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Calpain II, a high Ca2+-requiring form of Ca2+-dependent cysteine proteinase (EC 3.4.22.17), isolated 
from bovine lens was found to cleave actin and vimentin, two major cytoskeletal elements of the lens. 
Polyacry~amide gel electrophoresis revealed that actin (M; 43000) was broken down through intermediary 
products of approximate A4,42000 and 40000, while vimentin (Mr 57000) was rapidly cleaved into several 
fragments ranging from M, 44000 to 20000. The cleavage was dependent on Ca2’ and could be blocked 
by calpastatin, a calpain-specific inhibitor. These findings suggest that calpain might play a role in age- 

related degradation of the lens cytoskeleton. 

~~+-dependent cysteine proteinase CaIpain 

1. INTRODUCTION 

Recently much attention has been paid to the 
function of cytoskeletal proteins. In the lens, the 
cytoskeletal filaments not only constitute the in- 
tracellular matrix but also support the elasticity 
and deformability of the lens for its accommoda- 
tion [l-3]. The biochemical and morphological 
studies have revealed that the major components 
of cytoskeieton of the lens fiber cells are actin and 
vimentin [4-61. It is known that newly produced 
lens fiber cells contain large amounts of 57 kDa 
and 43 kDa polypeptides, corresponding to vimen- 
tin and actin, respectively, but as lens fiber cells 
become older and displaced towards the center of 
the lens to form its nucleus, these two polypeptides 
as well as a 2000 kDa polypeptide diminish and 
disappear [7,8]. We previously reported limited 
proteolysis of bovine lens cu-crystallin by calpain 
II, a high Ca2+-requiring form of Ca2+-dependent 
cysteine proteinase (EC 3.4.22.17; [Q]) isolated 
from the same tissue, suggesting that the age- 
related degradation of a-crystallin could be an en- 
zymatic process [lo]. As a continuation along this 
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line, we here wish to report briefly that actin and 
vimentin of bovine lens are also rapidly proteo- 
lyzed by lens calpain II. Ca2+-induced degradation 
of vimentin in the lens was reported in fl I], but the 
responsible enzyme was not isolated. 

2. MATERIALS AND METHODS 

2.1. ~ri~cation of cu~pain II from bovine iens 
Calpain II was purified from fresh bovine lens, 

to homogeneity on polyacrylamide gel elec- 
trophoresis (PAGE), as in [lo]. 

2.2. Preparation of urea-soluble proteins, actin 
and vimentin from bovine lens 

The urea-soluble proteins were prepared by ex- 
tracting the water-insoluble fraction from 50 g 
bovine lens with 30 ml of 50 mM Tris-HCl buffer 
(pH 8.6) containing 6 M urea and 1 mM EDTA at 
4°C for 2 h and ultracentrifuged at 100000 x g for 
90 min. The supernatant was dialyzed against 
water [6]. Actin and vimentin were purified from 
fresh bovine lens as in [2] and [12], respectively, 
both to apparent homogeneity on SDS-PAGE. 
The identity of actin was confirmed by the im- 
munoelectrophoretic blotting method [ 13,141, us- 
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Fig.1. The effect of lens calpain on the urea-solz 
fraction of bovine lens. Urea-soluble extracts (50ag) 
were incubated with 0.06rg calpain II without Ca2’ 
(lane 1) and with 1 mM Ca2+ (lane 2). Lane 3 shows lens 
actin used as a marker. Lane M shows the marker 
proteins which include: a, phosphorylase (iK 94000); b, 
bovine serum albumin (MI 67000); c, ovalbumin (M, 
43000; d, carbonic anhydrase (Mr 30000); e, soybean 
trypsin inhibitor (Mr 20100); f, cu-lactalbumin (A4, 
14400). The pattern of degradation was analyzed by 
SDS-polyacrylamide gel (12%) electrophoresis. The 
solid arrowhead denotes the position of vimentin, and 

the open arrowhead denotes the position of actin. 

ing rabbit anti-chicken actin antibody, which was 
a generous gift from Dr Ichiro Yahara, Tokyo 
Metropolitan Institute of Medical Science, Tokyo. 

2.3. Proteolysis of actin and vimentin by 
calpain II 

Proteolysis of urea-soluble proteins, actin and 
vimentin, was carried out at 30°C in an incubation 
mixture which contained various amounts of cal- 
pain II, 50 mM imidazole-HCl buffer (pH 7.5), 
5 mM cysteine and 1 mM CaC12. The reaction was 

M? 23 

stopped by transferring a 25~1 aliquot of the reac- 
tion mixture into 25 pl of 50 mM Tris-HCl buffer 
(pH 6.8) containing 2% SDS, 10% glycerol, and 
5 mM 2-mercaptoethanol, followed by heating at 
100°C for 5 min. Then the pattern of proteolysis 
was analyzed by SDS-polyacrylamide gel (12%) 

a 

Fig.2. Degradation of lens actin by calpain II purified from bovine lens. Lens actin (20 pg) was incubated with calpain 
II in the standard incubation mixture, and the mode of degradation was analyzed by SDS-polyacrylamide gel (12%) 
electrophoresis. (A) Time course with 0.06 pg of calpain II. (B) Dose dependence for 20 min incubation. The incubation 
periods in A were: lane 1, 0 min; lane 2, 15 s; lane 3, 1 min; lane 4, 5 min; lane 5, 20 min. Lane M, marker proteins 
(see fig. 1). The amounts of calpain II in B: lane 1,0.015 pg; lane 2, 0.06 pg; lane 3, 3 pg. The open arrowhead denotes 

the position of actin (Mr 43000). The arrow shows the front of the gel. 
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Fig.3. Degradation of lens vimentin by calpain II from bovine lens. Lens vimentin (20 pg) was incubated with calpain 
II in the standard incubation mixture, and the mode of degradation was analyzed by SDS-polyacrylamide gel (12%) 
electrophoresis. (A) Time course with 0.06 pg calpain II. (B) Dose response for 20 min incubation. The incubation 
periods in A were: lane 1, 0 min; lane 2, 1 min; lane 3, 20 min. The amounts of calpain II in B were: lane 1, 0 pg; lane 
2, 0.015 ,ug; lane 3, 0.06cg; lane 4, l.Spg; lane 5, 3pg. Lane M, marker proteins (see fig.1). The solid arrowhead 

denotes the position of vimentin (Mr 57000). The arrow shows the front of the gel. 

electrophoresis, performed as in [15]. Protein 
markers were the products of Pharmacia (Upp- 
sala). Protein was determined as in [16] with 
bovine serum albumin as standard. 

3. RESULTS 

Fig.1 shows the effect of lens calpain II on the 
urea-soluble extracts of the lens. Several protein 
bands disappeared almost completely which in- 
cluded those corresponding to actin (43 kDa) and 
vimentin (57 kDa). No cleavage took place in the 
absence of Ca’+. The actions of calpain II on the 
isolated lens actin and lens vimentin are shown in 
fig.2,3. Both actin and vimentin were broken down 
in time- and dose-dependent manners. The pro- 
gress of the degradation for completion seemed to 
be more rapid with vimentin than with actin, but 
it was always accompanied by gradual accumula- 
tion of small peptide products on the gel front. Ac- 
tin gave intermediary products of approximate it4, 
42000 and 40000, while vimentin was degraded 
through the formation of several fragments of 
44-20 kDa. 

The proteolysis of actin and vimentin also oc- 

curred, with the resultant fragments similar to 
those above, in the presence of 10 mM Sr2+ and 
10 mM Ba2+ added instead of 1 mM Ca2’, 
whereas 1 mM Sr2+, 1 mM Ba2+ and each 10 mM 
Mg’+, Mn2+ or Zn2+ had no effect. It was also 
found that Ca’+-dependent proteolysis of actin 
and vimentin was completely inhibited by 2 mM 
EGTA, 1 mM monoiodoacetic acid, E-64 (20~ 
g/ml), leupeptin (20pg/ml) and calpastatin (300 
units/ml), the endogenous inhibitor of calpain 
isolated also from bovine lens [lo]. These data are 
all compatible with the proposition that the 
observed proteolysis is nothing but the result of the 
action of calpain II. 

4. DISCUSSION 

The present experiment clearly demonstrates 
proteolysis of two important cytoskeletal proteins, 
actin and vimentin, in the lens fiber cells by calpain 
II, which is known to be also present in the cytosol 
of the same cells [lo]. During the aging process of 
the lens, the decrease or disappearance of lens 
cytoskeletal proteins has been reported [7,8]. The 
degradation of these cytoskeletal proteins may in- 
duce the disappearance of protein architecture of 
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the cell or produce the disintegration of the cell 
membrane [ 171, resulting in several irreversible 
changes which include cataract formation. The 
present results, although obtained from in vitro 
studies, suggest the involvement of calpain in these 
degradative processes. It is particularly interesting 
to note that the same enzyme, lens calpain II, was 
also shown to proteolyze easily both A and B 
chains of a-crystallin which is the major compo- 
nent of water-soluble proteins in the lens [lo]. 
Thus, the possibility is that once Ca2+ is made 
available to activate calpain in a lens fiber cell, it 
triggers the degradation of not only major water- 
soluble proteins but also major water-insoluble 
proteins. 

Authors in [ 1 l] reported that lens vimentin was 
degraded by a Ca2+ -activated protease, but they 
did not isolate the enzyme. They found that the en- 
zymatic action was blocked by iodoacetic acid and 
had no effect on actin [ 111. Authors in [ 191 isolated 
a vimentin-specific Ca2+-protease from Ehrlich 
ascites tumor cells and found that this enzyme did 
not proteolyze actin. Therefore, it remains un- 
solved whether the vimentin-degrading Ca’+-pro- 
teases described by those authors are really dif- 
ferent enzymes from calpain II, or whether the 
authors failed to demonstrate the susceptibility of 
actin to their enzymes which could be identical 
with calpain II. 
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