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5S rRNA Is a Leadzyme. A Molecular Basis for Lead Toxicity
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This paper reports that the D-loop sequence of cellular mammalian ribosomal 5S
RNAs is a natural leadzyme that specifically binds and cleaves in trans other RNA
molecules in the presence of lead. The D-loops of these 5S rRNAs are similar in
sequence to the active site of the leadzyme derived from tRNAPhe, which cleaves a sin-
gle bond in cis. We have devised a 12 nt model substrate based on the leadzyme
sequence cleaved in trans by a 12 nt RNA molecule containing of the D-loop sequence.
The model reaction occurs only at the appropriate concentration of lead and enzyme/
substrate stoichiometry. The native 5S rRNA carries the same cleavage activity,
although with different optimal lead concentration and stoichiometry. On the other
hand, the isolated D-loop does not serve as a substrate when incubated with an RNA
molecule with the potential to base pair with it and form the same internal loop (the
bubble) present in the leadzyme-substrate complex. We show that the leadzyme cuts
C-G, but not G-G or U-G linkages. The 5S rRNA leadzyme appears to have the shortest
asymmetric pentanucleotide purine-rich loop flanked by two short double stranded
RNAs. The leadzyme activity of native 5S rRNA may be an important aspect of lead
toxicity in living cells. Because the leadzyme motif has been found in natural RNA
species, its activity can be expressed in vivo even at a very low lead concentrations, of
lead leading to the inactivation of other cellular RNAs. This might be one of the ways
in which lead poisoning manifests itself at the molecular level. Lead toxicity is based
not only on its binding to calcium and zinc binding proteins (such as Zn-fingers) and
random hydrolysis of nucleic acids, but also, and most importantly, on the induction
of the hydrolytic properties of RNA (RNA catalysis).
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Ribosomal 5S RNA is the smallest ribosomal RNA
(rRNA) localized in the central protuberance of the large
subunit of the ribosome. A 120-nucleotide-long RNA with
a molecular mass of 40,000 Da is found in virtually all
ribosomes with the exception of the mitochondria of some
fungi, higher animals and most protists (1, 2). The 5S
rRNA is highly conserved throughout evolution, and phy-
logenetic analysis has provided a general model of its sec-
ondary structure. It consists of five helices (I–V), two
hairpin loops (C and D), two internal loops (B and E) and
a hinge region (A) organized into the three helix junc-
tions (3, 4). From nucleotide sequence analysis and bio-
chemical data, it has been proposed that the D loop is
composed of four nucleotides and shows a tetra loop
structure of the GNRA type (3–6). However, the cleav-
ages induced by RNase H and �-sarcin suggest that the D
loop could be longer than 4 nucleotides (7–9). We have
analyzed the nucleotide sequences of all known eukaryo-
tic 5S rRNAs and showed that the D loop of mammalian
5S rRNAs is homologous to the lead-dependent ribozyme
that has been conserved through in vitro selection (Fig.
1). The lead-dependent ribozyme is one of the smallest
catalytic RNAs (10–13). It cleaves a selected phosphodi-

ester bond in the presence of Pb2+ leaving a 3�-monophos-
phate product, whereas the classical RNAzymes require
magnesium, manganese or calcium ions (13). Leadzyme
was first isolated by an in vitro selection approach using
a library of tRNAPhe sequences obtained by random muta-
genesis (14, 15). It is a short double helical RNA, with a
cleavage site located within an asymmetric purine-rich
internal loop flanked on both sides by a stable RNA helix
(16). Indeed, the crystal structure of the leadzyme
reveals an RNA duplex with a central internal loop con-
taining three-bulging nucleotides (17, 18). Although the
lead that binds to the crystallized RNA is rather distant
from the attacking nucleophile at the cleavage site,
Wedekind and McKey postulated that a second lead ion
might bind at a site where barium had been observed,
which is sufficient for a bond cleavage (17, 53).

We prepared a 5S rRNA-oligonucleotide complex with
the potential to form only a 5 nucleotide bubble (but not 6
as in Ref. 10) flanked by 4 and 5 base RNA pairs on both
ends. The 5S rRNA leadzyme diverges from the leadzyme
consensus sequence and displays a slightly lower activity
than was expected for a fully in vitro evolved leadzyme as
identified by the Uhlenbeck laboratory (10). The cleavage
site occurs on the RNA molecule in trans. The data show
that such a complex is formed, binds lead and acquires a
specific catalytic (hydrolytic) activity. We have proved
that the cleavage is due to leadzyme rather than to lead
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itself as it was shown before (54). The observed activity of
leadzyme immediately implies that the D loop of the 5S
rRNA forms two double stranded RNAs. The finding of
the 5S rRNA leadzyme motif in many other natural
RNAs (19) strongly suggests that leadzyme can function
in vivo. That reaction offers a clue to a possible under-
standing of lead toxicity to cells and, especially to the pro-
tein synthesis machinery (54).

MATERIALS AND METHODS

5S rRNA from calf liver was isolated and purified as
described previously (20).

RNA synthesis was performed on a PCR-Mate EP
model 391 DNA synthesizer (Applied Biosystems) with
2�-0-triisopropylsilyl-protected phosphoramidite syn-
thons. After deprotection, the oligoribonucleotides were
desalted on a Qiagen Tip 500 column as described earlier
(21). This method was used for the preparation of oligo-
nucleotides L1–L7: L1 (substrate, 11 mer)-(5�) GGAC-
GAGCCAG; L2 (leadzyme, 10 mer)-(5�) CUGGGAGUCC;
L3 (stem and loop. D of 5S rRNA, 21 mer)-(5�) CUUG-
GAUGGGAGACCGCCUGG; L4 (leadzyme for D loop, 10
mer)-(5�) CGGUGACCAU; L5 (substrate for leadzyme, 12
mer)-(5�) CGGUCGAGCCAU; L6 (substrate, 29 mer)-(5�)
GGCAGAUCUGAGCCUGGGAGCUCUCUGCC; L7 (lead-
zyme, 14 mer)-(5�) CCCAGGGAAGAUCU.

5S rRNA (5 �g) was labeled at the 5� end with [� 32P]
ATP and 10 U T4 polynucleotide kinase (Promega) or at
the 3�end with [5�-32P]pCp and T4 ligase and separated in
a 15% polyacrylamide gel with 7M urea. The radioactive
band was cut out, and the RNA was eluted with buffer
and precipitated with ethanol (20, 22, 23).

Oligoribonucleotides were labeled by the same method,
but for their purification a 24% polyacrylamide gel with
7M urea was used.

The lead ribozyme cleavage reaction was carried out in
15 mM MOPS, pH 7.5, buffer at 25�C.

The labeled substrate and leadzyme were mixed and
heated together up to 60�C for 2 min, cooled slowly (1�C /
min) and incubated at 27�C for 30 min. The reaction was
initiated by the addition of Pb2+, heated for 30 min, and
stopped by adding an equal volume of loading buffer (25

mM sodium citrate pH 5, 1 mM EDTA, 7M urea, 0.1%
xylene cyanol, and 0.1% bromophenol blue).

The reaction products were analyzed in 24% polyacry-
lamide gels with 7 M urea, pH 8.3. The limited hydrolysis
of 5S rRNA or oligonucleotides with T1 RNase under
denaturing conditions was done in 20 mM sodium acetate
buffer, pH 4.5, containing 7 M urea and 1 mM EDTA for
20 min. at 55�C, exactly as described in Ref. 20.

Alkaline hydrolysis was carried out in 50 mM NaOH
and 1 mM EDTA for 35 seconds in the case of 5S rRNA
and 18 minutes in the case of the oligonucleotides. The
products of these reactions were separated in 20 or 24%
polyacrylamide gels with 7 M urea in 0.09 M Tris/borate
buffer, pH 8.3 (22).

For quantitative analysis, the radioactivity of 32P on
the gels was counted in a Typhoon 8600 Imager with
ImageQuant software (Molecular Dynamics). The rate
constants were calculated by plotting the natural log of
the amount of noncleaved substrates vs. time (5–120
min).

RESULTS

A Model Leadzyme—To select the conditions for the
leadzyme reaction, we started with two oligonucleotides:
L1 (5�)GGACGAGCCAG(3�), 11 mer and L2 (3�)CCU-
GAGGGUC(5�), 10 mer, identical to those already pub-
lished (24). However, the leadzyme that they form is dif-
ferent from that described by the Uhlenbeck laboratory
(10). L1 and L2 create a structure with an asymmetric
internal loop of five-purine nucleotides surrounded by
two short double RNA helices. The loop is closed with two
G-C base pairs, one at each site (Fig. 2A). In the presence
of lead, the cleavage is specific and takes place at a C-G
phosphodiester bond on the longer portion of the loop (10,
24), (Fig. 2B). The reaction is Pb2+-dependent and sensi-
tive to the L1 and L2 stoichiometry. The highest effi-
ciency of hydrolysis was observed at an L2/L1 ratio of 1.3
in the presence of 25 �M Pb2+ ion. At a higher Pb2+ con-
centration of (50 �M) or at a lower L2/L1 ratio (0.5), the
yield was reduced. It is known that Pb2+ at higher concen-
trations causes non-specific (random) degradation of
RNA single strands, but at a much slower rate (Fig. 2).
Therefore, random hydrolysis is negligible (13, 24, 25).
The major hydrolysis site at C4 of L1 is accompanied by a
faster migrating satellite band that can be interpreted as
the cyclic phosphate derivative (Fig. 2B) observed before
by the Uhlenbeck laboratory (10, 11). The autoradiogram
also shows a minor cleavage site at a C-A bond which
does not depend on Pb2+ concentration (Fig. 2). It is
known that C-A bonds in RNA are very labile (20, 23).

Leadzyme Activity of 5S rRNA—Our model leadzyme
(L3) has a nucleotide sequence identical to that of the
stem IV and loop D of calf liver 5S rRNA (3). As the sub-
strate we selected oligonucleotide L5. A putative second-
ary structure of the L3-L5 complex is shown in Fig. 3. A
specific lead-dependent ribozyme hydrolysis proceeds at
the C-G bond of the L5 strand. This was proved by the
strongest cut within the internal loop at a L3/L5 ratio of
0.2 and 100 �M Pb2+. An additional cleavage site
observed on L5 at a C-A bond in the double stranded por-
tion is due to non specific hydrolysis of RNA (Fig. 3). In
the next experiment, we used native 5S rRNA from calf

Fig. 1. The secondary structure of mammalia 5S rRNA. The
nucleotide sequence of loop D is highly conserved and characteris-
tic. It can form a catalytic RNA, which in the presence of lead ion
cleaves oligoribonucleotides in trans (dashed).
J. Biochem.
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liver (as leadzyme) to cleave L5 labeled at the 5� end (Fig.
4). The cleavage pattern observed is very similar to that
of the model reaction (Fig. 3). The hydrolysis of the L5
strand proves that loop D of 5S rRNA as well as L3 create
a RNA duplex with a small internal loop that specifically
binds Pb2+ ion. About 50% of the substrate is cleaved by
the 5S rRNA D-loop leadzyme at 27�C, pH 7.5, and 100 or
200 �M Pb+2 after 30 min at a 5S rRNA/L5 ratio of two
(Fig. 4). It seems that Pb2+ concentrations above 100 �M
do not effect the reaction rate so much. In the experiment
using full length 5S rRNA, the optimal ratio of 5S rRNA/
L5 as well as the Pb2+ concentration are slightly higher
than in the model reaction, probably due to structural
constraints imposed by the conformation of the entire 5S
rRNA molecule. This is also a reason why the yield of
hydrolysis observed at a fixed time for 5S rRNA is lower
than for the model leadzyme. The specific cleavage site
was confirmed using L5 substrate labeled at the 3� and 5�
ends. The formation of a cyclic phosphate was also
observed as double (satellite) bands (Fig. 4). The calcu-
lated rate constants kobs for the L3/L5 and 5SrRNA/L5
reactions were 6.9 � 10–3 and 1.9 � 10–3 min–1, respec-
tively. These data clearly show that native 5S rRNA is a
natural leadzyme.

Fig. 2. (A) Secondary structure of Pb-zyme. (B) Autoradiogram
of the analysis in a denaturing 24% polyacrylamide gel contain-
ing 7 M urea of the specific cleavage of [5�-32P labeled L1 sub-
strate by the L2 leadzyme (A) at 27�C for 25 min. Lanes: C, con-
trol; T1, L1 limited hydrolysis with RNase T1; L, ladder, alkaline
hydrolysis; 1–3, 0, 75 mM (1, 2) and 2 mM (3) of the L1 substrate
(30,000 cpm) hydrolyzed with 1 mM of the L2 ribozyme in 15 mM
NaMOPS (pH 7.5) buffer containing 50 mM (1) and 25 mM (2, 3)
Pb2+; black arrow, primary cut; empty arrow, secondary cut. The
sequence of L1 is in the margin of the gel.

Fig. 3. Autoradiogram of a denaturing 24% polyacrylamide gel
(C) containing 7 M urea, showing the cleavage of the L5 sub-
strate labeled at the 3� end by the L3 leadzyme at 27�C during 30
min. (A) L3 (analog of loop D of 5S rRNA showed as a hairpin)/L5
complex; (B) L3/L5 complex presented in the form of an RNA double
helix; (C) polyacrylamide gel. Lanes: 1, control, incubation of L5/L3
complex without Pb2+; 2, T1- limited hydrolysis of L5 with a T1 RNase
specific for guanosine; 3, alkaline hydrolysis of L5 RNA; 4–6, 0.5
mM (30,000 cpm) L5 and 0.1, 0.5, and 2 mM of L3 ribozyme, respec-
tively, in 15 mM NaMOPS (pH 7.5) buffer containing 50 mM Pb2+;
7–10, 0.5 mM of L5 and 2 mM of L3 ribozyme in 15 mM NaMOPS
(pH 7.5) buffer containing 5, 25, 50, 100 mM Pb2+, respectively; 11–
13, 0.5 mM of L5 and 0.1 mM of L3 ribozyme in 15 mM NaMOPS
(pH 7.5) buffer containing 50, 100, 200 mM Pb2+, respectively; black
arrow, primary cut; empty arrow, secondary cut. (D) Autoradiogram
of 20% denaturing polyacrylamide gel showing the cleavage L5 sub-
strate by L3 ribozyme (lane 13 in C) in 15 mM NaMOPS (pH 7.5)
buffer containing 100 mM Pb+2 at 25�C for 5–120 min. (E) Determi-
nation of the cleavage rate by plotting the natural log of amounts of
noncleaved L5 substrate by L3 ribozyme as a function of time.
Vol. 133, No. 3, 2003
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Exploring the Mechanism of Leadzyme—To understand
the mechanism of leadzyme formation and its specificity,
different oligonucleotides to be hydrolyzed in trans were
prepared. Oligonucleotide L4 has the sequence required
for Pb2+ binding and the potential to cleave in trans both
the oligo L3 and the entire 5S rRNA at a predetermined
site (G86). Although the putative structure of the inter-
nal bubble is identical to those of previously engineered
leadzymes, neither L3-L4 (Fig. 5) nor 5S rRNA-L4 was
active, and the G-G bond was not split (Fig. 5). This
experiment clearly identifies the role of the base pair clos-
ing the asymmetric loop in leadzyme catalysis. In order to
prove this, we carried out the reaction of an HIV-1 TAR
RNA element (L6) for which a hairpin structure has
already been proposed (26). Using specific cleavage with
hammerhead ribozyme, it has also been shown that it can
exist in equilibrium with the double stranded form (Fig.
6), (27). To cleave the TAR RNA element, we prepared a
leadzyme (L7) that binds TAR RNA specifically as well as
lead ion. Although the identical bubble was formed, the
U-G bond was not cleaved (Fig. 7). These results suggest
that the internal loop alone is not sufficient for leadzyme,
and that the two G-C base pairs closing the asymmetric
loop are also required for leadzyme activity.

Fig. 4. Autoradiogram of a denaturing 24% polyacrylamide
gel (B) containing 7 M urea, analysis of the cleavage pattern
of labeled of L5 substrate by 5S rRNA leadzyme at 27�C for
30 min. (A) Secondary structural model of calf liver 5S rRNA with
the L5 oligonucleotide complexed to loop D. (B) Polyacrylamide gel
of 5�-32P–labeled L5. Lanes: C, control incubation of L5; T, L5
treated with RNase T1; L, ladder obtained by alkaline hydrolysis of
L5; 1 and 2, incubation of L5 in 15 mM NaMOPS (pH 7.5) buffer
containing 5 and 25 mM Pb2+, respectively; 3, control incubation of
L5/5S rRNA complex in 15 mM NaMOPS (pH 7.5); 4–9, 0.125 mM
L5 and 0.250 mM 5S rRNA incubation in 15 mM NaMOPS (pH 7.5)
buffer containing 5, 10, 25, 50, 100, 200 mM Pb2+, respectively;
closed and open arrows as above. (C) Autoradiogram of 20% dena-
turing polyacrylamide gel showing the cleavage of L5 substrate by
5SrRNA ribozyme (lane 9 B) in 15 mM NaMOPS (pH 7.5) buffer
containing 100 mM Pb+2 during 5–120 min respectively at 25�C. (D)
Determination of the rate cleavage by plotting the natural log of the
amounts of noncleaved L5 substrate by 5S rRNA ribozyme as a
function of time.

Fig. 5. Autoradiogram of a denaturing 20% polyacrylamide gel
(C) containing 7 M urea, showing the cleavage of the 3�-32P–
labeled L3 substrate by the L4 leadzyme at 27�C for 30 min. (A
and B) Different presentations of the secondary structure of the L3/
L4 complex as a hairpin and double helix, respectively. Lanes: 1,
control incubation of L3/L4 complex without Pb2+; 2, L3 hydrolysis
with RNase T1; 3, alkaline hydrolysis of L3; 4–7, cleavage reaction
of 0.5 mM of L3 substrate by 0.1, 0.25, 0.5, 1 mM of L4 leadzyme in
15 mM NaMOPS (pH 7.5) buffer containing 50 mM Pb2+. Nucleotide
numbering is identical to that in 5S rRNA. There are no primary cuts.
J. Biochem.
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DISCUSSION

The 5S rRNA is an attractive molecule for exploring the
fundamental issues of RNA conformation and RNA-pro-
tein interaction. This is due to its relatively small size of
120 nt (ca 80 for tRNA), ease of preparation from natural
sources, the presence of very few modified nucleotides,
and a rich array of non-canonical base pairs (28). The
main questions about 5S rRNA are its tertiary structure
and its relation to function. Recently, almost 40 years
after its discovery, the three dimensional structure of 5S
rRNA within 50 S ribosomal subunits has been solved
(29, 30). However, the structure of free 5S rRNA involved
in many processes outside ribosomes (31) is unknown.
Having folded 5S rRNA in the ribosome context, one can
ask about a structure-function relationship of the free
molecule in solution and in complexes with ribosomal
proteins (L5, L18, L28) or transcription factor IIIA (32–
35). All mammalian 5S rRNAs have a highly conserved
nucleotide sequence in loop D. Part of this sequence,
GGGAG (Fig. 1), very much resembles the binding site of
leadzyme (12, 17, 18). The leadzyme is a unique RNA
that cleaves RNA in the presence of lead ions (11, 36, 37).
Together with its small size, this makes the leadzyme an
ideal candidate as a molecular probe for various RNA
structure-function studies. We took an advantage of that
fact and designed the smallest known natural catalytic
RNA. It has an asymmetric loop with three and two
nucleotides on each side of the loop (totally 5 nt) and a
proposed cleavage site before the first residue of a longer
strand of the loop, identical to the classical leadzyme
described by the Uhlenbeck laboratory (10, 11, 38–40).
The size of the internal bubble (5 nt) could be longer (e.g.
6 nt), although a smaller catalytic center ensures better
specificity (41). In addition to the previous studies, we
proved by acid treatment (data not shown) that cyclic
phosphate is formed (10). We were interested in binding
out whether stem IV and loop D of 5S rRNA or entire 5S
rRNA molecules are involved in a leadzyme activity in
two ways: i) as a ribozyme that binds Pb2+ (Figs. 3 and 4),
creates complex with the RNA substrate (L5) of nucle-
otide sequence (5�)CGGUC�GAGCCAU(3�) and cleaves it
in trans at the single predetermined site (arrow), or ii) as
the substrate (83)AUGG�GAGACCG(93) (Fig. 5) to be
cleaved specifically in trans by leadzyme (5�)CGGUGAC-
CAU(3�), (L4). The cleavage reaction pattern for the first

case confirms that the native 5S rRNA leadzyme or its
stem IV and loop D have established a complex with the
bubble surrounded by the double stranded RNA regions.
This means that loop D of native 5S rRNA has to be sin-
gle stranded along 10 nucleotides. Leadzyme cleavage is
the result of a very precise stereochemistry of the reac-
tion of the smallest catalytic site ever found for natural
RNA molecules. In the second case, 5S rRNA was used as
a substrate to be cleaved in trans by lead already bound
to an oligonucleotide. The cleavage reaction within the
asymmetric loop did not take place, which proves that the
active center is not formed. It also means that loop D has
a rigid conformation and rather limited possibility of
exposing the scissile bond in such a way that leadzyme
can break it down. A mechanism for leadzyme hydrolysis
suggests that it relies primarily upon the ability of the
RNA substrate to adopt the requisite transition-state
geometry through inherent RNA flexibility (18). This
indicates that conformational dynamics appear to play a
key role in the catalytic function of the leadzyme (17, 18,
40–43, 53). Quantitative analysis shows that the kobs val-
ues of both model and 5S rRNAzymes are similar for this
type of Pbzymes. The observed differences, which are
rather small, are due to the varying experimental condi-
tions (10). If so, this strongly suggests that L3 (model
leadzyme) and 5S rRNAzymes have similar or identical
structures and work in the same manner.

We demonstrated mutations that eliminate the activ-
ity of the leadzyme enzyme strand and also calf liver 5S
rRNA, thus providing an important control for the
authenticity of the leadzyme activity of 5S rRNA (10).
Leadzyme specificity is achieved by the tight binding of
Pb2+ to a particular site on the RNA molecule (42, 43, 53).

Fig. 6. Secondary structures of HIV TAR RNA (L6) showed as
a hairpin (A) or RNA duplex (B) with leadzyme L7 (in frame).
Arrows indicate putative leadzyme cleavage sites.

Fig. 7. The autoradiogram of 20% polyacrylamide gel electro-
phoresis with 7 M urea showing the cleavage reaction pat-
tern of 2.5 mM (30,000 cpm) [5�-32P]TAR RNA labeled with
leadzyme. The reaction was carried out in 15 mM NaMOPS buffer,
pH 7.0, for 20 min at 25�C with various concentrations of Pb2+ and
ribozyme. Lanes: 1–4, 2.5 mM TAR RNA with different concentra-
tions of ribozyme and Pb2+; 1, 0.025 mM ribozyme/25 mM Pb2+; 2,
0.025 mM ribozyme/50 mM Pb2+; 3, 0.0025 mM ribozyme/25 mM
Pb2+; 4, 0.0025 mM ribozyme/50 mM Pb2+; 5, alkaline ladder; 6, lim-
ited hydrolysis of TAR RNA with RNase T1; 7, TAR RNA with 0.25
mM leadzyme; 7,11, TAR RNA in water; 9,8, TAR RNA with 50 and
25 mM Pb2+, respectively; 10, TAR RNA in cleavage buffer. There
are no primary cuts.
Vol. 133, No. 3, 2003
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In the case of yeast tRNAPhe, three high-occupancy Pb2+

binding sites have been located by X-ray crystallography,
in the ribothymidine (T) loop, extra arm, and the antico-
don (44–47). Only one of them, that in the T loop, appears
to cause specific cleavage of the loop D of the tRNAPhe

molecule, because the Pb2+ ion is placed in the correct site
with respect to a 2� hydroxyl group. The region of the
tRNA molecule where cleavage in cis occurs is flexible
enough to aquire a conformation suitable for the cleavage
reaction. If so, the specificity of leadzyme provides the
basis for structural consideration and demonstrates how
catalytic RNAs can be applied to the structural analysis
of nucleic acids, e.g. 5S rRNA. The tetra loop structure
has been proposed for various parts of large RNAs (48).
Four nucleotides in the loop are structurally constrained
and explain the unusual thermodynamic stability of the
hairpin (49). In theory, the strong tetra loop structure of
the GNRA type cannot form a double helix with a comple-
mentary oligoribonucleotide. However, this could be pos-
sible in the presence of unfolders (50–52). In this case,
the longer loop D of 5S rRNA, comprising nucleotides
(83)AUGGGAGACCG(93), meets easily the structural
requirements for leadzymes formation. Our results are in
agreement with the cleavage pattern of the plant 5S
rRNA loop D induced by RNase H in the presence of com-
plementary oligodeoxynucleotides (7).

Although it is known that lead cleaves different RNA
species including 5S rRNA, one should add that under
the conditions used in our experiments, the eukaryotic 5S
rRNA molecule is not hydrolysed in loop D. This native
molecule can be probed with lead at higher concentra-
tions (54). Finally, one can ask what, if anything, is the
biological role of natural leadzymes? Do they exist in
native RNA sequences? Surprisingly, the answer is posi-
tive. Data bank search showed that there are ca. 2000
potential leadzyme RNA sequences, including two in
human 28S rRNA (19). Currently, we are also searching
for substrate sequences. In the data bank, we have found
over 200 substrate sequences, among which are mRNAs
encoding proteins, including those involved in pathogene-
sis, and also ribosomal RNA. This suggests that the 5S
rRNA leadzyme and substrate sequences may help to
explain the toxicity of lead. The leadzyme motif occurs
frequently in mammals and bacteria and its presence
may be significant, since there is evidence that the motif
is being expressed in RNA and may therefore be involved
is some cleavage activity (53). Leadzyme in coding
sequences could be involved in self-cleavage (cleavage in
cis) (19), but their presence in stable RNA (e.g. tRNA, 5S
rRNA) could be used to break down neighboring
sequences in trans. This finding can explain the molecu-
lar toxicity of lead. Lead poisoning results in pervasive
neurological problems in both children and adults. Lead
might target proteins involved in calcium mediated sig-
nal transduction and bind to zinc binding domains such
as Zn fingers with a Kd of about 10–9–10–14 M, causing a
disruption of DNA-binding activity of protein and tran-
scription factors (54). In addition, RNA not only can bind
lead, but at the same time it acquires catalytic properties
that can destroy protein biosynthesis machinery (ribos-
omes), messenger RNAs and other RNA.
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