein standards. With an extrapolated value of 52000 D for the subunit the molecular weight for the intact P

: o
calculated with 208000 D in total. PSE and normal pork showed subunits with identical molecular weigh'® teoh”'q o |
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The isoenzyme composition of PK isolated from PSE- and normal meat was analysed by isoelectric fchUom orrﬂaher@zﬁ 4,;' b
K1 Wl |

mes %

shown in figure 1 the PK preparation from PSE-muscle comprises three isoenzymes. In the case of P

S : enz g% "
third isoenzyme band with the lowest isoelectric point appears very weak and represents only 5% of the d et t "
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share of isoenzyme 3 of PK isolated from PSE-muscle is about 20%. Because of these results we concl « W8S e

. b . : . e re it
in the kinetic properties of the prepared PK species are caused by different active isoenzymes. TherefoI
isolate these isoenzymes by preparative isoelectric focusing techniques using horizontal granulated ge
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The kinetic data for the isoenzymes of PK from PSE- and normal meat are summarized in table 2.
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o 2"ﬂneticd
$ &ta of the isoenzymes of pyruvate-kinase from PSE- and normal muscle.
i\
Wy
JEOPEE Uy PSE-meat normal meat
0% isoenzyme 1 isoenzyme 2 isoenzyme 3 isoenzyme 1 isoenzyme 2
3‘lgdm uMJ
oy . 142 67 5 162 72
' Min-1
y wnn*“f‘hsﬂ] ] 0,53 0,35 0,33 0,46 0,34
" :
000 ”ﬂ,n B 459 798 1505 415 719
Vo
if & 3,2 12 300 2,6 10
g
agﬁoﬂj“: b‘ba
f " l‘is
g Of
hanfomﬁgard theihe PK preparations from PSE- and normal meat the isolated isoenzymes 1 and 2 show very similar properties
ik I Kineti E 1 :
fPKffO‘ %We Kinetic data. Isoenzyme 3, which can only be found in PSE-muscles, has in contrast to isoenzyme 1 a

%), ™ Value for
‘%ende SDOnsime for
Qﬂ“‘enm Y Ofthe actiy
Meg gVt i
0
Wb %S already

Phosphoenol-pyruvate and a 100 fold higher effectiveness in the turnover of this substrate. Thus
the changes in the kinetic behaviour of PK from PSE-muscle.

ities of isoenzyme 1, 2 and 3 upon the pH-value in the test medium with respect to the turnover of
picted in figure 2. At pH 5,5 the activities of the isoenzymes 1 and 2 are very low, whereas

: 40% of its maximal turnover rate. The pH-optimum for the latter isoenzyme was determined at pH
Rﬂ“n : ez::-n ﬁgur.e 2 the maximal activity of the other isoenzymes occur at a higher pH-value.

J mdln Mote; N0 acig composition of the isoenzymes 1 and 3, which was performed after hydrolysis of the

Yy for e'rfs On a cation exchange resin using the method of post column derivatisation, did not reveal differences.
A 'Soe”Zymes serine was determined to be the N-terminal amino acid.

Figure 2: Dependence of the activity of isoenzyme
1,2 and 3 of PK isolated from PSE-muscle
upon the pH-value in the test medium

ypr(‘*" ‘ 8.0 6.5 7.0 75
f , Yo O ISOENZYME 2

S
rat neS““S not-denaturating (native) PAGE showed significant differences in comparison between isoenzyme 1
g S Ofthe latter isoenzyme in the electric field towards the anode was faster than in the case of isoenzyme 1.
N N, Otgj , : : ; : ;
‘Mt W, AQCOr : 8ins can be the reason for this behaviour, which was already observed by means of isoelectric focusing

|
'QQEV’TM "3 0 the results in both applied electrophoretic methods isoenzyme 3 should be more negatively charged
Toey
N

v "hﬁlq chafg

Cy ;
Nbe Introduced into proteins by phosphate groups. Therefore phosphorylation and dephosphorylation
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experiments were carried out with the isolated isoenzymes 1 and 3 of PK from PSE-muscles and the cOmP"gt:PLC
from normal and PSE-meat. The resulting products of both assays were analysed by means of native PAGE,

a
determination of the kinetic data and the stochiometry of incorporated J~32P -ATP in PK. It could be shown cle

gcff
phosphorylation, which was catalysed by a cAMP-dependent protein kinase from porcine heart that the PSE-sP® 05 pM

3 is the phosphorylated form of isoenzyme 1. Only one subunit of this isoenzyme binds a phosphate group- pep et
of isoenzyme 3 results in the less active isoenzyme 1. If the phosphorylation experiment is performed Wi
preparation of PK from normal meat, which normally contains two isoenzymes, isoenzyme 3 appears. After deP o6l il
PK isolated from PSE-meat, which consists of three isoenzymes, only two isoenzymes are found by means of i
focusing techniques. Thus the kinetic properties of isoenzyme 1 are altered by phosphorylation with the Consequ
higher activity at more acidic pH-values in the case of PK from PSE-meat.

CONCLUSION: found"’,
In dependence of the pH-value in porcine muscle at 45 min post mortem, different isoenzyme pattern of PK e g ecﬂca
PSE-muscle is composed of three isoenzymes, the preparation from normal meat contains two isoenzymes: owe')
of total PK isolated from PSE-meat is about four times higher than that from normal meat and shows in addition ne Iaﬁe
phosphoenol-pyruvate and a higher Keat/Km ratio, which is an equivalent for the effectiveness of the tUmOVer anis m
strate. These differences in the kinetic data for both enzyme preparations are caused by a phosphoﬁ"aﬁOn S 3 oxio
transforms isoenzyme 1 into isoenzyme 3 which is the monophophorylated product of isoenzyme 1. Isoenzy™
PSE-meat.
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