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Abstract

The invention relates to a method for the enrichment, isolation and/or identification of cleavage
products of at least one enzyme from a sample. According to the invention, an enzymatically
inactive mutant of a protease is used as an affinity material, said mutant furthermore maintaining
its specific substrate nature. At least one cleavage product of the protease ot which the mutant 1s
used, and at least one cleavage product of the enzyme of which the cleavage products are to be
analysed, comprise at least one structural similarity. |
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Enrichment of enzymatic cleavage products

(0001] The invention relates to a method for the
enrichment, 1solation and/or identification of

enzymatic cleavage products, and to particular mutants

and the use thereotf.

[0002] The breakdown of proteins 1s an essential
component of biological regulatory mechanisms 1like

those taking place 1in all living organisms. Enzymes

called proteases, which catalyze a cleavage, are

crucially involved in the breakdown of proteins.

[0003] The enzymes which catalyze the hydrolvtic
cleavage (proteolysis) of the peptide linkage 1in
proteins and peptides are called ©proteases. The
proteases can be divided into those called proteinases
(formerly: endopeptidases) and peptidases (formerly
exopeptidases). The former cleave peptide linkages in

P

the i1nterior of a protein and thus produce peptides as

cleavage products. The latter cleave proteins at the

amino or carboxy end. Only proteases will ordinarily be

mentioned hereinafter, with proteinases preferably

being meant by this.

[(0004] An 1important area of proteomic research is the
identification of substrates of proteases and of the
proteolytic products, 1.e. the cleavage products, of
these enzymes. This 1s an 1mportant precondition for
making 1t possible to research the function of

previously known and also novel proteases. Reference 1is

made 1n this connection also to the “degradomics” field
of research, which has the aim of identifying all the
proteases of a proteome, and also the substrates which
are cleaved by a particular protease. According to the

definition, “degradomics” 1s the use of genomic and

proteomic approaches for characterizing proteases and
their substrates and inhibitors in a complex system as

represented by a living organism.
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[0005] Proteinases and their c¢cleavage products 1in

particular are of special interest for degradomics
research. For example, research 1s particularly
concentrated on the caspase family. The caspases play
an important part 1n the controlled breakdown of
various cellular substrates, and they are particularly
involved 1in apoptotic processes, 1.e. 1n breakdown
processes associated wilth controlled cell death. The
caspases are a highly conserved protease family having
at 1least 12 human members. Because of their role 1in
inflammatory processes and 1n the apoptosis of cells,
the caspases are of enormous scientific interest. The
caspases are included among the cysteine proteases,
meaning that these proteases have cysteine, which 1s
crucial for the proteolytic activity, at a critical
site in the active center. Caspases are very specific
proteases which cleave after an aspartic acid residue
in their substrate. All cleavage products of caspases
rherefore have an aspartic acilid residue at the C-
terminal end of the peptide cleavage product (position
P1). Glutamic acid 1is often present at position P3.
Interesting conclusions can be drawn about the function
and the role of the various caspases in the cell and in
the organism by investigating the various cleavage
products. It is possible 1nter alia by the general
detection of cleavage products of the caspases to gain
information about the activity of this multiple enzyme
group without it being necessary to detect an
individual representative of the caspases, which

displays only very low activity 1n some clrcumstances.

[0006] The object of the invention 1s therefore to
provide a method with which cleavage products oI a
particular enzyme or of a group of enzymes can be

investigated with a small number of method steps. It 1is

intended by investigating the cleavage products of an

enzyme inter alia to be able to make statements about

the activity of the enzyme(s) responsible for the

cleavage.
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[0007] This object 1is achieved by a method as set
forth in c¢laim 1. Claim 16 relates to a particular
mutant of a protease and claim 25 to a corresponding
nucleotide sequence. Claims 27 and 29 are concerned
5 respectively with the use of the mutant and with a
corresponding affinity matrix. Preferred embodiments
are to be found in the dependent claims. The wording of

all the claims 1is 1included in the description by

reference.

10 [0008] It is possible by the process of the invention
for cleavage products of at least one enzyme to be
enriched, isolated and/or identified from a sample.
This takes place with use of an enzymatically 1inactaive
mutant of a protease as affinity material, 1t being

15 crucial for the method of the 1invention that the
enzymatically inactive mutant of the protease continues
to exhibit 1ts substrate specificity. It 1S
additionally important that the cleavage product(s) ot
the enzyme which are to be analyzed have at least a

20 structural similarity to the  |hydrolytic cleavage
products of the protease whose mutant 1s employed. The
enzymatic inactivity 1S advantageous because,

otherwise, cleavage products could be produced by the

protease itself employed as affinity material, and

25 would possibly falsify the results of the method of the

invention.

(0009] In this method, firstly the sample containing
the cleavage products to be detected i1s incubated with
the enzymatically inactive mutant so that 1interactions
30 between the cleavage products to be detected 1n the
sample and the mutant can form. These 1interactions

derive from the fact that the mutant has a high binding

affinity for substrates having particular structural
features. The cleavage products to be detected exhibit
35 these structural features, SO that they are
specifically bound by this mutant. In a further step ot

the method, material which does not interact with the
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mutant can be removed. The cleavage products which have

been bound by the mutant can then be analyzed. Whether

separation of the i1nteracting cleavage products from
the mutant 1s worthwhile and possibly necessary before

the actual analysis of the cleavage products depends on

the specific design of the method and, 1in particular,

on the analytical method.

(0010] The method of the i1invention 1s based on the
fact that, on the one hand, the protease whose mutant
is emploved as affinity material has a high binding
affinity for 1ts own substrates and also for the
products resulting from the proteolytic cleavage of the
substrates. It 1s additionally necessary for this
binding activity of the protease to be separable from

1ts catalytic activity.

[0011] Such a separation of the catalytic activity
from the binding activity 1s already known for the
proteases trypsin and chymotrypsin. It i1s possible by a
so-called anhydro modification i1n the catalytic center
of these proteases to destroy the catalytic activity,
1.e. the catalysis of hydrolytic cleavages, whereas the
binding affinity for the cleavage products is retained.
These forms, which are called respectively anhydro-
trypsin and anhydrochymotrypsin, are therefore no
longer able to cleave proteins. However, they can still
bind their cleavage products. The cleavage products 1in
the case of anhydrotrypsin are peptides having argilnine
and lysine at the C-terminal end. In the case of
anhydrochymotrypsin they are peptides having hydro-
phobic amino acids at the C-terminal end. The anhydro
mutants of trypsin and chymotrypsin can 1in this
connection be achieved by a chemical modification or
treatment where serine 1n the active center of the

enzymes 1s replaced by alanine, 1.e. the anhydro form

of serine.

[0012] A similar separability of catalytic activity
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and Dbinding affinity for substrates or cleavage

products has been described for the protease ClpXP
(Molecular Cell, Vol. 11, 671-683, 2003).

[0013] In a particularly preferred embodiment of the
method of the invention, the enzyme whose cleavage
products are to be enriched, 1solated and/or i1dentified
is a protease, this protease preferably differing from
the protease whose enzymatically 1nactive mutant 1s
used as affinity material. This embodiment of the
invention has the great advantage that the
enzymatically 1nactive mutant of a protease can be
employed as universal tool for i1nvestigating the

cleavage products of any enzyme, as long as the

cleavage products to be investigated  have the
appropriate structural features as are necessary for
the binding activity of the employed enzymatically
inactive mutant for particular substrates. Thus, a
method which can be employed widely for proteomic
research and which 1s based on the utilization of
functional features 1s provided thereby. It 1s possible
with the aid of the method of the i1nvention to obtain
inter alia results which allow conclusions to be drawn
about the identity of different substrates or products
of particular enzymes. In addition, a quantification of

the activities of enzymes or whole enzyme families 1s

made possible thereby.

[0014] In a preferred embodiment of the method of the
invention, the structural similarities between the
cleavage products to be 1investigated and the products
which are bound by the protease whose enzymatically
inactive mutant 1s employed comprises one oY more

coincident terminal amino acid residues, 1n particular

C-terminal residues. For a large number of proteases

whose mutants can be employed according to the

invention, the binding affinity for their substrates
derives from one or more particular C-terminal amino

acids. For example, the V8 proteilnase from
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Staphylococcus aureus (endoproteinase Glu(Asp)-C) shows
a specific binding affinity for peptides which have
glutamic acid (Glu) or aspartic acid (Asp) at the
C-terminal end. The amino acid residues at other
positions play a negligible part. An enzymatically
inactive mutant of this V8 proteinase which still
exhibits its substrate specificity i1is therefore
suitable to be employed in the method of the invention
for i1nvestigating cleavage products of other enzymes
which have appropriate C-terminal amino acids or

approprliate residues. This applies for example to the

cleavage products of the caspases which, as mentioned
at the outset, have aspartic acid at the C-terminal
end. A particularly preferred embodiment of the

invention 18 - therefore one in which the structural

similarity 1s a C-terminal glutamic acid and/or

aspartic acid residue.

[0015] In a particularly preferred embodiment of the
method of the invention, the enzymatically 1inactive
mutant of the protease has an alteration in the active
center. This destroys the catalytic activity according

to the 1invention, although the binding activity 1is
retained.

[0016] In a preferred embodiment of the method of the
invention, the protease whose mutant is employed is a
serine protease. Serine proteases are characterized in
that they have serine at a critical site in the active
center. Deletion or exchange of this serine destroys
the enzymatic activity, whereas the substrate
specificity i1is retained. These proteases are therefore
particularly suiltable according to the invention
because 1t 1s possible by a single alteration which
brings about an appropriate amino acid exchange to
provide a mutant which can be emploved according to the
invention. These particularly suitable serine

proteinases 1nclude for example the V8 proteinase

already mentioned.
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[0017] It 1s advantageous for the enzymatically
inactive mutant to be an anhydro mutant. Particular
preference 1s given in this connection to a serine to
alanine exchange. Since 1n the serine ©proteases
mentioned a serine 1in the catalytic center of the

protease 1s responsible for the hydrolytic activity,

the hydrolytic activity can be destroyed by such a

L g

T
anhydro mutation, while the substrate specificity is

retained. It 1s, of course, also possible to employ
other mutants of proteases according to the invention
as long as they are enzymatically inactive, i.e. are no

longer able to catalyze any hydrolytic cleavage, and

st1ll exhibit their substrate specificity.

[0018] In a particularly advantageous embodiment of
the method of the invention, the enzymatically inactive
mutant 1S employed 1in immobilized form. This
substantially facilitates the carrying out of the
method of the invention, since the incubation of the
sample, the removal of material and, where appropriate,
the separation of cleavage products can be carried out

on a solid phase. It 1is particularly advantageous for

the method to be carried out in the form of a column

chromatography, in which case the enzymatically

inactive mutant can be immobilized on a customary

chromatography material such as, for example,
Sepharose, agarose or Fraktogel. The immobilization can
take place by customary methods. For example, the

mutant can be coupled via a sequence of histidines to

immobilized nickel ions (e.g. Ni-NTA agarose).

(0019] Analysis of the enriched cleavage products can
take place by customary methods. A particularly
preferred analysis 1s one using one- and/or two-
dimensional polyacrylamide gel electrophoresis. The
analysis can also be carried out using customary mass
spectrometric methods. The mass spectrometry can also

be combined with a polyacrylamide gel electrophoresis

or other customary methods.
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[0020] The actual method, i.e. the incubation of the

sample and the removal of non-interacting material, can

be carried out by carrying out a chromatography, in
particular a column chromatography, for example a
customary affinity chromatography. The analysis may
additionally comprise one or more chromatography steps,
especlally column chromatography steps. Tt 1S
additionally ©possible for example for a further
fractionation of different enriched cleavage products

to be achieved by one or more chromatography steps.

[0021] In a further embodiment of the invention, the
cleavage products to be analyzed are modified during
the method. This may entail 1in particular a further
cleavage o0f the cleavage products, which is achieved
for example by treatment with suitable enzymes. Tryptic
digestion or the like is particularly suitable for this
purpose. Such a modification takes place in particular
wlth regard to an analysis of the cleavage products,

with the cleavage products being fragmented further for

example for a mass spectrometric analysis.

[0022] In a particularly preferred embodiment of the
method of the invention, the protease whose

enzymatically 1nactive mutant 1s employed 1is a V8

proteinase, for example a V8 proteinase from
Staphylococcus aureus. A corresponding mutant,
especially an anhydromutant of this enzyme, 1S

particularly suitable according to the invention. It 1is
to Dbe used for an enrichment, 1solation and/or
ldentification of cleavage products having a glutamic
acid or aspartic acid residue at the C terminus. It 1is
particularly preferred in this connection for peptides

having a C-terminal aspartic acid residue to Dbe

enriched or isolated and/or identified.

10023] The method of the invention can advantageously

be employed for investigating cleavage products of

cysteine proteases. The method 1is very particularly
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sultable for investigating and characterizing cleavage
products of one or more caspases. Caspases are very
specific proteases whose cleavage products  have
aspartic acid at the C-terminal end. The use of an
enzymatically 1nactive mutant of the V8 proteinase 1is

thus particularly suitable for i1investigating cleavage

products of caspases, because a corresponding mutant

has a high affinity for cleavage products having a

C-terminal aspartic acid residue.

(0024] The invention further encompasses an
enzymatically 1nactive mutant of a protease, the
substrate specificity being retained 1in the case of
this mutant. Particular preference is given in this

connection to a corresponding mutant of a serine

protease, especially of a V8 proteinase, for example of
a V8 proteinase from Staphylococcus aureus. Such a
mutant can be employed with great advantage 1in the

described method according to the invention. Reference

1s made to the above description concerning further

features of this mutant.

10025] In a particularly preferred embodiment of this
mutant, 1t 1s the V8 proteinase mentioned, for example
from Staphylococcus aureus, in which serine at position

237 1s modified, exchanged or deleted. The serine at

this position 1s preferably replaced by another amino

acid, 1n particular by alanine. The serine to alanine

exchange at position 237 preferably takes place in this
case by a thymine to guanine base exchange at position
712. The serine at position 237 1s the critical serine
in the active center of the proteinase. An alteration
at this site causes destruction of the catalytic, 1.e.

hydrolytic, activity, with retention of the substrate

specificity.

[0026] The mutant of the invention can be prepared by
chemical modification of the protease. However, it is

particularly preferred for the mutant to be prepared by
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molecular biological methods.

[0027] The enzymatically inactive mutant of the
invention may be characterized in that i1t has at least
part of the amino acid sequence shown in SEQ ID No. 1.
The 1nvention further encompasses a corresponding
mutant which 1s at least 70%, 1n particular at least
90% and preterably at least 99%, i1dentical to the amino
aclid sequence shown 1n SEQ ID No. 1 or to one or more
parts thereof. Included herein 1n particular are

mutants which have the part or the parts of the amino

acid sequence shown 1n SEQ ID No. 1 which are
responsible for the substrate specificity. The

invention also additionally encompasses those mutants

which have such similarities with sequences of this

type that they still bring about an appropriate

substrate specificity 1n the sense according to the

invention.

[0028] In a further preferred embodiment of this
aspect of the invention, the enzymatically inactive
mutant 1s further characterized in that it 1s present

1n 1mmobilized form. Reference i1s made to the above

description i1n this regard too.

[0029] The 1nvention further encompasses a nucleotide

sequence which codes for an enzymatically i1nactive

mutant of a protease whose substrate specificity is

-

retained. Reference 1s made to the above description

concerning the further features of the protease encoded
by this nucleotide sequence. The nucleotide sequence of
the 1nvention 1s characterized 1n particular in that it
comprises at least part of the nucleotide sequence
shown in SEQ ID No. 2. Particular preference is given
in this connection to the parts of the nucleotide

sequence which code for the region of the protease

which are crucial for the substrate specificity.

[0030] The invention further encompasses the use of an
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enzymatically 1nactive mutant of a protease whose
substrate specificity i1s retained as affinity material
in a method for the enrichment, 1isolation and/or
identification of cleavage products of at least onmne
enzyme, where at least one cleavage product of the
protease and at least one cleavage product of the
enzyme have at least one structural similarity.
Reference 1is made to the above description concerning

further features of this wuse according to the

invention.
0031] Finally, the invention encompasses an affinity
matrix for the enrichment, i1solation and/or

identification of enzymatic cleavage products.

[0032] This affinity matrix comprises an 1mmobilized,
enzymatically i1nactive mutant of a protease with
retention of its substrate specificity. Reference 1s
made to the above description in this regard too. This

affinity matrix of the invention can be employed as

universal tool for investigations 1n the proteomic

sector and 1n degradomics research. It can be used for

example to 1investigate changes 1n activity of whole

enzyme families such as, for example, the caspases

under various conditions.

[0033] The affinity matrix can for example be emplovyed
as simple column chromatography matrix comparable to a
customary affinity chromatography. Loading of the
sample to Dbe investigated, and one or more washing
steps can be followed by the cleavage products to be
investigated being eluted, for example by changing the

buffer conditions, and subsequently analyzed. The

aling,

analysis can be carried out for example with a

customary two-dimensional polyacrylamide gel electro-
phoresis. It 1s possible with such a method to obtain
in a few steps results which provide i1information about
enzymatic activities. It 1s additionally possible also

to characterize and/or identify substrates and products
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of enzymes, especially of proteinases. The method of
the i1nvention provides an effective tool for enriching
or purifyving selectively specific classes of proteins
or peptides which are of great interest 1n particular
5 for proteomic research. Such a group-specific affinity
tool opens up the possibility of drawing up profiles of
proteins on the basis of their activity. It 1s possible
thereby to investigate changes in the functional status
of enzymes even when the quantitative 1level of the
10 enzyme remains constant. It would further be possible
with the aid of the invention to undertake
investigations of the activity of inhibitors which

influence wvarious members of an enzyme family, for

example the caspases. It 1s possible for this purpose

15 to treat for:- example the i1ntact cell or a cell extract

with a potential inhibitor 1in order subsequently to
analyze the activity of the enzyme family according to

the invention in the manner described above.

[0034] Further features are evident from the examples
20 1n conjunction with the figures and the dependent
claims. It 1s possible 1n this connection for the

various features to be 1mplemented each alone or in

combination with one another.

[0035] The figures show:

25 [0036] Fig. 1 Diagrammatic representation of the
construction of Ser237Ala-V8A4S.

10037] Fig. 2 Expression of the anhydro mutant of
the V8 proteinase. The protein samples
wer'e fractionated on a 12% SDS

30 polyacrylamide gel (SDS-PAGE) using a
discontinuous buffer. The staining
took place with Coomassie brilliant
blue R-250. 1: complete cell lysate,

2: flow-through, 3: elution, 4: marker

35 proteins.
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Enzymatic activities of the wild type
and the anhydro mutant of the VS8

proteinase. The proteinase activity

was measured at 30°C in 0.1 M Tris-HCl
PH 7.8, 0.01 M CaCl, with 0.4%
universal protease substrate (Roche)
1in a volume of 0.2 ml. The activity
was determined by measuring the
absorption at 574 nm with a spectro-
photometer for a time period of
10 min. The proteinase concentration

was 1 ug/ul i1n each case.

Mass spectrometric measurement (MALDI-
TOF) of the peptides eluted from the
anhydro-V8-agarose. The Ni-NTA-agarose
beads were loaded with Ser2372ala-V8A48
in 50 mM Tris-HC1l, 300 mM NaCl, 1%
CHAPS at pH 7.4. The neurotropic
factor for retinal cholinergic
neurones and [Cys(Bz)84, Glu (OBz)®%°] -
CD;s(81-92) were 1incubated with the
loaded agarose. The agarose was washed
and eluted with 200 mM acetic acid.
The samples were 1lyophilized 1n a
Speed Vac and used for the MALDI

analysis. Spectrum 1: eluate of the

neurotropic tactor for retinal
cholinergic  neurones, spectrum  2:
eluate of Cysl (Bz) o4 Glu (OBz)®°] -
CDs(81-92) .

Two-dimensional polyacrylamide gel

electrophoresis of the eluate from the

anhydro-V8-agarose. Readystrip IPG
strips (pH 5-8) were loaded with 40 ug
of cell extract. The 1soelectric

focusing (IEF) was carried out with up

to 70 kVh. The SDS-PAGE was carried
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out with 11% polyacrylamide gels
(70 x 70 x 1.0 mm) with constant
current (40 mA) at 11°C. The second
dimension was carried out until the
bromophenol blue front reached the end
of the gel. The gels were stained with
silver nitrate. The left-hand gel
shows the control, and the right-hand
gel shows the fractionated cell

extract of the cells with induced

apoptosis.

Two-dimensional polyvacrylamide gel of
the fractionated cell extract of the
cells with 1induced apoptosis, where
the protein spots differing from the

control gel (see fig. 5) are marked

wlith numbers.

Database comparison of mass spectro-

metric results of various spots from a

two-dimensional polyacrylamide gel of

cell extract from cells with 1induced

apoptosis (see fig. 6).

Amino acid (A) and nucleotide
sequences (B) and (C) of the 6xHis-
Ser237Ala-VB8A48 mutant. (A) shows the
amino acid seqgquence of the mutant
including the 6xHis linker (SEQ 1ID
No. 1). (B) depicts the coding
nucleotide sequence including the
6xHis linker and the stop codon from
the wvector pQE9 (SEQ ID No. 2). (C)
lists the nucleotide seguence which
was used as 1insert for cloning into
the wvector pQES (SEQ ID No. 3). 1In
(A), 6xHis 1s shown 1n italics, and

the alanine mutation 1s shown bold and
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underlined. In (B) and (C), the
restriction cleavage sites (BamHI and
HindIII) are shown in italics, and the

point mutation

(t to g) 1s shown bold

and underlined.

Overview of the sequence listing

SEQ ID No. 1
SEQ ID No. Z
SEQ ID No. 3
SEQ ID No. 4
SEQ ID No. 5
SEQ ID No. ©
SEQ ID No. 7
EXAMPLES

1. Methods
1.1

10044 ]

cultivated in LB medium at 37°C overnight.

Staphylococcus

Amino acid sequence of the 6xHis-
Ser237A1la-V8A48 mutant
Coding nucleotide sequence 1ncluding

6xHis linker and stop codon

Nucleotide sequence insert for cloning
into the vector pQES

Cloning primer PF1

Cloning primer PR1

Cloning primer PF2

Cloning primer PRZ

Cloning of the V8A48 protease

aureus (ATCC

25923)

Genomic DNA

was

was purified with the RNA/DNA QIAGEN minikit starting

from 1 ml of culture.

(PCR)

NoO.

the

according
Biotechnol.

4)

was
and PR1
PfuTurbo®
Co
44,

protease)

carried out with the primers PF1l
(SEQ ID No. 5)
DNA polymerase.

was

The polymerase chain reaction

(SEQ ID
(table 1), a 4ANTP mix and

Through these primers

Yabuta et al. (Appl. Microbiol.
118-125 (1995)), a sequence which codes
for amino acids 1 to 663 of the V8 protease (V8B8A48
amplified. The amplification products
were fractionated by electrophoresis on a 1.2% agarose

gel and stained with ethidium bromide.

The resulting

PCR products were purified, double-digested with BamHI

and HindIITI,
result 1n the plasmid pUC18-V8A48.

and ligated

1nto the wvector pUCl8 to

The ligation mixture
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was used to transfect Escherichia coli DHS5aq

(competent

cells). All the produced clones were checked by DNA
sequencing.
Table 1l: Sequences of the primers used for the cloning
and the mutagenesis of the anhydro-V8-proteinase.

Primer sequence Restr. [Mutation

- Sites o

iClonilng primers
. — ; .
|PF1 |5'~CGCGGATCCGTTATATTACCAAATAACGAT-3'  |BamHI |na
|PR1 |5’ -CCCAAGCTTTTGGTCATCGTTGGCAAAATGG-3' |HindIII |na
ﬁPrimers for site-directedﬂmupaggge§is o
PF2 |5’ -AGTACAACTGGTGGTAACGCAGGTTCACCTGTA-3" |na |Ser=Ala
IPR2 5' -TACAGGTGAACCTGCGTTACCACCAGTTGTACT-3 " |na Ser=Ala

T -

SER—.

l.2. Site-directed mutagenesis and subcloning into the
vector pQES

[0045] The site-directed mutagenesis of V8A48 was

carried out using the QuikChange® XL, site-directed

-ﬁutagenesis kit and the plasmid pUC 18-V8A48. The

mutation from serine (Ser) 237 to alanine (Ala) was

achieved using the primers PF2 (SEQ ID No. 6) and PR2

(SEQ ID No.

sequenced.

7) (table 1).

Positive

BamHI and HindIII and ligated into

vector pPQREYS to result
V8A48.

1.3.

from E. coli

[0046]

transfected

The

competent E. coli strailn

with the

transfected

plasmid

wilith the

Freshly cells

cultivated i1n 100 ml of LB
1l pug/ml ampicillin at 37°C.

(absorption at A = 660 nm),

protein

(Luria Bertani)

the

BL21 (DE3)

POQES-Ser237A1a-V8A4S8.
plasmid

expression

The vectors were isolated and

clones were double-digested with

expression
1in the plasmid pQES-Ser237Ala-

Expression and purification of the V8 protease

was

were

medium with
At a cell density of 0.6

was
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induced by adding isopropyl thiogalactoside to a final
concentration of 1 mM. After incubation for a further
3 h, the cells were harvested by centrifugation and
suspended in 2 ml of 1lysis buffer (50 mM Trais-HCI,
300 mM NaCl, 1% CHAPS, pH 7.4). The cells were lysed by
adding 0.1 ml of a solution containing Jlysozyme
(20 mg/ml). The mixtures were 1incubated at 37°C for
30 min and sonified for complete cell disruption.
Incubation of the solutions was followed by
centrifugation at 15 000 x g for 20 min. The super-
natant was used further, and the pellet was discarded.

A sample of 8 ul was taken from each supernatant for an

SDS gel analysis.

[0047] Ni-NTA agarose Dbeads were packed into 0.5 ml
columns and loaded with the supernatant. The columns
were washed with 5 column volume of lysis buffer and

5 column volume of lysis buffer with 20 mM 1midazole.

The bound protein was eluted with elution buffer (50 mM
Tris-HCl, 300 mM NaCl, 1% CHAPS, 400 mM 1imidazole,
pH 7.4). The proteln content was determined by the BCA
method with Dbovine serum albumin as calibration
standard. The eluted fractions were analyzed by the
Laemmli method on a 12% SDS-PAGE with discontinuous
buffer. Staining took place with Coomassie brilliant
blue R-250. The purified enzyme fractions were combined
and desalted using NAP-5 gel filtration columns. The
NAP-5 columns were equilibrated before use with 50 mM
Tris-HCl, 1% CHAPS, 10% glycerol, pH 7.4. The samples

were stored at -20°C until used further.

1.4. Enzyme activity assay

[0048] The V8 protease activity was measured at 30°C
in 0.1 M Tris-HCl, pH 7.8, 0.01 M CaCl, with 0.4%
universal protease substrate (Roche) 1n a volume of

0.2 ml. The activity of the enzyme was determined by

observing the absorption at 574 nm over a period of

10 main.
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1.5. Binding of N-Asp and N-Glu-peptides to the
immobilized Ser237Ala-V8A48 protease

[0049] The Ni-NTA-agarose beads (20 pl) were loaded
with 20 ug of Ser237Ala-V8A48 in 50 mM Tris-HCl, 300 mM
NaCl, 1% CHAPS, pH 7.4. The agarose beads were washed
with 2 x 200 pul of 0.1 M acetic acid and then 3 x 1 ml
of 50 mM Na phosphate, 300 mM NaCl, 1% CHAPS, pH 7.2.
Neurotropic factor for retinal cholinergic neurons and
[Cys (Bz)®, Glu(OBz)®]1-CD4(81-92), in each case 20 ul of
a 1 mg/ml solution of each peptide in the same buffer,
were incubated with the loaded agarose beads, shaking
constantly at room temperature for 20 min. [Cys(Bz)“,
Glu(OBz)®%°]1-CD;(81-92) is the short amino acid sequence
AA81-92 of the CD4 protein which 1s derivatized at
position 84 (Cys) with Bz and at position 85 (Glu) with
OBz. The beads were washed three times with 500 ul of
ice-cold buffer each time and 500 ul of 20 mM NHyHCOs,
pH 8.4 each time, and eluted with 20 pul of 200 mM
acetic acid. The samples were 1lyophilized 1n a Speed
Vac and used for the mass spectrometric analysis
(MALDI-TOF) .

1.6. Cell culture

[0050] The NRK-49F rat kidney fibroplast cell line was
cultivated in Dulbecco’s modified Eagle’s medium (Ham’s
F12 nutrient mix with 10% fetal calf serum (FCS), 1%
antibiotics-antimycotics (100 X solution with
10 000 U/ml penicillin G, 10 mg/ml streptomycin and
25 pl/ml amphotericin B) 1in a humidified atmosphere
with 5% CO, at 37°C. The cells were cultivated in 10 cm
culture dishes to subconfluence and split in the ratio
1:5 using trypsin-EDTA. For all experiments, 80%
confluent NRK-49F cells were rested by incubating in
corresponding medium with 0.5% FCS for 24-48 h. The
cells were stored by freezing in 90% FCS, 10% DMSO in
liguid nitrogen.
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1.7. Induction of apoptosis and preparation of the

cell extract

[0051] Apoptosis was induced i1n 80% confluent cells by
adding 1 M hydrogen peroxide to a final concentration
of 1 mM. Control cells were incubated without hydrogen
peroxide for a corresponding period. The cells were
lysed in hypotonic buffer (10 mM Na phosphate, pH 7.2,
1% Triton X-100, 1X complete protease 1nhibitors) and
the insoluble cell detritus was removed by
centrifugation at 10 000 x g for 20 min. 5 M NaCl was
added to the supernatant to achieve a final
concentration of 300 mM. The samples obtained in this
way were Jloaded onto 100 pul packed Ni-NTA-agarose
columns which were loaded with Ser237Ala-V8A48 protease
as described above. The beads were washed 3 x with 2 ml
of ice-cold buffer with 300 mM NaCl, and eluted waith
100 ul of 1% SDS in 10 mM Tris-HCl, pH 7.4, 300 mM NaCl
at 80°C for 5 min. The salts were removed using
millipore BIOMAX 5K ultrafiltration membrane devices,

and the samples were diluted in electrophoresis sample
butfer.

1.8. Two-dimensional gel electrophoresis

[0052] Ready-to-use Readystrip IPG strips (pH 5-8)
from Bio-Rad were rehydrogenated with 50 ul of cell
extract overnight. The isoelectric focusing was carried
out up to a total of 70 kVvh. Before the §SDS gel
electrophoresis, the IPG strips were 1incubated 1in a
solution of 20 mg/ml of dithiothreitol (DTT) 1n
equilibration buffer for 20 min and then put into a
solution of 45 mg/ml iodoacetamide 1n the same buffer

for 20 min. SDS-PAGE was carried out using an 11%

polyacrylamide gel (70 x 70 x 1.0 mm) at a constant
current of 40 mA at 11°C. The second dimension was
carried out until the Dbromophenol blue front had
reached the end of the gel. The gels were stalned with

silver by the method of Shevchenko et al. (Anal. Chem.
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68, 850-858 (1996)).

1.9. Sample preparation for the MALDI-TOF mass
spectrometry

[0053] In order to obtain mass spectrometric peptide
maps of the proteins, 0.5 pul aliquots of the generated
cleavage products were distributed on the sample
carrier, and 0.5 ul of a solution of a-cyano-4-hydroxy-
cinnamic acid 1n 35% acetonitrile/0.1% trifluoroacetic

acid was added.

1.10. MALDI-TOF mass spectrometry

[0054] The samples were analyzed in an Autoflex MALDI-
TOF mass spectrometer (Bruker, Germany). All the
S
Typically, the first 10 shots of a new spot were

i

actra were recorded 1n a positive i1on reflector mode.

discarded, and the next 200 shots were recorded.

1.11. Calibration of the MALDI-TOF spectra

100551 The external standards used for calibration
were human angiotensin I and II, adrenocorticotropic
hormone, [Glu] -fibrinopeptide B, rennin  substrate
tetradecapeptide and the insulin B chain. The amount of

each peptide was 0.25 pmol per spot.

2 Results

[0056] The coding regions of the V8A48 protease were
amplified by a polymerase chain reaction using the
genomic DNA from S. aureus by the method of Yabuta
et al. The resulting product was ligated +wvia the
BamHI/HindIII restriction sites into the plasmid pUC1S8.
It was shown Dby double-stranded sequencing that the

coding region is identical to the sequence described in

earlier studies.

(0057] A site-directed mutagenesis was employed to



10

15

20

25

30

35

CA 02524680 2005-11-02

- 21 -

produce a Ser-237 to Ala mutation (T712>G) in the pUC18

plasmid having the V8 protease gene. This step was
checked by DNA sequencing. The identified colony which
harbored this mutation was cultivated in LB medium, and
th

with BamHI and HindIII. The resulting Ser237Ala-V8A48

e

e corresponding plasmid was isolated and digested

gene was subcloned into the expression vector pQE9 by

use of the BamHI/HindIII restriction sites and used to
transfect E. coli BL21 (DE3).

[0058] The mutant Ser2372A1a-V8A48 with an N-terminal
histidine tag (fig. 1) was successfully expressed in
E. coli BL21 (DE3) on use of isopropyl B-D-thiogalacto-
pyranoside at 37°C for 3 h. Ni-NTA agarose columns were
employed to purify the mutant. The protein fractions
containing Ser237A1a-V8A48 were desalted as soon as
possible after the purification by NAPS columns which
were equilibrated with 25 mM Tris-HCl, pH 7.4, 1%
Triton X-100 and 100 mM NaCl. The purity of the enzyme
was 1nvestigated by SDS-PAGE, with a single band of
26 kDA with a purity of more than 95% being observed
(fig. 2). Almost the whole amount of the V8A48

protelnase mutant was expressed as soluble protein,
which could be purified in a single step by use of Ni-

NTA agarose affinity columns.

[0059] The expressed purified protein showed no
proteolytic activity. The wild type of the V8

proteinase was employed as positive control in the same

mixture (fig. 3).

[0060] The neurotropic factor for retinal cholinergic
neurons and [Cys(Bz)°%, Glu(OBz)%°]-CD;(81-92) were used
to test the binding properties of Ser2372la-V8A48 for
peptides having aspartic acid or glutamic acid at the
C-terminal end. The mutant immobilized on Ni-NTA-
agarose beads was incubated with each of the peptides
and, after washing the beads, the bound peptides were

eluted with 200 mM acetic acid. Both peptides were
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detected 11n the eluates by MALDI-TOF (f1g. 4).
Callibration peptides were employed for the MALDI-TOF

mass spectrometry as a check of this experiment. No
signals were detected in the MALDI-TOF spectrum with
these control peptides. In order to test the binding
properties of this novel affinity material for cleavage
products of caspases, once again purified Ser237Ala-
V8A48 immobilized on Ni-NTA-agarose was used. Apoptosis
was induced 1n NRK-49F cells by using hydrogen peroxide
for this experiment. After isolation, the proteins and
peptides were put onto the Ni-NTA-agarose with
Ser237A1a-V8A48. After washing the unbound material,
the bound peptides were eluted with an SDS solution at
an elevated temperature. Non-apoptotic NRK-49F cells
were used as a check o0of this experiment. Both samples
were analyzed by 2D PAGE, with marked differences being
observable 1in the protein and peptide patterns
(fig. 5). Many of the protein spots 1in fig. 5 were
observable both 1n the control and i1in the gel of the
apoptotic cell extract. The reason for this is that all

the proteins having aspartic acid or glutamic acid at

the C-terminal end were bound by the affinity material.

All these proteins can be regarded as background. The

protein spots observable only in the gel of the

apoptotic cell extract are the cleavage products

attributable to a caspase activity.

[0061] To identify the cleavage products attributable
to a caspase activity, corresponding spots on the two-
dimensional gel were marked (fig. 6) and cut out of the
gel. The proteins or peptides were obtained from the
gel by tryptic digestion. The resulting fragments were
subjected to a MALDI-TOF mass spectrometry (Vogt
et al., 2003. Rapid communications in mass spectrometry
17: 1273-1282). The masses found were compared with
data from a database (fig. 7) and, in this way, the
proteins from the two-dimensional gel were identified.
This revealed that the protein labeled as spot 5 in
fig. 6 1is P-tubulin, the protein labeled as spot 8 1is
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B-actin, and the protein labeled as spot 16 1is
nucleoside-diphosphate kinase (nm23). These proteins

are described as caspase substrates in the literature
(e.g. J. Urol. 2003 May; 169 (5): 1729-1734; J. Neuro-
science 2003 Mar. 1; 23 (5): 1742-1749; J. Neuroscience
Research 2002 Oct. 15: 70 (2) : 180-189; J. Comp.
Neurol. 2002 Oct. 7; 452 (1l): 65-79; J. Comp. Neurol.
2000 Aug. 28; 424 (3): 476-488; Brain Res. Mol. Brailn
Res. 2000 Jan. 10; 75 (1): 143-149; Cell 2003 Mar. 7;
112 (5): 659-672; Cell 2003 Mar. 7; 112 (5): 5895-591;

Blood 2003 Apr. 15; 101 (8): 3212-3219). The protein

labeled as spot 3 was 1i1identified as fy-actin (Euxr. J.
Biochem. 2003 Jan.; 270 (2): 342-349; Arch. Dermatol.
Res. 2001 Jun.; 293 (6): 283-290; Mol. Endocrinol. 1991
Oct.; 5 (10): 1381-1388). This protein shows great
homology with P-actin, so that it can be assumed that

y-actln 1s likewlise a caspase substrate.
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Sequence listing

<110§:'B;6te08ys AG

<120> FEnrichment of enzymatic cleavage products

<130> P 42 770 WO

<le0> 7

<170> Patentln version 3.1

<210> 1

<211> 235

<212> PRT

<213> Artificial

<400> 1

Met Arg Gly Ser His His His His His His Gly Ser Val Ile Leu Pro

1 S 10 15

Asn Asn Asp Arg His Gln Ile Thr Asp Thr Thr Asn Gly His Tyr Ala
20 25 30

Pro Val Thr Tyr Ile Gln Val Glu Ala Pro Thr Gly Thr Phe Ile Ala

35 40 45
Ser Gly Val Val Val Gly Lys Asp Thr Leu Leu Thr Asn Lys His Val
30 55 60

Val Asp Ala Thr His Gly Asp Pro His Ala Leu Lys Ala Phe Pro Ser

65 70 75 80

Ala Ile Asn Gln Asp Asn Tyr Pro Asn Gly Gly Phe Thr 2Ala Glu Gln

85 90 95

Ile Thr Lys Tyr Ser Gly Glu Gly Asp Leu Ala Ile Val Lys Phe Ser

100 105 110 |
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Asn Lys His Ile Gly Glu Val val Lys Pro Ala
120 125

Pro‘A§h Glu

Gln
ﬂ \115 '

Thr

'Aén Thr Gln

135

Val Asn Gln Asn

140

Met Ser Ile Thr Val

Asn Ala Glu
130 '

Thr

Gly Tyx
145

Lys lle

Thr Gly

Ile Gly

Pxo

Thr

Gly

Ile

Gly

Asn
180

Asp

Leﬁ
165

Ala

Trp

Lys Pro Val
150

Lys Gly Glu

Gly Ser Pro

Ala

Ala

Val
185

Pro

Thr Met

Met
170

155

Gln

Phe Asn

Asn Glu

195

Phe Ile
210

Ile His
225

<210> 2
- <211> 708
<212> DNA

<213>

<400> 2
atgagaggat

caccaaatca

gcacctactg

aataaacacqg
gcaattaace
tcaggcgaag
ggtgaagtag
attactgtaa
aaaatcactt

gcaggttcac

Asn

Phe

His
Glu

Asn

Ala Asn

Gly Gly Val

200

Val Arg Asn

215

Asp Asp Gln

230

Artificial

cgcatcacca
cagatacaac
gtacatttat
tcgtagatgce
aagacaatta
gtgatttagce
ttaaaccagce
caggatatcc
acctcaaagg

ctgtatttaa

tcaccatcac
gaatggteat
tgcttceggt
tacgcacggt
tccaaatggt
aatagttaaa
aacaatgagt
tggtgataaa
cgaagctatg

tgaaaaaaat

Phe

Lys

Leu Lys

Leu Asn
235

ggatccgtta
tatgcaccecceg
gtagttgtag
gatcctcatg
ggtttcactg
ttctcececta
aataatgctg
cctgtagceaa

caatatgatt

gaagtgatcg

Trp

Tyr

Glu

Phe
205

Gln
220

tattaccgaa
taacttatat
gtaaagatac
ctttaaaagc
ctgaacaaat
atgagcaaaa
aaacacaagt
caatgtggga
taagtacaac

gaattcattg

Glu Ser Lys

Asp Leu Ser

Lys Asn Glu
190

Asn Gly Ala

Asn Ile Glu

Gly
160

Thr
175

val

Val

Asp

taacgatcgt
tcaagttgaa
tcttttaaca
attcectict
cactaaatat
caaacatatt
taaccaaaat
aagtaaagga

tggtggtaac

gggcggtgta

60

120

180

240

300

360

420

480

540

600
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ccaaatgaat ttaatggtgc ggtatttatt aatgaaaatg tacgcaactt cttaaaacaa

aatattgaag atatccattt tgccaacgat gaccaaaagc ttaattaa

<210> 3
211> 6172
<212> DNA

<213> Artificial

<400> 3
ggatcegtta

tatgcacceyg
gtagttgtag

gatcctcatg
ggckticactg
ttctececeta
aataatgctg
cctgtagcaa
caatatgatt
gaagtgatcg
aatgaaaatg

gaccaaaagc

<210> {§
<211> 30

<212> DNA

<213>

<220>
<221>
<222>

<223>

<4Q0> 4

(1) .

tattaccgaa
taacttatat
gtaaagatac
ctttaaaagce
ctgaacaaat
atgagcaaaa
aaacacaagt
caatgtggga
taagtacaac
gaattcattg
tacgcaactt

tt

Artificial

. {30)

taacgatcgt
tcaagttgaa
tcttttaaba
attecccttet
cactazatat
caaacatatt

taaccaaaat
aagtaaagga
tggtggtaac

gggcggtgta

cttaaaacan

Clconing praimer - PFl

caccaaateca
gcacctactg
aataaacacg
gcaattaacce
tcaggcgaag
ggtgaagtag
attactgtaa
aaaatcactt
gcaggttecac
ccaaatgaat

aatattgaag

cagatacaac
gtacatttat
tcgtagatge
aagacaatta
gtgarttagc
ttaaaccagc
caggatatcc
acctcaaagg
ctgtatttaa
ttaatggtge

atatcecattt

gaatggtcat
tgctteecggt
tacgcacggt
tccaaatggt
aatagttaaa
aacaatgagt
tggtgataasza
cgaagctatg
tgaaaaaaat
ggtatttatt

tgccaacgat

660

708

60
120
180
240
300
360
420
480
540
€00
660

672
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cgcggatceg ttatattace asataacgat 30
<210>;;5 t |
<211}i_§1i
<212> DNA

<213> Artificial

<220>

<221> Cloning primer - PR1
<222> ({1)..(31})"

<223>

<400> 5
cccaagcttt tggtcatcgt tggcaaaatg g 31

<210> 6
<211> 33-
<212> DNA

<213> Artificaial

} <220>

<221> Cloning primer - PF2
<222> (1)..(33)

<223>

<400> 6
agtacaactg gtggtaacgc aggttcacct gta 33

<210> 7
<211> 33
<212> DHA

<213> MArtificial

<220>
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<Z221> Cloning primer - PR2

<222> (1)..(33)

<223>

<400> 7

tacaggtgaa cctgegttac caccagttgt act
33
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GEANDERTE ANSPRUCHE
[beim Internationalen Biiro am 02 Februar 2005 (02.02.05) eingegangen,
urspriinglicher Anspriiche 13-15, 17 geloscht, Anspriiche 2, 4, 7-12 unveréndert; Anspriiche
1,3,5,613,21, 23, 25 gedndert und neu numeriert.]

1. Verfahren zur Anreicherung, Isolierung und/oder ldentifizierung
von Spaliprodukten mindestens eines Enzyms, namlich mindes-
5 tens einer Caspase, aus einer Probe unter Verwendung einer en-
zymatisch inakiiven Mutante einer V8-Proteinase unter Beibehalt
der Substratspezifitat als Affinitatsmaterial, wobei mindestens ein
Spaliprodukt der Protease und mindestens ein Spaltprodukt des
Enzyms mindestens eine strukturelle Ahnlichkeit aufweisen, um-
10 - fassend die Schritte
- Inkubieren der Probe mit der enzymatisch inaktiven Mutante
zur Ausbildung von Wechselwirkungen zwischen maglichen
Spaltprodukten des Enzyms in der Probe und der Mutante,
- Entfernen von nicht-wechselwirkendem Material,
15 - gegebenenfalls Abtrennung der wechselwirkenden Spali-
produkie von der Mutante,
- gegebenenfalls Analyse der Spaliprodukie.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daf3 das
20 Enzym eine Protease ist, wobei das Enzym eine andere Protease
als die Protease ist, deren enzymatisch inaktive Mutanie verwen-

det wird.

3. Verfahren nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

25 zeichnet, daB als strukturelle Ahnlichkeit mindestens ein Spaltpro-

dukt der V8-Proteinase mindesiens eine gleiche terminale Amino-

sdure wie mindestens ein Spaliprodukt des Enzyms aufweist, ins-
besondere eine gleiche C-terminale Aminosaure.

30 4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dai die C-
terminale Aminosaure Glutaminsaure und/oder Asparaginsaure
ISt.

33
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5. Verfahren nach einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dal3 die enzymatisch inaktive Mutanie der V8-
Proteinase eine Veranderung im akiiven Zentrum tragt.

5 6. Verfahren nach einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, daf3 die V8-Proteinase eine Serin-Protease ist.

7. Verfahren nach einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, daB die enzymatisch inaktive Mutante eine An-
10 hydro-Mutante ist.

8. Veriahren nach einem der vorhergehenden Ansprﬂche, Insheson-
dere nach einem der Anspriiche 5 bis 7, dadurch gekennzeichnet,
dal3 die Mutante einen Austausch von Serin durch Alanin aufweist.

15

9. Verfahren nach einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dal3 die enzymatisch inaktive Mutanie immobili-
siert ist.

20 10. Verfahren nach einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dal die Analyse mit Polyacrylamidgelelekiropho-
rese, insbesondere mit eindimensionaler und/oder zweidimensio-
naler Polyacrylamidgelelekirophorese, und/oder Massenspekiro-
metrie durchgefihrt wird.

25

11. Verfahren nach einem der vorhergehenden Anspriche, insbeson-

dere nach Anspruch 10, dadurch gekennzeichnet, daB die Analyse
mindestens einen Chromatographieschritt umfat.

30 12. Verfahren nach einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, daf3 die Spaliprodukte im Verlauf des Verfahrens,

36
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insbesondere wahrend der Analyse, modifiziert, insbesondere ge-
spalten, vorzugsweise enzymatisch gespalien, werden. '

Enzymatisch inakiive Mutante einer V8-Proieinase, insbesondere
einer Serin-Protease, dadurch gekennzeichnet, dal? die Sub-

straispezifitat erhalten ist.

Mutante nach Anspruch 13, dadurch gekennzeichnet, daf3 sie eine
Veranderung im aktiven Zentrum tragt.

Mutante nach Anspruch 13 oder Anspruch 14, dadurch gekenn-
zeichnet, daf3 sie eine Anhydro-Mutante ist.

Mutante nach einem der Anspriiche 13 bis 15, insbesondere nach
Anspruch 14 oder Anspruch 15, dadurch gekennzeichnet, daB sie
einen Austausch von Serin durch Alanin aufweist.

Mutante nach einem der Anspriiche 13 bis 18, dadurch gekenn-
zeichnet, daf3 das Serin an Position 237 ausgetauscht ist.

Mutante nach einem der Anspriche 13 bis 17, dadurch gekenn-
zeichnet, daf sie zumindest einen Teil der Aminosiure-Sequenz
gemall SEQ ID No. 1 aufweist.

Mutante nach einem der Anspriiche 13 bis 18, dadurch gekenn-
zeichnet, daf3 sie eine Aminosauresequenz aufweist, die zumin-
dest zu 70 %, insbesondere zumindest zu 90 %, vorzugsweise
zumindest zu 992 % identisch mit zumindest einem Teil der Amino-
sauresequenz gemal SEQ iD No. 1 ist. k

Mutanie nach einem der Anspriiche 13 bis 19, dadurch gekenn-
zeichnet, daf3 sie immobilisiert ist.
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Nukleotidsequenz, die fiir eine enzymatisch inaktive Mutante einer

V8-Proteinase geméan einem der Anspriiche 13 bis 20 kodiert.

Nukleotidsequenz nach Anspruch 21, dadurch gekennzeichnet,
dalR sie zumindest einen Teil der Nukleotidsequenz gemal SEQ

ID No. 2 aufweist.

Verwendung einer enzymatisch inakiiven Mutante einer V8-
Proteinase geman einem der Anspriiche 13 bis 20 als Affinitats-
maierial in einem Verfahren zur Anreicherung, Isolierung und/oder
ldentifizierung von Spaltprodukien mindestens eines Enzyms,
namlich mindesiens einer Caspase, wobel mindestens ein Spali-
produkt der V8-Proteinase und mindestens ein Spaltprodukt des
Enzyms mindestens eine sirukturelle Ahnlichkeit aufweisen.

Verwendung nach Anspruch 23, dadurch gekennzeichnet, dal3 die
Verwendung mindestens ein Merkmal gemal3 einem der Anspru-

che 1 bis 12 aufweist,

Affinitatsmatrix zur Anreicherung, Isolierung und/oder ldentifizie-
rung von enzyrmatischen Spaltprodukten, umfassend eine immobi-
lisierte, enzymatisch inaklive Mutante einer V8-Proteinase unter
Beibehalt der Substratspezifitit gemalB einem der Anspriche 13

bis 20.
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A) Amino acid sequence of the 6 x His-Ser237Ala V8A48 mutant

MRGSHHHHHAGSVILPNNDRHQITDTINGHYAPVTYIQVEAPTGTFIASGVVVGKDT
LLTNKHVVDATHGDPHALKAFPSAINQDNYPNGGFTAEQITKYSGEGDLAIVKFSPN
EQNKHIGEVVKPATMSNNAETQVNOQNITVTGYPGDKPVATMWESKGKITYLK GEA

MQYDLSTTGGNAGSPVFNEKNEVIGIHWGGVPNEFNGA VFINENVRNFLKQNIEDIHF
ANDDQKLN

B) Coding nucleotide sequence including 6 x His linker and stop codon from the
vector pQE9:

atgagaggatcgecatcaccatcaccatcacggatcecegttatattaccgaataacgatcgtcaccaaatcacagat
acaacgaatggtcattatgcacccgtaacttatattcaagttgaagcacctactggtacatttattgctteeggt
gtagttgtaggtaaagatactpttttaacaaataaacacgtcgtagatqctacgcacqgtgatcctcatgcttta
aaagcattccctitctgecaattaaccaagacaattatccaaatggtggtttcactgectgaacaaatecactaaatat
tcaggcgaaggtgatttagcaatagttaaattctcccctaatgagcaaaacaaacatattggtgaagtagttaaa.
ccagcaacaatgagtaataatgetgaaacacaagttaaccaaaatattactgtaacaggatatectggtgataaa
cctgtagcaacaatgtgggaaagtaaaggaaaaatcacttacctcaaaggcgaagctatgcaataigatttaagt
acaactggtggtaaqgcaggttcacctgtatttaatgaaaaaaatgaagtgatcggaattca;tggggcggtgta

ccaaatgaatttaatggtgeoggtatttattaatgaaaatgtacgcaacticttaaaacaaaatattgaagatate
cattttgccaacgatgaccaaaagettaattaa

C) Nucleotide sequence insert for cloning into the vector pQE9:

ggatcegttatattaccgaataacgatcgtcaccaaatcacagatacaacgaatggtcattatgcaccegtaact
tatattcaagttgéagcacctactggtacatttattgcttccggtgtagttgtaggtaaagatactcttttaaca
aataaacacgtcgtagatgctacgcacggtgatcctcatgetttaaaagcattececttictgeaattaaccaagac
aattatccaaatggtggtttcactgcﬁgaacaaatcactaaatattcaggcgaaggtgatttagcaatagttaaa
ttctecectaatgagcaaaacaaacatattggtgaagtagttaaaccagecaacaatgagtaataatgectgaaaca
caagttaaccaaaatattactgtaacaggatatcctggtgataaacctgtagcaacaatgtgggasagtaaagga
aaaatcacttacctcaaaggcgaagctatgcaatatgatttaagtaéaactggtggtaaqgcaggttcacctgta
tttaatgaaaaaaatgaagtgatcggaattcattggggeggtgtaccaaatgaatttaatggtgeggtatttatt

aatgaaaatgtacgcaacttcttaaaacaaaatattgaagatatccattttgecaacgatgaccaaaagett
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