
PPLO INFECTED 

present in plasma at various concentrations 
ranging from 0.001 to 0.011 mM where appar- 
ently they are largely protein bound (20), but 
the concentrations a t  sites of biological min- 
eralization are unknown. Zinc was the only 
element used that completely inhibited min- 
eralization at concentrations detected in plas- 
ma, i.e., 0.015 mM(8), but the data reported 
indicate that the inhibiting metallic ions m y  
act additively in preventing mineralization. 
Therefore, total concentration of the various 
inhibiting ions may be more pertinent than 
that of a single inhibitory element to prob- 
lems of bone mineral deposition. Whether 
aberrations in transport or concentration of 
these elements in any way contribute to 
clinical disorders of mineralization requires 
further study . 

Conclusion. The inhibitory effect of vari- 
ous metals on mineralization in vitro and on 
apatite crystal formation per se have been de- 
termined. Zinc, cadmium, manganese and co- 
balt inhibited mineralization of rachitic car- 
tilage matrix when present at concentrations 
of 0.10 mM or less. Cobalt was unique in 
preventing apatite crystal formation at  con- 
centrations inhibiting mineralization of mat- 
rix. These observations indicate that the 
possible inhibitory effect of certain metals 
must be considered in any study of mineral- 
ization involving use of biological fluids. 

The authors wish to thank Dr. F. C. Schwalbe, Jr., 
for his assistance in determination of trace elements. 
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For some time virologists have been aware 
of complications which might arise as a con- 
sequence of tissue culture contamination with 

tant since so many host-cell systems can now 
be grown in continuous culture as well as by 
primary explant technics( 1,2). Soon after 
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observing incidental PPLO contamination and 
persistence in established cell lines Hayflick 
and Stinebring( 3 )  were able to initiate experi- 
mental PPLO infections in the embryonated 
egg and in various primary cell cultures, where 
growth was observed both intracellularly and 
extracellularly . Recent metabolic studies (4) 
indicated that the pattern of amino acid me- 
tabolism in tissue culture was altered when 
cell lines were infected with large PPLO pop- 
ulations ; however when systems were infected 
with numbers of PPLO usually found as con- 
taminants in tissue cultures, no change in the 
amino acid metabolic pattern was observed. 
For the most part, media routinely used to 
cultivate mammalian cells did not permit re- 
plication of the usual PPLO contaminants; 
however when HeLa cells were present, PPLO 
multiplied ( 5) .  Nelson (6) demonstrated that 
HeLa cells infected with murine PPLO showed 
marked cytopathogenic alteration of the 
monolayer, following successive renewal of 
growth fluids over prolonged testing intervals. 
The present study was undertaken to detect 
metabolic a1 tera t ions following infection of 
cultured human cells with certain pathogenic 
and saprophytic PPLO, particularly those 
changes which might supplement cellular en- 
ergy-yielding mechanisms as a result of PPLO 
influence. Preliminary studies indicated that 
of the 5 cell lines tested (FL, DMB, D. Hov., 
HeLa and Chang conjunctival) the FL cells 
were most susceptible to the various stock 
PPLO we wished to use for such investiga- 
tions. 

Materials and methods.  Dr. D. G. Edward, 
Wellcome Research Laboratories, England, 
kindly supplied cultures of Mycoplasma laid- 
Zawii, M .  hominis and M .  agalactiae; Dr. H. 
E. Adler, University of California, Davis, pro- 
vided a strain of M .  gallisepticum. The 
PPLO were maintained in heart infusion 
broth (Difco), supplemented with 10% ster- 
ile horse serum which was purchased from 
Microbiological Associates and checked for 
absence of PPLO before it was included in cul- 
ture media. Two media were used to deter- 
mine viable numbers; the solid medium con- 
tained PPLO agar (Difco) and 10% horse 
serum while the liquid medium consisted of 
heart infusion broth, 10% horse serum, 0.8% 

glucose and phenol red indicator. Decimal 
dilutions of inocula were plated on solid me- 
dia and cultivated in liquid broth in order to 
determine approximate viable cell numbers. 
The FL strain of human amnion cells obtained 
originally from Microbiological Associates had 
been transferred 24 times in this laboratory; 
the last 5 passages were shown to be free of 
endogenous PPLO following treatment with 
aureomycin in concentrations of 2.5 pg/ml. 
Eagle's medium containing 10% calf serum 
served as culture fluid for amnion cells. 

Inoculum preparation. PPLO were grown 
48 hours at  37°C in heart infusion broth con- 
taining 10% horse serum. Cultures were 
then centrifuged at  1000 X g for 1 hour and 
the PPLO resuspended in phosphate buffered 
saline, pH 7. Each tissue culture bottle was 
inoculated with 2.5 ml of suspension con- 
taining 10* viable particles per ml. 

Phagocytosis mixture.  The phagocytosis 
mixture(7) consisted of 3.5 ml saline buf- 
fered with phosphate (0.1 M, pH 7 ) ,  700 
pmoles glucose, 350 pmoles Mg", 350 pmoles 
Ca++, 1.75 ml horse serum and an additional 
2.5 ml buffered saline containing 2.5 X lo* 
PPLO. 

Infection of monolayer. Milk dilution bot- 
tles (200 ml) were seeded with lo6 FL cells 
suspended in 10 ml Eagle's medium contain- 
ing 10% calf serum and cultures were incu- 
bated 48 hours at  37°C. Although a conflu- 
ent layer had not developed, cells were suffi- 
ciently stretched out to allow maximum cell 
surface exposure for phagocytosis. Before in- 
oculation the cell sheets were washed once 
with buffered saline, after which the phago- 
cytosis mixture was introduced. Preparations 
were held 90 minutes at  30°C; supernatant 
fluids were discarded and monolayers were 
washed again with buffered saline to eliminate 
superficial organisms. Eagle's medium was 
added and cultures were then incubated at  
37°C until PPLO growth could be detected. 

Fermentation studies. Because of the com- 
plex medium required for growth of M .  gal& 
septicum it was necessary to incorporate a ra- 
dioactive tracer in growth fluids in order to 
identify the products of glucose or lactate 
metabolism. Radioactivity recoveries were 
calculated from culture samples when M .  gal- 
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FIG. 1. Cytopatliogenic effect observed in  FL cells infected with M. gallisepticum 3 wk af te r  
infection. Magnification 75 X . 

Zisepticum was grown in tryptic digest broth 
(Difco) containing 10% horse serum and 
2 pc uniformly C14-labeled glucose or lactate- 
2-C14. Cultures were incubated at  37°C for 
24 and 48 hours. After appropriate incuba- 
tion intervals, acids in fermentation liquors 
were separated by celite column chromato- 
graphy( 8) ; then aliquots from each fraction 
were plated and radioactivity determined in 
an ultra-thin window nuclear gas flow 
counter. Glucose was measured by the glu- 
cose oxidase test using reagents of the Worth- 
ington Laboratories (9). 

Results. Following inoculation of amnion 
cells, the saprophytic strain M .  Zaidlawii A 
was found to disappear from cultures after 
48 hours’ incubation. FL cells infected with 
M .  agalactiae and M .  horninis were carried a 
total of 3 weeks, during which time one-fifth 
of the cells were transferred to new bottles at 
6-day intervals. After 3 weeks’ cultivation 

under these conditions PPLO could be dem- 
onstrated by plating supernates and washed 
cells on solid medium. No cytopathogenic 
effect was observed in these cultures during 
the test intervals when cultures were trans- 
ferred every 6 days. Cell cultures infected 
with 2 M .  gallisepticum were treated similarly 
throughout the experiment and after 3 weeks 
were found to show signs of cytopathogenic 
effect as described by Nelson (6) in his studies 
with murine PPLO-infected HeLa cells. The 
cell sheet showed patches where cells had 
rounded up and detached from the glass sur- 
faces (Fig. 1). 

M .  gallisepticum is an organism capable of 
dissimilating glucose with the production of 
acid. To observe the effect of tissue culture 
infection by these organisms, in terms of ac- 
cumulation of products from the fermentation 
of glucose, supernatant growth fluids of in- 
fected and non-infected tissue cultures were 
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TABLE I. Fermentation Products Following 2-C14 as substrate were terminated after 24- 
Growth of M .  galliscpticum in  FL Tissue Cultures. and 48-hour incubation intervals (Table 111). 

Acetate Pyruvate Lactate 
r-,umoles/10 ml-, 

Medium alone 16.5 14.0 25.0 
Control 1 15.4 19.8 79.2 

” 2 11.0 19.0 85.0 
” 3 13.0 13.2 78.0 

Infected 1 27.5 23.0 82.5 
” 2 21.0 17.6 81.4 
” 3 21.0 21.0 78.0 

Cells infected as described in  text were fed at 

In these studies some lactate was used as ace- 
tate was formed, although only 75% of the 
total radioactivity was recovered. It is as- 
sumed that the 25% deficit may possibly be 
accounted for by PPLO assimilatory proc- 
esses. 

Discussion. Chemical assay of culture 
fluids following growth of non-infected and 
infected FL cells with M. gallisepticum 

48- and 96-hr intervals after inoculation. Growth showed an increased acetate concentration in 
PPLO-infected systems. In studying the dis- fluids used for the above tests were collected from 

cultures 24 hr  after the last feeding. Organic acids 
separated by celite column chromatography are re- SimilatiOn of glucose by M .  gah!isepticum 
ported as   moles products per 10 ml test sample. alone, fermentation balances based on the Cultures were grown in Eagle’s medium containing 
10 yo calf serum. recovery of radioactivity in products follow- 

ing growth of an agent in a system contain- 
studied. Cell monolayers were inoculated as ing labeled substrate proved useful in these 
described in the Methods section and fed 
twice at  48-hour intervals; the culture fluids 

TART,E III. Lactate-2-Ol Dissimilation by M a  
gallisepticum. 

obtained for study were collected during the 
interval of 96 to 120 hours following infec- 
tion. When organic acids were separated by 
celite column chromatography from 1 ml cul- 
ture fluid samples it could be observed that 
the acetate concentration had increased in in- 
fected systems but this increase could not be 
detected in media controls or in uninfected 
tissue culture preparations (Table I). 

In fermentation studies with M .  gallisepti- 
cum, carried out to identify the products of 
glucose metabolism, uniformly labeled C14- 
glucose was dissimilated to acetate, lactate 
and COz with a 96% radioactivity recovered 

cts/min 24 hr  48 hr 
added cts/min cts/min 

substrate products products 

Lnctnte added 635,000 
CO? 0 0 
Acet at c 89,750 177,750 
Pyruvnte 0 0 
Lnctn te  remaining 374,750 312,000 

635,000 464,500 489,750 Total 

Recovery 73 % 77% 

,M. .qallisepticum was grown in  14 ml tryptic di- 
pest  broth containing 10% horse serum and 1 me 
lactate-2-Cl4. Medium was inoculated with 1 ml of 
a 48-hr PPLO broth culture. Samples for testing 
were removed after 24- and 48-hr incubation inter- 
vals. 

were required for growth of this PPLO (lo). 
These studies indicated that M .  gallisepticum 
dissimilates glucose with the production of 
lactate, acetate and COz, but when glucose is 

added substrate products substituted by lactate, the latter disappears 

TABLE 11. Glucose Dissimilation by M .  gallisep- 
ticum in Absence of FL but When Grown in 
a Complex Medium Containing CI4 Labeled Glucose. 

cts/min c t s/min 

Glucose 796,000 
co, 10,400 
Acetate 157,500 
Lactate 597,500 
Total 796,000 765,400 

. -Recovery 96% 

Organisms were grown i n  14 ml tryptic digest 
broth containing 10% horse serum and 2 pc  uni- 
f ormly labeled C14-glucose. Medium was inoculated 
with 1 ml W h r  PPLO broth culture and incubated 
24 hr. 

and acetate is formed. These data suggest 
that the increased acetate concentration found 
in tissue cultures infected with M .  gallisepti- 
cum is probably due to metabolic activities of 
the parasitic PPLO whereby the agent may 
dissimilate some of the lactate allowing ace- 
tate to accumulate as a product. In addition 
part of the acetate may be assimilated since 
25% of the radioactivity was not recovered 
in the products. 
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These observations suggest the possibility 
of dividing the Mycoplasma into 3 groups ac- 
cording to their effect on mammalian cells 
growing in tissue culture. The rather general 
working classification outlined below may 
prove useful and convenient in distinguishing 
saprophytic from pathogenic PPLO. Perhaps 
the first large division might include sapro- 
phytic Mycoplasma such as M .  laidlawii 
which shows little if any growth or multipli- 
cation in tissue cultures. PPLO considered 
to be primarily endogenous tissue culture con- 
taminants, in that they persist in small num- 
bers and establish an ecological equilibrium 
with the host, may comprise another large 
group. The third division could be composed 
of those PPLO thought to be potentially 
pathogenic for cell lines when maintained 2 
to 3 weeks in tissue culture, particularly when 
PPLO metabolic processes supplement or al- 
ter host cell metabolism. The reported data 
suggest that the strain of M .  gallisepticum 
studied, when growing in FL cells is a rather 
typical agent according to the third suggested 
PPLO grouping. 

Summary. Infection of FL tissue culture 
cells with M .  gallisepticum, M .  agalactiae and 
M .  hominis was achieved, while the sapro- 
phytic PPLO M .  laidlawii A could not be de- 
tected in such cells when cultivated for inter- 

vals longer than 2 days following infection. 
Parasitic PPLO remained in cell cultures for 
periods up to 3 weeks. After prolonged incu- 
bation, cytopathogenic effect could be demon- 
strated in cultures infected with M. gallisepti- 
cum. In addition, tissue cultures infected 
with M .  gallisepticum showed an accumula- 
tion of acetate in growth fluids. The latter 
observation, supported by appropriate iso- 
tope data, strongly suggests that acetate ap- 
pears as a product of lactate dissimilation by 
this PPLO. 
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Nutmeg, the seed of Myristica jragrans, 
contains a terpene-like compound, myris ticin, 
which for years has been identified as the 
principal active ingredient. This early obser- 
vation of Sir Henry Dale has been recently 
confirmed using both animal and human tests 
( 1 ) .  Nutmeg intoxication produces an un- 
usual syndrome in man involving, first, stimu- 
lation and a feeling of euphoria. This may 
extend into an acute toxic psychosis with an 
overdose and may be followed by a depressed 
state during recovery. 

There is a degree of structural resemblance 
between the chemical formula for myristicin 
and those of certain sympathomimetic amines. 
This is especially true when the methylenic 
group of myristicin is considered as isosteric 
with an amino group. This analogy is shown 
in Fig. 1. This similarity coupled with the 
stimulating action of nutmeg prompted a pre- 
liminary evaluation of myristicin and crude 
ground nutmeg for evidence of central mono- 
amine oxidase inhibition. . 

Materials and methods. Ground East In- 




