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Title: Improved method for the detection of proteolytic enzymes

The invention is in the field of determining or quantifying the
activity of a proteolytic enzyme in a sample and concerns substrafes, to be

used therefore and an assay process and an assay kit and device therefore.

Proteolytic enzymes or proteases catalyze the hydrolysis of peptide
bonds in proteins or peptides. These enzymes widely occur in nature from
viruses to man and have many different functions. They are involved in
digestive processes both on the level of the organism (digestive tract enzymes
e.g. trypsin, chymotrypsin and pepsin) and individual cells (Iysosomal enzymes
e.g. cathepsins).

They play a role in migration and invasion of both micro-organisms
and cells in multicellular organisms. In the latter they are involved in growth
and development (e.g. plasmin, plasminogen activators and matrix
metalloproteases). Besides these obvious degradation processes proteolytic

‘enzymes play critical roles in regulatory networks such as blood coagulation,
fibrinolysis, blood pressure regulation and pro hormone and growth factor
processing. More recently it has been discovered that proteases play critical
roles in cellular signalling and programmed cell death (apoptosis). Apart from
these (patho) physiological functions proteolytic enzymes are increasingly used
in biotechnology,'ranging from e.g. pharmaceutical synthesis to preparation of
food (e.g. cheese) and in very large scale in detergents for general and special
use. Proteases can be used as pharmaceuticals themselves (e.g. plasminogen
activators as thrombolytic agents) or be the target for drugs (e.g. HIV protease
and angiotensin converﬁng enzyme).

All proteolytic enzymes catalyze the same basic reaction:

- CHR:1 - CO - NH - CHRg - + H20 enzyme , CHR; - COOH + HzN - CHR; —
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1.e. a peptide bond is hydrolysed under mild conditions; typically pH
between 5-8 and temperature between 25 - 40°C. Without enzyme much
harsher conditions such as boiling in 6 M hydrochloric acid are required. The
difference between enzymatic and non-enzymatic hydrolysis of peptide bonds
is not only a matter of conditions, enzymatic processes can be much faster and
generally are much more selective than non-enzymatic hydrolysis.

Examples are known in which only one specific protein within a
mixture is hydrolysed and sometimes only one specific peptide bond within one
such a protein is attacked. The general mechanism behind this enormous
improvement in efficiency and selectivity is that an enzyme contains an active
site typically involving 2-3 amino acid residues directly involved in the
catalytic step, as well as additional often more extended substrate recognition
sites contributing to substrate or peptide bond recognition thus conferring
specificity to the enzyme.

- The known proteolytic enzymes can almost all be classified in four
different classes based on the catalytic mechanism and the amino acid residues
involved in catalysis (table I).

Within each class enzymes having different substrate specificities
and properties occur. Many proteolytic enzymes are synthesised in an inactive,
pro-enzyme or zymogen form. Activation, conversion of the inactive pro-
enzyme form to the active proteolytic enzyme, is in most cases itself a
proteolytic process. In this way positive or negative feedback regulation can
occur, which is essential for proteolytic cascades like the ones occurring in
blood coagulation and apoptosis.

Due to their involvement in many (patho) physiological processes,
proteolytic enzymes play a role in many Iaigéases and measurement of the
activity of certain proteolytic enzymes can be important for diagnosis,
prognosis or to follow therapy (see Table II) . The use of compounds interfering
with protease activity as drugs in a variety of diseases is increasing (e.g. anti-

coagulants, HIV drugs) .
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Activity measurements of clinically important proteolytic enzymes
are in general use. Especially for a number of key enzymes involved in the
coagulation and fibrinolysis cascades, assays are used daily in clinical practice.

Measurement of activity of a protease using its natural substrate is
not always poss@bj_ie', or leads to elaborate, complicated or non-specific assays
not suitable for routine app'lication. The development of peptide synthesis has
led to the use of synthetic peptide (derivatives) as substrates for proteolytic
enzymes. Especially for many serine proteases chromogenic or fluorogenic
peptide substrates have been developed. These substrates are often
commercially available and form the basis of complete assay kits. Development
of such substrates for serine proteases is relatively easy since these enzymes
do not recognize the sequence that is C-terminal to the bond to be hydrolysed .
This C-terminal part can be replaced by a chromogenic or fluorogenic leaving
group like p-nitro-aniline (pNA), B-naphtylamine (BNA), amino methyl
coumarine (AMC) or 7-amino-4-trifluoro methyl coumarine (AFC). Upon this
briﬁciple many commercially dvailable substrates and assay kits are based
and assays involving these methods can readily be automated.

In many cases the specificity and sensitivity obtained with these
peptide substrates is sufficient to enable detection and quantification of
physiologically relevant concentrations of proteolytic enzymes in biological
fluids or tissue extracts. Sometimes the sensitivity can be further increased by
employing two coupled reactions as has been described for plasminogen
activators (Drapier et al. (1979) Biochimie 61, 463-471). Similar methods can
also be used for measurement of activity of cysteine proteases. In recent years
many peptide substrates have been developed for the caspase family of
cysteine proteases involved in apoptosis.

Measurement of the activity of metalloproteases and aspartic
proteases is more difficult. These enzymes, unlike serine- and cysteine-
proteases do recognize the aminoacid sequence on both sides of the bond to be
split (P3-P2-P1~P1'-P2' -P3") (Fig. 1).



10

15

20

25

30

WO 2004/067768 PCT/NL2004/000067

Accordingly substrates where a non-peptide bond is split, such as
the chromogenic or fluorogenic substrates used for determination of serine- or
cysteine- proteases cannot be employed for determination of metalloproteases
or aspartyl proteases. ‘

Three different types of synthetic peptide substrates exist presently
to be used for measurement of these enzymes: (1) peptides containing only the
necessary recognition sequence for the protease. In this case hydrolysis is
followed by physico-chemical techniques like HPLC or mass spectrometry; (2)
Peptides containing a sulphur containing pepticie bond equivalent on the
hydrolysis site. The subsequent liberation of a thiolate group is monitored by a
color reagent; (3) Peptides containing besides the recognition sequence also a
potential fluorescent group together with a quenching group. When both
groups are in close proximity fluorescence is quenched. After hydrolysis of the
cleavable peptide bond fluorescent group and quencher become separated and
fluorescence is observed. Assays based on principle (1) are generally elaborate,
difficult to set up, require special skills and equipment, are difficult to
automate and cannot easily be run in a kinetic fashion. Assays b‘ased on
principles (2) and (3) are in use but have a limited sensitivity and specificity.

Some years ago a novel f)rinciple to detect protease activity was
developed (see EP 691 409). In this principle a pro-enzyme is used that is
modified in such a way that its normal activation recognition sequence is
replaced or adapted in such a way that it can be cleaved by a protease of
choice. Cleavage of this sequence results in an active enzyme that can be
detected using conventional substrates (fig. 2). Very suitable pro-enzymes for

this principle are pro-enzymes of the serine protease family and particularly

pro-urokinase. Based on pro-urokinase as a pro-enzyme, assays have been

developed for many matrix-metalloproteases (MMPs), Granzyme B, various
Cathepsins etc. Due to the involvement of a two stage reaction very sensitive
assays have been developed measuring in the ng/ml or even pg/ml level. The

first set of pro-urokinase based substrates was obtained by replacing typically
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4 amino-acid residues N-terminal to the activation site by a 4 residue
recognition sequence recognizable and cleavable by the target protease. This
approach worked well for many proteases such as MMPs, Granzyme B and
Cathepsins.

For some enzymes such as TNFa converting enzyme TACE (ADAM-
17) and aggrecanase (ADAM TS4) this approach (fig. 3a, 4a) resulted in very
inefficient substrates. Much better substrates could be obtained by
introduction of a longer recognition sequence. Introduction of a complete
domain from the natural domain substrate N-terminal to the pro-urokinase
activation site (fig. 3b, 4b) resulted in much better pro-urokinase substrates.
This approach resulted in relatively efficient substrates for aggrecanase
(ADAM TS4) and TNFo. converting enzyme TACE (ADAM-17) (Fig. 3c, 4c).

The use of serine proteases as detection enzyme has certain
advantages such as easy detection of the activated enzyme, stability of the pro-
enzyme and the availability of many possible candidate enzymes enabling .
optimization for special purposes. One major limitation was discovered, the
amino acid sequence in the C-terminal part of the cleavage site cannot be
chosen freely but has limitations based on structural and mechanistic
constraints tightly linked to the serine proteases. Due to these limitations the
development of efficient substrates for a number of interesting proteases
proved elusive. In the present invention we describe a major improvement of
the modified pro-enzyme technology not limited by the constraints typical of
serine proteases and in principle enabling the development of substrates for

any target protease.

The invention provides an improved method of determining a
protease, or its precursor after activation, comprising incubating a sample with
a target of said protease, determining proteolytic cleavage of said target, and
correlating data obtained therefrom in order to determine the protease,

wherein said target is a modified pro-caspase containing an activation site
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which is cleavable by said protease. The proteolytic cleavage of said modified
pro-caspase activates the pro-caspase and the resulting activity is determined
using a suitable substrate of the activated pro-caspase.

The sample can be selected from the group consisting of a biological fluid, a
fraction thereof, a biological tissue, an extract thereof, a fraction of said
extract, a culture medium conditioned by in vitro or in vivo growing cells,
tissues, or organisms, an extract of such a culture medium, and a fraction of
such a culture medium. The organisms and/or cells can be of any origin, such
as viruses, bacteria, fungi (including yeast) and animals. The invention is very
well applicable with samples derived from mammalians, especially humans,
e.g. from body fluids or cell extracts.

The protease to be assayed can be any protease, but preferably the protease is
selected from the group consisting of serine proteases, cysteine proteases,
aspartyl proteases and metalloproteases and more preferably it is selected
from the group consisting of aggrecanase (ADAM TS4), ADAM TS1, TACE
(ADAl\/I-l’?), ,BACE 1, BACE-Q, HIV protease and hepatitis C protease. A
non-exhaustive summary of proteases that could be possibly interesting to

measure can be found in Table II.

_ The modified pro-caspase can be derived from a pro-caspase by replacing its

activation site by an activation site which is cleavable by the protease to be
determined, such as by removing its activation site and inserting, not
necessarily on the same position, an activation site which is cleavable by the
protease to be determined. Alternatively, the modified pro-caspase is derived
from f)ro-caspase by altering its activation site rendering it inactive for its
natural substrate and inserting, not necessarily on the same position, an
activation site which is cleavable by the protease to be determined.

The modified pro-caspase is preferably selected from the group consisting of
pro-caspase-1, pro-caspase-3, pro-caspase-7, pro-caspase-8, pro-caspase-9, and

pro-caspase-10.
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One embodiment of the invention which is particularly useful is a method
wherein said modified pro-caspase is pro-caspase-3 or pro-caspase-7 and
wherein said modification in pro-caspase-3 or pro-caspase- 7 is a replacement
of D175 in wild-type pro-caspase-3 or D198 in wild-type pro-caspase-7 by a
sequence selected from the group of sequences similar to the aggrecanase
recognition sequence from aggrecan
(GSDMELPLPRNITEGE~ARGSVILTVKPIFEEF) , the TACE recognition
sequence from TNFa (GSPLAQA"VRSSSRSG) or the BACE recognition
sequence from B-amyloid precursor protein (GSKTEEISEVNLADAEFRHDS)
where the » symbol indicates the cleavage site in the physiological target.

The caspase substrate is a compound which comprises an amino acid
sequence which is cleavable by caspase and which further has a part that can
be easily detected after cleavage. Examples of such substrates are summarized
in Table IV and sequences of some known caspase substrates are shown in
Table V. Preferably used is a compound comprising the amino acid sequence

AspGluValAsp-pNA, in which pNA is p-nitro-anilide.

The invention also provides the modified pro-caspase per se, more
particularly a modified pro-caspase derived from a pro-caspase by replacing its
natural activation site or replacing an amino acid sequence in the region of its
natural activation site by a modified activation site which is cleavable by a
protease different from the one which activates the unmodified pro-caspase, or
alternatively to insert such a modified activation site in the natural sequence
of the pro-caspase.

Preferably, the modified pro-caspase is derived from pro-caspase-3 or
pro-caspase-7. o ' |

The invention further provides a kit for determining a protease, or
its precursor after activation, in a sample, comprising a modified pro-caspase
as defined herein, together with the normal constituents of such a kit, such as

substrates for activated pro-caspase, buffer solutions, standard preparations,
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detergents, specific antibodies, microtiterplates and instructions for use. In
another embodiment, the invention provides a device for determining a
protease or its precursor after activation, in a sample, comprising a modified

pro-caspase as defined herein.
LEGENDS TO THE FIGURES

Fig. 1. Schematic illustration of the concept of substrate recognition
by proteases in general; the proteolytic enzyme responsible for conversion of
the substrate comprises amino acid residues s3, s2, s1, s1', s2' and s3', which,
in the example shown, are involved in recognition of the amino acid residues
P3, P, P1, P1', P2' and P3', which form the cleavage recognition site of the
substrate; protease action results in cleavage of the peptide bond between
residues P1 and P1".

Fig. 2. Schematic illustration of the principle of the protease assay.
The protease to be determined converts a pro-enzyme to an active enzyme. The
active enzyme is subsequently measured by conversion of a substrate to a
detectable product. The pro-enzyme conversion reaction and substrate
conversion (detection) reaction can be performed simultaneously in one
incubation step or be performed in two subsequent incubations.

Fig. 3. A. Structure of a modified pro-urokinase target substrate
with a short recognition and activation site for TNFo converting enzyme
(TACE).

B. Construction and structure of a modified pro-urokinase
with an extended TNFo converting enzyme (TACE) recognition and cleavage
site based on a completé domain of TNFa. Residues 5-158 from pro-urokinase
were replaced by residues 57;76 from pre pro TNFa.

C. Demonstration of TACE detection using the modified
pro-urokinase with extended TACE recognition site. Culture medium (100ul)

containing approximately 0.6 pg/ml of modified pro-urokinase as described in
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Fig. 3B was incubated on a microtiter plate coated with anti-urokinase
antibody for 2-24 hr at 4-37°C. Subsequently the plate was washed and 0.8 mM
of the urokinase substrate pyroGlu-Gly-Arg-pNA in 100 pl 50 mM TrisHCI1 pH
7.6, 1.5 mM NaCl, 0.5 mM CaClg, 1uM ZnClz and purified TACE as indicated
was added. Absorbance was measured at 405 nm after various incubation
times at 37°C. Activity was expressed as 1000*AA405 divided by the square of

the incubation time in hours.

Fig. 4. A. Structure of a modified pro-urokinase with a short
recognition site for aggrecanase (ADAMTS4).

B. Construction and structure of a modified pro-urokinase
with an extended aggrecanase (ADAMTS4) recognition and cleavage site based
on a complete IgD domain of aggrecan. Residues 1-158 from pro-urokinase
were replaced by residues 350-392 from aggrecan.

C. Detection of aggrecanase using the modified pro-

urokinase with extended aggrecanase recognition site. Reaction conditions as

described in Fig. 3C, wherein either approximately 3 pg/ml (solid line, black
bars) or 30 ng/ml (dotted line, open bars) of modified pro-urokiﬁase was used.
Aggrecanase activity could be inhibited by the chelating agent EDTA and the
specific metalloi)rotease inhibitor Batimastat (BB94) (Brown P.D., 1994,
Clinical trials of a low molecular weight matrix metalloproteinase inhibitor in
cancer, Ann N'Y Acad Sci. 6;732:217-21).

Fig. 5. Schematic overview of structure of pro-caspases. Pro-caspases
are single chain polypeptides consisting of a pro-domain, a large subunit, a
linker and a small subunit. The critical step that leads to activation is
dimerization, which can be initiated by cleavage in the linker region. Cleavage
of the pro-domain seems to be less essential. Linker regions vary in size

between teh different pro-caspases and can be as short as one residue in



10

15

20

25

30

WO 2004/067768 PCT/NL2004/000067

10

length. Cleavage sites that lead to activation are themselves cleavable by
caspases. This results in a cascade of activation reactions. Auto-activation

frequently occurs. The figure is from Cohen, G.M., Biochem J. (1997)_326, 1-16.

Fig. 6. Activity of mutant urokinase preparations with a variety of

sequences C-terminal to the activation sequence.

Fig. 7. A. Construction of a cassette expression vector for easy
construction and expression of modified pro-caspase-3 molecules.
B. Construction of an expression vector for modified pro-
caspase-3 with a recognition/cleavage site for TACE using the cassette vector

of Fig. 7A and a set of specific oligonucleotide linkers.

Fig. 8. Purification of bacterial expressed modified pro-caspase-3 on

a Ni-chelate column.

Fig. 9. SDS PAGE of bacterial extracts and purified fractions of
modified versions of pro-caspase-3 and pro-caspase-7. Lane 1 and lane 10
contain a molecular weight marker (Rainbow marker, Amersham Biosciences),
lane 2-8 are extracts from bacteria transformed with an expression plasmid
coding for a modified pro-caépase-7 with an activation sequence recognizable
by TACE ,here indicated as Qz7.2TACE (see Example 3) harvested at 90
minutes (lanes 2,3), 180 minutes (lanes 4,5), and 270 minutes (lanes 6,7)
without (lanes 2,4,6) or with (lanes 3,5,7) IPTG. Lane 9 is control extract of
strain Qz3 expressing unmodified wild-type pro-caspase-3 at 45 minutes +

IPTG, after purification on a Ni-chelate column.

Fig. 10. Time and concentration dependence of aggrecanase assay
using modified pro-caspase-3 with an aggrecanase recognition sequence as

target.
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Fig. 11. Time and concentration dependence of TACE activity assay

using modified pro-caspase-3 with a TACE recognition sequence as target

Fig. 12. Time and concentration dependence of BACE assay using

modified pro-caspase-3 as target.

Fig. 13. Time and concentration dependence of TACE activity assay
using modified pro caspase-3 with a TACE recognition sequence as target after

capturing TACE to a specific monoclonal antibody coated to a microtiterplate.

The invention can be used to determine catalytically active
proteases involved in biotechnologically or (patho) physiologically interesting
processes. "Determining a protease" means both qualitative analysis, i.e.

defecting the presence of the pfotéase, particularly its activity, and

~ gquantitative analysis, i.e. quantifying the protease activity present in a

sample.

Examples of interesting proteases are given in Table II. This table

.includes proteases with established clinical or biotechnological relevance, as

well as proteases which could be involved in relevant (patho) physiological
processes based on current knowledge. The invention discloses methods
suitable to assay members of all four known protease families, serine
proteases, cysteine proteases, metalloproteases and aspartyl proteases. In
contrast to existing technology the invention discloses methods to assay
proteases with any target recognition sequence. In many cases proteases do
not occur in biological fluids in the catalytically active form but in an inactive
Zyrmogen Or pro-enzyme fo;fm. In such cases conversion to the active form is
required before measurement. Depending on the zymogen, conversion to the

active protease can be accomplished by limited proteolytic digestion, treatment
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with certain chemicals or mild denaturation by application of heat or e.g.
sodium dodecylsulphate. Methods based on the invention can be very sensitive
and specific and can easily be adapted for automation using generally
available laboratory equipment. The invention appears to be most applicable
in biotechnology, animal or human health research laboratories and hospitals
and clinical laboratories and pharmaceutical research laboratories. Other
applications might be in quality control in pharmaceutical or food-processing
industries.

The invention uses a pro-enzyme as target substrate for the protease
which needs to be assayed which can be converted to an active enzyme by one
or more specific proteolytic events and subsequently the activity of the active
enzyme is detected using standard technology known in the art (Fig.2 ). More
particularly the invention relates to the choice of the pro-enzyme. Although
many pro-enzymes can be chosen as a basis for modification and development
of an assay for a particular protease, most pro-enzymes have certain
limitations in the sequence that can be modified and consequently the
proteases that can be measured. In the present invention we describe an
improved method based on a particular group of pro-enzymes which does not
have these limitations, thus enabling assay development for virtually any
protease irrespective of it's substrate preferences.

Current methodology is mostly based on pro-enzymes belonging to
the serine protease family although certainly not limited to this family. The
activation recognition sites of most known proteases of the serine protease
family show certain similarities. Although the sequence at the N-terminal side
of the activation site is very variable, the sequence at the C-terminal side of
the activation site has a great degree ofl'si'r"nilarity in a large number of pro-
enzymes belonging to the serine protease family (Table III). It appears that
charged amino acid residues are not tolerated at the positions P1' or P2".
Furthermore a very strong preference for aliphatic amino acid side chains

appears to occur since almost exclusively lle, Val, Leu or Ala residues occur in
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these positions in a large number of serine proteases. Also at the positions P3'
and P4' there appear to exist severe restrictions in sequence variety with a
very strong preference for small uncharged amino acid residues like Gly. The
restrictions in sequence appear to be intimately coupled to the mechanism of
activation of this family of pro-enzymes.

The i)résent invention discloses that modified pro-caspases are ideal
candidates for use as target substrates for proteases. Pro-caspases are a family
of cysteine protease pro-enzymes which are involved in apoptosis, regulated
cell death (Fig. 5). The caspases form a cascade in which one active caspase
can activate an (other) pro-caspase leading to a chain of reactions in the cell
resulting in cell death. Furthermore many of the caspases show autocatalytic
activation of their pro-enzyme form. Caspases are very specific proteases. They
recognize sequences with several negatively charged amino acid residues like
Glu or Asp and cleave C-terminal of such sequences. Typical recognition

sequences within the caspase family are summarized in table IV. Each

member of the caspase family has a certain preference for a certain sequence

although there is considerable overlap with the substrate sequence of other
caspases. The activation sequence of many if not all pro-caspases is a sequence
that itself can be cleaved by one or more active caspases. Due to their
involvement in apoptosis, a process likely involved in many diseases such as
e.g. cancer, a large number of peptide substrates cleavable by caspases and
resulting in the liberation of a coloured or fluorescent group have been
developed and are commercially available (table V).

In the present invention it is disclosed that introduction of a novel
not naturally ocburring target cleavage site for a protease that needs to be
assayed in the normal activation area of a pro-caspase leads to a modified pro-
caspase that can be cleaved and activated by the protease of choice. Thus such
modified pro-caspases are ideally suited for use as detection enzymes to
develop assays for a variety of proteases. It is also shown that the novel not

naturally occurring cleavage site can be chosen to vary considerably in length
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and actual amino acid sequence without the limitations as were found for
serine proteases in the state of the art. It is. however, submitted that still care
should be taken that the modified pro-caspase still is able to be activated into
an active caspase which is able to exert its normal proteolytic activity.
Determination whether the modifications leave the function of the caspase
intact are well within the skill of the person of skill in the art.

The present invention also discloses modified pro-caspases which
can be used to detect proteases hitherto not detectable with current
methodology or with great difficulty or low efficiency. Preferably the
modification of the pro-caspase is such that the normal activation reaction by
e.g. other caspase family members or auto-activation is prevented. This can be
accomplished by alteration or even complete removal of the normal activation
sequence. The novel target activation sequence, recognizable and cleavable by‘
the protease of choice, can replace the normal activation sequence but can also

be introduced elsewhere in the pro-caspase sequence. The site for insertion of a

‘target sequence is not critical, although care should be taken that cleavage of

the modified pro-caspase still results in formation of an active caspase. Again,
checking if such activity is retained and adapting the insertion éite, is well
within the realm of the skilled pefson. ‘

Ap art from modifications around the activation site, other secondary
modifications could be included, directed at improving the properties of the
pro-caspase or caspase formed after activation for the particular application.
Useful secondary modifications include: modifications increasing the (thermal)
stability of the pro-caspase or activated caspase, conferring resistance to other,
non-target, proteases, conferring resistance to naturally occurring or synthetic
inhibitors, conferring reactivity. to certain antibodies or ligands, aiding
expression and/or purification or alterations increasing activity of the
activated form or decreasing activity of the pro-form. In general, but not
always, such secondary mutations will be in another part of the caspase and

not near the activation site. It is also possible to introduce more than one novel
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activation site, thus resulting in a target substrate that can be used for a
variety of proteases with different substrate specificity.

Many members of the caspase family are potentially suitable for
modification to be used as target for a protease. Particularly caspase-3 and
caspase-7 are very suitable since these two caspases are very stable and easy
to produce by existing methodology. Also it appears that activation of pro-
caspase-3 and -7 is critically dependent on proteolytic cleavage in the
activation region. Furthermore very efficient substrates for these caspases
exist (table V). For detection of the caspase activity, these substrates should
have amino acid sequences that are recognised and cleaved by the caspase
which is used in the test (table V shows a number of known sequences and the
recognising caspases). Most preferably used is the amino acid sequence DEVD
(asp-glu-val-asp). Further, the cleaved substrate should yield a signal for
detection. This can, for instance, be achieved by linking para-nitro-anilide, 7-
amino-4-trifluoro methyl coumarine, amino methyl coumarine or any other
color, fluorescence or luminescence generating compound directly to the C-
terminus of the peptide sequenée which is recognised by the caspase. Then
these compounds will become free in the test solution as a result of caspase
action and the presence of these compounds can quantitatively be detected e.g.
by spectrophotometry, fluorimetry or luminometry. Other embodiments which
yield a qualitative or quantitative signal after cleavage by the caspase are
known in the art and can be easily comprised in the assay of the invention by a
person skilled in the art. Such embodiments could, for example, employ
antibodies specifically recognizing the active form of caspase and cellular
assays of detecting caspase action. ‘

To introduce a new amino acid sequence conferring a new desired
target specificity for a protease into an existing pro-caspase several
methodologies known to a person skilled in the art can be followed. In
particular recombinant DNA technology appears to be an attractive option. A

cDNA sequence coding for a particular pro-caspase must be available. Such
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sequences are known and can be obtained from publicly available databases.
Such a ¢cDNA can be obtained with existing technology such as from mRNA
isolated from a suitable cell line or tissue by reverse transcriptase polymerase
chain reaction using primers devised with the aid of the known sequence.
Many alternative procedures are known in the art to obtain a specific cDNA
sequence. The coding sequence can be adapted to improve later expression into
protein and to facilitate later iritroduction of changes aimed at altering the
activation specificity of the resulting pro-caspase after expression. Also a
suitable promoter and other regulatory sequences have to be added as is
known in the art. The coding sequence or altered coding sequence is introduced
into a vector such as a plasmid or virus to enable introduction into a cell
system for expression. Expression can in general be performed in eukaryotic
animal cell or yeast expression systems or in prokaryotic bacterial expression
systems. These systems are known in the art and are in many cases available
in commercial form. After the expression step procedures to free the expressed
protein from the cells or isolaté it from the culture medium are generally-
required. Very likely further purification of the expressed protein will be
required. Many procedures for these steps are known in the art.

When an expression plasmid is constructed containing the natural

. unmodified coding sequence of a pro-caspase, appropriate modifications can be

added by any of the known methods of site directed mutagenesis or newer
methods involving polymerase chain reaction. To ease construction of a large
number of different coding sequences differing in the sequences coding for the
novel activation site in the expressed protein it might be convenient to
introduce some extra alterations in the coding sequence leading to new
restriction sites that can be used to introduce many different modifications in
the activation site in an easy and quick way by introduction of synthetic
oligonucleotides between these restriction sites. These extra alterations can
either be so called silent mutations, not altering the amino acid sequence, or

changes which alter the protein sequence but have no adverse effects on the
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protein function. A further advantage of this approach employing newly
introduced restriction sites and subsequent oligo insertion, is the lower chance
on secondary unwanted mutations that might arise during polymeraée chain
reaction based methods. In the same way further modifications to improve the

properties of the pro-caspase could be introduced. Such a modified pro-caspase

can be part of an assay kit containing all necessary materials to perform one or

a number of determinations. Typically, such a kit comf)rises containers with
sufficient quantities of modified pro-caspase, a suitable substrate to detect
caspase activity, a suitable standard preparation to quantify the protease to be
measured and materials to prepare buffer solutions. Furthermore, a kit might
also contain specific antibodies recognizing the protease to be assayed to
increase the specificity of the assay by specific quenching of the activity of a
specific protease, interfering protease or specific binding of a protease. A kit
might also contain one or more assay plates in e.g. the regular 96-well, 384-
well or 1536-well format. It might be advantageous to add stabilizers to the
modified pro-caspase to increase its stability during transport and storage.
Such stabilizers could be other proteins like albumin or gelatin, carbohydrates
like mannitol, anti oxidants, detergents or other organic chemicals.
Furthermore inorganic salts might also have beneficial effects on stability.
Most conveniently the modified pro-caspase is present in lyophylized form and
has to be reconstituted by adding buffer or water shortly before use. In
addition, a description how to perform the determination, preparing the
samples and calculate the activ.ity is included. Another possibility to increase
the specificity as known in the art is to employ an immunocapture procedure:
first the protease to be measured is caught using a specific immobilized (mono-
or polyclonal) antibody followed by measurement of the acti%zity of the caught
protease. Alternatively a kit or device might be of the "dipstick" type where all
necessary reagents present in a dry form are immobilized on a strip or dot of
material. The following examples are just illustrations of the invention and by

no means limit the applicability or scope of the invention.
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Examples

Example 1. Limitation of pro-enzymes of serine proteases

as detection enzyme

In this example the limitations of using pro-enzymes of the serine
protease family as detection enzyme are shown. Pro-enzymes of the serine
protease family such as pro-urokinase have a number of suitable properties for
their use as detection enzymes to measure the activity of proteases: The active
form of the serine proteaes is easily measured with chromogenic or fluorogenic
peptide substrates; the difference in activity between pro-enzyme and active
enzyme is generally high; the enzymes are generally stable and can be very
specific. A major drawback of using serine-protease family members as
detection enzyme are the sequence limitations in the C-terminal part of the
activation sequence. The newly formed N-terminus that results from cleavage
of the activation sequence pl&ys an essential role in generation of the active
enzyme. Comparison of these sequences from a number of serine-proteases
family members (table II) reve(als a strong homology in this region suggesting
an involvement in the function. The flexibility in sequence in this region was
in more detail investigated for pro-urokinase. The complete cDNA coding for
human pro-urokinase was cloned into an expression vector enabling expression
of the protein in eukaryotic cells (EP 691 409). With polymerase chain reaction
using primers 5-ACC ATC GAt AAC CAG CCC TGG-8 and 5-CCG CCT cga
gGT CTT TTG GCC-8' (mutations indicated as lowercase letters) two new
unique restriction sites Clal and Xhol were introduced flanking the region
coding for the activation site. The resulting plasmid vector was used to
construct a variety of pro-urbkinase coding sequences, coding for pro-urokinase
molecules with different activation sites by cutting the plasmid with Clal and
Xhol and insertion and ligation of two partially complementary

oligonucleotides coding for the required mutated aminoacid sequence. The
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oligonucleotide pairs used for construction of the various expression plasmids
are summarised in Table VI. The newly constructed plasmids were transfected
into CHO cells and medium from the transiently transfected cells was
collected. Concentrations of pro-urokinase variants in the conditioned media
were determined by an ELISA recognising the protease domain of the
molecule, thus ensuring a similar response for all variants. Pro-urokinase
variants were immuno-captured to a plate coated with antibody recognizing
both pro-urokinase and active urokinase and not inhibiting the activity of the
latter or interfering with the conversion of the pro-enzyme form to the active
form. Subsequently pro-urokinase variants were activated with plasmin and
after washing of the plate, the resulting urokinase activity was determined by
addition of buffer and pyro-Glu-Gly-Arg-pNA (S2444, a commercially available
urokinase substrate). The results summarized in fig. 6 show that an Ile, Leu or
Val residue in the P1' position is essential. At the P2' position also a strong

preference for aliphatic residues exists, but other residues are tolerated, albeit

' Jeading to a strongly reduced activity. The presence of Gly at P3' and P4,

appears critical. From these results it can be concluded that the possibility for
variation in the P1'- P4' sequence is very limited, resulting in the impossibility
to use pro-urokinase and other members of the serine protease family as
detection enzyrﬁes for those proteases having a recognition sequence not
compatible with the above mentioned restraints in the P1' - P4' region using

the direct activation method.

Example 2 Preparation of modified pro-caspase 3 with aggrecanase or

TACE specific cleavage site.

A ¢DNA coding for caspase-3 cloned into an expression vector having a
sequence coding for a His-tag enabling rapid purification using Ni chelate

chromatography and regulatory sequences enabling expression in E. coli was
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obtained from the ATCC . This plasmid was used as a basis for construction of
similar plasmids coding for a variety of caspase-3 variants with modifications
in their activation sequence. To enable rapid construction of variants two new
silent restriction sites were introduced by PCR (fig. 7a). After digestion with
BamHI and EcoRI a novel coding sequence can be introduced using two
oligonucleotides . To test the capability of Caspase-3 as detection enzyme two
different sequences coding for én activation sequence for aggrecanase
(ADAMTS-4) and TNFo converting enzyme (TACENADAM 17) respectively
were introduced, using appropriate oligonucleotides (fig. 7b and Table VII).
Both aggrecanase and TACE could not or with very low efficiency be measured
using a pro-urokinase derived substrate. The resulting plasmids were used to
transform E. coli (strain B121 (DE3) pLys). Cultures were grown to an OD
0.45 - 0.7, cooled to 30°C and induced with 1 mM IPTG. After 45 min shaking
at 30°C cells were centrifuged (10 min 6000 rpm (ca. 5000xg) at 4°C) and
either directly used or stored frozen at -20°C. Bacterial pellets were mixed
with lysis buffer (50 mM Tris. HClpH 8.0, 300 mM NaCl, 10 mM imidazol) and
Bugbuster™ (Novagen) incubated at 4°C while stirring for 30 min and
centrifuged at 6000 rpm (ca. 5000x g) for 10 min at 4°C.

The supernatant was brought on a nickel Sepharose (Amersham Biosciences)
column (2 ml column volume for 30-50 ml of original culture volume) and
subsequently washed with 20 column volumes of 50 mM TrisHCl pH 8.0, 300
mM NaCl, 20 mM imidazol, (wash buffer) and eluted with elution buffer (50
mM TrisHC! pH 8.0, 300 mM NaCl, 250 mM imidazol). The peak fractions
were desalted using a PD-10 column (Amersham Biosciences) equilibrated
with 10 mM Tris HCI pH 7.0, 1.5 mM NaCl, 0.01% (v/v) BRIJ 35 buffer (Fig.
8).
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Example 3 Preparation of modified pro-caspase 7

Analogously as described for pro-caspase-3 in Example 2 cDNA and expression
vectors coding for variants of pro-caspase-7 were constructed containing
sequences coding for pro-caspase-7 variants with activation sequences for
TACE and aggrecanase. The oligonucleotides to introduce the novel activation
sequences were exactly the same as used for pro-caspase-3 variants (see Table
VII).

Transformation, expression and purification of pro-caspase-7 variants was

performed as described for pro-caspase-3 variants in example 2.
Example 4 Characterization of modified pro-caspases

Gel-electrophoresis showed that all caspaée variants were predominantly in
the single chain 32 kD forms (Fig. 9). Caspase activity was measured as
foilows: 10 pl (1-100 ng) of puﬁfiéd modified caspase-3 or -7 with an
aggrecanase or TACE specific cleavage site (see example 2 and Table VII) was
mixed with 60 ul of assay buffer (50 mM Tris HCl pH 7.6, 1.5 mM NaCl, 0.5
mM CaCl2, 1uM ZnCl2, 0.01% (v/v) BRIJ 35) and 10 pl of purified aggrecanase

- (ADAMTS-4) or TACE (ADAM-17).

After overnight incubation at room temperature 10 pl of 100 mM DTT and 10
ul of 8 mM DEVD-pNA (BioSource) was added and A405 was measured after
0-6 h of incubation at 37°C in a moist chamber. Assays were performed in 96-
well flat bottomed polystyrene microtiter plates and absorbance measurements
were performed with at Titertek Multiskan™plate reader. A low background
activity in the pro-caspase-3 and -7 variants most likely caused by the
presence of small amounts of contaminating active forms was detected.

Upon incubation of the various pro-caspase variants with their respective

target enzymes a clear increase in caspase activity was observed.
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Example 5 Determination of aggrecanase activity using modified pro-

caspases

Protocol for detection of aggrecanase activity using pro-caspase-3 or -7 variants
with an aggrecanase cleavable activation sequence (see Example 2 and Table
VII). The detection is performed in two steps, in the first step the pro-caspase
variant is incubated with its target enzyme and in the second step the amount
of pro-caspase variant converted to active caspase variant is detected by
incubation with a caspase substrate.

Wells of a 96-well microtiter plate were filled with 10 ul (1-100 ng) of pro-
caspase-3 or -7 variant and 60 pul assay buffer (50 mM TrisHCI, 1.5 mM NaCl,
0.5 mM CacCl2, 1 uM ZnCls 0.01% (v/v) BRIJ35).

10 ul aggrecanase diluted in assay buffer as indicated was added. After
incubation at 37°C overnight 10 pl of 100 mM DTT and 10 pl of 8 mM DEVD-
pNA (BioSource) in H20 were added. The plate was incubated at 37°C in a
moist chamber for 0-6h, and A405 was measured after regular in.tervals using
a Titertek Multiskan plate reader. For each enzyme concentration the
absorbance change was plot against incubation time (Fig. 10a). The slopes of

these curves were plot against aggrecanase concentration (Fig. 10b).

Example 6 Determination of TNF alpha converting enzyme activity

using modified pro-caspases

Similarly as described for aggrecanase (example 5) the appropriate pro-
caspase-3 and -7 variants were incubated with purified TACE using a protocol

similar to that described in example 5. The results are shown in fig.11a, b.
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Example 7 Determination of B amyloid converting enzyme (BACE-1)

using modified pro-caspases

Similarly as described for aggrecanase and TACE a pro-caspase-3 variant was
produced containing a sequence cleavable by B-amyloid converting enzyme
(BACE-1) (see Table VII and Fig 7 a,b).

10 pl of purified modified caspase-3 with a BACE-1 specific cleavage was
mixed with 300 pl 10 mM Na-acetate pH 5.1, 1.5 mM NaCl, 0.01% (v/v)
BRIJ35 and 10 ul BACE-1 enzyme. After overnight activation at room
temperature 10 pl of 100 mM DTT, 10 pl of 8 mM DEVD-pNA (BioSource) and
30 ul of 100 mM Tris HCl pH 8.0, 1.5 mM NaCl, 0.01% (v/v) BRIJ 35 was
added and A405 was measured at regular intervals after 0-6h of incubation at
37°C in a moist chamber. Assays were performed in 96-well flat bottomed

polystyrene microtiter plates and absorbance measurements were performed

~ with a Titertek Multiskan™ plate reader.

The results for the detection of BACE-1 activity were shown in fig. 12 a, b.
Example 8 Immuno-capture assay for TACE

For some proteases or applications it is of use to have an immuno-capture
format. In such a format the protease to be detected, generally present in a
biological sample at low concentration in the presence of a variety of disturbing
compounds such as salts, other proteases, protease inhibitors ete., is
specifically removed from the biological sample using e.g. a microtiter plate
coated with an antibody specifically recognizing and binding the target
protease. After binding of the target protease to the plate the sample
containing the interfering substances is removed and the plate can be washed
if required and a clearly defined solution with purified components can be
added. Such an approach has several advantages and is frequently used for the

detection of closely related proteases with overlapping substrate specificity
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such as the MMP family of proteases.

A microtiter plate (Costar EIA/RIA 8 well flat bottom) is coated with 100ul per
well of 10 pg/ml goat-anti-mouse 1gG and 2 pg/ml mouse monoclonal antibody
recognizing TACE overnight at 4°C in Na-carbonate buffer pH 9.6. After
washing 4 times with 0.01 M Na-phosphate pH 7.0, 0.15 M NaCl, 0.05 % (v/v),
the plate is used as an immuno-capture plate. Samples containing TACE are
pipetted into the plate and incubated at 4°C overnight. After capture the plate
is emptied and washed, and subsequently filled with 10 ul (1-100 ng) of pro-
caspase-3 variant with TACE cleavage site (see Table VII) and 60 ul assay
buffer and incubated at 37°C for 2h. Thereafter DEVD-pNA is added and
again incubated at 37°C, the absorbance is measured after 0-6h incubation. A
plot of the absorbance versus incubation time and absorbance versus TACE |

concentration is shown in Fig. 13 A, B.
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Table | Classes of proteases

Name EC Active site
number residues

Serine proteases 3.4.21 Ser | His | Asp*

Cysteine 3422 | Cys | His | Asp*

proteases

Aspartic proteases| 3.4.23 | Asp | Asp

Metallo proteases | 3.4.24 | His | His | Me*

* Asp not always present

** His residues involved in chelating metal ion.

Metal ion is often Zn**

PCT/NL2004/000067
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Table Il Some clinically important proteases
Protease Involved in Diseases
Factor Vlla Blood clotting Bleeding/thrombolysis
Factor IXa Blood clotting Bleeding/thrombolysis
Factor Xa Blood clotting Bleeding/thrombolysis
APC Blood clotting Bleeding/thrombolysis
Thrombin Blood clotting Bleeding/thrombolysis
t-PA Fibrinolysis/peri-cellular
proteolysis
u-PA Fibrinolysis/peri-cellular Bone degradation
proteolysis
plasmin Fibrinolysis/peri-cellular Lung emphysema
proteolysis
trypsin Digestion Pancreatitis
chymotrypsin Digestion Pancreatitis
enterokinase Digestion () Pancreatitis
pepsin Digestion Pancreatitis
Cathepsin B, H, D Lysosomal digestion
Cathepsin K - Lysosomal digestion Bone degradation
Cathepsin G Lysosomal digestion Lung emphysema
Cathepsin L Lysosomal digestion
Cathepsin V Lysosomal digestion
Cathepsin S Lysosomal digestion
Renin Blood pressure regulation High bloodpressure
ACE Blood pressure regulation High bloodpressure
MMPs [nvasion, tissue remodeling Cancer, arthritis
inflammation
Elastase Elastin degradation Lung emphysema
Cir Complement activation Inflammation
Cis Complement activation Inflammation
HIV protease Virus assembly AIDS
Caspases Apoptosis Cancer




WO 2004/067768

27

PCT/NL2004/000067

Table lll. Examples of pro-enzymes of the serine protease family

Proenzyme

Bond split upon activation

Prothrombin
Pro-urokinase
trypsinogen
chymotrypsinogen
Pro-elastase
Pro-subtilisin
Coagulation factor V
Coagulation factor VII
Coagulation factor IX
Coagulation factor X
Coagulation factor XlI
Coagulation factor Xl
Kallikrein
Plasminogen

Cathepsin G

Pi-Ps-P,-P, 1 Py-Po-Ps Py

Glu-Gly-Arg
Arg-Phe-Lys
Asp-Asp-Lys
Leu-Ser-Arg
Val-Tyr-Arg
Ala-Gly-Lys
Gly-lle-Arg
Pro-Gin-Arg
Asp-PhefThr-Arg
Asn-Leu-Thr-Arg
Ser-Met-Thr-Arg
lle-Lys-Pro-Arg
Thr-Ser-Thr-Arg

Pro-Gly-Arg

Ala-Gly-Glu

7
T

e e

—_

T
T
T
T
T
T

lle-Val-Glu-Gly
lle-lle-Gly-Gly
lle-Val-Gly-Gly
lle-Val-Asn-Gly
Val-Val-Gly-Glu
Ser-Asn-Gly-Glu
Ser-Phe-Arg-Phe
lle-Val-Gly-Gly
Val-Val-Gly-Gly
lle-Val-Gly-Gly
Val-Val-Gly-Gly
lle-Val-Gly-Gly
lle-Val-Gly-Gly
Val-Val-Gly-Gly

lle-lle-Gly-Gly

Sequences obtained from SWISS-PROT, GenBank or PIR databases.
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Table IV. Some substrate cleavage sites for various caspases

Preferred sequences

Caspase-1 YEVD
Caspase2  VDVAD
Caspase-3 "'IIEAE'I"D
Caspase-4 LEVD
Caspase-5 WEHD
Caspase-6 VEID
Caspase-7 DEVD
Caspase-8 [ETD
Caspase-9 LEHD
Caspase-10 IEAD

R e e T e T S

WEHD
DEHD
DMQC
WEHD
LEHD
VEHD

LETD
VEHD
AEVD

1 LEVD 1 WVAD 1
1 LDESD 1

T

1 LEHD +  WVAD 1
1 LEAD 1

1 VKMD t  VNLD 1
T

)

1 VEHD 1
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Table V. Peptide substrates for detection of caspase activity

Substrate Preferred caspase
VAD-X 1
DEVD-X 3,6,7,8

* VEID-X 6,8
IETD-X 8,9, 10

WEHD-X 1,4,5
YVAD-X 1,4,5

VDVAD-X 2

X can be —pNA (para-nitro-anilide), ~AFC (7-amino-4 trifluoro methyl coumarine), ~-AMC

(amino methyl coumarine) , or any other chromogenic or fluorogenic leaving group.
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Table VI Oligonucleotides used for construction of pro-urokinase variants

PRFK- |Sense S R P K k) K I (&) [€] G B 13 T T
IGGG 5’- TCG AGG CCC CGC TTT AAG ATT GGC GGG GGA GAA TTC ACC ACC AT-3'

A-sense [57- T GAT GGT GGT GAA TTC TCT TCC GCT AART CIT AAA GCG GGG CC - 37

PRFK- |Sense [5] R P R F K I A G G E F T T
IAGG 5'- TCG AGG CCC CGC TTT AAG ATT GCC GGG GGA GAA TTC ACC ACC AT-3'

A-sense |57- C GAT GGT GGT GAA TTC TCC CCC GGU AAT CTT AAR GCG GG CT - 37

PRFK- [ Sense 5] R P R F K I E G G E F T
IEGG 5'- TCG AGG CCC CGC TTT AAG ATT GAA GGG GGA GAA TTC ACC ACC AT-3'

A-sense |5'- C GAT GGT GGT GAA TTC TCT CCC TTC AART CIT ARA GCG GGT CC - 37

PRFK- |Sense S R P . R F K A T G G by F T
AIGG 5’- TCG AGG CCC CGC TTT AAG GCC ATT GGG GGA GAA TTC ACC ACC AT-3’

A-sense (b'- T GAT GGT GGI GAATTC TCC CTCCT AAT GGC CTT AAA GCG GGG CCT - 37

PRTK- |Sense S R P R K I 15 G G E P T

ILGG 57- TCG AGG CCC CGC TTT AAG ATT CTT GGG GGA GAA TTC ACC ACC AT-3’
A-sense T-"C GAT GGT GGT GAA TTC TCC CCT AAG AAT CTT BAA GCG GGG CT - 37

PRFK- [Sense 5] R P R F K L L G G ) B T T

LIGG 57~ TCG AGG CCC CGC TTT AAG CTT ATT GGG GGA GAA TTC ACC ACC AT-3'

A-sense [b57- C GAT GGT GGT GAA TTC TCU CCC AAT AAG CTT AARA GCG GGG CC = 37

PRFK- | Sense S R P R F K T \Y G G E F T T
IVGG 5’- TCG AGG CCC CGC TTT AAG ATT GTG GGG GGA GAA TTC ACC ACC AT-3°

A-sense [57- C GAT GGT GGT GAA TTC TCC CCT CTAC AART CTT AAR GCG GGG CC = 37

PRFK- 1Sense S R P R F K \Y T G G B B T T

VIGG 5'- TCG AGG CCC CGC TTT AAG GTG ATT GGG GGA GAA TTC ACC ACC AT-3*
-gense ST C GAT GGT GGT GAATTC TCC CCC AAT CAT CTT AAK GCG GG@ CC - 37

PRIK- [Sense S R P R F K D I G G E F T

DIGG 5’- TCG AGG CCC CGC TTT AAG GAT ATT GGG GGA GAA TTC ACC ACC AT-3’
~-Sense T- C GAT GGT GGT GAA™TTC TCC CCCT ATT ATC CTT AEAX GCG GGG CC - 37
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Table VII Oligonucleotide cassettes used for construction of modified-
caspase expression vectors

Aggrecanase (ADAMTS4)

D M E L P L P R N I T E @
E"“A R ‘
5'- GA TCC GAC ATG GAG CTC CCA CTG CCT CGA AAC ATC ACT GAG
GGT GAA GCC CGA

3'- G CTG TAC CTC GAG GGT GAC GGA GCT TTG TAG TGA CTC
CCA CTT CGG GCT

G S v I L T v K P I F E

GGC AGC GTG ATC CTT ACC GTA AAG CCC ATC TTC GAG G =31
CCG TCG CAC TAG GAA TGG CAT TTC GGG TAG AAG CTC CTT AA-5!

TACE (TNFa converting enzyme)

P L A @Q A"V R 8 8 8 R

5'-GA TCC CCA TTG GCA CAG GCA GTT AGA TCT TCA TCA CGG G -
3 L)
3'- G GGT AAC GCT GTC CGT CAA TCT AGA AGT AGT GCC CTT AA-

5 )
BACE (f-amyloid converting enzyme)

K T E E I S8 E VvV N LD A E
F R H D 8

5'"-GA TCC AAA ACA GAA GAG ATC TCC GAA GTT AAC CTG GAC GCA CGAC
TTT CGT CAT GAC TCA G -3
3'- G TTT TGT CTIT CTC TAG AGG CTT CAA TTG GAC CTG CGT CTC

AAA GCA GTA CTG AGT CTT AA-5!

The indicated oligonucleotide pairs were ligated into BamHI| and EcoRl cut pro-
caspase-3 or pro-caspase-/ expression vector to obtain expression vectors coding
for pro-caspase variants with cleavage/activation sites for ADAMTS4, TACE and
BACE. Recognition sequences of the proteins are indicated in bold above the

oligonucleotides, cleavage sites are indicated with an * . See also figure 7.
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Claims

1. A method of determining a protease, or its precursor after activation,
comprising incubating a sample with a target of said protease, determining
proteolytic cleavage of said target, and correlating data obtained therefrom in
order to determine the protease, wherein said target is a modified pro-caspase

containing an activation site which is cleavable by said protease.

2. A method according to claim 1 wherein the proteolytic cleavage of
said modified pro-caspase activates the pro-caspase and wherein the resulting

activity is determined using a suitable substrate of the activated pro-caspase.

3. A method according to claim 1 or 2 wherein said sample is selected
from the group consisting of a biological fluid, a fraction thereof, a biological
tissue, an extract thereof, a fraction of such an extract , a culture medium
conditioned by in vitro growing cells, tissues, or organisms, an extract of such a

culture medium, and a fraction of such a culture medium.

4, A method according to any of the previous claims wherein said
protease is selected from the group consisting of serine proteases, cysteine

proteases, aspartyl proteases and metalloproteases.

5. A method according to claim 4 wherein said protease is selected from
the group consisting of aggrecanase, ADAM TS1, ADAM TS4, TACE, BACE,
BACE 1, BACE 2, HIV protease and hepatitis C protease.

6. A method according to any of the previous claims wherein said

modified pro-caspase is derived from a pro-caspase by replacing its activation
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site by an activation site which is cleavable by the protease to be determined.

7. A method according to any of the previous claims wherein said
modified pro-caspase is derived from pro-caspase by removing its activation
site and inserting; not necessarily on the same position, an activation site

which is cleavablé by the proiease to be determined.

8. A method according to claim 6 or 7 wherein said modified pro-
caspase is derived from pro-caspase by altering its activation site rendering it
inactive for its natural substrate and inserting, not necessarily on the same

position, an activation site which is cleavable by the protease to be determined.

9. A method according to any of the previous claims wherein said
modified pro-caspase is selected from the group consisting of pro- caspase-1,
pro- caspase-3, pro- caspase-7, pro- caspase-8, pro-caspase-9, and pro- caspase-

10.

10. The method of claim 9 wherein said modified procaspase is pro-
caspase-3- or pro-caspase-7 and wherein said modification in procaspase-3 or
pro-caspase-7 is a replacement of D175 in wild-type pro-caspase-3 or D198 in
wild-type pro-caspase-7 by a sequence selected from the group of sequences
GSDMELPLPRNITEGE"ARGSVILTVKPIFEEF , GSPLAQAAVRSSSRSG
and GSKTEEISEVNLADAEFRHDS wherein the * symbol indicates the

cleavage site in the physiological target.

11. A method according to any of claims 2 to 10, wherein the caspase
substrate is a compound comprising the amino acid sequence AspGluValAsp-

pNA, in which pNA is p-nitro-anilide.
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12. A modified pro-caspase derived from a pro-caspase by providing it with a
recognition site which is cleavable by a protease different from the one which

cleaves and activates the unmodified pro-caspase.

13. A modified pro caspase according to claim 12 wherein said recognition
site 1s an activation site cleavable by a protease different from the one which
activates the unmodified pro-caspase, said activation site replacing the

original activation site of the pro-caspase.

14. A modified pro-caspase according to claim 13 which is derived from pro-

caspase-3 or pro-caspase-7.

15. A kit for determining a protease, or its precursor after activation, in a

sample, comprising a modified pro-caspase.
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Fig. 3B
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