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Proteasomes were purified from human hepatoma tissues, and their sensitivities to Na* and K* were examined. At con-

centrations of i) mM or more, these cations were found to inhibit compieieiy polylysine-activated casein degradation

by the purified proteasomes. They also strongly inhibited the hydrolyses of peptides, although to a lesser extent. On the

other hand, they reversed the inhibitory and stimulatory effects of polylysine on the hydrolyses of Suc-Leu-Tyr-AMC

and Cbz-Ala-Arg-Arg-MNA, respectively. These results suggest that Na* and/or K™ may be involved in the regulation
of intracellular protein breakdown by controlling the multicatalytic activity of proteasomes.

Proteasome; Proteolysis; Na* effect; K* effect; (Human hepatoma)

1. INTRODUCTION

Proteasomes, also called large multicatalytic
protease complexes, are 20 S ring-shaped particles

+3 £ T4 id
consisting of multiple, non-identical subunits with

sizes ranging from 22 to 33 kDa [1,2]. They contain
at least three distinct catalytic sites, that are specific
for the hydrolyses of various proteins and hydro-
phobic, basic and acidic peptides and have neutral
or alkaline pH optima [1,2]. These protease activi-
ties appear to be present in a latent form because

purified proteasomes can be activated by poly-

lysine, fatty acids or SDS [1,3,4].

This protease complex has been found in a varie-
ty of eukaryotic tissues and cells including human
liver [1]. However, there has so far been no report
on the purification and properties of the enzyme in
malignant tissues of human. Tanaka et al. [1] have

recently isolated and characterized in detail pro-
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teasomes from human liver. Therefore, we purlﬁed
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the protease complex from human hepatoma
tissues as an attempt to compare the properties of
the enzyme to those of normal liver proteasome.
During its purification, we fortuitously found that
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concentrations. In this study, we examined the ef-
fects of various monovalent and divalent cations
on the multicatalytic activity of purified pro-
teasomes. Two monovalent cations, Na* and K*,
were found to inhibit the activity particularly
strongly, and the nature of this inhibition is

iscussed.

2. MATERIALS AND METHODS

roteolyt

ic activity was assayed by measuring the conversion
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of [*H]methyl-casein to materials soluble in 10% trichloroacetic
acid [3,5). Hydrolyses of peptides were assayed by fluorometric

meacuramant af tha ralancas of aminamathulaaimarin (AR
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and methoxynaphthylamide (MNA) from succinyl(Suc)-Leu-
Tyr-AMC and carbobenzoxy(Cbz) -Ala-Arg-MNA [3,6].
rlUlCdbUllle WEIt puuucu ll\.)lll llﬁmal—l llcpdluﬂld ubbuc \l\)
g) by the procedure described by Tanaka et al. [3] but using
hydroxyapatite column chromatography as the final step of

purification. Neopiastic human liver tissue was obtained from
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Seoul National University Hospital. [*H]Methyl-casein was
prepared as described previously [5].

3. RESULTS AND DISCUSSION

The purification of proteasomes from human
hepatoma tissues was followed using Suc-Leu-Tyr-
AMC as substrate. The elution profile of the en-
zyme complex from the hydroxyapatite column is
shown in fig.1. Like proteasomes isolated from
other sources, such as normal human or rat liver
[1], the enzyme consisted of multiple subunits
ranging in size between 22 and 33 kDa.

During the purification, we found that the
recovery of peptidase activity increased about
2-fold after dialysis of the pooled fractions from
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Fig.1. Elution profile of proteasomes from a hydroxyapatite
column. Proteasomes were purified as described by Tanaka et
al. [3] but using Suc-Leu-Tyr-AMC as a substrate and neoplastic
human liver tissue as the source of enzyme. (A) Chromato-
graphy on a hydroxyapatite column (1 X 5.5 cm) was carried
out at a flow rate of 14 ml/h. (O) Protein; (®) peptidase activi-
ty; (———) phosphate gradient. (B) Aliquots of the fractions
under the bar in (A) were subjected to electrophoresis in a
12.5% (w/v) polyacrylamide gel containing SDS. The yield of
purified proteasomes from 70 g of tissues was 1.4 mg.
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Fig.2. Effects of increasing concentration of NaCl on protein

and peptides hydrolyses by proteasomes. Protein and peptides

were incubated for 30 min at 37°C with 0.5 and 0.1 zg of

purified proteasomes, respectively. The substrates used were ca-

sein (A), Suc-Leu-Tyr-AMC (@), and Cbz-Ala-Arg-Arg-MNA
(O).

ion-exchange columns against salt-free column
buffer (not shown). Therefore, we tested if NaCl,
which was used for formation of ion gradients in
columns, inhibited peptide cleavage by the pro-
teasomes. As shown in fig.2, NaCl at as low a con-
centration as 10 mM caused more than 50% inhibi-

Table 1

Effects of various cations on the hydrolyses of protein and pep-
tides by proteasomes

Addition % Relative hydrolysis
Suc-Leu- Cbz-Ala- Casein
Tyr-AMC Arg-Arg-
MNA
None 100 100 100
NaCl 40 45 12
KCl 59 51 22
LiCl 81 123 115
CsCl 104 85 111
MgCl 105 93 108
CaCl, 138 99 16
MnCl; 154 51 30

Reaction mixtures contained 0.1 xg of the purified enzyme and

10 mM cations for peptide hydrolysis and 0.5 ug of the protease

and 2 mM cations for casein degradation. Incubations were per-

formed at 37°C for 30 min. Casein hydrolysis was measured in

the presence of 0.1 mg/ml of polylysine, as little or no activity
can be seen without the agent
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Table 2
Effect of polylysine on the hydrolyses of peptides in the presence and absence of Na*

Peptide Polylysine % Relative activity Ratio

(0.1 mM) ~ (0.1 mg/ml) _NaCl +NaCl (+NaCl/ - NaCl)

Suc-Leu-Tyr-AMC - 100 36 0.4
+ 18 107 59

Cbz-Ala-Arg-Arg-MNA - 100 52 0.5
+ 291 232 0.8

Proteasomes were treated with polylysine in the presence and absence of 10 mM NacCl. Incuba-
tions were carried out as described for table 1. The activity without additions was expressed as
100%. Similar results were obtained on addition of polylysine with and without K*

tion of the hydrolyses of both Suc-Leu-Tyr-AMC
and Cbz-Ala-Arg-Arg-MNA. However, even high
NaCl concentrations of up to 0.2 M did not cause
complete inhibition. Similar findings had been
reported by Orlowski and his colleagues for the ac-
tivity of a neutral endopeptidase from bovine
pituitary on different substrates [7-9]. Polylysine-
activated casein degradation was more sensitive
than peptide cleavage to NaCl and was almost com-
pletely inhibited by 10 mM NaCl. Assuming that
eukaryotic cells contain certain polylysine-like pro-
teins (i.e. highly basic proteins), proteasomes
should function in autolysis of intracellular pro-
teins. Thus, Na*, K* or both may prevent the un-
necessary breakdown of cell proteins by this latent
enzyme.

We then examined if other cations are also
capabile of inhibiting the hydrolyses of protein and
peptide by proteasomes. Table 1 shows that
K*caused similar effects of inhibition of the two
activities to those of Na*. Little or no inhibition
was observed with other monovalent cations
tested. The hydrolysis of casein was also sensitive
to inhibition by Ca®>* and Mn?*, but not by Mg?*,
and Mn2* also inhibited the cleavage of Cbz-Ala-
Arg-Arg-MNA. These inhibitory effects of diva-
lent cations may not, however, be physiologically
significant, as divalent cations are known to be pre-
sent in cells at only micromolar levels. After treat-
ment with inhibitory cations, dialysis resulted in
full recovery of the enzyme activities (data not
shown), indicating that the inhibition was rever-
sible.

The degradation of casein by the purified pro-
teasome can only be seen in the presence of poly-
lysine. Therefore, the effect of Na* on peptide

hydrolysis in the presence and absence of poly-
lysine was also examined. The cleavage of Suc-Leu-
Tyr-AMC was markedly inhibited by polylysine,
but addition of Na™ with polylysine restored the ac-
tivity to the same level as in the absence of addition
(table 2). In contrast, polylysine stimulated the
cleavage of Cbz-Ala-Arg-Arg-MNA about 3-fold
and somewhat reduced the inhibitory effect of
Na*. Similar results were obtained with pro-
teasomes isolated from normal human liver (data
not shown), indicating that both structural and
catalytic properties of the enzyme from the malig-
nant tissues are identical to those of normal one.
These results suggest that Na* and/or K* may con-
trol the multicatalytic activity of proteasomes and
thereby regulate the intracellular hydrolysis of pro-
teins and peptides. However, an additional mecha-
nism seems to be necessary for activation of this la-
tent enzyme in vivo, because physiological concen-
trations of the cations tend to cause complete in-
hibition of the enzyme activity for breakdown of
proteins.
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