
Fig. 2. Bacillus megaterium was grown in 
"M-9" salt-glucose medium at 34" C. The 
period of chilling was 45 minutes at g0C.  
Two hundred nuclei were counted, and 
the phases were identified for each test in- 
terval. Deoxyribose was identified for each 
test interval with Dische reagent. Purines 
and pyrimidines (P&P) were determined 
by absorption at  260 mp in a Beckman 
spectrophotorneter. Cells were counted in 
a Petroff-Hausser counting chamber. 

that may not be the same for E. coli. In  
both E. coli and B. megaterium, there is 
evidence suggesting that there is a fall in 
the ribose moiety at  the same time that 
there is a rise in the deoxyribose moiety. 
This in turn suggests that there is a con- 
version of ribose to deoxyribose in the 
synthesis of deoxyribose nucleic acid (2).  

Details of the methods, results, and 
possible interpretations of these findings 
will be presented in other reports (3). 
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Purification and Crystallization 
of Coxsackie Virus 

Coxsackie A-10 virus (Huebner strain 
18 16) was grown in suckling mice. Mori- 
bund mice were harvested; 1 vol of car- 
casses was homogenized in 2 vol of 
8.6-percent sucrose and cleared (1) of 

subcellular particulates. The resulting 
supernatant, titering lo9 LD,, per milli- 
liter, was purified as follows. 

The fluid was cleared by adjusting to 
p H  3.0 (.normal HCl) and adding 10 g of 
ammonium sulfate to each 100 ml. After 
neutralization (with NaOH) , virus was 
concentrated by precipitation through 
the further addition of 30 g of ammon- 
ium sulfate to each 100 ml of suspension. 
The virus in the precipitate was resus- 
pended by dialysis against 5-percent so- 
dium chloride, cleared, and again cleared 
at  p H  3.0. After neutralization, further 
clarification was obtained by adding 30 
ml of 95-percent ethanol to each 100 ml 
of suspension. The virus suspension was 
ultracentrifuged (2)  and the virus in the 
pellet was resuspended in 40-percent am- 
monium acetate and cleared. The virus 
suspension was dialyzed against either 
5-percent ammonium acetate or l-per- 
cent sodium chloride and ultracentri- 
fuged into a pellet. Finally, the pellet, 
layered with a small quantity of appro- 
priate salt solution, was stored at  about 
~ O C ,  as had been done by Schaffer and 
Schwerdt (3) in crystallizing poliomye- 
litis virus. 

Five lots of from 1 to 1% lit have been 
so treated. Three lots were ultracentri- 
fuged and layered with 1-percent sodium 
chloride, and two with 5-percent am- 
monium acetate. In  the sodium chloride 
preparations, small dodecahedra1 crys- 
tals with four hexagonal faces were ob- 
served in from 1 to 2 weeks of 4OC stor- 
age. O n  resolution, clarification, ultra- 
centrifugation, and 4OC storage, similar 
dodecahedrons recrystallized, and on 
continued refrigerator storage, these crys- 
tals attained maximum dimensions of 
about 100 w (Fig. 1 ) . 

Normal suckling mouse homogenate 
(775 ml) was treated similarly. Ultra- 
centrifugation produced a minute pellet 
which revealed only a small quantity of 
amorphous material after prolonged re- 
frigerator storage. Attempts to "recrystal- 
lize" resulted in removing almost all of 
this amorphous material. 

The  ammonium acetate preparations, 
on original crystallization, resulted in 
somewhat ill-defined rectangular and 
square plates, which on recrystallization 
appeared clearly as flat, square, or rec- 
tangular plates (Fig. 2 ) .  Assuming a 
crystal density of 1, it was estimated 
volumetricallv that more than 1 me  of - 
crystalline material was obtained from 
each lot. 

Both forms of crystal are extremely 
unstable and have been maintained only 
in suspension. In  this respect, and with 
respect to shape, they resemble two 
forms of unstable crystals seen in plants 
infected with tobacco mosaic virus (4) .  

The infectivity for suckling mice of 
the crystalline suspensions has varied 

Fig. 1. Second crystallization of dodeca- 
hedral crystals in I-percent sodium chlo- 
ride. (Top) Late and (bottom) early 
crystallization seen under phase-contrast 
illumination. 

Fig. 2. Platelike crystals seen under dark- 
field illumination. Second crystallization 
in the presence of 5-percent ammonium 
acetate. The small whitish bodies are small 
plates seen on end and undergoing Brown- 
ian movement. 

Fig. 3. Electron micrograph of pseudore- 
plica of dodecahedron residue dried on 
agar. Similar pictures have been obtained 
with the residue of platelike crystals. Sev- 
eral rows demonstrate the potentiality of 
these particles to form rectangular arrays. 
[The pseudoreplicas were made and the 
electron micrographs taken through the 
courtesy of Bolivar J. Lloyd, Jr., National 
Cancer Institute, National Institutes of 
Health] 
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from 1011 to lo1' LD,, per milliliter. 
When the crystals were sedimented by 
centrifugation a t  1000 rev/min for 5 min, 
the supernatant fluids were found to 
contain from 0.1 (early in crystalliza-
tion) to 0.01 (after maximum crystalli- 
zation) of the infectivity of the super- 
natant plus the crystals. T h e  crystal 
pellet accounted for considerably less 
than 0.1 of the total volume of the sus- 
pension. Thus, the calculated titer on a 
solid milliliter basis approximated 1018. 

Since a volume of 1 cm3 can be calcu- 
lated to contain about 4.6 x 1O1"articles 
of 28-mp diameter, and since the animal 
titration showed approximately 1013 in- 
fectious doses per cubic centimeter, it 
appeared that the ratio of the total num- 
ber of particles to the number of infec- 
tious particles was apparently greater 
than 1000 to 1. Tha t  a similar discrep- 
ancy existed for the starting material is 
shown by the following. 

O n  the basis of infectivity, the starting 
material contained 1012 particles per 
liter. Since more than half of the infec- 
tivity was lost in purification, a t  most, 
10 pg of infective particles per liter 
shoulc! have been obtained. However, 
more than 100 times this quantity of 
homogeneous particles was crystallized. 
Apparently, in both the starting and crys- 
talline materials, similar major discrep- 
ancies existed between the number of 
particles and the infectious doses. These 
discrepancies may be attributed to the 
inefficiency of the intraperitoneal titra-
tion system, the number of particles nec- 
essary to establish cellular infection, the 
degree of aggregation of virus particles, 
and the ratio of inactive to active virus 
particles. 

When they were dried in air, crystals 
of either form disintegrated into an  
amorphous, hygroscopic residue. There- 
fore, no completely satisfactory electron 
micrographs showing crystals have been 
obtained from replicas. Figure 3 shows a 
pseudoreplica of crystal residue that has 
been dried on agar. This and other mi- 
crographs closely resemble those ob-
tained by Breese and Briefs ( 5 ) ,which 
probably represented early crystal for-
mation of the same virus. Almost com-
plete aggregation of the virus has been 
seen throughout these preparations, with 
orderly alignment of particles 28 mlL in 
average arrayed diameter. Very little 
Pxtraneous material has been seen in 
pseudoreplicas of these recrystallized 
prcparations. T h e  angles formed by 
hexagonal arrays of particles studied by 
electron microscopy were found to be 
the same as those of the hexagonal faces 
of the dodecahedrons. 
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New Synthesis of Oxalic Acid 

Results indicate that oxalic acid is 
formed when bicarbonates in aqueous so- 
lutions are exposed to beta or gamma 
radiation. Although the procedure ap-
pears less complicated than Wohler's 
synthesis of this acid from cyanogen, 
which was the first "organic" synthesis 
from "inorganic" materials ( 2 ) , the 
mechanism of the reaction is complex, 
since it involves the presence of water 
and possibly also oxygen to effect the 
carbon to carbon bondage of the carbon 
dioxide moiety. 

Solutions of ammonium, calcium, and 
sodium bicarbonates and sodium and 
ammonium carbonates were prepared in 
various concentrations and irradiated in 
polyethylene bags. I n  order to allow com- 
plete penetration of the ionizing radia- 
tion, a large enough bag was used so that 
the thickness of the filled bag (approxi- 
mately 250 ml )  was nowhere greater than 
6 mm. T h e  samples were exposed to beta 
radiation by means of a 2 Mev van de 
Graaff electron accelerator. T h e  dose rate 
was 2.10 Mrep per pass, and the total 
dosages to which the samples were ex-
posed ranged from 2.10 to 52.5 Mrep. 

T h e  chemicals used were of standard 
analytic grade. Calcium bicarbonate was 
prepared by passing carbon dioxide 
through a water suspension of calcium 
carbonate. T h e  samples, which were ir- 
radiated a t  room temperature, werc 
withdrawn from the polyethylene bags, 
and the oxalic acid, which was precipi-
tated as calciuni oxalate, was rrgcnerated 
and derivatized. Table 1 gives the char- 
acteri~ation of oxalic acid for all series 
investigated. 

These results \\.ere repeated when glass 
vials were used as containers. Owing to 
the porosity of the polyethylene bags, gas 
analyses were not attempted. 

Oxalic acid was not detected on ir-
radiation of sodium carbonate solutions. 
Blank tests. carried out with distilled 
water, were also negative. Formic acid 
was likewise not observed to form in 
these reactions. T h e  formation of oxalic 

acid from ammonium carbonate is ex- 
plained by the fact that ammonium car- 
bonate is a mixture of ammonium bicar- 
bonate, ammonium carbamate, and am- 
monia ( 2 ) .  

Percentage yields of oxalic acid were 
calculated as 100 times the number of 
grams of oxalic acid formed per gram of 
solute. G values (number of molecules 

Table 1. Identification of oxalic acid. 

Test Theoretical Found 

Neutralization 
equivalent 
C H O .  2 H 0  63 62.5 5 1.0 

Oxalic acid 
dihydrate, 
mp "C 100" ( 1 )  100 c0 .2  

Oxalic acid, 
mp "C 189.5" ( 3 )  190 c 0.2 

Benzylthiuronium 
oxalate, 
mp "C  193" (4 )  193 k0.2  

Aniline blue 
formation ( 5 )  I- t 

Infrared 
spectrum of 
calcium 
oxalatet 

* Mixed melting points with authentic materials 
showed no depression. (All melting points were 
carried out on Kohfler hot stage.) 
t Spectrum agreed with standard calcium oaalate 
cnrve. 
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Fig. 1. Oxalic acid yield i,ersus irradiation 
dose. 

Fig. 2. Oxalic acid yield versus concen-
tration of solution. 
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