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4 3 $  glyol?9 the deve|opment of the porcine-stress-syndrome in post mortem muscles of stress susceptible pigs
r,  ̂Wb*. . VSlS ¡5 Ohcpn/üH Cnr thie rononn n\#r*i i t / n « l/A.. ¿1 _____ _ i .___ __ • xi _ i an

iSOl S ls observed. For this reason pyruvate-kinase (PK) a key enzyme of the energy turnover in the glycolytic 
h ca to the 6 fr°m M' 'ongissimus dorsi of normal and PSE-prone pigs.
L̂ oi-pyc 2yrne from normal muscles, PK from PSE-muscles shows an increased specific activity, a lower Km value for 

/ 1 ,1*!  and a 0,ea,er Koat/Km «*>•
0t 11 \ 6 n0rrr)a| s ach|eved by isoelectric focusing techniques, PK from PSE-muscles consists of three isoenzymes, 
g ^ ith  regaren̂ e exhibits two bands only. The isoenzymes were isolated by preparative isoelectric focusing and 

t0 their kinetic properties. Isoenzyme 3, which is specific for PSE-meat, shows a tenfold higher specific 
ep 1 ■>.al "''fterenr, l0Wer Km va,ue for phosphoenol-pyruvate than isoenzyme 1. Analysis of the amino acid composition did

^% i0n â S between the isoenzymes 1 and 3.
i N  Pk pr dephosPhorylation experiments carried out with the isolated isoenzymes 1 and 3 from PSE-muscles and 
;l f ̂ ' â 0ns from normal and PSE-pigs show clearly that the PSE-specific isoenzyme 3 is the phosphorylated

Dl^6 acid-' he kinetic Properties of isoenzyme 1 are altered by phosphorylation with the consequence of a higher 
CW  IC PH values in the case of PK from PSE-meat.

X  ^ V i e  p|
1 the ^  6xperiencing s tress  sho rtly  be fo re  o r at s la ug h te r s h o w  ve ry  fas t b ioch em ica l cha ng es  in the ir m uscles. 

11 One h0Ur SOme m usc les  d r° P s do w n  to  va lues be tw een  5,5 and  5,3, w h e re as  in m usc les  o f no rm a l g lyco lys is

,5 3

, pf
t /

ne leads t 9fter slaughter decreases only to values of 5,9 and higher. At prevailing high temperatures (>35°C) this
^  I A  A  A M   a . —  —  X          J  i  _  I ■  •  r  ■  •  .  ■

1 !C Vt1ClrOrned eXUcjative)-meat (BENDALL and WISMER-PEDERSEN, 1962)
dénaturation of sarcoplasmic and myofibrillar proteins and to degeneration of membranes with the result

i f

S  N
' V ^ '  I9fic ICh ls observed in the muscles of pigs post mortem, and the related malignant hyperthermia (MH) (ELLIS 

ORDlNfi 1QB«̂  ------ ------ ____ , ____x.____ ___ ______________
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3 \ I | V®9rs. Both RDING’ 1988) developing in the muscles of pigs and man after application of halothane are well-known 
\ J c°9en°|ys. Syndromes show some similar symptoms, especially acidosis and increased body-temperature. An ac- 

A > hypols in mtjscle cells is accompanied by an accumulation of lactic acid and an increased ATP-turnover. There 
i! l ^Srnt)^168'8’ Wp'cp try to exp'a'n tb's b'gb energy turnover, e.g. uncoupling of ATP formation in mitochondria, 
V .^ ing  ATnrane transport systems, muscle contraction by increased Ca2+-efflux (von FABER et al., 1983) and futile

I». H i n t kA . . . . . . . . .
ish'nS were ̂  'n the synthesis and breakdown of metabolites (CLARK et al., 1973). Changes in membranes and myofi- 

l! ¡¡N)!6 n°l beeated t0 increased 'ipase activities and irregular activation of proteases (CHEAH et al., 1986). All these hy- 
\  ̂  Rterpbr Pr°ved so far and are not conclusive in context. The sequence of biochemical reactions in the cell pnd

X ^ 'Q h a n t  p nes’ f a d in g  to  the  po rc in e -s tre ss -syn d ro m e  in the  m usc les  o f s tress  su sce p tib le  p igs  a fte r s laugh te r, 

Cen y Pertherm ia d u rin g  anaesthes ia  are still un kno w n . For th is  reason  w e fo cu se d  o u r inves tiga tions  on  the  

/ o n t i f b ° liC reasons  o f these  m usc le  d iso rd e rs , espec ia lly  on  g lyco ly tic  enzym es. Here w e re p o rt a b o u t

'  j t n
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(Rc 2.7.1.40) from normal and PSE-muscles. 
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iane Was °btained 45 i,n — ■- min post mortem from "halothane-tested" pigs of "German Landrace". At this time the pH-
icai  ̂9tlVe an‘mals were higher than 6,2, whereas halothane-positive pigs showed values below 5,5 and 

, btPSÈ-roat.
9ricj fjr|°n of tbe PH-value 1 kg of M. longissimus dorsi was excised from each carcass, the connective tissue

\ s ^0. P|̂  al1̂  500 9 of tbe muscle homogenized in 1,5 I buffer containing 10 mM KCI and 30 mM potassium
deSĉ S ISolatedaccording to a method of SCOPES (1977). SDS polyacrylamide gelelectrophoresis (PAGE)

f /  V̂ IVb'Usin9 ter,k' 6d by LAEMMLI (1970), whereas not-denaturating PAGE was performed by an own method.'9L ^nnim -------  . . .. ____
'C Qf (MnqUeS W6re performed according to HOFMANN and BLUCHEL (1986) as well as WINTER et al. (1980). 

acifl$ 0f t and STEIN, 1963) the resulting amino acids were analyzed on a Beckman Multichrom M. N- 
e 'soenzymes of PK were determined using dansylchloride.
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Proteolytic digests of the enzyme were obtained using a method described by KAMP (1986). Chromatograph se . 
resulting peptides was achieved on a HPLC equipped with a reversed-phase C-18 column (HASCHKE, 1992)- ^
Enzymatic phosphorylation of the isoenzyhnes was performed with cAMP-dependent protein kinase accordingt0 
et al. (1974). The degree of phosphorylation of isoenzyme 1 was determined according to a method described W ̂  

(1980) with an assay containingj -̂̂ 2P-ATP. Dephosphorylation of isoenzyme 3 and PK from PSE-muscle was ac 
application of alkaline or acidic phosphatase.
RESULTS AND DISCUSSION:
The investigations were carried out with 10 pigs. As expected, the five selected halothane-positive animals ^eV0 I 

min post mortem the PSE-syndrome in M. longissimus dorsi, whereas the halothane-negative pigs showed the 
normal pork. g pr6p^
The total and specific activities of pure PK isolated from PSE-meat were up to 4 times higher than for the 
from normal meat, although there were no differences in the amount of protein. The kinetic parameters for the ^

J 'phosphoenol-pyruvate (PEP) with PK prepared from M. longissimus dorsi of two pigs with different pHi-va,LjeŜ er tpah^ 

from normal meat (pH1 6,6). The effectiveness of an enzyme, which can be expressed by Kcat/Km, is in the
min after slaughter are shown in table 1. The Km of the enzyme from PSE-meat (pH1 5,3) was about 5 times

PSE-meat more than ten times higher. This implies that in the muscle cells the kinetic properties of PK are res| 
turnover of PEP and not the concentration of the enzyme.

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

;pohslt

\

kinetic
parameters PSE-meat normal meat

Km [JJM] 17 91

vmax min-1] 0,67 0,36

Kcat ts"1] 1075 445

Kcat/Km [>JM-V1] 63 4,9

Figure 1: Analysis of pyruvate-kinase from normal and PSE-muscles by isoelectric focusing techniques. 
9.0 pH-value 6.5

PKPrl
nu-V3|Lje'The two isolated PK species were very different with regard to their activities in dependency upon the pr 

from normal meat is inactive at pH-values between 5,0 and 5,5. The enzyme isolated from PSE-meat shovVS 
its maximal activity at the latter pH-value in the test medium. ^  usihP
The molecular weight of the enzyme, which consists of four identical subunits, was determined by SDS- 
protein standards. With an extrapolated value of 52000 D for the subunit the molecular weight for the ¡nta 
calculated with 208000 D in total. PSE and normal pork showed subunits with identical molecular 
The isoenzyme composition of PK isolated from PSE- and normal meat was analysed by isoelectric focu J

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

K

third isoenzyme band with the lowest isoelectric point appears very weak and represents only 5% ofthe ̂  ^

share of isoenzyme 3 of PK isolated from PSE-muscle is about 20%. Because of these results we cone u ^  0e

in the kinetic properties of the prepared PK species are caused by different active isoenzymes. Therefore 1 
isolate these isoenzymes by preparative isoelectric focusing techniques using horizontal granulated Qel5' 

The kinetic data for the isoenzymes of PK from PSE- and normal meat are summarized in table 2.
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X
1 of the isoenzymes of pyruvate-kinase from PSE- and normal muscle.

b in 'll

fltf

fPÿkÏ!rh

UM'1 , -1,

isoenzyme 1
PSE-meat 
isoenzyme 2 isoenzyme 3

normal meat
isoenzyme 1 isoenzyme 2

142 67 5 162 72
0,53 0,35 0,33 0,46 0,34

1)
459 798 1505 415 719
3,2 12 300 2,6 10

, °f the p
11 *o their k- PreParati°ns from PSE- and normal meat the isolated isoenzymes 1 and 2 show very similar properties

*1$
netic data. Isoenzyme 3, which can only be found in PSE-muscles, has in contrast to isoenzyme 1 a 

r6sPon ^°r phosPhoeno|-Pyruvate anda 100 fold higher effectiveness in the turnover of this substrate. Thus 
;• IIJ6ricy w  'ble for the changes in the kinetic behaviour of PK from PSE-muscle.
O^Vruv e.aCtiv::ies isoenzyme 1, 2 and 3 upon the pH-value in the test medium with respect to the turnover of 

shotys f  'S dePicted in figure 2. At pH 5,5 the activities of the isoenzymes 1 and 2 are very low, whereas 
^  be s ready 40% of its maximal turnover rate. The pH-optimum for the latter isoenzyme was determined at pH 
V ofthea J n i9ure 2 the maximal activity of the other isoenzymes occur at a higher pH-value.

Pr0tg^ln° acid composition of the isoenzymes 1 and 3, which was performed after hydrolysis of the 
X o t h . 800 a cation exchange resin using the method of post column derivatisation, did not reveal differences. 

lsoenzymes serine was determined to be the N-terminal amino acid.
Iff ,.

J

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

v \

\

6-° 6.5
p H~ VALUE

7.0 7.5

o ISOENZYME 2

Nation not~denaturatin9 (native) PAGE showed significant differences in comparison between isoenzyme 1 
Prot ^ er isoenzyme ¡n IP® electric field towards the anode was faster than in the case of isoenzyme 1. 

Cc0rfljn lnS Can *be reason ôr 1P'S behaviour, which was already observed by means of isoelectric focusing 
^ 1, ^ results in both applied electrophoretic methods isoenzyme 3 should be more negatively charged

C g n  b

e introduced into proteins by phosphate groups. Therefore phosphorylation and dephosphorylation
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,PKP^

i f f  \

experiments were carried out with the isolated isoenzymes 1 and 3 of PK from PSE-muscles and the complete 
from normal and PSE-meat. The resulting products of both assays were analysed by means of native PAGE, 
determination of the kinetic data and the stochiometry of incorporated j-22P-ATP in PK. It could be shown clea 
phosphorylation, which was catalysed by a cAMR-dependent protein kinase from porcine heart that the PSE-sP u 

3 is the phosphorylated form of isoenzyme 1. Only one subunit of this isoenzyme binds a phosphate group- D , 
of isoenzyme 3 results in the less active isoenzyme 1. If the phosphorylation experiment is performed with the ^ 0f  >

preparation of PK from normal meat, which normally contains two isoenzymes, isoenzyme 3 appears. After 
PK isolated from PSE-meat, which consists of three isoenzymes, only two isoenzymes are found by means A  

focusing techniques. Thus the kinetic properties of isoenzyme 1 are altered by phosphorylation with the con
higher activity at more acidic pH-values in the case of PK from PSE-meat. 
CONCLUSION:
In dependence of the pH-value in porcine muscle at 45 min post mortem, different isoenzyme pattern of...................... ' ' r  ' ~ ...... ' ’ /•••“ I f h 0sPe i t \
PSE-muscle is composed of three isoenzymes, the preparation from normal meat contains two isoenzymes- ^  ̂  '
of total PK isolated from PSE-meat is about four times higher than that from normal meat and shows in additi°n

nver°,tlie f ,phosphoenol-pyruvate and a higher Kcat/Km ratio, which is an equivalent for the effectiveness of the tum„ 
strate. These differences in the kinetic data for both enzyme preparations are caused by a phosphorylatlon g exis 5 
transforms isoenzyme 1 into isoenzyme 3 which is the monophophorylated product of isoenzyme 1 - Isoenzy  ̂
PSE-meat.
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