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Acylpeptide hydrolase (ACPH, EC 3.4.19.1) cata-
l
a
i
8
a
t

e
c
c
m
i
A

M

w
I
S
(
f
a
s

k
B
(
s
i
a
t
f
8
C
[
(

e

0
s
m

Acetylleucine chloromethyl ketone (ALCK), an in-
ibitor of acylpeptide hydrolase (ACPH), inhibited the
rowth of human monoblastic U937 cells in a dose- and
ime-dependent manner. Morphology of the ALCK-
xposed cells showed typical apoptosis, judging from
he nuclear condensation and segmentation. Chromo-
omal DNA of U937 cells treated with ALCK showed an
nternucleosomal ladder-like pattern on electrophore-
is, being characteristic of apoptosis.Of the other
eucine chloromethyl ketone analogues, butyloyl-
eucine chloromethyl ketone (BLCK) induced a weak
adder-like formation but caploylleucine chloro-
ethyl ketone (CLCK)barely did. On the other hand,

ntracellular ACPH activity of U937 cells was strongly
nhibited by culturing with ALCK, moderately with
LCK, and not with CLCK. These findings indicate

hat the inhibition of ACPH activity leads to apoptosis
nd suggest that ACPH may play a vital role in eukary-
tic cells. © 1999 Academic Press

Apoptosis, a physiological controlled cell death (1, 2),
s characterized by internucleosomal DNA fragmenta-
ion, chromatin condensation, and cytoplasmic bleb-
ing. Apoptosis occurs to many types of cells during
ormal development (3) or in response to a variety
timuli, including DNA damage, growth factor depri-
ation, abnormal expression of oncogenes or tumor
uppressor genes (4) and various chemicals including
nti-cancer drugs (5–8). There apparently are a num-
er of factors involved in the apoptotic process. Proteo-
ytic enzymes such as caspase family and proteasome
ave been reported to promote or inhibit the transduc-
ion pathway to apoptotic cell death (9). But little ar-
ument have been presented about the other proteo-
ytic enzymes.

1 To whom correspondence should be addressed. Fax: 1(81) 42-
21-1563. E-mail: hojo@ac.shoyaku.ac.jp.
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yzes the hydrolysis of N-acylated peptide to an
cylamino acid and a residual peptide (10). N-acylation
s a common event in mammalian cells, in which 60-
0% of intracellular proteins have been reported to be
cetylated (11). But the cellular functions of ACPH and
he significance of N-acylation have been unclear.

To study the role of ACPH on cellular functions, we
xamined the effect of ACPH inhibitors, acetylleucine
hloromethyl ketone (ALCK) along with the other leucine
hloromethyl ketone analogues, on the culture of human
onoblastic U937 cells. We found that ALCK strongly

nduced the apoptotic cell death, which suggests that
CPH is one of the critical factors for living of cells.

ATERIALS AND METHODS

Cell lines and culture. Human myeloid leukemia U937 cell line
as obtained from the Cell Resource Center for Biomedical Research

nstitute of Development, Aging and Cancer, Tohoku University,
endai, Japan. U937 cells were maintained in RPMI-1640 medium

Nissui Co., Tokyo, Japan) supplemented with 10% heat-inactivated
etal bovine serum and 60 mg/ml of kanamycin in a humidified
tmosphere of 5% CO2 and 95% air. Relative cell number was as-
essed by the MTT method (12).

Chemicals. ALCK was synthesized from L-leucine chloromethyl
etone z HCl (LCK, Sigma Chemical. Co., St. Louis, MO) (13).
utyloylleucine (BLCK) and caploylleucine chloromethyl ketone

CLCK) were also synthesized. Briefly, to a stirred and ice-cooled
olution of 0.5 mmol LCK and 0.5 mmol butylic or caplonic anhydride
n freshly distilled tetrahydrofuran, 0.5 mmol of triethylamine was
dded in a dropwise fashion. The mixture was stirred for 1 h at room
emperature and purified by silica gel chromatography in chloro-
orm. The spectral data of products were shown below. BLCK [Yield:
6.5%, colorless oil. CI-MS (m/z): 234 (MH1, 100), HR-FAB (m/z):
alcd for C11H21NO2Cl (MH1): 234.1260, Found: 234.1274], CLCK

Yield: 82.4%, colorless oil. CI-MS (m/z): 262 (MH1,100), HR-FAB
m/z):Calcd for C13H25NO2Cl (MH1): 262.1574, Found: 262.1554].

The substrate of ACPH (acethylalanine p-nitroanilide, AANA) and
toposide were obtained from Sigma Chemical.

ACPH assay. U937 cells were solubilized with PBS(2) containing
.05% Triton X-100 and centrifuged at 13,000 g for 5 min. The
upernatant (cell lysate) was assayed for ACPH activity using 0.3
M AANA as substrate in 20 mM Tris-HCl (pH 7.4) (14). After
0006-291X/99 $30.00
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ncubating at 37°C for 2 h, the liberated p-nitroaniline from AANA
as measured at 405 nm using a Bio-Rad microplate reader, Model
550. Protein content was determined by the Bradford method (15).

DNA fragmentation assay. After culturing U937 cells (2 3 105)
ith 20 mM ALCK, BLCK, CLCK, or 8.5 mM etoposide, they were
arvested and suspended in 20 ml of 50 mM Tris-HCl buffer (pH 8.0),
0 mM EDTA and 0.5 mg/ml proteinase K (Wako Pure Chemicals),
nd incubated at 50°C for 1 h. Then, 10 ml of RNase A (Funakoshi
o., Tokyo) solution was added and incubated for an additional time.
he samples were mixed with pre-heated low-melting point agarose

Wako Pure Chemicals), analyzed by electrophoresis in 2% agarose
els, stained with ethidium bromide, and then photographed on a UV
lluminator (16).

ESULTS AND DISCUSSION

Inhibition of ACPH activity by ALCK, BLCK, and
LCK. First we tested the inhibitory effects of ALCK,
LCK, or CLCK on ACPH activity of U937 cell lysate

FIG. 1. Inhibition by ALCK, BLCK, and CLCK of ACPH activity
n lysates (A) and in culture of U937 (B). (A) ACPH activity of U937
ell lysates was assayed in the presence of inhibitors. (B) After U937
ells were cultured with chemicals for 3 h, the cell lysates were
repared and assayed for ACPH activity as described in Materials
nd Methods. % inhibition 5 (1 2 p-NA released in assay with
nhibitor/p-NA released in assay with vehicle) 3 100. Data are ex-
ressed as the mean 6 S.E. (n 5 4).
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trongly inhibited by ALCK (13), moderately by BLCK,
nd marginally by CLCK. The apparent IC50s of ALCK
nd BLCK were 15 mM and 50 mM, respectively (Fig.
A). The IC50s against ACPH purified from human
eripheral blood leukocytes were 7.5 mM and 30 mM,
espectively (data not shown). A topoisomerase II in-
ibitor etoposide, which was well known to induce
poptosis of many type of cells, did not inhibit ACPH
ctivity in the dose range which might induce apopto-
is. Secondly, we examined the inhibition of ACPH
ctivity in U937 cells by ALCK, BLCK, or CLCK. After
ulturing U937 cells in the presence of each compound
or 3 h, the cells were intensively washed, the cell
ysates were prepared, and assayed for ACPH activity.
he ACPH activity was decreased to 21.0% of control
y 10 mM ALCK and 70.8% by 10 mM BLCK, respec-
ively, but not by 40 mM CLCK (Fig. 1B). The observed
nhibition to the intracellular ACPH activity by the
CK-derivatives was similar to that to the ACPH ac-
ivity of normal cell lysates as shown in Fig. 1A.

Inhibition by ALCK of U937 cell growth. We tested
hether the inhibition of ACPH resulted in suppres-

ion of cell growth. U937 cells were cultured in the
resence of 5 to 40 mM ALCK for 20 h. Fifty percent
nhibition was observed at about 12 h in the presence of
0 mM ALCK or 8.5 mM etoposide (Fig. 2).

Morphological changes in the nuclei of U937 cells by
LCK treatment. We noticed the apoptosis-like cell
eath of U937 cells by ALCK under a phase contrast
icroscopy during growth inhibition test. U937 cells

ultured with 40 mM ALCK showed typical apop-
otic figures (Fig. 3C). Etoposide induced marked nu-
lear morphological changes of U937 cells at 8.5 mM
Fig. 3D).

FIG. 2. Growth inhibition of U937 cells by ALCK. U937 cells
ere cultured with 5, 10, 20, or 40 mM ALCK, or 8.5 mM etoposide.
he number of viable cells was determined by the MTT method. % of
ontrol 5 viable cells in culture with inhibitor/viable cells in culture
ith vehicle alone 100. Data are expressed as the mean of four

ultures.
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FIG. 3. Morphology of U937 cells cultured with ALCK. U937 cells were cultured for 12 h with vehicle alone (A), 10 (B), and 40 mM ALCK
C), or 8.5 mM etoposide (D), and then observed under a phase-contrast microscopy (3400).
FIG. 4. Micrographs of Hoechst 33342-stained U937 cells treated with ALCK. U937 cells were cultured for 12 h with vehicle alone (A), 10 (B),
nd 40 mM ALCK (C), or 8.5 mM etoposide (D). Cells were stained with Hoechst33342 and observed under a fluorescence microscopy (3400).
141



a
(
c
d
(
t

A
t
c
B

fragmentations were clearly observed by culturing
U
s
m
d
o
U

s
a
u
(
A
o
s

R

1

1
1

1

1

1
1

1

t
a
C
s

Vol. 263, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
The cells in the same view of Fig. 3 were stained with
n apoptosis detecting agent Hoechst 33342 solution
Fig. 4). The nuclear condensation and segmentation
haracteristic of apoptotic changes were obviously
emonstrated in U937 cells treated with 40 mM ALCK
Fig. 4C), which were similar to these in the cells
reated with 8.5 mM etoposide (Fig. 4D).

Oligonucleosomal fragmentation of U937 cells by
LCK. In addition to the morphological study, we

ested whether DNA ladder formation, a critical bio-
hemical marker for apoptosis were induced by ALCK,
LCK, or CLCK. As shown in Fig. 5, oligonucleosomal

FIG. 5. Oligonucleosomal DNA fragmentation of U937 cells
reated with ALCK. U937 cells were cultured for 12 h with vehicle
lone (lane 1), 20 mM ALCK (lane 2), 20 mM BLCK (lane 3), 40 mM
LCK (lane 4), and 8.5 mM etoposide (lane 5). DNA fragments were
eparated on a 2.0% agarose gel and stained with ethidium bromide.
142
937 cells at 20 mM ALCK (lane 2) and a little ob-
erved at 20 mM BLCK (lane 3), but not all even at 40
M CLCK (lane 4). Etoposide gave a typical DNA lad-
er at 8.5 mM (lane 5). It was suggested that the loss
f ACPH activity in cells resulted in apoptosis of
937 cells.
Together with all data obtained in the present the

tudy, it was concluded that the inhibition of ACPH
ctivity led the apoptosis in U937 cells. It remains
nknown whether some members of caspase family
17) are involved in the apoptotic process triggered by
LCK. The present data suggest that deacylation
f acylpeptide might be one of the requisites for cell
urvival.
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