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T A B L E  11. 
Plasma Bicarbonate in mM per Liter of Water ,  pH o f  Plasma, Dry Residue of Pl:lsma, and 1Fem:itocrit 

Ratio. Dcfinition of 0, Al,  A2 i n  Legend of Table I. 

Plasma bicarbonate 

0 A1 A,, 
71 

- .~ 

24.6 -0.6 
22.0 -2.2 
23.2 -2.5 -1.0 
21.8 --7.2 
23.9 -5.4 -0.4 
21.1 -0.6 -1.1 
19.0 -4.5 -1.7 

Plasma pH 

0 A1 a,, 

7.38 0.00 
7.30 + O . l l  +0.01 
7.40 
7.41 +0.09 +0.15 
7.51 -0.03 -0.02 
7.47 -0.01 -0.03 

Dry residue of 
pliisma, 
g/kg 1120 
71 

0 A1 A:! 
_ - _  ____ 

C F  - 
(9.8 +2.0 
79.6 -2.2 
86.8 -1.6 -1.0 
89.5 +6.7 
93.0 -1.3 -0.4 
87.8 -4.0 -0.5 
85.7 +6.4 -1.0 

IFcmatocrit, % 
crytlirocytcs 

0 A1 A:! 
I‘ 7 

__ - - - ---- 
39.7 + 5.7 
34.7 + 0.3 
38.1 +11.9 +3.3 
51.2 +19.2 
34.6 + 6.3 +1.5 
38.7 + 4.0 +5.8 
40.6 + 8.1 +3.6 

and 7, A1 fell only 3.0 and 2.3 mM respec- 
tively. Since corpuscular water did not 
change we estimate that the chloride lost from 
the erythrocytes of these dogs could have 
raised the extracellular chloride 0.19 mM. 

The sharp fall A, in the chloride of whole 
blood (Table I) is referable mainly to the 
increased proportion of corpuscles, which 
contain less chloride than plasma. 

The plasma pH, measured in order to cal- 
culate bicarbonate and complicated by arti- 
ficial respiration in dogs 5, 6, 7, is listed in 
Table 11. The bicarbonate fell faster than 
chloride throughout, probably in relation to 
accumulating metabolic acids. However dur- 
ing the first 2 hours its value declined so 
much more than chloride in proportion to the 

normal concentrations of each as to suggest 
a special relation to the potassium admin- 
istered. Whether the effect was related to a 
release of lactic acid by the potassium tetany 
or to some other factor remains unknown. 

In nephrectomy a sudden ex- 
perimental elevation of the extracellular 
potassium did not lower the plasma chloride 
as much as predicted from the Boyle-Conway 
concept. The chloride fell 3.17 mM while 
the potassium rose 6.03 mM and the correla- 
tion 0.465 between these is insignificant. The 
proportional fall in plasma sodium slightly ex- 
ceeded that for chloride. The bicarbonate 
of plasma fell so rapidly initially as to sug- 
gest a special relation to the administered 
potassium. 

Summary. 
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I n  a recent note’ we have described a pro- 
cedure, based on metallic shadowcasting,2 for 
enhancing the visibility of very small particles 
under the electron microscope and making 

apparent many details of their shapes which 
are not seen in other ways. This technic con- 
sists in obliquely depositing in a vacuum a 
thin layer of a relatively structureless metal 
such as chromium onto the electron micro- 
scopic preparation. The distribution of thick- 

average thickness as to be partially trans- 
~\Vi l l i ;~ms,  R. C., and Wyckoff, R. w-. G., pxent to the electron microscope beam, is 

determined by the contours of the preparation. 

_ _ _ - ~  -_ 
* Supportcd in par t  by a grant  f rom the Na- 

1 ~ ~ i l h n s ,  R. C., and JVyckoff, R. W. G., I’,Ro~. 
tioniil Foundation for  Infant i le  Paralysis, Inc. 

&I(‘. XIP.  R10.t. A N D  MED. ,  1945, 58, 265. 

J .  Appl ied Pl iys ics ,  1944, 15, 712. 
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Relatively tall objects collect a thicker de- 
posit in the direction of the oncoming metal 
atoms and a t  the same time shield other arEas 
to produce what might be called permanent 
“shadows” of themselves. -4s the previously 
published micrographs of influenza and to- 
bacco mosaic virus particles’ have shown, 
this results in a three-dimensional effect which 
brings out many details invisible by direct 
electron micrography. When this technic is 
applied to the photography of bacteria it 
proves to be equally useful for these larger 
objects. The present note describes this 
application and illustrates it with electron 
micrographs of several typical organisms. 

Photographs of the following bacteria+ are 
reproduced in the figures of this paper: (1)  
Bacillus subtilis, a recently isolated smooth 
strain; (2)  Bacillus niesentericus vulgatus, a 
strain of the “Michigan” type cultivated for 
many years in the labcratory; (3)  Salmonella 
typhimurium, a strain cultivated for 3 years 
in the laboratory; (4) Bacterium typhosum, 
an old laboratory strain; ( 5 )  Staphylococcus 
aureus, a strain isolated 3 years ago from 
human material; ( 6 )  Streptococcus hemolyti- 
cus (beta), scarlet fever strain IV (Dick) ; 
( 7 )  Streptococcus pneumonie, Type 11, an 
old laboratory strain. 

Bacteria to be photographed were grown 
in broth or on agar slants, the cultures varying 
in age from 24 hours to 3 months. Organisms 
were washed from the slants; the resulting 
suspensions were made 0.5% with respect to 
formalin and then sedimented by centrifuga- 
tion a t  2000 r.p.m. Broth cultures were simi- 
larly formalinized and sedimented. In either 
case the sedimented cells were resuspended in 
distilled water and washed twice by alternate 
centrifugation and resuspension in water. 
Preparations for electron microscopy were 
made from such purified suspensions by adding 
micro-drops of appropriate dilutions to the 
surface of the usual collodion-covered metal 
screens. Films of metallic chromium of C Q .  7 
millimicron calculated average thickness were 
then evaporated obliquely onto the top sur- 
faces of these preparations after they had 

t We are indebted to Dr. J. M. Bourn of thc 
Michigan Department of Health Laboratories for 
bacterial cultures. 

thoroughly dried in the air. Metal evapora- 
tion was carried out as in the work with 
viruses except that for these large objects the 
angle of deposition was chosen so that shadow- 
lengths would be only twice the heights of 
the objects casting them. 

Organisms: in an old culture of B .  subtilis 
appear as in Fig. 1 after being shadowed. 
The central protoplasm in the 3 bacilli lying 
side by side stand out as  opaque masses. The 
neighboring, more transparent, convoluted 
mass from which a single flagellum seems to  
issue is perhaps the extruded protoplasm from 
a fourth disintegrated cell. An isolated sub- 
tilis bacillus is shown in Fig. 2a. This cell, 
like those of the preceding figure, has a rela- 
tively flat shelf of sharply bounded substance 
beyond its opaque central protoplasm; this 
probably outlines the cell wall from which the 
central mass has retracted on aging and dry- 
ing. IYhen this bacillus is photographed with 

FIG. 1. 
A sh:rdowed electron micrograph of a group of 

B. s u b t i l i s  organisms. The scale of magnification 
of tliis :tnd tht. following pliotographs is given by 
tlic one niicron scale :ippended to each. I t  shows 
that tlie nisgnifieation in these reproductions, es- 
ccpt Fig. 4, is about 20,000 times. 

For excellent electron micrographs of subtilis 
:tiid subtilis-like bacilli see for  example Mudd, S., 
Polcvitzky, I<., Anderson, T. F., and Cli:imbers, 
L. -4., J .  B u d . ,  1942, 42, 251; Dubin, I. N., and 
Sharp, D. G., J .  Bnct., 1944, 48, 313. 
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FIG. 2a (left) .  
A light exposure of a younger single cell of B.  

siibtilis af te r  metal-shadowing, showing the cell 
outline and w7:ill and, by i ts  “sh:idow,” the general 
sliape of the bacillus. 

FIG. 2b (right) .  
A prolonged exposure of the same shadowed 

preparation showing the surface contours of the 
bacillus. 

its surface since the electron scattering of the 
deposited metal so greatly exceeds that of the 
bacterial protoplasm that it concentrates the 
observed scattering in this superficial layer. 
Other examples of the delineation of surface 
structure that can be made through such pro- 
longed exposures are given in subsequent 
photographs. As would be expected, the 
related B.  mesentericus vulgatus gives photo- 
graphs much like those shown above for B .  
subtilis. Several old cells, all but one of 
which were undoubtedly dead before the prep- 
aration was made, are reproduced in Fig. 5 .  
Fragments of extruded protoplasm and many 
of the very thin flagella possessed by these big 
rods are strewn over the field. The large 
spore at  the bottom of this picture has struc- 
ture which is reflected in its partial trans- 
parency to the electron beam. 

Photographs of 2 flagellated members of 
the genus Bacterium are reproduced in Fig. 
3 and 4. The single cell of Bact. typhimurium 
(Fig. 3 )  is almost entirely filled with its pro- 
toplasm but a narrow surrounding shelf is 
visible and beyond this the very fine peri- 
trichate flagella are readily seen. The much 

FIG. 3. 
A shadowed micrograph of :I single organism 

from :i culture of Bact. typliinizirium. The es- 
ceedingly fine pcritricliatc flagella of the cell a re  
evident. 

such a prolonged exposure that it appears 

FIG. 4. 
A shadowed micrograph of 3 cells of Buct. 

t g p h o s u  )t i  showing flagella. 

figurrs in order to include an  entire flagellum. 
Note also the many fragments of finer flagella. 

Tlie ningnification 

partially transparent, ~ i ~ .  2b is obtained, been reduced to about h:llf tha t  Of the 0 t h  

This is primarily a record of the contours of 
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evident in Fig. 4. They cast shadows of very 
different lengths and must therefore vary 
greatly in thickness; often they appear more 
as ribbons than as threads. l 
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-~ 
F I G .  6. 3 Mudd, S., and Anderson, T. F., J .  E x p .  Med., A sliadow\.ed micrograph of several cells from a 

1949, 56, 103. culture of Str .  liemo.yuicus ZV (Dick). 
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F I G .  7.  
h ~ ~ ~ 1 * o l o n g e d  e q o s u r c  of n shadowed j m p r : i t i  )n  

of diplocwci  f rom a culture of Str. p ~ i e u n i o ~ r i t e  T I ,  
showing the sur fare  s t r u c t u i ~  of these (~1:s .  

P I G .  8. 
A proiongcd esposurc of a sIi:idowcd p r q n r a t i o n  

of n group of organisms from a culture of Strcph.  
uiirci(s. 

regions in every cell of Fig. 8 are also present 
in unshadowed photographs? Another struc- 

F I G .  9. 
Another field f rom a n  old culture of Staplr.  

c i i r t 'us  sliowing cclls of various sli:ipes. 

ture often observed in these staphylococci is 
the broad equatorial band that is especially 
evident in the large form at the top of Fig. 9. 
Possibly it is an early stage of the division 
process that appears more developed in cells 
such as that a t  the center of this figure. 

The foregoing micrographs illustrate the 
electron micrographic appearance of metal- 
shadowed bacteria. Our experience indicates 
that most information can be obtained by 
making two exposures of a shadowed prepara- 
tion: ( 1 )  a light one to show the general shape 
of the organism, its flagellar structure, and 
any evidence there may be of a capsule or 
other substance surrounding the cell proper, 
and ( 2 )  a prolonged exposure which will bring 
out details of its surface. 

Summary. Metal shadow-cast preparations 
reveal under electron microscopy many details 
of bacterial morphology. The three-dimen- 
sional effect achieved with this technic brings 
out with especial clarity the shapes of organ- 

1 Knaysi, G., and  Mudd, S., d .  Hact. ,  1943, 45, 
_ _ _  

348. 
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isms and the contours of their surfac,es; shad- 
owing also makes evident their flagellar and 
other extra-cellular processes. Illustrative of several forms of cocci. 

shadowed electron micrographs are given of 
subtilis-like and typhoid-like organisms and 
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Many of the viruses of the psittacosis group 
have been cultivated successfully in fertile 
hens' eggs, the yolk sac being most satisfac- 
ory for this purpose. Using this particularly 

Bscep t ible tissue, preparation of large 
Amounts of virus has been possible.' Such 
$reparations cannot be regarded as ideal for 
some purposes, however, such as attempts at  
purification of the virus? or for production of 
antigens, because of the large amount of ad- 
mixed tissue debris and yolk material, remov- 
able only with difficulty. I t  occurred to us 
that the allantois, being embryologically 
similar to the yolk sac, might also show 
special susceptibility to the viruses of this 
group. The allantoic cavity has been ex- 
tremely useful in cultivation of influenza 
virus,s and the advantages in the case of the 
latter virus might be expected to hold for 
others as well. 

After our first attempts to adapt mouse 
pneumonitis virus, one of the agents of this 
group, to the allantoic cavity, the publication 
of Williams4 appeared, in which he reports 

~~ ~~~ ~~ ~ 

* This  invcstigation has been supported by: The 
Coriimission on Influenza, Board  for  the Invest iga-  
t ion and  Control of Influenza a n d  Otlier Epidemic 
Diseases in  tlie Army, Preventive Medicine Servicr, 
Ofiice of t l i t  Surgeon General, U. S. A r m y ;  Tlie 
J o h n  Rockefeller McCormick Memorial Fund of 
t h e  ITniversity of Chicago. 

1 Grace, A. IV., Rake, G., and Sliaffcr, M. F., 

~ I l i l l e m a n ,  M. R., J .  1, t fect .  llis., 1945, 78, 96. 
:< Rurnet, F. M., A w t .  J .  Exp. Hiol. aid Med.  

4 Williams, S. E., Aust. J. E x p .  Biol. and Med.  

P R O C .  S O C .  E X P .  RIOL.  AND MED., 1940, 46, 259. 

Sci., 1941, 19, 291. 

Sci., 1944, 22, 205. 

successful cultivation of psittacosis virus in 
the allantoic cavity and in greater amounts 
than obtained in the yolk sac. We have been 
able to confirm his finding and have ex- 
tended the study to other viruses of the 
group. The present preliminary report 
records the successful cultivation of a strain 
of psittacosis, human pneumonitis (SF), and 
meningopneumonitis (F-97) virus in the 
allantoic cavity. The few attempts made so 
far to adapt mouse pneumonitis virus to the 
allantoic cavity have not been successful. 
Williams reported failure to cultivate lympho- 
granuloma venereum virus in this tissue. 

The strains of virus used in the present 
experiments have been employed in previous 
work in this laboratory and their sources have 
been recorded.' The first inoculations into 
allantoic cavities were made with emulsions 
of infected mouse tissue or yolk sac, and sub- 
sequent passages were mad,e with 0.25 cc 
quantities of undiluted allantoic fluid. The  
preparations of human pneumonitis and 
feline pneumonitis virus, designed for the 
first allantoic injections, proved to be con- 
taminated with bacteria, a circumstance over- 
come by adding sulfadiazine to the contam- 
inated emulsions in the amounts of 68 to 75 
mg per egg. Before use the eggs were incubated 
a t  38 to 39°C for 7 or 8 days and a t  37°C 
for 2 days. After the inoculations were 
made, incubation was continued at 35" C. 
When movements of the embryo became 
feeble, indicating impending death, usually 
on the 3rd, 4th or 5th day, the eggs were 
chilled a t  4 O  C for a few hours and the allan- 
toic fluids then withdrawn. Five to 6 cc per 


