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already been identified in the sequence. 
It is shown that this residue is implicated 
in the DPNH binding site, and the 
suggestion is that interaction of the 
enzyme with pyridoxal phosphate may 
serve a physiological function. 

VIROLOGY 

Reovirus Replication 
from our Cell Biology Correspondent 

REOVIRUS is not oncogenic, it does not 
contain reverse transcriptase, neither is 
it, or are its relatives, important patho
gens of man or his domestic animals, 
and yet reovirus continues to attract the 
attention of many virologists. Why ? 
The chief reason is surely that they can
not resist the fascinating questions that 
are posed by the curious reovirus 
genome. 

The virus particles comprise an outer 
protein capsid enclosing a core, an inner 
capsid within which are ten double 
stranded RNA molecules, the viral 
genome. The inner capsid is made of 
only three species of polypeptide, speci
fied by three of the ten double stranded 
RNAs, and at least one of these poly
peptides apparently acts as a transcrip
tase synthesizing monocistronic messen
ger RNA molecules, or plus strands, 
from each of the ten genomic RNAs. 

This transcription, incidentally, occurs 
efficiently in vitro when virus cores are 
incubated in a suitable incorporation 
mixture which means that reovirus is 
likely to prove a useful source of messen
ger RNAs with which to programme 
eukaryotic cell-free systems which sup
port protein synthesis. The electron 
micrographs of Gillies et al. (Science, 
174, 694; 1971) provide most elegant 
visual evidence of this transcription and 
reovirus RNAs have already attracted 
the attention of RNA chemists; Nichols 
et al., for example, reported in Nature 
New Biology last Wednesday (235, 105 ; 
1972) the sequence of the first twenty
five bases at the 5' termini of some 
reovirus messengers. 

But all that apart, how is the seg
mented reovirus genome replicated? By 
analogy with the replication of the single 
stranded RNA phages one might expect 
the replication of reovirus RNA to be 
asynchronous, involving first the syn
thesis of a single stranded RN A which 
then acts as a template for the synthesis 
of its complement, and that is indeed 
what Schonberg et al. recently found 
(Proc. US Nat. Acad. Sci., 68, 505 ; 
1971); viral plus strands with the same 
polarity as viral messengers act as tem
plates for the synthesis of minus strands. 
Continuing their investigation this group 
(Acs et al., J. Virology , 8, 685 ; I 971) 
now report an analysis of reovirus RNA 
replication in vivo and in vitro leading 
to a speculative model which envisages 
that the replication of the double 

stranded RNAs occurs in nascent pro
geny virus particles. 

The salient observations of Acs et al. 
are, first, that the two strands of reovirus 
RNA are made in vivo and in vitro 
sequentially. In vivo plus strands are 
made early and accumulate such that 8 
hours after infection a full complement 
is available to associate with viral pro
tein. Plus strands made at late times 
are apparently excluded from this pro
cess. The synthesis of minus strands 
occurs in a cytoplasmic, particulate frac
tion, the putative nascent virus, that 
retains its activity after extraction and 
survives exposure to detergents and 
chymotrypsin. RNAase added after this 
particulate fraction had been incubated 
in vitro for 15 minutes had no effect on 
the amount of double stranded RNA 
made. By contrast RNAase added at the 
start of incubation markedly inhibited 
the accumulation of double stranded 
RNA. 
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Acs et al. suggest that once the ribo
nucleoprotein complex of plus strands 
and viral protein assemble and minus 
strand synthesis occurs, other viral pro
teins condense on the nascent virions 
rendering them resistant to RNAase. It 
seems plausible therefore to suggest that 
the enzyme responsible for minus strand 
synthesis may be incorporated into the 
virions. And because reovirus cores 
contain a transcriptase responsible for 
the synthesis of single stranded messen
ger or plus strand RNA it is on the cards 
tha t one or more of the three inner 
capsid polypeptides is a polymerase that 
can act as a transcriptase or as a double 
stranded RNA replicase. If these ideas 
are valid, if the synthesis of double 
stranded RNA occurs in the nascent 
progeny particles, there remains the 
intriguing question of how the plus 
strands are selected such that each 
nascent particle contains the one copy of 
each of the ten species. 

Two New Protein Structures 
THE forthcoming issue of Nature New 
Biology (February 2) contains the re
sults of two X-ray crystallographic 
studies of protein molecules of great 
interest. The Uppsala group (Liljas et 
al.) have now brought their work on the 
structure of human red cell carbonic 
anhydrase C to a resolution of 2.0 A, 
which is sufficient to show the details 
of geometry at the active site. The 
molecule overall is an ellipsoid with a 
deep crevice, at the bottom of which is 
the active centre. On the surface there 
are seven short helical segments contain
ing a fifth of all residues. Two of them 
are true a-helices, and the rest are in 
greater or lesser degree distorted towards 
the 310 geometry. On the surface of 
the molecule, and dividing it in two, is 
a long segment of ,8-structure. Per
pendicular to its length are short anti
parallel chain segments, which on one 
side make up a wall of the crevice. 

The enzyme contains a zinc atom, 
which is essential for activity . This is 
seen to lie at the bottom of the crevice, 
and to be linked to the protein by three 
ligands. From the electron density dis
tribution these are identified as 
histidines. There is a fourth ligand, 
which is believed to be water or a 
hydroxyl ion. It is of considerable 
interest that the coordination is distorted 
tetrahedral, with a deviation of up to 
20". Two other histidines appear to 
form a part of the active site. Liljas 
et al. note that in the absence of data on 
complexes with competitive inhibitors 
no definite support for proposed cata
lytic mechanisms can be obtained. It 
is intended now, however, to proceed to 
the study of inactive analogues in which 
the zinc has been exchanged against 

other metals, and of complexes with 
inhibitors. 

Poljak and his colleagues at Johns 
Hopkins University succeeded in 
crystallizing an antibody fragment, Fab', 
and now describe the structure at 6 A 
resolution. Fab (and Fab' which 
differs from it by only a few residues) 
is a proteolytic fragment of immuno
globulin, which contains one of the two 
light chains and a part of one of the 
two heavy chains, joined to it by 
disulphide bonds. Whereas antibodies 
consist of heterogeneous populations, 
myeloma proteins are homogeneous, and 
the preparation used by Poljak et al. is of 
this kind. The Fab fragment carries the 
antigenic specificity. The light and 
heavy chains of antibodies are both 
characterized by a segment of variable 
sequence, and another which is invariant 
for a given species. 

The electron density maps lead to a 
picture of the fragment consisting of 
two globular elements . By tracing the 
segments of electron density, it is pos
sible to identify one of these with the 
combined variable parts of the heavy 
and light chains, and the other with the 
constant parts of the two chains. This 
is consistent with known proteolytic 
cleavage behaviour, and agrees also with 
inferences from physical measurements. 
In the globular portion corresponding 
to the variable chains there is a cleft 
fashioned from parts of both chains, 
which is thought to represent the antigen 
binding site. An overall structure for 
intact immunoglobulin G involving six 
globular subunits, two in each Fab 
piece, and two .in the Fe, which joins 
them roughly in the shape of a Y, is 
inferred. 


	Two New Protein Structures



