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Abstract

Members of the caspase family of cysteine proteases are
known to be key mediators of mammalian inflammation and
apoptosis. To better understand the catalytic properties of
these enzymes, and to facilitate the identification of selective
inhibitors, we have systematically purified and biochemically
characterized ten homologues of human origin (caspases 1-
10). The method used for production of most of these enzymes
involves folding of active enzymes from their constituent
subunits which are expressed separately in E. coli, followed by
ion exchange chromatography. In cases where it was not
possible to use this method (caspase-6 and -10), the enzymes
were instead expressed as soluble proteins in E. coli, and
partially purified by ion exchange chromatography. Based on
the optimal tetrapeptide recognition motif for each enzyme,
substrates with the general structure Ac-XEXD-AMC were
used to develop continuous fluorometric assays. In some
cases, enzymes with virtually identical tetrapeptide specifi-
cities have kco/Kn, values for fluorogenic substrates that
differ by more than 1000-fold. Using these assays, we have
investigated the effects of a variety of environmental factors
(e.g. pH, NaCl, Ca®*) on the activities of these enzymes. Some
of these variables have a profound effect on the rate of
catalysis, a finding that may have important biological
implications.
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Introduction

Members of the caspase family of cysteine proteases have
been the subject of intense scrutiny in the past few years

because of increasing evidence that these enzymes play
major biological roles in both inflammation and apoptosis. For
example, studies with mice deficient in interleukin-1p
converting enzyme (ICE, caspase-1), the first identified
member of this family, have established an essential role for
this enzyme in the production of several inflammatory
cytokines, including interleukin-1$ (IL-15) and interferon-y
inducing factor (IGIF, IL-18).27° In contrast, caspase-3, the
homologue most closely related the C. elegans death gene
CED-3, is clearly involved in apoptosis, as is most graphically
demonstrated by the phenotype of caspase-3-deficient mice,
which have a profound defect in the programmed cell deaths
that occur during brain development.® Recent studies have
established that, in apoptosis, caspases are involved both in
upstream signalling events and in effector processes where
they appear to be responsible for (i) cleavage of structural
elements, (ii) inactivation of apoptosis inhibitors, and (jii)
proteolytic inactivation of key homeostatic and repair
processes.”

There are eleven identified human members of the
caspase family. Although the precise biological functions of
many of these enzymes remain to be established, an
intimate understanding of the substrate specificities of ten
of them has provided some clues. All have a strict
requirement for Asp in the S; subsite.®2~ ' There is an
equally stringent requirement for at least four amino acids
to the left of the cleavage site.' In contrast to the absolute
conservation of Sy, there are significant differences in S;—
S, that dictate, at least in part, their distinct biological
functions.” Based on their extended substrate specificities,
these enzymes may be divided into three major groups:
Group | (WEHD), Group Il (DEXD), and Group Il (V,L)
EXD. A comparison of these specificities with sequences
found in known endogenous caspase substrates suggests
that Group | caspases are involved primarily in the
production of inflammatory cytokines, while Group Il and
Group Il enzymes function as effectors and upstream
activators, respectively, in apoptosis.

Two of the most distinct family members, caspase-1 and
-3, have been purified from natural sources, sequenced,
cloned and their structures determined by X-ray crystal-
lography.’™~1% The results of these studies, together with a
comparison of the primary sequences of the other
caspases, indicate that all of these enzymes are
synthesized as proenzymes which encode a N-terminal
domain of variable length (2-25 kDa), a large subunit
(17-21 kDa), and a small subunit (10—13 kDa) (Figure 1).
Caspase-1 also contains a linker peptide between the large
and small subunits'® and a sequence comparison between
this enzyme and the other known caspases suggests that
caspase-2, -4, -5, and -9 proenzymes may also contain a
linker. For most caspases, activation appears to involve
cleavage between the large and small subunits (or removal
of the linker peptide), followed by release of the N-terminal



domain to form an active heterodimeric catalytic domain
composed of one large and one small subunit.'®'" A
notable exception may be caspase-9, where removal of the
N-terminal domain has not been observed in apoptotic
cells. Both large and small subunits are excised from the
proenzyme via cleavage at Asp-X bonds, suggesting that
activation is either autoproteolytic, or mediated by an
enzyme with a caspase-like specificity. In the crystal
structures that have been determined, two heterodimers
associate to form a tetramer and it has been suggested that
this is the active form of the enzyme in solution.'®

We have previously reported that tetrapeptides terminat-
ing in amino-methyl-coumarin (AMC) are suitable fluoro-
genic substrates for both caspase-1 and -3.'%'2 Here we
describe the production and purification of ten recombinant
caspases. For each enzyme, we have developed a
continuous, fluorometric assay, using a substrate that
contains its optimal tetrapeptide recognition motif. Biochem-

Purification and characterization of caspases
M Garcia-Calvo et al

ical characterization of caspases-3, -6, -7, and -8 has been
previously described.'® In this study, we have extended this
work to investigate the influence of a variety of environ-
mental factors on the activities of ten recombinant
caspases, and to define their in vitro catalytic properties.

Results and discussion
Purification of recombinant caspases

Several methods using a variety of expression systems have
been described for the production and purification of
recombinant caspases.'®~2" These include expression of
full length constructs under conditions where the enzyme
produced is soluble, and refolding of full-length protein from
inclusion bodies. The strategy employed here for the
production of eight of the ten recombinant caspases involved
folding of active enzyme from its constituent subunits that
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Figure 1 Caspase constructs. All caspases are synthesizes as proenzymes that encode an N-terminal domain, and a large (black) and small (grey) subunit that
constitute the mature, heterodimeric enzyme. In some cases there is a linker peptide between the two subunits of the heterodimer. With the exception of caspases-
6 and -10, the method employed for the production of recombinant caspases involved folding of active enzyme from the two subunits which were expressed
separately in E. coli. Active caspases-6 and -10 were prepared instead by expressing a construct encoding the proenzyme minus the N-terminal peptide. The amino
acid junctions chosen for generation of the various protein subunits are indicated by the arrows. The selections of subunit boundaries were based on a comparison
of the proenzyme sequences with the sequences of those caspase subunits that have been purified from natural sources (caspase-1 and -3). Consequently, it is
possible that in some cases the enzyme produced using this method is not identical to that which exists in nature
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were separately expressed in E. coli, followed by ion
exchange chromatography. The rationale for adopting this
approach was several fold. First, as no affinity tags are
incorporated to facilitate purification, the primary sequence of
the enzyme produced using this method is identical to that of
native enzyme. Second, studies utilizing native caspases-1
and -3 indicate that recombinant enzyme produced using this
method is catalytically indistinguishable from native enzyme.
Third, because the efficiency of folding is relatively high (5—
20%), conventional chromatography methods are adequate
to achieve the modest purification required to obtain
homogenous enzyme. Finally, the individual subunits, over-
expressed and localized in inclusion bodies, can be produced
in relatively high yields (10—300 mg/litre), resulting in an
overall yield of active protease of approximately 1—-30 mg/
litre.

The efficiency of the folding reaction was found to vary
significantly with the conditions employed for a particular
caspase. For example, no detectable folding of caspase-2
was observed in the presence of detergent, while Triton X-
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Figure 2 lon exchange chromatography of caspase-2. Shown is a
representative chromatogram for purification of active caspases by ion
exchange chromatography. Caspase-2 was folded as described in Materials
and Methods, and subsequently purified to homogeneity by ion exchange
chromatography. One unit of activity (closed circles) is defined as the amount
of enzyme required to produce 1pmol of AMC in 1min at room temperature
using saturating concentrations of Ac-DEVD-AMC. Protein concentrations
(open circles) were determined by the method of Bradford

Table 1 Purification of caspase-2

100 (0.1-1%) was required for efficient folding of Group |
caspases (1, 4 and 5). In addition, Group | caspases alone
required the presence of a reversible inhibitor (e.g. Ac-
YVAD-CHO) to facilitate proper folding of these enzymes.
The method employed (rapid dilution) and the concentration
of subunits (100 ug/ml) were determined to be optimal for
folding of all caspases. lon exchange chromatography was
subsequently employed to separate active enzyme from
improperly folded subunits. As shown in the representative
chromatogram of Figure 2, a good correlation between
enzymatic activity and protein concentration was observed,
suggesting that purified enzyme was homogenous. This
was confirmed by determining the precise molar concentra-
tion of the sample by active site titration. In all cases the
value obtained was in good agreement with the protein
concentration determined by the Bradford Method®? using
BSA as a standard. A typical purification is summarized in
Table 1.

In the case of two caspases (6 and 10), it was not
possible to use the folding method described above
because of the low expression levels of their small
subunits. In these cases, the enzymes were instead
expressed as proenzymes lacking the N-terminal domain,
under conditions in which the expressed protein is
soluble, and correctly processed. These proteins were
subsequently partially purified by ion exchange chromato-

graphy.

Fluorometric assays

Previous studies have established that tetrapeptides termi-
nating in AMC are efficiently processed by caspases-1 and
-3.1912 Ysing a positional scanning combinatorial library with
the general sequence Ac-X-X-X-Asp-AMC, we have deter-
mined and recently reported the optimal tetrapeptide
recognition motif for caspases 1-9." A similar analysis of
caspase-10 indicates that the optimal recognition sequence
(P4-P) for this enzyme is LEXD, where X can be one of several
amino acids, including threonine, serine, alanine, histidine, or
norleucine (unpublished observations). This information has
now been used to develop continuous fluorometric assays for
all of these enzymes. In most cases, the substrate employed
for a particular caspase contained its optimal tetrapeptide
sequence (Table 2A). In cases where the ideal substrate was
not available, a suitable substitute was selected containing a
tetrapeptide that is near optimal for the enzyme of interest.
Treatment of these tetrapeptide substrates with the appro-
priate caspase resulted in specific cleavage following the P
aspartic acid.

Protein Activity
purification
vol, ml mg/ml total mg % recov. units/ug total units % recov. x-fold
Folded 450 0.20 90 100 7.3 0.66 x 10° 100 1
Filtered 450 0.052 235 26 28.0 0.66 x 10° 100 3.8
Applied 45 022 10 11 36.0 0.57 x 10° 86 49
Purified sample 5 0.054 2.7 3 242.0 0.45x 108 67.5 33
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Table 2A Kinetic constants for cleavage of fluorescent substrates

Catalytic constants, Preferred conditions  Catalytic constants, Standard conditions

Optimal 10° x Kear/ 10° x Kear/
sequence Substrate Kum, «M Keat, S~ KmM's! Km, #M Keats S~ KmM's™'

Caspase-1 WEHD Ac-WEHD-AMC 4 13.0 3.3 4 13.0 3.3
Caspase-4 WEHD Ac-WEHD-AMC 31 1.2 0.04 79 1.2 0.015
Caspase-5 WEHD Ac-WEHD-ACM 15 2.3 0.15 49 0.3 0.0061
Caspase-3 DEVD Ac-DEVD-AMC 5 9.1 1.8 10 14.0 1.4
Caspase-7 DEVD Ac-DEVD-AMC 15 5.5 0.37 100 6.3 0.063
Caspase-2 DEHD Ac-DEHD-AMC n.d. n.d. 0.00200 n.d. n.d. 0.00030
Caspase-6 VEHD Ac-VEHD-AMC 170 n.d. n.d. 170 n.d. n.d.
Caspase-8 LETD Ac-DEVD-AMC 4 0.37 0.093 7 0.37 0.053
Caspase-9 LEHD Ac-VEHD-AMC 408 0.20 0.00049 780 0.10 0.00013
Caspase-10 LEXD Ac-VEHD-AMC 42 n.d. n.d. 42 n.d. n.d.

n.d. not determined. X several amino acids tolerated in this position. Standard conditions: 100 mM Hepes, 1070 sucrose, 0170 Chaps. 10 mM ATT, pH 7.5

B Preferred reaction conditions for caspases

Buffer Stabilizing agent Additional reaction components
Caspase-1 0.1 M HEPES, pH 7.5 10% sucrose 0.1% CHAPS, 10 mM DTT
Caspase-4 0.1 M HEPES, pH 7.0 10% PEG 0.1% CHAPS, 10 mM DTT
Caspase-5 0.1 M HEPES, pH 7.5 10% sucrose 0.1% CHAPS, 0.2 M NaCl, 10 mM DTT
Caspase-3 0.1 M HEPES, pH 7.0 10% PEG 0.1% CHAPS, 10 mM DTT
Caspase-7 0.1 M HEPES, pH 7.0 10% PEG 0.1% CHAPS, 5 mM Ca?*, 10 mM DTT
Caspase-2 0.1 M MES, pH 6.5 10% PEG 0.1% CHAPS, 10 mM DTT
Caspase-6 0.1 M HEPES, pH 7.5 10% sucrose 0.1% CHAPS, 10 mM DTT
Caspase-8 0.1 M HEPES, pH 7.0 10% PEG 0.1% CHAPS, 10 mM DTT
Caspase-9 0.1 M MES, pH 6.5 10% PEG 0.1% CHAPS, 10 mM DTT
Caspase-10 0.1 M HEPES, pH 7.0 10% PEG 0.1% CHAPS, 10 mM DTT

Influence of pH, salt, stabilizing agents and Ca®* on
caspase activity

In an effort to determine the preferred assay conditions for
each caspase, several reaction parameters were varied, and
their influence on the catalytic activity determined. The effect
of pH on the activity (kea/Ki) of these enzymes is shown in
Figure 3. All of the caspases exhibit a bell-shaped profile.
Although this is consistent with the chemical mechanism
predicted by the crystal structures of caspases-1 and -3, in
which two ionizable groups (Cys/His) are implicated in
catalysis, the finding that the apparent pK, values vary
among some caspases suggests that other factors also
influence the observed pH profiles. In most cases, the pH
optimum is between 6.5 and 7.5. These results are generally
in line with those obtained using a subset of these
enzymes.'®

These pH profiles were obtained using substrates that
are optimal or near optimal for the enzyme of interest
(Table 2A). Several of these contain a histidine residue
that undergoes a change in protonation state over the pH
range employed in this study, leaving open the possibility
that some of the observed effects of pH on activity are
due to ionization of this amino acid. Indeed, caspase-2, -6

and -9 were found to have pH optimums of 5.5-6.5, 6.0—
6.5, and 5.5, respectively, when Ac-DEVD-AMC was
instead employed as a substrate. In contrast, the pH
profiles of caspases-1, -4, -5, and -10 were not dependent
on the ionization state of the substrate histidine. Whether
there is any physiologic significance to the low pH
optimums observed for some of these enzymes remains
to be determined.

A preliminary survey of other reaction parameters was
also conducted. Previous studies have shown that
addition of viscogenic agents such as sucrose (10%) to
caspase-1 reactions significantly stabilize this enzyme,
preventing its dissociation to inactive subunits.'® For this
reason, the influence of sucrose (10%) and two alternate
potential stabilizing agents, polyethylene glycol (10%)
and glycerol (10%), on caspase activities were exam-
ined. The results indicated the activity and/or stability of
all caspases were shown to benefit significantly from
addition of one of these reagents. For example, 10%
polyethylene glycol was found to enhance the catalytic
activity of caspase-9 by approximately threefold. The
influence of NaCl and divalent cations (Ca®*, Mg®*) on
catalytic activity were also investigated. Caspase-5 was
found to be the most sensitive to salt; inclusion of
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200 mM NaCl in reactions resulted in nearly a tenfold caspase-7. The composite results of these studies led to
increase in Kea/Km. Similarly, Ca%* was found to have a the identification of the preferred reaction conditions for
significant effect (threefold) on the catalytic activity of each caspase shown in Table 2B.

Substrate Optimal pH
caspase-1 Ac-WEHD-AMC IIII 7.5
5 [ 7 8 9
| caspase-4 Ac-WEHD-AMC lIII 7.0
5 6 7 8 9
caspase-5 Ac-WEHD-AMC II 75-8.0
- 5 6 7 8 9
caspase-3 Ac-DEVD-AMC 4."'.. 7.0-8.0
5 6 7 8 9
Il caspase-7 Ac-DEVD-AMC \IIIIIIIIJ 7.0
5 6 7 8 9
caspase-2 Ac-DEHD-AMC lIIIllk 6.5
S ——— 5 6 7 8 9
caspase-6 Ac-VEHD-AMC Jlllh 7-75
5 6 7 8 9
caspase-8 Ac-DEVD-AMC \IIIIIIII. 65-7.5
5 [} 7 8 9
1]
caspase-9 Ac-VEHD-AMC -.IIIII“ 6.5-7.0
5 6 7 8 9
7.0
caspase-10 Ac-VEHD-AMC .II.
5 6 7 8 9

Figure 3 pH dependence of caspase activity. The activity of each enzyme was measured in a fluorogenic assay using the indicated substrate as described in
Materials and Methods. The pH was varied over a range of 5-9 using a constant ionic strength buffer composed of 0.05M acetic acid, 0.05M MES, and 0.1 M
Tris.2® Substrate concentrations were selected such that they were below the K., determined at the enzyme’s optimal pH, making it highly likely that the observed
effects are due to differences in kear/Km. The activity is shown as a percentage of the activity obtained for a given enzyme at its optimal pH



Kinetic parameters for cleavage of fluorogenic
substrates

Kinetic parameters for fluorogenic substrate hydrolysis for
each caspase were measured under both standard conditions
and the preferred reaction conditions determined as
described above. The results, summarized in Table 2A,
indicate that in some cases the efficiencies of tetrapeptide
substrate hydrolysis vary dramatically, even among closely
related homologues.

The two best catalysts are caspase-1 and -3, with kcay/
Km values of 1.75x10% and 2.1x10°M~"'S~", respec-
tively. These values are comparable to, or greater than, the
corresponding value for cleavage of known, endogenous
substrates for these enzymes. For example, under similar
reaction conditions, the kK, values for caspase-1
mediated hydrolysis of pro-IL-15 and pro-IGIF are
1.5%x10° and 1.4x10" M~ ' s~ ', respectively.®>?* Simi-
larly, caspase-3 cleaves PARP, DNA-PK, and U1-70K
with kea/Km values of 5.0, 7.7 and 2.3 x 106 M~ 1 s~ 132425
In every case, cleavage of macromolecular substrates
occurs at a site that is in accord with the known
tetrapeptide specificities of these enzymes. Taken to-
gether, these observations imply that primary sequence
recognition is a critical requirement for binding and
catalysis by caspases, and probably the single most
important determinant of the distinct macromolecular
specificities of these enzymes.

Interestingly, caspases with similar, even identical,
tetrapeptide substrate specificities were found to have
profound differences in the rate of hydrolysis of their
optimal fluorogenic substrates. For example, the substrate
specificity profiles of caspase-3 and -7 are identical,
suggesting that their active sites are highly conserved.'
Nonetheless, the efficiencies of hydrolysis of their optimal
substrate, Ac-DEVD-AMC, differ by approximately tenfold,
even under their preferred reaction conditions. This would
imply that, although the binding determinants are identical
in these two enzymes, that there are subtle differences in
the orientation or chemical nature of the residues involved
in binding and catalysis. Similar differences in efficiency of
catalysis are observed among Group | caspases (caspase -
1, -4 and -5), where kqo/Kn, values differ by more than 40-
fold, despite their identical preferences for the WEHD
tetrapeptide.

Two caspases are particularly poor catalysts of
tetrapeptide substrate hydrolysis, caspase-2 and -9. These
enzymes have kg./K,, values for cleavage of their
respective substrates that are more than 1000-fold lower
than those for caspase-1 and -3. In the case of caspase-2,
this observation is explained in part by the recent finding
that pentapeptides are cleaved tenfold more efficiently than
tetrapeptides, suggesting that this particular caspase has a
slightly more extended binding pocket than do the other
family members.?® However, N-terminal residues beyond
Ps did not improve catalytic efficiency, and this alone does
not account for the low k¢./K,, values reported here. As for
caspase-9, in apoptotic cells this enzyme appears to retain
its N-terminal domain; fully processed protein (such as that
used in these experiments) has never been observed. This
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domain may enhance the catalytic activity of this and
perhaps other caspases. As yet unknown co-factors may
also be required for optimal activity of these enzymes in
vivo.

In summary, we have described the systematic
purification and characterization of all ten human recombi-
nant caspases. Fluorogenic assays have been developed
based on each enzyme’s optimal tetrapeptide recognition
motif. These assays should prove useful for further
characterization of these enzymes, and will facilitate the
identification of selective enzyme inhibitors. In this regard,
we have found that even closely related caspases have
profound differences in their catalytic efficiencies for
hydrolysis of peptide substrates. This implies that these
enzymes have subtle differences in their overall structures
that may be exploited to produce selective inhibitors of
these enzymes. The ability to identify selective inhibitors of
closely related caspases may have important clinical
implications, as there is increasing evidence that at least
some of these enzymes have redundant functions in vivo.
In particular, the phenotype of caspase-3-deficient mice
suggests that, while this enzyme plays a major role in the
apoptosis that occurs during the development of neurons,
closely related homologues can substitute for caspase-3
function in the development of other tissues.® Thus, in the
event that inhibition of caspase-3 function will be useful for
the treatment of neurogenerative disorders, selective
inhibition will be required to ensure that there is no
adverse effect on the apoptosis that is necessary for
proper function and maintenance of other tissues.

Materials and Methods

Materials

Ac-YVAD-AMC, Ac-DEVD-AMC, and Ac-YVAD-CHO were obtained
from Peptide Institute (Osaka, Japan). Ac-WEHD-AMC and Ac-VEHD-
AMC were prepared as previously described.?”

Preparation of recombinant caspase-1, -2, -3, -4, -5,
-7, -8 and -9

Preparation of subunits Subunits from caspases-1,-2,-3,-4,-5,-7,-8
and -9 were engineered for expression as previously described’
(Figure 1). (The small subunit of caspase-8 was engineered for
expression as the MetSer375-Asp479 small subunit. During folding
and purification this subunit was autoproteolytically cleaved as
Asp384-Leu385 to generate a subunit with a molecular weight of
10880.4 Da).

Exponentially growing E. coli BL21(DE3)pLysS carrying the
respective expression plasmid were cultured in M9 medium at 37°C
with overnight induction using 1 mM IPTG for expression of the
recombinant proteins. Under these conditions, the subunit protein was
localized in the inclusion body fraction where it generally constituted
>90% of the total protein. The E. coliwere harvested, washed in PBS,
and broken by french press in the presence of protease inhibitors
(SIGMA P 2714). Inclusion bodies were pelleted by centrifugation at
27,000 x g for 15 min. The pellets were washed four times alternating
between 25 mM HEPES/1% CHAPS/1 mM EDTA pH=7.5 and 25 mM
HEPES/1 M Urea pH=7.5. Between washes the pellets were
resuspended using a polytron. The inclusion bodies were solubilized
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by rotating the sample overnight in a small volume of 6.5 M guanidine
hydrochloride/25 mM Tris/5 mM EDTA/100 mM DTT pH=7.5. Follow-
ing centrifugation the supernatant containing the solubilized protein
was stored at —70°C.

Folding of active caspase protein

Each caspase was folded by rapid dilution from its corresponding
denatured large and small subunits that were individually expressed in
E. colias described above. The subunits were rapidly diluted to a final
concentration of 100 ug of each subunit/ml at room temperature under
conditions determined to be optimal for each enzyme. The volume of
the preparations varied from 20 ml to 2 litres, depending on the
quantity of enzyme desired. Caspase-1, -4 and -5 were folded in
100 mM HEPES/10% sucrose/0.25—-1% Triton X-100/10 mM DTT,
pH=7.5 in the presence of the peptide aldehyde inhibitor, Ac-YVAD-
CHO (10 uM). (This inhibitor can be subsequently removed following
purification by treatment of the complex with hydroxylamine and
glutathione disulfide as described.?*) Caspase-2 was folded in
100 mM HEPES/20% sucrose/10 mM DTT, pH=7.5. Caspase-3 was
folded in 100 mM Tris/10% sucrose/0.1% CHAPS/150 mM NaCl/
10 mM DTT, pH 8.0. Caspase-7, -8 and -9 were folded in 100 mM
HEPES/10% sucrose/0.1% CHAPS/10 mM DTT, pH=7.5. Folding was
achieved by overnight incubation at room temperature. During this
incubation, a substantial amount of the protein precipitates. This
precipitate is removed prior to chromatography by filtration using
0.2 um pore size filters, or by centrifugation in a Sorvall RC-5 (SS34
rotor) at 15 000 r.p.m. for 10 min.

Purification of recombinant caspases

Following folding, active enzyme was separated from inactive subunit
protein by ion exchange chromatography. With the exception of
caspase-5, which was purified by cation exchange using a 1 ml Hi
Trap SP column (Pharmacia), the enzymes were purified by anion
exchange using a 1 ml Hi Trap Q column (Pharmacia). Prior to
chromatography, to reduce the concentration of salt, the samples were
concentrated approximately 5-20-fold, followed by dilution in the
appropriate buffer to achieve a final salt concentration of <=30 mM.
During this procedure, some precipitation occurs, which was
subsequently removed by filtration. The standard chromatography
buffer was 100 mM HEPES (pH 7.5), 10% sucrose, 4 mM DTT,
included 0.1% CHAPS (for caspases-3, -7, -8 and -9), and 0.1% Triton
X-100 (for caspases-4 and -5). Preparations were loaded onto pre-
equilibrated columns using a peristaltic pump at a flow rate of 0.5 ml/
min. The columns were washed for 20 column volumes at a flow rate of
1 ml/min using a Spectra Physics HPLC, and subsequently eluted
using a linear gradient from 0-500 mM NaCl in the standard
chromatography buffer at a rate of 10 mM/min. The purified caspases
eluted from the columns between 100-300 mM NaCl. Fractions (1 ml)
were analyzed for activity (as described below) and protein using BSA
as a standard.?? Appropriate pools were made and stored at —70°C.
Caspase-1 was purified to homogeneity by affinity chromatography as
reported previously.?”

Preparation of recombinant caspases-6 and -10

In the cases of caspase-6 and -10, where expression of the small
subunits was problematic, active enzymes were prepared instead
by expressing a construct encoding the proenzyme minus the N-
terminal peptide in E. coli under conditions where a portion of the
protein produced is cytosolic and undergoes self-maturation.

Caspase-6 was engineered as a MetSerPhe?®-Asn?%3

less construct and caspase-10 as a MetLeulLys
prodomainless construct. Exponentially growing E. coli
B121(DE3)pLysS carrying the respective expression plasmid were
cultured in LB medium at 25°C with 3 h incubation using 1 mM
IPTG for expression of the recombinant proteins. The E. coli were
harvested, washed in PBS, and broken by french press in 25 mM
HEPES/10% sucrose/0.1% CHAPS/4 mM DTT pH=7.5 in the
presence of protease inhibitors (SIGMA P2714) taking care to
keep the solutions on ice. The suspension was centrifuged
100 000 x g for 1 h. The enzyme in the resulting supernatant was
subsequently partially purified by anion-exchange chromatography
(Hi Trap Q columns), as described above.

prodomain-
221 10479

Determination of caspase activity

The activity of each enzyme was measured using continuous
fluorometric assays analogous to those previously described for
caspases-1 and -3.'""2 |n each case a substrate with the general
structure Ac-XEXD-AMC was employed, incorporating a tetrapeptide
sequence previously determined to be optimal for each enzyme."
Briefly, appropriate dilutions of enzyme were added to reaction
mixtures containing substrate and buffer in a total volume of 100 ul.
Unless otherwise indicated, the buffer employed was 100 mM HEPES,
10% sucrose, 0.1% CHAPS, 10 mM DTT, pH 7.5, henceforth referred
to as standard reaction conditions. Liberation of AMC was monitored
continuously at room temperature using a Tecan Fluostar 96-well plate
reader (black plates from Dynatech) using an excitation wavelength of
380 nm and an emission wavelength of 460 nm. Kinetic constants
were computed by direct fits of the data to the Michaelis-Menton
Equation using a non-linear regression program developed in this
laboratory. A unit is defined as the amount of enzyme required to
produce 1 pmole AMC/min at room temperature using saturating
substrate concentrations.

The enzyme concentrations employed for the calculations of
kecat Were determined by active site titration using the inhibitor Ac-
DEVD-CHO. In these experiments, the concentrations of enzyme
and inhibitor employed were more than tenfold above the
dissociation constant (K;) for Ac-DEVD-CHO and the enzyme of
interest.2® Under these conditions, the binding of inhibitor to
enzyme is stoichiometric and enzyme activity is a linear function of
inhibitor concentration. The total enzyme concentration was
calculated as the inhibitor concentration required to achieve
100% inhibition of activity.
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