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In the virology sessions, the following review papers 
deserve special mention: cell systems for the production 
of viral vaccines (Dr. M. R. S. Iyengar); application of 
tissue culture in mammalian tumour virology (Dr. J. R. 
Chowdhury); and plant viruses in plant and insect tissue 
cultures (Prof. S. P. Raychowdhury). 

The plant tissue culture sessions included several review 
papers and also a number of original papers. Among the 
review papers may be montionod: fertilization of ovules 
in vitro (Prof. P. Maheshwari and Dr. K. Kanta); 
chemical induction of polyembryony (Prof. B . .!YI. Johri); 
morphogenesis in plant tissue cultures (Dr. H. Y. Mohan 
Ram); and the role of kinetin in the growth and differoo.­
tiation of plant tissue and organ cultures (Dr. R. L. N. 
Sastri). Other papers described the culturing of phylloxera 
gall and crown gall tissues, loaf and callus tissues. 
Although Prof. H. E. Street (University of Swansea) could 
not be present at the seminar as expected, his address, 
entitled "Plant Tissue Culture in an Interesting Condi­
tion", was read. In this, Prof. Street pointed out that plant 
tissue culture investigations are at present entering a 
critical phase and made a powerful plea for the maximum 
exploitation of the potentialities of plant tissue cultures. 

Profs. C. H. Waddington and H. Katsuta illustrated 
their papers by means of cine films of living cell cultures 
which were of a high technical excellence and most 
instructive. Prof. J. Paul gave a course oflectures on the 
techniques and problems of tissue culture with special refer­
ence to animal tissue culture, but those interested in plant 
tissue culture also found many points of interest in them. 

Anyone who sat through all the sessions of the seminar 
would no doubt have gained the feeling that he had been 
presented with a broad cross-section of the important 
advances at present being made in the fields of animal 
and plant tissue culture. 

A somewhat novel feature of the seminar was the ad­
vance circulation of mimeographed copies of the complete 
manuscripts of all papers, which facilitated the discussion 
following the presentation of each paper. The Proceedings 
of the seminar will be published shortly by Dr. "\V. Junk, 
Publishers, Netherlands. 

This report would be incomplete without recording 
the appreciation of the delegates for the excellent arrange­
ments made by the reception committee, with meticulous 
attention to detail, and for the hospitality extended to 
them. R. L. N. SASTRI 

MANAGEMENT STRUCTURE 

UNDER the title Structure in .Management, theN ational 
Institute of Industrial Psychology has issued a study 

by Isabel Blain of different forms and their effectiveness*. 
Besides a bibliography, the study includes a note on 

some earlier studies of management in tho United King­
dom. Tho body of the report is based on an enquiry involv­
ing interviews with the chief executives of 24 companies 
engaged in a wide range of activities and detailed question­
naires completed by more than 1,000 managers at other 
levels. Generally tho methods of description used, while 
tentative, appear to provide a possible basis for develop­
ing empirical studies in this field, and the provisional 
analyses of tho features which were observed and their 
relation to effectiveness as reflected in the views of 
managers have demonstrated several important points 
for the future development of such studies. 

Many factors likely to influence efficiency have been 
identified, but their individual effects cannot be simple, 
and vary according to the ways in which they appear in 
combination. A wide span of control, for example, may 
be a handicap where there is little delegation, but appro­
priate in some other circumstances; the importance of 
organization charts varies with the size and complexity 

• National Institute oflndustrial Psychology. Report No. 17. Structure in 
Management; A Study of Different Forms and their Effectiveness. By Isabel 
Blain. Pp. 50. (I.ondon: National Institute of Industrial Psychology, 1964.) 
lOs. 6d. 

o f the organization. Methods of classification developed 
for other purposes can be misleading if used uncritically 
in studies of particular problems of management organiza­
tion. 

The operational practices within a company may be as 
important as structures strictly defined, and managerial 
posts within any company differ in their structural 
features-for example, in level (nearness to the source of 
authority or decisions), in responsibility to one person or 
more, in sharing subordinate staff or not, and in the 
number of others with whom formal operation links 
must be maintained. Accordingly, Dr. Blain suggests 
that research could be developed along two lines. First, a 
study could be made of the extent to which operational 
features are important, by comparing companies suffici­
ently similar in size, number of levels, production systems 
and proportion of specialists, but differing in respect of 
organization charts, salary administration or procedures 
for communication. Secondly, comparisons could be 
made within particular companies having their own 
operational characteristics, between managerial positions 
that differ in their structural features, for example, in 
responsibility to one person or more. In such ways more 
intensive studies of comparatively small samples are 
likely to provide evidence bearing directly on these aspects 
of the organization of management. 

ENDEAVOUR 

A CRITICISM often levelled at British industry in tho 
vital field of overseas exports is that not enough atten­

tion is directed to the importance of making available tech­
rucal and commercial literature in the language of tho 
country concerned, especially in Europe. In recent years, 
with increasing representation of British-made goods in 
overseas markets, especially at international trade fairs 
and exhibitions, there has been some improvement in 
publicity methods in this important matter, chiefly by 
the larger industrial organizations, but much more could 
be done to 'put the message over' to a wider audience of 
potential foreign buyers in their own language. 

To a lessor extent this stricture has in the past applied 
to sci.-mtific literature, but internationally modern educa­
tional standards have determined at least a working 

knowledge of three essential languages-English, French 
and German-and this makes possible intercourse and 
understanding on an ever-increasing scale in the fields of 
the arts and sciences as portrayed in many different 
countries in as many different languages. The growing 
availability of Russian texts and scientific literature in 
English and French is a welcome sign of these modern 
trends. 

A particularly impressive example of a multi-lingual 
scientific publication, one which has boon in existence 
since 1942, is the journal Endeavour, published by 
Imperial Chemical Industries, London. This is a review 
of the progress of science, published periodically in five 
languages-English, French, German, Italian and Spanish. 
In lflndeavour the emphasis is on British science, but 
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contributions are regularly commissioned from all parts 
of the world. The principal considerations governing 
acceptance of articles in this case are the intrinsic interest 
;md importance of the subject and the established 
authority of the writer. The result is a publication of 
outstanding quality both in subject-matter and presenta­
tion. 

In a recent issue of Endeavour (24, No. 91; January 
1965), the contents cover a wide range of subjects. The 
editorial discusses the centenary of Mendelism; solid­
phase peptide syntheses are described by R. B. Merri­
field; m eristems and the effect of radiation on cells, by 
F. A. L. Clowes; two memory stores in one brain, by 
J . Z. Young; insect hormones, by Sir Vincent Wiggles-

worth; cell movements, by E. J. Ambrose; the Xanthidia, 
by W. A. S. Sarjeant; recombination of ions and electrons, 
by M. A. Biondi; the brittle fracture of steel, by L. 
Rotherham; and the ribonuclear acids in the nucleus 
and cytoplasm of animal cells, by H. Harris. A section is 
also devoted to book reviews covering an equally wide 
range of scientific subjects. 

This number is profusely illustrated with black-and­
white, colour (especially noteworthy) and line diagrams. 
"No charge is made for Endeavour, and it is distributed 
to senior scientists, scientific institutions, and libraries 
throughout the world. Within these limits, the Editor is 
always glad to consider the addition of names to the 
mailing list." H. B. MILNER 

A DIRECT TEST OF ANTIPARALLELISM IN COMPLEMENTARY SEQUENCES 
OF CALF THYMUS DEOXYRIBONUCLEIC ACID 

By PRoF. ERWIN CHARGAFF, DR. JERZY BUCHOWICZ, DR. HANS TURLER and 
PRoF. HERMAN S. SHAPIRO 

Cell Chemistry Laboratory, Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York 

W ... HEN a molecule of deoxyribonucleic acid is said to 
carry, or preserve, biological information, certain 

assumptions are made, often implicitly. The nucleic acid 
chain is, for example, likened to a text in which the 
individual nucleotide constituents play the part of letters. 
It is quite clear that, for a text to be meaningful, not only 
tho arrangement of letters is important, but also the 
direction in which they are to be read. If the sequence of 
purines and pyrimidines in a DNA, held together by 
phosphodicstor bridges linking the 5'-position of one 
nucleoside with the 3' -position of the adjoining nucleoside, 
is read unidirectionally, as it is not unreasonable to assume, 
then the direction of scanning could be 5'-nucleotide-.. 
5'-nucleotide or 3' -nucleotide--+ 3'-nucleotide. No decision 
between these directions can be made; but it may b e 
conjectured that such isomeric sequences as pCpApT and 
pTpApC are not synonymous. (For the sake of brevity, 
we designate the deoxyribonueleosides of adenine, guanine, 
cytosine, and thymine as A, G, C, T, respectively, the 
purine and pyrimidine deoxyribonucleosides as Pu and Py, 
and indicate esterified phosphoric acid by p, placed at the 
left of the symbol if it is linked to the 5'-hydroxyl of the 
nucleoside, at the right if it is on the 3' -hydroxyl.) 

If the structural modeJl of DNA- two complementary 
strands forming a double helix-is accepted as the 
explanation of the base-pairing regularities•, the two 
strands could be regarded either as anti parallel, of opposite 
polarity, or as symparallel, of identical polarity. It is the 
first alternative that is usu ally considered as more 
plausible; and the analysis of the frequencies of 'nearest 
neighbour' base sequences in the products formed by the 
DNA polymerase of E. coli h as been interpreted as 
demonstrating tho antiparallol ch aracter of the comple­
mentary strands3 • Recent investigations of these products 
have, however, thrown some doubt on their being com­
plete replicas of the native templates•·•; and it remains 
to be seen whether the indirect conclusions based on the 
examination of the enzymatic product can be applied 
directly to the structure of the n ative DNA. 

'Vo have sought a direct test of symparallelism or anti­
parallelism in complementary sequences of native DNA. 
The work recorded here forms part of investigations of 
severa l aspects of the nucleotide sequence in nucleic 
acids in which this laboratory h as been engaged for some 
time&. A fuller account will, it is hoped, be published later. 
Fig . I will facilitate the description of our experimental 

approach. It depicts an arbitrary segment of a DNA 
molecule, consisting of 24 specified nucleotides, in two 
forms: in A the complementary strands are anti parallel, 
in B they are symparallel. The consequences of these 
differ ences in the polarity of the chains are shown in 
Table 1, which lists the tracts of purine and of pyrimidine 
nucleotides that will be liberated from the DNA segment 
in Fig. 1 through the alkaline degradation of the corre­
sponding apyrimidinic acid7 ·" and the acid degradation of 
DNA6 • It ·will be seen that the homologous tracts, such 
as pAp, pApAp, etc., are formed from both structures to 

A 

B 

1' 2' 3' 4' 5' 6' 7' a' 9' 1o' 1 r 12' 

~ A T C G C T A A T C G G ~ 

TAGCGATTAGCCPu 

123456789101112 

~ A T C G C T A A T C G G ~ 

T A G C G A T T A G C C ~ 

23456789101112 

Fig. 1. Segment of a DNA molecule. A , the complementary strands are 
anti parallel; B, the complementary strands are symparallel. The 
fraJZments expected from a selective degradation are listed in Table 1 
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