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Summary

The larvae of the webbing clothes moth, Tineola bisselliella contain two car-
boxypeptidases (EC 3.4.12-) and one of these has been purified by preparative
polyacrylamide gel electrophoresis. Its pH optimum for the hydrolysis of N-
benzyloxycarbonyl-glycyl-leucine was pH 7.5—7.7 and its molecular weight as
judged by gel filtration was 72 000. It is strongly inhibited by diisopropyl-
fluorophosphate, thiol reagents and some metal cations and also by 1 : 10
phenanthroline but not EDTA. K, and V values for the hydrolysis of 13 N-
acyl dipeptides were determined. The enzyme has a strong preference for neu-
tral aliphatic amino acid residues and does not hydrolyse C-terminal proline,
arginine or lysine. It is a true carboxypeptidase, requiring an L-amino acid in
the C-terminal position, with a free carboxyl group and hydrolysing peptide
substrates consecutively from the C-terminal end. Dipeptides are cleaved much
more slowly than tripeptides or N-acyl dipeptides.

Introduction

In a preliminary investigation [1] into the proteinases and peptidases present
in the larvae of the webbing clothes moth, Tineola bisselliella, considerable
carboxypeptidase (EC 3.4.12-) activity against N-benzyloxycarbonyl (Z)-Gly-
Leu was detected, and this could be fractionated into two well separated peaks
by chromatography on DEAE-cellulose at pH 7.7. Acrylamide gel zymograms
showed that the first, and smaller, peak contained a single carboxypeptidase
band of Ry 0.3, while the second, larger peak contained a single carboxypepti-
dase band of Ry 0.69.

Abbreviations: Bz, N-benzoyl; Diol buffer, 2-amino-2-methyl-1,3-propandiol buffer; Z, N-benzyl-
oxycarbonyl.
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In this paper the latter enzyme has been purified and some of its properties,
including its action on several free and blocked peptide substrates, investigated.

Materials and Methods

Chemicals. Unless otherwise stated, all peptide substrates contained only L-
amino acids. All benzoyl and benzyloxycarbonyl peptides were obtained from
Schwarz-Mann Research Laboratories.

The peptides Leu-Leu and Leu-Ala, were from Cyclo Chemical Corp. and
Leu-Gly was from Calbiochem. Leu-Pro, Pro-Leu, L-Leu-D-Leu, D-Leu-L-Leu,
Ala-Leu and Leu-Gly-amide were from Bachem Fine Chemicals. Leu-Ile, Leu-
Phe, Leu-Val, Leu-Leu-Leu, Leu-Gly-Leu, Ala-Gly-Leu, Gly-Ala-Leu, Leu-Thr-
Gly, Ala-Gly-Phe, Leu-Gly-Val and Ala-Gly-Phe-Gly-Gly were kindly prepared
by Dr. F.H.C. Stewart of this laboratory. Bovine serum albumin, L-amino acid
oxidase (Crotalus adamanteus venom) and horseradish peroxidase were from
Sigma Chemical Co. and ¢-dianisidine was from B.D.H. Chemical Co.

Enzyme. The starting material used was fraction D2 obtained as previously
described {1] and stored in 50% glycerol at —20°C until used.

Enzyme assays. Carboxypeptidase assays were carried as described pre-
viously [1].

Enzyme Rinetic determinations with peptide substrates. The Kkinetic param-
eters K, and V for the hydrolysis of benzoyl and benzyloxycarbonyl peptides
were determined by the method of Lee and Wilson [2] where the instantane-
ous velocity is replaced by the average velocity over a fixed time period and the
initial substrate concentration is replaced by the average substrate concentra-
tion during that time interval. Regression analysis of the Lineweaver-Burk plots
of 1/v versus 1/S, 8/ versus S and the Eadie-Hofstie plot, /S versus U, were
carried out on a GE terminal computer. The K, and V values from these three
regression analyses were averaged. Initial substrate concentrations employed
were 0.1-10°3, 0.25-10"3, 0.5-1073, 1.0-107%, 2.,5-10"% and 5-107% M.
Reaction conditions were 37°C, pH 7.7, and incubation time 30 min.

Hydrolysis of peptide substrates. The hydrolysis of peptide substrates was
performed at 37°C in 0.05 M 2-amino-2-methyl-1,3-propandiol(Diol)buffer, pH
8.0, with 2.5 mM substrate and 10 ul carboxypeptidase D2a. The extent of
hydrolysis after 3 h incubation was monitored qualitatively, by high voltage
electrophoresis [3] at pH 3.5 [4] on Whatman 3MM paper and quantitatively
by amino acid analysis with a Beckman 120C amino acid analyzer.

Acrylamide gel electrophoresis. Electrophoresis in gel rods and gel slabs
(120 mm long, 70 mm wide, 3 mm thick) and the detection of carboxypepti-
dase bands in gels were as described previously [1]. For preparative slab gels,
the Tris/glycine tray buffer was replaced by Tris/borate buffer, pH 8.3 (see ref.
5), the enzyme was located by staining side strips for activity and the enzyme
was recovered electrophoretically after macerating the gel through a 16-gauge
needle into a special cell fitted with a collecting tube sealed at one end by
dialysis membrane. The buffer used for electrophoretic elution was the Tris/
borate tray buffer.

Protein determination. Protein was estimated by the method of Lowry et al.
[6] with bovine serum albumin as standard.
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Results

Final purification

In addition to the single carboxypeptidase band (R, 0.69), the starting ma-
terial, fraction D2, contained several aminopeptidases and a small amount of
proteinase activity [1]. These contaminants were removed by preparative
electrophoresis in 7.5% acrylamide gel slabs. Initially the Tris/glycine buffer
system of Davis [5] was used and the glycine (which interferes with the ninhy-
drin carboxypeptidase assay) removed from the recovered enzyme by dialysis.
However, considerable enzyme activity was lost during dialysis and an alterna-
tive electrophoretic procedure using Tris/borate tray buffers [5] was adopted.

As shown in Fig. 1, the Tris/borate buffer system gave the same electro-
phoretic pattern as Tris/glycine and enzyme activity could still be detected
readily. When purified on preparative slab gels the material containing carboxy-
peptidase activity (fraction D2a) gave only a single protein band on acrylamide
gels and this coincided with the position of the enzyme activity (Fig. 1).

Properties of carboxypeptidase D2a

pH optimum. As shown in Fig. 2, the pH optimum for the hydrolysis of
Z-Gly-Leu by the purified carboxypeptidase was pH 7.5—7.7. Very little ac-
tivity could be detected below pH 6.0. Phosphate buffers could not be used as

they were found to be strongly inhibitory.
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Fig. 1. Protein bands and carboxypeptidase activity bands after acrylamide gel electrophoresis of fractions
D2 and D2a. Gels 1 and 3 were run with the Tris/glycine buffer system while gels 2 and 4 were run with
the Tris/borate system (see Materials and Methods).



567

100 —
80}
L
> sof
=
-
Q
-3 -
w
=
end
< 40F
w
a
20
-
L
| 1 1 1
5 6 7 8 9 10

pH
Fig. 2. Effect of pH of Z-Gly-Leu hydrolysis by fraction D2a. Buffers used at 0.01 M were: 4, sodium
acetate/acetic acid; ® N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES)/NaOH; C, Tris—HCI;
0, Diol/HCl. Maximum activity was 11.2 umol Z-Gly-Leu hydrolysed/30 min per ml enzyme.

Inhibitors. As reported previously with crude preparations [1], the purified
enzyme was almost completely inhibited by the thiol reagents p-chloromercuri-
benzoate and iodoacetate and by the metal chelator 1 : 10 phenanthroline, but
not by EDTA (Table I). It was also strongly inhibited by diisopropylfluoro-
phosphate.

TABLE 1
EFFECT OF INHIBITORS AND METAL IONS ON D2a CARBOXYPEPTIDASE ACTIVITY

The enzyme was Dre-incubated with inhibitor for 30 min at pH 7.5 and 20°C, then Z-Gly-Leu added
(0.001 M) and the residual carboxypeptidase activity determined at 37°C as described previously [1].

Additions Final concentration Effect on carboxypeptidase
M)

p-Chloromercuribenzoate 0.0001 100% inhibition
Iodoacetate 0.001 90% inhibition
EDTA 0.001 No effect

1 : 10 phenanthroline 0.001 93% inhibition
DFP 0.001 95% inhibition
CaCl, 0.001 59% inhibition
MnSO4 0.001 31% inhibition
FeSO4 0.001 25% inhibition
CoCl3 0.001 58% inhibition
ZnCl, 0.001 56% inhibition
CuCl,y 0.001 94% inhibition

HgCl, 0.001 100% inhibition
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TABLE II

KINETIC CONSTANTS FOR HYDROLYSIS OF BENZOYL AND BENZYLOXYCARBONYL PEP-
TIDES BY CARBOXYPEPTIDASE D2a

V values are expressed relative to the value of 12.5 umol/30 min per ml enzyme obtained for the hydroly-
sis of Z-Gly-Leu. Reaction conditions were 87°C, pH 7.7; incubation time, 30 min. Assays were as de-
scribed [1] and the kinetic parameters determined as outlined in Materials and Methods.

Substrate Km \% V/Km
(mM) (relative %) (relative %)
Z-Gly-Leu 0.42 100 100
Z-Ala-Phe 0.36 63.7 74.6
Z-Gly-Glu 0.24 17.0 29.6
Z-Gly-Tyr 0.38 19.4 21.1
Z-Gly-Phe 0.44 12.0 11.6
Bz-Gly-Gly-Gly 6.03 47.6 3.3
Z-Gly-Asp 0.78 4.5 2.4
Z-Gly-Ala 6.34 26.4 1.7
Z-Gly-Trp 1.54 5.9 1.6
2-Gly-Ser
;Géylyl’gs Not hydrolysed.
Bz-Gly-Arg

The effect of various metal ions on the purified carboxypeptidase is also
shown in Table I. Ca?’, Fe*", Mn?', Co* and Zn?' produced partial inhibition
while Cu?*and Hg?' produced strong inhibition.

Molecular weight. Carboxypeptidase D2a eluted from a Sephadex G-200
column calibrated with y-globulin, bovine serum albumin dimer and monomer,
ovalbumin, carbonic anhydrase, myoglobin and cytochrome ¢ [7} at a position
corresponding to a molecular weight of 72 000.

Hydrolysis of benzoyl and benzyloxycarbonyl peptide substrates. The kinet-
ic parameters determined for the hydrolysis of several benzoyl and benzyloxy-
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Fig. 3. Effect of substrate concentration on Z-Gly-Leu hydrolysis by fraction D2a. Reaction conditions
were 37°C, pH 7.7; incubation time, 30 min. Initial substrate concentrations were 0.1 - 1073, 0,25 - 1073,
0.5-1073, 1.0-1073, 2.5-10°3 and 5-10"3 M. Activity values are expressed relative to that of 11,2
umol Z-Gly-Leu hydrolysed/30 min per ml enzyme obtained at average substrate concentration of 0.86 -
1073 M.
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TABLE III
HYDROLYSIS RATES OF PEPTIDE SUBSTRATES BY CARBOXYPEPTIDASE D2a

Values indicated are the relative hydrolysis rates of the C-terminal peptide bond in 3 h at 37°C by car-
boxypeptidase D2a. The hydrolyses were monitored, by high voltage electrophoresis at pH 3.5 and quan-
titated by amino acid analysis as described in Materials and Methods.

Dipeptides Tripeptides Other peptides
Leu-Gly 0.8 Leu-Thr-Gly 2.9 Leu-Gly-NH; ]
Leu-Ala 2.8 Leu-Gly-Val 45.6 Ala-Gly-Phe-Gly-Gly 3.1
Leu-Val 1.0 Leu-Gly-Leu 100

Leu-Ile 4.3 Gly-Ala-Leu 89.6

Leu-Leu 6.3 Leu-Leu-Leu 38.1

L-Leu-D-Leu 0 Ala-Gly-Leu 19.1

D-Leu-L-Leu 0 Ala-Gly-Phe 3.1

Leu-Phe 1.3

Leu-Pro 0

Pro-Leu 1)

Ala-Leu 3.5

carbonyl peptide derivatives are shown in Table II. The most favoured substrate
was Z-Gly-Leu, while the substrates Z-Gly-Ser, Z-Gly-Pro, N-benzoyl(Bz)-Gly-
Arg, Bz-Gly-Lys were not hydrolysed at all. This T. bisselliella carboxypepti-
dase exhibited marked substrate inhibition at Z-Gly-Leu concentrations greater
than 2 - 1073 M (Fig. 3).

Hydrolysis of peptide substrates. Table III shows the relative rates of hy-
drolysis of several peptide substrates by carboxypeptidase D2a. Tripeptides
were hydrolysed much more rapidly than dipeptides. Dipeptide amides and
peptide bonds involving proline or D-amino acids were not hydrolysed by this
enzyme.
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Fig. 4. Relative hydrolysis rates of benzoyl- and benzyloxycarbonyl peptides by T. bisselliella carboxy-
peptidase.
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Discussion

In a previous communication [1] the larvae of the webbing clothes moth,
T. bisselliella were shown to contain a complex mixture of proteolytic enzymes
which were associated with their digestive tract. Trypsin-like, chymotrypsin-
like and metal chelator-sensitive proteinases were present as well as several
aminopeptidases and two carboxypeptidase type activities. Recent reports have
dealt with the purification and properties of the aminopeptidases [8—10],
the trypsin-like proteinases [11], and the metal chelator-sensitive proteinases
[12,13]. In this report the major carboxypeptidase from these larvae has been
further purified and some of its properties compared with those of carboxy-
peptidases from other sources.

Its pH optimum of 7.5—7.7 is very similar to the values of 7.4—7.8 reported
for pancreatic carboxypeptidase A [14] and 7.8—8.2 for carboxypeptidase B
[15]. It further resembles carboxypeptidases from other sources in its strong
inhibition by phosphate ions [14,16,17].

Its molecular weight of 72 000 is quite different to that of 34 000 reported
for pancreatic carboxypeptidases A [18] and B [19] and for shrimp hepato-
pancreas carboxypeptidases [20], but more closely resembles the carboxy-
peptidases from yeast [21], mould [22], and plants { 23—26].

Like the carboxypeptidases from other sources its response to inhibitors
is complicated. It appears to be a serine type carboxypeptidase since it is
strongly inhibited by low concentrations of diisopropylfluorophosphate. It
also appears to have a requirement for a free sulphydryl group since it is strong-
ly inhibited by p-chloromercuribenzoate, iodoacetate and several metal ions
[27]. The nature of this enzyme is further complicated by its strong inhibition
by 1 : 10 phenanthroline but not by EDTA. The serine carboxypeptidases from
yeast [21] and barley [24] show dual inhibition by diisopropylfluorophos-
phate and thiol reagents, while those from cotton seed [26] and French bean
seed [28] are only inhibited by diisopropylfluorophosphate. These serine type
carboxypeptidases are quite different from the vertebrate pancreatic carboxy-
peptidases, which are zinc metalloenzymes, inhibited by thiol reagents [14]
and the metal chelator 1 : 10 phenanthroline but not by EDTA [19,29].

The kinetic parameters obtained for the hydrolysis of several benzoyl- and
benzyloxycarbonyl dipeptides indicate some similarity between this T. bissel-
liella enzyme and pancreatic carboxypeptidase A. Peptides with C-terminal
lysine or arginine were not cleaved [30] and neither were those with C-terminal
proline [31]. Furthermore, extensive substrate inhibition (Fig. 3) was found
for the T. bisselliella carboxypeptidase as previously reported for carboxypepti-
dase A [32,33]. However, the insect enzyme differs from carboxypeptidase A
in its relative rates of hydrolysis of the various benzoyl- and benzyloxycarbonyl
peptides. Those with C-terminal leucine and to a lesser extent alanine or glycine
were cleaved more rapidly than those with C-terminal aromatic amino acids.
This is in direct contrast to the action of carboxypeptidase A {31,32,34,35].
Substitution of the alanyl group for glycyl in the penultimate C-terminal posi-
tion produced a 5-fold increase in the rate of release of C-terminal phenyi-
alanine by T. bisselliella carboxypeptidase but only a slight decrease in hydroly-
sis by carboxypeptidase A [36]. A further difference between the two enzymes
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is the somewhat lower K., values obtained for the N-acyl dipeptides with the
T. bisselliella carboxypeptidase.

Additional information on the specificity requirements of the insect car-
boxypeptidase was obtained with the free peptide substrates (Table IlI). Like
carboxypeptidase A, it requires an L-amino acid in the C-terminal position [31,
37] with a free carboxyl group [34]. Dipeptides, which have a free amino
group, are hydrolysed much more slowly than tripeptides or N-acyl dipeptides
[34] presumably because of the electrostatic effect of the positive charge on
the amino group [38].

The results reported in this paper show that this enzyme from T. bisselliella
larvae is a true carboxypeptidase which hydrolyses peptide substrates consecu-
tively from the C-terminal end. It resembles pancreatic carboxypeptidase A in
its pH optimum, some specificity requirements and kinetic characteristics but
not in its molecular weight or the nature of its active site. In these latter re-
spects it resembles the serine carboxypeptidases from some micro-organisms
and plants.

Studies are in progress to characterize the second carboxypeptidase from T.
bisselliella larvae [1] to see if it is analogous to carboxypeptidase B [39]. Few
carboxypeptidases have been reported in invertebrates [40—44] and the only
well characterized enzymes are the carboxypeptidases A and B from shrimp
hepatopancreas [20] and the carboxypeptidase B from starfish pyloric caeca
[45]. These enzymes were zinc metalloproteins, very similar in their properties
to the vertebrate carboxypeptidases A and B.
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