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We propose a new model for the secondary structure of the M ! RNA component of E. coli RNase P which 
is based on significant sequence homologies with parts of the E. coli 16 S rRNA. A large domain of the 
new model resembles closely the secondary structure of the tRNA binding center of 16 S rRNA. We suggest 
that this domain of M 1 RNA when functioning as a ribozyme binds the mature part of the precursor tRNA. 
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1. INTRODUCTION 

RNase P from E. coli precisely cleaves extra 
nucleotides from the 5'-termini of tRNA precur- 
sors to generate the 5'-termini of  mature tRNAs 
(for a recent review see [1[). This enzyme is com- 
posed of  a RNA molecule (MI RNA containing 
377 nucleotides) and a protein component (C5 pro- 
tein, 14 kDa). The M1 RNA is the catalytic subunit 
of  RNase P and is involved in the binding of  the 
substrate to the holoenzyme [2]. Because M1 
RNA, like some other RNA molecules (reviewed, 
e.g., in [3]), acts as a true enzyme, it has been 
called 'RNA enzyme' or ' r ibozyme' .  

The recognition of the substrate by the M 1 RNA 
is an unsolved problem as yet. As outlined in [1] 
the "substrate recognition by the MI RNA differs 
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from various splicing reactions in which either 
'guide sequences' or 'consensus sequences' are 
believed to play an important role in substrate 
recognition [3]. Instead the recognition, if indeed 
governed by Watson-Crick base pairing, might 
rather rely on single nucleotides scattered 
throughout the sequence of  both substrate and 
RNA enzyme". 

An important aspect of  understanding the 
substrate recognition and catalytic function of  M1 
RNA is the elucidation of  its secondary and ter- 
tiary structure. The secondary structures proposed 
so far for the M1 RNA [1,4,5] have not provided 
definitive insights into possible relationships be- 
tween its structure and function, e.g. they do not 
permit the identification of separate domains for 
substrate recognition and catalytic activity. 

By computer assisted search for sequence 
homologies we have found several significant 
homologies in the primary structures between parts 
of  the M1 RNA and parts of  the 16 S rRNA from 
E. coli. Moreover using these data on sequence 
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homologies and the well established secondary 
structure of  16 S rRNA (reviewed in [6,7]) as a 
guide, the pr imary structure of  the M1 RNA can be 
folded into a secondary structure so that parts of  
it closely resemble the tRNA binding center of  16 S 
rRNA. 

2. RESULTS AND DISCUSSION 

Fig.1 shows a base pairing scheme for the M1 
RNA which is completely different for more than 
two-thirds of  the whole molecule f rom a current 
model proposed by Altman et al. [1]. Only the 
double-stranded regions 1, 2 and 7 and their adja- 
cent single-stranded parts are identical (with slight 
variations in helix 2) as illustrated in fig.2. 

Our new model is based primarily on significant 
sequence homologies between parts of  the M1 
RNA and parts of  the 16 S rRNA. The 
homologous sequence stretches between both 
RNAs which are used as a guide for the M1 RNA 
model are listed in table 1 and are indicated in figs 
1 and 2. 

The new model explains better than the model of  
Altman et a l .  the nuclease cleavage data taken 
f rom [4]. In particular, the model of  the M1 RNA 
predicted here is more compatible with the double- 
strand specific cleavage sites reported in [4]. 
Several sites (sixteen) are located in double- 
stranded regions in our model (fig.l) but occur in 
single-stranded regions in the model of  Altman et 
al. [1]. Thus, there is no requirement to involve ter- 
tiary base pairing interactions for these sites as 
assumed in [4]. 

The M1 RNA model proposed here contains a 
significantly higher amount  of  paired bases (about 
62%) compared to the model of  Altman et al. 
(about 49%) if the noncanonical GU and GA base 
pairs are included in the calculation. 

An interesting feature of  the proposed model are 
the structural repeats within the M1 RNA. The 

following short sequence repeats are apparent:  (i) 
A G G G U G C  (from positions 86 to 92 and 182 to 
188, respectively) and (ii) G G U A A C  (from posi- 
tions 95 to 100 and 211 to 216, respectively). 

These sequence repeats are involved in similar 
secondary structure motifs. In [1] it was reported 
that two molecules of  the C5 protein interact with 
one molecule of  M1 RNA in the holoenzyme com- 
plex. It may be assumed therefore that the noted 
repeated structures in the M1 RNA are each in- 
volved each in the binding of a C5 protein 
molecule. As shown in a schematic diagram in 
fig.2 the most striking feature of  the suggested M1 
RNA model is its similarity to rather large parts of  
the tRNA binding center of  the 16 S rRNA. 

The central part  of  the tRNA binding center of  
16 S rRNA shown in fig.2 consists of  the so-called 
cleft anchor [9], the adjacent decoding region 
around nucleotide C 1400 [10] and a 'pocket '  or 
'cage '  which contains the helices 27-31 [l 1]. This 
3 ' -domain  is connected through helices 1-3 and 
helix 19 with more distant parts of  the 16 S rRNA 
which are involved in tRNA binding as well (for 
details see I l l ] ) .  

A comparison of  the described central part of  
the tRNA binding center of  16 S rRNA with the 
M1 RNA structural model (fig.2) shows a surpris- 
ing general analogy between large parts of  both 
models. The M1 RNA model looks like a more or 
less truncated and modified variant of  the de- 
scribed domain of  16 S rRNA. It resembles strong- 
ly the secondary structure of  the 3 ' -domain  of  a 
minimal small subunit rRNA from kinetoplasts 
(see e.g. [12]). 

In [ l l]  it was reported that tRNA binding to 
ribosomes shields a set of  highly conserved 
nucleotides in the 16 S rRNA from attack by 
chemical probes in both the presence and absence 
of  mRNA.  In fig.2 the nucleotide positions of  the 
central part of  the tRNA binding center of  16 S 
rRNA which are protected in the absence of 

Fig.l. The predicted new secondary structure model for the E. coli MI RNA. Double-stranded regions of MI RNA 
are numbered from the 5'-end. Identical nucleotides within aligned homologous stretches of 16 S rRNA and MI RNA 
are boxed (see text). GC and AU base pairs are represented by asterisks, GU and AG base pairs by circles. Dotted lines 
indicate additional (weaker) base pairs. Double-strand specific cutting sites for M1 RNA according to [4] are marked 
by crosses. Double crosses indicate sites which are compatible with the new model but not with the current model of 
Altman et al. [1]. Underlined crosses mark cleavage sites which fit Altman's model but not our model. Brackets between 
position 281 and 282 indicate a single nucleotide deletion in M1 RNA within the alignment of this sequence stretch with 

its homologous stretch in 16 S rRNA. 
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Table 1 

Homologous sequence stretches between M1 RNA and 16 S rRNA 
from E. coil used for the construction of the new M l RNA 

secondary structure 

Stretch no. Nucleotide positions in Identities/ Gap in 
M1 RNA 16 S rRNA nucleotides alignment 

I 63-  75 557- 569 9/13 no 
II 98-164 878- 942 41/66 1 
III 260-283 1385-1409 14/24 1 
IV 350-356 1491-1487 5/ 7 no 
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Fig.2. Schematic diagrams for the predicted M1 RNA secondary structure and the central part of the tRNA binding 
center of 16 S rRNA and its surroundings. The inset shows a scheme of the current model for M1 RNA proposed by 
Altman et al. [1]. The helices 1, 2 and 7 which are identical in the two M1 RNA models are hatched. Thick lines indicate 
homologous parts of the primary and/or  secondary structures of  MI RNA and 16 S rRNA (see also fig.l and table 
1). Note that the drawing for 16 S rRNA is a slightly modified version of the California group picture [7,11] to show 
(i) schematically a possible folding of  its active conformation according to the data in [8l, to indicate (ii) that the base 
pairs of helix 2 should be regarded as tertiary interactions and to indicate (iii) more clearly the structural similarities 
between the MI RNA and 16 S rRNA models. The numbering of  double-stranded parts in the 16 S rRNA is according 
to the proposal of the Berlin group [6]. Nucleotides which are protected from attack by chemical probes through 
mRNA-independent tRNA binding to 16 S rRNA according to [11] are indicated by filled triangles. Corresponding 

nucleotide positions in the MI RNA model are marked similarly. Other indications are as for fig.1. 
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m R N A  by tRNA binding are indicated (see [11] for 
details). It is remarkable  that most of  these pro- 
tected nucleotides are found at corresponding loca- 
tions in the M1 RNA secondary structure (fig.2). 

On the basis of  these results we suggest that the 
mature part  of  the precursor tRNA may be bound 
to the central structural domain of  M1 RNA which 
is similar to the central part  of  the tRNA binding 
center of  16 S rRNA. Indeed, deletions and muta-  
tions in the postulated tRNA binding domain af- 
fect the activity of  the M1 RNA [13,14]. 

The M1 RNA model shown in figs 1 and 2 also 
exhibits structural motifs which have no obvious 
counterparts in the 16 S rRNA model, e.g. the 
helix 1 (base paired 5 ' -  and 3 ' -ends  of  M1 RNA), 
the helix 2 and the domain built by helices 6 -8 .  
From deletion and point mutat ion experiments 
Altman and his group concluded recently [13,14] 
that  in M1 RNA there is a separate catalytic center 
that includes nucleotides 165-255. In the model 
predicted here for the M1 RNA (figs 1,2) the men- 
tioned sequence region is folded in a discrete do- 
main which contains the helices 6 - 8  and their 
adjacent loop regions. 

Thus, it appears that there are two separate do- 
mains in the M1 RNA structure, possibly influenc- 
ing each other, one for the catalytic activity and 
binding of  the 5'  -extension in the tRNA precursor 
and another for binding of  the mature part.  
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