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Peptide Substrates for Determination of Protease Activity

Technical area

Protein-splitting enzymes, so-called proteases, have a
number of vital functions in the human body. Trypsin and
chymotrypsin are secreted fram the pancreas and are active
in the digestion process; elastases, kallikreins and
chathepsins of various kinds, as well as the enzymes of
the complement system, participate, among others, in
reactions caused by inflammatory and allergic conditions;
thrombin and factors IXa, Xa, XIa and XIIa are proteases
in the chain of reactions leading to the formation of
blood clots; endogenecus plasmin and exogeneous urokinase

are proteases causing lysis of blood clots, etc.

An assay of the level of such proteases is of great impor-
tance in many situations. Its makes possible the indirect

assay of proenzyme -levels by specific activation of such.

proenzyme, as well as the direct determination of the

amount of active enzymes and also the level of their

activators and inhibitors (as, for instance, plasminogen

activators via plasmin, factor VIII via FX, heparin and
anti-thrombin via Factor X of thrombin, az—antiplasmin via

plasmin streptokinase via plasminogen, etc.).

Such assays are required, of course, in examinations of

pathological conditions, but the determination of certain

~of these parameters is also of éreat importance in the

preparations for surgical and medicinal treatment. Further-
mare, the assay of protease activity is highly important
and of great interest to biochemical reasearch in view

of the many physioclogical functions performed by proteases.
Neither are the proteases concerned limited to only higher
mammals. Proteases isolated from microorganisms are used

in chemo-technical and food industry. One highly important

method for the assay of endotoxin is based on the ability
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of endotoxin to activate a protein isolated from certain
exotic crabs. The protease activity generated is propor-
tional to the quantity of endotoxin (the so-called Limulus
test).

Background

The established procedure for quantitative assay of
proteases is based either on immunological technigques or
reaction with some kind of substrate biclogical or

synthetic.

Immunological methods utilizing the antibody-antigen
reaction can, of course, be used with all proteases with
available specific antibodies. There are, however, two
important drawbacks - the method is time-consuming because
the result does not appear till after 1 - 24 hours, and it
is not sufficiently discriminative in so far as the protein
- functionally active ar not - reacts with its antibady as
long as the antigenic structure (the determinant) is intact.
Thus, the immonulogically assayable quantity of a protein
is equal to or larger than the quantity of functionally
active protein. The advantage of the method, however, is

its specificity and high sensitivity.

Examples of reactions with natural substrates used for
protein determination are: the reaction of thrombin with

fibrinogen in coagulation, the plasmin reaction with fibrin

“in fibrinolysis, and the elastase reaction with elastine.

Thus, the usual diagnostic methods used in the field of
coagulation are mostly based on the fact that plasma
samples are activated under standardized conditions and

the final reaction step is the reaction of thrombin with
Fibrinogen.AIn this procedure, fibrinogen is transferred to
insoluble fibrin, the forming of which is the final step of

the assay. Another example is the horseshoe crab haemocyte-
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lysate which coagulates after endotoxin activation of its
clotting enzyme (Limulus test of endotoxin).

:

Other methods for the determination of proteases use
biological proteins which are not in themselves natural

substrates for the protease in guestion. Examples: casein,

haemoglobin, gelatine and insulin.

The disadvantage of working with protein substrates is the
usually very limited sensitivity and lack of specificity
of these methods. Further, they are difficult to
standardize, are rather time-consuming and cannot easily

be automatized.

Synthetic, low-molecular weight substrates based on amino
acids or short peptides provided with a marker easily
determinable and.easily split by proteases have, in recent
years, considerably facilitated the methods for quantifti-
cation of proteases by.eliminating several of the above-

mentioned disadvantages.

‘These substrates - being organic synthetic chemicals - have

in common the quality of being easily standardized. Further,
there is the possibility of making these substrates more or
less specific for various types of proteases by a tactical
choice of the amino acid or amino acid sequence linked to
the marker. Thus, the choice of the suitable substrate
structure can be adapted to the actual demand. In addition,

- this kind of substrates permit the use of markers to be

liberated in the protease reaction and, thus, easily
quantified in an objective measuring equipment (spectro-

photometer, fluorimeter, radicacitivty counter).

Two types of derivatives have been utilized as substrates,
esters or amide derivatives of the markers. As a rule, the

ester substrates have proved to be maore easily split than
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the corresponding amide derivatives. At the same time,
howsver, splitting of ahide derivatives is a physiclogi-
cally and biochemically better madel.of the specific
function of proteases which is splifting of amide binaings.
In addition, the ability of a protease to split esters and
amides is in certain cases related to different reaction
centers within the molecule which means that, in such a
case, amide substrates are required in order to be able to

determine the physiological function.

Among the markers used in synthetic substrates of the

amide type according to the Foregoing,'derivativas of
p-nitroaniline (pNA) for photometric quantification and of
B-naphthylamin (8NA) as well as of Z2-amino-4-methylcoumarin
(MCA) for fluorometric quantification are the most commonly
used and described, according to information available from

the literature and accessible patent documents.

.Substrates with radicactive .-labelled markers are sporadi-

cally mentioned in the literature but, as the properties of
an intact substrate and a split-off marker do not differ in
regard to radioactivity, a separation step is required
before the assay. This complication, in addition to the
risk involved in the handling of radicactive material and
the problem of .-lack of stability of the substrate due to
the natural decompositions of the radicactive isotape
introduced in the substrate, has made this kind of

substrate useful only in very special instances.

Comprehensive studies have been carried out with synthetic
substrates - usually provided with pNA or MCA markers - in
order to establish structures which, with a limited number
of amino acids in the peptide part (usually 2 to 4),
provide an optimum of sensitivity and specificity for a

number of endo- and exogenic proteases important from the

-clinical point of view. It has been bound that the pNA- ar
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MCA marker, respectively, is of no decisive significance
to the general properties of the substrates, Thus, the
specificity profile of a substrate, that is, its relatlve
reactivity to various enzymes, is mainly governed by the
peptide structure. Further, the differences in Ky and kgat-
values do not give differences in substrate turnover rate
in terms of "moles substrate converted per time unit”
larger than usually about 10 times. If, furthermore, the
solubility of each substrate allows for substrate
concentration stronger than twice the Km-concenfration,
only kCat is essential. The differences mentioned in the
literature may, in certain cases, .also be explained by

different buffer systems and contents of organic solvents.

Thus, the capacity of each substrate for assaying low
levels or small amounts of a certain enzyme is primarily
determined by the possibility to determine low levels or
small volumes of each marker after its release from the

substfate.

The smallest content of MCA in pure aqueocus solutions

which can be determined photometrically or fluorimetri-
cally would be 106 M or 1079 M respectively. But as also
intact substrate in considerably higher condentration is
present in the solution in protease assays with chromogenic
and fluarogenic synthetic substrates, the sensitivity of
the methods is limited by the background effect supplied

by unsplit substrate - in particular when minute concen-

- trations of released marker are to be determined.

This difference is due to the fact that the properties of
the marker are not the same when it is free and when it is
acylated by an amino acid or a peptide. Whichever amino

acid or peptide forms the acyl group is of minor importance,
Thus, the difference between an MCA substrate and free MCA
is 500 to 700, that is, the fluorimeter reading is the same
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for 1,5 - 2 + 1077 M MCA as for a 1 + 107% M MCA substrate
solution (Zimmermann et al., Anal Biochem 70, 258 (1876),
ibid. 78, 47 (1877), Proc Natl Acad Sci USA 75, 750 (1978)-.
The linear response is said to be obtained for a 500-fold

concentration range.

The smallest determinable volume depends on the type of
appliance used but usually a volume of 0.5 to 3 ml is
required for the photo- and fluorometric methods - volumes
of less than 0.5 ml require special equipment for exact
aetermination because both types of marker require a
certain amount of radiation to give an exact measure of

the light quantity absorbed or emitted.

Description of the invention

The present invention relates to a new typ of marker for
the determination of protease activity. It is based an the
fact known per se that compounds of the cyclic diacylhydra-
zide type

0 Ry=H, R2=NH2% luminol (5-amino-2,3-
C.. dihydrophthalazin-1,4,dion)
NH.
,/&H R1=NH2, R2=H$ isoluminol (6-aminc-2,3-
I dihydrophthalazin-1,4~dion)

2 0

can be brought to emit light by addition of an oxidizer.
This is the phenomenon known as chemiluminescence (CL). The
special case when the reaction is being catalyzed by an
enzyme is referred to as bioluminescence (BL). Analytical
techniques such as photometry and fluoromeiry are based on
the changes caused by the samples on the incoming light.

CL uses chemical reactions causing excited conditions in

one or more of the reactants, recess to the ground state
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being followed by emission of light. In other words,
chemiluminescence is an emission process while photometfy
and fluorometry are based on the absorption process. A
summary on the subject relating to its application in
analytical biochemistry is given in Methods in
Enzymology, Vol. 57, ed. deluca, Acad Press, New York
1878, and relating to its use in clinical chemisiry in
Whitehead et al., Clin Chem 25, 1531 (1978), and Gorus

& Schram, ibid. 25, 512 (1979).

A number of analytical applications utilizing luminiscent
reactions have been documented. They are based on the prin-
ciple that either one of the reactants in the oxidation
reaction appears in a concentration so small that its level
determines the speed and thus becomes determinable (e.g.
ATP, NADH (BL), and HZO2 (CcL)), or that the substance to be
determined consumes or produces or in some other way is
linked to the reactants of the oxidation system to the
effect that its concentration indirectly limits the reac-
tion process (e.g. ADK, kreatine phosphate via ATP, malate,
and FMN via NADH, as well as glucose and haemoglobin via
HZDZ). Further, BL and CL have been used for immuncassays,
both direct by binding for instance, luminol or isoluminol
to an antibody or antigen as a marker, or by using a BL

catalysing enzyme or other co-factor in the same way.

The present invention is based partiy on- the observations
described in the experimental part, namely that acylated

~and non-acylated derivatives of isoluminaol and luminol

have quite different properties as regards the capacity
of emitting light under standard conditions for the
oxidation reaction, partly on %he fact that - iF the acyl
group consists of an amino acid or a peptide, or a
derivative of either - proteolytic enzymes can split such
compounds to the effect that isoluminol or lumingl is

released and can be measured by addition of excess of the

~uraTITUTE SHEET
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other reactants of the oxidation reaction. Thus, utilizing
the fact known per se that amino acid derivatives and
peptide derivatives containing 2 to 4 tactically chosen
amino acid residues have high affinity to a number of
important and well charagterized proteases, the present
invention shows a new type of substrates for the deter-
mination of the abovementioned type of proteases. These

substrates allow the gquantificaticn of very low concen-

~trations and small volumes in equipment technically less

complicated than spectrophotometers and fluorimeters.
Bue to the fact that such parameters as

type of buffer system,
reaction time,

-reaction temperature,
substrate concentraticn,

enzyme purity, etc.

all influence the definition of the lowest protease
activity (unit or quantity per test volume) assayabla with
a certain method, the sensitivity limit of the different

..methods is here defined by the quantity of free marker

- assayable in the presence of a certain concentration of

intact substrate. All such concentratiaon values refer to
the substrate-enzyme solution.

Depending on the dilution factor and type of oxidatien

- step, isoluminol and luminol in "pure” systems. are

assayable down to the concentration 3 - 10 . 10-10 and

10-11 - 109-10 p respectively. Due to the fact that the
substrates according to the present invention show
unexpected great difference in their light emission
capacity as compared with corresponding boncentrations
of free marker (usually 2,500 - 10,000) isocluminol, for

instance, is assayable in concentrations as low as

SUBSTITUTZ ZHIE
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1 - 10°9 M. There is linearity up to 107° M and, thus,
the assay area covers a 10 4 . fold concentration range.
The analyses only require 10 to 15 pl volume of a

substrate-enzyme solution.

~

The advantages of the compounds according to the invention

are

- the fact that, as distinguished from the MCA-marked
fluorogenic substrates which to-day are considered as
being highly sensitive, the compounds according to the
invention permit the determination of a change in

. concentration of 1 - 10—9 M of free marker in the
presence of 1 - 1074 M éubstrate, compared with
1+ 1077 MCA and 1 - 1079 pNA which fact know per se
means considerably increased sensitivity in the assay
of extremely low protease concentration with synthetic

substrates;

- the fact that these compounds permit assays within a
much wider concentration range: 1,000 to 10,000 times
for isoluminol, 500 to 700 times for MCA and 100 times
for pNA of free marker in the same appliance merely by

choosing a suitable area of sensitivity;

- the fact that theée compounds - as distinguished from
very easily split ester substrates - are amides and thus
reflect the catalytic function of the enzyme more truly
than is the case with an ester substrate. At the same
time, they are chemically more stable in neutral or
slightly basic environments than, are ester substrates

of the type p-nitrophenylester or umbelliferone;

- the fact ‘that these compounds as distinguished from
radicactive labelled substrates which to-day are

considered as being highly sensitive have the advantage

' BAD ORIGINAL @
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not only of the absence of radiocactivity and spontaneous
decomposition but alsc permit assays of the reaction
solution without previous separation step for the

isolation of-the reaction products:;

- the fact that these compounds as distinguished from
chromophore and fluorophore-marked substrates which
are in common use to-day permit determinations of minute
gquantities of substrate-enzyme soclution - of the size
10 to 50 pl - in standard appliances for luminescense
assays which latter also are technically less complicated
and thus less expensive than spectrophotometer and
fluorometer - all taken together resulting in lower
costs for analyses with regard both to reagent and

appliance;

- the fact that, as distinguished from, for instance,
fluorogenic compounds, the compounds according to the
invention generate markers less sensitive to deacti-
vating interference such as chemical quenching which,
among other things, is achieved by a dilution step

preceding the -oxidation step.

Experimental part

I. General specification

~When using substrates according to the invention, the

commenly used buffer systems for enzyme-substrate reactions
can be applied as, faor instance, tris, tris-imidazole,
phosphate, barbiturate, versnal or glycine buffer, with
suitable addition of base or acid and inorganic sal:s for
obtaining best possible conditions with regard to pH and

ionic strength for the reaction of enzyme with substrate.
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Following the  selected reaction time which usually is

0.5 to 10 minutes, the reaction is discontinued either

in all of the enzyme-substrate solution or in part of the
same by adding base or acid to obtain a change in pH
effective enough to stop the énzymatic hydrolysis of the

substrate.

Then the quantity of released CL-marker (luminol or iso-
luminol) is determined by adding suitable oxidizer and
measuring the thus emitted amount of light in a suitable
appliance. Due to the fact that the amount of released
marker is in linear proportion to the amount of enzyme,
and the light quantity emitted is in linear proportion to
the amount of CL-marker, the light quantity constitutes

the measure of protease gquantity (protease activity).
Adequate oxidation system are, for instance,

- aqueous solution of hydrogenperoxide (HZDZ) in the
presence of a catalyst of oxidation promoting compound,

such as

o various kinds of peroxidases, catalases and other
biological compounds which are derivatives of the
haemo group, for instance, microperoxidase,

o hematin,

2+ 2+ 3+

o several metal ions, for . instance, Cu™ , Co™ , Cr™ ,
2+ '
Fe® ,

o ferric cyanide ((K3Fe (CN)SJ-

- hypochlorite, persulphate, permanganate, periodate,

perborate,

- oxygen in the presence of suitable catalysts,

(BAR-DRIGINAL gj)
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- superoxides (K02) if the reaction determination is made
in an anhydric system.

Hydrogenperoxide plus hematin as well as hydrogenperoxide

plus microperoxidase or catalase have proved to be

particularly well suited as oxidation systems for the

determination of CL-marker from substrates of the present

inventiaon.

The light emission is pH dependent. Thus, the reactions
with hematin should be performed at a pH of 10 to 13,
and reactions with microperoxidase at pH 8 to 13 to

obtain the best possible results.

The substrate-enzyme reaction solution only being a -
limited portion of the CL determination reaction solution
gach reaction can be performed at its most favourable pH

value. '

Substrates according to the present invention can be used
with commercially available luminescence meters {(for
instance, LKB Luminometer 1250, Aminco Chem-GIow Photometer)
‘and also in equipment specially made for the purpose, as
long as this equipment comprises a light detector
(photomultiplier tube or photosensitive diode), amplifier
and signal converter, signal recorder unit (analogue or
digital "display”, printer or recorder) as well as a

camplete;y dark reaction chamber with facilities for

~direct test injection.

The speed of CL reactions varies. In the case of oxidatiaon
of isoluminol or luminol with H202 and catalyst or an
oxidation promoting compound, ‘light emissicn is a very
rapid and rather short-lived reaction which, in practice,
starts at the moment when the last reagent is placed in

the reaction vessel, that is, less than 2 seconds after

SUBSTITUTE SHEET
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that addition. The quantity of light‘is obtained either by

'integfation of the light intensity over a certain time

interval or - when, the process proceeds as fast as
mentioned in the example above - simply by measuring the

peak height of the recorded signal.

By comparison of the quantity of light emitted with that
obtained from samples of marker with known concentrations
- possibly making adjustments on account of additional
light intensity due to background emission from, for
instance, intact substrate and the components of the
oxidation system - the molar quantity of marker released
per time and enzyme unit can be determined, as well as
kinetic parameters. The enzyme concentration of an unknown
sample is best determined by comparison with a standard
graph obtained by using known enzyme concentrations under

equal conditions.

In the synthesis of substrates according to the invention,
traditional methods well-known in peptide chemistry are
adapted. The synthetizing procedure is, however, facili-
tated if the luminol and isoluminol in the acylation
reactions are introduced as 3- and 4-amino-N-methyl-
phthalimide (ANMP), respectively, in particular when the
first (C-terminal) amino acid is to be coupled. By
conversion of the acyl derivative thus obtained GF

3- or 4-ANMP with Hydrazine hydrate in ethanol or dimethyl-

formamide, it is transferred to the corresponding luminol

~and isoluminol derivatives respectively.

0
u 'C'\
. 6\ ~ NHNH, @’/ JNH
Peptide-NH /N-CH?'———’PED”C’E'NH- TN M
i I
0
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It appears then that ANMP-derivatives are stable against
the commonly used deprotection and coupling reactions and

that hydrazinolysis can take place without detriment to

any components of the amino acid or peptide structure.

This is illustrated by the experiments ﬁescribéd in the

following.

Fdr condensation of ANMP and a properly protected amino
acid, adequate coupling methods are the ones commonly
used for the corresponding condensation of anilin and
anilin derivatives with amino acids and peptides as, For‘
instance, the so-called phosphaza method, mixed anhydride
method, or the use of a coupling agent such as EEDQ
(N-ethoxy-carbonyl-2-ethoxy-1,2-dihydroquingline), or
DCCI, possibly in the presence of an activating alcohol
such as N-hydro%ysuccinimide or N-hydroxybenzotriazole.
The principle of synthetizing peptide derivativéé according
to the invention may be a step-wise addition of amino
acids to the C-terminal amino acid residue, either
initially linked to the CL-marker on.ANMP or furnished
with a removable carboxyl protection group in which case
ANMP is subsequently coupled to the protected peptide
derivative. Alternatively, the N-terminal peptide may be
synthetized separately and then linked to the C-terminal
amino acid residue having a CL-marker, ANMP or a
removable carboxyl protecting group coupled to it as
described in the foresgoing.

Whichever principle is chosen, purifications of the inter-
mediate and products by gel filtration chromatography is
most suitable because this method warrants rapid synthesis
and maximal yields.

As an amino protecting group, the carbobenzoxy- or

t-butyloxycarbonyl group or related groups, such as the
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p-methoxy, p-nitro or p-methoxyphenylazocarbobenzoxy

group, are recommended.

14

For protection of the guanidino group of the arginine,
the use of protonisation, the nitro group or the
p-toluenesulphonyl group have proved to be adeguate.

The hydraoxyl group of tyrosine, serine and threonine is

.adequately protected by the t-butyl or benzyl group.

Methyl-, ethyl- or benzylester is an adequate removable

carboxyl protecting group.

The coupling of two amino -acids or a peptide fragment and

an aminoc acid is obtained by activating the a-carboxyl
group. The activated derivative méy gither be isolated ar
generated in situ and may be, for instance, p-nitrophenyl,
trichlorophenyl, pentachlorophenyl, pentafluorophenyl,
N-hydroxybenzotriazole or N-hydroxysuccinimido ester,
symmetric or assymetric anhydride or azide. The usual
coupling agents for direct coupling or generating the
mentioned esters are dicyclohexylcarbodiimide, N-ethoxy-
carbonyl-z—ethoxy-l,2-dihydroquinoiine or their equivalents.

The protecting groups are completely or partly removed by
a tactical choice of protecting groups and deprotecting
methods. For example: The carbobenzoxy group is split off
with hydrogen bromide in acetic acid, and the t-butyloxy
group with triflﬁoro acefib acid. Esters are hydrolysed
with sodium hydroxide solution. For bbmplete deprotecting,
hydrofluoric acid and, sometimes, hydrogen gas in the

- presence of a catalyst, are suitable reagents.

A suitable ﬁethoq for purifying intermediate or end
products is not only crystallization, but also gel
filtration chromatography on cross-linked dextran gels

of the type Sephadex® as a solid phase. Sephadex® is to be
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used with éither agueous solutions (G-15 or G-25) with an

addition of 5 to 30% acetic acid, or with alcchol solutions
- preferably methanscl - (LH-20), or for ion exchange

chromatography in mixtures of alcohol and water (QAE-A-25).

Reaction solutions, intermediate products, sluates from
column chromatography as well as end products obtained
in solid form by lyocphilization from water or water and
acetic acid, or alcohol, are checked by thin-layer

10 chromatography. Here, pre-fabricated glass plates, with

silica gel F254-(Merck) as an absorption medium, are used.

The solvent systems used are

15 P, CHCl, MeOH o g:1 (volume)
P_ CHClg, MeOH, AcOH 17:2:2
Pag CHC1, McOH, AcOH, H,O 34:4:9:2
A n-BulH, AcOH, H,O "3:1:1
M n-BuOH, AcOH, pyridine, HZD 15:3:10:12
0 30:60:20:11

20 M3 EtOAc, AcOH, pyridine, H2

Following chromotography, the plate is inspected in UV
light (254 nm) and then developed with ninhydrine and
rwith a chlorine/dicarboxidine reagent according to normal

25 procedure. All end products are homogeneous according to
TLC performed on a quantity of 50 - 100 pg. Ths given

RF values are the results of single runs.

~ An amino acid analysis of the end product shows that in .
30 all cases these products contain the expected zmino acids,
and the relative contents of the respective amino acid

residue lie within = 5% of the expected values.

The optical activity of the end product is determined at
35 588 nm in 50% acetic acid at a concentration cf 0.2 to
1.0 g/100 ml (c = 0.2 to 1.0).
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The homogeneity of the end product is also checked by
high perfomance liquid chromatography‘using Cla-derived
silica gel as a solid phase and 40% methanol in 0.1 M
sodium acetate, pH 4,6, as an eluant, and-UV light at
254 nm as a.dgtectioﬁ method. This method also provides

a check that no free marker pollutes the end product.

The following experimental data show that luminol and
isoluminol are generally applicable as markers of

protease substrates.

II. Synthesis

Peptide synthesis distinguished itself by the fact that
a number of standard reactions may be used independently
of amino acid structure and peptide size and, therefore,
these standard reactions are described in the following

while the synthetized comﬁounds are listed in the table

‘with reference made to the described reactiaens.

Abbreviations:

{Unless otherwise stated, all amino acids have the -

L-configuration.)

Arg = Arginine Leu = Leucine

Phe = Phenyl alanine - Tyr = Tyrosine

Pip = Pipecolinic acid pGlu = Pyroglutamic acid

Pro = Prolins , Glu = Glutamic acid

Val = Valine -Ser = Serine

Ala = Alanine Gly = Glycine

Ile = Isoleucine Lys = Lysine
BAD(jRKNNAL
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AcOH = Acetic acid HOBt = N-Hydroxybenzotriazole
TFA = Trifluoro acetic DCCI = Dicyclohexyl
acid 7 -carbodiimide
Boc- = t-Butyloxycarbonyl Lum = Luminol
Cb0- = Eafbcbenzaxy Isl = Iscluminol
DMF = Dimethyl formamide Bzl- = Benzyl
Et,N = Triethylamine Bz- = Benzoyl
Et0Ac = Ethyl acetate Glt = Glutaryl
EtOH = Ethanol Tos- = p-Toluenensulphonyl
MeOH = Methanol Ac- = Acetyl
n-BuOH = n-Butanol "~ Suc- = Succinyl
ANMP = Amina-N-methyl-
phthalimide
HOSu = N-hydroxy-
* succinimide
TLC = Thin Layer Chromatography
GPC = Gel Permeation Chromatography
HPCL = High Performance Liquid Chrcmatography
T = Ionic strength

Reaction_type

Coupling of 3- or 4-ANMP

30 mmol of 3- or 4-AMNP (5.28 g) is suspended in 100 ml
of anhydrous pyridine, and 1.4 ml PCl3 dissolved in 20 ml

of pyridine is added dropwise at 0°C while the mixture is

being stirred. After 30-45 minutes at room temperature,

30 mmol of aminoprotected amino acid or peptide is added.
When the solution has cleared (usually after 24 to 72
hours), the completeness of fhe reaction is checked by
TLC. Evaporation and processing by acid and.basic washings
produce an oily residue which can be crystallized from

EtOM or MeOH, possibly after an addition of water.
Yield: 70 to 85%.
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Removal of Cho-, Boc _and Bzl-0- groups

10 mmol of the thoroughly driéd Cbo-derivative is suspended
in 25 ml of dry AcOH, and 15 ml 5.6 N HBr is added under

moisture free conditions at room temperature.

After reacting for 45-60 minutes, the solution is poured
into 300 ml of dry ether while it is being stirred
Vigourously. The ether solution is sucked off the resulting
precipitate which is then washed with 2 to 3 portions of
100 ml ether each. The thus obtained hydrobromide of N%-
deblocked compound is dried over NaOH pellets in vacuo at

40°C for 3 to 16 hours.

Removal of Boc group

10 mmol of the thoroughly dried Boc derivative is dissalved
in 200 ml of 25% TFA in CH,Cl, under moisturefrse condi-
tions at room temperature. After reacting for 20 minutss,
the solution is poured into 500 ml of dry ether. After
filtering, the resulting precipitate is washed with large
quantities of ether. The thus obtained trifluoro acetaté

of N®-deblocked compound is dried over NaOH pellets in
vacuo at 30°C for 2 to.3 hours.
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Coupling- reactions

Releasing «-amino group

For acylation of the derivatives abtained according to
reaction type B or C, the a-amino group must be present
as a free base. This may be -effected in various ways. For
instance, an equivalent amount of tertiary amine (faor
instance, EtEN or N-ethyl morpholine) may be added to a
DMF solution of the HBr or TFA derivative cooled to -10°C.
In the case of Et3N » HBr derivatives, the precipitated
EtaN « HBr is filtered off. Alternatively, the HBr or TFA
derivative may be dissolved in 5% agueous sodium
bicarbonate from which the liberated derivative is
extracted into, for instance, Et0OAc or butancl; the

organic phase in then dried and evaporafed.
D with an N“-pfbtected, actiye'ester derivative.

11 mol of Na-protected p-nitrophenyl or N-hydroxy-
succinimide ester derivative of the amino acid or peptide
to be coupled is added, at -10°C, to a solution of 10 mmol
of peptide or amino acid derivative, obtained according
to the foregoing, in 20 to 50 ml of freshly distilled
DMF. After reacting for 1 hour at--10°C, the solution is
buffered with 5 mmol of tertiary amine and allowed slowly
to attain room temperature. The reaction process can be
followed by TLC analyses. If required, another 5 mmol of
base is added after repeated cooling. When the reaction
is finished the solution is evaporated to produce an oily
residue which is stirred with some portions of water. The
rest is purified by GPC or recrystallizaticn. If GPC ‘is
used far ﬁurification of the coupling product and the

latter has an eluation volume fully or partly equivalent
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to that of the active ester derivative, contamination

of the coupling product may be prevented‘by conversion

.~ after finished reaction but before evaporation - ,

of unconsumed active ester derivative with an excess of
3 to 5 mmol of primary amine, for instance, n-butylamine,
for 30 minutes at room temperature. This is followed by

processing as in the foregoing.

E with N-protected amino acid or peptide and generating

active ester in situ.

At -10°C, 11 mmol of Nq-protected aminc acid, or

- equivalently protected peptide derivative with a

C-terminally free carboxyl group, 11 mmel HOBt or HOSu and
11 mmol of DCCI are added to a solution of 10 mmol of
peptide or amino acid derivative, obtained according to
the foregoing, in 20 to 50 ml freshly distilled DMF.

After 1 to 30 hours at -10°C, the reaction solution is
allowed to attain room temperature. The reaction process
can be followed by TLC analysis. After reaction, the
solution is poured into 100 to 300 ml of 5% NaHCD3 (ag.)
while being stirred, or evaporated to an oily residue

which is stirred with some portions of sodium bicarbonate.

The resulting precipitate is washed in water after
filtration or pouring off the solvent. It is then
purified by GPC or recrystallization.

F with anhydride (F1l) or acid chloride (F2)

N-terminal acyl groups are introduced by reacting the
amino acid or peptide derivatives obtained according to
the foregoing with the anhydride of the corresponding
acyl group (for instance, succinyl, glutaryl, benioyl or
abetyl) or the acid chloride of the acyl group (for
instance, benzoyl, "acetyl or tosyl). Procedurs as
described in 0 and E above with regard both to solvent

and amounts and to reaction temperatures and processing.
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Reactign_type_G
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Catalytic hydrogénation for removal of Cbo, Benzyl-0 and ‘-

NU2 groups.

5 mmol of peptide is dissoclved or suspended in 15 to 50 ml
of solvent which may be MeOH, AcOH or mixtures of these,
possibly with an addition of 1.2 equivalents of HCl. Then
the catalyst, 10% palladium-on carbon (Pd/C), is added.

10 Hydrogen gas is introduced and the reaction allowed to
continue at room temperature while being stirred until
‘no more hydrogen gas is consumed. (2 to 24 hours.) The
catalyst is filtered off, the purity checked by TLC and
the desired product isolated either directly by evapora-

15 tion and perhaps lyophilization, or after GPC. If the
derivative is to be used for further acylation reacticns
with DCCI, compounds existing as acid addition salts of
AcOH must be converted to the corresponding HC1 salt by
GPC ion exchange.

20 ) ~

Removal of all remaining protecting groups
25
0.2 to 1.0 mmol of the fully or partly protected amino
acid or peptide derivative is deprotected by being reacted
far 60 minutes at 0°C with 5 to 20 ml of dry HF in the
presence of 0.2 to 1.0 ml of anisole in equipment built
30 for this purpose accordiné to Sakakibara.

After reaction and complete distillation of all HF, %the
crude product is dissolved in 10-30% AcOH in water and
possibly shaken with a small amount of ether and purified
35 by GPC. The product is isoclated by lyophilization from
diluted AcOH. It may also be isolated:by dissolving in
MeOH and precipitating in ether the product reamining
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after the distillation of HF. After filtration, the
product is dried in the usual way and used direct in the

next reaction step or purified by GPC. ;

Reaction_type 1l

Conversion of 3- or 4-ANMP derivatives to luminol or

iscluminol derivatives by hydrazinolysis.

2 mmol of peptide is dissolved in 15 ml of OMF and then
1.0 NHZNH2 . HZD (hydrazine hydrate) is added and stirred
at initially 0°C and then room temperature. The reaction

solution is evaporated after 3 to 4 hours and the rest

purified by GPC.

Instead of using the above method which is described here
for the first time, the reaction can be effected in EtOH
and accelerated by reflux boiling for about 30 minutes.

The product is isolated by evaporation and GPC.

- e v - - e am wm m - - . ae o e wn W -

With GPC of protected peptide or amino acid derivatives,
crude products of evaporated mother liquors obtained
after crystallization, simplified processing and aptimum
yields are obtained. The substance is dissolved in MeOH

~and applied to a suitably sized column (volume 0.5 to

7.5 1, length 100 cm) packed with Sepﬁadex®LH-20 with

’ MQDH and eluated with the same solvent. The eluate is

fracticnated into convenient volumes, and its UV
absorption (254 nm) is continually determined. Fractions
containing the product are checked. for purity by TLC and
the pure products are collected and evaporated.

SUESTITUTE guepoAD ORGINAL €
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To purify fully or partly deprotected amino acid and
peptide derivatives an acetic acid solution of the crude

product is moved to a suitably sized column (volume 0.5

to 2.0 1, length 60 cm) packed with Séphadex®G~lS swollen

in 10 to 30% AcOH (ag) and eluated with the same solvent.
Following the procedure described in the foregoing, the
pure product-containing fractions are lyophilized,
possibly after some evaporation at 20°C. For ion exchange
and any required additional purification of a previously
chromatographed product, a column with a slightly basic
ion exchanger, Sephadex®QAE-25 in chloride form, swollen:
in MeOH:water 95:5 with the same medium as é solvent and
eluant can be used. The pure product is lyophilized from
water after evaporation.

SUBSTITUTZ SHEET
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III. Determination of protease activity

Procedure

In a first step, the sample to be assayed for ﬁrotease
activity is allowed to react with the substrate. For
this purpose, the buffer type, pH value, ionic strength
and temperature should be decided an to warrant optimal
reaction conditions for the enzyme in question. Thus the
optimum activity for serine proteases withinucoagulation
and fibrinolysis systems, as also trypsin, chymotrypsin,
acrosine, elastase, urokinase, the streptokinase-
-plasminogen complex, plasminogen activators, Cl-esterase
and its sub-components Clr and Cls as well as of the
endotoxin-activated protease of the horseshoe crab lies
within the pH range of 6.5 to 9.5. The ionic strength
should be 0.05 toc 0.40 and the temperature normally

25 to 37°C. All these proteases are determinable with

substrates according to the invention.

The substrate concentration may be chosen in accordance
with the degree of sensitivity required for the
determination and depending on the preferred valde in
relation to the Kn-value. When extremely low protease
activities are to be defermined, that is, values
approaching the lower limit of detection, blank values
should be determined as in the case of pNA and MCA
substrates. The usual substrate concentraticons of the
substrate-enzyme solution are 10—3 to lD—SM. A stock
solution of the substrate is prepared in water or buffer;
with sparingly soluble substrates organic soclvents are to
be used, such as ethanol, dimethylsulphoxide, dimethyl

formamide or dimethylacetamide.

Depending on the degree of protease activity and substrate
concentration, the reaction time usually is 0.5 to 5

minutes. With considerably longer reaction times, it is _

) . . _BAD ORIGINAL @
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important that the spontanecus hydrolysis of the substrate
is very slow. The reaction is stoppéd by adding either
acid or base to produce a change in pH great enough to
discontinue further protease activity-which usually
happens at pH values lower than S5 or higher than 1ll..

The amount of released marker is then determinéd by a
reaction as described in the foregoing. Any one of
various reagents mentioned abave may be used, and the

volumes may vary.

The following examples describe test conditions under
which linear relations were obtained between protease
activity and appliance responses in the oxidation

reactions.

A number of various oxidation systems have ‘Been used, as,

for instance,

a) substrate-enzyme solution

(see examples below) 10 - 50 pl
b) 0.05 M NaOH in water ’ 250 - 750 ul
d) 5 to 10 pM hematin in 0.1 M NaZCU3 .

in water - 20 - 100 pl
c) 0.1 to 0.5 M HZOZ in water 20 - 100 wl

The pH-regulating sélution (b) is adapted to the applied
catalyst/oxidation promoting compound (c). The following

modifications were used:

- (b) phosphate buffer pH 11.6 and (c) hematin as above

- (b) NaOH as above and (c) catalase 30,000 unit per ml
of water

- (b) 0.08 M NaZCD3 pH 11.2 and (c) Microperoxidase
(Sigma, U.S.A. Prod.No. M 8756, 0.4 mg/ml 10 mM
tris buffer and HC1l, pH 7.4, diluted 50 times

with 50 mM borate buffer, pH 8.4)
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- (b) 50 mM borate buffer pH 8.4 and (c) Microperaoxidase.

Instead of using the basic énvironment of the oxidation
system to stop protease activity, 0.1 to 1.0 parts by
volume of 20 to 100% acetic acid can be added to the
enzyme-substrate solution. The content of acetic acid
doss mot interfere with the pH of the oxidation solution.

Thus, determinations can be made with minute volumes
(10 - 50 pl) of substrate-enzyme solution. The optimum
volume (300 to 1,000 ul) of oxidation soclution allowable

for the used appliance is chosen.

Test 1

a) 50 ul 10°% Boc-Val-Leu-Lys-Isl + HC1 (XXI) in a
tris buffer pH 8.3, I = 0.3 after being kept at 25°¢C
for varying lengths of time for observaticn of
spontaneous. hydrolysis of substrate in typical
protease determination environment.

b) 700 pl 50 mM NaOH

c) 20 upl 10 mM hemine

"d) 100 pl 80 mM HZD2

Result: Spontanecus hydrolysis 0.03% per hour, that is,

after one hour, 3 - 10°% M isoluminol had been liberated,

thus, the substrate is very stable.

Test 2

a) is 50 pl of either of the following:
- 1074w Boc-Val-Leu-Lys-Isl « HC1l (XXI)

- substrate according to the above plus‘lD-5 - lD‘lD M
isoluminol |
- 1077 M Boc-Val-Leu-Lys-Isl « HC1 (XXI)
- substrate according to the above plus 10-5 - 10—10 M
isoluminol
SUTSTITUTE SHEET 0 cnamaL @ Jrpy WEO — s,
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h) - d) as in Test 1.>

Result: The appliance response is in rectilinear proportion
to the amount of isolﬁminol; in the lowest concentration

5 range - 107/ - 102 and 1078
best results are obtained after the usual corrections for
background contributions of the substrate. 1 - 10-9 M can

- 107°, respectively - the

be exactly determined. Isaluminoi causes an appliance
response 2,500 times larger than that of the substrate

10 at the corresponding concentration, that is, the background
is 0.04%. ’

Tests 3 to 7 are examples of protease.activity
determinations.

15
Test 3

Urokinas and pGlu-Gly-Arg-Isl - HC1 (VI)

20 Substrate-enzyme solution:

Tris buffer pH 2.0 I = 0.05 ' . 800 ul

Urckinase (AB Leo, Sweden) 2.5 - 20

Plough units per . 100 ul -
' 3

25 Substrate 10
Reaction time 5 minutes,

M in water 200 ul

temperature 37°%¢C
20% AcOH ) 100 w1l

30 50 wl of the solution is used for determination of the

amount of isocluminol according to Test 1.
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Test 4

Thrambin and Tas-Phe-Pro-Arg-Isl * HC1l (XXIII)

5 Substrate-enzyme solution:

Tris buffer pH 8.3 I = 0.15 800 ul
Thrombin (Ortho, U.S.A,) 0.02-0.32 NIH-
. units per 100 pl
10 Substrate 1073 M in water 100 pl
Reaction time 1 minute, '
temperature‘37°C '
20% AcOH : 3 100 ul

15" 50 ul of the solution is used for determination of the

amount of isoluminol according to Test '1l.

Test 5

20
Factor Xa and Boc-Ile-Glu(NCsHlU)-Gly-Arg-pNA + HC1

(VIII)

Substrate-enzyme solution:

25
Tris buffer pH 8.3 I = 0.25 800 pl
Factor Xa (Diagnostic Reagents, England)
0.05 - 0.8 units (U3 per 100 pl
Substrate 10;3 in water 200 pl

30 Reaction time 1 minute,
temperaturs 379%
20% AcOH 100 ul

50 pl of the solution is used for determination of

35 1isoluminol according to Test 1.
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Test §

Plasmin and ch-Val-Leu-Lys-Isl + HC1l (XXI) ’ R
5 Substrate-enzyme soclution: 'S

Tris buffer pH 7.4, I = 0.15 700 pl

Plasmin (Kabi, Sweden)

0.00125-0.02 U per 100 pl
10 Substpate 1072 in water 300 pl

Reaction time 1 minute,

temperature'37oc

20% AcOH : . 100 pl

15. 50 pl of the solution is used for determinaticn of

isoluminol according to Test 1.

fest 7

20
Trypsin and substrates No. V, VI, VIII, X, XI, XII,
XIII, XV,‘XVI and XX )
Substrate-enzyme solution:

25 .
1= 10—5 -1 - 10'9 M trypsin in 1 mM HC1 30 ul
Substrate 1 - 1.5 - 10-3 M in water , 30 ul
Tris buffer 10 mM pH 8.3 210 pl

Reaction time 5 minutes at

30 rocom temperature.

25 pl of the substrate enzyme solution is usac for

determination of the amount of marker of the system

35 0.8 mM NazCE]3 pH 11.2 240 pl
Microperoxidase : 20 pl
90 mM H202 in water 20 pl -

P
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The results froﬁ Tests 3 to 7 show a rectilinear relation
between appliance response and protease volume. The amount
of released marker per time unit is of the magnitude
expected.on the basis of known data on corresponding

5 substrate structures with chromogenic and fluorogenic

markers.
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Claims

1. Peptide derivatives characterized by the fact that
they are acyl derivatives of luminol (5-amino-2,3-dihydra-
5 -1,4-phthalazinedione) or isoluminol (6-amino-2,3-
-dihydro-1,4-phtalazinedione) where the acyl residue is
an amino acid, or amino acid sequence, with 2 to 4 amino
acid residues, coupled with an amide bond, and where the
ag-amino group is either free or acylated.
10
2. Compounds according td claim 1, where the C-terminal
aming acid is L—argihine, L-lysine, L-alanine,
L-phenylalanine, L-tyrosine, L-valine or L-proline.

15 3. Compounds according to claim 1, where the amino acids
may be chosen from straight er branched aliphatic amingo
acids with 2 - 6 carbon atoms which may also be hydroxi-
substituted, aromatic amino acids with 8 or 9 carbon
atoms which may also be hydroxi-substituted or cyclic

20 iminc acids with 4 - 6 carbon atoms, or arginine, lysine,
pyroglutaminic acid, glutaminic acid or aspartic acid,
where the latter tws may be frese acids or ester- or amido-

derivatives aof the 15- or B-carbexy group, respectively.

25 4. Compounds according to claim 1, where - in case the
compound is a peptide derivative - the N-terminal amind
acid appears in the O-form with the a-amino group being

gither free or a protcnized acid addition salt.

30 5. Compounds according to claim 2, where the 1 - 3
N-terminal amino acids of the peptide derivative may be
chosen from Gly, Ala, Val, Leu, Ile, Pre, Pip, Phe, Tyr,
Arg, Lys, Ser, Thr, pGlu, Glu or Asp, or esters with
1 - 4 carbon atoms of Glu or Asp, Asn or Gln or substituted

35 amides with substituents containing 1 - 5 carben atcms of
Asn or Gln.
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6. Compounds according to claim 1 where the N-terminal '
a-amino group of the amino acid or peptide derivative is
acylated with Bz, Cho, pNDZ-Bz, pNDZ-Cbo. Boc, Ac,
trifluoroacetyl, Glt, Sac or Taos.

7. Peptide derivatives characterized by the general

formula
Rl - Ay A3 - AZ - AI - R2
where
Ry = H or acyl such as Bz, pNO,B8z, Boc, Cbo, pNA,Cbo,
Ac, Suc, Glt or Tos
Ag = Val, Ile, Ala, Gly or nil

A, = Pro, Phe, Gly, Val, pGlu, Leu, Glu(pip), Ala, Glu,
Glu(OMe), Arg, Ile Tyr or nil
= Phe, Pro, Leu,.Ser, Gly, Val, Ala or nil
= Arg, Lys, Tyr, Phe, Ala, Val, Pro
R, = luminol.(S-amino-Z,3-dihydro-l,4-phthalazinedione),
isoluminol (6-amino-2,3-dihydro-1,4-phthalazinedione)
and where the N-terminal amino acid of the peptide

sequence appears in L- or O-form.

8. Method in laboratory diagnaostics of proteases,
characterized by the fact that a compound according to any

of claims 1-7 is used as a substrate.

9. Method for the preparation of peptide derivates
according to any one of claims 1-7 characterized by the
fact that the syntheses are carried out by gredual
binding of R2 to Al which, when required, is followed
by continued gradual composition via AZ’ A3, A4, Rl

according to procedures known per se.
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