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The relationship between the microorga- 
nisms of the pleuropneumonia group (PPLO, 
Mycoplasmatales) and the true bacteria is 
uncertain. The various organisms isolated 
from nature that comprise the Mycoplasma- 
tales share singular and distinctive properties 
that have been utilized to draw them to- 
gether into a group. The most fundamental 
of these properties is the lack of a complete 
cell wall. Indeed it appears that a number 
of the interesting characteristics of the group 
are a result of this absence (e.g., the unique 
colonial and microscopic morphology, the 
growth requirement satisfied by horse serum, 
insensitivity to certain antibiotics and inhibi- 
tory agents, inhibition by antibody in the ab- 
sence of complement, and their notable filter- 
ability). 

Two general hypotheses have been ad- 
vanced to explain the nature of this group 
and its relation to other microorganisms( 1,2, 
3 ) :  one holds that pleuropneumonia orga- 
nisms are a natural biological class; the 
other that PPLO are an assemblage of the 
stable L forms of various bacteria. 

The basic biochemical heterogeneity of the 
organisms making up the group has been 
emphasized previously(4). I t  was proposed 
that primarily these organisms could be di- 
vided into sets consisting of nonfermentative 
and fermentative strains. These fermentative 
strains were characterized as catalase nega- 
tive, cytochrome negative organisms that ac- 
cumulate lactic acid (4). This description is 
highly reminiscent of the lactic acid bacteria, 
since they lack heme enzymes and are virtu- 
ally the only such bacteria capable of growth 
in the presence of free oxygen. 

The resemblance between this set of pleuro- 
pneumonia-like organisms and the lactic acid 
bacteria occurs either because these are ho- 
mologous groups that have arisen coinciden- 
tally in nature, or these PPLO are related 
in some manner, such as stable L forms or 

ancestral forms, to certain lactic acid bac- 
teria. The relationships of pleuropneumonia- 
like organisms to possible bacterial parental 
forms can be examined directly by a deter- 
mination of DNA base ratios. Lee, Wahl, 
and Barbu(5) first recognized that phylo- 
genetic relationships of microorganisms may 
be reflected in the mean base composition of 
DNA. Although some unrelated organisms 
have the same average base composition, 
similar DNA base compositions would be ex- 
pected where a taxonomic relationship exists. 

Matmials and methods. Deoxyribonucleic 
acid was isolated from 3 fermentative PPLO: 
Sewage A (Mycoplasma laidlawii, A ) ,  Cali- 
fornia Calf, and the kid strain of goat arthri- 
tis PPLO. Isolations were also made from 
the Eaton agent, M .  pneumoniae.* 

Organisms were grown at 37°C in trypti- 
case soy broth (Baltimore Biological Labora- 
tory, Baltimore, Md.) adjusted to pH 7.8-8.0 
and (except Sewage A) supplemented with 
10 or 20% horse serum and (Eaton agent) 
2.5 % yeast extract (6).  Cells were collected 
at 24 to 40 hours with a Servall continuous 
flow centrifuge operating at 12,000 X g with 
a flow rate of 100 ml per minute. Organisms 
were resuspended and washed once in saline- 
EDTA (0.15 M NaCl and 0.1 M disodium 
ethylenediamine tetraacetate, pH 8 .O) ; these 
conditions suffice to inhibit the DNase activ- 
ity present in these cells(7). The glutinous 
mass of washed cells was dispersed in saline- 
EDTA with a rubber policeman, lysed with 
3% sodium dodecyl sulfate for 10 minutes, 
and the deoxyribonucleic acid isolated by the 
method of Marmur (8). 

Deoxyribonucleic acid base compositions 
were determined by 2 independent methods: 
CsCl density gradient centrifugation (9) and 
thermal denaturation temperatures (10). 
Buoyant density of DNA in CsCl and the 

*Kindly supplied by Dr. N. L. Sornerson and Dr. 
M. F. Barile, N.I.H., Bethesda, Md. 
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TABLE I. Physico-Chemical Characterization of DNA from Fermentative Pleuropneumonia- 
Like Organisms. 

Mole $41 G + C 
Absorption Density" T,t 

DNA source 260/280 mp S2,,, w Mol wt  (g/cc) ("C) from density from T, 

Eaton agent 2.03 15.0 3.1 X 10' 1.700 85.3 40.8 39.0 

Sewage A 2.0 22.8 11.4 X 10' 1.6945 82.0 35.7 30.9 

Calf 1.74 31.7 31 X lo8 1.686 79.0 26.5 23.6 
Goat, kid strain 1.72 31.7 31 X 10' 1.685 79.2 25.5 24.1 

( M .  pneumoniae) 

( M .  laidlawii, A) 

* Densities were calculated with EschPrichia coli DNA as reference (1.710 g/cc). 
t Determined in saline-citrate (.15 M NaCl and .015 M sodium citrate, pH 7.0). 

thermal denaturation temperature ( T m )  are 
each linearly related to the mean mole per 
cent guanine plus cytosine (G+C) content 
of DNA. Sedimentation coefficients of DNA 
dissolved in saline-citrate (0.1 5 M NaCl and 
0.015 M trisodium citrate, pH 7.0) were de- 
termined in a Spinco analytical ultracentri- 
fuge at  35,600 rpm using ultraviolet optics. 
Molecular weights were calculated by the 

0.1 16 M0.325 (personal communication). 
These molecular weight values do not have 
biological significance in themselves, but are 
reported to describe the DNA used in the 
study. 

Results and discussion. Deoxyribonucleic 
acid from these pleuropneumonia-like orga- 
nisms undergoes sharp cooperative melting 
with a characteristic melting temperature in- 
dicative of double stranded molecules. Cen- 
trifugation in CsCl did not reveal the pres- 
ence of any satellite bands. The data in 
Table I show there is agreement between the 
guanine plus cytosine contents calculated 
from the density and T m  values. 

There is a marked heterogeneity of base 
composition, even within this selected set of 
PPLO, with the organisms falling into 3 
ranges or groups of G+C content. The 
G+C contents of the Calf and Goat orga- 
nisms are among the lowest reported for any 
microorganism, and coincide with a value 
recently reported for the agent of caprine 
pleuropneumonia, M .  mycoides var. Capri 
(11). No eubacteria have been shown to 
have such low G+C contents. Indeed these 
values are among the lowest known for any 
organism; other organisms known to have 

equation of Eigner and Doty: S20,m - - 

very low G+C contents are the ciliate proto- 
zoan, Tetrahymena, and the slime mold, Dic- 
tyostelium discoideum ( 12). A plausible con- 
clusion is that the values establish these or- 
ganisms as unique, and consequently they 
cannot be stable L forms of any known bac- 
teria ( 1 1 ) . Theoretically it is conceivable also 
that these forms might be mutants with 
altered base compositions; mutants with 
altered G plus C ratios have been described 
(13,14). 

The base composition of one other pleuro- 
pneumonia-like organism has been deter- 
mined ( 15). The deoxyribonucleic acid of M .  
gallisepticum (agent of an avian respiratory 
disease) was reported to have a density of 
1.693 gJcc; the G+C content calculated 
from this density is 30,6%, very close to 
that of the Sewage A saprophyte. 

Only the Eaton agent DNA has a G+C 
content near that of members of the Lacto- 
bacillaceae (39 %) . Certain other bacteria, 
notably Hemophilus species, possess the same 
average base composition (9,lO). In this re- 
spect it is interesting to note that Shope(l6) 
has recently described a new species, Hemo- 
philus pleuropneumoniae, that produces a 
pleuropneumonia in swine strikingly similar 
in pathology to bovine pleuropneumonia, the 
disease caused by the type organism of the 
pleuropneumonia group, Mycoplarma my- 
coides. 

Summary. Characterization of the DNA 
of 4 fermentative PPLO divides these orga- 
nisms into 3 distinct groaps, and demon- 
strates a fundamental heterogeneity within 
the class. Two of the organisms have guanine 
plus cytosine contents lower than any known 
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for eubacteria. DNA from the Eaton agent 
possesses the same average base composition 
as certain Lactobacillaceae and Hemophilus 
species; this finding is of special interest be- 
cause both PPLO and Hemophilus species are 
specific agents of interstitial pneumonias, and 
characteristic pleuropneumonias. 
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It is well established( 1,2,3) that estrogens 
are excreted mainly as sulfate or glucosid- 
uronate conjugates and that the formation 
of the latter requires uridine diphosphate glu- 
curonic acid (UDPGA) present in the sol- 
uble fraction of liver cells and a microsomal 
glucuronyl transferase. Previous studies (4,5), 
however, have indicated that the water-sol- 
uble estrogen metabolites formed by rat liver 
may differ from the normal conjugates pro- 
duced by other mammalian species and it 
was therefore decided to verify this by carry- 
ing out parallel incubations with rat and 
guinea pig liver preparations. In  addition, 
the comparative in vivo metabolism of es- 
trone-16-14C was investigated in these two 
species. 

Materials and methods. In vivo studies. 
Estrone-16-14C (0.98 pc in 25 pg) dissolved 
in 0.25 ml of ethanol was added to 5 ml of 
isotonic saline and given intraperitoneally 
to 2 young female albino guinea pigs (470- 

*This work was supported by the Nat. Cancer 
Inst. of Canada. 

490 g ) .  The same amount of radioactive 
estrogen was administered to 2 female Wistar 
rats (155-160 g) and the first 24-hour collec- 
tion of urine was pooled for each species. 
After adjusting the pH to 6.8, aliquots (0.2 
ml) of the urine were counted in a Packard 
Tri-Carb Scintilla tion Spectrometer before 
and after extraction with ether. I n  addition, 
3 ml samples of the rat and guinea pig urine 
were incubated for 48 hours at 37OC with 
2.5 mg (187 units) of bacterial P-glucuro- 
nidase in the presence of one drop of chloro- 
form (to retard bacterial growth) and ex- 
tracted with ether. Other samples (8 ml) 
were subjected to acid hydrolysis by reflux- 
ing with 2 N HCI for 2 hours and the amount 
of 14C removed by subsequent ether extrac- 
tion was determined. The radioactive estrone 
was purchased from Amersham (England) 
and was shown by chromatography and auto- 
radiography(4,6) to be virtually free of ra- 
dioactive impurities. 

I n  vitro studies. Subcellular fractions de- 
rived from 1801 mg of rat and guinea pig liver 


