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FUNDAMENTAL CANCER RESEARCH 

T HE nineteenth annual symposium on "Fundamental 
Cancer Research", sponsored by the M.D. Anderson 

Hospital and Tumour Institute of the University of T exas, 
was held at, Houston, T exas, during March 4-6, 1965, the 
subject being " Development and Metabolic Control 
Mechanisms and Neoplasia". The sessions at tho Sym
posium dealt with the following topics: "Biosynthesis 
and Control Mechanisms", "Molecular Basis of Early 
Development", "Molecular Basis of Later Development 
and Control" and "Comparative Studies of Control 
Mechanisms in Normal and N eoplastic Tissues". Several 
papers dealt with various aspects of the currently accepted 
sequence of events in biosynthosis, namely, DNA
RNA _ ,. protein, and especially aspects relating to develop
ment and differnntiation. 

R. M. S. Smcllie (Glasgow) gave a review of tho enzym
atic synthesis of nucleic acids in bacteria and animal 
tissues, describing tho various RNA and DNA polymerases 
involved. He pointed out that DNA is present in anima l 
cells as a complex with protein, and t,hat the mechanism 
by which it directs synthesis of new DNA remains to be 
determined. One function now generally assigned to 
histones is that of acting as gene repressors and they 
would accordingly play an important part in differentiation 
and development. Since different RNA fractions of the 
cell differ in their base composition, it is possible that the 
action of RNA polymerase is restricted to transcribing 
certain DNA regions in the nucleus. One approach to the 
study of these problems is by investigations on the syn
thesis of RNA in isolated nuclei and nucleoli the struc
tural organization of which is maintained as intact as 
possible. R. B. Hurlbert (Houston), working with such 
systems, has presented evidence t,hat the base composition 
of the newly formed labelled RNA can be altered by pre
treatment of nuclei with different fractions of histone, or 
with trypsin to remove part of the histone originally 
present. The synthesis of the labelled RNA is inhibited 
by aotinomycin D, indicat,ing that the RNA is formed on a 
DNA template. 

In the past few years a new approach has been developed 
in the study of the functions of hormones involved in 
development and growth. It is thought that their action 
is mediated through cellular m echanisms regula ting 
nucleic acid and protein synthesis in their target tissues. 
It is possible that, in response to hormones, particular 
types of mRNA are formed; these then direct the coding 
of particular proteins, including enzymes which bring 
about specific developmental changes . This was discussed 
by J. R. Tata (London), who has shown that RNA poly
merase of liver nuclei is increased by administration of 
thyroid and growth hormones. The effect is additive, 
indicating that each hormone enhances the formation of 
different fractions of RNA, including rRNA and mRNA. 
Also, incorporation of amino-acids into protein by mito
chondria and microsomes is stimulated by thyroid 
hormone. Another example of the effect of thyroid 
hormone which was mentioned is the induced metamor
phosis in the frog. The effects of other hormones involved 
in development were also discussed. In insect meta
morphosis, tho hormone ecdysone controls new differentia
tion processes by regulating the activity of specific 
genes involved in these processes (U. Clever, Lafayette, 
Ind.). A similar conclusion is arrived at also from the 
work of J. D. Wilson (Dallas, Texas) on the binding of 
( 3H)testosterone to chromatin fragments of nuclei from 
duck preen glands ; the hormone binds to the fragments 
which are the major sites of synthesis of RNA in the 

nucleus. S. Cohen (Nashville, Tennessee) presented work 
on the isolation from mouse salivary gland of a protein of 
low molecular weight which stimulates epidermal growth. 
The stimulation of RNA and DNA synthesis in organ 
culture by this factor was also demonstrable. 

Comparison of mRNA templates in rat liver and hepa
tomata were discussed by H. C. Pitot (Madison, "\\7 scon
sin). Differences in the lifetime of t emplates for synthesis 
of enzymes concerned in amino-acid degradation were 
stated to occur in liver and hepatomata. H. G. Witt1Lann 
(Ti.ibingen) reported work that is being carried out on 
the correlation between nucleot:de changes in an mRNA 
and the resulting amino-acid replacements in the protein 
synthesized. This is done in tobacco mosaic virus RNA 
a nd its coat protein. An investigation of mutants of the 
virus obtained by treatment with mutagens has been 
carried out. 

Investigations of the RNA and ribosome content of the 
1mfort,ilizod amphibian egg and embryo by D . D. Brown 
(Baltimore, Maryland) have shown that, while ribosomes 
aro present mainly as monosomes in the unfertilized egg, 
polysomos are predominant in the early stages of the 
developing embryo, indicating that either more mRNA is 
formed or that its attachment to ribosomes is then initi
ated. Also the sRNA content of the egg is extremely small 
-possibly a further factor controllin,g protein synthesis. 
Modification of sRNA, which acts as an adaptor in 
protein synthesis on polysomes, may occur prior to differ
entiation, as shown by the work of N. Sueoka (Princeton, 
N.J .), who found that, as a result of infection of Escherichia 
coli with phage, a modified type ofleuoyl-sRNA is formed. 
S. Penman (New York) reported work on the relationship 
between protein synthesis and lipid metabolism in HeLa 
cells infected with polio virus. The polysomcs of infected 
cells are found attached to lipoprotein membranes in con
trast to those of normal cells. The infection is also 
accompanied by a stimulation of the lipid metabolism of 
the cell. 

In a cell-free system in vitro, protein synthesis can be 
investigated by tho rate of incorporation of labelled 
amino-acids; the presence of the necessary factors can 
thus be verified. The attachment of ribosomes to mRNA 
to form polysomes and the binding of aminoacyl-sRNA 
arc prerequisites for polypeptide synthesis. The role of 
several factors involved in these processes, including 
enzymatic ones, has been discussed by R. S. Schweet 
(Lexington, Kentucky) and by H. Noll (Evanston, 
Illinois). The interchangeability of the various fractions 
from Novikoff tumour, rat liver and E. coli in such in 
vitro systems has been studied by A. C. Griffin (Houston). 
Tho components of the systems included amino-acid
acti vating synthetases, ribosomes, transfer enzyme frac
tions, sRNA and [14C)aminoacyl-sRNA. It is interesting 
that, in general, a much greater interchangeability was 
observed between the components of tumour and liver 
than between those of E. coli and the mammalian 
tissues. 

Aspects of metabolic roguJations at tho enzymatic and 
metabolic levels were discussed at the Symposium. 
Since the discovery, by Monad and his co-workers, of 
allostoric effects, many enzymes which show these 
properties have been described. Some enzymes exist in 
two configurations while others occur in sub-units which 
show reversible association and dissociation. A discussion 
of the characteristics, kinetics and behaviour of such 
en.e1ymes towards substrates and inhibitors as compared 
with those of the more general type of enzyme was given 
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by C. Frieden (St. Louis, Missouri). Regulation of sub
strate c·oucentration in the cell is another factor in control 
of biochomical reactions. Injection of ereatine into chick 
embryo inhibits the endogenous formation of creatine by 
repressing the first enzyme involved in its biosynthesis. 
This inhibition is specific to creatine since i1,s structural 
analogues 11re not effective (J. B. Walker, Houston). A 
similar negative feed-back control is found in the case of 
cholesterol synthesis by normal and rcgonorating liver. 
Howovot•, it is interesting that such a feed-back system is 
absent in all spontanrous and induced hopat,omiis t ested 
(M. D. Siperstein, Dallas). Changes in the levels of 
substrates used as builrling-blocks in tho synthesis of 
polysaccharides and in the activities of tho enzymes 
concerned, and their correlation with different stages of 
differentiation of the slime mould, woro discmisod by B. E. 
Wright (Boston, Massachusetts). In another contribution, 
W. ,J. Rutter (Urbana, Illinois) discussed the two variants 
of fructose-diphosphate aldolase that h11vo boon found in 
animal tissues. During the development of the embryo 
thero is a change-over from the predominance of one to 
that of the other. Two different mot11bolic roles are 

suggested for the two enzymes. Since the enzymes have 
distinct difforcnccs immunologically and in their fingor 
print patterns, it is possible that they are coded by 
separate regions on tho genome at different stages of 
cellular differentiation. 

The Bertner Found11tion Award for Outstanding 
Achievement in the Field of Cancer Research was pre
sented to Prof. E. Chargaff (New York), who gavo the 
Bortner Foundation Lecture at the Symposium on the 
topic: "On the Biological ConRequenccs of Base-Pairing 
in Nucleic Acids". He discussed problems relating to the 
study of the primary structure of DNA. Although tho 
regularities in the baso composit ion of DNA apply to the 
whole DNA mo!Dculo, it is not known how far this is true 
of any given segment of the molecule. Several chemical 
m ethods for partial dogmdation of DNA havo been 
developed. Clust,ors of nucleotides from the DNA chain 
can thus be obtained and identified and this may consti . 
tute a valuable approach to base sequence studios. 

S. ITZHAKI * 
• Generous travel grants from the Wellcomc Trust and the British Empire 

Cancer Campaign enabled me to attend this Symposium. 

POSSIBLE STRUCTURES FOR TRANSFER RIBONUCLEIC ACID: 

A TRIPLE-STRANDED MODEL 

By DR. WILHELM GUSCHLBAUER* 
lnstitut de Biologie Physico-chimique, 13 Rue Pierre Curie, Paris S 

ALTHOUGH considerable interest has been shown in n tho ribonucleic acid species called soluble, acceptor 
or transfer RNA (tRNA) 1 ever sinco its discovery2 •3 , 

few concrete suggestions have appeared as to its structure . 
It is now believed from hydrodynamic rneasuremonts , 
X-ray investiga t ions and elect ron micrographs4 that, tRNA 
is a rather rigid rod, although the evidence is not too 
oonvincing since these techniques are presently not 
refined onough to settle this point. Frosco et a,l. • first sum-
1narized the experimental evidence exisUng und brought 
forward two structures which are the essential basis of a ll 
mod,1ls suggested to date . A cha in bent, b11ok on itself in 
the form of a hairpin to form a helix , and a model with two 
hairpins joined together (V-model) were proposed. These 
authors bolioved th11t the helices in oithor model were 
interrupted to a varying degree by loops. A single 
comp \etely helical (DNA-like ) h airpin was also proposed 6 - 9 • 

Brown et al.• also envisaged tho possibility that the hair
pin and V model could be interchangeable. Sequence 
studies on unfractionatcd tRNA10 led to a model only 
about 70 per cent helica l whore the bend was expanded 
to a largo loop of about 15-20 nucl cot idos accom
modating the anticodon and the rare b ,1scs. Since by 
definition tRNA has two distinct properties, that is 
accopting and transferring amino-acids, and since the 
phosph11te backbone will provido little specificity for recog
nition, two non-helical regions should be necessary which 
might or might not be separated by holical regions. 
Novelli and othersn suggested distinct 11cceptor and 
transfer sites, and recent work by Weill et al. 12 further 
supports t,ho conc0pt of two differont opomtion11l sites , 
difficult to reconcile with the hairpin model, although 
ovidonco to the contrary has boon presented too13 •14 • 

Spectral studies by Feh:en fcld and Cantoni'·' point to a 
clustering of A-U and G- C pairs in serine specific tRNA, 
similar to previous findings of Fresco 16, who fo·st, repor ted 
two-step molting profiles for amino-11cid specific tRNAs. 
Frorn difforonce spectra studios on these purified tRNAs 
it was infoned17 that each molecule contained two helical 

• Fellow of the Helen Hay Whitney F oundnUon. New York. Present 
addrcSB: D6partement de B!olog!e, Centre d"Etudes Nucleaircs de Saclay, 
H.P. 2, 91 Glf-sur-Yvette, France. 

regions which melted separately and co-operatively. 
These data suggested that the ratio of A-U to G-C pairs 
was always considerably lower in the higher melting 
region. 

All these reports have centred on a highly helical double . 
stranded structure of tho Watson-Crick type, although no 
rigorous evidence has b oon presented so far for or against 
double strandedness in tRNA. In this article a triple. 
stranded model for tRNA will be offered to emphasize 
that other than double-stranded structures cannot be 
ruled out a priori 11t present. Evidence will be b1·ought 
for ward which will demonstrate the feasibility, advan
tages and disadvantagos of such a structure as compared 
with various double helical models . 
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Fig. 1. Three variations of the proposed triple-stranded model for fRN A 
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