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DISCUSSION 
RECENT EVIDENCE REGARDING T H E  

NATURE OF VIRUSES 
SINCE Stanley1 discovered that highly purified to- 

bacco mosaic virus may be obtained in a crystal-like 
state most workers have apparently believed that the 
particles of certain viruses are protein macromole-
cules that may multiply in their hosts by a process 
of autocatalysis. Bawden and Pirie2 provided fur- 
ther evidence for this interpretation when they dis- 
covered that tomato bushy stunt virus particles com- 
posed of nucleoprotein may come together to form 
strikingly symmetrical bodies which certainly have the 
appearance of true crystals. 

Although many workers have apparently accepted 
this interpretation, others3. have questioned it and 
have considered it more probable that the virus par- 
ticles are organisms, each composed of numerous 
molecules, that multiplication occurs by growth, fol- 
lowed by division and that these small organisms may 
exhibit electrical phenomena similar to those of mole- 
cules which cause them to aggregate in an orderly 
arrangement to form crystal-like structures. Further 
evidence favoring this interpretation was provided by 
Kunke1,"ho reported that he was able to culture 
certain filterable organisms and that these organisms 
produce birefringent colonies that resemble spheroid 
crystals. 

As Lauffer6 and Framptons have indicated, one 
would expect that if each virus particle were a macro- 
molecule, all the particles of a given virus should have 
the same size and form. The electron micrographss 
of viruses having spheroidal particles, although not as 
clear as desired, have indicated a certain amount of 
uniformity in the size and form of the particles of a 
given virus. However, viruses having rod-shaped par- 
ticles, although showing a marked uniformity in width, 
have shown great variation in length.8, Framptons 
has reported measurements of the length of the to- 
bacco mosaic virus particles shown in the electron 
micrographs of Stanley and Anderson8 and Anderson 
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and Stanley.lo H e  implied that the lengths show 
sufficient regularity to indicate that the virus par- 
ticles may be composed of units 37 my long, joined 
end to end. We can not agree with this interpreta- 
tion of the results. It appears to us that his mea- 
surements do not show sufficient regularity to warrant 
this interpretation. We have accordingly also made 
measurements of the length of the tobacco mosaic 
particles in Figs. 1and 2 of Anderson and Stanleyl0 
and Figs. 3, 4, 5 and 6 of Stanley and A n d e r s ~ n . ~  

The results were treated statisticallyll as follows: 
I t  was assumed that the virus particles have a length 
of K 35, where K =1,2, 3, 4, etc., and that the mea- 
surements would be normally_distributed about these 
expected values with variance o determined to be 8 my. 
The unit 35 my was chosen because it is a factor of 
280 my, which has been reported8 as the most common 
length of the tobacco mosaic particle and because it is 
close to-the value 37 my suggested by Frampton as a 
unit. o is the average of the best unbiased estimates 
of the o of the measurements. Each particle was 
measured 3 times and only clearly defined particles 
were measured. Small particles resembling those of 
amorphous material were not measured because we 
could not be sure that they were virus particles. 

The observed measurements were then compared 
with the theoretical distribution by means of a chi-
square test. From this comparison it may be con-
cluded that if the theoretical distribution is proper 
the chance of obtaining the observed values is less 
than 1in 1,000 and that there is, therefore, no sig- 
nificant evidence of tobacco-mosaic virus particles be- 
ing composed of visii~le uniform units around 35 my 
long. 

A frequency curve of these length measurements is 
shown in Fig. 1. I t  is also evident from visual in- 
spection as well as statistical treatment of the curve 
that there is little evidence of the larger particles be- 
ing composed of shorter visible uniform units joined 
end to end. I f  the particles were composed of units 
37 my long one would expect peaks a t  111,148, 185, 
222, 259, 296, etc. Although some of the peaks occur 
near some of these points, this does not occur with 
sufficient regularity to be significant. 
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FIG. I. Length distribution curve for tobaceo mosaic 
virus particles. 

The lengths of the particles of rib-grass strain of 
tobaceo mosaic virus were measured on the eleetron 
micrograph shown in Fig. 2 of H o l m e ~ . ~  We have 
prepared a frequency eurve of these lengths which is 
shown in Fig. 2. 

LENGTH IN MILLIMICRONS 

FIG. 2. Length distribution curve for particles of rib. 
grass strain of tobacco mosaic virus. 

If  one assumes that the particles of these two rod- 
shaped viruses are molecules and that the most eom- 
mon length is the most probable value for the molecu- 
lar length it is evident that in each of the two rod- 
shaped viruses there are numerous particles too much 
longer and shorter than this niolecular length for the 
difference to be due to error in measurement. I t  is 
also evident that the longer particles are not composed 
of 2 or more molecules of the most frequent length 
joined end to end. 

The faet that virus particles of a given rod-shaped 
virus have various lengths and that the longer lengths 
do not appear to be multiples of the most charaeter- 
istic length appears to indicate that they are not 
moleeules. 

There are several respects in which the micrographs 
of virus particles resemble those of bacteria. The 
partieles of a rod-shaped virus, like many rod-shaped 
bacteria, are very uniform in width but vary greatly 
in length. The particles of a spherical virus, like most 
spherieal bacteria, apparently have a relatively uni- 
form diameter. 
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ENZYME ACTION 

TIIE very interesting investigation of H. C. Eysterl 
having for its purpose the explanation of the effect 
of nareotics on the luminous bacteria revives a prob- 
lem which has been extensively discussed in the phar- 
macological literature. The displaeement of adsorbed 
material from charcoal particles by nareotics was 
thoroughly studied by W a r b ~ r g , ~  who demonstrated 
in several instances the adsorption of narcotics and 
consequent blanketing of active surfaces. Several at- 
tempts have also been made to explain the aetion of 
narcotics upon ferment action by the adsorption-
theory of Traube and Warburg.2 

The application of the results of these model-ex- 
periments on the narcosis of the living cells them- 
selves meets, however, several difficulties. I t  is, for 
instanee, demonstrated that narcotics which retard the 
action of the isolated diastatie ferment are markedly 
increasing the diastatic activity of the liver eelk3 
We doubt, therefore, whether by the experiments 
described by Mr. Eyster, the mechanism of the nar- 
cosis of the luminous bacteria can be satisfactorily 
explained. 
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TRANSPARENT CALCIUM INCRUSTATION 
OVER ROCK PAINTINGS 

ENOUGHhas been written about American cave and 
rock shelter paintings to indicate that the different 
types of paintings were done throughout a long period 
of time, and some were made up to so late as the 
historic period. 

I n  a site in Stephens County, Texas, situated ten 
miles northeast of Moran there is a rock shelter con- 
taining thirteen prehistoric paintings whieh show sev- 
eral unusual features. Four pictures are small, three 
are of problematical objects and one of a small human 
figure unlike the large ones. These four perhaps may 
have been made later than the large figures. The 
pictures of unusual interest are nine large red human 
figures. Several of these are three feet or more tall. 
The tallest is three feet and five inehes. 

Five paintings show the phallus and are of very 
flat-headed nude figures. Four are skirted figures 
with relatively more narrow heads. One of the 
skirted figures has the arms in position as though 
whirling in a danee. One of the male figures shows 
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