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ABSTRACT The Fas/APO-1-receptor associated cysteine
protease Mch5 (MACH/FLICE) is believed to be the enzyme
responsible for activating a protease cascade after Fas-
receptor ligation, leading to cell death. The Fas-apoptotic
pathway is potently inhibited by the cowpox serpin CrmA,
suggesting that Mch5 could be the target of this serpin.
Bacterial expression of proMch5 generated a mature enzyme
composed of two subunits, which are derived from the pre-
cursor proenzyme by processing at Asp-227, Asp-233, Asp-391,
and Asp-401. We demonstrate that recombinant MchS is able
to process/activate all known ICE/Ced-3-like cysteine pro-
teases and is potently inhibited by CrmA. This contrasts with
the observation that Mch4, the second FADD-related cysteine
protease that is also able to process/activate all known
ICE/Ced-3-like cysteine proteases, is poorly inhibited by
CrmA. These data suggest that Mch5 is the most upstream
protease that receives the activation signal from the Fas-
receptor to initiate the apoptotic protease cascade that leads
to activation of ICE-like proteases (TX, ICE, and ICE-rellll),
Ced-3-like proteases (CPP32, Mch2, Mch3, Mch4, and Mché),
and the ICH-1 protease. On the other hand, Mch4 could be a
second upstream protease that is responsible for activation of
the same protease cascade in CrmA-insensitive apoptotic
pathways.

Transduction of the apoptotic signal and execution of apopto-
sis in mammalian cells require the coordinated action of
several aspartate-specific cysteine proteases (ASCPs) (1-4).
So far, there are 10 reported human ASCPs that can be divided
into three subfamilies based on their homology to the human
prototype interleukin 18 converting enzyme (ICE) and the
nematode prototype CED-3 (4-6). The ICE-like subfamily
includes ICE, TX (ICH-2/ICE-relll), and ICE-rellll. The
CED-3-like subfamily includes CPP32 (Yama/Apopain),
Mch2, Mch3 (ICE-lap3/CMH-1), Mch4, Mch5 (MACH/
FLICE), and Mch6 (ICE-lap6). The NEDD2/ICH-1 subfamily
contains the human ICH-1 and its mouse counterpart NEDD2.
All these enzymes are initially synthesized as single-chain
inactive proenzymes. The proenzymes require cleavage after
aspartate residues present in conserved processing sites C-
terminal to the catalytic cysteine residue to obtain the active
protease. Under certain conditions, such as when the proen-
zymes are overexpressed, this process can occur by autocatal-
ysis. However, under physiological conditions, it is more
complex and may involve heterotypic protein—protein inter-
actions and a cascade of ASCPs.

Clues to the mechanism of activation of ASCPs in apoptosis
were recently provided by the discovery of two human ASCPs,
which contain prodomains highly related to the death effector
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domain of the Fas/Apo-1-receptor associated protein FADD/
Mortl (5, 7, 8). One of these ASCPs (Mch5/MACH/FLICE)
was found to be physically associated with FADD (7, 8). Upon
Fas-ligation, Fas binds FADD, which then, through its ability
to interact with the prodomain of proMch5, could trigger
autocatalytic activation of the enzyme, possibly by bringing
together several molecules of proMch5 (7). Because proMch4
also has a general structure similar to proMch5 (5), it is
possible that its FADD-like prodomain serves as an adaptor
for homotypic and heterotypic protein—protein interactions.
However, there is no direct evidence that proMch4 is associ-
ated with the Fas/Apo-1-receptor complex. proMch4 may
participate in as yet unidentified apoptotic signal-transducing
complex distinct from the Fas/Apo-1-receptor complex.

Several lines of evidence suggest the existence of at least two
distinct apoptotic pathways. For example, overexpression of
the cowpox virus CrmA, inhibits Fas- and tumor necrosis
factor (TNF)-induced apoptosis (9-11) but does not inhibit
apoptosis induced by DNA-damaging agents and staurospor-
ine (refs. 12 and 13; unpublished observations). Although
there is conflicting evidence on the effects of bcl2 overexpres-
sion on Fas-induced apoptosis (13, 14), there is strong evidence
that bcl-2 family members completely inhibit the latter (12, 13,
15). Interestingly, CPP32 activation was observed in all these
cases (12-14). In addition, Mch2 and Mch3 activation was
observed in Fas- and staurosporine-induced apoptosis (13, 16).
Since CPP32, Mch2, and Mch3 are poorly inhibited by CrmA
(17), they may be activated by upstream proteases with dif-
ferent sensitivity to CrmA.

To study the functions of the newly discovered apoptotic
ASCPs Mch4 and Mch5, the ASCPs were overexpressed and
purified, and their subunit structure was determined. We
provide clear biochemical evidence that both proteases are
capable of processing/activating each other and all the known
ASCPs. However, the proteases differ in their sensitivity to
CrmA. We propose that Mch5 mediates the CrmA-sensitive
apoptotic pathways such as the Fas and TNF pathways,
whereas Mch4 mediates the CrmA-insensitive apoptotic path-
ways, such as the DNA-damaging agents and staurosporine
pathways.

MATERIALS AND METHODS

Expression of Mch4 and Mch5 in Bacteria and Assay of
Enzyme Activity. Human proMch4 and proMch5 (5) lacking
the two N-terminal FADD-like domains were subcloned in the
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bacterial expression vector pET21b in frame with an N-
terminal T7 tag and a C-terminal Hise tag. The proteins were
expressed in BL21(DE3) bacteria and assayed as described
recently (6, 17, 18). The recombinant proteases were purified
on a Ni?"-affinity resin and used for microsequencing and the
gel cleavage assays described below.

Bacterial Expression and Purification of CrmA. CrmA
cDNA was subcloned in frame into the EcoRI site of the
bacterial expression vector pGEX-2T (Pharmacia). The glu-
tathione S-transferase—CrmA fusion protein was purified from
the bacterial extracts on glutathione-Sepharose and then used
in the enzymatic assays.

In Vitro Transcription/Translation and Cleavage Assays.
Wild-type and mutated cDNAs of ASCPs were transcribed in
vitro and translated in the presence of [3S]methionine using
Promega’s coupled transcription/translation TNT kit accord-
ing to the manufacturer’s recommendations. Two microliters
of the translation reactions was incubated with purified Mch4
or Mch5 in ICE buffer (25 mM Hepes/1 mM EDTA/5 mM
DTT/0.1% CHAPS, pH 7.5), in a final volume of 10 ul. The
reaction was incubated at 37°C and then analyzed by Tricine-
SDS/PAGE and autoradiography.

RESULTS AND DISCUSSION

Expression, Purification, and Microsequencing of Mch4
and Mch5. The Fas/APO-1-receptor associated cysteine pro-
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tease Mch5 and its homolog Mch4 are the most upstream
proteases in Fas-apoptotic and probably other apoptotic path-
ways (5, 7, 8). Therefore, they must undergo autocatalytic
processing to the active enzyme heterodimer (large subunit/
small subunit) after they receive the apoptotic signal. To
determine the primary structure and the exact autocatalytic
processing sites in proMch4 and proMchS5, they were expressed
in bacteria. This is because bacteria do not contain any ASCP
activity and Cys — Ala active site mutant ASCPs do not
autoprocess in bacteria. Expression of full-length proMch4 or
proMch5 generated mainly insoluble proenzymes in bacterial
occlusion bodies and very small amount of mature enzymes
(data not shown). However, expression of truncated proMch4
or proMch5 (Fig. 1) lacking most of the FADD-like prodo-
main, and containing N-terminal T7 tag and C-terminal Hisg
tag, produced soluble mature enzymes. The mature and active
enzymes were purified, and the N termini of their subunits
were sequenced. As shown in Fig. 14, purified mature Mch5
migrates in SDS gel as two bands of apparent molecular masses
of 18 and 13 kDa. The N terminus of the 13-kDa band starts
with L402, indicating that processing occurred after Asp-401 of
proMchS. The calculated molecular mass of this peptide
excluding the C-terminal Hise tag is 11 kDa. In addition to
processing at Asp-401, processing was also observed at Asp-
391 (see below). This results in removal of a 10-aa peptide in
between the two subunits. N-terminal amino acid sequencing
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FiG. 1. Subunit structure of mature Mch4 and MchS5. Truncated proMch5 (4) and proMch4 (C) lacking most of the FADD-like prodomain
(see schematics B and D) were expressed in Escherichia coli, purified to homogeneity, analyzed by SDS/PAGE and Coomassie staining, and then
microsequenced. (4) Lane 1, Total bacterial lysate; lane 2, Ni?*-affinity purified mature Mch5 enzyme. The N-terminal amino acid sequence of
pll is LSSPQTRYIPDEADFLLGMA, and the N-terminal amino acid sequences of p18 are SPREQDSESQTLDKVYQMKS and SESQTLD
KVYQMKS. (B) A schematic diagram illustrating autoprocessing of proMch5. ProMch5 is autocatalytically processed in two steps to generate the
mature p11/p18 enzyme complex. The first step involves processing at Asp-391 and Asp-401, which generates the p11 subunit and nonmature large
subunit. This form is enzymatically active and can autoprocess the nonmature large subunit to the mature p18 species by cleavage at Asp-227 and
Asp-233 to remove the FADD-like prodomain. (C) Lane 1, Ni?>*-affinity purified mature Mch4 obtained after expression of truncated proMch4
(V220-1479); lane 2, Ni?*-affinity purified Mch4 obtained after expression of truncated proMch4 (1194-1479). The N-terminal amino acid sequence
of p12 is ALNPEQAPTSLQDSIPAEAD, and the N-terminal amino acid sequence of pl17 is VKTFLEALPRA. The N-terminal amino acid
sequence of p23 is ASMTGGQOMGRDPIQIVTPP, which contains both the T7 tag (underlined) and the proMch4 sequence. (D) A schematic
diagram illustrating autoprocessing of proMch4. Like proMch5, proMch4 undergoes autocatalytic processing in two steps to generate the mature
p12/p17 enzyme complex. The first step involves processing at Asp-372, which generates the p12 subunit and nonmature large subunit (in this case
p23). The nonmature large subunit is autocatalytically processed to the mature p17 species by cleavage at Asp-219 to remove the FADD-like
prodomain. Hatched boxes at the N and C termini of truncated proMch4 or proMch5 represent the T7 and Hiss tags, respectively. Lanes M in
A and C contain molecular weight markers.
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F1G.2. Processing and enzymatic activity of wild-type and mutated
proMchS5. (A4) In vitro processing of proMchS by mature MchS enzyme.
35S-labeled truncated wild-type (WT), Asp-391 mutant (M1), Asp-401
mutant (M2), or Asp-391/Asp-401 double mutant (M3) proMch5 was
incubated with (+) or without (—) pure mature Mch5 (200 ng per
reaction) for 2 h at 37°C. The reaction products were then analyzed by
Tricine-SDS/PAGE and autoradiography. LS, large subunit. (B)
Enzymatic activity of wild-type and mutant MchS enzymes. Pure
wild-type (WT), Asp-391 mutant (391), Asp-401 mutant (401), or
Asp-391/Asp-401 double mutant (391/401) Mch5 enzymes was incu-
bated with the peptide substrate DEVD-7-amino-4-methylcoumarin
(AMC) (50 uM final) for the indicated times at 37°C. The release of
AMC was determined by spectrofluorometry and expressed in micro-
molar per microgram protein. (C) SDS/PAGE analysis of Ni**-
affinity purified wild-type and mutant Mch5 enzymes. Lanes 1-4 are
wild-type, Asp-391 mutant, Asp-401 mutant, and Asp-391/Asp-401
double mutant MchS enzymes, respectively. The band seen below the
pl1 band in lane 3 is a contaminant bacterial protein seen occasionally
in some batches of purified MchS5.

of the p18 subunit revealed that the subunit is a mixture of two
polypeptides. One polypeptide starts with Ser-228 and the
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F1G. 3. Processing of proCPP32 and proMch3 by mature MchS.
35S-labeled wild-type (WT) or Asp-9 mutant (9D — A) proCPP32 (4)
or proMch3 (B) were incubated with pure mature MchS5 (40 ng) for the
indicated times at 37°C. The reaction products were then analyzed by
Tricine-SDS/PAGE and autoradiography.

other with Ser-234, indicating that processing occurred after
Asp-227 and Asp-233 of proMchS5. However, in some batches
of purified Mch5, we observed a small amount of nonmature
large subunit where the prodomain was still attached (data
not shown). This observation confirms earlier observations
that the prodomain is removed last by an autocatalytic
activity of the active enzyme (5, 19). Processing at Asp-227
and Asp-233 removes the 28-kDa FADD-like prodomain.
This prodomain has been found in a complex with FADD
after processing of proMch5 (proFLICE) in mammalian cells
(8). Based on these data, proMch5 can autoprocess after
Asp-227, Asp-233, Asp-391, and Asp-401 to generate the two
subunits (pl8, large subunit, and pll, small subunit) of
mature Mch5 enzyme (Fig. 1B).

Expression of a truncated proMch4 (amino acids 194-479)
generated an active Mch4 enzyme that migrates in SDS gel as
two major bands of apparent molecular masses of 23 and 15
kDa and a minor 17-kDa band (Fig. 1C, lane 2). The N
terminus of the 15-kDa band starts with Ala-373, indicating
that processing occurred after Asp-372 of proMch4. The
calculated molecular mass of this polypeptide excluding the
C-terminal Hise tag is 12 kDa. This confirms our recent data
using site directed mutagenesis, which showed that granzyme
B processes proMch4 after Asp-372 to generate the pl2
subunit (5). Thus granzyme B cleavage and the autocatalytic
processing occur at the same site. No further processing
between the two subunits was observed, indicating that
proMch4, like proCPP32, is processed at a single site between
the two subunits. N-terminal amino acid sequencing of the
23-kDa band revealed that it still has the N-terminal T7 tag,
indicating that it was not processed at the N terminus. How-
ever, the 17-kDa band starts with Val-220, indicating that it is
derived from the 23-kDa band by processing after Asp-219.
Expression of proMch4 starting with Val-220 generated an
active enzyme that was able to autoprocess to the p17 and p12
subunits (Fig. 1C, lane 1), suggesting that p17 is the minimal
size of the large subunit of Mch4. Based on these, data
proMch4 can autoprocess after Asp-219 and Asp-372 to gen-
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FIG. 4. Processing of proASCPs by mature Mch4 or Mch3. 33S-labeled proASCPs were incubated with (+) or without (—) purified equivalent
amounts (200 ng per reaction) of Mch4 (4 and C) or Mch5 (B and D) for 1 h at 37°C. The reaction products were then analyzed by
Tricine-SDS/PAGE and autoradiography. (4 and B) ICE-like (ICE30 and TX) and NEDD2-like (ICH1) proASCPs. (C and D) CED-3-like (CPP32,

Mch2, Mch3, Mch4, MchS, and Mch6) proASCPs. SS, small subunit.

erate the two subunits (pl7, large subunit, and p12, small
subunit) of mature Mch4 enzyme (Fig. 1D). This also removes
the FADD-like prodomain in a manner similar to that ob-
served with proMchS.

Autocatalytic Processing of proMch5 at Either Asp-391 or
Asp-401 Is Sufficient to Activate the Enzyme. ProASCPs
require cleavage at a site 10—16 amino acids C-terminal to the
active site pentapeptide (QACXG, X = R, Q, or G) to
generate the two subunits that form the active enzyme het-
erocomplex. The proenzymes of Mch2, Mch5, Mch6, ICE, TX,
ICE-rellll, and ICH-1 have two cleavage sites between their
two subunits, whereas proenzymes of CPP32, Mch3, and Mch4
have one site (6). Cleavage and removal of the prodomain is
not necessary for enzymatic activity and normally occurs after
generation of the two subunits by an autocatalytic activity of
the activated enzyme itself (refs. 5 and 19; also see Fig. 1C, lane
2). For example, we observed that mutant CPP32 with a D to
A mutation in its prodomain cannot cleave its prodomain;
however, it is as active as the wild-type enzyme (5).

To determine whether Mch5 can cleave its proenzyme at
Asp-391 and Asp-401 in vitro, 3°S-labeled wild-type and mu-
tated proMch5 lacking the FADD-like prodomain were incu-
bated with recombinant active Mch5 enzyme. As expected, no
processing was observed when both Asp-391 and Asp-401 were
mutated (Fig. 24, lane 8). However, when only Asp-391 was
mutated, proMch5 was cleaved at Asp-401 to generate the
small subunit (p11) (Fig. 24, lane 4). Vice versa, when only
Asp-401 was mutated, proMch5 was cleaved at Asp-391 to

generate a longer small subunit (p13 instead of p11) (Fig. 24,
lane 6). The wild-type proMch5 was processed at both Asp-391
and Asp-401, as evident from the presence of the p11 and p13
species (Fig. 24, lane 2). Equivalent shifting in the size of the
large subunit was observed with each mutation (Fig. 24, lanes
4 and 6). This confirms that Asp-391 and Asp-401 are the exact
autoprocessing sites between the two subunits of Mch5.

To determine whether mutant proMch5 can autoprocess in
bacteria to generate active enzymes, they were expressed in E.
coli and purified on Ni?*-affinity resin, and their activity was
determined with the DEVD-AMC peptide substrate. Their
subunit structure was also analyzed by SDS/PAGE and Coo-
massie staining. As shown in Fig. 2B, except for the double
mutant Asp-391/Asp-401, both single mutants were active and
able to cleave the DEVD-AMC substrate, although less effi-
ciently than the wild-type enzyme. The Asp-391 and Asp-401
mutant enzymes were about 40- and 10-fold less active than the
wild-type enzyme, respectively. This suggests that processing at
both sites is necessary for complete activity. Electrophoretic
analysis revealed that, except for the double mutant Asp-391/
Asp-401 (Fig. 2C, lane 4), both single mutants were also able
to autoprocess to the small/large subunit complex in E. coli
(Fig. 2C, lanes 2 and 3). Complete autoprocessing was ob-
served in the wild-type and Asp-391 mutant enzymes (p18 and
pl1 subunits in WT, Fig. 2C, lane 1; p20 and p11 in Asp-391
mutant, lane 2). The large subunit of Asp-391 mutant was
longer than that of the wild type, because there was no
processing at Asp-391. The Asp-401 mutant had a longer small
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subunit (p13 instead of p11), because there was no processing
at Asp-401. Unlike the wild type or the Asp-391 mutant, the
Asp-401 mutant was less efficient in processing its propeptide
at Asp-233 (Fig. 2C, lane 3). Nevertheless, an active enzyme
was generated. These data establish that a single cleavage site
between the large and small subunits of ASCPs is sufficient for
autoprocessing and generation of an active enzyme. The two
subunits must be physically separated from each other before
an active enzyme can be formed. This is evident from the
absence of any measurable activity when the double mutant
Asp-391/Asp-401 was expressed in E. coli (Fig. 2B). We still
do not know why some proASCPs contain two processing sites,
and others only one, between their subunits. This could be a
regulatory mechanism to control activation of ASCPs. An
enzyme with two cleavage sites is expected to be more susceptible
to activation than an enzyme with a single cleavage site.

Mch4 and Mch5 Can Process and Activate All Known
ASCPs. Recently, we demonstrated that mature Mch4 can
activate the proenzymes of the apoptotic mediators CPP32 and
Mch3 (ref. 5; also see Fig. 4C, lanes 2 and 6). A time-course
analysis of the activity of Mch5 toward proCPP32 and
proMch3 revealed that Mch5 can also efficiently process these
two proenzymes (Fig. 3). MchS5 cleaved proCPP32 to generate
the p20, p19, and p12 subunits within 5 min of incubation (Fig.
34, lane 2). The p20 was then converted by an autocatalytic
activity of activated CPP32 (5) to the p19 subunit. As recently
observed with granzyme B (5), the conversion of p20 to p19
was inhibited by mutation of Asp-9 of proCPP32 (Fig. 34, lane
7). Similarly, proMch3 was processed to its individual subunits
p20 and p12 in less than 15 min (Fig. 3B). Therefore, like Mch4,
MchS is able to activate CPP32 and Mch3.

Recently, it was demonstrated that a rise in ICE-like activity,
using YVAD as a substrate, precedes the appearance of
CPP32-like activity using DEVD as a substrate in Fas-induced
apoptosis (20). Because MchS5 does not cleave YVAD effi-
ciently (ref. 7 and unpublished data), it is possible that Mch5
could activate the ICE-like proteases to generate the ICE
activity observed in Fas-induced apoptosis. Incubation of
Mch4 or MchS5 with proTX, prolCE30, or prolCH-1 resulted
in cleavage of these substrates between their subunits to
generate the small subunit (p10) and several intermediate
products of the large subunit with or without the prodomain
(Fig. 4 A and B, lanes 2, 4, and 6). ICE-relllI has cleavage sites
similar to those of ICE and TX between its two subunits, and
it is expected to be cleaved by Mch4 or Mch5. Because mature
TX can also activate prolCE, activation of TX by Mch4 or
Mch5 could lead to further activation of prolCE. This could
explain the observed rise in ICE-like activity in apoptosis.

Mch4 and Mch5 can also process their proenzymes, each
other, and the remaining mammalian CED-3-like ASCPs,
Mch2 and Mch6 (Fig. 4 C and D). Taken together, these data
establish that Mch4 and Mch5 have broad specificity toward
proASCPs similar to the serine protease granzyme B. There-
fore, all ASCPs are potential targets of mature Mch4 or Mch5
in apoptosis. This should be expected, because Mch4 and Mch5
are the most upstream proteases that first receive the apoptotic
signals. To be efficient apoptotic inducers like granzyme B,
they should be able to activate all the downstream apoptotic
effectors.

CrmA Is a Potent Inhibitor of Mch5 but Not Mch4. The
cowpox virus gene product CrmA has been shown to inhibit
apoptosis in several model systems, including Fas/Apo-1-,
TNF-, and growth factor withdrawal-induced apoptosis (9-11,
21). The ability of CrmA to potently inhibit ICE suggested that
ICE is a critical component in these model systems. However,
the absence of a significant effect on Fas- or TNF-induced
apoptosis in ICE-deficient mice (22, 23) suggests that a second
member of the ASCP family might be the critical target of
CrmA inhibition. Because Mch5 and possibly Mch4 are asso-
ciated with the Fas/Apo-1 receptor and able to activate all
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ASCP family members, they are most likely to be the target of
CrmA inhibition.

To determine the effect of CrmA on Mch4 and MchS5,
purified recombinant CrmA was incubated with purified Mch4
or Mch5 and the activity of the two enzymes toward 3S-labeled
proCPP32 was determined by quantitative analysis of the
cleavage products (Fig. 5). Interestingly, Mch5 was potently
inhibited by CrmA (ICsp ~ 2 nM). On the other hand, CrmA
had very little effect on Mch4 activity under the same condi-
tions. The concentration of CrmA that would produce 50%
inhibition of Mch4 was calculated to be 2-3 uM, which is 1000-
to 1500-fold more than that required to inhibit 50% of Mch5
activity. These results clearly establish that mature Mch5 is a
CrmA-inhibitable enzyme and suggest that it is the target of
CrmA inhibition in Fas/Apo-1-, TNF-, and growth factor
withdrawal-induced apoptosis (Fig. 6). Mch4, which is poorly
inhibited by CrmA, could be involved in the CrmA-insensitive
apoptotic pathways such as apoptosis induced by DNA-
damaging agents and staurosporine (Fig. 6).

In conclusion, we have determined the exact subunit struc-
ture of the upstream apoptotic ASCPs Mch4 and Mch5. These
two proteins are similar in structure (both contain FADD-like
death effector domains) and activity (both can process all
ASCPs), but they are different in their sensitivity to CrmA.
Although there is compelling circumstantial evidence for the
involvement of MchS5 in the Fas pathway (7, 8), this cannot be
said for Mch4. However, in vitro biochemical evidence sup-
ports the idea that Mch4 and Mch5 could mediate two distinct
apoptotic pathways (Fig. 6). The FADD-like domains may act
as adaptors to allow interactions with different proximal
apoptotic effectors like FADD. For example, the Fas signal
transduction pathway could recruit Mch5 through interaction
with FADD. In a similar fashion, the CrmA-insensitive path-
way could recruit Mch4 through interaction with a FADD-like
protein. These protein—protein interactions result in activation
of Mch4 or Mch5, which leads to activation of the entire ASCP
complement (Fig. 6). Because all the downstream ASCPs can
potentially be activated once Mch4 or MchS are activated, it is
clearly difficult to order them in a cascade fashion. These
proteases have the ability to also interact with each other once
they are activated to generate protease amplification cycles (6).
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Fic. 5. Effect of CrmA on the enzymatic activity of Mch4 and
Mch5. Purified 33S-labeled proCPP32 was incubated with equivalent
amounts of pure mature Mch4 or Mch5 (20 ng per reaction) in the
presence of increasing concentrations of CrmA for 45 min at 37°C. The
reaction products were then analyzed by Tricine-SDS/PAGE, auto-
radiography, and densitometric scanning. The extent of cleavage was
determined from the intensity of the cleavage products relative to the
total input and expressed as percentage of cleavage.
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F1G. 6. A schematic diagram illustrating the molecular ordering of
two potential apoptotic pathways. See text for details.

For example, we have shown recently that CPP32 can process/
activate Mch2, Mch3, Mch6, and NEDD?2 (6, 17, 24). Mch2 can
also activate CPP32 (6). These interactions between down-
stream proteases could serve to further amplify the initial
activation signal from Mch4 or MchS.
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