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SUMMARY

Bovine 1on issimus and sternomandibularis and rabbit leg muscles were
Sampled fo;_;%;—ggzg;minotion of all glycolytic metabolites from'glyco—
g9en to lactate including glucose and glycerol-3-phosphate at various
times frop shortly after death to 24 hours post mortem. Previous wor%
had shown q nonstoichiometric conversion of glycogen to lactate and i
this work we studied the disappearance of glycogen into bgth.glyco%ytlc
intermediotes and lactate. The results support the nonst01ch1$metr1c
disoppeoronce of glycogen with a mean value of 83.55 + 13.36 % for the
Conversion of glycogen to intermediates and to the lactate and glu§ose
endproducts, The total concentration of glycolytic pathway metabolites
decreased during post mortem giycolysis indicating that Fhe loss took
Place through q disappearance out of the normal glycolytic pathway.
From the flux of the glycolytic metabolites during post Rortom glyco-

Y$is it was very evident that the enzyme phosphofructokinase plays a

Major role in controlling the rate and extent of the post mortem
glycolytic Process,

Thin slices of rabbit skeletal muscle were incubated in different
med

"ediaq immediotely after death. The amounts of ATP and its metabolites
In the tissye after different t

order to find out which type of
0own of ATP in muscle post morte

imes of incubation were determined in
ATPase is responsible for the break-
m. K* and Na* in concentrations of

to 0.15 M do not activate the ATPases. No inhibiting effect of
oVabain gng quinidine sulfate was observed. 0.05 M MgCly showed o strong
Stimulating effect on the ATP hydrolysis. The results indicote thot
;?;tﬁer membrane nor sarcoplasmatic reticulum ATPases but that most
ikely

myofibrillar ATPases predominate in hydrolyzing ATP in skeletal
Muscle post mortem,

e

5995?!19ti0ns: G-1-P = glucose-1-phosphate; G-6-P = glucose-6-phos-
phote;Fsg:ﬁ-;—frUCtose—é—phosphoiw; FDP = fructose-1,6-diphosphate;
gég 3 ihydrOXYOCetone phosphate; GAP = glyceroldehyde—?—phosphote;
3\phzsphoSphoe”OIPYvaote; 2-PGA = 2-phosphoglyceric acid; 3-PGA =

phoglyceric acid;
ructokinose;ATP = adeno

G-3-P = glycerol-3-phosphate;PFK = phospho-
sine triphosphate;ADP = adenosine diphosphate;
Qdenosine monophosphotg;]MP = 1nosine monophosphate;ATPase -
ine triphOSphotose;
ularis muscle.

odenos long. = longissimus muscle;stern. = sterno-
Mandih S

P.m. = post mortem
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Sternomandibularis-Muskel des Rindes sowisj,

inchens wurden zu verschiedenen Zeitpunk=

Stdn post mortem) alle Metaboliten der

en, Lactat, Glucose und Glycerin-3-pho$

hatten eine nichtstéchiometrische Um-

von Glykogen in Lactat ergeben; in der vorliegenden Arbeit we:

Abbau von Glykogen zu Lactat und den Intermedidrprodukten de th,
i : 4 3

Glykolyse studiert. £3,5 + I

(.
A
&
-
)

des Glykogens waren nach 24 Stdn in¥in
glykolytische Intermedidrprodukte sowie in Lactat und Glucose-Endpro- =an
dukte umgewandelt. Die Gesamtkonzentration an Metaboliten des glykoly=ici

,
g

tischen Abbaues nahm wihrenc ( <olyse post mortem ab, ein Zeichef ti

fi lere Abbauwege in Betracht komme® (m

Mfetaboliten post mortem ergab Saj
: C
Geschwindigkeit und AusmaB defr? |

Enzy
postmortalen Glykolyse im Muskel entscheidend beeinfluBlt.

Dinne Schnitte der Skeletm latur des Kaninchens wurden unmittels in
bor post mortem in verschi d 1 inkubiert; der EinfluB der In- th,
kubationszeit auf den Gehalt des Gewebes an ATP und dessen AbbouprodUk of

n post mortem wurde studiert, um festzustellen, welche Art von ATPas®

ten p

fir den ATP-Abbau im Muskel post mortem verantwortlich ist. kKt und Na* Th
aktivierten in Konzentrationen zwischen 0,10 und 0,15 M die ATPasen Wi
nicht. Eine hemmende Wirkung von Ouabain und Chinidinsulfat wurde nichtpi
beobachtet. 0,05 M MgCly und 0,03 M CaCl, Ubten einen stark aktivieref
den Effekt auf die ATP-Hydrolyse aus. Diese Resultate sprechen dafirs o

daB weder Membran-ATPasen noch die ATPase des sarkoplasmatischen RetiTivy
¥

culums, sondern myofibrillére ATPasen fiir den ATP-Abbau post mortem v, .
entscheidender Bedeutung sind. Th
ti
I. On the conversion of glycogen to lactate in muscle post mortem pr
Cr

The extent of post mortem glycolysis in muscle in combination with
the rate of conversion of glycogen to lactate are important factors

\
-
O

ing the quality of meat. HQ

Several groups of workers found no stoichiometric degradation of

glycogen to glucose and lactic acid in bovine, porcine and ovine

at

muscles(5,9,11,14,23). Although it had not been specifically calcul

5

by the authors, several other papers also indicated, in the data pré-
ted, a nonstoichiometric conversion of glycogen to lactate (2,12,
21,22). The above authors have found that the breakdown of glycogen

sults in a conversion to lactate at rates from 50 to 100 percent. k¢
Inclusion of glycolytic intermediates 1in the results has not given @
- i :

100 % conversion of the glycogen to the sum of intermediates and lac”

L L ) 2

tate in stress resistant porcine muscle (14) and in ovine muscle (9%
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ylycogen breakdown and formation of lactate and glycolytic

bovine and rabbit muscles. Concentrations are expressed as umoles
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by a slowdown of passage through the PFK step also slows down the break-
down of the glycogen molecule as can be seen in the case of the long.

In the stern, a more active PFK results in lower levels of the hexose
PhOSthEZET‘glightiy higher levels of FDP and the triose phosphates

(DAP, GAP) and a faster rate of glycogen

dent in the lactate levels where the stern. had a much lower "O time"
‘evel than the long. but rapidly approached a similar level after 1 - 2
hours, A similar trend appears in rabbit muscle where an even faster rate
°f glycogen breakdown occurs possibly to compensate for the maintenance
of slightly higher hexose phosphate levels than seen in the bovine stern.

breakdown. This is also evi-
e

t The post mortem change in G-3-P also shows species and important
igVscle differences. In the rabbit leg muscles and in the bovine stern.
‘ot t bt AL
L

i’

Gre WQS Q gene
bovine
Ope

ral maintenance of the "O time" levels while in the

iﬂﬂﬁ; @ post mortem decrease was seen. The G-3-P cycle, which 1is
Tating between the mitochondria and cytoplasm involving DAP and the
Production of NADH may be of minor

importance after death because of

conditions p.m.

Hith 3-PGA, 2-PGA, PEP and pyruvate slight species and muscle diffe-

relat

~

Adbnt  the reosons &f which ore net apparent but moy.bc
ed to the different rates and extent of post mortem glycolysis.

E 602 9 molar basis it was found that the metabolites glycogen, glucose,

r F-6-P and lactate moke up 95 % or more of the total glycolytic
metabo]

th ites Present, in the muscle at all times p.m. This is indicating
© control Particularly by the enzyme PFK. Glucose and lactate are not

?inerQlly metabolized p.m. but they are end products of the process.
Qppe

tant ars from our data that phosphorylase and PFK are the most impor-

Control sites since li“tle
S€ and GApP dehydrogenosg
Control takes place ot th

OVlne mUSCleS.
the

regulation was found at pyruvate kina-
steps. The theory that most of the post mortem
e PFK step is supported by comparing the two
Lower PFK maintains high levels of F-6-P and G-6-P in
may %%%Q; & Slow%ng down the flux of these m?t?boliies. Thi§ in turn
of G-é_;e @ lowering of the phosphorylase activity through high levels
down, A lond G—]-P' therefore,giving a slower rate of glycggcﬁ break-
Y decr ik OCthity of PhOSDhorylosv 1n turn Shogld be indicated
showj cased levels of the hexose phosphates but this was not the case
"9 Cleorly that the major centrol site is ot PFK.
3 In the cessation of
Play q role,
evels of me

glycolysis both phosphorylase and PFK appear
This is probably due mainly to the drop in pH since
Present : tabolites including Slycugpﬂ and b,xésﬁ phosehotvs are
Pem. the T amounts that would allow further glycolysis. By 24 hours 5
OF moy X eyels of glycogen remaining in the muscle were at least 10 %
' ¢ of the "0 tipen level and the hexose phosphates levels were

. 59 the %0 time" levels. This last fact indicates that the in-

Se control sites taokes place at a similar pH, since




any inhibition of one enzyme without inhibition of the other should
have resulted in significant changes in the concentration of the
hexose phosphates.

II. On the type of adenosine triphosphatases operating in muscle

post mortem

INTRODUCTION

The adenosine triphosphate (ATP) present in muscle tissue is broken
down during the first hours after death of the animal. ATPase cata-
lyzes the first step of this reaction, the hydrolytic splitting off
of one mole of inorganic phosphate. Several ATPases exist in the muscle
cell, for instance in the membranes, in the sarcoplasmatic reticulum
and in the myofibrils. The question arises, which of these ATPases are
responsible for the ATP breakdown p.m. This problem has been discussed
extensively in the literature (for references see (10,23)). We have
tried a new approach to this problem.

It is well known that most of the ATPases require ions like Na%,
K+, or Mg** and Ca** for their activity (18) but the requirements
vary for the different ATPases. Also some inhibitors are known which
block specifically the activity of the ATPases in certain subcellular
fractions (18). We investigated the influence of these factors on
thin slices of rabbit muscle from shortly after death up to 24 hours
p.m., following the breakdown of ATP and the formation of its meta-
bolites in order to see which of these ATPases are operating p.m.

MATERIALS and METHODS

Rabbits were killed by a blow on the neck and the muscles (longis—
simus, psoas major and psoas minor) were removed as fast as possible,
cut parallel to the muscle fibres into slices 1 to 1.5 mm thick and
submerged into different solutions of salts and inhibitors at nearly
physiological ionic strength and pH not later than 30 min after death:
The incubations were carried out at 22 C. The salt concentration in
all incubation media was 0.17 M, The differences between the concen-
trations mentioned (table 2 and figure 16) and 0.17 M were made up
with Tris-HCl buffer. The pH of all incubarion media was 7.2 in the
beginning and dropped to 6.6+6.9 during the 24 hours of incubation.
Samples were taken at 1, 2, 4, 6, 12 and 24 hours p.m., homogenized
in 1.5 M trichloracetic acid and centrifuged at 10,000 x g for 15 min:
The supernatant contained the ATP and its metabolites, which were
separated and determined with the TLC method described by POTTHAST
and HAMM (19). The amount of each nucleotide has been expressed as
percent of the sum of ATP, ADP, AMP, IMP and inosine found on the

chromatogram. Hypoxanthine was not present in these samples. The

0 0O o0 Uhun —m—oT o



times p. | d be related to the nucleotide
CONKBnE of the First sample P the samples at 12
onc. 24 hours P.m. th ' >tabolites was less
than in the first 6 hot p « raking of metabolites
into the incubation %@d>ti‘

With the methods described tt wing results for the enzymatic
breokdOWn of ATP were obtained. With incubation-in 0.17 M Tris-HCl
boffer, even after 24 hours, 5 10 % of the ATP was net yet hydro-
lyzed (table 2). KC1 and NaCl hibited about 5 and 2 % resp. unhydro-
ly%ed ATP after 10 hours of incubatior (tab 2), while in muscle
fll_ces inCUbO'L(sd with 0.05 M M(}(;,“ al ATP was hydrol,\z'\d Olri'ody b)/
o P-m. (table 2, Fig. ). In 0.03 CaCls all ATP was broken
dQWn within 3 hours p.m. (Fig 16). Ouabain, an inhibitor for the so-
dium~potossium sensitive m “ﬁ,‘ ATPases, did not influence the rate
Of'ATP breakdown <FL9' 16). Oligom 1ich influences the mitochon-
drial ATP metabolism had no s Q: fice ffed ther <flg. 16).

Nih the Mg* and Ca™* ch ating agents EDTA and EGTA resp. similar
S?TSEESMWGI? ?bFGin“d.éf with tr buffer (Table 2). The in%Tbgti?n in

£ QUinidine sulfate had nc vence on ATP hydrolysis in our
o otiments With muscle slices (Ta 2). This substance inhibits the
cors Plasmic reticulum ATPase as we have demonstrated with isolated
SArcoplasmi e reticulum preparations
L The chcmges in 1 he amount of ADP 0.1 wer much less pfOIl(’.vUY“'Ct'd
250; :hos@ ?{ GTP‘ In the first 6 hours p.m. ADP dwcreosud from about
that : ]O‘U OT the total tes in all of our experiments. After
hosr Elze %t remoineq e 11 12 hours. F?cm ?hs 12th {5 24th
Signific. it Seemed in Ollrcus' to increase slightly. AMP ghoied no
mOl‘kaltOn}L (VhO“g[f du:,_[ g 44 ho Pe MP, W \"E‘, xhibited re-
the Qmoy L)Odg?b during the t f 1ncuba . At 1 hour aofter death
iteg A?ﬁ of IMP differed rrom 10 to 25 % of the sum of all MUtobo—1
SR ter 6 to 12 hours, the amount [MP increased up to 40-65 &%,
Ptndlng QI $R6e S hotuhabian: o 35 T e b ke ak kA
'Ydrolysiq Fe /‘«_JJU:IL N med L,“ | d e resul \g 1 ; _ R
1t =8 rom 12 to 24 hour MP decreased cgain to 25 - 30 Jo
With the eXea : .3 t .\k l ‘ (7 > 0 0 : .
OH;QUn.t »“pt’()l' 01 he incuba with EDTA ond EGTA uivbre b
°F IMP remained r, lativ tant from 12 to 24 hours p.m.




Table 2

Influence of different incubation media on the breakdown
of ATP post mortem in rabbit muscle

compound added (M) % ATP? at hours after death

1 2 5 10 24

Tris-buffer 0.17 52 46 26 12 7

| Quinidine-sulfate 0.003 55 45 20 10 7

i EDTA 0.03 45 PR FIRE

| EGTA 0.05 35 30 15 12. .10

| KC1 0.10 52 4989 5 0

| NaC1 0.15 53 s .2 2 0
| MgCL, 0.05 50 37 0 0 0 |

CaCl, 0.03 35 10 0 0 0

OPercent ATP of the

sum of ATP and its metabolites

e . LJ L 4 1§ T
S KCt (015 M) -
il e KC|(015M}.Ouoo’om
80 (107°M) 1
-- 0--0- NaCl (015M)
1 —0-0— Mg Cl, (005M)
50k —X—X CaCl, (0.03M) 7

4=+ MgCl,(005M)+CaCl, 1

LA
4LoF N \0\‘ (0p3M)+ Oligomycin 4
’{ \ \\;\ «f,,'c'gm,
\ 0 , 8
r \\ \7. C,\\\ "A R
201 t A , ‘\\o 1
1\\ ‘u .
’l\x l‘l) A ‘Q" —A L
6 8 10 12 14 16
me« |
Fig. 16 Influence of different incubation

media on the breakdown of ATP in

rabbit muscle post mortem




DISCUSSION

The results obtained indicate that the ATP hydrolysis p.m. 1s+due
nly to ATPases which need Mg** and Ca** for their activity. K‘ and
at concentrations of 0.1 to 0.15 M are not activators. Ouabain,
which inhibits membrane ATPases, does not significantly block the ATP
hydrolysis. This indicates that the effect of membrane ATPases cannot

€ Predominant in the enzymatic breakdown of ATP p.m. MARTONOSI (16)
feports that the ATPases of the sarcoplasmatic reticulum are maximally
ctivated by ghout 0, 1 M KCl. However, in our experiments 0.1 and 9.15
M KC1 had No stimulating effect, neither has quinidine sulfate, which

¥e found to be an inhibitor of the sarcoplasmatic reticulum ATPase.
Mg** and Cott ions, however, have a strong stimulating effect on the
TP. These findings speak in favour of the predom1n9nt
myofibrillar ATPases, which in intact cells are stimu-
and which need Mg** for their activity. At present further
ing carried out in our laboratory on isolated subcellu-
to eonfirm the reported results.
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NOCJECMEPTHOE PACHLENJEHUE TJMKOTEHA U AT®
B CKEJETHOV MHWUH

P, Xaum, P. Jaaprounan u K. XoHuKexX

B 'S Hr sternomandit aris KPYOHOI'O porartoro
CKOT& ¥ B O€APEeHHHX MHWUUAX KPOJMKa ONpEleaAsiM B pa3HOe BpeMs
nocae yoosa (24 yaca) NPOAYKTH TFAWKOAM3A, BKAWYAS FIMKOTeH, MO~
ZOYHYI0 KHCAOTY, TAMKO3Y M rauuepuH-3-gocdar.

PaHpune paGoTH He NOKA3aJM CTEXMOMETDHYECKOro mepexoaa rauko-
reHa B MOJNOYHYMN KHCIOTY; B 3TO# pa6oTe M3YyYaNM DACHENJEHE
FIKKOTEeHa N0 MOJOYHOX KHCJOTH ¥ MEXynpoTOYHHe NpOAyKTH. [locxe
24 vaca 83,5 - 13,4 % ravkoreHa HepemIO B MOJOYHYI0 KHCIOTy H
B KpaiHue rawkoaa-upoaykKTH. CyMapHag KOHUEHTPUMA NPOAYKTOB
pacnana TAMKOreHa yMeHmajsach NOCHEe CMEepTH; ITO NOoKa3ano 4YTo
BO3J€e TAMKONN3A MOXHHE TOXe MHHe cnocolW pacnana. W3 nameHe-
HMS NPOAYKTOB CAMKONX3A NOCHE CMEPTH NPOUIXOAUT YTO PEepMEeHT
docPoPpyKTOKMHA3A MMEET peuuTelbHOe BIMAHUE HA CKOPOCThH H
OGEM NOCHECMEepPTHOIr'0 TAMKOAM3A.

ToHKHE CJOM CKEeNeTHHX MHWL KPOJWKa NOABEpranuchk HemocpencTpeHd
nocne y60R MHKyOaumu B Pa3aMYHHX Cpelax; MCCAENOBAHHO BANAHUE
NPONON XUTEABHOCTHU UHKySauum Ha conepxanue AT® u npoaykTros
ero pacnaja B TKaHK nocae ydog , 4ro ON yCTaHOBUIH KO TOPHH
pus ATO-a3W OoTBEeYaTeAbHEU Aag pacnaza AT B MEmwuax nocne
CMEDPTH. K* u Na+ B KoHueHtpauugx oT 0,1 - 0,15 M He akTuBU-
pysr AT®P-a3zu.

UuruGupymuee BiugHue yabauHa ¥ XUHMHAMCyadaTa HE 3AMEYEHO.
0,05 MM u 0,03 MCaCl, BH3WBajgM OYeHbH aKTUBADYIaUit -
pexr Ha runpoaus ATP. PeayaerarTh nokasmpayr 4To Hu ATO-asm
weMbpan Hu AT®P-a3H CAPKONAA3MATUYECKOTO DPEeTHUKyIyMAa, HO MHUO-
Pubpuangpiag ATDd-a3a HMeeT peuMTespHOE 3IHAYEHME aagq nocjne-

cMepTHOro pacnaza ATD.
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