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STRUCTURE AND ACTIVITIES OF THE BACTERIAL SURFACE 

ON April 20 the for General Microbiology 
held a sym i on "The Nature of the 

Bacterial Surface . contributions and two 
surveys by the irif had been printed and 
circulated to \) the Society before the 
meeting. On he mption, which proved to be 
well that these had already been read by 
those att\Xding the symposium, most of the time of 
the meeting was spent on discussion. Argument had 
to be restrained rather than promoted by the chair
men, and it ranged over a wide but relevant field ; 
although the meeting was extended beyond the time 
arranged, it finished with several members still 
wishing to speak. 

There was general agreement on many subjects. 
Several speakers pointed out that the microscopically 
visible capsule is dispensible and that there are no 
definite divisions between the successive layers by 
which the cell is surrounded ; these views were not 
controverted. Opinion varied over the extent to 
which electron-micrograms give direct evidence about 
the original material that is being examined ; but, 
after some years of rather uncritical acceptance of 
electron-micrograms at their face value, it was 
refreshing to find that there was general awareness 
that changes can take place during the preparation, 
drying and shadowing of a specimen. Finally, the 
suggestion that the macroscopic properties of films, 
fibrils and threads are not an infallible guide to the 
properties of similar, but much smaller, structures, 
may be mentioned. No one postulated new properties 
of matter; but there was agreement that we should 
beware of arguments based on the extrapolation of 
the conventional properties of matter to bacterial 
appendages that may be only one-thousandth the 
size of structures that have already been thoroughly 
investigated. 

Evidence coming from the serological properties of 
bacteria, and of antigens prepared from them, was 
considered by W. T. J. Morgan. He argued that the 
failure of a serological reaction does not necessarily 
mean that the structure which should have reacted 
is placed deeply in the organism ; it could be near 
the surface but in a state of chemical combination 
that keeps it from reacting, or it could be surrounded 
by larger amounts of a more reactive antigen. In 
discussion, C. lVi. Chu stressed the importance of a 
serological study of the bacterial residue left after the 
mild extraction procedures advocated by Morgan. In 
this way more light might be thrown on the actual 
location of antigens which appear to lie on the 
surface. 

A comprehensive picture of the chemical processes 
involved in Gram-staining, in the synthesis of capsular 
polysaccharides, and in the action of the pneumo
coccal transforming principle, was presented by M. 
Stacey. Harriett Taylor criticized this picture with 
logic and pertinacity. Stacey suggested that the 
deoxyribose nucleic acid, the presence of which pro
motes capsule formation by non-capsulated pneumo
cocci, is contaminated by traces of capsular poly
saccharide, and that this, by analogy with other 
cases where polysaccharide is needed as a starter for 
polysaccharide synthesis, is the effective substance. 
She agreed that the deoxyribose nucleic acid, like all 
large molecules, is probably contaminated, but looked 
on the capsular polysaccharide as one of the less 

probable contaminants. Stacey's suggestion that the 
Rough pneumococci have less nucleic acid on their 
surfaces than the Smooth, and that roughness results 
from growth under deficient nutritional conditions, 
she likewise emphatically rejected. There were reper
cussions of this disagreement in the discussion after 
Harriett Taylor's paper on· pneumococcal trans
formation. It seems to originate in the orthodox 
chemist's unwillingness to accept the enormous 
number of specific nucleic acids called for by some 
biological evidence. Until we know something of the 
minimum size of these postulated active nucleic 
acids, and of the effect which a change in nucleotide 
sequence has on specificity, this unwillingness seems 
premature. It is easy to get the required number of 
isomers if every difference in sequence is significant. 
In Taylor's paper, examples had been given of deoxy
ribose nucleic acids made from di"ferent strains of 
pneumococcus that are chemically indistinguishable 
but differ biologically. 

Work with the pneumococci suggests that the 
bacterium can at one time have only one type of 
capsule and one type of transforming principle-as 
if there is a single locus which can be occupied by 
only one type of transforming substance. A some
what different form of 'exclusion principle' was 
described by D. McClean. Streptococci can have 
either hyaluronic acid capsules or they can secrete 
hyaluronidase, but not both. The addition of hyal
uronidase to capsulated organisms decapsulates them, 
whereas the addition of hyaluronic acid to some 
streptococcal cultures stimulates the adaptive form
ation of hyaluronidase. We have here a fascinating 
field for studying the interplay of the biochemical 
factors on which the morphological and other 
properties of an organism depend. 

Peter Mitchell considered the properties of the 
osmotic barrier. He was more concerned with what 
the barrier does and how it does it than with what 
it is made of and how thick it is. He showed that 
for many substances it cannot be regarded as a 
passive filter, acting by virtue of differences in pore 
size or partition coefficient, and suggested mechanisms 
by which osmotic work could be done in the barrier. 
In discussion, the problem was skilfully defined by 
K. A. Bisset, who contended that there is no reason 
to postulate any thickness for the osmotically active 
layer. In his view it may well merge with the cyto
plasm of the cell and so have no defined inner surface. 

The reaction between bacterial viruses and the cell 
involves a series of changes in the bacterial surface ; 
T. F. Anderson discussed the conclusions that can be 
drawn from this line of evidence. His own work and 
Schlesinger's shows that the observed number of 
effective collisions between bacterium and virus 
agrees with the number theoretically to be expected 
with particles of these sizes. This means that, in 
spite of the specificity of the action, nearly every 
collision is effective. He suggested that this could 
come about if the first connexion is with a plastic 
structure on which subsequent rearrangement can 
take place or which, if this fails, can break off from 
the organism. With his group of viruses, so long as 
host and virus have not been deliberately inactivated, 
absorption only takes place on to cells capable of 
sustaining virus multiplication. The surface carries 
"frank, specific displays of its range of suitability as 
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a host for the viruses to which it is sensitive". In 
the introduction, N. W. Pirie had stressed the lack 
of evidence that viruses penetrate the bacterial cell 
wall ; their multiplication on, rather than within, the 
wall would be compatible with Anderson's evidence. 
As often happens when viruses are under con
sideration, the discussion took on a slightly meta
physical tinge. Felix urged a return to Bordet's view 
that bacterial viruses are fragments of the bacterial 
cell ; but Anderson, because of the absence of 
serological relationships between the viruses and host 
cell constituents, saw no advantage in this hypothesis. 
A lysin can be made by ultra-violet irradiation of 
some viruses ; A. Pirie asked if this should be looked 
on as an enzyme attacking a substrate in the cell 
surface or as an activator for the autolytic mechanism 
already present in the surface. Anderson said he did 
not know how often a molecule had to do the same 
job, without being destroyed, before it should be 
called an enzyme. There is no evidence that the 
substances postulated in these processes act more 
than once. 

The part of the bacterium that is responsible for 
its mechanical integrity was only discussed briefly. 
I. M. Dawson showed electron-micrograms of the rigid 
cell wall made by centrifugal fractionation of a sus
pension of staphylococci that had been shaken with 
glass beads, and J. Smiles described the elastic 
properties of the membrane surrounding various 
organisms and of the septa which form before or 
during cell division. In different organisms these 
structures have characteristically different properties 
when subjected to stresses by flow of the medium or 
by drying. The general properties of these mem
branes were surveyed by E. T. C. Spooner from the 
point of view of the bacteriologist, but nothing was 
said about their chemical nature. 

The last paper to be discussed was by A. Pijper, on 
bacterial motility, and this subject was also the main 
theme of A. A. Miles's introduction from the chair. 
Pijper contends that bacteria move by virtue of an 
undulatory or corkscrew movement of their bodies, 
and that the flagella are wisps of slime trailing in the 
medium. He does not deny the existence of flagella, 
but looks on them as the consequence rather than 
the cause of motility. Observations on living bacteria 
under dark-ground illumination with sunlight give 
the main evidence for this point of view, and some 
of the phenomena were illustrated by a cinematograph 
film. Here it appeared that the direction of move
ment of the body is the first thing to change, and 
that it is only after this has happened that the 
flagella move round to the rear of the moving 
organism. Pijper's view was hotly contested. T. Y. 
Kingma Boltjes thought the mechanics very improb
able and preferred the conventional interpretation of 
motility. A. Fleming confessed himself nearly con
vinced, but found his own observations on the 
rotational movements of Proteus grown in the 
presence of penicillin more nearly compatible with 
the concept of active flagella. This movement only 
takes place when the specimen is illuminated, and it 
appears that, when the light. is turned on, flagellar 
movement precedes movement of the organism. The 
uniformity of flagella in electron-micrograms, and 
especially the fact that in one organism (unclassified) 
two distinct sizes are seen, together with the con
stancy with which the same number of flagella are 
seen in the same place on the members of one species, 
seemed to A. L. Houwink to rule out the trailing 
slime hypothesis. A similar attitude was taken by 

W. van Iterson, who showed electron-micrograms of 
flagella apparently connected with the protoplast or 
with granuleE!. Their formation from these structures 
would suggest that they are not formed by the casual 
streaming away of surface slime but are a specific 
extrusion. What is known of the chemistry of flagella 
makes such an origin probable. Conclusions about 
their origin do not, however, radically affect the 
problem of flagellar movement and, although Pijper's 
interpretation contains undoubted difficulties, no 
clear refutation of it was forthcoming. 

It was generally agreed that this symposium was 
valuable, and that much of its value depended on the 
'preprinting' of the main contributions. This tech
nique is already used regularly by some societies ; but 
its expense is bound to keep it from being adopted 
widely. It may therefore be legitimate to argue 
briefly the national economics of such meetings. 
Three hundred people attended this one, and at least 
two hundred of them were paid directly or indirectly 
out of public funds. The average of their salaries is 
certainly not less than £2 per working day. For an 
ali-day meeting some are away for more than a day 
and many get travelling expenses. The hidden cost 
to the community of such a meeting is £500 at the 
lowest estimate, quite apart from the ordinary cost 
to the society. This expense is fully justified; but it 
is important to recognize that it is there, and to 
ensure that the best use is made of the time and 
money spent. If, by 'preprinting' the papers, we 
can increase significantly the value to the participants 
of the time spent in a meeting, it seems not unreason
able that the cost of 'preprinting', £IOQ-£200, should 
be borne by public funds. N. W. PIRIE 

NATURAL PRODUCTS IN THE 
BRITISH COLONIAL EMPIRE 

T HE seco:n eport of the Colonial Primary 
Product ommittee*, dated January 1949, 

consis · y of a series of commodity studies, to 
which · p ded a note by the Imperial Institute on 
d!a · n of essential oils, describing inexpensive 
p "for this purpose. Recommendations of the 
C ittee in regard to groundnuts are discussed 
elsewhere (p. 889 of this issue); in regard to oil-palm 
products, the Committee recommends the introduc
tion of a superior grade to encourage the production 
and sale for export of an oil suitable both for edible 
and technical purposes. The Committee considers 
that for coconut products a long-term assurance is 
of the first importance ; but of other edible oils and 
oil-seeds yielding edible oils produced in the Colonial 
Empire, kapok seed, neem oil and dika fat are unlikely 
to be of use for edible purposes, special encouragement 
of sesame is not recommended, and of the minor 
oil-seeds only cottonseed and illipe nuts appear worth 
encouraging. The best hope of increased production 
of soya beans in the near future appears to lie in East 
and Central Africa, and the Committee hopes that 
the assured market will stimulate increased produc
tion there, and that departments of agriculture will 
pursue their variety trials. It suggests that if the 
large-scale trials of sunflowers as a rotation crop in 
Tanganyika prove satisfactory, consideration should 

• Colonial Oftice. Colonial Primary Products Committee. Second 
Report, January 1949. (Colonial No. 238.) Pp. CO. (London: H.M. 
Stationery Oftice, 1949.) 1s. net. 
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