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[57] ABSTRACT 
A reagent for proteolytic enzyme assays has the general 
formula 

where RCO- is an enzyme reactive acyl, such as an 
amino acid, peptide or substituted amino acid or pep‘ 
tide. The reagent may be hydrolysed by proteolytic 
enzymes and developed to form a distinctive color, The 
reagent may be formed by reacting RCOOH with N 
hydroxysuccinimide to form the acyl N-hydroxysuc 
cinimide ester. The ester may then be reacted to form 

the reagent. 

z-w 

5 Claims, 1 Drawing Sheet 



Re. 34,284 June 15, 1993 US. Patent 

l0 2O 3O 40 5060 70 8O 90 I00 % 

M. 

2 2 

o 2 

m 

3.695 64Ew864 GE? 

2 

0 

TIME (MIN) 

FIG.I. 
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METHOD FOR ASSAYING PROTEOLYTIC 
ENZYMES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

Proteolytic assays play an important role in the diag 
nosis of pathological conditions, such as abnormalities 
in coagulation, in complement systems and in the identi 
?cation of infectous agents. Common reagents for this 
purpose are paranitroanilide (PNA) derivatives of 
amino acids and peptides. PNA is commonly used to 
measure proteolytic activity. when contacted with 
enzymes present as a result of a particular pathological 
condition the’PNA is released The presence of free 
PNA is measured colorimetrically. The released PNA is 
a yellow dye having an absorption maximum of 405 
nanometers. 
While PNA analysis if very useful. many body ?uids, 

such as plasma. urine and spinal ?uid absorb strongly at 
the wave length of PNA and thus give a very high 
background, which interfers with analysis of PNA tests. 
Applicants have discovered that it is advantageous to 
have an enzyme analysis system which works with a 
substrate having an absorption maximum at greater than 
about 500 nanometers, since this range (typically a 
blue/green color) provides high contrast and sensitivity 
and is not obscured by the background color of many 
body ?uids. Applicants’ have discovered and produced 
a series of such reagent materials which are effective in 
proteolytic enzyme assays and which can be read visu 
ally or electronically. Applicants‘ reagents can be used 
both in manual and in automatic analytical systems. 

Applicants‘ have discovered that enzyme reactive 
acyl groups can be combined with a dye precursor, for 
example, a thizaolinone hydrazone (Tl-l) or substituted 
thiazolinone hydrazone such as 3-methyl-2-benzo 
thiazolinone hydrazone (MBTH) and the like, to pro 
duce a reagent which can be cleaved by proteolytic 
enzymes to free an indicator dye precursor, which can 
be developed. Applicants’ reagent and system produce 
a highly sensitive, high contrast test. 

It is thus an object of applicants’ invention to produce 
a high contrast proteolytic enzyme test reagent. 

It is a further object of applicants‘ invention to pro 
duce a test reagent which has an adsorption maximum 
in the blue/green range. 

It is an object of applicants‘ invention to produce a 
test reagent which utilizes an enzyme reactive acyl 
group combined with a dye moiety. 

It is a further object of applicants’ invention to pro 
vide a method of producing an enzyme assay substrate 
which will release a dye precursor. 

It is a further object of applicants’ invention to pro 
vide a method of testing proteolytic enzyme activity 
using a reagent substrate which will release a dye moi 
ety on contact with a proteolytic enzyme. 

DESCRIPTION OF THE DRAWING 

The ?gure is a graph of the hydrolysis rate of one of 
applicants’ substrates. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A new class of proteolytic enzyme substrates has 
been synthesized. These compounds are 'N-acyl deriva 
tives of thiazolinone hydrazone or substituted thiazoli~ 
none hydrazone having the formula 

R 

in which R1, R1 and R3 may be H, aliphatic, cyclic, 
fused cyclic, aromatic, fused aromatic, carboxylic, halo 
gen, nitro, hydroxyl, amino, thio, esters and the like dye 
precusor substituents. For example, 3-methyl-2-benzo 
thiazolinone hydrazone (MBTH) and substituted 
MBTH produce superior blue dyes. Preferably, RC0 
is an amino acid, for example any of the 20 common 
amino acids, or an amino acid derivative, including 
peptides and their derivatives. The new substrates may 
by synthesized by the standard techniques of peptide 
synthesis. Applicants have found, however, that a par 
ticularly advantageous synthesis is one which reacts the 
acyl precursor with N-hydroxysuccinimide to produce 
an ester, followed by reacting the ester with the 
thilazolinone hydrazone. 
The RCO-TH hydrolysis is catalyzed by proteolytic 

enzymes to give a carboxylic acid RCOOl-I and TH. 
The hydrolysis product TI-l may be detected spectro 
photometrically by oxidative coupling with aromatic 
amines or phenols, for example 3-dimethylaminoben 
zoic acid (DMAB) or equivalent oxidative coupling 
agents. The reaction mixtures for detection of the color 
preferably include an oxidizing agent, for example, 
ferricyanide or the peroxidase-hydrogen peroxide sys 
tem, for color development. The dye produced in the 
system with MBTl-l and DMAB maximally absorbs at 
590 nm and is intensely colored, with molar absorptivity 
of 57,000 M-lcm-l at the typical assay conditions. 
The invention may be more thoroughly understood 

by reference to the included examples which describe 
the synthesis of amides of the type RCO~MBTH (Exam 
ples l—l5) and a continuous enzyme assay (Example 16). 
A discontinuous assay is illustrated in Example 17. Ex 
ample I8 is a determination of the kinetic catalytic con 
stant (lo) and binding constant (K,,,) for trypsin-cat 
alyzed hydrolysis of an RCO-MBTH substrate by the 
continuous assay method. 

Suitable criteria for identi?cation and purity of appli 
cants‘ substrates per the above examples generally in 
clude: (1) production of at least 90% of the theoretically 
calculated amount of blue color at 590 nm in the stan 
dard color test upon cleavage by trypsin; (2) product 
homogeneity or near homogeneity as indicated by patti 
tion thin-layer chromatography on silica gel in a solvent 
system of sec-butyl alcohol/3% aqueous ammonia 
(100:44 V/V) with spot detection by iodine vapor and 
long-wavelength ultraviolet light; (3) agreement be 
tween the theoretically expected and experimentally 
obtained proton-decoupled C-l3 nuclear magnetic reso 
nance spectra in 99.9 atom %D dimethylsull'oxide-d6 
15.0 at MHz. (4) amino acid analysis of hydrolysates of 
RCO-Tl-l. The first test, color development of tryptic 
digests, is limited to compounds containing an Arg 
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MBTH or Lys-MBTH linkage. These amino acid resi 
dues are required to obtain suf?cient tryptic reactivity 
to carry the reaction to completion with a reasonable 
time for the test. Other amino acid-M BTl-l linkages may 
be split more rapidly by other enzymes, but the above 
criteria are suitable as a standard. 

EXAMPLE 1 

1N-(N-t-butoxycarbonyl)-L-phenylalanyl 
3‘tnethyl-Z-benzothiazolinone hydrazone) 

ln a 125-ml erlenmeyer ?ask, 35 mmol (12.7 g) of the 
N-hydroxysuccinimide ester of Boc-L-phenylalanin® 
was added to 70 rnL of acetonitrile (HPLC grade) fol 
lowed by the addition of 33.4 mmol (6.0 g) of 3-methyl 
Z-benzothiazolinone hydrazone (MBTH). The reaction 
mixture was stirred at room temperature for 24 h. The 
colorless precipitate was collected by ?ltration washed 
with 10 rnL cold acetonitrile and dried at reduced pres 
sure 

Boc-L-PHE-MBTl-l: Yield 11.8 g (83%), mp. 182° C. 

EXAMPLE 2 

lN-(N-benzyloxycarbonyl)-L-phenylalanyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a 125-rnL erlenmeyer ?ask, 35 mmol (13.9 g) ot'the 
N-hydroxysuccinimide ester of Z-L-phenylalanine was 
added to 70 rnL of acetonitrile (HPLC grade) followed 
by the addition of 33.4 mmol (6.0 g) of 3-methyl-2-ben 
zothiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
mL cold acetonitrile and dried at reduced pressure. 

Z-L-Pl-lE-MBTl-l: Yield 12.3 g (80%), mp. 178° C. 

EXAMPLE 3 

lN-(N-benzyloxycarbonyl)-D-phenylalanyl 
3-methyl-2-benzothiaz01inone hydrazone) 

In a 125-mL erlenmeyer ?ask, 35 mmol (13.9 g) ofthe 
N-hydroxysuccinimide ester of Z-D-phenylalanine was 
added to 70 mL of acetonitrile (HPLC grade) followed 
by the addition of 33.4 mmol (60 g) of 3-methyl-2-ben 
zothiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
mL cold acetonitrile and dried at reduced pressure. 
Z-D-PHE-MBTH: Yield 11.4 g (74%), mp. 176' C. 

EXAMPLE 4 

lN-(l\l-t-butoxycarbonyl)-L-alany1 3-methyl-2-benzo 
thiazolinone hydrazone) 

In a 125-mL erlenmeyer ?ask, 35 mmol (10.0 g) of the 
N-hydroxysuccinimide ester of Boc-L-alanine was 
added to 70 mL of acetonitrile (HPLC grade) followed 
by the addition of 33.4 mmol (6.0 g) of 3-rnethyl-2-ben 
zothiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
mL cold acetonitrile and dried at reduced pressure. 
Boc-L-ALA-MBTH: Yield 7.8 g (67%), mp. 181' C. 

EXAMPLE 5 

1N-(N-t-butoxycarbonyl)-S-benzyl-L-cysteinyl 
3-methyl2-benzothiazo1inone hydrazone) 

In a 125 mL erlenmeyer ?ask, 35 mmol (14.3 g) of the 
N-hydroxysuccinimide ester of Boc-L-(Bz)cysteine was 
added to 70 mL of acetonitrile (HPLC grade) followed 
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4 
by the addition of 33.4 mmol (6.0 g) of 3-methyl-2-ben 
zothiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
rnL cold acetonitrile and dried at reduced pressure. 
Boc-L-(Bz)CYS-MBTH: 'Yield 11.3 g (72%), mp, 

l44°-l46° C. 

EXAMPLE 6 

1I’Q-(N-t-butoxycarbon yl)-L-methiony1 
3-methyI-Z-benzothiazolinone hydrazone) 

In a 125-mL erlenmeyer ?ask, 35 mmol (12.1 g) of the 
N-hydroxysuccinimide ester of Boc-L-methionine was 
added to 70 ml of acetonitrile (HPLC grade) followed 
by the addition of 33.4 mmol (6.0 g) of 3-methy1-2-ben’ 
zothiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
ml. cold acetonitrile and dried at reduced pressure. 
Boc-L-MET-MBTH: Yield 10.7 g (78%), mp. 157° 

C. 

EXAMPLE 7 

ll’~I-(N-benzyloaycarbonyD-L-prolyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a 125-mL erlenmeyer ?ask, 35 mmol (12.1 g) of the 
N-hydroxysuccinimide ester of Z-L-proline was added 
to 70 mL of acetonitrile (HPLC grade) followed by the 
addition of 33.4 mmol (6.0 g) of 3-methyl-2-benzo 
thiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
rnL of cold acetonitrile and dried at reduced pressure. 
Z-L-PRO-MBTH: Yield 7.1 g (52%), mp. 188° C. 

EXAMPLE 8 

1ltul-(N-t-butoxycarbonyl-'ybenzyl-L-glutamy1 
3-methyl-2-benzothiazolinone hydrazone) 

In a 125-mL erlenmeyer ?ask, 35 mmol (15.3 g) of the 
N-hydroxysuccinimide ester of Boc-L-(Bz)glutamic 
acid was added 70 rnL of acetonitrile (HPLC grade) 
followed by the addition of 33.4 mmol (6.0 g) of 3-rneth 
yl-2-benzothiaz0linone hydrazone. The reaction mix 
ture was stirred at room temperature for 24 h. The 
colorless precipitate was collected ?ltration, washed 
with 10 mL cold acetonitrile and dried at reduced pres 
sure. 

Boc-L-(Bz)GLU-MBTH: Yield 12.3 g (74%), mp 
13l"~l33° C. 

EXAMPLE 9 

lN-(N-t-butoxycarbonyDglycyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a 125-mL erlenmeyer ?ask, 35 mmol (9.5 g of the 
N~hydroxysuccinirnide ester of Boo-glycine was added 
to 70 mL of acetonitrile (HPLC grade) followed by the 
addition of 33.4 mmol (6.0 g) of 3-methyl-2-benzo 
thiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
rnL cold acetonitrile, and dried at reduced pressure. 
Boc-GLY-MBTl-I: Yield 5.75 g (51%), mp. 

l69°—l70° C. 
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EXAMPLE l0 

lN-(N-t-butoxycarbonyl)-L-leucyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a l25-mL erlenmeyer ?ask, 35 mmol (l 1.5 g) ofthe 
N-hydroxysuccinimide ester of Boc-L-leucine was 
added to 70 rnL of acetonitrile (HPLC grade) followed 
by the addition of 33.4 mmol (6.0 g) of 3-methyl-2-ben 
zothiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
mL cold acetonitrile and dried at reduced pressure. 
Boc-L-LEU-MBTH: Yield 8.5 g (70%), m.p. 120° C. 

EXAMPLE 1 l 

1N-(N-t-butoxycarbonyl)-O-benzyl-L-threonyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a 125-mL erlenmeyer ?ask, 35 mmol (14.2 g) of the 
N-hydroxysuccinimide ester of Boc-L-(Bz)threonine 
was added to 70 rnL of acetonitrile (HPLC grade) fol 
lowed by the addition of 33.4 mmol (6.0 g) of Iii-methyl 
2-benzothiazolinone hydrazone. The reaction mixture 
was stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
mL cold acetonitrile and dried at reduced pressure. 
Boc-L-(Bz)THR-MBTH: Yield 13.5 g (86%), mp. 

l22°-126" C. 

EXAMPLE l2 

lN-(Di'N-benzyloxycarbony1)-L- l Ysyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a 125'mL erlenmeyer ?ask, 35 mmol (17.9 g) of the 
N hydroxysuccinimide ester of Di‘Z-L-Iysine was 
added to 70 mL of acetonitrile (HPLC grade) followed 
by the addition of 33.4 mmol (6.0 g) of 3-mthyl-2-benzo 
thiazolinone hydrazone. The reaction mixture was 
stirred at room temperature for 24 h. The colorless 
precipitate was collected by ?ltration, washed with 10 
rnL cold acetonitrile and dried at reduced pressure. 
Di-Z-L-LYS-MBTH: Yield 17.0 g (88%), mp. 

l69°~170° C. 

EXAMPLE l3 

IN-(N-nt-t-butoiiycarbonyl)argininyl 
3-methyl-2-benzothiazolinone hydrazone) 

A solution of 6.68 g (21.5 mmol) of (N-a-t-butoxycar 
bonyl)arginine hydrochloride and 2.17 g (21.5 mmol) of 
N-methylmorpholine in 50 rnL of dry N,N-dimethylfor 
mamide (DMF) in a l00-mL round-bottomed ?ask was 
cooled to —- 10° C. in an ice-salt bath. To the stirred, 
cooled solution was added dropwise with stirring 2.93 g 
(21.5 mmol) of isobutyl chloroformate. The reaction 
mixture was maintained at — 10° C. for 15 minutes, then 
3.85 g (21.5 mmol) of 3-methyl-2-benzothiazolinone 
(MBTH) was added in one batch. Gas evolution and a 
change from colorless to amber was observed within 
l-5 minutes of the addition of the MBTH, after which 
the reaction mixture was permitted to come to room 
temperature for 24 h. The precipitated N-methylmor 
pholine hydrochloride was removed by ?ltration and 
the clear amber supematent was added to 500 ml, of 
deionized water. The aqueous solution was brought to 
pH 8 by addition of solid sodium bicarbonate. Occasion 
ally a color change from amber to green was observed 
upon adjustment of the pH. The solution was trans 
ferred to a 2 L separatory funnel, shaken vigorously 
with 800 rnL of methylene chloride, and the yellow 
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6 
methylene chloride layer was removed. Upon standing 
at room temperature for 5 minutes to 8 h, a solid prod 
uct precipitated from the colorless aqueous layer. The 
product was removed by ?ltration and dried at reduced 
pressure to give a colorless or pale yellow powder as 
the bicarbonate salt of the product. 

EXAMPLE l4 

1N-(N-benzoyl-L-phenylalanyl-L-val yl)-L-arginyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a l25-mL erlenmeyer ?ask, 1.6 mmol (0.90 g) of 
the N-hydroxysuccinimide ester of N-benzoyl-L 
phenylalanyl-L-valine was dissolved in 20 rnL acetoni 
trile (HPLC grade). A solution containing 4.8 mmol 
(0.40 g) of sodium bicarbonate in 40 mL of water was 
added, with stirring, followed by 1.6 mmol (0.72 g) of 
1N~arginyl 3-methyl-Z-benzothiazolinone hydrazone 
3HCl. After 24 h at room temperature, the colorless 
precipitate was collected by ?ltration and washed with 
10 mL of cold water and dried at reduced pressure. The 
bicarbonate salt of the product was produced in 71% 
yield (0.82 g). 

EXAMPLE 15 

1N-(N-t-butoxycarbonyl-L-leucylglycyl)-L-arginyl 
3-methyl-2-benzothiazolinone hydrazone) 

In a 50-mL erlenmeyer ?ask, 3.9 mmol (1.5 g) of the 
N-hydroxysuccinimide ester of N-t-butoxycarbonyl-L 
leucyl glycine dissolved in 20 mL of dry dimethylform 
amide (HPLC grade). With stirring, 13 rnL of a 5% 
(w/v) solution of sodium bicarbonate was added, fol 
lowed by a 3.9 mmol (1.75 g) of the trihydrochloride 
salt of 1N-arginyl 3-methyl-benzothiazolinone hydra 
zone. After 24 h at room temperature the residual so 
dium bicarbonate was removed by ?ltration. Evapora 
tion of the ?ltrate at reduced pressure produced the 
bicarbonate salt of the title compound as a pale yellow 
solid. The product was washed twice with 10 rnL of 
cold water and dried at reduced pressure: 67% yield 
(1.76 g). 

EXAMPLE l6 

Saturation kinetics for 
N-(N-benzyloxycarbonyDglycyl-L-prolyl-L-arginy] 

3-methyl-2-benzothiazolinone hydrazone with trypsin). 
A continuous assay for trypsin was performed, i.e., 

the oxidizing and coupling reagents for color develop 
ment were included with the substrate in the reaction 
mixture so that color development may be monitored 
on a continuous basis with time. In this example the dye 
precursor is developed to a dye without destroying the 
enzymatic activity of the enzyme. The reaction was 
initiated by the addition of 0.1 rnL of enzyme (10 
tag/ml.) to 0.9 mL of buffer solution containing sub 
strate (Z-GLY-PRO-ARG-MBTH) and color develop 
ing reagents. The ?nal concentrations in the cuvette 
were 1 ug trypsin +0.14M Tris buffer, pH 7.8 
+0.0l31M 3-dimethylamino benzoic acid (DMAB) 
+0.002M potassium ferricyanide +3% dimethylform 
amide +substrate. Substrate concentrations of 
l.74)<10-3M, 5.8><10-4M and 3.9><l0-‘M were as 
sayed in triplicate. The increases in absorbance at 590 
nm were monitored continuously for 5 minutes and the 
initial rates determined. Using the molar absorptivity of 
57,000 for the chromogen produced (MBTH-DMAB), 
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the average rate of hydrolysis was calculated to be 
4.431-O.l><10-°mol min—l. 

EXAMPLE I? 

Discontinuous peroxidase-coupled assay of 
a-chymotrypsin Using 

N-(N-benzyloxvcarbonyD-L-phenylalanyl 
3-methyl-2-benzothiazolinone hydrazone 

(Z-L-PHE-MBTH). 
In this example the enzyme is permitted to hydrolyse 

the substrate in the absence of oxidizer and coupling 
agent. Color development is initiated by addition of 
oxidizer and coupling agent and the color absorption is 
measured on a spectrophotometer. An amount of sub 
strate needed to give a 3.2 mM solution was dissolved in 
10 mL dimethylformamide. To 30 mL of 0.1M phos 
phate buffer, pH 8.0, 1.0 mL of the stock substrate solu 
tion was added. The reaction was initiated by the addi 
tion of 1.0 mL of a-chyrnotrypsin stock solution (50 
mg/mL in 0.1M acetate buffer, pH 5.0). At t=0 and 
periodically over a 90 minute time span, 1.0 mL aliquots 
were removed and added to a 3.0 mL color developing 
solution containing 0.0083M 3-dimethylamino benzoic 
acid (DMAB) +0.l% hydrogen peroxide +10 pg 
horseradish peroxidase. After 2 minutes, the absorbence 
at 590 nm was recorded. At the conditions used the 
chromogen (DMAB-MBTH) had a molar absorptivity 
of 65,000. FIG. 1 shows the rate of hydrolysis of 2-1. 
PHE-MBTH, as indicated by the appearance of MBTH. 

EXAMPLE 18 

Determination of the Kinetic Constants for the Trypsin 
Catalyzed Hydrolysis of 

N-(N-t-butoxycarbonyl)-L-Arginyl 3-methyl 
benzothiazolinone hydrazone (continuous assay)). 
in a one cm. cuvette were mixed 3.0 mL of 0.02M tris 

buffer, pH 7.8, containing 0.02M 3-dimethylamino ben 
zoic acid (DMAB) 0.1 mL of 0.065M potassium ferricy 
anide, and 0.1 mL of substrate (BOC-ARG-MBTH). 
The reaction was initiated by the addition of 1 0.1 mL of 
trypsin (2.33Xl0"‘M in 0.1M pyrophosphate buffer, 
pH 8.3). Eight concentrations of substrate, from 
9.98X10-‘M to 7.8><lO—°M, were assayed in tripli 
cate. The increase in absorption at 590 nm was moni 
tored continuously and the initial rates were deter 
mined. Under the conditions of the assay, a molar ab 
sorptivity of 57,000 was used to determine the concen 
tration of the chromogen (MBTH-DMAB) produced 
by the hydrolysis of substrate. Table I contains the date 
used to determine the binding and kinetic constants 
(Km, 11¢). A Lineweaver-Burk plot yielded respective 
values of Km and kc of 1.41X l0-3M and 
4.36><10-2s—1. analysis by the Woolf-Augustinssen 
Hofstee method gave Km = 1.29 X l0-3M and 
kc=4.28>< 1040-1. 

TABLE 1 

UV (min M") 1/s(M-') v/stmin-l) 
0.000505 0.00177 
01110528 100 0.00190 
0.000025 0.00100 
0.000099 0.002117 
0000742 200 0.00270 
0.000742 0.00270 
0.000700 0.00523 
0000880 401 0.00450 
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TABLE l-continued 

l/V (min M") l/StM-l) v/s(m1n~11 
0.0001119 0.00489 
0.001033 0.00770 
0.001080 802 000743 
0.001188 000075 
0.001097 0.00945 
0.001097 1003 0.00945 
0.001 52? 0.001177 
0.002969 0.01 808 
0.002909 2305 0.01080 
0.003393 0.00945 
0.005050 0.01268 
0.005050 0413 0.01268 
0.005280 0.01215 
0.009901 0.01295 
0.009901 12826 0.01295 
0.009506 0.01349 

We claim: 
1. A method for detecting the presence of proteolytic 

enzymes in an assay sample comprising: 
a. contacting an assay sample with a thiazolinone 

hydrazone compound having the formula: 

1' N 

R3 

wherein RCO- is any enzyme reactive acyl constituent 
which, in the presence of proteolytic enzyme, will re 
lease from the hydrazone substituent, [sid] said acyl 
being selected from the group consisting of amino acids, 
substituted amino acids. peptides, and substituted pep 
tides; and wherein R1 is selected from the group consist 
ing of hydrogen, aliphatic, cyclic, aromatic, carboxylic, 
halogen, hydroxyl, amino, and thio substituents; and 
wherein R; and R3 are selected from the group consist 
ing of aliphatic, cyclic, aromatic, [cart,oxylic] carbox 
ylt'c, halogen, nitro, hydroxyl, amino, thio, fused cyclic, 
and fused aromatic; 

b. adding oxidative coupling agents and oxidizing 
agents for the thiazolinone to develop blue-green 
chromogens; and 

c. monitoring the increase in absorbance at 590 nano 
meters; 

whereby the color develops while retaining the enzy 
matic activity of the proteolytic enzyme and the 
concentration of the chromogens is directly pro 
portional to the degree of enzymatic activity. 

2. The method of claim 1 wherein the assay method is 
conducted continuously by having the oxidative cou 
pling agents and the oxidizing agent present in the assay 
with the compound of Step (:1) and monitoring the ab 
sorbance continuously with time. 

3. The method of claim 1 wherein the assay method is 
conducted discontinuously by periodically removing 
aliquots of the assay at Step (a), adding the oxidizing 
agents and oxidative coupling agents of Step (b) to each 
aliquot and recording its absorbance at that period of 
time. 

4. The method of claim 1 wherein the constituent 
attached to the enzyme reactive acyl is MBTH. 

5. The method of claim 1 wherein R2 and R3 are 
joined in either a fused cyclic or fused aromatic ring. 
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