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Abstract

A cell-free system derived from Dictyostelium discoideum has been used to study the kinetics of inhibition of
RNase P by puromycin, amicetin and blasticidin S. Detailed kinetic analysis showed that the type of inhibition of
RNase P activity by puromycin is simple competitive, whereas the type of inhibition by amicetin and blasticidin S
is simple non-competitive. On the basis of Ki values amicetin is stronger inhibitor than puromycin and blasticidin S.

Introduction

A dramatic appearance of multi-drug resistant
pathogens during the recent years severely threatens
human health care systems world-wide. In order to
prevent the devastating spreading of infectious dis-
eases, novel antibiotic drugs have to be developed.
To be successful towards this goal, the selection of
effective molecular targets is of outmost importance.
The enzyme RNase P seems to be a promising tar-
get. This ubiquitous and essential endonuclease is
a Mg2+-dependent key enzyme in tRNA biogenesis
that generates the mature 5′ termini of tRNA precur-
sors. Although all known RNase P enzymes (with
the exception of RNase P from spinach chloroplasts)
[1] have the common feature of being composed of
RNA and protein, the details of their architecture are
highly diverse. In bacteria, the catalytic function of
this enzyme resides entirely in its RNA subunit [2].
Catalytic activity of RNA subunits, has never been
demonstrated so far for eukaryotic RNase P enzymes.
However, comparative sequence analysis has estab-
lished that these RNAs share high homology to bacter-
ial RNA, suggesting a common ancestry [3]. Recently,

we reported that after extensive deproteinization of
Dictyostelium discoideum RNase P a new catalytic
activity was revealed. The proteinase K/phenol/SDS
treated enzyme cleaves tRNA precursors several nu-
cleotides upstream of the normal cleavage site of
RNase P, liberating products with 5′ hydroxyl ends
[4]. Eukaryotic RNase P enzymes are composed of
multiple protein components, which contribute about
70% to the enzyme’s molar mass [5]. This high pro-
tein/RNA ratio is a common feature of all eukaryotic
nuclear RNase P enzymes characterized to date [1],
including nuclear D. discoideum RNase P [6]. In ad-
dition, human orthologs of the yeast RNase P protein
subunits have been found [7]. These findings indicate
that the structures of RNase P enzymes from different
eukaryotes are similar. Thus, D. discoideum RNase P
is a suitable model system for other eukaryotic RNase
P enzymes, such as the human nuclear RNase P, and
could become a promising system for the identifica-
tion and development of novel inhibitors. Recently,
we reported that natural and synthetic retinoids [8, 9],
aminoclycosides [10], calcipotriol and anthralin, sep-
arate [11, 12] or in combination [13] inhibit RNase P
activity from the slime mold D. discoideum.
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Figure 1. Structures of amicetin, puromycin and blasticidin S.

Natural antibiotics are products of the secondary
metabolism of microorganisms and they possess the
ability to kill bacteria and other microorganisms or
to inhibit their growth. Many antibiotics in use inter-
act with ribosomal RNA [14]. Recently, it was found
that several of them interfere with other functional
RNAs, such as the RNA component of Escherichia
coli RNase P [15, 16], the self splicing group I in-
trons, the hammerhead ribozyme, the human hepatitis
delta virus ribozyme and HIV RNA [14, 17], although
it was believed that they act specifically on bacterial
ribosomes. Thus it seems likely that some of the an-
tibiotics in use, in addition to their inhibitory effect
on ribosome function, exert their biological effect by
acting on RNase P.

Very little is known world-wide on the effect
of protein synthesis inhibitors on RNase P activity.
Puromycin, a peptidyltransferase inhibitor of prokary-
otic and eukaryotic systems, has been shown to in-
hibit RNase P holoenzyme activity from mouse [18],
Tetrahymena thermophila [19], human mitochondria
[20], as well as catalytic activity of the RNA subunit
of RNase P from E. coli [15]. Preliminary studies in
our laboratory have shown that puromycin, amicetin
and blasticidin S, exhibit a dose-dependent inhibi-
tion effect on RNase P activity from D. discoideum
[21]. Recently, it has been reported that aminogly-
coside antibiotics, known to disturb the decoding
process, inhibit E. coli RNase P holoenzyme and M1
RNA [16] and as well as the D. discoideum RNase
P [10]. Furthermore, aminoglycoside-arginine conju-
gates proved to be 500-fold more effective inhibitors
of E. coli RNase P holoenzyme than aminoglycosides

alone [22]. Also it is important to note that recently a
new class of inhibitors of RNase P ribozyme has been
reported, which effect their inhibition by binding to
the substrate of the enzyme reaction [23].

In the present study we examined in depth the
kinetics of inhibition of D. discoideum RNase P by
puromycin, blasticidin S and amicetin. Detailed ki-
netic analysis showed that puromycin behaves as
classical competitive inhibitor, whereas blasticidin
S and amicetin behave as classical non-competitive
inhibitors.

Materials and methods

Growth of D. discoideum cells (strain AX2 wild type),
cell breakage, S-100 fraction preparation, and purifi-
cation of D. discoideum nuclear RNase P were carried
out as previously described [6, 24].

Enzyme assays were carried out at 37 ◦C in 20 µl
buffer D (50 mM Tris/HCl pH 7.6, 10 mM (NH4Cl),
5 mM MgCl2 and 5 mM dithiothreitol) containing 2–5
fmol tRNA substrate [an in vitro labeled transcript of
the S. pombe tRNAser gene SupSI] and 1.3 µg protein
from the RNase P fraction. The reactions were stopped
by addition of 5 µl stop dye (80% formamide, 50 mM
EDTA, 0.1% bromophenol blue, 0.1% xylene cyanol).
Reaction products were resolved on a denaturing 10%
polyacrylamide/8M urea gel and visualized by autora-
diography without drying. Activity was quantified by
Cerenkov counting of excised gel slices.
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Figure 2. Double reciprocal plot (1/v versus 1/[pre-tRNA]) for
RNase P reaction in the presence of puromycin. The reaction was
carried out at each one of the indicated concentrations in the pres-
ence or in the absence of inhibitor. All reactions were carried out at
37 ◦C in 20 µl of buffer D.�, without inhibitor; �, with puromycin
at 2 mM; �, with puromycin at 4 mM; �, with puromycin at 5 mM;�, with puromycin at 6 mM. Top panel: replot of the slopes of the
double reciprocal lines versus inhibitor (I) concentrations.

Results

In a previous study, we have shown that the
nucleoside-analog antibiotics puromycin, blasticidin
S and amicetin, which specifically inhibit ribosomal
peptidyltransferase in both prokaryotic and eukaryotic
systems [25], exhibit a dose-dependent inhibition ef-
fect on RNase P activity from D. discoideum. The
potency of these inhibitors calculated on the basis
of IC50 values is approximately equal, with amicetin
being slightly stronger and blasticidin S a slightly
weaker effector than puromycin [21]. Our present
study was designed to reveal the mechanism of RNase
P inhibition by these antibiotics (Figure 1), in a cell

Figure 3. Double reciprocal plot (1/v versus 1/[pre-tRNA]) for
RNase P reaction in the presence of amicetin. The reaction was
carried out at each one of the indicated concentrations in the pres-
ence or in the absence of inhibitor. All reactions were carried out at
37 ◦C in 20 µl of buffer D. �, without inhibitor; �, with amicetin
at 2 mM; �, with amicetin at 3 mM; �, with amicetin at 4 mM; �,
with amicetin at 5 mM. Top panel: replot of the slopes of the double
reciprocal lines versus inhibitor (I) concentrations.

free system derived from D. discoideum. The type
of inhibition of D. discoideum RNase P activity by
puromycin, amicetin and blasticidin S was elucidated
by detailed kinetic analysis. The substrate for RNase
P assays was an in vitro 32P labeled transcript of the
S. pombe tRNA gene SupS1. Enzyme assays were
carried out in 37 ◦C in 20 µl buffer D. The initial
velocity in the presence or absence of inhibitors was
determined from the initial slopes of time plots (not
shown). Figure 2 shows double reciprocal plots with
increasing concentrations of puromycin. The lowest
line in Figure 2 represents the data obtained in the
absence of inhibitor (control). The slopes of the lines
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in Figure 2 were replotted against the concentration of
puromycin, and the results are shown in the top panel
of Figure 2. The linearity of this plot is indicative of
simple competitive inhibition and leads to the graphi-
cal determination of Ki = 3.46 mM from the negative
intercept of the line with the [I] axis. The same kinetic
analysis was carried out for amicetin (Figure 3) and
blasticidin S (Figure 4). In contrast with puromycin,
these compounds showed simple non-competitive in-
hibition. The slopes of the lines in Figures 3 and 4
were replotted against the concentration of amicetin
or blasticidin S, and the results are shown in the top
panel of Figures 3 and 4. The linearity of this plots
is indicative of simple non-competitive inhibition and
leads to the graphical determination of Ki = 2.75 mM
for amicetin and Ki = 7.4 mM for blasticidin S
from the negative intercept of the line with the I-axis.
Further evidence for simple competitive kinetics for
puromycin or simple non-competitive kinetics for am-
icetin or blasticidin S comes from the Dixon plots
(Figure 5). It is important to note that preincubation
of the antibiotics with the enzyme prior the addition of
the substrate did not alter the inhibitory effect of the
antibiotics on RNase P activity.

Discussion

Puromycin inhibits protein synthesis by causing
nascent polypeptide chains to be released before their
synthesis is completed. It resembles the aminoacyl ter-
minus of an aminoacyl-tRNA. Its amino group joins
the carbonyl group of the growing polypeptide to
form a product that dissociates from the ribosome.
Puromycin reaction has been used as a model reaction
for investigating ribosomal peptidyltransferase [26].
This reaction is inhibited by amicetin and blasticidin
S [27, 28], whose structural relationship to puromycin
is apparent (Figure 1). The kinetic analysis of the
inhibition of puromycin reaction by amicetin or blas-
ticidin S revealed two different types of inhibition;
a competitive inhibition when the ribosome complex
(AcPhe-tRNA - poly(U) - ribosome) is not preincu-
bated with the inhibitor, and a mixed non-competitive
inhibition when the ribosome complex is preincubated
with the inhibitor prior the addition of the substrate
[27, 28], supporting that the ribosome can be subjected
to modulation of its activity by certain ligands. In our
system, preincubation of the antibiotics with RNase
P prior the addition of precursor tRNA, did not al-
ter the effect of the antibiotics on RNase P activity,

Figure 4. Double reciprocal plot (1/v versus 1/[pre-tRNA]) for
RNase P reaction in the presence of blasticidin S. The reaction was
carried out at each one of the indicated concentrations in the pres-
ence or in the absence of inhibitor. All reactions were carried out at
37 ◦C in 20 µl of buffer D.�, without inhibitor; �, with blasticidin
S at 2 mM; �, with blasticidin S at 3 mM; �, with blasticidin S
at 5 mM; ©, with blasticidin S at 6 mM; �, with blasticidin S at
7 mM. Top panel: replot of the slopes of the double reciprocal lines
versus inhibitor (I) concentrations.

which means that they do not cause conformational
changes to RNase P, as they do to ribosome com-
plex. On the other hand, amicetin and blasticidin S, in
spite their resemblance to puromycin, behave as clas-
sical non-competitive inhibitors, whereas puromycin
behave as classical competitive inhibitor. This is evi-
dence for two distinct inhibitory sites on the RNase P
holoenzyme.

Several data show that the amino acid acceptor-
stem and the T-stem of precursor tRNA are important
determinants in the selection of the cleavage site [29].
A model substrate, consisting only of a stem and loop
structure derived from the acceptor stem, T-stem, and
T-loop is a good substrate for RNase P from E. coli in
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Figure 5. Dixon plot for the RNase P reaction in the presence of puromycin (a), amicetin (b) and blasticidin S (c). The concentrations of
pre-tRNA were: 50 nM (�), 100 nM (�), 125 nM (�), 150 nM (×) and 250 nM (�), 500 nM (©), 1000 nM (�). Top panels: Replots of the
slopes of the Dixon lines versus 1/[pre-tRNA].

vitro [30]. Since puromycin possesses structural simi-
larity to aminoacyl-adenylyl 3′ terminus of aminoacyl-
tRNA [25], the competitive character of puromycin
inhibition support the notion that puromycin interferes
with tRNA binding on D. discoideum RNase P. In a
previous study we have shown that the simultaneous
presence of puromycin and blasticidin S or amicetin
causes stronger inhibition than in the presence of each
antibiotic alone at the same concentration, indicating
that the inhibition mode is synergetic due to the pres-
ence of two not mutually exclusive binding sites [21].
Furthermore, the inhibition caused by the simultane-
ous presence of amicetin and blasticidin S suggested
that these two antibiotics have overlapping mutually
exclusive binding sites on D. discoideum RNase P
[21]. The detailed kinetic analysis carried out in the
present study has confirmed this initial observation.
The competitive character of puromycin inhibition and
the non-competitive character of amicetin and blasti-
cidin S inhibition of D. discoideum RNase P activity
clearly show that there are two not mutually exclu-
sive inhibitory sites on the enzyme. On the basis of
Ki values, amicetin is a stronger inhibitor than blasti-

cidin S on RNase P activity, in contrast to what has
been previously reported for peptidyltransferase re-
action [27, 28]. This could be explained by the fact
that peptidyltransferase catalyzes a different reaction.
Furthermore, amicetin has lower Ki value than that
of puromycin, meaning that amicetin behaves as a
stronger inhibitor. The non-competitive character of
amicetin, compared to puromycin which behaves as a
competitive inhibitor, enhances its inhibitory potency.
It should be noticed that a non-competitive inhibitor
behaves as a stronger effector than a competitive one
even if the two inhibitors have the same Ki value. Tak-
ing into account that amicetin and blasticidin S are
known to bind ribosomal RNA [31] their effect on
RNase P activity may also be due to interaction with
the RNA component of D. discoideum RNase P.

The effect of puromycin, blasticidin S and amicetin
on RNase P activity indicates that these compounds,
in addition to their inhibitory effect on peptidyltrans-
ferase activity, exert a direct effect on tRNA bio-
genesis. RNase P is an enzyme essential for cell
viability and presumably co-evolved with the ribo-
some. The fact that they share common structural
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characteristics (both RNA-protein complexes) and the
fact that they share tRNA molecules as substrates,
make RNase P a more simple and promising molec-
ular target for in vitro studies on antibiotic inhibition,
which may provide a much more differentiated picture
of the molecular basis of antibiotics action. D. dis-
coideum represents a lower eukaryote that engulfs an
RNase P holoenzyme with unique characteristics. The
RNA subunit of the enzyme seems to have catalytic
properties [4] although the holoenzyme shares gen-
eral eukaryotic properties [low buyonant density [6],
multi-protein subunits, unpublished data]. Although
few reports on antibiotic-RNase P interactions have
been focused on the bacterial catalytic RNA subunit,
our recent reports on this particular eukaryotic holoen-
zyme give a more differentiated picture [10, 21].
Also, it is a good model system for comparison with
other eukaryotic RNase P enzymes, such as the hu-
man nuclear RNase P, and could become a promising
system to evaluate toxic side effects of antimicrobial
inhibitors. Finally, it provides a new target for the
identification and development of novel inhibitors.
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