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ABSTRACT

When papain was reacted with L-1-acetyl-2,3-dihydropyrrolo[2,3-b]indole-2-carboxamide at pH 8.0, inactivation occurred accompa-
nied by modification of Cys-25 in the active site. Plots of pseudo first-order rate constants against the reagent concentrations yielded an
anomalous sigmoidal curve, suggesting that papain responded to this reagent in an allosteric manner. This is supported by the fact that
the presence of a moderate concentration (a twenty-fold molar excess) of N*-acetyl-L-tryptophanamide over papain accelerated the

inactivation.

INTRODUCTION

Oxidation of N%acetyl-L-tryptophanamide or
N*-acetyl-L-tryptophan methyl ester with N-bro-
mosuccinimide in phosphate buffer at about pH
8.0-9.0, or with tert.-butyl hypochlorite in triethyl-
amine-buffered methylene chloride-dimethylforma-
mide (1:1) gives tricyclic dihydropyrrolo[2,3-b]in-
doles characterized by an absorption maximum at
308 nm (¢ = 12200 mol ! 1 cm™1) [1,2]. These di-
hydropyrrolo[2,3-blindoles are stable above pH 7.0,
but below this pH they are rapidly converted to ox-
indole derivatives with an absorption maximum at
250 nm [3]. Recently, 2,3-dihydropyrrolo[2,3-b]in-
doles were found to be efficiently converted to 2-
(alkylthio)-L-tryptophan derivatives (¢ = 11 000
mol~* 1 cm™! at 290 nm) when reacted with thiols
such as 2-mercaptoethanol, L-cysteine and glutath-
ione in ammonium hydrogencarbonate buffered
aqueous dioxane or dimetylformamide at 55°C
(Fig. 1) [4]. No amino acids other than cysteine re-
acted with 2 3-dihydropyrrolo[2,3-blindoles at
about pH 8.0-9.0. These findings suggest that 2,3-
dihydropyrrolo[2,3-blindoles might be useful for
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Fig. 1. Modification of a cysteine residue with L-1-acetyl-2,3-
dihydropyrrolo[2,3-b]indole-2-carboxamide.
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the chemical modification of thiol groups of pro-
teins. In the work reported here, an attempt was
made to modify the active site cysteine residue of
papain with L-1-acetyl-2,3-dihydropyrrolo[2,3-blin-
dole-2-carboxamide. Inactiviation occurred in an
allosteric manner, suggesting that papain, a mono-
meric enzyme, behaves allosterically against com-
pounds with a hydrophobic nature.

EXPERIMENTAL

Materials
L-1-Acetyl-2,3-dihydropyrrolo[2,3-blindole-2-
carboxamide was synthesized by the oxidation of
Ne=-acetyl-1.-tryptophanamide with tert.-butyl hypo-
chlorite according to the method described by
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Ohno et al. [2]. Benzoyl-L-arginine ethyl ester
(BAEE) was purchased from the Peptide Institute,
Osaka, Japan. Other reagents used were of the best
grade available.

Papain

Papain (twice crystallized), obtained from Sigma
(St. Louis, MO, USA), was further purified by affin-
ity chromatography on a mercurial Sepharose col-
umn [5]. Active papain was prepared by the activa-
tion of mercuri-papain with 2-mercaptoethanol or
L-cysteine at pH 8.0 (0.1 M phosphate buffer) fol-
lowed by separation of the protein from the reduc-
ing agent on a Sephadex G-25 column. The prep-
aration had a thiol content of 1.04 mol/mol protein
when determined with 5,5 -dithiobis{2-nitrobenzoic
acid) [6]. The papain concentration was determined
with E1Z,= 25.0 at 280 nm.

ACTIVITY ASSAY

The activity of papain was assayed with 10 mM
BAEE as substrate. The liberated acids were titrat-
ed on a Radiometer (Copenhagen, Denmark)
RTS-5-titration assembly at pH 8.0 and 37°C.

Amino acid analysis
This was conducted on a Hitachi {Osaka, Japan)
835 amino acid analyser.

Reaction of amino acid mixture with 1L-1-acetyl-2,3-
dihydropyrrolof2,3-b Jindole-2-carboxamide

An equimolar mixture of ninetegen amino acids
other than L-cysteine was reacted with a twenty-fold
molar excess (per each amino acid) of L-1-ace-
tyl-2,3-dihydropyrrolo[2,3-blindole-2-carboxamide
at pH 8.0 (0.1 M phosphate buffer) for 12 h and
analysed on an amino acid analyser.

Reaction of papain with L-1-acetyl-2,3-dihydropyr-
rolo[2,3-b Jindole-2-carboxamide

To papain solution (1.8 - 107°-2.3 - 107° M) in
0.1 M phosphate buffer (pH 8.0) containing 1 mM
EDTA was added a solution of r-1-acetyl-2,3-di-
hydropyrrolo[2,3-blindole-2-carboxamide in di-
methyl sulphoxide to give 50-, 100-, 133-, 150 and
200-fold molar excesses. The reactions were carried
out at 37°C and at intervals aliquots were with-
drawn and assayed for activity. Pseudo first-order
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rate constants were obtained from the slopes of
semi-logarithmic plots of relative activities versus
time. The reactions were also carried out in the
presence of various concentrations of N*-acetyl-L-
tryptophanamide.

RESULTS AND DISCUSSION

It was established that the reaction of L-1-ace-
tyl-2,3-dihydropyrrolo[2,3-blindole-2-carboxamide
and L-cysteine produces N*acetyl-L-2-(S-cysteinyl)
tryptophanamide [4]. When a mixture of nineteen
amino acids other than L-cysteine was incubated
with a twenty-fold molar excess (per each amino
acid) of vL-l-acetyl-2,3-dihydropyrrolo[2,3-b]in-
dole-2-carboxamide at pH 8.0 for 12 h and analysed
on an amino acid analyser, all amino acids were
quantitatively recovered. The fact that 2,3-dihydro-
pyrrolo[2,3-blindole can specifically react only with
L-cysteine provides a basis to apply this reagent for
the chemical modification of thiol group(s) of pro-
teins. Papain, a popular thiol protease, was selected
for modification with 2,3-dihydropyrrolo[2,3-blin-
dole.

When papain was exposed to more than 100-fold
molar excesses of L-1-acetyl-2,3-dihydropyrrolo-
[2,3-blindole-2-carboxamide at pH 8.0 and 37°C, it
was rapidly inactivated. No reaction was observed
when the inactivated papain was mixed with 5,5'-
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Fig. 2. First-order plot for inactivation of papain with various
concentrations of L-l-acetyl-2,3-dihydropyrrolof2,3-blindole-2-
carboxamide at pH 8.0 (0.1 M phosphate buffer containing 1
mM EDTA) and 37°C. Papain 2.0 x 10~° M. Reagent concen-
trations: 1.0 mM (Q),2.0mM (@),2.7 mM (@), 3.0 mM (©) and
4.0 mM ().
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Fig. 3. Plots of pseudo first-order rate constants (k) for inacti-
vation of papain (1.8 - 1073 M) versus L-1-acetyl-2,3-dihydropyr-
rolo[2,3-blindole-2-carboxamide concentrations in the absence
(O) and presence of 20- (@), 70- (A) and 100-fold molar excess-
es (A) of N*-acetyl-L-tryptophanamide in terms of the papain
concentration at pH 8.0 and 37°C.

dithiobis(2-nitrobenzoic acid) at pH 8.0, indicating
that the reagent reacted with Cys-25 in the active
site of papain.

Fig. 2 shows first-order plots for the inactivation
of papain when exposed to 50-, 100-, 133-, 150- and
200-fold molar excesses of L-1-acetyl-2,3-dihydro-
pyrrolo[2,3-blindole-2-caboxamide at pH 8.0 and
37°C. From the inclination of these straight lines,
pseudo first-order rate constants (k) were deter-
mined. The relationship between ks values and the
reagent concentrations is shown in Fig. 3. An un-
usual sigmoidal curve was obtained (indicated by
the open circles). When the reagent concentration
was less than a 100-fold molar excess over papain,
inactivation proceeded at a slow rate. However,
when the reagent concentration was increased
above a 150-fold molar excess, the inactivation rate
was greatly enhanced. Such a kinetic behaviour of
papain towards L-l-acetyl-2,3-dihydropyrrolo[2,3-
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blindole-2-carboxamide could be ascribed to the al-
losteric nature of papain. This appears to be in-
duced by the hydrophobic nature of the reagent.

In an attempt to convert this sigmoidal curve to
less sigmoidal or to a saturation curve, N*-acetyl-L-
tryptophanamide, which is hydrophobic in nature,
was introduced into the reaction mixture. When a
twenty-fold molar excess of N*-acetyl-L-tryptophan-
amide over papain was added, the curve shifted to
the left, as shown in Fig. 3 (indicated by the closed
circles). This means that N*acetyl-L-tryptophan-
amide induces a conformational change in papain
through hydrophobic interactions to enhance the
reactivity of Cys-25 towards r-l-acetyl-2,3-dihy-
dropyrrolo[2,3-blindole-2-carboxamide. However,
in the presence of 70- or 100-fold molar excess of
N®-acetyl-L-tryptophanamide (indicated by open
and closed triangles, respectively), the curves ob-
tained were sigmoidal, similar to that obtained in
the absence of the additive. It is likely that N*-ace-
tyl-L-tryptophanamide at such high concentrations
inhibits papain by orienting itself to the active site
and thus preventing the access of Cys-25 to the re-
agent.

This work shows that papain behaves like oligo-
meric allosteric proteins against 1-1-acetyl-2,3-di-
hydropyrrolo[2,3-blindole-2-carboxamide. Papain
appears to respond allosterically to hydrophobic
compound(s), although it exists in a monomeric
form.
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