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Action of Cathepsin C on a Tetrapeptide Amide*
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When cathepsin C acts at pH 7.5 on glycyl-L-tyrosylglycyl-L-tyrosinamide labeled with
C!4 in one of the two glycine residues, the labeling of the resulting polymeric peptide
amide indicates that both dipeptide units are incorporated, but only after prior cleavage
of the interior tyrosylglycyl bond. The data are in accord with the hypothesis that
the tetrapeptide amide is an intermediate in the enzymic polymerization of glycyl-L-
tyrosinamide only when the tetrapeptide amide is formed and held by the enzyme.

In previous communications from this labora-
tory, it was reported that at pH 7.5, cathepsin C
converts glycyl-L-tyrosinamide to a decapeptide
amide (Fruton et al., 1953), and that during this
polymerization reaction glycyl-L-tyrosylglycyl-
L-tyrosinamide appears in the incubation mixture
(Wiirz et al., 1962). Experiments designed to
determine the role of the tetrapeptide amide in
polymer formation indicated that this compound,
when added to the incubation mixture, did not
serve as a ‘‘primer” in the polymerization of
glycyl-L-tyrosinamide. When synthetic tetra-
peptide amide was present in an incubation mix-
ture containing C'4-labeled glycyl-L-tyrosinamide,
the radioactivity of the resulting polymer was re-
duced, as compared with a control experiment in
the absence of tetrapeptide amide, indicating that
the unlabeled tetrapeptide amide had contributed

* This work was aided by grants from the U. S.
Public Health Service (RG-6452) and the National
Science Foundation (G-7451).

glycyltyrosyl units to the formation of the poly-
mer. Furthermore, cathepsin C was shown to act
on glycyl-L-tyrosylglycyl-L-tyrosinamide at pH
7.5 with the formation of glycyl-L-tyrosine and of
polymer, and with slow evolution of ammonia,
indicating a primary attack of the enzyme at the
interior tyrosylglycyl peptide bond. The avail-
able data led to the suggestion that in the poly-
merization of glycyl-L-tyrosinamide by cathepsin
C, the tetrapeptide amide only serves as an inter-
mediate when it remains bound to the catalytic
region of the enzyme; if released from the site of
its formation, or if added to the incubation mix-
ture, the tetrapeptide amide appears to be cleaved
to dipeptide units (possibly in the form of glycyl-
tyrosyl-enzyme) before re-utilization for polymer
formation.

In the present communication, further data are
presented in support of the conclusion that free
glycyl-L-tyrosylglycyl-L-tyrosiramide, when acted
upon by cathepsin C, is cleaved before utilization
for polymer formation.
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EXPERIMENTAL

The cathepsin C preparation was the same as
that used in the experiments of Wiirz et al. (1962),
and the enzyme concentration was 0.4 units per
ml of incubation mixture. The enzyme experi-
ments were conducted at 37.5° and pH 7.5-7.6
(adjusted with 0.1 N NaOH, the peptide amides
serving as buffers), with 0.01 M S-mercaptoethyl-
amine as the enzyme activator.

Two samples of glycyl-L-tyrosylglycyl-L-tyro-
sinamide acetate were used in these experiments.
Both were synthesized by the method described
by Wiirz et al. (1962). One of them was made by
coupling C'4labeled carbobenzoxyglycyl-L-tyro-
sine (made with uniformly labeled Cit-glycine,
3260 cpm per umole) with glycyl-L-tyrosine ethyl
ester hydrochloride to yield as the final product
the tetrapeptide amide acetate (N, 13.4; for the
carbobenzoxytetrapeptide amide, m.p. 220-221°
decomp.; N, 11.7) labeled in the amino-terminal
glycyl residue, with a specific radioactivity of
1600 cpm per umole tyrosine. This sample of
tetrapeptide amide will be designated G*TGTA.
The other sample of synthetic tetrapeptide amide
acetate was made from carbobenzoxyglycyl-L-
tyrosine and C!‘labeled glycyl-L-tyrosine ethyl
ester hydrochloride (3260 cpm per umole, labeled
in the glycyl group) to yield a product (N, 13.6;
for the carbobenzoxytetrapeptide amide, m.p.
221-222° decomp.; N, 11.6), with a specific
radioactivity of 1610 cpm per umole tyrosine.
This sample will be designated GTG*TA. The
specific radioactivity of G¥TGTA and GTG*TA
is given in cpm per umole tyrosine because a
spectrophotometric method is used for the deter-
mination of the concentration of polymer solu-
tions (for details, see Wiirz et al., 1962). The
specificity of cathepsin C, which is restricted in its
action at peptide bonds two a-amino acid residues
away from a free a-amino group (Izumiya and
Fruton, 1956; Planta and Gruber, 1961), permits
one to treat the glycyltyrosyl group as a unit for
purposes of determination of specific radioactivity.
The validity of this procedure is supported by the
concordance of the data presented in this com-
munication with those obtained by Wiirz et al.
(1962) in experiments with glycyl-L-tyrosinamide
labeled with C!¢in the tyrosyl residue. The isola-
tion of the polymer, the determination of its radio-
activity, and the preparation of its dinitrophenyl
(DNP) derivative, were performed in the manner
described previously (Wiirz et al., 1962). The
DNP-polymer was hydrolyzed for 20 hours at
110° with 6 N HCI, and the resulting DNP-
glycine was extracted with ether; an aliquot of
the ether extract was plated and counted. The
concentration of DNP-glycine was estimated
spectrophotometrically, with a value of 15,000
(in glacial acetic acid) used for the molar extinc-
tion coefficient at 340 my.

REsuLTs
The earlier results of Wiirz et al. (1962) had
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shown that when 0.05 M glycyl-L-tyrosinamide
labeled with C!4in the tyrosine residue (4560 cpm
per umole) is incubated with cathepsin C in the
presence of unlabeled 0.025 m glycyl-L-tyrosyl-
glycyl-L-tyrosinamide acetate, the specific radio-
activity of the resulting polymer was 1,840 cpm
per pmole tyrosine; with 0.01 M tetrapeptide
amide, the polymer had 3,120 cpm per umole of
tyrosine. In the absence of added tetrapeptide
amide, the polymer had 4,650 cpm per umole
tyrosine. Therefore, the extent to which 0.025 m
tetrapeptide amide had contributed glycyltyrosyl
units to the polymer amounted to 60.4% (100 —
(1,840 X 100/4,6501]), and with 0.01 M tetrapep-
tide amide it was 33.2%. The finding that 0.025
M tetrapeptide amide (0.05 M with respect to
glycyltyrosyl units) caused more than 50% dilu-
tion of the label suggested that the tetrapeptide
amide is a somewhat better donor of glycyltyrosyl
units than is the dipeptide amide.

To examine this question further, the enzymic
formation of polymer was studied with unlabeled
glyeyl-L-tyrosinamide and labeled tetrapeptide
amide (G*TGTA or GTG*TA). The results of a
representative experiment are summarized in
Table I, from which it will be seen that both
G*TGTA and GTG*TA donated glycyltyrosyl
units to the polymer. Although the specific radio-
activity of the labeled glycine residue was the
same in both samples of tetrapeptide amide (3200
cpm per umole of the labeled glycine residue),
equivalent concentrations of the two samples
caused a different extent of labeling in the poly-
mer. The results in Table I are consistent with
the view that the amino-terminal glycyltyrosyl unit
is utilized more effectively for polymer formation
than the carboxyl-terminal dipeptide unit. Cal-
culation of the extent to which G*TGTA and
GTG*TA at 0.025 M contributed labeled glycyl-

TABLE |

AcTioN oF CATHEPSIN C ON GLYCYL-L-TYROSINAMIDE
IN THE PRESENCE OF C!'“-LABELED TETRAPEPTIDE
AMIDE
The reaction mixtures (1 ml) contained 50 umoles of
glycyl-L-tyrosinamide acetate and labeled glycyl-
L-tyrosylglycyl-L-tyrosinamide acetate (10 pmoles or

25 umoles). Incubation period, 2.5 hours.
Specific
Radio-
Time of activity of
Appear-  Yield of Polymer
Labeled ance of Polymer (cpm/
Tetrapeptide Polymer (umoles umole
Amide (min.) tyrosine) tyrosine)
G*TGTA (10 28 13.7 590
umoles)
G*TGTA (256 42 24.1 1050
umoles)
GTG*TA (10 28 13.0 445
usmoles)
GTG*TA (25 38 24 .4 850
umoles)
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tyrosyl units to the polymer gives values of 32.8%
and 26.6% respectively; the total of 59.4%
may be compared with the value of 60.4% calcu-
lated for the contribution of unlabeled glycyl-
tyrosyl units by the tetrapeptide amide (0.025 M)
in the presence of C!tlabeled glycyl-L-tyrosin-
amide (0.05 M). A similar calculation for the
extent of incorporation of labeled glycyltyrosyl
units from G*TGTA and GTG*TA at 0.01 M
gives values of 18.4% and 13.9% respectively;
the total of 32.3% may be compared with the
value of 33.2% obtained for the contribution of
unlabeled glycyltyrosyl units by 0.01 M unlabeled
tetrapeptide. The satisfactory agreement for the
sets of data obtained in one case with glycyl-L-
tyrosinamide labeled in the tyrosine residue, and
in the other case with tetrapeptide amide samples
labeled in one of the glycine residues, further sup-
portsthe view that cathepsin C catalyzes the trans-
fer of dipeptide units.

The values for the specific radioactiviiy given in
Table I suggest that, in the presence of 0.05 M
glycyl-L-tyrosinamide, the amino-terminal glycyl-
tyrosyl unit of the tetrapeptide amide is utilized
about 25% more effectively for polymer forma-
tion than is the other dipeptide unit of the tetra-
peptide amide. The significant difference in the
effectiveness of the two samples of labeled tetra-
peptide amide in labeling the polymer may also
be considered as additional (although not conclu-
sive) evidence against the role of the tetrapeptide
amide as a “‘primer” in the polymerization of
glycyl-L-tyrosinamide. If the tetrapeptide amide
served solely as a primer, the extent of labeling of
the polymer should have been the same with both
samples of labeled tetrapeptide amide.

It will be noted from Table I that the yield of
polymer was greater in the experiments with 0.025
M tetrapeptide amide than with 0.01 M tetrapep-
tide amide, as further indication of the fact that
the tetrapeptide amide donated glycyltyrosyl
units to the polymer. The delay in the appear-
ance of the insoluble polymer at the higher con-
centration of tetrapeptide amide was noted pre-
viously (Wiirz et al., 1962), but no explanation for
this increased lag can be offered at present.

The results obtained are consistent with the
conclusion that cathepsin C catalyzed the reac-
tion:

GTGTA + Enzyme — GT-Enzyme + GTA

In the presence of a high concentration of a suit-
able acceptor such as glycyl-L-tyrosinamide
(GTA), GT-enzyme may be assumed to contribute
GT units to the growing polymer chain. In the
absence of glycyl-L-tyrosinamide, polymer forma-
tion is observed but the time of its appearance is
much delayed (Table II), presumably because of
the low initial concentration of the dipeptide
amide (GTA) and the apparent inability of the
tetrapeptide amide to serve as an effective accep-
tor of glycyltyrosyl units in the transamidation
reaction. It may be expected, however, that as
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the reaction proceeds and the dipeptide amide in-
creases in concentration, polymerization will occur
with the incorporation of both dipeptide units of
the tetrapeptide amide. The data presented in
Table IT are in accord with this expectation. The
polymer obtained from G*T'GTA was somewhat
more highly labeled than that from GTG*TA, al-
though the specific radioactivity of the two tetra-
peptides was the same, again indicating preferen-
tial utilization of the amino-terminal dipeptide
unit for polymer formation. Although the chain
length of the polymers obtained in these experi-
ments was not determined, it may be assumed
from earlier work that they are (on the average)
decapeptide amides. On this basis, the value of
1860 cpm per umole tyrosine for the polymer from
G*TGTA (Table II) would correspond to an

TABLE 11

AcTioN OF CATHEPSIN C OoN C!“-LABELED
GLYCYL-L-TYROSYLGLYCYL-L-TYROSINAMIDE
ACETATE
The reaction mixtures (1 ml) contained 50 umoles of
labeled tetrapeptide amide. Incubation period, 4
hours. The polymer appeared within 2.5 hours in

both experiments.

Specific
Yield of Radioactivity
Labeled Polymer of Polymer
Tetrapeptide (umoles (cpm/umole
Amide tyrosine) tyrosine)
G*TGTA 15.8 1860
GTG*TA 15.0 1320

average ratio of labeled to unlabeled glycine in the
polymer of about 3:2 (theory, 3200 X 3/5 =
1920), and the value of 1320 for the polymer from
GTG*TA would correspond to an average ratio of
about 2:3 (theory, 3200 X 2/5 = 1280).

The suggestion that the dipeptide units of the
labeled tetrapeptide are utilized in the poly-
merization reaction independently of each other
is further supported by the observation that the
polymer derived from GTG*TA contained pep-
tide chains with C!4labeled amino-terminal
glycine residues. The specific radioactivity (880
cpm per umole) of the DNP-glycine obtained on
hydrolysis of the DNP-substituted polymer from
GTG*TA suggests that approximately 279,
(880 X 100,/3200) of the peptide chains contained
labeled amino-terminal glycine residues.
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