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leukaemia virus. But three years ago Vogt, and then 
Hanafusa, found that this sarcoma genome replicates 
a~d produces infectious progeny, envelope and all, 
w1thout the help of a leukaemia virus when it infects 
quail cells and cells of certain strains of chicks. The 
RSV.O genome, as it is designated, is not defective in 
all cells. Now Aaronson, Jainchill and Todaro (Proc. 
US Nat. Acad. Sci., 66, 1236; 1970) report that murine 
sarcoma virus, contrary to popular misconception, can 
transform mouse cells without the help of a murine 
leukaemia virus. 

When mouse cells are infected with serial dilutions 
of stocks of murine sarcoma virus, which always con
tain murine leukaemia virus, the number of foci of 
transformed cells decreases as the square of the 
dilution. This classic observation led Rowe and Hartley 
(1966) to conclude that transformation by murine 
sarcoma virus depends on the cell also being infected 
with murine leukaemia virus as helper. Such trans
formed cells yield progeny sarcoma viruses, sarcoma 
genomes in leukaemia virus envelopes and progeny 
leukaemia virus. 

Recently, however, Aaronson and Rowe isolated a 
transformed mouse cell which yielded neither sarcoma 
nor leukaemia virus, but when it is superinfected with 
leukaemia virus alone the progeny contains sarcoma 
virus as well as leukaemia virus. This suggested that 
this cell had been transformed by a murine sarcoma 
genome in the absence of a leukaemia genome. Aaron
son et al. have confirmed this interpretation. When 
mouse cells of the BALB/3T3 line are infected with 
serial dilutions of murine sarcoma virus, the number of 
foci of transformed cells, counted 3 days after infection, 
decrease, as the square of the dilution; this is the classic 
result. But when the same culture is counted 7 days 
after infection there are more foci and their number is 
proportional to the dilution, not the dilution squared. 

This means that transformation is really a one hit 
process. The murine sarcoma genome alone can trans
form but the transformed cells for some reason grow 
slowly. Those cells which are infected with sarcoma 
and leukaemia genomes, on the other hand, produce foci 
quicker because they yield progeny virus of both types 
which can infect and transform adjacent cells. Claims 
that the murine sarcoma genome cannot, unhelped, 
transform mouse cells are an artefact of the experi
menter's haste to count the foci in his Petri dishes. 

Although the murine sarcoma genome is not defective 
for transformation it cannot as far as is known specify 
an infectious virion envelope; only cells infected with 
leukaemia and sarcoma genomes liberate progeny 
sarcoma virus. In 1967 the same was being said of the 
RSV.O genome, but then this virus was found to repli
cate unhelped in quail cells and some chick cells. How 
long will it be before a cell which supports the produc
tive infection of murine sarcoma virus is discovered 
and the last vestiges of defectiveness are forgotten ? 

NUCLEAR MAGNETIC RESONANCE 

VItal Biological Tool 
from a Correspondent 

IT would be an overstatement to describe "retrench
ment" as the keynote of the conference on magnetic 
resonance in biological systems, a NATO Advanced 
Study Institute, held in Oxford from August 26 to 
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September 2. But there seemed to be greater emphasis 
on theoretically sound interpretation of complex 
nuclear and electron magnetic spectroscopy than 
before. 

When membranes were the topic for discussion, 
spin labelling received most attention. The cholesterol 
spin label analogue, cholestane, has been used exten
sively as a probe in multibilayers of phospholipids, 
and Dr I. C. P. Smith (National Research Council, 
Ottawa) described the rotational freedom of the prob0 
on apparent ordering of multibilayers on addition of 
cholesterol and disruption with solvents and anti
biotics. The attachment of a spin label to substituted 
fluorophosphates provided a convenient reagent for 
Dr L. H. Piette (Hawaii) to attempt specific labelling 
of synaptosome acetylcholinesterase. 

Electron paramagnetic and nuclear magnetic reson
ance studies of haem proteins seem to be progressing 
along two overlapping lines. First, there are investi
gations of the observed spectra in different proteins, 
and second, specific studies of haemoglobin aimed at 
the elucidation of the mechanism of cooperative 
oxygenation. Drs R. G. Shulman (Bell Telephone 
Laboratories, Murray Hill) and M. Karplus (Harvard 
University) presented a formidable resolution of the 
nature of the high and low field proton magnetic 
resonances in myoglobin and haemoglobin. They 
managed to calculate the relative contributions of the 
contact and pseudocontact shifts in paramagnetic 
forms. 

Conformational analysis, isotope substitution and 
histidine C-2 proton titrations were in favour with the 
protein resonators. Paramagnetic probe ions, especially 
manganese, have been used extensively, both as a 
phenomenological spectroscopic parameter to investi
gate binding sites, and, in favourable cases, to deter
mine the stereochemistry of the binding mechanism. 
Dr M. Cohn (University of Pennsylvania) reviewed 
this method of investigating enzyme-substrate inter
actions, and Dr A. S. Mildvan (Institute for Cancer 
Research, Philadelphia) presented a thorough study of 
the enolization and elimination mechanisms in pyru
vate carboxylase and aldolase. A detailed study of 
the spin-lattice relaxation rate of water in manganese
carboxypeptidase solutions presented by S. H. Koenig 
(IBM Watson Laboratory, Columbia) covered the 
frequency dependence over the 10 kHz to 100 MHz 
range, illustrating, in its complexity, the difficulties 
of interpreting temperature dependence of relaxation 
times at one or only a few field strengths. G. Navon 
and A. Lamir (Tel-Aviv) illustrated the diversity of 
possible relaxation mechanisms in their studies of 
manganese substituted carbonic anhydrase, showing 
clearly the contributions of both exchange and dipolar 
mechanisms by measuring the T1/T2 ratio and deducing 
the stereochemistry of inhibitor binding using the 
Solomon-Bloembergen equations. 

After strictures concerning the undesirability of 
substituting manganese for zinc or magnesium, it was 
the turn of the naturally occurring iron sulphur pro
teins. The electronic properties of the iron in a series 
of ferrodoxins from different sources was deduced 
from ENDOR and Mossbauer studies by Dr R. H. 
Sands (University of Michigan, Ann Arbor). The effect 
of iron and sulphur isotope substitution on the electron 
paramagnetic resonance spectrum of ferrodoxins was 
also used by Drs J. A. Fee and G. Palmer (University 
of Michigan, Ann Arbor) to investigate the iron. 
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