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tn teolyt i c de
beenUi es l » ther™atÎ 0n by exogenous protéinases o f muscle p ro te ins  con
test ""Plicated ta n t metabolic turnover occurring in  the liv e  animal, h. 
ot me„rte,h muse » Seve[ al aspects o f the cond ition ing  o f muscle as meat in 
«mino 1 durinq nrnr ^ . abH  plays an important ro le  in  fu rth e r  te n d e risa tii 

. cessing and cooking and may, by prnviriinn nontiHac anH 
DesDlt ’ 1mPortant in  f la vo u r development in cooked meat.
show«ie edr ly  rp
4 PH ^ U le  orPnntS ^e ’ 9 ’ s,!’i t h  1948) tha t aqueous ex tra c ts  o f muscle 
flei(0ns?n9e of 4 o Pr ° te ° ly t ic  a c t iv i ty  against endogenous prote ins over 
tV a r » te<l in ’m il 81 °’ a la r 9e number o f p ro te o ly tic  a c t iv i t ie s  have be< 
and !i?er1sed. ; " ced muscle tis s u e . ~a all —• i
Him* .^ari be C laec ii- I  7 «v u— Muuti u i yj, oikoi me pn

Barrett iqoa» 1?  on the basis o f th e ir  ac tive  s ite s )  in to  the four 
C,®iriw i by Gol] ot ?f  asPa r t i c » t h io l ,  m eta llo  - and serine proteinases.
4t aCiJ ^ sosomal in  • • 2,1 Many o f the proteinases described are 
J*scie W. pr  " 0 r i9m and may thus be expected to  exert th e ir  a c t iv i ty  
N h i J ^ e ,  n a r t ina?eSsactive  at alka1ine PH appear to  a rise  from non 
^utra sts and iA ,,l«Ul a r ly  from mast c e l ls  (Drabikowski e t a l . ,  1977)
^d tf. PH, t he _ ,u+c°ytes (Etherington 1981).Of the enzymes shown to  act at 
Jd$ciee neutral SPr., ac tivated neutral proteinase (CANP) (Busch et al 1972) 

whirwnu Pro te inase (Beynon & Kay 1978) are believed to be 
. tem Perif,HChuhowever would exert th e ir  a c t iv i ty  only in  the early  
‘Han. When musc1e pH is  s t i l l  near neu tra l,

studies n
Ule <:°n has bepn ¡¡r °Jeo ly t ic  a c t iv i t ie s  in  muscle the main focus o f 
t ^ l v ? 81 tender?!»!?* g r a d a t io n  o f m y o fib r il la r  p ro te ins and on i t s  
S lo n £ ls in m u n- (e -g ‘ Penny> 1980)- In th is  Laboratory, studies on 
» in frn ^ I  0 r i Seated from an in te re s t in  fla vo u r and o f f- f la v o u r
!! tute °f  the h iQh?n ?t ?red meat P ro m ts .  (Henahan et a l . ,  1981). 
N i ^ P t o  30°' n /  a , e nature o f sarcoplasmic p ro te ins , which con- 
3 lytic  , (Etherln« L ? USi l ! , p ro te in  and which have so fa r  received l i t t l e  

Ci]utW de9radatinn 1nr  we have undertaken a general study o f pro-
1? !  °f  lo .  , “ f  these Pr o te i '15 Py « « * * 5  ex trac tab le  w ith  them in

I d e t^ te r  So ll? "’ c strength . Anzanza e t a l . ,  (1979) have shown tha t
II fui?tdb1e c a t-h i*and we.have found (unpublished observations) that 
i j th is ‘y necoVPrbu ]c a c t iv i ty  o f muscle (assayed as Cathepsins B and D) 
l ! * ,sci!ap* r  we r Z t  l e by ex trac tion  w ith  low io n ic  strength b u ffe r.
«the a b s tra c ts  the SDS' PAGE E lectrophoresis p ro f ile s  o f p rote ins

te tyip nce and nncubated fo r  up to  72 hr over the range of pH o f 5.0 - 8.0 
Pe 0f the en? eSen<?e o f in h ib ito rs  selected to  id e n t ify  the active  c enzymes involved.

--...UOV.IC L i;
They exert th e ir

. p ro te o ly t ic  a c t iv i t ie s  have been 
The enzymes responsible have been 

a c t iv i t ie s  at acid, neutral or a lka lin e  pH

A 8 C O I
f i g . 1.SDS-PAGE p ro f ile s  o f 
p ro te in  u n its  extracted w ith  
d iffe re n t  bu ffe r systems.
A: Universal bu ffe r pH 6.5 and 

adjusted to  pH 5.0 
B: C itra te  phosphate b u ffe r, 

pH 5.0
C: C itrate-phosphate bu ffe r 

pH 6.0
D: Phosphate b u ffe r,  pH 7.0 
E: Tris-HCl b u ffe r, pH 8.0

♦Proteins showing va riab le  
e x t ra c ta b il i ty  w ith  d iffe re n t  
bu ffe rs .
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samples „e re  removed at su ita b le  in te rv a ls ,  th e ir  pS determined and''
Jr r  os !n tha Un1versa' * " « ■  « t? a ? ? ; I S s u dto  pH 5 .0, p ro te o ly tic  degradation was evident a fte r  12 hr and increased Dro- 
g ress iye ly  to  72 h r; an ex tra c t held at 0-48C fo r  72 h r showed n5 d r t« ta b fe  
p ro te o lys is . (F ig .2 ). In both the adjusted « t r a c ts  p repa™  1 " ^ « ?

A B C O t  F

'*ws& -mm â? ■»

r ig -c . ¿ui-KAbt p ro f ile s  of 
samples removed at in te rva ls  
from incubation o f ex trac ts  in 
Universal bu ffe r pH 6 .5 , ad
justed to  pH 5.0.
A: immediately denatured 
B: stored at 0°C, 72 hr 
C: incubated at 37°C, 12 hr
D:   24 hr
E:   36 hr
F: 72 hr

b u ffe r and in  ex tra c ts  prepared in  
ation  o f p ro te ins  was extensive at 
at pH 7.0 and s lig h t  but se lec tive

sp e c ific  bu ffe rs  i t  was found th a t degrad- 
pH 5.0, considerable at pH 6 .0 , n e q liq ib le  
at pH 8.0 (F ig .3).

fese t,
of01" m

« u if^ T a T |5 |\r r ^ eef ?Soas ” Vsc' e ’ five -days post mortem „as obtainec 
S s '■ dliopned Appropriate segments „ere  taken from the centre

“ Sing 4 ]  mm cubes and extracted by e ith e r o f two
a ■* volumes o f re levant b u ffe r. 

e muscip
1?". 3  i? Unive?sa]ehr «  ex t: acte,i fo r  3 hr °-4°C w ith  mechanical 
« du41?%> 0.038 « ^  ‘ ?nC  ai ' d ’ c i t r i c  ac id ' d1ethy ' b a rb itu r i
t f  4»Pr0„y T itra te d  , „ pHu6; 5,; / our a ,lquots o f the ex tra c t „e re  in - 

PH 5°5r1ate. T °  and 8 -°  w ith  ,N- HC1 or IN-NaOHP ro ri.V . " , ln  1n-ncl o r IN-NaOH
1 1»H, Extracts „ r ta i i 0n ?aS f t " ind t0  occur in  the ex tra c t t i t r a t l

«t 1v1duai 6 then trea ted as set out below.

W ^ 8-0*T?,lc 'atia t l-D h n i!;h C! e iWei exSi7 11ar' J' e x tracted in  bu ffe rs  0.04 M
W  HC,,a" P i ° a« ad^ aPs e t - o ° ^ ^ l i r PhOSPhateJ P H 7-01" “
‘ 1- **1 !  c°ncent
I ' ,9 ,9) “ ! f er e x [ ? i i ? ? „ i n e a c |; e x t r a c t  or t i t r a te d  a liq u o t in  the case of 
{feft., S,n9 bovine «  was determined by the B iure t method (Gornall et 
nSfijon. serum albumin as standard.

feS jU t, a .
^ " lo l8!" '1. l970)UOL OL f aCr ex tra c t «as added to  0.05 M Tris-HCl bu ffi 

u,> *■- v i l la  SDS’ 51 a-mercaptoethanol, 30* g lycero l and 0.5* 
n e ia  a p ro te in  concentration o f 2 mg/ml.

i 'M D ° s i15nsUi J ? diuin dodecy ’ so'phate -  polyacrylamide 
! of 15% PArF"Pi G« s i c emi ' ; c 970) was ca rn 'ed out on slab 

<s7*lt'"a| evtUpdoresis ,.??5’ ° ; 4lS° S’ ° ; 75 ™" th ic k )  in  the 2001 LKB 
' N t „ ° f  40n r act  were xn1f : ^ SamP1e volumes corresponding to  25 ug pro te i 
l  S " b > H  f or 6 hr PP Sn? sepa ra tl° "  " as e ffec ted  by a constant 
« .(S t“ - C a n > a r iS0n S ;th «o 'ecu la r weights o f separated prote ins were 
i 11 (¡Jja, u i 0r" ia ,  94sndh M?Jiu rreSt  y ru "  ",arker Pro teins (Bio-Rad,

X t  ef a 'k-) and destain^aAf  * ,x ein  WerC sta1ned overnight in Coomass 
X - ,  "d Osborn i i x i? ed f ?r ,24-48 hr in  5* methanol - 7.5* acetic

,37°C ’ n the xh each extFact were immediately denatured, o r stored 
'a tion . nCe ° r  PFesence o f in h ib ito rs  fo r  up to  72 hr

'inkeq

N fjF«h

J t ÿ f e - n  th .

I

UOrn lqcQi r   ̂ .........  iTOWMi.mil /.Qh <u.etic
densitom ete; (i VR6 ?xara: ,’ed v is u a lly  and analysed iiometer (LKB, Stockholm, Sweden) before and a fte r  dry

“‘ “ 'n S ly '? '  pH ia 'u e s ° ie re  5I.°f1 J*a ° f  ?x tra c ts  made 1n d if fe re n t  bu ffi 
,-»s! a< tL s?ail a l t e r x . r  detected. In most cases these were seen 

J d ved,dcted. , ? i i 0ns 1n Jhe r e la t ive proportions o f ind iv idua l
C,Pl>ohCUratoA Protein m » ** *0?f nSStra i t1on at pH 5:°  a maJor F e r e n c «

0f th ! Pb° sPhate p v t’ 93»00G extracted by Universal b u ffe r was nc 
S p iN s ?  Un1versal h u i f fC t‘ ♦ SeParat1on o f the p re c ip ita te  formed c 

% e *?!d Predom n w i  5 t0  pH 5’ °  confirmed tha t the pre- 
Mtr* c tS l?  ! !  k y p r 0 t e 1 n  { F i 9 j ) - Components which n t y  °y d if fe re n t  bu ffe rs  are Indicated by asterisks

' ' 2 ■*• u f u Juo-rw L p ru rn e s  o i p rote ins in  ex trac ts  1n sp e c ific
bu ffe rs  and held a t 0 C o r incubated at 37°C fo r  72 hours as ind ica ted by 
the^Jahels. e.g.QChannel^S,, and 5”  in d ica te  incubations o f pH 5.0 extracts
at 0 C and at 37°C fo r  72 hours respective ly .

F ig .4 . C o rre la tion  o f densitometer 
trace and SDS-PAGE p r o f ile  o f ex tra c t 
in  pH 5.0 b u ffe r.
A: stored at 0°C, 72 hr 
B: incubated a t 37°C, 72 hr.
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ReferencesDensitom etric p ro f ile s  confirmed the v isua l observations as can be seen in 
F ig .4 which shows c o rre la tio n  o f the densitometer traces fo r  the Universal 
bu ffe r ex tra c t adjusted to  pH 5.0 and stored at 0-4°C or incubated at 37°C 
fo r  72 h r. S tain binding p ro te in  was reduced to  approx. 50% and th is  was 
shown to  re f le c t  a s im ila r  decrease in  a l l but two o f the p ro te in  bands. A
p ro te in , M.W. C77.000 was v ir t u a l ly  unaffected wh ile  a p ro te in , M.W. cl5 ,000 
was almost completely degraded. Up to  e igh t peptides o f varying molecular 
weights appeared as degradation products, which however corresponded to  only 
a small f ra c t io n  o f the loss in  to ta l p ro te in . I t  is  the re fo re  concluded 
th a t degradation o f most o f the pro te in  proceded to  a leve l outs ide the 
detection  l im its  o f the present methodology. Experiments to  confirm  th is  
and to  id e n t ify  the products are cu rre n tly  proceeding.

In an attempt to  characterise the p ro te o ly t ic  a c t iv i t ie s  responsible fo r  the 
degradation occurring at each pH le v e l,  a series o f in h ib ito rs  were in co r
porated in to  the incubation media. I t  is  c lea r from the re su lts  to  hand 
tha t enzymes o f d iffe re n t  ac tive  s ite  types are involved in  each case of 
detectable p ro te o lys is . This may be deduced from the a lte red  p ro te in  pro
f i le s  associated w ith  in h ib it io n  by sp e c ific  in h ib ito rs .  In f i g . 5 the 
p ro f ile s  are shown fo r  the pH 5.0 (Universal b u ffe r) ex tra c t stored at 0°C 
or incubated a t 37°C fo r  72 hr in  the absence or presence o f pepstatin  or 
iodoacetate (IAA).

A B C 0

***** F ig .5. SDS-PAGE p ro f ile s  o f 
pH 5.0 ex tra c ts  (A)stored 
at 0°C or incubated in  the 
absence (B) or in  the 
presence (C) o f pepstatin  
or (D)of iodoacetate fo r  
72 hr at 37°C.
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I t  w i l l  be seen th a t both in h ib ito rs  reduced the extent o f to ta l 
p ro te o lys is . However, in  the case o f pepstatin  the pro te ins whose de
gradation was not in h ib ite d  were o f molecular weights 107,000 and 43,700 
whereas those whose degradation was not in h ib ite d  by IAA had in  add ition  
molecular weights o f 45,000, 29,000 and 14,500.

This va r ia tio n  in  s u s c e p tib il ity  to  p ro teo lys is  is  o f course p r im a r ily  a

re f le c t io n  o f the inherent ch a ra c te r is t ic s  o f the substrate. In the present 
context i t  seems reasonable to  assume tha t i t  a lso in d ire c t ly  re la tes  to  the 
nature and id e n t ity  o f the enzyme, the a c t iv i ty  o f which w i l l  be m odified in 
the presence o f i t s  sp e c ific  in h ib i to r .

Discussion

The re su lts  o f a pre lim inary survey o f p ro te o ly t ic  a c t iv i ty  in  ex tra c ts  of 
muscle sarcoplasmic prote ins during incubation at 37°C are presented.
The aim o f the study was to  demonstrate the occurrence o f and to  id e n t ify  
the nature o f the a c t iv i ty  over a range o f pH values. The use o f 5-day 
aged meat and o f an incubation temperature o f 37°C sheds no l ig h t  on the 
ro les  o f these a c t iv i t ie s  in  e ith e r cond ition ing  of muscle as meat or in  
f la vo u r development during cooking. The relevance o f the re s u lts  presented 
here to  these two processes, so important fo r  the meat in dus try , remains to 
be e luc ida ted, and th is  w i l l  now be undertaken. Meanwhile i t  is  tempting 
to  speculate, on the basis o f the extent of degradation o f sarcoplasmic 
pro te ins even in  12 hours at 37°C, th a t a s im ila r  process occurring during 
cooking may prove to  be a s ig n if ic a n t fa c to r  in  the complex sequence of 
reactions which enhance f la vo u r in  cooked meat. In p a r t ic u la r ,  the id e n t i
f ic a t io n  o f the considerable production o f amino acids and peptides which 
resulted from p ro teo lys is  observed here and which were not detected by the 
methods used, would provide components fo r  Mai H ard  reactions, thereby en
hancing flavou r development and browning. Much a tte n tio n  has already been 
paid to  the p ro te o ly tic  degradation o f m y o fib r illa r  p ro te ins by enzymes such 
as those studied here and to i t s  ro le  in  tenderisa tion  o f meat. I t  is  
suggested th a t th is  process is  l ik e ly  to  be modified by com petition fo r  
degradative enzymes from the h igh ly  susceptib le a lte rn a tiv e  substrates such 
as the sarcoplasmic prote ins discussed here.

Summary

The SDS-PAGE p ro f ile s  of ex tra c ts  o f sarcoplasmic p ro te ins in  low io n ic  
strength bu ffe rs  vary w ith  the pH and composition o f the b u ffe r. Incubation 
o f the ex trac ts  fo r  periods up to  72 hr at 37°C resulted in  p ro te o ly tic  
degradation o f components which was extensive at pH 5.0, considerable at 
pH 6 .0 , detectable a t pH 8.0 and undetectable a t pH 7.0. At pH 5.0 and 6.0, 
p re lim inary in h ib i to r  studies ind icated th a t the enzymes responsible were 
aspa rtic  proteinoses, wh ile the e ffe c t o f EDTA at pH 8.0 suggested the in 
volvement o f Ca2 activa ted and/or m eta llo -prote inases.


