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Mammalian mast cells contain histamine and, in rat and
mouse, also serotonin (1—3). Histamine is released from the
mast cells, and dilates small blood vessels and enhances vascu-
lar permeability in some pathological reactions (4, §). Sero-
tonin is known to have the same-biological significance as
histamine (6). A group of substances of cellular origin which
release histamine have been referred to as endogenous hista-
mine liberators. In a previous report (7) it has been suggested
that arginine-rich calf thymus histone is an important endo-
genous histamine liberator, which releases histamine from
isolated rat peritoneal mast cells. The arginine-rich histone
also releases serotonin from the mast cells. Mammalian mast
cells contain not only histamine and, in some animal species,
serotonin, but also some esterases (8). However, the role of
the esterases in biological reactions remains almost unknown.
Histochemical and biochemical techniques (9—12) have shown
that rat mast cells contain a chymotrypsin-like esterase. As
histamine and serotonin are released from the rat mast cells
by arginine-rich calf thymus histone (7) it is possible that the
chymotrypsin-like esterase is also released from the mast cells
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by the arginine-rich histone. In the present study it is indicated
that arginine-rich calf thymus histone releases chymotrypsin-
like esterase from isolated rat peritoneal mast cells.

MATERIALS AND METHODS

Arginine-rich and lysine-rich calf thymus histone preparations extracted with
HCI were kindly supplied by Prof. S. Osawa, Research Institute for Nuclear
Medicine and Biology, Hiroshima University.

Preparation of isolated rat peritoneal mast cells was carried out according to
the procedure of Archer (13), with slight modifications (7). Twenty ml of
Tyrode solution was injected into the peritoneal cavity of a female Wistar rat
weighing about 200 g The abdominal wall was gently massaged, and the
peritoneal fluid containing mast cells was withdrawn. The mast cells were
washed with Tyrode solution, resuspended in the same solution at a concentra-
tion of 5.0 X 10" cells/ml and used as the mast cell suspension.

Esterase was released from the isolated mast cells by the same method as
used for the release of histamine and serotonin (7, 13). One ml of Tyrode solu-
tion containing 100 pg/ml of arginine-rich and lysine-rich calf thymus histone
was mixed with 1 ml of the mast cell suspension, and the mixture incubated at
37° C for 1060 min and centrifuged at soo g for 1o min. The supernatant thus
obtained was examined for its capacity to hydrolyse synthetic amino acid esters.

Hydrolyses of the synthetic amino acid esters, p-tosyl-L-arginine methyl ester
(TAME) (Tokyo Kasei, Tokyo) and N-acetyl-L-tyrosine ethyl ester (ATEE)
(Tokyo Kasei, Tokyo) were performed according to the modified method of
Hestrin (14, 15), with further modifications. 0.6 ml of the sample, 0.9 ml of
o.1 M phosphate buffer (pH 7.4) and o.15 ml of the same buffer containing
TAME or ATEE (40 mM/ml) were mixed, and the mixture sterilized by
passing it through a membrane filter (SM 113; Sartorius-Membranfilter, Géottin-
gen). In some experiments a specific inhibitor of chymotrypsin, L-1-tosylamido-2-
phenylethyl-chloromethyl ketone (TPCK) (Seikagaku Kogyo, Tokyo) was added
to the ATEE solution at a concentration of 20 xg/ml to inhibit a chymotrypsin-
like esterase (16). The sterilized mixture was incubated under sterile conditions
at 37° C for 14 h, as no hydrolytic activity was observed during a shorter in-
cubation period. After incubation, 1.5 ml of alkali hydroxylamine composed of
1 M NH:OH - HCl and 175 M NaOH was added to 1.0 ml of the incubated
mixture and left at room temperature for a further 20 min, after which 1.0 ml
of 4 N HCl, 1.0 ml of 18 per cent trichloroacetic acid and 1.0 ml of 10 per cent
FeCls were added. The mixture was filtrated and the absorbance of the mixture
at 530 nm was measured.
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RESULTS

The Capacity of Supernatants from Incubated Mixtures of
Arginine-Rich and Lysine-Rich Calf Thymus Histones and
Isolated Rat Peritoneal Mast Cells to Hydrolyse TAME and
ATEE

The arginine-rich and lysine-rich calf thymus histone solu-
tions and the mast cell suspension were mixed and incubated
at 37° C for 10 min, and the capacity of the resultant super-
natant to hydrolyse TAME and ATEE was measured (Table
1). The supernatant from the incubated mixture of arginine-
rich calf thymus histone solution and the mast cell suspension
did not hydrolyse TAME, but hydrolysed ATEE. The super-
natant from the mixture of lysine-rich calf thymus histone
solution and the mast cell suspension hydrolysed neither
TAME nor ATEE. The arginine-rich and lysine-rich histone
solutions and the supernatant from the incubated mast cell

suspension did not hydrolyse TAME and ATEE either.

TABLE 1
Hydrolytic Activities of Arginine-Rich and Lysine-Rich Calf Thymus Histones
and Esterase Released from Rat Mast Cells.

Hydrolytic activities
Histones and mast cells Experiment 1 Experiment 2 Experiment 3
TAME ATEE TAME ATEE TAME ATEE

Arginine-rich calf thymus

histone o o o o o o
Lysine-rich calf thymus

histone o o o o o o
Mast cells o o) o o o o
Arginine-rich calf thymus

histone 4 mast cells o 8.4 0 8.6 0 8.0
Lysine-rich calf thymus

histone 4 mast cells o o o) o o o
(—) o o o o o o

Hydrolytic activities are expressed as mumol of substrates hydrolysed per min by
50 ug of calf thymus histones or esterase preparations from 2.5 X 10* rat mast
cells.
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These results suggest that arginine-rich calf thymus histone
released an esterase, which did not hydrolyse TAME but
hydrolysed ATEE. Lysine-rich calf thymus histone did not
release such an esterase from isolated rat peritoneal mast cells.

Release of Esterase, Which Hydrolysed ATEE, from
Isolated Rat Peritoneal Mast Cells, by Arginine-Rich Calf
Thymus Histone under Various Incubation Times

The arginine-rich calf thymus histone solution and the mast
cell suspension were mixed and incubated at 37° C for 10, 20,
40 and 60 min. The capacity of the esterase released from the
mast cells to the supernatant to hydrolyse ATEE was meas-
ured at the time intervals mentioned above (Table 2). The
arginine-rich histone released the esterase within 10 min and,
after that, the histone did not release the esterase from the
mast cells. After 20~60 min the mast cells spontaneously be-
gan to release the esterase gradually.

Effect of TPCK on Hydrolysis of ATEE by Esterase
Released from Isolated Rat Peritoneal Mast Cells

The arginine-rich calf thymus histone solution and the mast
cell suspension were mixed and incubated at 37° C for 10 min.
The effect of TPCK on the hydrolysis of ATEE by the
esterase released from the mast cells to the supernatant was
measured (Table 3). ATEE in the phosphate buffer without
TPCK was hydrolysed by the released esterase as in Table 1,
but ATEE in the buffer with TPCK was not hydrolysed by
the esterase. TPCK is suggested to inhibit the hydrolysis of
ATEE by the esterase released from the mast cells.

DISCUSSION

The data described above show that arginine-rich calf thymus
histone releases an esterase which hydrolyses ATEE and is
inhibited by TPCK, but does not hydrolyse TAME under the
present experimental conditions. Lysine-rich calf thymus his-
tone does not release such an esterase. As TAME is hydro-



197

TABLE 2
Hydrolytic Activities of Arginine-Rich Calf Thymus Histone and Esterase
Released from Rat Mast cells After Incubation at Various Times.

Histone and mast cells Capacity to hydrolyse ATEE
(incubation time) Experiment 1 Experiment 2 Experiment 3

Arginine-rich calf thymus

histone
10 min o o o
20 min o o o
40 min o o o
60 min o o o
Mast cells
10 min o o o
20 min 1.2 2.0 1.4
40 min 2.2 3.0 2.0
60 min 4.2 5.4 4.6
Arginine-rich calf thymus
histone 4+ mast cells
10 min 8.2 8.4 7.6
20 min 8.0 8.0 7.8
40 min 7.6 8.0 8.0
60 min 7.6 3.2 8.0
(—)
10 min o o o
20 min o o o
40 min o o o
60 min o o o

Hydrolytic activities are expressed as umo! of substrates hydrolysed per min by
5o ug of arginine-rich calf thymus histone or esterase preparations from 2.5 X 1o
rat mast cells.

lysed by trypsin (17) and ATEE is hydrolysed by chymo-
trypsin (18), the released esterase is chymotrypsin-like. The
inhibition by a specific chymotrypsin inhibitor, TPCK, also
supports the idea that the released esterase is chymotrypsin-
like. But, it is nevertheless unclear whether or not a trypsin-
like esterase is released from the mast cells by arginine-rich
and lysine-rich calf thymus histones; the possibility remains
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TABLE 3
Effect of TPCK on Esterase Released from Rat Mast Cells.

Histone, mast cells Capacity to hydrolyse ATEE
and TPCK Experiment 1 Experiment 2 Experiment 3

Arginine-rich calf thymus

histone -+ mast cells 8.0 7.7 8.1
Arginine-rich calf thymus

histone + mast cells + TPCK o o o
TPCK o o o
(—) o o o

TPCK was added to ATEE solution at a concentration of 20 ug/ml. Hydrolytic
activities are expressed as umol of substrates hydrolysed per min by esterase
preparations from 2.5 X 10* rat mast cells.

that the arginine-rich and lysine-rich histones form a complex
with a trypsin-like esterase at the arginyl and lysyl sites of the
histone molecules (19). Since there is little difference in the
amino acid composition and protein structure of arginine-rich
and lysine-rich histones in different species or organs (20),
the chymotrypsin-like esterase might also be released from the
mast cells even if histones of animal species or organs, other
than calf thymus histone were studied.

It is a well-known fact that many mast cells are seen in tis-
sues undergoing chronic destruction, such as chronically in-
flamed tissue and malignant tumours (21). But the role of the
mast cells in these tissues is almost unknown. The data from
the present experiments suggest a possible role for the mast
cells. In the tissues undergoing chronic destruction, arginine-
rich histone might be released from the nuclei of the de-
structed cells. The histone acts on the mast cells and releases
esterase (s), which digest the destructed tissues. Histamine is
also released from the mast cells by arginine-rich histone (7).
Histamine dilates small blood vessels and enhances vascular
permeability (4—5). The released histamine might enhance
the transportation of the materials digested by the released
esterase(s) from the destructed tissues to the small blood
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vessels. Serotonin is also released from the mast cells by
arginine-rich histone (7), and it has the same biological role
as histamine in some animal species (6).

SUMMARY

Release of chymotrypsin-like esterase from isolated rat peri-
toneal mast cells by arginine-rich and lysine-rich calf thymus
histones was investigated. The arginine-rich histone released
the esterase, but the lysine-rich histone did not release the
esterase from the mast cells. The isolated mast cells spon-
taneously released the esterase gradually. The chymotrypsin-
like esterase released from the mast cells is considered to
digest the destructed material in tissues in a state of chronic
destruction, such as chronically inflamed tissues and malignant
tumours.
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