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was achieved by using two successive exchange chromatography steps on a Q-Sepharose column (14 , 2.5 cm) run at differ . W“(l)
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7.6 respectively). The proteins were eluted by a 0 - 0.5 M NaCl gradient and 2 ml fractions were collected and tested fO! r

activity.
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Other methods: Protein Mr were estimated by SDS-PAGE electrophoresis performed as described by LAEMMLI (1970) ,wcf:»'“:
; . LA : 4 . e = i : ined Y®" ¥
using the Pharmacia low-Mr calibration Kit. Proteins were stained with Coomassie Brillant Blue R-250. The pl was determin® {
focusing on polyacrylamide slab gel. Protein concentration was measured according to LOWRY et al. (1951). \ |
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General properties of the inhibitor ; As summarised in table 1, a protein inhibitor was purified 1890 fold from Ih? Seopnds t0 {lk;;gﬂ

fraction. By SDS-PAGE, the final fraction shows only one band. Before that step, the inhibitory activity measured QOﬂ‘eip this i”higthfpj

mixture of inhibitors and can not be taken into account. As regard its specificity towards different types of proteinases " qf,C 01

Al . . : : : . :  contd i
Inactive against trypsin and chymotrypsin, two serine proteinases, as well as pepsin, a well known aspartyl proteinase. 'Byr :vd spect
B, H, L and papain, four enzymes of the cysteine proteinase class were strongly inhibited suggesting that this inhibit0

cysteine proteinases group (Table 2). |

Table - 2 : Inhibition spectrum of the 34.2 LDO? { “']J
inhibitor. Activity expressed as g of mhlb]tr nibie® [
inactivating by 50% 1ug of enzyme. NI : 0%~

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.
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Purification Tpta(l ; .T.otal(U) Specific | Purification Papain 746 ‘&
St rotein (mg) |activit activity (U) fact : , A
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Gel filtration 91.0 107 1.26 1 Cathepsin B Ml,g':r“””"“w {
Cathepsin H 404 . |
Q-Sepharose 0 > NI e "
-pH 8.15 6.4 180 28.1 22 -JPSIT .l '
Chymotrypsin .
- pH 7.60 0.105 250 2380 1890 Pepsin N

Physicochemical properties of this inhibitor ; The apparent Mr of this inhibitor estimated by SDS-PAGE was ~ gwas’
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Whether the electrophoretic analysis was performed in the absence or in the presence of thiol compounds, only 0™~ | gis?
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suggesting that this inhibitor is a monomeric protein (Fig. 1B). This protein subjected to isoelectric focusing on poly?

24.2 KDJ (,bﬁf'f‘"mi
plof 6.7 (data no shown). The temperature stability was tested over a large temperature range (40-100°C) by incubatir
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Figure 1 : Electrophoretis pattern of the purified inhibitor fraction : (A ) Calibration curve established using [l anol. ,
Mr markers. (B): Lane 1 : Purified inhibitor protein. Lane 2 : Protein inhibitor treated with 15 % B-mercaptoeth N
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during 30 min at different temperatures. The papain inhibiting activity was unchanged between 40 and 80°C whereas gin :
; : . : e o - n5to
30% between 80 and 100°C. The pH stability was performed by incubating the inhibitor at various pH ranging from no“na
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enzyme during 3 h. This protein seemed to be highly stable in this pH range since no activity loss was noted. Coﬂceﬂ ; Lf““ﬂﬂ ‘
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Kinetic properties : the availability of highly purified inhibitor preparations enables determination of the 1 mo]afCOﬂLe
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inhibitor using a Mr of 34.2 KDa and a protein content of 50 pg/ml. Assuming that all inhibitor molecules were actt 4
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was estimated to be 1.1 uM. o Enzyﬂypem‘
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Activity against cathepsins and papain : for all proteinases , the extent of inhibition by the muscle inhibitor is ‘[ime depeTH’ ubntl"
preincubated for various time with equimolar levels of inhibitor until constant residual activity was obtain®
maximum inhibition of papain and cathepsin L was achieved after 25 min and 30 min respectively, a 60 min a1
needed for cathepsins B and H respectively (Fig. 2).
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Mg cOanne Course decrease in the fractional free Figure 3: Changes in the fractional free enzyme concentration
inhibf':?[ranon when preincubated with equimolar upon treatment by increasing levels of inhibitor
1or. .
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ICiency of the inhibitor to inactivate cysteine proteinases is highly variable. As shown in Fig. 3, papain and cathepsin L were

O Sengit; ‘ , . . ; : .
} Ehsitive than cathepsins B and H for which a decrease in the residual activity occurred at higher inhibitor concentration (> 430
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‘ gy <ld cathepsins B and H : for these proteinases, the equilibrium constant (Ki) was determined according to BIETH (1980)
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: Teversibility of the proteinase-inhibitor association, a condition achieved by working at low enzyme and inhibitor
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N the assays which led to a non linearity of the titration curve. Hence, equimolar inhibitor and enzyme levels ranging from 107
Ly,

\ Cre :
f JMA\] Preincubated in a minimum final volume. In such experimental conditions, Ki(app) can be determined by the EASSON-
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g “yme level ([EIJ/[Eo] or Vi/Vo), Io the initial free inhibitor level and Eo the initial free enzyme level. The plot of [Io/1-a] versus
Sa

HENDERSON, 1972). This method is based on the following equation : Io/1-a = Ki/a + Eo (1) where a is the

il

4o a. 4
| betra Bht-ling whose slope is Ki(app). As the Km values of the enzymes for their respective specific substrates was higher than the

S : . : : - g
| i ONcentration (Km > So) , the Ki values can be deduced from the following equation : Ki(app) = Ki (1+So/Km) (2).
(v
“”JnM U€s reported by BIGE (1985), Ki values calculated for papain, cathepsin B and cathepsin H according to equation 2 were 70

Y, od
|'\1\5f0\r 410 nm respectively (Table 3).

i Sathan
t’ko OI\ML : optimisation of the inhibitor-cathepsin L interaction was achieved by working with a very low proteinase-inhibitor

”984) W. Under such conditions the EASSON-STEDMAN plot cannot be used for the Ki determination, but as described by NICKLIN
‘”ﬂpp) o W>[E), ir's easily shown that: 1/a = 1 + I/Ki(app). On plotting[1/a-1] against [I], a straight-line plot with a gradient

I as 3

{ g % ®btaine (Fig. 4A). The experimental Ki(app) values obtained in the presence of 2.5, 5, 10 uM of Z-Phe-Arg-NMec were
0
a

8 espeCtlvely. Ki(app) thus decreased as a function of substrate concentration which is typical of uncompetitive mechanism

%yie]ded, 1972)' According to this author, a further replot of Ki(app) versus 1/S was linear and the extrapolated intercept on the
a .
e Ki value of 29 nM (Fig. 4B).

‘ 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

Ut ‘?f]b&‘}: . different substrate concentrations according to Nicklin et al. (1984). (B) : Estimation of the Ki
M ﬂer'\& Valye value according to Henderson (1972).
, it Qalgefgsrirl:ingin of the 29 os1@25uM) A 107 5
P, M8 B, H, L and 5 X
¥ M&‘“ 082 (5 uM)
C | P -S4 (10 M) 1
» -1 s o
Pl Q?ﬁin Kimm) = = >
¥
@a:i‘&bsin L 70 3 14 2 51
Qath:Dsin B 29 = 5
A\ Bsiy 600 =
H i - Ki = 29 nM
s
W 1(,{ 0 = : " . | - | z
"Jxxl 0 50 0 0.25
U ON s, (1] nM 1/(S]
{ g B CONCLUSION : Bovine skeletal muscle contained several cysteine proteinase inhibitor fractions referred to as :

according their increasing elution volume from a Sephadex G100 column (ZABARI et al. 1991). From the FIII fraction,
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we purified to homogeneity a 34.2 KDa inhibitor protein using two step anionic exchange chromatography on a Q-Seph harose i
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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 € g P

as
agents. Indeed, whether SDS-PAGE was performed in the absence and in the presence of B- mercaptoethanol at concentration CO e ‘cl,‘
1. 1988): I’

only one band was observed. A fraction (Mr = 29 KDa) called I-T was isolated from rabbit muscle (MATSUISHI et al. it ‘
l re afl
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the bovine 34.2 KDa inhibitor, I-T was converted to a low molecular weight inhibitor I-M (10.7 KDa) in the presence of thi
a skeletd) s p

i ine ot ‘I
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inhibitor showing a Mr 34.2 KDa. With regard to its specificity towards proteinases, this inhibitor show no activity agains o ]

bo :
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suggesting that I-T was a trimer of I-M formed through dissulfide bonding. The present report is the first to describe

proteinase but, although to various extent, inhibited all cysteine proteinases tested. The 34.2 KDa inhibitor inactiv

rmine
cathepsin L and moderately cathepsins B and H. This finding is in good agreement with the experimental Ki values dete rC"L

-eincubation time W‘

enzymes. For all enzymes tested, the inhibitory activity was dependent on the inhibitor-enzyme ratio and the pr N( i
HENDERS i 9} »

efficiency was shown to vary between enzymes a finding comforted by the Ki values determined according to

. in H o if
NICKLIN and BARRETT (1984). Ki was estimated to be 70 nM for papain, 600 nM for cathepsin B, 410 nM for catheps! < pr0" 4,

. this
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cathepsin L. The most sensitive enzyme was cathepsin L for which the mechanism was shown to be uncompetitive. il

hysiol® A
and using the approach of BIETH (1980), the low Ki value and the high I/Ki ratio >10 agree with a potential | significant P HOWCVCI k
: e i
assumption supported by the likely very high “in vivo” I/E ratio and the relatively high I/Ki ratio previously determin /
kinetic parameters might be determined (Kass, Kdiss, delay time and stability time) to confirmed this physiological role. j‘k(
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