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papain fractions named FI, PH, Fill and FIV were fractionated from bovine crude extract muscle using a gel filtration 

y °n Sephadex G100. From the Fill fraction, a cysteine proteinase inhibitor was purified by two successive anionic exchange 

%  „ y °n a Q-Sepharose column and its properties investigated. This inhibitor protein shows a Mr of about 34.2 KDa, stable over a 

j ' ), thermostable (40-100°C), bind tightly to papain and cathepsin L, and, though to a lesser extent, to cathepsins B and H
I sOoq ~
\$in fc eement with their corresponding Ki values : 70 n M  for papain, 29 n M  for cathepsin L, 600 n M  for cathepsin B and 410 n M  
iĵ  • The kinetic features of enzyme - inhibitor binding suggest a possible role for this inhibitor protein in controlling “in vivo”

“ pr°teoiytlc

S i ,

activity.

%
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Meat tenderness is probably the most important quality attribute for consumers. Management of this quality needs

text.
iüre-Tw0

°Ur understanding of both the original causes and the nature of the mechanisms responsible for the postmortem improvement

*se sets of mechanisms are probably involved in this process. The first which is physicochemical in nature, mainly concerns 

\ of PUStmortem muscle osmotic pressure. The second is proteolysis of muscle proteins which is still considered as the primary 

!?l0 u at tenderization (For review see OUALI, 1990). In this respect, two proteolytic systems have received much attention from 

W ,  mCat SClentists> since in Bve animals these were also involved in the degradative processes of proteins. These svstems are the 
Proteinases (cathepsins B, H, L and D) and the calcium dependent neutral proteinases (calpains).

n inhibitors naturally occurring within the cells largely contribute to the regulation of proteolysis in both living animals and

^OTq  5 regard lysosomal proteinases, the existence of cathepsins inhibitors in muscle was reported for rabbit (

w ,  eta1' 1983 : MATSUISHI et al. 1988) and bovine (BIGE et al. 1985 ; O U A L I  et al. 1986). Recently Z A B A R I  et al (1991) 
aat the

C*1
1 *h.

\ Tgf le e9utpment of bovine muscle in cysteine proteinase inhibitors other than calpastatin is very complex. In fact four papain 

s T Fn, Fill and FIV were fractionated from bovine crude extract muscle using gel filtration chromatography on Sephadex
)Jc racti0 
\ Snindic;

*V i

. 1Catlng the presence of four classes of inhibitors showing different Mr in the range of 12 to 70 KDa. While FI, FII and FIV 

lrypsin and chymotrypsin together with papain, Fill fraction is only active against papain. The present work intended
“ Purif,

if, 311(1 characterize the inhibitor from the Fill papain inhibiting fraction.
H I «

a ND METHODS :
~ T&tiiepsins B, H, and L were prepared from rat liver lysosomes according to O B L E D  et al. (1984). Cathepsins B, L, 

r actmties were measured in accordance to B A R R E T T  et al. (1980) using Z-Phe- Arg- NMe c  as substrate. Cathepsin H  was 

® ̂ Mec as substrate (BARRETT et al; 1980) whereas chymotrypsin activity was tested according to S A W A D A  et al. (1983) 

Phe-NMec as substrate. Activity of pepsin against haemoglobin was determined as previously reported by OUALI and

• titration of papain, cathepsins B, H  and L was carried out essentially as described by B A R R E T T  et al. (1982) using 

of cysteine proteinases. As evaluated by this method, active proteinase concentration in the stock solution were 20

TCcif- —
\ w  1C lnhibitor

ar|d 350 n M  for papain, cathepsins B, H, and L respectively.

inhibitor assays I Inhibition experiments were performed at constant enzyme concentration and variable

I ^ ’40 .*k*t0r' rp*le mlxture was preincubated at 37° for a previously defined fixed period, i.e 25 min for papain, 30 min for
S%ra. n ̂ °r catllePs‘n 60 min for cathepsin B, 20 min for trypsin, chymotrypsin and pepsin. The reaction started by addition 

,| ^
c°ncentration of 10 pM. The progress of the reaction was followed fluorimetrically by monitoring the release of NMec 

E m i a  = 460nm).
% ¿¿J j».
, 16riefj a s k i n g  proteinase inhibitor i the details of the purification scheme were as previously described ( ZABARI

Ch" Crude extract prepared from 350 g of diaphag/m bovine muscle was loaded on a Sephadex G100 column (100x5 cm)S
Our

PaPain inhibiting fractions called FI, FII, Fill and FIV. The complete purification of the inhibitor from the Fill fraction

38th ICoMST Clermont-Ferrand France 1992 329



was achieved by using two successive exchange chromatography steps on a Q-Sepharose column (14,2.5 cm) ran at differed F . ji \  
7.6 respectively). The proteins were eluted by a 0 - 0.5 M  NaCl gradient and 2 ml fractions were collected and tested f°r 1 
activity. ,.h

Otlier methods: Protein Mr were estimated by SDS-PAGE electrophoresis performed as described by L A E M M L I  (1970) °n J  l
, uy ¡Ŝ  S

using the Pharmacia low-Mr calibration Kit. Proteins were stained with Coomassie Brillant Blue R-250. The pi was determine0 - 

focusing on polyacrylamide slab gel. Protein concentration was measured according to L O W R Y  et al. (1951).
R E S U L T S :
g en era l properties o f  the inhibitor ; As summarised in table 1, a protein inhibitor was purified 1890 fold from the Sepjjf (0^  
fraction. By SDS-PAGE, the final fraction shows only one band. Before that step, the inhibitory activity measured corresp0 
mixture of inhibitors and can not be taken into account. As regard its specificity towards different types of proteinases,1 * ^ CL 
inactive against trypsin and chymotrypsin, two serine proteinases, as well as pepsin, a well known aspartyl proteinase. By c0 speci[l 
B, H, L and papain, four enzymes of the cysteine proteinase class were strongly inhibited suggesting that this inhibitor w 
cysteine proteinases group (Table 2).

> 4

Table - 1 : Purification of cysteine proteinase inhibitor from bovine 
skeletal muscle. One activity unit was defined as the concentration of 
inhibitor inactivating one unit of papain.

Table - 2 : Inhibition spectrum of the 34.2 kDa 
inhibitor. Activity expressed as pg of inhibitor 
inactivating by 50% 1 pig of enzyme. NT : not 1

Purification
Step

Total
protein (mg)

Total
activity (U)

Specific 
activity (U)

Purification
factor

Gel filtration 91.0 107 1.26 1
Q-Sepharose 
-pH 8.15 6.4 180 28.1 22
- p H  7.60 0.105 250 2380 1890

Proteinases
Papain

Cathepsin L

Chymotrypsin
Pepsin

2 jcP3P hysicochem ical properties o f  th is inhibitor ; The apparent Mr of this inhibitor estimated by SDS-PAGE was W-1 ^  o»s , 
Whether the electrophoretic analysis was performed in the absence or in the presence of thiol compounds, only °ne ̂  
suggesting that this inhibitor is a monomeric protein (Fig. IB). This protein subjected to isoelectric focusing on polyacry^1111 
pi of 6.7 (data no shown). The temperature stability was tested over a large temperature range (40-100°C) by incubating ‘up 0thePure

t h e P h ^

;ldisP

alÔ

Figure 1 . Electrophoretis pattern of the purified inhibitor fraction : (A ) Calibration curve established using the Ph 
Mr markers. (B): Lane 1 : Purified inhibitor protein. Lane 2 : Protein inhibitor treated with 15 %  B-mercaptoethan°

4 -

3 -
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.5 to8 in
theduring 30 min at different temperatures. The papain inhibiting activity was unchanged between 40 and 80°C whereas 

30% between 80 and 100°C. The pH stability was performed by incubating the inhibitor at various pH ranging from 

enzyme during 3 h. This protein seemed to be highly stable in this pH range since no activity loss was noted. „
i„«* qO*1 m-hp

Kinetic U CPPCrtieS I the availability of highly purified inhibitor preparations enables determination of the m° 

inhibitor using a Mr of 34.2 KDa and a protein content of 50 pg/ml. Assuming that all inhibitor molecules were active,
the«10

, c#y

was estimated to be 1.1 uM. *

Activity against cathepsins and papain : for all proteinases , the extent of inhibition by the muscle inhibitor is time "
preincubated for various time with equimolar levels of inhibitor until constant residual activity was obtained  ̂ p",lllC 
maximum inhibition of papain and cathepsin L was achieved after 25 min and 30 min respectively, a 60 min 
needed for cathepsins B and H  respectively (Fig. 2).

and 40 W *  I''"’
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^ 2 ;  •Jv
tSe cq^  c°urse decrease in the fractional free 
5 °f inhitr ntrati°n w ^en Preincubated with equimolar

^ Clency of the inhibitor to inactivate cysteine proteinases is highly variable. As shown in Fig. 3, papain and cathepsin L were 

Sensitive than cathepsins B and H  for which a decrease in the residual activity occurred at higher inhibitor concentration (> 430

h
- 3Qd cathepsins B and H  : for these proteinases, the equilibrium constant (Ki) was determined according to BIETH (1980) 

■:;r.. " reversibility of the proteinase-inhibitor association, a condition achieved by working at low enzyme and inhibitor

e assays which led to a non linearity of the titration curve. Hence, equimolar inhibitor and enzyme levels ranging from 10 "7

A

Î So.

— - a  Papain
------«  Cath. L
------ m Cath. B
— -O  Cath. H

— —

Figure 3: Changes in the fractional free enzyme concentration 
upon treatment by increasing levels of inhibitor

100 '------ —O Pap. (20 nM)
—#  Cath. L (5 nM) 
— »  Cath. B (15 nM) 

v—*0 Cath. H (28 nM)
'■ § 50 -I

15 30 45
Preincubation time (min)

’’ the

300 600 900
Inhibitor concentration (nM)

1200

efficie

Hr,
^  Preincubated in a minimum final volume. In such experimental conditions, Ki(app) can be determined by the EASSON-

°d (HENDERSON, 1972). This method is based on the following equation : Io /l-a  = Ki/a + Eo (1) where a is the 
ls a 1116 level ([EI]/[Eo] or Vi/Vo), Io the initial free inhibitor level and Eo the initial free enzyme level. The plot of [Io/l-a] versus

V
\l^t S t-bne whose slope is Ki(app). As the K m  values of the enzymes for their respective specific substrates was higher than the 

V .  °ncentration (Km > So) , the Ki values can be deduced from the following equation : Ki(app) = Ki (1+So/Km) (2).%
Allies r%  reported by BIGE (1985), Ki values calculated for papain, cathepsin B and cathepsin H  according to equation 2 were 70 

Hf(, ^ 0  n M  respectively (Table 3).

> > .
; optimisation of the inhibitor-cathepsin L interaction was achieved by working with a very low proteinase-inhibitor 

n<̂ er such conditions the E A S S O N - S T E D M A N  plot cannot be used for the Ki determination, but as described by NICKLIN

> )

| H e
n [I]>[E], it’s easily shown that: 1/a = 1 + I/Ki(app). On plotting[l/a - 1] against [I], a straight-line plot with a gradient

H s
V ,

Stained (Fig. 4A). The experimental Ki(app) values obtained in the presence of 2.5,5 , 10 p M  of Z-Phe-Arg-NMec were

resPectively. Ki(app) thus decreased as a function of substrate concentration which is typical of uncompetitive mechanism
V  l97o\iieij j ' According to this author, a further replot of Ki(app) versus 1/S was linear and the extrapolated intercept on the

ieda .
atrueKi value of 29 n M  (Fig. 4B).

^  Catheff?r binding of the

V s

Figure 4 : Determination of the equilibrium constant Ki characterising the interaction of the 
inhibitor with cathepsin L ([Eo] = 17 nM). (A): Estimation of the apparent Ki using three 
different substrate concentrations according to Nicklin et al. (1984). (B ): Estimation of the Ki 
value according to Henderson (1972).

2 - ,

IN "'ll
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10

0 -i
0

0

B

Ki = 29 nM

% 0 50 0 0.25
^  °N A n  [I] nM 1/[S]

I lr](|... C O N C L U S I O N  : Bovine skeletal muscle contained several cysteine proteinase inhibitor fractions referred to as
•PlV

acc°rding their increasing elution volume from a Sephadex G100 column (ZABARI et al. 1991). From the Fill fraction,
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rill»

: purified to homogeneity a 34.2 KDa inhibitor protein using two step anionic exchange chromatography on a Q-Sepharose c
8.15 and 7.6 respectively. This inhibitor is thermostable and stable over a large pH range from 5 to 8 . It appears to be not sensit'v6

i astiii1li a*agents. Indeed, whether SDS-PAGE was performed in the absence and in the presence of B-mercaptoethanol at concentration ^  
only one band was observed. A fraction (Mr = 29 KDa) called I-T was isolated from rabbit muscle (MATSUISHI et al. 1988)

converted to a low molecular weight inhibitor I-M (10.7 KDa) in the presence of thi
s k e l e t a l

the bovine 34.2 KDa inhibitor, I-T was
suggesting that I-T was a trimer of I-M formed through dissulfide bonding. The present report is the first to describe a ^  
inhibitor showing a Mr 34.2 KDa. With regard to its specificity towards proteinases, this inhibitor show no activity against

; tested. The 34.2 KDa inhibitor inactivated strongly

»f

proteinase but, although to various extent, inhibited all cysteine proteinases
cathepsin L and moderately cathepsins B and H. This finding is in good agreement with the experimental Ki values deter» in e d for

t T tl \

s

enzymes. For all enzymes tested, the inhibitory activity was dependent on the inhibitor-enzyme ratio and the preincubation . 
efficiency was shown to vary between enzymes a finding comforted by the Ki values determined according to HENDE ^ ^
NICKLIN and BARRETT (1984). Ki was estimated to be 70 nM for papain, 600 nM for cathepsin B, 410 nM for catheps» thisP',1#

cathepsin L. The most sensitive enzyme was cathepsin L for which the mechanism was shown to be uncompetitive. ^  ̂ c\0\oPĉ ’  ̂\
: with a potential signifie2111 V ^and using the approach of BIETH (1980), the low Ki value and the high I/Ki ratio >10 agree wun a poienuai »15- .....   ̂ ^ e '

assumption supported by the likely very high “in vivo” I/E ratio and the relatively high I/Ki ratio previously determi 
kinetic parameters might be determined (Kass, Kdiss, delay time and stability time) to confirmed this physiological role- 
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