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MULTIPLICATION OF THE ANIMAL VIRUSES 

By DR. D. J. BAUER 
Wellcome Laboratories of Tropical Medicine 

BACTERIA possess 
synthesize to a or less degree all the 

substances essary for their growth; in 
genic forms have a metabolism 

which is m that of their host, while nearly 
all boo'taci.a can ll grown in vitro in the absence of 
living.cMJ;: \'iruses are often considered to represent 
a degenerative simplification of this condition in 
which the enzymic equipment, although tacitly 
assumed to be present, is defective to such an extent 
that a dependence upon host metabolism has 
developed which deprives the virus of the capacity for 
independent growth. While this may perhaps be the 
case in the hickett.sire, which fall outside the scope 
of this article, a conRideration of the available 
literature leaves one with the impression that there 
is little, if any, definite evidence that the true viruses 
have any enzyme activity at all, while their multi
plication may well be more closely related to the 
mechanisms of heredity than to the growth of 
bacteria, being secured by some form of control over 
the metabolism of the host which recalls the control 
of the activities of the cytoplasm by genes and 
organisers. 

Enzyme Activity of Viruses 
Investigation of the biochemical activities of 

animal viruses is rendered difficult by the fact that 
pure preparations cannot be easily obtained ; only a 
limited number of viruses are sufficiently amenable 
to purirca.tion procedures. These are in any event 
necessarily protracted, thereby affording opportunity 
for bacterial contamination, while viruses must 
usually be extracted from tissues which are rich in 
enzymes, which may not be completely separated 

Table 1 

Virus Reference Absent Present I 
I 

Vaccinia 1 Zymohexase Phosphodiesterase 
! 

Bnolase Ribonuclea•e 
Phosphoglucomutase Desoxyribonuclease 
Adenosine 

nucleosidase 
Phosphomonoesterase 

Peptidase 
Triosephosphate 

dehydrogenase 

2 Cytochrome oxidase Riboflavine 
Cytochrome C Copper 

3 Biotin I 
I 

4 Hyaluronidase 

Inflnenza 5, 6 Mucinase 

7 Mucinase 

Desoxyribonuclease 
Phosphatase 
Xanthine oxidase 
Adenosine 

triphosphatase 
Succinic 

dehydro!lenase 

Lansing 8 Hyaluronidase 

MM 8 Hyaluronidase 

from the virus bodies in the course of purification. 
These facts may be borne in mind when considering 
Table I, in which published information concerning 
enzymic and related activities of viruses has been 
collected, together with some personal observations 
on the enzymic activity of influenza virus. There is 
good evidence that representative enzymes of 
glycolysis, respiration, nucleic acid synthesis and 
tissue invasion do not occur in the viruses studied. 
The negative results with influenza virus were 
obtained in some cases with virus concentrated a 
hundred-fold by red cell adsorption from fresh 
allantoic fluid (desoxyribonuclease, adenosine tri
phosphatase); fresh virus-containing allantoic fluid 
sometimes showed a slight phosphatase and dehydro
genase activity which was not reduced by red cell 
adsorption and which could not, therefore, be 
associated with the virus particles. The reported 
occurrence of certain enzymes in suspensions of 
vaccinia is far from satisfying. Preparation of the 
suspensions involves a considerable amount of 
manipulation, during which bacterial enzymes may 
gain access to the material. In the case of phospho
diesterase, the virus-substrate mixtures were incu
bated for up to seventy-two hours. In ordinary 
tissues, or with bacterial suspensions, phosphatase 
activity may be detected after thirty minutes 
incubation or less, and, even after allowance for the 
fact that only a small quantity of virus substance 
was present, it is more likely that the trace of phos
phatase activity observed was due to contamination 
with tissue or bacterial enzymes, or even to decom
position of the substrate during prolonged incubation. 
Ribonuclease and desoxyribonuclease activity were 
detected, but only during an incubation extending 
for ninety-nine hours; these enzymes are usually 
sufficiently active to enable their presence to be 
detected with a 30-minute period of incubation ; the 
substrates are, moreover, unstable and might well 
decompose to a certain extent under the conditions 
of the experiment. The reported occurrence of biotin 
and riboflavine in vaccinia is of interest in view of 
their co-enzyme nature. Riboflavine was present in 
a very small amount (1 mgm. per 100 gm.), and may 
therefore have been a contaminant ; but biotin was 
present in comparatively large amounts and may be 
a genuine constituent of the elementary bodies. It 
has been shown 9 that vaccinia elementary bodies 
adsorb phosphatase, catalase and lipase, so that the 
enzymes can be removed from solution by the 
addition of elementary bodies followed by centri
fugation to sediment the virus. This observation 
makes it all the more improbable that enzymes 
apparently associated with elementary bodies are 
genuine constituents. 

The conclusion that influenza virus contains 
mucinase is based on the fact that the virus agglutin
ates the red cells of a number of animal species, that 
the cells can be rendered insusceptible to the action 
of the virus by previous treatment with mucinase of 
bacterial origin and that a given amount of virus is 
apparently capable of reacting with an unlimited 
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number of cells, in the manner of an enzyme activating 
an unlimited amount of substrate. It has been 
claimed that influenza virus will bring about a 
reduction in the viscosity of a solution of mucin 6 ; 

but the evidence is unconvincing to those with 
experience of viscosimetry in biological work. It has 
recently been denied that influenza virus has any 
action on mucin 7 ; but the lack of agreement between 
these results may be due to differences in the com
position of the substrates employed. The mucinase 
activity of influenza virus needs to be put upon a 
firmer footing by characterization of the enzyme and 
its substrate ; if it be accepted that this is a true 
enzyme action , it stands in remarkable contrast to 
the lack of other enzyme activities shown by influenza 
and vaccinia viruses. It may act only as a means of 
attaching virus to the surface of those cells which 
form a suitable site for its proliferation, without 
playing any part in virus metabolism. 

Relation of Viruses to the Enzyme-containing 
Structures of the Host Cell 

From a consideration of the foregoing it seems 
improbable that viruses are generally endowed with 
enzymic activity, at least so far as one can generalize 
from the limited information available. If this be 
the case, the metabolic activities necessary for the 
synthesis of new virus material must be contributed 
by the host cell ; this implies that the virus must 
exert some sort of control over the enzymes of the 
host. These are not distributed at random through
out the cytoplasm but are located for the most part 
in discrete bodies known as chromidia1 0 • These are 
round, with an average diameter of 50-300 m11, and 
are thus of the same order of size as the virus body. 
They contain ribonucleic acid, calcium and mag
nesium, phosphatides and lipides, and respiratory 
and hydrolysing enzymes. They are linked together 
in chains by fused strands of polypeptides which 
form filaments known as interchromidia which are 
about 50 m11 in thickness. The ribonucleic acid is 
probably concerned with protein synthesis and is 
activated and inhibited by the magnesium and 
calcium ions ; the lipides are considered to form a 
screen between the enzymes and their potential 
substrates so as to prevent the dissolution of the 
whole structure. After entering the host cell the 
virus must act upon the chromidia, and new virus 
material must be laid down in their neighbourhood. 
There is a certain amount of evidence available which 
could be interpreted as showing that virus bodies 
have an affinity for the chromidia and develop in 
contact with them. The course of development of 
psittacosis virus in the chorioallantoic membrane has 
been studied by electron microscopyn. The mem
branes were prepared for examination by disruption 
by sonic vibration. Many round bodies attached to 
fibres were seen, both in infected and in uninfected 
control membranes ; although no interpretation of 
these structures was given, they were recognized to 
be normal cell constituents ; they must, in fact, be 
the chromidia and interchromidia. Virus-like bodies 
were seen attached to the presumed chromidia, 
although the appearance was interpreted as division 
of a virus body. Many examples were also seen of 
virus-like bodies attached to fibres which were 
presumably interchromidia. These observations 
suggest very strongly that the virus develops in 
close association with the enzyme-containing struc
tures of the cytoplasm. 

A direct relation between virus infection and 
enzyme activity has also been demonstrated12•13• In 
mouse brain infected with the viruses of neurotropic 
yellow fever, lymphocytic choriomeningitis and 
lymphogranuloma inguinale, a considerable increase 
of xanthine oxidase activity occurs ; a similar 
occurrence is seen in chick embryos infected with 
the 17D strain of yellow fever virus14• In the latter 
case there is some evidence that the increased enzyme 
activity represents a synthesis of new enzyme in 
response to the virus infection. Whether this be the 
case or not, it seems likely that the virus, after 
gaining entry to a cell, exerts some sort of control 
over the cell metabolism, presumably by directly 
affecting the chromidia. An affinity between virus 
and enzyme has been demonstrated by the work on 
vaccinia already described 9 , in which it was shown 
that vaccinia elementary bodies would adsorb phos
phatase, catalase and lipase from solution. A certain 
specificity was also observed, since a plant enzyme, 
urease, was not adsorbed by the virus. One might 
speculate that the virus has an affinity only for those 
enzymes which are required for the synthesis of new 
virus material. 

Development of the Virus Colony 

In the work on psittacosis virus already quotedn, 
it was noted that virus could not be found in the 
chorioallantoic membrane six hours after infection 
had occurred, and that while some virus bodies were 
seen after twelve hours they did not become numerous 
until twenty-four hours or so after infection. The 
development of psittacosis virus has also been studied 
by dark-ground photography of cells in tissue culture 
over prolonged periods16• For eight hours or so after 
infection has occurred nothing can be seen in the 
cell; then some time between eight and twenty-four 
hours a homogeneous plaque appears, 5-10 fl. in 
diameter. This event seems to occur quite suddenly, 
within an hour or so. The plaques enlarge and can 
be seen to be composed of comparatively large round 
bodies ; as the colony enlarges, the round bodies 
decrease in size and become elementary bodies, 
which are liberated by rupture of the cell. In certain 
cases it was possible to trace the origin of a colony 
backwards beyond its time of appearance as a visible 
plaque, as it could be distinguished as an area of 
cytoplasm which, although of normal appearance, 
showed no Brownian movement. This suggests that 
the colony is formed out of normal cytoplasm which 
is smoothly transformed into virus material ; more
over, large colonies may increase in size so as to fill 
the whole cell, suggesting a successive systematic 
conversion of cytoplasmic components into virus 
material. 

These observations can scarcely be reconciled 
with the prevalent concepts that viruses multi
ply, like bacteria, by a process of binary or plural 
fission. A somewhat less detailed study has been 
made of the development of the colonies of lympho. 
granuloma18 in mouse brain. Here the earliest 
appearance was that of a mass of large bodies, con
taining from twenty up to several hundreds, which 
eventually condense into the smaller elementary 
bodies. Here again there is a suggestion, not of the 
production of a. colony as the end result of a. con
tinuing process of fission, but rather of the sudden 
appearance of a. preformed mass of large bodies, as in 
psittacosis. Elementary bodies were often seen 
occurring in pairs or in short chains. This appearance 
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was interpreted as indicating multiplication of the 
elementary bodies by fission ; but such an arrange
ment would be expected if virus bodies are laid down 
in association with chromidia., which are themselves 
arranged in chains. The large body of psittacosis 
and lymphogranuloma may represent a diffuse 
deposition of new virus material adjacent to a 
chromidium, which condenses in the process of 
organisation into a smaller elementary body. This 
would account for the observed occurrence of large 
bodies in young colonies and their virtual disappear
ance from mature colonies. The development of 
lymphogranuloma virus has also been studied in 
infections of the yolk-sac17 • Observation of stained 
sections showed that virus material first appeared, 
again rather suddenly, twelve hours after infection, 
in the form of initial bodies of diameter I fL· These 
increased in size to form plaques of diameter up to 
7 f.l, in which elementary bodies then appeared. 
During this cycle the yolk-sac is not infective; the 
titr 1 of virus in the yolk-sac rises when the elementary 
bodies appear, but then falls again. This fall was 
interpreted as due to a loss of virus into the yolk, 
but it could be that the virus is not infective in the 
early stages of cellular re-invasion. Essentially 
similar appearances have been described for 
other viruses of the psittacosis-lymphogranuloma 
group18• 

Of viruses not belonging to this group, vaccinia and 
ectromelia have been studied by dark-ground 
observation of infected chorioallantoic membranes 
in vivott. In ectromelia infections nothing abnormal 
can be seen for twenty-four hours; inclusion bodies 
of diameter I11-2 fL then appear, and increase in size 
up to 8 fL· The smaller bodies are granular ; the 
granules are embedded in a matrix and arranged in 
chains. This arrangement again suggests association 
with chromidia ; the presence of a matrix also 
indicates that the future virus bodies arise in centres 
having an appreciable spatial separation, which 
would not be the case if reproduction were by fission. 
As the virus inclusions enlarge, the remaining cyto
plasm does not appear to be displaced ; there is 
rather the same suggestion of a gradually extending 
conversion of cytoplasm into virus which has been 
noted in the case of psittacosis. In the case of 
vaccinia, new virus material is not seen until the 
second day after infection. A layer of particulate 
material then appears beneath the cell surface, often 
extending to surround the whole cell. There is no 
sharp line of demarcation from the surrounding 
cytoplasm, again suggesting that virus material 
arises by an extending process of cytoplasmic trans

; the cytoplasm may eventually become 
complew y replaced by virus material apparently 
without tmdergoing any process of compression or 
degeneration. 

Soluble Phase of Viruses 

These observations suggest that the entry of a 
virus particle into a cell is followed by the sudden 
transformation into virus material of a considerable 
volume of cytoplasm, represented by an initial body 
of I 1-L diameter or so, and amounting in the case of 
psittacosis to a plaque of 5 v-10 fL in diameter, about 
IO' times the volume of the original virus particle. 
In vaccinia the first appearance is the sudden trans
formation of a considerable area of cortical cyto
plasm. In of the various mechanisms 
by which these changes might be brought about, the 

most probable seems the dissolution of the virus 
body into a soluble phase, which then diffuses through 
a considerable volume of cytoplasm and organises it 
into virus material by an action upon the chromidia 
and their enzymes. Such a soluble phase has already 
been postulated for influenza virus2o. It has been 
shown in the case of infection of the chorioallantoic 
membrane by influenza virus that for six hours after 
infection the membrane apparently contains no virus; 
that is, the virus is present in some form which is 
non-infective. This is presumed to be the soluble 
complement-fixing antigen. In the disappearance of 
the infective phase after infection has occurred. 
influenza virus resembles psittacosis and lympho
granuloma. 

The early stages of development of those viruses 
which are large enough to be examined by direct 
microscopy seem to be invisible as well as non
infective, so that there is a latent period between the 
initiation of infection and the first appearance of 
visible virus material. The available information 
concerning this latent period is summarized in 
Table 2 ; it ranges from 6 to 24 hours and seems to 
be of general occurrence. Its existence can be 
explained by the assumption that the infecting 
particle dissociates into an invisible phase which 
diffuses through the cytoplasm. By the end of the 
latent period sufficient new material will have been 
formed under the influence of the soluble phase to 
form a visible initial body or plaque ; the size of this 
body would represent the extent of diffusion which 
had already occurred, while its subsequent enlarge
ment might be brought about by an extension of the 
process of diffusion and organisation. The new virus 
material appears as a matrix in which centres of 
condensation appear, perhaps in association with 
chromidia, which represent the future elementary 
bodies. A connexion with chromidia is suggeswd 
by the spatial separation of the elementary bodies 
from the moment of their origin, and by their ten
dency to occur in chains and pairs. 

Table 2 

! Latent 
Reference I Virus Tissue period 

In hours 

Ectromelia Allantoic membrane 24 19 I 
Vaccinia 

Yolk sac " 
24 19 

I J,ymphogranuloma 12 17 

Psittacosis 
Mouse brain present 16 
Tissue culture 8-24 15 I 

hfouse pneumonitis 
Allantoic membrane 6-12 11 
Mouse lung 6 18 

I 
Feline pneumonitis 

" " 
12-18 18 

Meningo-

I pneumonitis 
" " 

18 18 

Soluble phases ('soluble antigens') have been found 
associated with certain other viruses, such as mumps01 

and vaccinia12• While there is no evidence which 
might suggest that these represent an intracellular 
developmental phase, the fact of their existence is at 
least suggestive. The soluble antigens ara, moreover, 
of smaller size than the viruses concerned, which is 
a necessary condition for the hypothetical soluble 
phase. A considerable amount of information is 
available concerning the properties of the soluble 
(LS) antigen ofvaccinia23• It is a protein of molecular 
weight 214,000; the molecule is elongawd, with an 
axis ratio of I/20. From these figures the size of the 
molecule may be estimated as 2 X 60 m!J-14• The 
size of the vaccinia elementary body is 222 X 284 mil-15, 

and it contains 89 per cent of protein ; the protein 
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component would thus be sufficient in amount to 
fonn f?ur thousand particles of soluble antigen. Even 
assummg that only a small part of the protein is 
transformable into LS antigfln a number of 
soluble particles could still be generated. Each of 
these might perhaps associate with one chromidium 
and organise the development of one virus body. 
Thus, although there is no evidence that the LS 
antigen constitutes such a phase in the reproduction 
of the virus, there is nothing in the available inform
ation which is inconsistent with such a view. It has, 

been established that the LS antigen is 
liberated from the elementary bodies in vitrou and 
is therefore not a by.product of infection of cellular 
origin. It might be argued that the absence of 
nucleic acid from the soluble antigen makes it un
likely that it is conPerned in a process, such as virus 
multiplication, which involves the synthesis of 
protem. The soluble phase could, however, stimulate 
the synthesis of protein by acting npon the nucleic 
acid which is present in the chromidia, and would 
not necessarily contain nucleic acid itself. A more 
serious objection is the existence of other con
stituents in the vaccinia elementary body, such as 
nucleic acid and lipoids, which presumably have 
some function which is distinct from that of the 
soluble antigen and which is presumably essential for 
the perpetuation of virus material. There is, how
ever, the possibility that these other constituents act 
as a framework on which soluble antillen is deposited, 
or even represent inclusions of material derived from 
the dissolution of cytoplasm, so that they would not 
participate directly in the reproductive process. 

is e':idence which favours the latter sup
posttron"' ; It has been shown by means of precipitin 
tests that purified influenza virus derived from 
?-llant<?ic fluid contains an antigen which is present 
m. unmfected allantoic fluid . This antigen con

np to 30 per cent of the virus particle, and 
IS. .a real and not an impurity. 
Stmilarly, vrrus punfled from infect.ed mouse lungs 
contains an antigen which is present in normal mouse 
lung .. also shown31 that equine encephalo

virus pur1fied from infected chick embryos 
contams up to 70 per cent of an antigen which is 
present in normal embryo tissues. These observations 
suggest that virus is formed by the conversion of 
normal cell constituents, during the course of which 
an appreciable amount of normal material is incor
porated into the vin1s body in an unchanged con
dition. The virus body might, therefore, consist of 
a phase carrying the power of infectivity 
deposited upon a framework derived from the residue 
of normal cell components. The influenza mucinase 
might represent such a residuum. 

The ultimate simplification of the concept of the 
soluble phase is the soluble crystallizable protein of 
the plant viruses, where the absence of a particulate 
phase may perhaps be correlated with adaptation to 
specific methods of infection. The case of tumours 
which are not transmissible by filtrates may perhaps 
represent a condition in which a presumptive infection 
is prevented from leaving the cell bv the absence of 
a particulate phase and cannot, t.herefore, be demon
strated by transmission expe1·iments. If the existence 
of the soluble phase can be established in fact and 
shown to be a general phenomenon, it would unify 
the heterogeneity of the animal viruses among them
selves and form a link with the plant viruses, which 
have hitherto been considered to be entirely dis
similar. 

Cycles and Titres 
In addition to the deYelopmental cycles which have 

been directly observed in the cases of psittacosis 
vaccinia and other viruses, a growth-cyPle has 
demonstrated for influenza virusu,ro. Wben allantoic 
fluid is removed and titred at intervals after infection 
the amount of virus in the fluid rises after six 
in the case of the PR8 strain, or after 9-10 hours 
with the !--ee strain. This is brought about by the 
sudden Simultaneous liberation of virus into the 
allantoic fluid If reinfection of the membrane is 
prevented by injecting a large amount of irradiated 
heterologous virus, the titre of virus in the fluid 
remains constant after the rise, and a one-step 
growth curve can be obtained. A succession of such 
steps at six-hour intervals has been observe(! .. sug
gesting a series of intracellular growth cvcles. ' The 
am.ount of virus which is formed in one cycle can be 
estimated by means of a Pomparison of the titres of 
virus in the allantoic fluid before and after the 
occurrence of a step; a yield of sixty-three In is 
f?und by this means for PRS strain, and thi:ty
SIX ID1 o for the Lee stram"'. If one in the 
absence of precise information that the cells of the 

are cubes of side 10 fl, 
Sixty-three VIrus partiCles will have a total volume 
which is only 1·5 X w-• of the cell volume. If the 
virus is sc?'ttered throughout the cytoplasm, or 
aggregated mto a small colony, it is difficult to see 
how the presence of such a small volume of foreign 
material could lead to the death of the cell. It seems 

that the virus multiplies in the nucleus, 
or w1thm the cell surface, where localizPd damage 
could lead to disruption of the cell and liberation of 
the virus. If the virus grows within one surface of a 
cell of side 10 fl, sixty-three infective particles will 
represen.t approximately I/200 of the cell surface, 
and therr presence there might conceivably lead to 
sufficient damage to the cell membrane. In this 
?onnexion .it is. possible that the mudn affinity of 

":IrUS IS a means of bringing the virus to a 
smtable tiSSue and anchoring it within the cell 
surface. 

Table 3 

Titre I Tissue Virus 

Mouse liver Ectromelia, rift valley fever, 
lymphocytic choriomeningitis 

10'-10' 
Mouse brain Yellow fever, Theiler's mouse 

encephalomyellti•". lonpin!( ill" 
lymphocytic choriomeningitis, ' 
rabiesn 

I 
10' Mouse brain encephalomyelitis" SK". 

St. Louis encephalitis", ' 
Japanese B encephalitis", 

I 
eneephalomyocardit.ls'' 

10" Mouse brain MM" 

A certain amount of information concerning growtl 
cycles can be deduced for those viruses v.·hich are les 
amenable to experimental handling by a consider 
ation of the maximum infectivity titres which the· 
?'ttain. A selection of rflpresentil.tive titres is give 
m Table 3 ; where no reference is given, the figure 
are based on personal observation. The titres fa 
roughly into three groups: 10'-10', 10• and 10• 
The minimum number of infective particles forma 
in one cell can be estimated from the titre and t} 
average cell size. A calculation of this type is n( 

I 
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possible in the case of brain infections, where only 
certain specialized cells are infected, the total volume 
of which is unknown. In the case of mouse liver, 
assuming as a reasonable approximation that it 
consists entirely of epithelial cells of side 25 fl, a 
titre of 106 , as with ectromelia or rift valley fever, 
gives a figure of 108 infective particles per gram of 
tissue, or a yield of between one and two particles 
per cell if the distribution of virus is assumed to be 
uniform. This latter cannot be the case, as it is 
unlikely that the presence of so few particles could 
cause any damage to the cell. If one then assumes a 
more reasonable figure for the yield, say a hundred, 
it follows that only 1 per cent of the cells would 
contain virus. It is extremely improbable that 
destruction of I per cent of the cells of the liver 
would lead to symptoms sufficiently severe to cause 
death. It is more likely that most of the cells of the 
organ are damaged, in which case they must neces. 
sarily contain virus in some form which cannot be 
detected by infectivity titration. Thus the occurrence 
of a non-infective phase, such a« has already been 
demonstrated for influenza virus20 , can be inferred to 
hold also for those viruses which multiply in mouse 
liver. The presence of virus in maximum titre is not 
in itself sufficient to produce symptoms, since 
maximum titres can be observed some hours before 
the onset of symptoms in the case of infections of 
mouse brain with the viruses of yellow fever and 
lymphocytic choriomeningitis. Symptoms presum
ably do not appear until a large number of new cells 
have become occupied by the non-infective phase of 
the last cycle, the completion of which is interrupted 
by the death of the host. The exceptionally high 
titre attained by MM virus suggests that it forms a 
special case. A titre of 1011 indicates that the whole 
brain contains 1013 infective particles. Assuming as 
an approximation that the brain consists entirely of 
cells of average size 10 fl• one cell would then contain 
2 · 5 x 103 infective particles. While this figure is 
necessarily grossly inaccurate, one can at least infer 
that the virus must be widespread and not confined 
only to specialized cells, and that the final cycle is 
infectious and is therefore detected by the infectivity 
titration. 

Conclusion 

Future work on viruses must be directed towards 
a search for further examples of the existence of a 
non-infectious phase, and to establishing whether such 

non.infectious phase can be isolated from infected 
tissues in soluble form. Evidence must also be 
sought for the existence of interactions between a 
virus, or its postulated soluble form, and enzymes, 
or enzyme-substrate reactions. It might be possible 
to demonstrate some sort of control by viruses over 
enzymes in vitro. It has already been found that 
tobacco-mosaic virus will inactivate crystalline 
ribonuclease by forming a complex with it37 • This is 
a further example of enzyme-virus affinity, of the 
kind which has already been mentioned for 
vaccinia, and further work might reveal that 
enzyme affinity is a general property of viruses 
which is of fundamental importance in their 
reproduction. 

Although most of what has been said in the pre
ceding sections is entirely speculative, no kind of 
support has emerged for the concept that viruses 
are degenerated bacteria ; there is much more reason 
for believing in the alternative view that viruses 

resemble genes. One is also reminded of the role of 
chemical organisers in embryonic induction by the 
way in which the virus appears to organise the 
cytoplasm and induce the production of new virus 
material. The problem of antiviral chemotherapy 
should be reviewed in the light of these concepts. 
Work up to the present has been based upon the 
implied assumption that viruses, like bacteria, possess 
a metabolism which is distinct from that of the host, 
and can therefore be selectively interfered with by 
chemotherapy. It seems more probable that the 
metabolism of the virus is actually that of the host 
itself, so that no selective interference can be pos
sible ; the problem is therefore transformed into the 
entirely different one of trying to interfere with the 
action of something analogous to a chemical organiser. 
The fact that viruses of the psittacosis group respond 
to penicillin and sulphonamides suggests that the 
problem in relation to viruses as a whole is not 
insoluble. The property of response to chemotherapy, 
together with certain other peculiarities, has given 
rise to the belief that the psittacosis viruses are 
distinct from other viruses, being more closely 
related to bacteria. Study of their development, 
however, leads to the conclusion that they are 
essentially viral in nature, have no affinities with 
bacteria, and are by no means sharply differentiated 
from the other animal viruses ; one has therefore 
some cause for hoping that chemotherapeutic methods 
may be successful in virus infections in general. 
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