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Discovery and Initial Progress nv) as shown for example by early experiments by
Schollmeyer [95]. The problem of the requirement of

The first report of a cytosolic Ga-dependent proteolytic excessive C%T concentration is .St'". open, .bUt the pres-
activity was that by Guroff [26] who partially purified ence qf act|vat|.ng.factors in thg in vivo environment is an
from a rat brain homogenate a proteinase which wadttractive po_ssplllty. The fmdmg that m-CANP clezaves
maximally activated by 1 m C&*. The first function target propems in liver nuclei |n'the presence of*Ca
attributed to this proteinase was the activation of musclgencentrations as low "."qﬁ"’ provided that DNA is also
phosphorylase kinase [30]. The observation in the lat@r€SeNt. is certainly of interest [S7]. m- apeCANP (as
70s that the Cd-dependent proteolytic activity was not w_eII as the|.r en_dogenous |nh|b_|tor CALST) are widely
detectable in crude tissue homogenates, but became e\ﬁlsmbUted In tissues, but their relative and absolute
dent after an anion exchange chromatography step, led l%bundance varies.

the discovery of a heat stable endogenous inhibitor
which was eliminated during this purification step. The R
names calpain and calpastatin for the proteinase and the
endogenous inhibitor, respectively, were proposed b
Murachi [63]. In this review the following abbreviations

ecent Developments

he study of the involvement of CANP in physiopatho-
will be used: CANP for the 4 Activated Neutral Pro- logical processes at the cellular level has been hamperec

. . : .. by the lack of cell-permeable CANP-specific inhibitors
teinase (calpain) and CALST for calpastatin. The exist- . .
ence of a second isozyme was established in the early S@Sb le to discriminate between the Cactivated enzyme

e L . and other cysteine proteinases (e.g., the lysosomal ca-
by the purification of a new calpain isoform which had a ! )
higher C&* sensitivity [20, 53, 65, 91]. The nomencla- thepsins B, H and L, 115 for a review). The recent char-

ture now in use refers to in vitro experiments Whereacteriza_tion (_)fa new class of nonpeptidg, cell_—perm_eable
m-CANP shows proteolytic activity atmCa* concen- (.:ANP 'nh'b'tors (alpha-mercaptoacrylu_: acid deriva- :
trations, whereag-CANP is already active aim C&* tives) yvh|ch can be u_seq as neuroprotective substances ir
concentration. Even this €alevel, however, is 10 to hyp(?).qc/hypoglycemlc injury [113, .114] is thus a very
50-times higher than that in the cytosol. NeverthelessS'gn'f'Ca.mtdeveIOpmem' Another d|ff|pulty has been the
both isoforms are likely to be able to process CellularUncertamty on the activation mechanism of the protein-

substrates at physiological €aconcentrations (100-300 ase. .Wh"e It s W'.dely accepted that CANP activity In
vitro is accompanied (or preceded) by the autolytic pro-

cessing of the enzyme, recent reports indicate that au-
tolysis may not be obligatory in vivo, i.e., under condi-
tions in which unidentified “factors” or, more simply,
the association with biological membranes, may be suf-
Key words: Calpain — Calpastatin — Protease — Calcium ficient to free the active site, making it accessible to
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Fig. 1. Sub domain organization of the catalytic and the regulatory subunits of hua@ANP. The percentages of identity among domains |, II,
Il, IV of p- and m-CANP is given. Additional details in the text.

substrates at physiological €aconcentration. As will ter co-expression with wild type nCL1, its quick disap-
be discussed in this review, the irreversible process opearance should be an autolytic process [101, 102]. The
CANP autolysis may occur in vivo only under extreme sequence of nCL1 includes three blocks not found in the
conditions such as cell necrosis or apoptosis, whereagbiquitous CANPs [100]. Block number 2 (1S2, residues
activation under normal cell conditions may simply re- 578-653) contains a lysine-rich, nuclear translocation
flect the reversible association of the proteinase withsignal [102] and is apparently involved in the rapid turn-
membrane (and/or with the underlying cytoskeleton)over of the protein because its deletion stabilizes it. 1S2
where preferential substrates may be cleaved in responsdso mediates the interaction with a giant (3,000 kDa)
to a limited fluctuation of the cytosolic Gaconcentra-  protein of striated muscle, connectin, which apparently
tion. replaces the 30 kDa regulatory subunit normally associ-
Very significant advances in the CANP field have ated with the catalytic subunits of m- apdCANPs(see
been the recent discovery of the involvement of a noveFig. 1). Interestingly, the sequence neighboring the
CANP-isoform in a genetic disease (Limb-Girdle Mus- nCL1 binding site of connectin is similar to that of the
cular Dystrophy Type 2A, LGMD) [84] and the charac- endogenous CANP inhibitor calpastatin (CALST) [101].
terization of new tissue specific CANP isoforms. The absence of the regulatory subunit in nCL1 is typical
LGMD is characterized by the progressive symmetricalof the tissue specific isoforms identified so far. Attempts
atrophy and weakness of the proximal limb muscles ando add the latter to the catalytic subunit of n-CANPs and
by elevated blood levels of creatine kinase. In contrasbinding studies using the yeast two-hybrid system [101]
with all other known muscular dystrophies, such as thehave confirmed that the tissue specific isoforms are un-
Duchenne and Becker diseases [9], the severe childhoaable to form the dimeric structure. When nCL1 was ex-
autosomal recessive dystrophy [52], the Fukuyama [51]pressed in COS and L8 myoblast cells, it was detected
and merosin-deficient congenital muscular dystrophiesnainly in the cytosol but partly also in the nucleus, in
[111] and the primary adhalin deficiencies [85], this typeline with the presence of the nuclear localization se-
of dystrophy is caused by mutations affecting an enzymejuence [102]. The smooth muscle (stomach)-specific
and not a structural component of muscle. A number ofCANPs have been termed nCL-2 and nCL-{he latter
nonsense, frame-shift, splice site or missense mutatioris an alternative splicing product that does not contain
were found in the region of chromosome 15 responsiblghe putative C&'-binding domain [102]. Since the
for the expression of the catalytic subunit of CANP3 (theamount of nCL-2 mRNA in stomach muscle is compa-
muscle-specific CANP isoform, see next lines). The mu-rable to that of the other CANP isoformg+ m-CANP,
tations described in [84] produce truncated and probablynd nCL-2), a significant amount of atypical, i.e.,’Ga
inactive forms of CANP3, which have lost their €a independent CANP activity may be present at least in
sensitivity. that tissue. Splicing products lacking theGainding
The finding of DNA and RNA coding for tissue- domain have also been found in Drosophila (cdlpA
specific CANPs (n-CANP) in skeletal and smooth [109]) and inC. elegangCe-CL-2, Ce-CL-3, [117]).
muscle has opened the problem of discriminating be-
tween ubiquitous (m- angl-CANP) and tissue-specific
isoforms (novel-CANP, n-CANP) of the proteinase. Not CANP Nomenclature
much is known on the latter: in skeletal muscle the
amount of mRNA coding for the ubiquitous CANP iso- As can be easily deduced from the previous section, the
forms was found to be 10-fold lower than that of a tissue-discovery and characterization of new CANP isoforms
specific isoform of the proteinase, nCL1 (p94, CANP3). has made the nomenclature so far used in the field inad-
Curiously, however, attempts to detect nCL1 in muscleequate and perhaps misleading. The original nomencla-
failed, probably due to its rapid turnover, estimated at 2ture proposed by Murachi [64] had distinguished Calpain
min. Since mutations of the active cysteine 129 to serinel (later .-CANP), the first CA™-dependent proteolytic
stabilizes the proteinase, and since the degradation of thectivity eluted with a salt gradient from a DEAE chro-
inactive serine 129-nCL1 was found to be significant af-matography column, from Calpain 2 (later m-CANP),
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eluted as a second protein peak at higher ionic strengtiT.able. Sequence comparison between different cysteine proteinases
It did not take into account the new tissue-specific CANP
isoforms known as n-calpains.

Region surrounding the reactive cysteine

We would like to propose the use GANP as the 104 RTDICQGALGICWLLAAIASLTLND.. -CANP
acronym forCa®" Activated Neutral Proteinase (cal- 94..RTDICQGALGICWLLAAIASLTLNE.. m-CANP
pain). To differentiate between ubiquitous and tissue-14. TPVKNQGACGEWAFSTIATVEGII.. Papain
specific CANPs we would like to propose the use of 130-SPVKNQGACGEWTFSTTGALESAL. Cathepsin H

u-CANP1 andu-CANP2 indicating theubiquitous high
and low C&*-sensitive isoforms respectivelyz=CANP
(up till now n-calpain or nCL) should indicate the tissue
specific isoforms. To account for the likely discovery of

Region surrounding the reactive histidine

261.EAITFKKLVKGHAYSVTGAKQVNYR.. w-CANP

: P 251. EAITFQKLVKGHAYSVTGAEEVESN.. m-CANP
new tissue-specific isoforms the acronym t-CANP could,4g vFDGPCGTKLIMAVTAVGYGTSDGK.. Papain
be followed by a letter code to identify the tissue of 270 TSCHKTPDKVNHAVLAVGYGEKNGI.. Cathepsin H

origin. Thus, nCL-1 (also indicated as p94 or calpain 3
in the literature) which is the tissue-specific isoform of Region surrounding the reactive asparagine
the skeletal muscle would now becom€ANPsk, and
nCL-2, the isoform of the smooth muscle would become

284.RGQVVSLIRMRNPWGEVEWTGAWSD.. w-CANP

t-CANP 274 NGSLQKLIRIRNPWGEVEWTGRWND.. m-CANP

3 sm. 296.VGYGPNYILIKNSWGTGWGENGYIR.. Papain
287.EQNGLLYWIVKNSWGSNWGNNGYFL.. Cathepsin H

Role of CANP in Cell Physiology and Pathology The catalytic amino acids are in boldface

CANP has been proposed to play a role in physiological
and pathological processes as diverse as differentiatioB, H and L, and bromelain. Humaor-CANP shows se-
and cell cycle regulation [23, 56, 95, 118], signal trans-quence similarity to other cysteine proteinases in the por-
duction [29, 35, 79], long-term potentiation [46] and tion surrounding the catalytic amino acids cysteine 115,
fracture healing [68]: the latter role would be an examplehistidine 272 and asparagine 295 (Table). The most re-
of the possible extracellular activity of the proteinase.markable difference betwegn and m-CANP gee fol-
CANP may be also involved in degenerative diseases oowing section} in the C&" requirement for in vitro
muscle and nerve [2, 6, 15, 38, 79, 84, 97, 99, 103], in thectivation. Otherwise, these two isoenzymes are rather
development of hypertension and in the process of catasimilar in subunit and domain organization (Fig. 1) cata-
ract formation [5, 18, 19, 94]. The possibility of a role of Iytic specificity and cell distribution (even though a se-
CANP in apoptosis has recently attracted considerabléective nuclear transport has been reportedufeCANP
attention [24, 25, 31, 50, 69, 104, 110]. [55]). One recently reported difference, however, may
Membrane permeable, active site-directed CANP in-be the specific inhibition of m-CANP by NO [58].
hibitors have been used as tools to investigate these sug- As mentioned, the tissue-specific CANPs are mono-
gested roles of the enzyme. As mentioned above, howmeric enzymes, whereas the ubiquitous CANfsdnd
ever, most commercially available inhibitors have insuf-m-CANP) are heterodimeric proteins consisting of a spe-
ficient specificity, i.e., conclusions on the roles of CANP cific catalytic subunit of 80 kDa and a regulatory subunit
based on inhibition studies must be taken with cautionof 30 kDa. The primary structure of both subunits has
Reports describing abnormal expression/activity leveldoeen deduced from the cDNA from different sources [1,
of CANP or of its inhibitor CALST in various pathologi- 21, 22, 33, 72, 73, 90]. The two subunits have been
cal conditions (e.g., blood cell syndromes [41, 42, 75] ordivided in domains; the catalytic subunit in domains I, Il, llI
the previously mentioned LGMD [11, 84, 101]) carry and IV and the regulatory subunit in domains dhd V.
more weight. Domain lis the NH,-terminal portion of the cata-
Iytic subunit and has no significant homology to other
proteins. It becomes autoproteolyzed when the protein-
The Ubiquitous CANP Isoforms ase is exposed to €a The autoproteolytic processing
also involves domain V of the regulatory subunit and
CANPs (EC 3.4.22.17) are widely distributed in the ani-requires 10 to 5@um Ca* for w-CANP and 300 to 500
mal kingdom. They have been found in mammalian,um C&* for m-CANP. Autolysis has been found to be
avian, piscean cells [64], in crustaceans [8, 66, 67] inessential for the irreversible activation of CANP in vitro
insects [62, 77, 78], in invertebrates (the nematode Schigs4, 105]. However, as will be discussed later, the acti-
tosoma mansoni [98], in the octopus [27]) and in fungivation of CANP in vivo must occur at physiological, i.e.,
[74]. As mentioned, they are members of the family of much lower C&" concentration. Since it should be re-
cysteine proteinases, which comprises papain, cathepsirersible, it may thus not involve autolysis. The autopro-
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Fig. 2. A scheme of the domain organization of
human CALST. Details in the text.

teolytic step, i.e., its mechanistic properties and its nechromosome 5; a deletion in this chromosomal region
cessity for the activation of the proteinase are one of thavas detected in myeloid disorders known as 5q-
obscure points in the CANP field. syndromes [48]. CALST has 4 repeated inhibitory do-
Domain Il has homology to the catlytic domain of mains of about 140 amino acids (1 to 4 in Fig. 2). The
other cysteine proteinasesegTable) and its active site conserved residues among the four domains are clustere
contains the essential residues cysteine, histidine, anith three restricted regions (A, B and C) encoded by sepa-
asparagine. rate exons in the human gene. The analysis of recombi-
Domain Il is similar to the first domain and does nant CALSTs with various deletions in the inhibitory
not have significant homology to other proteins. Its domains has revealed that the conserkegions B are
function remains unknown, but the proposal has beemssential for the (Ca-dependent) inhibition of CANP
made that a conformational change of this domain ig39, 49]. Interestingly, however, the inhibitory region of
responsible for the transduction of the®Caignal from  CALST does not interact directly with the active site
subdomain IV (C&"-binding) to subdomain Il (cata- cysteine of CANP, since the latter can be masked by
lytic). A role of domain Il in the interaction of CANP covalent inhibitors without impairing the binding of
with its endogenous inhibitor CALST has also been pro-CALST [M. Molinari, J. Anagli, E. Carafoli,unpub-
posed [17]. lished resultg
Domains IVand IV’ (calmodulin-like domains, The conservedegions A andC do not display in-
CaMLDs) are assumed to confer Taensitivity to the  hibitory activity, but potentiate that of region B since
enzyme. They show evident homology with €a they promote the tight binding of CALST to CANP.
binding proteins of the EF-hand family, particularly in Recent reports [107, 117] have shown that a 19-mer pep-
the C&*-binding loops. tide derived from region A interacted with the CaMLD
Domain Vrepresents the Njdterminal portion of of the catalytic subunit of CANP, and that the corre-
the regulatory subunit. Of 66 residues, 57 are hydrophosponding 19-mer peptide derived from region C inter-
bic (the sequence contain 40 glycines). The suggestioacted preferentially with the CaMLD of the regulatory
has been made that this region could be the anchor resubunit; both interactions were €adependent. More-
sponsible for the insertion of CANP into membranesover, a portion of CALST covering the conserved re-
which is likely to be a step of the activation pathway in gions C of domain 1 through regions A of domain 2 was
vivo. However, a recent study has shown that the assdfound to inhibit CANP-binding to membranes. This pep-
ciation of the proteinase with the membrane was inhibtide bound to the CaMLDs which are likely to be in-
ited by CALST fragments that bind to the CaMLDs of volved in the interaction of the protease with membrane
CANP. The finding suggests that the association of theprotiens and/or phospholipids [40]. €aan be replaced
proteinase with the membrane is mediated by the interin the binding of the proteinase to its inhibitor by higher
action of domains IV and I¥with membrane proteins concentrations of other divalent cations (such a$*Ba
and/or phospholipids, rather than by the insertion of do-S¥* and Mrf*). However, no binding was observed in
main V into the phospholipids bilayer [40]. the presence of Mg [47].

The Endogenous Protein Inhibitor of CANP: CANP s Active at the Membranes
Calpastatin (CALST)

The problem of the activation of CANP under physi-
Calpastatin is the ubiquitous intracellular reversible in-ological conditions in vivo is controversial. In vitro, the
hibitor of CANP. It does not inhibit other cysteine pro- cleavage of substrates by CANP is always preceded by
teinases such as cathepsin B or papain. Itis a heat stabliés autolysis. However, the autoproteolytic cleavage of
acidic (pl 4.7), protein rich in hydrophobic residues andthe catalytic and regulatory subunits requires Ceon-
in prolines, and very poor in aromatic residues. Twocentrations which are at least one order of magnitude
isoforms of the protein are known: the tissue-type (110higher than the normal cytosolic levedge abovg even
kDa) has the molecular organization illustrated in Fig. 2.with the more sensitive.-CANP.
The erythrocyte-type (70 kDa) lacks domains L and 1 This discrepancy has led to two hypotheses: (i) The
[108]. The gene of CALST is located on the long arm of proenzyme hypothes|§4, 105] proposes that the acti-
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vation of CANP requires an autolytic process thatbrane bound. Fractionation experiments on erythrocytes
“frees” the active site allowing the cleavage of sub- as cell models showed only a minor amount of CANP in
strates. The hypothesis is mainly based on in vitro exthe membrane fraction. However, when the cytosolic
periments, in which the kinetic of the autolytic reaction is C&* concentration was increased by treating the cells
so fast that it always precedes the processing of the sulwith C&?* and C&" ionophores, a significant amount of
strates. SDS gel electrophoresis techniques have docuwonautolyzed proteinase was detected in the plasma
mented the rapid autolysis of the regulatory subunit frommembrane. In experiments of this type, no autolyzed
30 to 18 kDa and the simultaneous autolysis of the cataform of CANP was ever found associated with the eryth-
|ytiC subunit from 80 to 76 kDa via a short-lived 78 kDa rocyte membrane. This is at variance with a new|y pro-
intermediate product. Upon longer incubations in theposed activation model [106], where a fraction of active
presence of high concentrations of“Caautolysis pro-  CANP is associated to the membrane in the autolyzed
gresses to the complete degradation of the proteinase infgrm. On the other hand, CANP was only detected in the
smaller inactive fragments [70]. Since these reactionsgytosolic fraction of A23187/C4-treated erythrocytes
which require unphysiological & concentrations, in- in the 80 and in the 78 kDa forms: apparently, the rapid
variably precede the processing of substrates, the 80/39,i0lysis to the 76 kDa form observed in in vitro experi-
!fDa.dlmer would be @f96”2ym@”d the 76/18 kDa the  ments, does not occur or is greatly slowed down in vivo.
active CANP species.” The conundrum of the neces- | \yas thus proposed that CALST blocks the irreversibly
sity of high C&" concentrations was circumvented by ;ciiyated 78 kDa form of the enzyme which leaves the
proposing cytosolic activating factors (proteins, phos-pemprane after autolysis and which, if converted to the
pholipids, butsee above. 1 for the role of DNA) that extremely active 76 kDa form, would be dangerous to the

" : X
would Iqwer the Cé. requirement for autolysis, or b.y cell. It was further suggested that the physiologically
suggesting that particular sequences on substrates, rich tive CANP is the 80 kDa form which beco ors.

acidic amino acids (PEST sequences, foragllscumen ibly activated by membrane association: in agreement
[60]) could increase the local €aconcentration to lev- : X
with this, the nonautolyzed form of membrane-bound

g:cssﬁgzggig Eggprgg]l Of r?ﬁ;?g)ﬁ'i?g%g;?gégi rszﬁlﬁg@ANP was found to be active on its preferred substrates.
‘ca ¢ The proposal that autolysis could be a post-activation

however [10, 12, 59, 60, 71, 87, 88, 118], have made the . X
proenzyme hypothesis less appealing. Among the morBrocess, irrelevant to the cleavage of substrates, is now

recent, there is the finding that the unproteolyzed form Ofgradually gaining acceptance [12, 13, 36, 59, 76, 80, 82,

CANP can cleave substrates [59]. Another is the dem88: 89, 106]. Since both the binding of CANP to

onstration that the active site of the nonautolyzed en-CALST' and C_ANP activa_ltio_n, r_equire €3 and si_nce
zyme is fully accessible to substratelike peptide inhibi-P0th the proteinase and its inhibitor are cytosolic pro-

tors [M. Molinari, J. Anagli and E. Carafolijnpublished ~t€ins, CANP must escape CALST control to be active in

datd, an observation that suggests that the enzyméhe cell. Although the assqciatiqn of CALST with mem-
should also be able to process substrates. Furthermore 3fanes has been reported in a single case [96], one coulc
has been reported that deletions or mutations loweringPeculate that the translocation of CANP to the mem-
the PEST score of PEST-rich sequences of variou®rane during the activation process could be a way to
CANP substrates (the plasma membrané*@arPase Segregate the enzyme away from the inhibitor.
[60], the D1 polypeptide of photosystem 2 [71], and the =~ The CANP/CALST balance may become impaired
transcription factor c-fos [10]) do not prevent the degra-in pathology: e.g., in erythrocytes of aging individuals,
dation by CANP. Moreover, no cytosolic CANP activa- CALST is largely degraded, resulting in the decrease of
tor has been so far identified and characterized unamits inhibitory activity [96]. The balance could be geneti-
biguously. Lastly, the very recent finding of the long cally disturbed, e.g., in essential hypertension, in which
half-life of CANPs (and their inhibitors CALST) if°S-  the cytosolic CALST level has been found to be particu-
methionine-pulse and chase experiments is difficult tolarly low [93]. In these conditions, the permanently ac-
reconcile with the proenzyme theory, since autolysistivated CANP dissociating from the membrane would
would imply relatively short half-life of the enzyme in not be completely buffered by the cytosolic CALST, thus
vivo [118]. escaping its control [59]. Recent reports indicate that
The second hypothesis supported by observations CANP and CALST are substrates of different protein
made both in vitro and in vivo. It proposes that the ac-kinases, e.g., PKA [45]. The modulation of their activity
tivation of CANP is independent of its autolysis [59, 88], by phosphorylation/dephosphorylation cycles is thus a
requires the association of the proteinase to the cellikely possibility. Two forms of cytosolic CALST dif-
membrane [59], and possibly results in the dissociatiorfering in phosphorylation state and specificity towards
of the regulatory from the catalytic subunit [106]. w- and m-CANP have been described [92]. An addi-
Under physiological conditions, CANP is not mem- tional control mechanism for the proteolytic activity of
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CANP could thus be the phosphorylation/dephos-and/or the sensitivity of CANP to it. Membrane phos-
phorylation level of its endogenous inhibitor. pholipids may be key factors, since they have been vari-
ously reported to increase the €asensitivity of
w-CANP in in vitro tests. Polyphosphoinositides may be
particularly important, as underlined by the inhibition of
their stimulatory effect by the polyphosphoinositide-
Binding antibiotic neomycin [88]. The matter of phos-
pholipids in CANP activation however, still has obscure
aspects: activation, i.e., lowering of the calcium require-
ent for CANP autolysis by phosphatidyl inositol and no

Ca?*-Independent CANP Activation

In a very recent report [3] an activation model of CANP
in vivo has been proposed which appears not to depen
on variations of intracellular Ga concentration. Ex-

ploiting the findings that hepatocellular carcinoma cells

are more resistent to anoxia than normal hepatocytes, a ; X ) .
that CANP is likely to be involved in this kind of cell rect for phosphatidyl serine, phosphatidyl choline,

death, the report has examined the differences in cCANPNOSPhatidyl ethanolamine and phosphatidic acid has
and CALST expression level and CANP activity in these PE€N reported [14], whereas others have found that phos
two cell types: increased CANP activity by unchangedPnatidy! inositol, phosphatidyl choline, phosphatidyl eth-
enzyme level was observed in normal hepatocytes. Agnolamine and to a lesser extent phosphatidyl serine,
variance with the C level, which did not change in could all reduce the calcium requirement for autolysis in
both cell cultures during the 60 minutes of induced an-M-CANP [81]. More recently, [4] activation has been
oxia, increased amounts of phospholipid degradatiof€Ported for all the phospholipids tested (phosphatidyl
products were detected in normal hepatocytes. The find0Sitol, phosphatidyl serine, phosphatidyl choline, phos-
ing that necrosis (and CANP activity) in hepatocellular Phatidyl ethanolamine, phosphatidyl glycerol, phos-
carcinoma cells is increased by mellitin, an agonist ofPhatidic acid and sphingomyelin). The sequence
phospholipase 4 is in line with the concept of a phos- [G];7TAMRILGG in the V domain of the regulatory sub-

pholipase-mediated, &independent CANP activation unit has been suggested to be essential for the role of
3]. phosphatidylinositol in the decrease of the optimafTCa

concentration for CANP-autolysis [4, 16, 32]: possibly,

the sequence is the phosphatidylinositol-binding site of
CANP and Membrane Fusion CANP.

Alternatively to the phospholipids, however, a num-

Erythrocyte membrane fusion can be promoted by*Ca ber of studies have indicated that proteins could be the
in vitro [43], limited degradation of membrane proteins binding sites for CANP in the membrane. Thus it was
by CANP being a prerequisite for it [28, 44]. More re- demonstrated that the trypsinization of inside-out plasma
cent studies have extended the findings to myoblast celinembrane vesicles, but not the treatment with phospho-
lines in culture, confirming the involvement of the lipase, decreased the amount of CANP associated with
CANP/CALST system in the process of myoblast differ- the membrane after Gaexposure [34, 37]. Further sup-
entiation and fusion: a marked decrease of the CALSTport for the proteinaceous nature of the CANP-
level was detected during differentiation, leading to thereceptor(s) in the membrane has been provided by recent
increase in the activity of CANP required for myoblast experiments [40] in which a portion of CALST spanning
fusion [7]. the conserved regions C of domain 1 through region A of
domain 2 ¢eeFig. 2) was found to inhibit CANP-
binding to membranes. As already mentioned above,
this finding suggests that domain 1V, and not the Gly-
i __rich domain V is principally responsible for the interac-
CANP migrates from the cytosol to the membrane ingon The role of domain IV in the interaction of CANP

response to the increase of the cytosolic-freé"@an-  \ith membrane-inserted substrates is also supported by
centration. Membrane bound cytoskeletal (€.9., SpeCtrinjgcent independent work [61]. A conciliatory proposal
and membrane-intrinsic proteins (e.g., th€GATPase)  yqiq be that the migration of CANP to the membrane
as well as cytosolic proteins targeted to the cell memyy)6ying the increase in cytosolic Gis based on both

brane under specific conditions (e.g., PKC), are usuallye girect interaction of the protease with membrane sub-
considered as preferential CANP substrate®e(88,  girates or with the underlying cytoskeleton and on the

112] for a detailed discussion of the CANP substrates)insertion of the hydrophobic domain V of the regulatory
The physical vicinity (membrane or cytoskeleton) and/org,nnit into the phospholipid bilayer.

the presence in the candidate substrates of structural mo-

tifs (e.g., PEST sequences, CaM-binding domains) favor

the attack by membrane-associated CANP. M. Molinari received support from the European Molecular Biology
Another important point is the concentration offCa  Association Grant ALTF750-1995.

Phospholipids as CANP Activators
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