
yohimbine was a potent antimetabolite 
of serotonin (8), and when it was 
learned that reserpine is a derivative of 
yohimbine, it seemed likely that it would 
have a similar type of action. It may be 
that some of the pharmacological effects 
of reserpine arise from an antiserotonin 
property. The ability of reserpine to dis- 
place serotonin from tissues is clearly a 
type of action possessed by bona fide 
antimetabolites of serotonin, such as 
BAS (9). 
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Unstable Nucleic Acids of 

Rickettsia mooseri 

Cells of Rickettsia mooseri, when puri- 
fied and suspended in isotonic media, 
rapidly lose certain of their biological 
properties at 0?C (1). This inactivation 
can be attributed, in part, to a progres- 
sive loss of diphosphopyridine nucleo- 
tide (DPN) from the rickettsiae into the 
suspending medium. Incubation of par- 
tially inactivated rickettsiae with excess 
DPN results in a restoration of their 
various biological functions (1, 2). 

Attempts were made, therefore, to de- 
termine whether rickettsiae lose other 
important cofactors besides DPN. Puri- 
fied suspensions of R. mooseri which 
had been freshly prepared by methods 
that have been described previously (3) 
were extracted with 5 percent cold per- 
chloric acid in order to obtain the "acid- 
soluble fraction." In the case of many 
bacteria, this fraction contains the co- 
factors and metabolites of low molecular 
weight (4). The rickettsial extracts pos- 
sessed an ultraviolet absorption spectrum 
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can be attributed, in part, to a progres- 
sive loss of diphosphopyridine nucleo- 
tide (DPN) from the rickettsiae into the 
suspending medium. Incubation of par- 
tially inactivated rickettsiae with excess 
DPN results in a restoration of their 
various biological functions (1, 2). 

Attempts were made, therefore, to de- 
termine whether rickettsiae lose other 
important cofactors besides DPN. Puri- 
fied suspensions of R. mooseri which 
had been freshly prepared by methods 
that have been described previously (3) 
were extracted with 5 percent cold per- 
chloric acid in order to obtain the "acid- 
soluble fraction." In the case of many 
bacteria, this fraction contains the co- 
factors and metabolites of low molecular 
weight (4). The rickettsial extracts pos- 
sessed an ultraviolet absorption spectrum 
typical of purine and pyrimidine com- 
pounds, with a maximum at 260 m,u. 
Chromatographic analysis performed on 
lyophilized extracts revealed the pres- 
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ence of four clearly defined ultraviolet 
absorbing spots, two of which were 
adenosinediphosphate and DPN. The 
other two compounds have not yet been 
identified. 

Aliquots of the same purified rickett- 
sial suspension were incubated at 36?C, 
and samples were taken at intervals over 
a 3-hour period. In these samples the 
rickettsiae were sedimented at 22,000g 
for 15 minutes (Sorvall centrifuge 
model SS-1), and the optical densities 
(at 260 mut) of the acidified supernatants 
were determined. It became apparent 
that, during 3 hours, more 260-m~L-ab- 
sorbing materials were liberated than 
could be accounted for by the total quan- 
tity of material extractable at the onset 
of the experiment. The nucleic acids of 
the rickettsiae were thought to be a likely 
source of the excess material liberated. 

Rickettsia mooseri was, therefore, ana- 

lyzed for both types of nucleic acids. 
Freshly prepared suspensions of the or- 
ganism were fractionated after the 
method of Schmidt and Thannhauser 
(5), and analyses of the fractions for 
phosphorus (6), pentose (7), and de- 
oxyribonucleic acid (DNA) (8) re- 
vealed the presence of ribonucleic acid 
(RNA) (22.6 ptg of RNA-phosphorus 
per milligram of nitrogen) and DNA 
(6.3 ytg of DNA-phosphorus per milli- 
gram of nitrogen) in a ratio of 3.5:1, 
which resembles that reported for many 
bacteria (9). 

After these analytical findings had be- 
come available, balance studies were per- 
formed on the liberation of 260-mjL-ab- 
sorbing materials from the cells of R. 
mooseri. Six experiments have been per- 
formed, and one typical protocol is pre- 
sented in Table 1. Immediately after 
preparation, purified suspensions of 
rickettsiae were diluted with the reagents 
previously employed in manometric 
studies on glutamate oxidation (3). 
These mixtures were incubated at 36?C 

Table 1. Changes in the distribution of 
ultraviolet-absorbing materials in rickett- 
sial fractions upon incubation. 

Optical density (260 m,u) 

Sus- Rickettsiae 
m pend- extracted 

(mm) ing with 5% PCA Total 
me- 

dium Cold Hot 

Incubated at 36?C 
0 0.22 0.94 7.32 8.48 

60 0.74 0.94 6.79 8.47 
120 0.96 1.00 6.46 8.42 
180 1.15 1.00 6.28 8.43 

Incubated at 4? C 

ence of four clearly defined ultraviolet 
absorbing spots, two of which were 
adenosinediphosphate and DPN. The 
other two compounds have not yet been 
identified. 

Aliquots of the same purified rickett- 
sial suspension were incubated at 36?C, 
and samples were taken at intervals over 
a 3-hour period. In these samples the 
rickettsiae were sedimented at 22,000g 
for 15 minutes (Sorvall centrifuge 
model SS-1), and the optical densities 
(at 260 mut) of the acidified supernatants 
were determined. It became apparent 
that, during 3 hours, more 260-m~L-ab- 
sorbing materials were liberated than 
could be accounted for by the total quan- 
tity of material extractable at the onset 
of the experiment. The nucleic acids of 
the rickettsiae were thought to be a likely 
source of the excess material liberated. 

Rickettsia mooseri was, therefore, ana- 

lyzed for both types of nucleic acids. 
Freshly prepared suspensions of the or- 
ganism were fractionated after the 
method of Schmidt and Thannhauser 
(5), and analyses of the fractions for 
phosphorus (6), pentose (7), and de- 
oxyribonucleic acid (DNA) (8) re- 
vealed the presence of ribonucleic acid 
(RNA) (22.6 ptg of RNA-phosphorus 
per milligram of nitrogen) and DNA 
(6.3 ytg of DNA-phosphorus per milli- 
gram of nitrogen) in a ratio of 3.5:1, 
which resembles that reported for many 
bacteria (9). 

After these analytical findings had be- 
come available, balance studies were per- 
formed on the liberation of 260-mjL-ab- 
sorbing materials from the cells of R. 
mooseri. Six experiments have been per- 
formed, and one typical protocol is pre- 
sented in Table 1. Immediately after 
preparation, purified suspensions of 
rickettsiae were diluted with the reagents 
previously employed in manometric 
studies on glutamate oxidation (3). 
These mixtures were incubated at 36?C 

Table 1. Changes in the distribution of 
ultraviolet-absorbing materials in rickett- 
sial fractions upon incubation. 

Optical density (260 m,u) 

Sus- Rickettsiae 
m pend- extracted 

(mm) ing with 5% PCA Total 
me- 

dium Cold Hot 

Incubated at 36?C 
0 0.22 0.94 7.32 8.48 

60 0.74 0.94 6.79 8.47 
120 0.96 1.00 6.46 8.42 
180 1.15 1.00 6.28 8.43 

Incubated at 4? C 
0 0.22 0.94 7.32 8.48 

60 0.24 1.10 7.13 8.47 
120 0.27 1.19 6.98 8.44 

1200 0.39 1.35 6.72 8.46 

0 0.22 0.94 7.32 8.48 
60 0.24 1.10 7.13 8.47 

120 0.27 1.19 6.98 8.44 
1200 0.39 1.35 6.72 8.46 

Table 2. Reactivation of the toxicity of 
Rickettsia mooseri after inactivation at 
4?C and at 36?C. 

Treatment Tox- (% 

Inacti- Reacti- icity Reacti- 
vation vation (LD50) vation 

None None 1:780 
18 hr, 4?C None < 1:20 
18hr, 4?C lhr,36?C, 

with 
cofactors* 1:600 77 

3 hr, 36?C None < 1:20 
3 hr, 36?C 1 hr, 36?C, 

with 
cofactors* < 1:20 0 

* The cofactor mixture contained a final concen- 
tration of diphosphopyridine nucleotide (0.33 
mg/ml), adenosinetriphosphate (0.33 mg/ml), 
coenzyme A (0.44 mg/ml), and glutathione (3.3 
mg/ml), suspended in basal medium. 

or 4?C, and samples were removed at 
the times indicated in Table 1. The 
rickettsiae were sedimented by high- 
speed centrifugation in the cold, and the 
sediments were extracted first in the cold 
and subsequently at 90?C with 5 percent 
perchloric acid. Supernatants, made 5 
percent with respect to perchloric acid, 
and cold and hot perchloric acid ex- 
tracts of the sediments were subjected 
to spectrophotometry and chemical anal- 
ysis. All spectra (230 to 300 m,t) showed 
sharp maxima at 260 mt. 

The results indicate that at 360C the 
progressive appearance of 260-my-ab- 
sorbing materials in the suspending me- 
dium was matched by a complementary 
decrease in the nucleic acid (hot 5 per- 
cent perchloric acid) fraction. This 
effect was much less pronounced at 4?C. 
While incubation at 360C had little 
effect on the quantity of material in the 
cold perchloric acid extracts, it appears 
that, at 4?C, some of the material de- 
rived from the nucleic acids was re- 
tained in this fraction. The sums of the 
three fractions remained constant for the 
duration of the experiment. 

Rickettsial suspensions which had lost 
toxicity for mice through incubation at 
4?C for 18 hours were readily reacti- 
vated in a manner similar to that de- 
scribed by Bovarnick (1). In contrast, 
rickettsiae which had been incubated at 
360C for as short a period as 3 hours 
could not be reactivated by the same 
procedure. Rickettsial inactivation thus 
appears to be a complex phenomenon 
which not only involves the reversible 
depletion of DPN but may include 
among other factors the irreversible loss 
of nucleic acids from the organisms. 
(See Table 2.) 

Ribose and DNA analyses indicated 
that RNA comprised 75 percent of the 
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Ribose and DNA analyses indicated 
that RNA comprised 75 percent of the 
nucleic acid components lost by the 
rickettsial cells. Previous failures to de- 
tect RNA in rickettsiae have been 
ascribed to the loss of this constituent 
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during purification (10). Indeed, the low 
RNA/DNA ratio (1:3) reported by 
Smith and Stoker (11) for Coxiella bur- 
netii may reflect such losses and suggests 
the physicochemical lability of rickettsial 
RNA. 

The differences between the results ob- 
tained at 360C and at 4?C suggest the 
participation of enzymatic processes in 
the loss of nucleic acids from the rickett- 
siae. Since the omission of glutamic 
acid did not influence the experimental 
results, "energy metabolism" does not 
seem to be of importance. The present 
findings are perhaps analogous to the 
degradation of RNA in resting cultures 
of Escherichia coli H, which has been 
reported by Stephenson and Moyle (12). 

The loss of nucleic acids from R. 
mooseri upon incubation at 36?C may be 
one of the reasons for the concomitant 
inactivation of the biological properties 
of this organism. 

Z. A. COHN, F. E. HAHN, 
W. CEGLOWSKI, F. M. BOZEMAN 

Department of Rickettsial Diseases, 
Walter Reed Army Institute of 
Research, Washington, D.C. 
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Barium-140 Radioactivity 
in Foods 

We wish to report the presence of the 
fission products barium-140 and lan- 
thanum-140 in certain foodstuffs in the 
United States during periods of nuclear 
weapons tests. The presence of these 
nuclides in the amounts observed in no 
way constitutes a hazard; it carries none 
of the potential implications associated, 
for example, with strontium-90. It is of 
practical concern primarily to those en- 
gaged in measurements of radioactivity 
near the natural levels, and when an ac- 
curate summation of total radiation is 
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fission products barium-140 and lan- 
thanum-140 in certain foodstuffs in the 
United States during periods of nuclear 
weapons tests. The presence of these 
nuclides in the amounts observed in no 
way constitutes a hazard; it carries none 
of the potential implications associated, 
for example, with strontium-90. It is of 
practical concern primarily to those en- 
gaged in measurements of radioactivity 
near the natural levels, and when an ac- 
curate summation of total radiation is 
desired. As in the case of cesium-137 
(1), measurements of barium-140/lan- 
thanum-140 may also be of value in the 
study of the fallout process. 
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Barium-140 has a half-life of 12.8 
days, and its daughter lanthanum-140 
has a half-life of 40.2 hours. Because 
of their somewhat similar biochemistry 
and the short half-life of lanthanum, 
secular equilibrium is likely to be main- 
tained in biological systems, and both 
nuclides will follow the chemistry of 
barium. The biochemical behavior of 
barium-140 is similar to that of calcium 
and of strontium-90, but the short half- 
life of barium-140 and the larger bio- 
logical discrimination factors against it 
render it potentially much less danger- 
ous than strontium-90. 

The presence of barium-140 was first 
noted in some deer in New Mexico dur- 
ing the summer of 1956-presumably the 
result of the United States nuclear test 
Operation Redwing. It was detected and 
identified (by its half-life) by means of 
the Los Alamos human counter (2), a 
large 4J liquid scintillation counter de- 
signed especially for the measurement of 
radioactivity at natural levels in people 
and foodstuffs. A threefold increase was 
noted in the gamma activity in the spec- 
tral region from 1 to 2 Mev (normally 
potassium-40 only). This corresponds 
roughly to a barium-140 activity of 0.03 
!tc per 70 kg, which is 6 percent of the 
maximum permissible amount for man, 
on the basis of the "large population" 
value (3). A cow taken directly from 
the New Mexico range showed a similar 
amount of barium-140, but commercial 
beef did not, perhaps because of differ- 
ent feeding habits or because of the time 
lag between slaughtering and the ap- 
pearance of the meat on the retail mar- 
ket. While the apparent potassium-40 
activity of milk samples showed a few 
instances of slight increases during 1956, 
it was not possible to identify the excess 
activity. 

Barium-140 appeared in several United 
States milk samples during the months 
of June, July, and August, 1957, pre- 
sumably as a result of distant fallout 
from the test operation in Nevada, Oper- 
ation Plumb-bob, and perhaps from test 
operations of the U.S.S.R. Identification 
of the excess activity in the potassium 
region of the spectrum was again pos- 
sible on the basis of the measured half- 
life. Confirmation of the assignment of 
the activity to barium-140 was obtained 
by spectral analysis, for which an 8- bv 
4-inch sodium iodide crystal in a steel 
room similar to the installation devel- 
oped by Marinelli and his coworkers 
at the Argonne National Laboratory 
(4) was used. All five of the promi- 
nent barium-140/lanthanum-140 gamma 
peaks were identified. 

Table 1 summarizes dates and concen- 
trations of barium-140 in powdered milk 
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Fig. 1. Typical curves of upper channel 
activity versus date, for Bismarck, N.D., 
and New Orleans, La. 

channel occurred at other sampling 
points during the summer months, at 
none of them did the increase reach this 
level. Thirty-seven points are routinely 
sampled. 

The dates reported in Table 1 are 
those on which the samples (50 to 100 
pounds of nonfat-dry milk solids) were 
received at Los Alamos. In general, the 
delay between production and arrival is 
about 1 week, and for accurate correla- 
tion with meteorological data, the actual 
production date must be ascertained. 

Table 1. Barium-140 peak levels in milk. 

Estimated 
barium-140 Date received c content 

(1957) (m[nc/lit of 
whole milk) 

Bismarck, N.D. 
7 Aug. 2.2 

20 Aug. 0.85 
Idaho Falls, Idaho 

10 June 0.40 
5 Aug. 0.32 

26 Aug. 0.54 
Payette, Idaho 

19 June 0.12 
9 Aug. 0.46 

Louisville, Ky. 
21 July 0.27 
9 Aug. 0.46 

New Orleans, La. 
15 July 0.36 
20 Aug. 0.19 

Willows, Calif. 
10 June 0.31 

Ladysmith, Wis. 
16 Aug. 0.23 

Des Moines, Iowa 
9 Aug. 0.18 

Ogden, Utah 
19 June 0.06 
14 Aug. 0.15 

Monroe, Utah 
11 June 0.09 
25 July 0.12 

Fig. 1. Typical curves of upper channel 
activity versus date, for Bismarck, N.D., 
and New Orleans, La. 

channel occurred at other sampling 
points during the summer months, at 
none of them did the increase reach this 
level. Thirty-seven points are routinely 
sampled. 

The dates reported in Table 1 are 
those on which the samples (50 to 100 
pounds of nonfat-dry milk solids) were 
received at Los Alamos. In general, the 
delay between production and arrival is 
about 1 week, and for accurate correla- 
tion with meteorological data, the actual 
production date must be ascertained. 

Table 1. Barium-140 peak levels in milk. 

Estimated 
barium-140 Date received c content 

(1957) (m[nc/lit of 
whole milk) 

Bismarck, N.D. 
7 Aug. 2.2 

20 Aug. 0.85 
Idaho Falls, Idaho 

10 June 0.40 
5 Aug. 0.32 

26 Aug. 0.54 
Payette, Idaho 

19 June 0.12 
9 Aug. 0.46 

Louisville, Ky. 
21 July 0.27 
9 Aug. 0.46 

New Orleans, La. 
15 July 0.36 
20 Aug. 0.19 

Willows, Calif. 
10 June 0.31 

Ladysmith, Wis. 
16 Aug. 0.23 

Des Moines, Iowa 
9 Aug. 0.18 

Ogden, Utah 
19 June 0.06 
14 Aug. 0.15 

Monroe, Utah 
11 June 0.09 
25 July 0.12 

283 283 


