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ecent human influenza A ( LIN1) viruses
are closely relate
genetically to strains isolate in 1950
Katsuhisa Nakajima*, Ulrich Desselbergert & Peter Paleset
Department of Microbiology, Mount Sinai School of Medicine of CUNY,

Comparison of the oligonucteatide maps of the RNAs af
current human influenza CHINI) virus isolates shows
these strains to be much more closely related to viruses
isolated in 1950 than to strains which circulated before or
after that period.
IN May 1977 influenza viruses of the HIN] (hacmaggiutinin
and
neuraminidase}
serotype
were
isolated
in China‘.
Subsequently, additional HIN1 virus isolates were obtained in
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New York, New York

10029

Russia and in the winter of 1977-78 epidemic infection with
these HIN] (Russian’} viruses was evident all over the North-

ern

Hemisphere,

including

the

United

States*>

Although

investigators had speculated that the H3N2 subtype which first
appeared in 1968 was approaching the end of its period of
prevalence, the emergence of HIN1 virus was unexpected.
HIN] viruses were epidemic between 1946 and 1957 and a
large proportion of the world’s population aver the age of 20
possesses serum antibodies against such viruses. Consequently,
a strain with a novel haemagglutinin or one which had
appeared less recently would have seemed a more likely
candidate for the next pandemic strain. Because of the antigenic relatedness of the surface proteins of the 1946-57 HIN]
strains and the Russian isolates we set out to compare the
genomes of these viruses by oligonucleotide mapping. Such

Summary of the comparison of oligonucleotide patterns derived from the RNAs of different influenza viruses

Strain
A/PW/L/SOCUINDE

Spats

Spots

missing”

Total no. of

additional®

spots evaluatedt
4A

ee

A/USSR/80/77 CHIN}

3, 7, 26, 29, 35, 46

iGO, 101, 162, 103

42

A/USSR/92/77001N1}

3,5, 7, 10, 12, 15, 26,
29, 30, 35, 40

100, 101, 162, 103, 104,
105

39

ASRE/123/77 (RINGS

5,6, 7, 15, 16, 26, 29,
35, 46

101, 102, 103, 164, 105,
106, 187

42

A/i/2/50CH1N1}

§, 15, 26, 40

107, 168

42

A/C/1/S6(HIND

1, 4, 6, 7, 8, 16, 11, 12,
15, 19, 21, 23, 24, 27,
29, 31,1 33, 35, 39, 46

102, 103, 105, 149, 118,
124, 212, 113, 124, 174,
116, 117, 118, 119, 120

37

A/PM/1/47(H IND)

2,3,5, 6, 7) 10, 14, 12,
13, 18, 16, 19, 20, 23,
24, 25, 34, 35, 39, 40,
43

104,
118,
125,
4130,
135,

105,
121,
126,
131,
136

109,
122,
127,
132,

114,
124,
129,
134,

44

A/PR/8/35(HOND)

2,4, 5, 8,9, 11, 12, 15,
16, 20, 22, 23, 24, 25,
27, 35, 40, 44

102,
119,
$40,
145,

106,
123,
144,
146,

113, 114, 148,
137, 138, 139,
142, 143, 144.
147

45

A/PtCh/1/73(H3N2)

2,3, 4,7, 8,9, 13, £5,
16, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 33,
aS, 38, 40, 44

101,
127,
US1,
156,
161,
166

102,
136,
152,
157,
162,

103,
148,
153,
158,
163,

46

115,
123,
128,
133,

113,
149,
154,
159,
164,

116,
136,
155,
160,
165,

The WH) system af nomenciature’’ is used here: this designates influenza viruses according to: type/place of isolation /isclate number/year of
isolation (subtypes of haemagglutinin, H, and neuraminidase, N). The abbreviations FW, USSR, HK, 1, C, FM, PR, PiCh refer to the following
locations: Fort Warren, Wyoming; Soviet Union, place unknown; Hong Kong; Irvington House, New York; Cornell Universitv, New York; Fort
Monmouth, New Jersey; Puerto Rico; Port Chalmers, New Zealand.
* The ribonuclease T,-resistant oligonucleotides of the RNA of influenza A/FW/1/50 virus were separated by two-dimensional gel electrophoresis (Fig. ia) and the large oligonucleatides were numbered 1-44. By coelectrophoresis of the oligonucleotides of the RNAs of FW virus
and of other strains for example, Fig. ic, 9} it was determined which FW virus-specific spots were missing in a particular pattern (spots missing).
Similarly, spots were identified which were absent in the PW virus pattern and present in patterns of the other viruses (additional spots). These spots
were labelled 100-162. Oligonucleotides not distinguishable from those present in the FW virus pattern retained the PW virus oligonucleotides
designation (1~44}, OHponucleotides present in more than one virns (other than the FW virus) retained the original designation (100-162).
+ The oliganucleatide spots of the viruses used in this analysis are identified in Figs 1, 2, 3.
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isolated in 1950. In contrast, comparison of the oligonucleotide
maps of HIN] viruses isolated in 1947, 1950 and 1956,
revealed extensive genetic differences. These differences in the
oligonucleotide maps of the RNAs of viruses isolated within
the period of prevalence of one subtype could be due either to
the concurrent presence of different variants each of which is
genetically conserved, or to multiple mutational events oceurxing over the entire period. Although the first hypothesis
eannot be excluded, for the following reasons we regard the
latter explanation to be more likely. First, there is no evidence
to show simultaneous prevalence of several markedly different
genetic variants belonging to the same subtype. Second, the
observation of small differences in the oligonucleotide maps of
viruses isolated within a few months of one another suggests
that detectable mutations are occurring during epidemic spread
over a short period of thne.
If we accept the premise that influenza A viruses are subject
to repeated mutational events it is extremely difficult to explain
why the oligonucleotide maps of strains isolated in 1950 and
those of the recent Russian viruses are so strikingly similar. For
the reasons stated above it seems unlikely that a 1950 virus
survived by normal sequential transmission in the human
population without evidence of much more extensive genetic
drift. It is also not plausible to speculate that chance backReceived 6 April; accepted 22 May

1978.
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Russian viruses has been preserved over the last 25-27 years

by some unusual mechanism. Although there is no evidence to
support the view, it is possible that influenza viruses are
capable of latent or persistent infection in man in conditions in
which the genetic information of the virus is highly conserved.
Alternatively, the genetic information of the virus could have
been preserved by sequential passage in an animal reservoir in
which influenza viruses replicate without rapid genetic change.
(However, in recent unpublished experiments we observed
extensive genetic variation among different influenza viruses
isolated over a period of a few years from birds and horses.)
Finally, it is possible that a 1956 influenza virus was truly
frozen in mature or elsewhere and that such a strain was only
recently reintroduced info man.
We thank Dr Alan P. Kendal for providing virus isolates and
Ms Marlene Lin for technical assistance, J. L. Schulman and
Vincent Racaniello for helpful discussions and H. D. Robertson for help in evaluating our data. This work was supported by
NIH grant AI-11823, NSF grant PCM-76-11066 and ACS
grant VC-234,
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1ere do general anaesthetics act?
WY. P. Franks* & W. RB. Lieb
Department of Biophysics, King’s College, 26-29 Drury Lane, Landon WC2,

General anaesthetics were found to have no effect on Upid
bilayer structures when studied using X-ray and neutron
diffraction. Combined gaseous and aqueous phase solubility data suggested that the primary site of action of
general anaesthetics has both polar and nonpolar characteristics, and probably involves protein.
THE

induction

of

general

anaesthesia,

according

to

most

"|, involves a structural change in Upid bilayers of
theories

Using both K-ray and neutron
nerve cell membranes.
diffraction, we have looked for such changes in lipid bilayers.
Surprisingly, we can detect no change in bilayer structure at
clinical concentrations of general anaesthetics. This has led us
to reinterpret the evidence previously used to characterise the
anaesthetic site. Many attempts have been made te infer the
molecular nature of the site from correlations of anaesthetic
potency with solubihty in various solvents (for a review, see ref.
12). However, data from experiments in which general anaes*Present address: Biophysics Section, Department of Physics, imperial
College of Science & Technology, Prince Consort Road, London SW7,

UK.
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thetics were administered in the gaseous phase have usually
been considered separately from data obtained in aquecus
phase experiments. We have combined these data and find an
excellent correlation using octancl but very poor correlations
using hydrocarbon solvents. Prom all our results, we conclude
that the primary site of action of general anaesthetics has not
only apolar but also palar characteristics and probably involves
protein.

X-ray and neutron diffraction studies
There is no doubt that sufficiently high concentrations of
general anaesthetics will alter membrane structure, and this
may account for many of the positive results previously reported with other techniques'*. Indeed, many general anaesthetics
(for example, chloroform and halothane} will dissolve Hpid
bilayers. It was therefore essential to look for stractural
changes at clinical concentrations. Also, because we expected
only small effects at these low concentrations, it was essential to
use the same membrane specimen and diffraction geometry for
both control and anaesthetic experiments. Finally, it was
necessary to remove the anaesthetic from the sample at the end
of the experiment, to check for reversibility. Our solution to
these problems was to pass anaesthetics in the gaseous phase
over lipid multilayer specimens. In fact, surgical anaesthesia is
usually maintained using inhalational anaesthetics, so that the
&
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