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INTRODUCTION

Studies on the substrate specificity of vertebrate collagenase in our
laboratories, using peptides having the same or closely similar sequences
to that around the cleavage site of the collagen molecule by collagenase,
suggested that the enzyme preferentially hydrolyzes the peptide, Ac—Pro-
Gln-Gly-Ile-Ala—Gly—-GIn-Arg-OEt, at the Gly-Ile bond (1).2 There-
fore, attempts to prepare a synthetic substrate applicable to the quantita-
tive assay for collagenase activity were undertaken.

This paper describes the susceptibility of seven kinds of DNP-
peptides to the action of purified tadpole collagenase and human serum
peptidase(s), and the application of the most favorable peptide to the
assay of collagenase activity in synovial fluids from patients with osteo-
and rheumatoid arthritis.

METHODS

Preparation of Seven DNP-Peptides

The following seven DNP-peptides were synthesized by combining
stepwise elongation and fragment condensation methods.

[. DNP-Pro-Leu-Gly-lle-Ala-Gly—Arg-NH,

II. DNP-Leu-Gly-Ile-Ala-Gly-Arg-NH,
[II. DNP-Pro-Gln-Gly-Ile-Ala~Gly-Gln-p-Arg-OH
V. DNP-GIn-Gly-Ile-Ala-Gly-GIn-p-Arg-OH

V. DNP-Pro-GIn-Gly-lle-Ala-Gly-Arg-NH,
VI. DNP-Pro-Leu-Gly-Ile-Ala-Gly—-GIn-p-Arg-OH
VII. DNP-Pro-Gin-Gly-Ile—Ala-Gly-Gln—-Arg-NH,

! Address correspondence to Dr. Yutaka Nagai, Department of Tissue Physiology, Medi-
cal Research Institute, Tokyo Medical and Dental University, Kanda-surugadai, Chiyoda-
ku, Tokyo 101, Japan.

2 Abbreviations used are: Ac, acetyl: DNP, 2,4-dinitrophenyl. OEt, ethyl ester; Ala,
alanyl; Arg, arginyl; Gln, glutaminyl; Gly, glycyl; Ile, isoleucyl; Leu, leucyl; and Pro, prolyl.
All amino acids are L-configuration except for D-arginine.

215

Copyright © 1977 by Academic Press. inc.
All rights of reproduction in any form reserved. [SSN 0006-2944



216 MASUI £7 AL.

The details of the procedure will be described elsewhere. The analytical
data and physical constants for these peptides are listed in Table |. The
purity of all compounds was checked by thin-layer chromatography on
plates of Merck—Kieselgel G (Type 60).

The molecular extinction coefficients at 365 nm of Peptide 1 in ethyl
acetate and Peptide 111 in ethyl acetate—n-butanol (1:0.15. v/v) were
estimated to be 1.76 x 10* and 1.73 x 10%. respectively.

Collagenase

Purified tadpole collagenase was prepared from cultured media of tad-
pole skin explants by affinity chromatography followed by gel chromatog-
raphy, as described previously (2.3).

Human Serum Peptidase(s)

Fresh adult human serum (5 ml) was chromatographed on a calibrated
Sephadex G-200 superfine gel column equilibrated with 0.05 M Tris—HCI
buffer, pH 7.5, containing 0.15 M NaCl and 5 mm CaCl, (Tris—-NaCl-
CaCl,) and the effluent fractions corresponding to molecular weights of
100,000-180,000 were pooled and employed as an enzyme source.

Determination of Hydrolysis of Synthetic Peptides

DNP-peptides were dissolved in Tris-NaCl-CaCl, buffer containing
0.02% bovine serum albumin to make a concentration of 5 x 10~ M. Each
of the peptides (0.1 ml) was mixed with an equal volume of collagenase
(6.2 U/ml) or serum peptidase and incubated for various periods of time at
37°C. After stopping the enzyme reaction by adding 0.5 ml of | M HCI, the
DNP-peptide fragments released were extracted by vigorous shaking
with I ml of ethyl acetate or ethyl acetate—n-butanol (1:0.15, v/v) followed
by centrifugation at 3000-5000 rpm and room temperature for 10 min to
separate two layers completely. The degree of hydrolysis was determined
by measuring the absorbance of the organic layer at 365 nm.

Assay for Collagenase Activity

Collagenase activity was determined by measuring the release of
radioactivity from "“C-labeled reconstituted guinea pig skin collagen
fibrils, as reported previously (2).

RESULTS AND DISCUSSION

DNP-peptides listed in Table 1 were subjected to enzyme digestion by
purified tadpole collagenase and human serum peptidase (Table 2). The
peptide most susceptible to the action of collagenase was found to be
Peptide I. The only site of cleavage by the enzyme was determined to be
the Gly-Ile bond, by thin-layer chromatography using a solvent system of
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toluene-pyridine-2-chloroethanol-0.8 M NH,OH (10:3:6:6) (4). How-
ever, the peptide was also hydrolyzed at a fairly good rate by serum
peptidase, employed as a nonspecific peptidase. Therefore, a search for a
peptide which is susceptible to collagenase, but not to serum peptidase,
was undertaken by modifying residues around the site of cleavage. The
results obtained by enzyme digestion of the peptides tested indicated that
the following three residues are critical for specific hydrolysis by col-
lagenase, preventing the interference by serum peptidase (Table 2). In a
sequence of DNP-Pro--X-Gly-Ile-Ala-Gly-Gln-Arg—OH: (i) The pres-
ence of Pro residue at the N-terminus was essential for collagenase
cleavage, as observed with Peptides II and IV: (i) Arg residue at the
C-terminus should be p-configuration (compare Peptides I1I and VII for
peptidase), and (iii) the presence of Gin residue adjacent to Arg at the
C-terminus depresses the effect of peptidase (compare Peptides V and VII
for peptidase); (iv) X-residue can be Leu, Gln, or Ala (1), though that
peptide was hydrolyzed fastest with Leu. These results suggested that
Peptides 111 and VI were preferable as specific substrates for collagenase.
However, the latter peptide was found to be difficult to handle in terms of
solubility, compared to the former. Therefore, the overall conclusion was
that Peptide III would be the best substrate for collagenase among the
peptides tested, even though the hydrolysis rate was only about 30% of
that of Peptide V1. As shown in Fig. 1, collagenase activity assayed using
Peptide 111 was a linear function of incubation time and enzyme concen-
tration.
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FiG. I. Kinetic analysis of collagenase activity as functions of incubation time and
enzyme concentration at 37°C. (a) Peptide I11 (0.9 ml of 5 x 10-*M dissolved in Tris—NaCl—
CaCl, buffer with 0.02% bovine serum albumin was mixed with 0.8 ml of the same buffer
with no albumin, then enzyme reaction was started by adding 0.1 ml of purified tadpole
collagenase (50 units/ml) at 37°C. Aliquots (0.2 ml) of the reaction mixture were withdrawn
at 0, 10, 20, 30, 40, and 60 min to measure the degree of hydrolysis (see Methods). (b) To 0.1
ml each of 5 x 107*M Peptide III dissolved in Tris—NaCl-CaCl, buffer with 0.02% bovine
serum albumin was added buffer solution with no albumin to adjust enzyme volume t0 0.1 ml
at 37°C, then enzyme reaction was started by adding 0.01, 0.025, 0.05, and 0.075 ml of
purified tadpole collagenase (25 units/ml), respectively. After | hr of incubation at 37°C, 0.5
mi of | M HCl was added to stop the reaction and the degree of hydrolysis was determined as
described in Methods.
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Peptide III was applied to the assay of collagenase activity in synovial
fluids from patients with osteoarthritis and rheumatoid arthritis and the
results obtained were compared with those using “*C-labeled collagen
fibrils as the substrate (Table 3). The results indicate that Peptide III
could be used as a substrate for the assay of collagenase activity in the
fluids. A good correlation was observed with the results obtained using
1“C-labeled collagen fibril substrate. In this case, Peptide IV, which is not
susceptible to the action of collagenase, was used as the reference sub-
strate to monitor the effect of nonspecific peptidases present in the fluids
which might affect the results, since collagenase activity could be calcu-
lated from the difference in the absorbance of the enzyme digests from
both peptide substrates even in the presence of nonspecific peptidase(s)
which is active on Peptide III, as suggested from the results obtained with
Peptides I and II treated with human peptidase (Table 2).

Application of Peptide III to kinetic analysis of collagenase and to
detection of the enzyme in various tissues and body fluids are now in
progress.

SUMMARY

Seven kinds of 2,4-dinitrophenyl derivatives of hexa- to octapeptides
were prepared in order to find a synthetic substrate for vertebrate col-
lagenase. Analysis of the degree of hydrolysis of the peptides by tadpole
collagenase and human serum peptidase(s) demonstrated that 2.4 - dini-
trophenyl-L-prolyl-L-glutaminyl-glycyl-L-isoleucyl-L-alanyl-glycyl-L-
glutaminyl - D - arginine was the best synthetic, substrate for collagenase
among the peptides tested. The peptide was successfully appliedtothe assay
of collagenase in synovial fluids from patients with rheumatoid arthritis.
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