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induced tumors, and serums were obtained from tumor-bearing hamsters. Results are 
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SV40T1 <2 <2 * <2 * <2 

* Not tested. t This serum was supplied by Dr. Bernice Eddy, NIH. $ This antigen was sup- 
plied by Dr. David Axelrod, NIH. 
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no naturally occurring primates other 
than man. A lower incidence (19 per- 
cent) was reported in a U.S.A. popu- 
lation. These findings, combined with 
the demonstration of a potent viral 
oncogen (SA7) occurring in primates 
in Africa, suggest that epidemiological 
studies of the relationship of SV20 
and SA7 to lymphomas of the Burkitt 
type, and to other malignancies in these 
divergent geographical areas, would be 
of considerable interest. 

Earlier reports on the oncogenicity 
of SV40 for baby hamsters had a pro- 
found effect on the production, and 
testing of virus vaccines prepared in 
cell cultures from monkey kidney, as 
judged by the more stringent regula- 
tions that have been imposed upon man- 
ufacturers of such products. Although 
the simian adenoviruses do not appear 
as contaminants in primary cultures 
of monkey-kidney as frequently as does 
SV40, our findings point to possible 
contamination of products for human 
immunization with at least seven dif- 
ferent viruses of demonstrated onco- 
genic potential. Thus, the program rec- 
ommended by the Committee on Tissue 
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Institutes of Health) for the valuation 
of serially propagated cell cultures for 
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Bacterial Contamination of Some Carbonaceous Meteorites 

Abstract. Three types of bacteria were isolated from samples of two carbona- 
ceous chondrites and identified as common contaminants that are widely dis- 
tributed. 
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ceous chondrites and identified as common contaminants that are widely dis- 
tributed. 

As an extension of other work done 
in our laboratory on carbonaceous 
chondrites (1), it was considered of in- 
terest to determine to what extent, if 

any, these meteorites are contaminated 
by ordinary viable microorganisms. The 

following three meteorites were select- 
ed for investigation. The Orgueil (Wiik 
type I) received from A. Cavaille, the 
Murray (Wiik type II) obtained from 
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E. P. Henderson, and the Mokoia 
(Wiik type III) secured from C. B. 
Moore. Using standard microbiological 
techniques, we had no difficulty in ob- 
taining bacterial cultures from samples 
of the Murray and Mokoia but were 
unable to detect the formation of any 
bacterial colonies from samples of the 
Orgueil. 

Small fragments of each meteorite 
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taining bacterial cultures from samples 
of the Murray and Mokoia but were 
unable to detect the formation of any 
bacterial colonies from samples of the 
Orgueil. 

Small fragments of each meteorite 

(2) were removed aseptically and placed 
in carefully weighed sterile containers. 
One milliliter of sterile water was add- 
ed, and the tubes were placed on a 
rotary shaker for 30 minutes. The 
supernatant was carefully removed and 
plated on nutrient agar. The plates 
were incubated 24 to 48 hours at 
37?C. The colonies were counted on a 
Quebec counter. The meteorite frag- 
ments were then dried, reweighed, and 
ground to a powder with a mortar 
and pestle that had been washed in 
acid or autoclaved. (In other tests the 
fragments were ground without any 
prior treatment). One milliliter of 
sterile water was again added, and the 
sample was treated as before. 

The results are summarized in Table 
1. Microbiological analyses of the Mur- 
ray samples gave consistent results, 
whereas analyses of the different Mo- 
koia samples were more variable; no 
viable growth could be found in any 
of the Orgueil samples tested under 
either aerobic or anaerobic conditions. 
Some Orgueil samples were incubated 
at room temperature for 2 weeks with 
no additional change. We cannot say, 
however, whether more prolonged in- 
cubation might have shown growth of 
fungi or other microorganisms that re- 
quire unusually long incubation pe- 
riods for germination. 

As shown in Table 1, the approxi- 
mate average contamination of the sam- 
ples ranges from 1800 (Mokoia) to 
6000 (Murray) bacteria per gram of 
meteorite. The organisms isolated from 
the Murray were identified as Bacillus 
cereus and B. badius (in a ratio of 5 
to 1) and the organism from the Mo- 
koia as Staphylococcus epidermidis. 
Identification was accomplished by ex- 
tensive testing according to the descrip- 
tions given in Bergey's manual. No 
organisms were isolated from the 
solvent or the agar. 

It appeared that a much higher bac- 
terial count, in comparison with the 
count from the supernatant fractions, 
could be obtained by spreading the 
washed meteorite granules on nutrient 
agar; hence affinity between the meteo- 
rite particles and the bacteria is sug- 
gested. This observation is in line with 
reports by other investigators of bac- 
teria and other microorganisms that 
grow out from hard rocks and minerals 
into nutrient media (3). The spreading 
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of differentiating between the meteorite 
particles and the bacterial colonies. It 
should be noted that since the transfer 
of the bacteria from the meteorite 
solid matter to the water was not 
quantitative, the numbers given should 
be taken only as lower limits of con- 
tamination. 

The isolated bacterial samples were 
fixed on standard microbiological slides. 
The slides were stained by standard 
Gram-staining procedure and studied at 
930 magnification. Figure 1 shows the 
two species of bacilli found in Mur- 
ray, and the single species of cocci 
found in Mokoia. These slides were 
compared with slides of the ground 
meteorite samples, which were similar 
to those already described (4). We 
think it would be unwarranted on the 
basis of morphology alone to draw a 
relationship between the two types of 
slides even though there appeared to 
be a certain similarity in size and gen- 
eral appearance of several particles. It 
may be of interest to point out, how- 
ever, that the extent of contamination 
by viable bacteria observed in the 
Mokoia and Murray meteorites was ap- 
proximately 3 percent to 25 percent of 
the number of presumably nonviable 
bacteria ("apparent-contaminants") ob- 
served by other investigators in other 
meteorites (5). 

The tests were repeated 2 months 
later, and exactly the same results were 
obtained-that is, Orgueil was nega- 
tive; Mokoia gave few colonies of a 
single organism; Murray gave a large 
number of colonies of the two bacilli. 
The consistent negative results obtained 
with the Orgueil samples as well as 
with the controls definitely show that 
no contamination took place while the 
microbiological testing was being car- 
ried out. Furthermore, the reproduci- 
bility of the results after a period of 
2 months indicates that the organisms 
have been associated with the meteo- 
rites for some time and that no signifi- 
cant contamination is taking place in 
our laboratory. 

It should be noted that the Mur- 
ray meteorite, which, according to 
E. P. Henderson (6) has had a high 
probability of contamination, is the one 
which appears most contaminated. The 
results from the Mokoia meteorite, 
showing less growth and greater fluctua- 
tion from sample to sample, suggest a 
lesser degree of contamination; this 
meteorite has been subject to a mini- 
mum amount of handling and exposure 
to the atmosphere. The absence of 
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viable organisms in the Orgueil sample 
may be a reflection of the fact that 
the sample was well preserved in a 
sealed container in the Mountaban 
Museum and has had little chance of 
recent contamination in our laboratory. 
The microbial contamination of the 
Murray and the Mokoia meteorites 
could have occurred recently or, more 
probably, some time ago. In addition 
to the evidence described above in fa- 
vor of the latter, it should be said that 
there is no problem in assuming that 
it occurred months or even years ago 

since it is well known that the spores 
and vegetative forms of many species 
of bacteria may survive for several 
years under ordinary conditions; sur- 
vival for 37 years has been reported 
for spores of bacillus species (7). It is 
also known that bacteria can penetrate 
hard rocks (3, 8) and meteorites (8). 

Even though the presence of viable 
organisms in meteorites has been 
claimed from time to time, with an 
implication that the organisms were in- 
digenous to the meteorite (9), no iden- 
tification of these organisms has been 

Fig. 1. Slides of 4-day-old cultures of bacterial contaminants (X 930). (Top) Bacillus 
cereus and B. badils isolated from the Murray sample. (Bottom) Staphylococcus epi- 
dermidis isolated from the Mokoia sample. 
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Table 1. Bacterial cultures isolated from 
carbonaceous meteorites. Each value repre- 
sents the average of four different determina- 
tions on four different small samples of the 
same meteorite. No colonies were obtained 
from the solvent or the nutrient agar. 

Colonies per milliliter 

Sam ple t. 
(10-:' g) Fragment Powder 

washings washings 

Murray 89.5 0 530 
Mokoia 84.6 20 150 

Orgueil 138.7 0 0 
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published in the scientific literature ex- 
cept that of Roy (10), who found 
Bacillus subtilis and Staphylococcus al- 
bus as contaminants in the Johnstown 
meteorite, a noncarbonaceous, achon- 
dritic stone. Our report constitutes the 
first definite identification, known to 
us, of viable ordinary bacterial con- 
taminants in carbonaceous chondrites, 
specifically the Murray and Mokoia 
meteorites. It is of interest that similar 
strains of microorganisms have been 
found in these two independent stud- 
ies, despite the fact that the meteo- 
rites examined are quite different. 

Although the number of viable con- 
taminants per gram of meteorite is 
relatively low, it remains to be seen 
whether the intermittent and repeated 
contamination of carbonaceous chon- 
drites by microorganisms, which even- 
tually leave their residues in these 
stones, may have contributed to any 
significant degree to the formation of 
some of the organic compounds which 
have been detected in these meteorites 
(4). On the basis of this and related 
work (7-10) it appears that future 
analyses of organic compojnds in 
meteorites should be preceded by care- 
ful microbiological examinations. 

J. ORO 
T. TORNABENE 

Departments of Chemistry and Biology, 
University of Houston, 
Houston, Texas 77004 
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Exchangeable Mass: 
Determination without Assumption 
of Isotopic Equilibrium 

Abstract. The method of isotope dilu- 
tion for determining the exchangeable 
mass of different substances in living 
organisms is, at best, approximate. A 
formally exact method, defining the 
otherwise vague concept of exchange- 
able mass, is proposed. The new method 
may serve as a standard for determining 
errors in results obtained by the earlier 
method. 

In considering potassium metabolism 
in man, if we assume steady state, the 
total potassium pool (that is, the body's 
total content of potassium) is constant 
in time. This pool may be regarded as 
two mutually exclusive subpools: ex- 
changeable and nonexchangeable potas- 
sium. Total body potassium can be 

determined, at least in principle, by 
whole-body counting techniques, and 
usually the exchangeable mass has been 
determined by so-called isotope dilu- 
tion. However, as explained below, the 
dilution method is based on a theoreti- 
cally incorrect assumption, and in this 
report I present an alternative method 
in which this assumption is relaxed. The 
theory precisely defines exchangeable 
mass and gives some rules for design 
of experiments; for instance, the form 
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tion. However, as explained below, the 
dilution method is based on a theoreti- 
cally incorrect assumption, and in this 
report I present an alternative method 
in which this assumption is relaxed. The 
theory precisely defines exchangeable 
mass and gives some rules for design 
of experiments; for instance, the form 
of tracer supply may be significant (a 
special concept, "equivalent tracer sup- 
ply," is introduced for this purpose). 
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In the following discussion, the popu- 
lation of isotopes naturally present in 
the body is referred to as "mother sub- 
stance." The dilution method proceeds 
as follows: A small amount of a 42K 
salt is injected into the body; the popu- 
lation of injected ions (42K+) is re- 
ferred to as "tracer." The total-body 
content of tracer is observed, as well as 
the specific activity of blood (specific 
activity is the ratio between the amount 
of tracer and the corresponding amount 
of mother substance). It is assumed 
that after a time-perhaps 24 hours- 
"isotopic equilibrium" is reached; that 
is, specific activity is equal throughout 
the exchangeable potassium pool. On 
the basis of this assumption, measure- 
ments made at that time will permit 
determination of the amount of mother 
substance in the exchangeable pool; the 
intuitive concept of exchangeable mass 
thus becomes operationally defined. 

In 1956 Berman and Schoenfeld (1) 
showed that the idea of isotopic equilib- 
rium in terms of equal specific activity 
is justified only when the system is 
closed (an additional necesary assump- 
tion is that the system is irreducible). 
The metabolic system considered here 
is open, and it is-then necessary to ac- 
cept the dilution method as an approx- 
imation: one assumes that the specific 
activity is approximately the same 
throughout the exchangeable potassuim 
pool. There is no obvious reason to 
believe in such an approximation (2) 
and-this point is crucial-there has 
been no way to estimate the degree of 
approximation (3). To test the dilution 
method by killing animals and analyz- 
ing the ash is wrong in principle be- 
cause the analysis gives total rather than 
exchangeable potassium. The occasional 
close agreement between results ob- 
tained by the dilution method and by 
ash analysis merely suggests that the 
former produces overestimates, in agree- 
ment with what theory indicates (4); 
this view is supported by work on 
sodium and potassium in man (5, 6). 

Although specific activity in an open. 
system everywhere approaches zero 
with time, and in that respect ultimately 
becomes everywhere equal, this fact 
does not justify the dilution method. 
The method requires both that the dif- 
ference between specific activities of 
two arbitrary parts of the system should 
be zero, and that the ratio between the 

In the following discussion, the popu- 
lation of isotopes naturally present in 
the body is referred to as "mother sub- 
stance." The dilution method proceeds 
as follows: A small amount of a 42K 
salt is injected into the body; the popu- 
lation of injected ions (42K+) is re- 
ferred to as "tracer." The total-body 
content of tracer is observed, as well as 
the specific activity of blood (specific 
activity is the ratio between the amount 
of tracer and the corresponding amount 
of mother substance). It is assumed 
that after a time-perhaps 24 hours- 
"isotopic equilibrium" is reached; that 
is, specific activity is equal throughout 
the exchangeable potassium pool. On 
the basis of this assumption, measure- 
ments made at that time will permit 
determination of the amount of mother 
substance in the exchangeable pool; the 
intuitive concept of exchangeable mass 
thus becomes operationally defined. 

In 1956 Berman and Schoenfeld (1) 
showed that the idea of isotopic equilib- 
rium in terms of equal specific activity 
is justified only when the system is 
closed (an additional necesary assump- 
tion is that the system is irreducible). 
The metabolic system considered here 
is open, and it is-then necessary to ac- 
cept the dilution method as an approx- 
imation: one assumes that the specific 
activity is approximately the same 
throughout the exchangeable potassuim 
pool. There is no obvious reason to 
believe in such an approximation (2) 
and-this point is crucial-there has 
been no way to estimate the degree of 
approximation (3). To test the dilution 
method by killing animals and analyz- 
ing the ash is wrong in principle be- 
cause the analysis gives total rather than 
exchangeable potassium. The occasional 
close agreement between results ob- 
tained by the dilution method and by 
ash analysis merely suggests that the 
former produces overestimates, in agree- 
ment with what theory indicates (4); 
this view is supported by work on 
sodium and potassium in man (5, 6). 

Although specific activity in an open. 
system everywhere approaches zero 
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unity. This is more precisely explained 
later: it suffices here to note that it is 
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