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TABLE 111. 
Sporicidal Activity of Penicillin for Heatccl and b-on-heated Spores. 

Pcnirillin 5u/inl addrd to milk-viable spores per ml 
Son-heated spores Heated spores1 

(1 hr 5 hr 27 hi 0 h r  5 hr 2 i  Iir 
Cult ur r x 1000 x 1000 x 1000 >< 1000 x 1000 x 1000 _ _ _ _ _ _ _  ___ __ 
B. m b t i l i s  (LH) 14.7 29.7 4.2 "3 2.4 0.03 

( 0 5 )  (0.04) 
0.8 0.06 ( I  ( I  (6') (290) 

241 
(61) 

2.1 
(293)Z (148) 
205 28.5 

\ I  

(0.1) 
6.2 

(2.7) (241) (0.4) 
B. me[iatherium (696) 231 23 116 25 86 

(19) (241) 
~I 

B. cereus (232) 267 2,5003 Millions 164 1,2003 Millions 
13. 8tcur-olltennop~iilzLs (1618) 29% 96 18.5 196 108 16.6 
-- - - - _ _  _. -- - __----- 

195O-15 min for XrB, 6 and 1518; 
2 E'igures in parenthcses show plate count after 9 5 O - 1 5  min. 
3 Both spores and vegetative cells. 
Incubation trmperature: B. subtilis, 45" C ;  B. megnthariuni :and R.  cercux, 30° C; R.  stearothernio- 

85"-15 min for  B. mwgathcriwni and R .  ~ e r a ~ ~ .  

PWil l lS ,  35" c. 

clearly unable to prevent vegetation of germi- 
nated spores. Whether this is due to pencil- 
linase production in the intermediate stages of 
germination or to other factors is not known. 
Increasing the concentration of penicillin or 
incubation of the suspensions containing it for 
longer periods, only slightly increased its spori- 
cidal activity, indicating that even in suscep- 
tible species there exists a very small fraction 
of spores which are relatively resistant to 
penicillin. 

The extraordinary effectiveness of penicillin 
in low concentration against certain types of 
spores, together with its non-toxic nature, sug- 
gests potential usefulness in non-medical fields, 
including that of food preservation. The pos- 

sibility of employing penicillin in conjunction 
with mild heating merits consideration. Within 
a very limited sphere of observation, we have 
observed that a high degree of 'resistance to 
penicillin is correlated with a low degree of 
thermal resistance. Our observations upon the 
sporicidal activity of penicillin are being ex- 
tended and will be reported later. 

Summary. Under suitable conditions of in- 
cubation, penicillin in relatively low concen- 
tration is actively sporicidal against many 
aerobic species of bacteria. In sensitive species 
the sporicidal activity of penicillin is much 
greater in milk than in water and is usually en- 
hanced by sublethal heating of the spores be- 
fore treatment with penicillin. 
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Electron Shadow-Micrography of Virus Particles.* 
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The wave length of the light used with an 
optical microscape fixes the size of the smallest 
detail that it will resolve. For the shortest 
ultraviolet light it is practical to employ, this 
is in the neighborhood of 0.15 micron. The 
electron microscope, however, has such a great 

ultimate resolving power that, at  least for the 
present, the smallest object it will reveal has a 
size determined by other factors. Photomicro- 
graphs produced with electrons are essentially 
shadow-graphs in which regions that are rela- 
tively light on the original negative correspond - -  

Q Aided in part by a grellt from the National to regions in the sarnpie whichdeflect (scatter) 
a larger percentage of the incident electrons, Foundation for lnfantilc Paralysis, Inc. 
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and as long as the problem is not complicated 
by the crystallinity of the object this ability to 
scatter depends on the amount of matter in the 
way of the electron beam. It is found in prac- 
tice that particles of biological origin often 
cannot be observed simply because they do not 
contain enough matter to deflect a detectable 
percentage of the incident electrons. The 
problem of extending and improving electron 
microscopic vision of such small objects can 
therefore be said to be one of increasing the 
contrast between different parts of a prepara- 
tion and between the preparation and the sub- 
strate that supports it. One way to do this is 
by staining with some heavy metal or radical 
which is selectively adsorbed. Staining with 
phosphotungstic acid has already been effec- 
tively used in the electron microscopy of 
tendon and musc1e.l We have approached the 
problem from a different point of view and 
have found that “shadow-casting” with a thin 

film of metal deposited in vacua is a very effee- 
tive way of revealing the shape as well as the 
presence of many minute biological objects. 
The present note illustrates the application of 
this method to the examination of suspensions 
of purified viruses, as represented by influenza 
and the tobacco mosaic virus protein. 

Shadow-casting was originally developed2 
as a way of measuring the heights of objects 
under the electron microscope. I t  consists in 
depositing an exceedingly thin (ca 7 mp) 
layer of metal obliquely on to the preparation 
to be examined in the microscope. High points 
on the surface intercept more than an average 
number of the condensing atoms and at the 
same time shield areas immediately behind 
them. These shielded areas, devoid of de- 
posited metal, appear as “shadows” of the 
elevated regions responsible for them. Just 
as an observer on a mountain-top or in a plane 
sees many details of a landscape at sun-rise, 

FIG. 1. 
An electron micrograph of n suspcnsion of purified PR-8 in- 

fluenza virus. The numerous round bodies, and their aggregates, 
are what arc now generally considered to be tho elementary 
virus units. I n  this and each of the other photographs the 
inscribed line has a length on the photograph corresponding to 
one micron on the sample. 
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FIQ. 2. 
A micrograph of a similar preparation after it  has been shadowed 

by the oblique deposition upon it  of a thin layer of chromium. 
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FIQ, 3. 
A field in another similarly shad.owcd influenza preparation. 
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FIG. 5. 
A rnierograph of it dilute suspriision of the tobacco mosaic virus 

protriu. 
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FIG. 6. 
A ficld of a similar but more dilute tobacco mosaic protein suspension 

nftrr shadowing. 

or sunset, which would be invisible to him at 
noon, so metal shadow-casting brings out much 
detail that is not to be seen in an unshadowed 
(or in a vertically coated) preparation. 

The PR-8 influenza virus used in this work 
has been purified by the differential high speed 
centrifugation of allantoic fluid of diseased 
chick embryos. Our centrifugal cycle did not 
differ in any significant detail from that em- 
ployed by others? for the purification of this 
virus; following their suggestions it has been 
found advantageous to suspend the sedimented 
virus pellets in CaCle-Ringer solution and to 
make further necessary dilutions with 0.02hl 
CaCI:! solution. The tobacco mosaic virus was 
an ultracentrifugally purified preparation kind- 
ly furnished by W. M. Stanley. Dilutions of 

~~ ~ 

1 Jdkus, M. A., Hall, C. I;., and Schmitt, F. 0.: 

2 Williams, R. C., and Wyrkoff, R. W. G., J .  
Applied Ph.y,sics, 1944, 15, 712. 
3 Taylor, A. R., Sliarp, D. C., Braid, D., Deliid, 

J .  W., Dingle, J. TI., and Feller, A. F., J .  1~11- 
munologv, 1943, 47, 261. 

J.A.C.S., 1044, 0, 313. 

this virus have been made in distilled water. 
Both viruses have been prepared for micro- 
scopy by placing suitably diluted microdrops 
on the usual collodion-covered screens and 
withdrawing as much as possible of the drop- 
lets after they have stood in contact with the 
xreens for from 2 to 5 minutes. When a photo- 
graph of the same electron microscopic field 
was wanted before and after metal-shadowing 
the evaporated metal film was laid down with- 
out remaving the preparation from its holder. 

The electron microscope was a Type EMB 
instrument manufactured by RCA. The 
originals of the photographs of this paper were 
taken a t  10000~ on fine grained plates. Mag- 
nification was established with a thin metallic 
replica of a 15000 line-per-inch grating. 

The shadowing metallic film was evaporated 
on to the specimens following the technique 
customary in this work. It is of course essen- 
tial to use a metal that exhibits little structure 
of its own. Very few metals fulfill this re- 
quirement. Of those that do, chromium is sat- 
isfactory in a calculated thickness of ca 7 mp 
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and as such has been used throughout the 
present work. The best angle at  which to de- 
posit the metal film will depend on the prepara- 
tion, being greater for the smaller objects. For 
our studies this angle has been such as to make 
the lengths of the shadow from 5 to 10 times 
the heights of the shadowed objects. 

Fig. 1 is a micrograph of a typical PR-8 
influenza virus preparation while Figs. 2 and 3 
are similar fields after the deposition of chro- 
mium shadows. They and the other pictures 
are negatives; that is, areas that are black, in- 
cluding the shadows, are those that are rela- 
tively transparent to the electron beam. The 
numerous circular bodies in Fig. 1 show up 
in the shadowed figures as little globules; they 
are the same as the electron microscopic ob- 
jects of ca 7 5  mp diameter that have previous- 
ly been identified with the elementary bodies 
of influenza. Shadowing makes it clear that 
many of the apparently elongated and giant 
forms seen in direct electron micrographs are 
clusters of these globular bodies. In the 
shadow pictures these chains and aggregates 
notably resemble microcolonies of streptococci 
and staphylococci* but as far as the pictures 
reproduced here are concerned no conclusions 
can be drawn from these resemblances. 

Many particles much smaller than the in- 
fluenza bodies are present in some fields of the 
shadowed preparations (Fig. 3 ) .  They prob- 
ably are the same as the small particles pre- 
viously described." In  addition to this particu- 
late matter, shadowing also outlines any soluble 
material that may still be accompanying or 
contaminating the preparation. A small por- 
tion of such a mass with embedded influenza 
bodies is just on the edge a t  the top of Fig. 3. 
Similar masses in a variety of forms are com- 
mon on other photographs we have taken. 

4 Wyekoff, R. R'. G., J. h'xp. X e d ,  1934, 59, 381: 
5 Chambers, L. A., Henle, \I-.> Idauffer, 31. A., and 

Anderson, T. F., J. E s p .  X e d . .  1943, 77, '763; 
Taylor e t  al. op. p i t .  

To interpret these micrographs it is neces- 
sary to know how much of their fine detail is 
contributed by the structure of the collodion 
substrate and the metal film. Experience 
shows that the substrate is never entirely 
smooth and that its inequalities become more 
apparent as the shadowing is more oblique. 
The surface appearance of collodion films made 
in the same way and shadowed at the same 
angle is remarkably constant, but it is well to 
prepare blanks from each lot of collodionized 
screens. -4 field of such a control shadowed a t  
a 5 to 1 angle and chosen to contain some dirt 
particles to aid in focusing is given in Fig. 4. 
The seemingly rougher texture of the collo- 
dion under more oblique shadowing is evident 
in the tobacco mosaic picture of Fig. 6 .  

As was shown several years agoo a purified 
preparation of the tobacco mosaic protein con- 
tains fine fibrils that differ widely in length 
but have a more or less constant diameter of 
ca 15 mp. A direct electron micrograph of 
the protein used in the present experiments is 
reproduced in Fig. 5. After being shadowed 
by a layer of chromium deposited to give ten- 
to-one shadows, a field of this preparation con- 
taining only a few fibrils looks like Fig. 6 .  

The technique of shadow-micrography is of 
such evident help in determining the shape and 
size of these small objects that we are applying 
it to a more thorough study of influenza and 
other viruses, and of some of the larger macro- 
molecules. 

A new procedure is described 
for the electron microscopy of small objects. 
This technique, illustrated by photographs of 
purified influenza and tobacco mosaic viruses, 
involves the oblique evaporation of a thin film 
of metal over the preparation before microg- 
raphy. The three-dimensional effect it pro- 
duces gives new information about the heights 
and shapes of objects seen in the preparation. 

Summary. 

.U Stanley, W. If., and Anderson, T. F., J .  Biol. 
C'Ii<?ii., 1941, 130, 323. 




