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interpreted in terms of envelope solitons6
• 

Wu et al. 2 excite flexural wave packets by 
an acoustic horn driver on a circular
cylindrical thin elastic shell. The waves 
propagate clockwise and anticlockwise 
around the cylinder. Their nonlinear 
interaction is seen by means of transducers 
mounted on the shell. The reason for 
using thin shells is that this system is very 
dispersive and has a high nonlinear 
response, making the generation of soli
tons feasible, and a large quality factor, so 
that they persist. Such a combination of 
parameters generally makes soliton for
mation in off-equilibrium (highly distor
ted) systems accessible to observation. 

As in other quickly varying hyperbolic 
classical fields, the slow modulations of 
the flexural waves on the shell are described 
by the nonlinear Schrodinger equation. 
The parameters in the interacting enve
lope soliton solutions of this equation can 
be fitted perfectly to the observed data, 
thus implying the existence of envelope 
solitons. 

Vaccine development 

Solitons are not of interest to physicists 
alone. Davydov' has proposed application 
of envelope solitons to understand energy 
storage and transport in protein chains. 
Our computer studies• of the quantum 
model of a-helical proteins show that the 
solitons have long lifetimes at biological 
temperatures. Unfortunately, experi
mental evidence of this mechanism 
remains to be obtained. D 

I. Fujimaki, A., Nakajima, K. & Sawada, Y. Phys. Rev. Lett. 
59,2895-2898 (1987). 

2. Wu, J., Wheatley, J., Putterman, S. & Rudnick, L Phys. 
Rev. Lett 59,2744-2747 (1987). 

3. Perring, J.K. & Skyrme, T.H.R. Nuc/. Phys. 31,550 (1962). 
4. Zabusky, N.J. & Kruskal, M.D. Phys. Rev. Lett. 15, 240-

243 (1965). 
5. Pedersen, N.F., Samuelsen, M.R. & Weiner, D. Phys. Rev. 

B30, 4057-4059 (1984). 
6. Yuen, H.C. & Lake, B.M. Phys. Fluids 18,956-960 (1975). 
7. Davydov, A.S. J. theor. Bioi. 38,559-569 (1973). 
8. Cruzeiro, L., Halding, J., Christiansen, P.L., Skovgaard, 

0. & Scott, A.C. Phys. Rev. A (in the press). 

Peter L. Christiansen is at the Centre for Model
ling Nonlinear Dynamics and Irreversible 
Thermodynamics (M/D/T), The Technical 
University of Denmark, DK-2800 Lyngby, 
Denmark. 

this observation, genetic studies of the 
vaccine strains show that only two of the 
genomic differences between the Sabin 3 
strain and its neurovirulent parent Leon 3 
contribute significantly to its attenuation•, 
whereas the Sabin strain of type 1 polio
virus has accumulated multiple attenuat
ing mutations with respect to its neuro
virulent parent (type 1 Mahoney)'. It has 
therefore been suggested that an approp
riate grafting of neutralizing antigenic 
sites from the genetically less stable type 
2 and type 3 strains into the stable 
attenuated background of type 1 polio
virus could provide a vaccine with a con
siderably lowered incidence of reversion 
to neurovirulence. 

Antigenic hybrids of poliovirus 

In their paper in this issue2
, Burke et al. 

report the construction of an antigenic 
chimaera in which they replaced amino
acid residues 95-102 of VP1 of the type 1 
Sabin strain with the corresponding 
sequence from a variant of the type 3 
Sabin strain. The chimaera was con
structed by oligonucleotide-directed 
mutagenesis, and has the expected reac
tivities with panels of antisera and with 
panels of monoclonal antibodies against 
type 1 and type 3 poliovirus. The chimaera 
produced titres (measured in an antigen
blocking assay) against both type 1 and 
type 3 poliovirus in rabbits and mice, and 
against both type 1 and type 3 poliovirus 
after oral administration to a cynomolgus 
monkey. 

James M. Hogle 

AT A recent meeting*, three research 
groups reported the successful construction 
of viable intertypic chimaeras (hybrids) of 
poliovirus. In each case, the infectious 
cloned complementary DNA encoding 
one of the three serotypes of the virus was 
modified so that the amino-acid sequence 
of one of the antigenic sites of one 
serotype is replaced with the analogous 
antigenic site from a different serotype. 
All three groups focused on a particular 
region of the virus capsid protein, VP1, 
that is known to be a dominant antigenic 
site of type 2 and type 3 poliovirus (see 
figure)'. These studies have important 
implications for the design of novel 
vaccines for polio and related viruses, and 
on page 81 of this issue2

, Burke et al. pre
sent the first published report of such an 
antigenic chimaera. 

Poliovirus causes an estimated 250,000-
2,000,000 cases of paralytic poliomyelitis 
annually, predominantly in unvaccinated 
or under-vaccinated children in develop
ing countries. Introduction of both killed 
and live attenuated vaccines against 
poliovirus have resulted in the virtual 
elimination of poliomyelitis in industrial
ized countries. The live, attenuated polio 
vaccines are among the safest and most 
effective vaccines currently in use. None
theless, a handful of cases continue to 
occur each year in countries with exten
sive vaccination programmes. Virtually all 

*Molecular aspects of picornavirus infection and detection, 
ICN-UCI international conference on virology, Newport 
Beach, California, 14-15 January 1988. 

these cases are associated with an increased 
neurovirulence of the types 2 and 3 
attenuated Sabin vaccine strains on 
replication in vaccinees'. In contrast, 
there is no well-documented vaccine
associated case of poliomyelitis caused by 
the Sabin type 1 strain'. Consistent with 

Murray, Kuhn and Wimmer (State 
University of New York at Stony Brook), 
collaborating with Kawamura and 
Nomoto (Tokyo Metropolitan Institute of 
Medical Science) and with Arita (Japanese 

The region that has been replaced in the antigenic chimaeras described here is a 'loop' in the three
dimensional structure of the Mahoney strain of type 1 poliovirus8

• Capsid proteins VPl, VP2 and 
VP3 are blue, yellow and red, respectively. The substituted loop in VPl is highlighted in white. The 
internal protein VP4 is not shown. Alpha-carbon models of the individual capsid proteins are 
shown at the bottom; a pentamer is shown at the top left; an intact virion is shown at the top right. 
Note that five copies of the substituted loop cluster near each of the 5-fold axes of the particle. 
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National Institute of Health), used a 
different strategy to produce a similar 
chimaera. They constructed a mutagenesis 
cartridge using a naturally occurring and 
an artificially constructed restriction site 
in the infectious complementary DNA 
clone of the Mahoney strain of type 1 
poliovirus which can accept synthetic 
double-stranded DNA fragments. Using 
this strategy, they produced a chimaeric 
virus in which residues 88-102 of VP1 of 
the Mahoney strain of type 1 poliovirus 
are replaced by the corresponding amino 
acids from the Sabin strain of type 3 
poliovirus. This chimaera is neutralized by 
antisera against both type 1 and type 3 
poliovirus, and induces a significant 
neutralizing response to both type 1 and 
type 3 poliovirus in rabbits and monkeys. 

Girard, Martin, Couderc, Crainic and 
Wychowski (Pasteur Institute) used a 
similar mutagenesis cartridge, in this case 
with two artificially generated restriction 
sites, to replace residues 94-102 of VPl of 
the Mahoney strain of type 1 poliovirus 
with the corresponding residues from the 
mouse-adapted Lansing strain of type 2 
poliovirus. This chimaera is neutralized 
by both type 1 and type 2 antisera and 
generates a neutralizing response to 
both serotypes in rabbits. Moreover, 
although most strains of poliovirus 
(including the Mahoney strain of type 1 
poliovirus) are specific for primates, the 
substitution of residues 94-102 from the 
Lansing strain of type 2 poliovirus confers 
on the chimaera the ability to cause 
paralytic poliomyelitis in mice. Earlier 
work by Racaniello and colleagues 
(Columbia University) shows that mouse
adaptation in the Lansing strain of type 2 
poliovirus maps to the capsid region of the 
genome6

, and that mutations in the 94-104 
loop of VP1 significantly diminish the 
virulence of the Lansing strain in mice' . 
The mouse-virulence of the chimaera 
demonstrates conclusively that the 94-104 
loop of VP1 is in itself an important 
determinant of the host range of polio
virus, and indicates that this highly 
exposed loop (see figure) may be involved 
in receptor binding, at least in the mouse 
central nervous system. 

The success of these three groups in 
producing viable intertypic chimaeras of 
poliovirus demonstrates the feasibility of 
this approach for producing improved 
poliovirus vaccines. As a practical matter, 
however, the efficacy and safety of the 
existing poliovirus vaccines may make the 
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large-scale testing of any new polio 
vaccine difficult. Nevertheless , the results 
do allow considerable optimism that 
similar approaches may permit the easily 
grown and (relatively) genetically stable 
Sabin 1 strain to act as a carrier of anti
genic determinants of other viruses, such 
as hepatitis A virus, which do not have 
vaccines and which are sufficiently difficult 
to grow to inhibit attempts to produce a 
vaccine by conventional methods. Finally, 
the exciting demonstration that the 

Superconducting ceramics 

Lansing-Mahoney chimaera is mouse
adapted is a poignant reminder that the 
usefulness of these chimaeras extends well 
beyond their immediate implications for 
vaccine development, as they are very 
accurate probes of the roles of specific 
amino-acid sequences in determining 
virus structure and biological functions. D 
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Rare-earth elements redundant 
Ted Forgan and Colin Greaves 

DEsPITE the legions of researchers now 
studying high-temperature superconduc
tors, there have been no reproducible 
measurements of superconductivity at 
temperatures above 93 K, the record 
established with YBa,Cu,O,_. (YBCO) a 
year ago. This situation now seems set to 
change. On page 55 of this issue', 
Sheng and Hermann report that TI-Ba
Cu- 0 becomes superconducting below 
85 K, and their forthcoming results' indi
cate that partial substitution of calcium for 
barium increases the transition temper
ature ( TJ to around 115 K. Also, Maeda et 
al. can now observe' superconductivity at 
105 K in Bi-Sr-Ca-Cu-0. This in
crease in T, above 93 K, although modest , 
is nevertheless important because it 
doubles the operating margin between 
T, and 77 K, the boiling point of liquid 
nitrogen. Moreover , unlike the ceramics 
previously reported to have higher tran
sition temperatures, the materials seem to 
be stable and, for the bismuth system at 
least, the results have been confirmed in 
many laboratories. In addition, the bigh
T, phenomenon is no longer constrained 
to compounds of the rare-earth elements, 
so that a wider spectrum of possibilities 
for research now exists . 

In a paper published• at the end of 
1987 (but submitted in May), Michel 
et al. reported superconductivity in 
Bi-Sr-Cu-0, although the transition 
temperatures were disappointingly low: 
7-22 K. The apparent relationship 
between this system and the previously 
reported high-T, mixed copper oxides 
stimulated Maeda and co-workers at 
Tsukuba in Japan to try other substitu
tions, which resulted in superconducting 
transitions near liquid-nitrogen tempera
tures in a Bi-Sr-Ca-Cu oxide sample 
prepared on 23 December 1987. This result 
was revealed to the Japanese press on 22 
January 1988 and was confirmed within 
days in several Japanese laboratories. On 
25 January, Chu and co-workers in Hous
ton announced similar results, but with 
Bi -Sr-Ca -Cu-AI- 0. 

The work by Sheng and Hermann 
reported' in this issue follows a different 
path: they attempted to replace Y'+ in 
YBCO by another trivalent cation, and on 
22 January, reported 85 K superconduc
tivity in Tl-Ba-Cu oxides, and a few 
weeks later they announced superconduc
ting behaviour at around 115 K in the 
similar Tl-Ba-Ca-Cu oxides. Once 
again, the importance of chemical intuition 
and knowledge of the periodic table in 
synthesizing new high-T, materials is 
evident. Interestingly, however, attempts 
to substitute cations have often resulted in 
new phases rather than the intended 
doped versions of the parent phase. 

It appears that the Bi-Sr-Ca-Cu-0 
samples are multiphasic with two 
significant superconducting phases; the 
one with the lower T,, around 80 K, is 
dominant in most samples synthesized so 
far and its complete characterization is 
probably imminent. Our X-ray diffraction 
patterns reveal a close structural relation
ship to the Aurivillius phases', which were 
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Resistivity curves for BiSrCaCu,O, showing 
both the single phase sample (a) with T,=75 K 
and a multiphase sample (b) with higher T, = 
105 K. (From ref. 3.) 


	Vaccine development
	Antigenic hybrids of poliovirus


