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Twenty peptide-4-methylcoumarin amides (MCA) were newly synthesized and tested as
possible substrates for a-thrombin, factor Xa, kallikreins, urokinase, and plasmin. These
fluorogenic peptides contained arginine-MCA as the carboxyl-terminus. Release of 7-amino-
4-methylcoumarin was determined fluorometrically. Of these peptides, the following were
found to be specific substrates for individual enzymes: Boc-Val-Pro-Arg-MCA for a-thrombin,
Boc-Ile-Glu-Gly-Arg-MCA, and Boc-Ser-Gly-Arg-MCA for factor Xa, Z-Phe-Arg-MCA for
plasma kallikrein, Pro-Phe-Arg-MCA for pancreatic and urinary kallikreins, and glutaryl-
Gly-Arg-MCA for urokinase. Moreover, these peptide-MCA substrates were resistant to
plasmin.

Recently, several peptidyl-nitroanilides, which suit
a specificity requirement of proteinases, have been
introduced as specific substrates for blood coagu-
lation factors (/, 2), kallikreins (3), and urokinase
(4). These substrates are now commercially
available and various attempts to use them for
specific assays of prothrombin (5), prekallikrein (6),
factor Xa (7), antiplasmin (#), and antithrombin
HI (?) are being made. Peptide amides of 7-
amino-4-methylcoumarin, originally developed for
the sensitive assay of chymotrypsin (10), have also

1 This study was supported in part by a grant (948205)
from the Scientific Research Fund of the Ministry of
Education, Science and Culture of Japan.
Abbreviations: MCA, 7-amino-4-methy!coumarin
amide; Bzl, benzyl; Boc, /e«-butoxycarbonyl; DMSO,
dimethylsulfoxide.

proven useful for the assay of proteases including
elastase (11), an aminopeptidase (12), and X-prolyl
dipeptidyl-aminopeptidase (75). This assay meth-
od seems more sensitive than the chromogenic
assay, because the reaction product, 7-amino-4-
methylcoumarin, is highly fluorescent (10). To
extend further the availability of fluorogenic
substrates, we have newly synthesized twenty
peptide-MCAs and tested for their possible use as
specific substrates for assay of proteolytic enzymes
with limited specificity. The results indicate that
the peptide-MCA substrate, which fits preferentially
the specificity requirements of ar-thrombin, factor
Xa, urokinase, and kallikreins, is very useful for
specific enzyme assay.

Peptide-MCA substrates were synthesized by
standard chemical procedures, using L-amino acids.
Purity of all intermediates and products was con-
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firmed by thin layer chromatography, elemental
analysis, and amino acid analysis. The experi-
mental details of the peptide synthesis will be
reported elsewhere. Highly purified a-thrombin
(2,000-2,500 NIH units per mg) (14), factor Xa
(IS), and plasma kallikxein (16) from bovine sources
were prepared according to the methods previously
described. Bovine plasminogen, which was purified
by the method of Deutsch and Mertz (17), was ac-
tivated by human urokinase (a product of Mochida
Pharmaceutical Co., Ltd., Tokyo). Pancreatic and
urinary kallikreins from hog sources were highly
purified materials and the former was prepared in
our laboratory according to the method of Han et a!.
(18). The latter was a generous gift from Prof.

H. Tschesche, Lehrstuhl fur Org. Chemie und
Biochemie der Technischen University Miinchen.
Highly purified human urokinase (79), which has
a molecular weight of 34,000, was a kind gift from
Dr. N. Ogawa, Mochida Pharmaceutical Co.

Enzyme assays were conducted at 37°C using
50 mM Tris-HCl buffer, pH 8.0, containing 100 mM
NaCl and 10 mM CaCI,, in a total volume of 2.5 ml.
Substrate was first dissolved in DMSO and the
solution was diluted to give a final concentration
of 0.1 mM, using the buffer described above. The
reaction was started by the addition of 10 y\ of
enzyme and the fluorescence of 7-amino-4-methyl-
coumarin produced was monitored using a Hitachi
fluorescence spectrophotometer, model MPF-2A,

TABLE I. Hydrolysis1 of peptide-MCAs by proteinases with limited specificity.

Group

A-1

A-2

Substrates a-Thrombin

Boc-Val-Pro-Arg-MCA 60.0

Z-Pro-Arg-MCA 6.8

Factor Xa

0.4

ND

Plasma

NDt>

ND

Kallikreins

Pancreatic

ND

ND

Urinary

ND

ND

- Urokinase

ND

ND

Plasmin

0.3

ND

B-l
B-2

B-3

B-4

B-5

B-6

B-7

B-8

C-l
C-2

C-3

C 4

C-5

C-6

D l
D-2

D-3

D-4

Boc-Ile-Glu-Gly-Arg-MCA
Acetyl-Glu-Gly-Arg-MCA

Boc-Val-Leu-Gly-Arg-MCA

Boc-Leu-Gly-Arg-MCA

Z-Leu-Gly-Arg-MCA

Boc-Val-Ser-Gly-Arg-MCA

Boc-Ser-Gly-Arg-MCA

Boc-Ser(0-Bzl)-Gly-Arg-MCA

Pro-Gly-Arg-MCA

Z-Pro-Gly-Arg-MCA

GIutaryl-Gly-Arg-MCA

Glu-Gly-Arg-MCA

Z-Gly-Arg-MCA

Gly-Arg-MCA

Z-Pro-Phe-Arg-MCA

Pro-Phe-Arg-MCA

Z-Phe-Arg-MCA

Phe-Arg-MCA

0.2
0.1

0.3

0.8

1.1
0.2

0.8

1.3

0.1

0.8

ND

0.1

0.2

ND

0.1

0.1

ND

ND

2.4
0.7

1.7

1.7
2.2
0.4

2.8

3.0

0.1

0.2

0.1

0.2

0.1

ND

0.1

0.2

0.2
—c

ND
ND

0.3

0.1

0.5

0.1

0.3

0.3

0.1

0.1

ND

ND

ND

ND

2.9

3.3

4.6

0.2

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

2.9

6.3

0.8

0.2

ND
ND

ND

ND
—c

ND

ND

ND

ND

ND

ND

ND

ND

ND

4.3

9.7

0.5

0.2

0.6
1.5

0.4

0.9

0.8

2.5

0.8

0.5

0.4

ND

6.2

5.5

0.6

0.5

ND

ND

ND

ND

ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

0.2

0.4

0.3

ND

» Values are expressed as /nnoles hydrolyzed per min per mg protein (a-thrombin, factor Xa, urinary kallikrein,
and urokinase) or absorbance unit=1.0 at 280 nm (plasma kallikrein, pancreatic kallikrein, and plasmin). " ND,
not detectable; Boc, wr-butoxycarbonyl; Z, carbobenzoxy; Bzl, benzyl. « —, not determined.
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equipped with a recorder. The measurements were
carried out with excitation at 380 nm and emission
at 460 nm. The instrument was standardized so
that at 10 ^ M solution of MCA in 0 .1% DMSO
gave 1.0 relative fluorescence unit.

Table I shows a comparison of the rates of
hydrolysis of different peptide-MCA substrates by
a-thrombin, factor Xa, various kallikreins,
urokinase, and piasmin. The rates are expressed
as ^moles hydrolyzed per min per mg protein or
absorbance unit = 1.0 at 280 nm. Under the assay
conditions used, the linearities of the rates of
7-amino-4-methylcoumarin released versus incu-
bation time (within 10 min) and various enzyme
concentrations (at least 10-fold range) were satis-
factory for all the enzymes, although the data are
not shown.

For a-thrombin, Boc-Val-Pro-Arg-MCA (A-l
in Table I) was specific and no detectable hydroly-
sis was observed with plasma and tissue kallikreins,
and urokinase. Factor Xa showed activity of less
than 1 % of that of a-thrombin. This tripeptide-
MCA was based on the information from the
COOH-terminal sequence of the "activation pep-
tide," which is liberated during the conversion of
plasma factor XIII into its active transglutaminase
in the presence of thrombin (20). The importance
of the Pro-Arg sequence as Px and P, binding
sites for a-thrombin has been suggested (21).

Factor Xa hydrolyzed all the peptide-MCAs
having the COOH-terminal Gly-Arg sequence,
although these substrates were essentially resistant
to piasmin and tissue and plasma kallikreins. Of
the substrates, Boc-Ile-Glu-Gly-Arg-MCA (B-l),
Boc-Ser-Gly-Arg-MCA (B-7), and Boc-Ser(0-Bzl)-
Gly-Arg-MCA (B-8) seemed to be the most spe-
cific for factor Xa. The tetrapeptide sequence of
B-l originates from the sequence located close to
the cleavage site required for the activation of
prothrombin by factor Xa (22).

Substrates containing the COOH-terminal
Pro-Phe-Arg sequence of bradykinin were all
susceptible to hydrolysis by plasma and tissue
kallikreins, although there is a significant dif-
ference in the rates of hydrolysis by the different
kallikreins. These peptide-MCA substrates were
slightly hydrolyzed by a-thrombin, factor Xa, and
piasmin but not by urokinase. Plasma kallikrein
hydrolyzed Z-Phe-Arg-MCA (D-3) more readily
than Z-Pro-Phe-Arg-MCA (D-l), while the inverse

was observed with tissue kallikreins. There was no
specificity difference between pancreatic and uri-
nary kallikreins towards these peptide-MCA
substrates.

Urokinase similar to factor Xa showed a broad
specificity towards all the peptide-MCA substrates
having the COOH-terminal Gly-Arg sequence.
Among them, glutaryl-Gly-Arg-MCA (C-3) was
found to be the best substrate for urokinase.
This substrate is useful for urokinase assay.

Piasmin hydrolyzed some of the peptide-
MCA substrates shown in Table I. However, all
the substrates containing COOH-terminal arginine
were essentially resistant to piasmin, indicating
that a specific assay for each enzyme is possible
even in the presence of piasmin. More detailed
studies including the kinetic parameters of hy-
drolysis for the enzymes used here are now under
investigation.

We are indebted to Professor S. Fujii of the institute, for
his support and encouragement. We also wish to ex-
press our thanks to Professor H. Tschesche and Dr. N.
Ogawa, for providing the purified urinary kallikrein and
urokinase, respectively. We thank Prof. L.M. Green-
baum, Dept. of Pharmacology, College of Physicians
& Surgeons, Columbia University, for his kind help in
preparing the English manuscript.
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