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SCIENTIFIC CORRESPONDENCE 

Delta virus as a cleaver 
SIR- Negro et at.' recently reported sequ
ence complementarity between hepatitis 
delta virus (HDV) RNA and human 7S 
RNA, the essential RNA component of 
the signal recognition particle (SRP), and 
suggested that HDV RNA exerts its 
pathogenic effect by base-pairing with the 
7S RNA. We would like to suggest that 
instead of simply pairing to 7S RNA, 
HDV RNA might subsequently inactivate 
it by catalytic cleavage. 

Self-cleavage 

catalytic activity on substrates such as 7S, 
supplied in trans. 

In this model, HDV cleavage would 
remove the 5' -terminal 12 nucleotides of 
7S RNA, within the region of SRP re
quired for translational arrest of secretory 
and membrane-associated proteins. 
Because HDV replicates in the nucleus 1

', 

cleavage of 7S could occur before assem
bly of the mature ribonucleoprotein. 
RNA-catalysed cleavage of 7S RNA 

672 t 724 HDV ICUUUCUUACCUGAUGGC CG-GCAUG--GUCQcAGCCUCCUCGC-UGGCGC-CGGCUGG 
7 sL 

10GGut<38cGcGuGccu8uA8ucccA.c3c-uA.cucGGGAGGc-uGAGGcuoc355 

Trans- cleavage? 

Sequence similarity between HDV genomic RNA and 7S RNA. Conserved self-cleavage 
domain 3 is boxed. Alignment is derived from ref. 1. Identical nucleotides are identified with 
an asterisk. 

In infected cells, both genomic and 
anti-genomic HDV RNA can be detected. 
In vitro, multimeric copies of both 
genomic and anti-genomic HDV can 
self-cleave'-'. A minimal contiguous self
cleavage domain (approximately 100-130 
nucleotides) has been described for both 
strands and is apparently unrelated to the 
well characterized 'hammerhead' self
cleavage domains found in a variety of 
small RNAs'. The HDV catalytic domains 
of genomic and anti-genomic RNAs con
tain similar, approximately 25-nucleotide, 
sequences'. 

Interestingly, a subset of the genomic 
self-cleavage domain, including the cleav
age site, is found in 7S RNA (nucleotides 
10-31 in the figure). This suggests that the 
7S sequence could interact with the 
self-cleaving catalytic centre in HDV, 
resulting in cleavage of 7S at residue 12. 
Because the self-cleavage domains of the 
genome and anti-genome are similar in 
sequence, the same interaction is possible 
for the anti-genomic RNA. We suggest 
that both strands of HDV RNA, not just 
the anti-genomic strand, may play essen
tial roles in the pathogenesis of HDV. 

The capacity of catalytic RNAs to oper
ate on substrates in trans has been recog
nized for several years''. In group I intron
derived RNA enzymes (ribozymes), 
substrate selection occurs through base
pairing between the substrate and a 
sequence in the ribozyme 's catalytic core'. 
We suggest a similar mechanism for HDV 
substrate recognition. The processed 
HDV genome, although no longer a 
substrate for self-cleavage, may retain 
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would prevent translational arrest of 
secretory and membrane proteins, caus
ing ectopic expression of these proteins in 
the cytosol. If this is correct, HDV may be 
thought as an infectious ribozyme. 

Sequence similarity between HDV and 
7S RNA indicates additional intriguing 
possibilities. By binding components of 
the SRP, HDV may deplete the cell of 
SRP proteins or even facilitate its own 
export from cells by exploiting the host 
protein-transport machinery. Finally, as 
a large portion of the conserved HDV 
self-cleavage domain is present in the 7S 
sequence, 7S RNA may itself possess 
catalytic activity. 
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Bone-conducted 
sound 
SIR-Kermack', in his recent News and 
Views article about hearing in early mam
mals, refers to the lightness of the middle
ear ossicles as a feature contributing to the 
ability of modern mammals to detect 
much higher frequencies than birds or 
reptiles. He does not, however, mention 
what I believe to be the main advantage 
conferred by the mammalian system of 
ossicles - the attenuation of bone
conducted sound. Studies by Ernst 
Baniny providing strong evidence for this 
function' were published in full in 1938 
but have not received the attention they 
deserve: this function is not mentioned in 

any account of auditory physiology (ad
mittedly only in English) that I have read. 

Barany proposed that in a bird or reptile 
with only a single ossicle (the columella 
auris, connecting the eardrum directly to 
the oval window), bone-conducted sound 
is generated mainly as follows. When 
the skull undergoes vibration with a 
component along the columella, the 
inertia of the columella causes it to move 
relative to the skull, thus causing move
ments of the inner-ear fluids in the same 
way as if it were being displaced by sound 
vibrations impinging on the eardrum. In 
the mammalian ossicle system, however, 
the head of the malleus acts as a counter
weight, bringing the centre of mass of the 
whole ossicular chain very close to the axis 
about which the incus and malleus are 
pivoted relative to the skull. Thus, when 
the skull vibrates, the whole ossicular 
chain moves with it - the footplate of the 
stapes does not move relative to the oval 
window, and the inner ear fluids are not 
displaced. 

Barany demonstrated this mechanism 
in humans by elegant measurements of 
bone-conducted sound, using a null 
method in which the auditory sensation 
was brought to a minimum by adjusting 
the amplitude and phase of airborne 
sound applied simultaneously. He showed 
that the enhancement of bone conduction 
when mass is applied to the eardrum (a 
phenomenon discovered by his father 
Robert Barany') is due to the centre of 
mass of the ossicles being shifted off the 
axis of the pivot. 

Barany makes the point that, in quiet 
surroundings, bone-conducted sound gen
erated by breathing, chewing, creaking in 
joints and so on, forms the main back
ground noise above which external sounds 
have to be detected, so that the range at 
which, for example, a prey animal can 
detect a predator will be increased by 
reducing this background. On the other 
hand, the function customarily attributed 
to the ossicles (that is, improving the 
match between airborne sound and the 
inner-ear fluids by the 3:2 reduction in the 
lever action of malleus and incus) would 
be equally well achieved by a 33 per cent 
reduction in area of the footplate of stapes 
(or columella), and would therefore 
provide no selective advantage in evolving 
the complex system of ossicles. 

It would be interesting to know whether 
the arrangement of the quadrate and 
articular bones in Morganucodon and in 
other early mammals was such as to 
balance out, even if imperfectly, the 
generation of bone-conducted sound. 
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