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Mycoplasma (PPLO) Strains with Lytic Activity for Murine Lymphoma 
Cells in vitro.* (28052) 
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Wistar Institute of Anatomy and Biology, Philadelphia, Pa. 
LIONEL A. MANSON (Introduced by David Kritchevsky) 

Several years ago, contaminant agents ca- 
pable of completely destroying cultures of the 
murine lymphoma cell line L5178Y were iso- 
lated from several virus pools. These agents 
were discovered while studying the viral 
spectrum of L5178Y cells and were derived 
from virus pools grown in tissue culture. No 
association could be shown between the pres- 
ence of the contaminants and any particular 
virus, and passage of the agents in L5178Y 
cultures resulted in complete loss of the vi- 
ruses in question. Similar agents, sharing the 
same lytic activity for L5178Y cells in vitro 
have since been isolated from many uninocu- 
lated tissue culture strains and lines. This 
paper reports results of work which indicates 
that these agents represent a distinct group 
of mycoplasma. 

Materials and methods. The L5178Y cell 
originated from a lymphoblastic leukemia of 
a DBA/2 mouse. The origin and serial cul- 
tivation of these cells have been described by 
Fischer ( 1). Cells were grown in stationary 
tubes (they do not adhere to the glass) with 
silicone stoppers and cultivated in serial pas- 
sage with “L-1” medium to which was added 
calf serum ( 5 % ) , penicillin ( 100 units/ml) , 
and streptomycin (100 pg/ml). L-1 medium 
is similar to that reported, by Fischer, the 
only difference being that a defined amino 
acid mixture(2) is substituted for the casein 
hydrolyzate and amino acids of the earlier 
medium. 

For demonstration of mycoplasma colonies 
on agar the medium devised for cultivation 
of the Eaton mycoplasma was used (3). This 
consists of commercial PPLO agar (Difco) 
supplemented with freshly prepared (or 
stored at  -2OOC) yeast extract (10%) and 
unheated horse serum (20%). Colonies on 
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agar were tested for their ability to retain the 
Dienes stain(4) by direct application of di- 
lute stain to the colonies. 

Tissue cultures, other than L5178Y cells, 
were generally grown in a modified Eagle’s 
Basal Medium( 5)  obtained from Microbio- 
logical Associates, Inc. with added calf serum 
( lo%), penicillin (100 units/ml) , and strep- 
tomycin ( 1001 pg/ml). 

The first 2 agents studied have been re- 
ferred to as “B-7” and “12-3”. B-7 was 
isolated from a polyoma virus pool received 
from Dr. E. A. Mirand, Roswell Park Me- 
morial Inst., Buffalo, N. Y. 12-3 was iso- 
lated from a Coxsackie virus pool obtained 
from Dr. K. Hummeler, Children’s Hospital, 
Philadelphia, Pa. In addition, over a hun- 
dred independent isolations were made from 
various diploid and heteroploid cell cultures, 
most of which came from the same laboratory 
within a 2-month period. Those derived from 
human fetal material represented 2nd to 45th 
passage cultures, similar to those described 
by Hayflick and Moorhead( 6).  Lytic myco- 
plasma were also isolated from serially propa- 
gated human diploid cells but not from pri- 
mary human fetal cultures; both strains were 
purchased from the same commercial source. 
In addition, one of 5 HeLa cell sub-lines 
tested was positive for lytic mycoplasma; 
this culture was also contaminated with non- 
lytic mycoplasma. 

Most of the studies reported here utilized 
the B-7 and 12-3 strains as well as 4 strains 
isolated from human diploid cell strains and 
referred to as L.M.l, L.M.2, L.M.3 and 
L.M.4. 

Growth of lytic mycoplasma in 
L5178Y cultures. The average generation 
time of L5178Y cells in control cultures var- 
ied from 1 2  to 20 hours, with exponential 
growth occurring from a few thousand cells 
per ml up to 1.6 X lo6 cells per ml, a t  which 
Doint the DH reached about 6.8 and multipli- 
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standard dilution-end-point technics in fresh 
tube cultures of L5178Y cells. Such titra- 
tions proved to be reproducible and yielded 
sharp end points if the cultures were subcul- 
tivated every second day for 10 days. 
L5 178Y cell culture lysates of these agents 
generally titered lo6 to 107e5 lytic activity 
units ( i .e . ,  TCID5,/ml) in this system. 

All of the agents described have been read- 
ily carried in L5178Y cell cultures for many 
passages without evident change in their 
properties. L- 1 medium without cells neither 
supported replication nor prevented thermal 
inactivation of these agents when such media 
controls were incubated at  37°C. 

Growth of lytic mycoplasma on agar. Nu- 
merous attempts to demonstrate mycoplasma 
in the stock L5178Y cell line by plating sam- 
ples of these cultures onto ‘PPLO’ agar have 
been negative. Spontaneous lysis of L5 178Y 
cultures has not occurred in our experience. 
In addition, attempts to “induce” lytic agents 
in L5 178Y cultures irradiated with graded 
doses of ultraviolet light have been negative. 

However, lysates of L5178Y cultures that 
had been inoculated with any of these active 
materials (i.e.,  passage Iysates or “lytic-ac- 
tive” tissue cultures) when plated onto agar 
yielded distinct colonies up to 0.1 mm in dia- 
meter within 2 to 10 days of incubation at  
37°C (Fig. 2 and 3).  The colonies of the 
L.M.1-4 strains were typically dense, finely 
granular, and often lacked the classical “fried- 
egg” appearance. The B-7 and 12-3 strains, 
however, produced colonies that were similar 
to the appearance of such well-studied myco- 
plasma strains as Campo and T-5. The B-7 
and 12-3 colonies also appeared more rapidly 
on agar than the L.M.1-4 strains. 

Colonies of all strains studied retained the 
Dienes stain to some extent, B-7 and 12-3 be- 
ing most clearly positive in this regard. 

To  verify the identity of the mycoplasma 
colonies that appeared on these agar plates 
with the in vitro “lytic activity” (that could 
be passed in L5178Y cells), single colony 
transfers were carried out with Pasteur pip- 
ettes and an inverted microscope. Such 
transfers of single colonies were done in 
series through 3 or more agar passages fol- 
lowed by single colony transfers to L5178Y 

FIG. 2. Colonies of B-7 on ‘PPLO’ agar 
( X  297). 

FIG. 3. Colonies of L.M.2 (a human diploid cell 
strain isolate) on ‘PPLO’ agar ( X  297). 

cultures. Comparable “blank agar” transfers 
were used as controls, All of these agar- 
passed mycoplasma that were derived from 
L5178Y cell lysates retained their lytic ac- 
tivity for L5 178Y cells. 

Lytic  and non-lytic mycoplasma. Many 
samples of media and cells from various dip- 
loid cell strains were inoculated both into 
L5178Y cell cultures and onto agar plates. 
If colonies grew on the agar plates, several 
from each plate were picked under direct ob- 
servation using an inverted microscope and 
tested for lytic activity in fresh L5178Y cul- 
tures. A significant proportion of these agar 
plates yielded no colonies though the corre- 
sponding L5178Y culture was positive for 
lytic activity. When such lysed L5178Y 
cultures were plated onto agar, numerous 
colonies developed. 

Of the agar plates directly inoculated with 
diploid cell culture material and yielding my- 
coplasma colonies, many contained mixtures 
of lytic and xion-lytic mycoplasma as tested 
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by single colony inoculation into L5 178Y cul- 
tures. Although the 2 types of colonies were 
not always clearly distinguishable morpho- 
logically, their lytic activity appeared to be 
a stable marker: lytic mycoplasma consis- 
tently remained lytic after serial passage on 
agar and non-lytic mycoplasma remained non- 
lytic on passage. 

When non-lytic mycoplasma were inocu- 
lated into L5178Y cells, the cultures showed 
no change in growth rate, rate of acid pro- 
duction, or lysis. Furthermore, these non- 
lytic mycoplasma could be recovered from 
the culture only sporadically and in low yield. 
Presence or absence of antibiotics did not 
alter the result. 

The contaminated cell lines and strains 
contained various levels of either pure or 
mixed (with respect to the lytic marker) my- 
coplasma contamination. In general, how- 
ever, those contaminated tissue cultures that 
yielded large numbers of colonies on direct 
agar plating contained primarily non-lytic 
mycoplasma that grew rapidly on agar. Cul- 
tures yielding only a few (or no) colonies on 
direct plating contained predominantly lytic 
mycoplasma that grew slowly on agar. 

Ecology of Zytic mycoplasma. Definite in- 
formation concerning the occurrence of lytic 
mycoplasma is lacking. These agents could 
be isolated from only a few of the many vi- 
rus pools tested (L5178Y cells are resistant 
to most viruses tested). Many of the addi- 
tional isolates made from uninoculated tissue 
cultures came from the same laboratory and, 
therefore, might all be identical. Lytic my- 
coplasma have not been isolated from pri- 
mary mouse, hamster or chicken embryo cell 
cultures, or from L cell, P388D1, and ham- 
ster hemangioma lines carried in this labora- 
tory. Forty-two organ extracts from 14 hu- 
man fetuses were negative for lytic activity. 
Our results are, therefore, not inconsistent 
with the hypothesis that tissue culture myco- 
plasma originate from laboratory contamina- 
tion (7). 

In addition, mycoplasma strains Campo, 
T-5, Eaton mycoplasma, and 7 unclassified 
human pharyngeal isolates have been found 
to be non-lytic. (The Campo and T-5 strains 
were obtained from Dr. Harry Morton, Univ. 

TABLE 11. Thermostability of B-7 Lytic Myco- 
plasma a t  Various Temperatures. 

Storage temp, "C Half -1if e" 

-60 Appros 1 mo 
10 5 days 
37 7 hr 
50 1.5 min 

*Each  determination is the average of a t  least 
2 independent estimates. 

of Pennsylvania; the human pharyngeal iso- 
lates from Dr. Robert Chanock, Nat. Inst. of 
Allergy & Infect. Dis.) 

Stability and size of lytic mycoplasma. 
The thermostabilities of these agents were es- 
timated from tube dilution titrations (in 
L5178Y cultures) of lysates stored at  various 
temperatures in sealed glass ampoules. Av- 
erage results of a t  least 2 independent esti- 
mates for each temperature are tabulated in 
Table I1 for the B-7 strain. These and other 
results indicated that these lytic mycoplasma 
were not unusual with respect to their thermo- 
stability as compared to other mycoplasma 

Lysates of 6 strains of lytic mycoplasma 
were passed through Millipore filters of pore 
sizes 450 mp, 300 mp, 100 mp and 50 mp. 
Little loss in titers of filtrates that had 
passed 450 mp or 300 mp filters occurred, 
but there was complete loss of lytic activity 
in filtrates passed through the 50 mp pore 
filter. Rarely could recovery be made from 
the filtrates of the 100 mp filters. 

Growth of lytic mycoplasma in cells other 
than L5178Y. The cell cultures that had 
yielded mycoplasma lytic for L5 178Y cells 
were not grossly cytopathic at  time of test- 
ing. Consequently, attempts were made to 
determine whether these agents would grow 
and manifest cytopathic effects in other types 
of cell cultures. In one series of experiments, 
groups of tubes of various types of cell mono- 
layers were exposed for 2 hours to 100 L.U.no 
(lytic activity units as measured in L5178Y 
cell system titrations) of B-7. These cultures 
were then washed with media 4 times, fresh 
media replaced, and after 0, 3, 6 and 9 days' 
incubation, cultures were removed for titra- 
tion in the L5178Y cell system. Titration av- 
erages for 5 different types of cell cultures are 
represented in Fig. 4. These cultures showed 

(8). 
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DAYS AFTER INOCULATION 
FIG. 4. Titers of various cell cultures at 0, 3, 6 
and 9 days after inoculation with 100 lytic units 
B-7 lytic mycoplasma. Filled circles indicate cul- 
tures without evident cytopathology ; star indicates 

cultures with advanced cytopathology. 

no gross cytopathology throughout the ob- 
servation period except for P388D1 cultures 
which were completely destroyed. 

These results demonstrate first, that in a 
variety of cell culture types, agent replica- 
tion seemed to occur a t  comparable rates and 
reached similar peak titers to those attained 
in L5178Y cultures. Second, none of these 
cells showed any evident cytopathology or 
diminished growth rate except P388D1 cells 
which were completely destroyed. I t  is note- 
worthy that P388D1 cells originated from a 
DBA/2 mouse lymphoma as did L5178Y 
cells (9) . 

In addition, monolayer cultures of hamster 
embryo, mouse embryo (including whole 
mouse embryo cultures of DBA/2 mice), L 
cells and HeLa cells were maintained for 
many weeks following infection with lytic 
mycoplasma. Such cultures remained in- 
fected as long as they were carried, At no 
time was any cytopathic effect evident, and 
growth rates of control and infected cultures 
appeared equal. 

In one experiment, mouse embryo cultures 
chronically infected for one month with B-7 
were trypsinized, the cells washed 3 times 

with specific rabbit antiserum prepared 
against the B-7 agent, and dilutions of cells 
inoculated into L5178Y cell cultures. The re- 
sults of this experiment (Table 111) were in- 
terpreted as indicating that a minor propor- 
tion of these mouse cells contained the B-7 
agent at any one time. Direct titrations of 
tissue cultures chronically contaminated with 
lytic mycoplasma gave variable results but 
generally contained lo2 to lo4 L.U. per ml of 
the whole culture. 

The pattern of colonies which developed 
when such whole cultures were plated directly 
onto 'PPLO' agar suggested that most of the 
organisms were cell-associated : any colonies 
that appeared tended to be clustered around 
and on the residua of the dead cells. 

Response of animals to  lytic mycoplasma. 
An attempt was made to develop a sero- 
logical procedure analogous to the neutraliza- 
tion reaction commonly used in virus studies. 
Rabbits were subjected to multiple injections 
of B-7 or 12-3 lysates or uninoculated 
L5178Y cells in Freund's adjuvant. The 
sera were collected 3 weeks after the last in- 
jection and adsorbed with L5178Y cells to 
reduce their toxicity for growing L5 1 78Y cell 
cultures. Dilutions of such sera were incu- 
bated with 100 lytic-activity units of the vari- 
ous mycoplasma strains and the mixtures 
then added to fresh L5178Y cultures. By 
this method it wits possible to demonstrate 
that a 1:60 dilution of either the anti-B-7 or 
the anti-12-3 serum was the highest dilution 
that would neutralize 1010 lytic-activity units 
of B-7 or 12-3 respectively. The pre-immuni- 
zation sera of these rabbits and the anti- 
L5 178Y cell sera were without neutralizing 
ability either before or after adsorption with 
L5 178Y cells. Furthermore, cross neutrdiza- 
tion tests showed that either the anti-B-7 or 

TABLE 111. Proportion of Cells Infected in  a 
Whole Mouse Embryo Culture, Without Evident 
Gross Cytopathology, Chronically Contaminated 

With B-7 Lytic Mycoplasma. 

No. of ce11s"inocu- 1620 162 16 1.6 
lated into each of 
16 L5178Y cultures 

Proportion of cul- 16/16 16/16 12/16 1/16 
tures positive 

* Conditions of experiment described in  text. 
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TABLE IV. Median Survival of DBA/2 X BALB/E F, Hybrid Mouse Groups Receiving 
L5178Y Cells Intraperitoneally Followed by B-7 Lytic Mycoplasma. 

No. of L5178Y cells Log lytic units No. of Median survival 
inoculated I.P. of B-7 inoculated Time of B-7 inoc animals (days) 

15,000 
15,000 

Exp 1 15,000 
15,000 
15,000 

1,500,000 

Exp 2 1,500,000 
1,500,000 
1,500,000 

1,500,000 

none 
3.5 
3.5 
5.5 
5.5 

none 
3.5 
3.5 
5.5 
5.5 

5 
1 hr after cells 3 

48 I’ I’ 3 
1 ’I  3 

48 ” ” ” 3 
5 

1 hr after cells 3 
48 ’I 3 
1 I’ ’I  ” 3 

48 ” ” I’ 3 

- 

- 

28 
29 
28 
28 
28 
18 
17 
19 
21 
19 

anti-12-3 serum was equally effective in neu- 
tralizing B-7 or 12-3 but that neither serum 
had any effect on any of the L.M.1-4 strains. 
It was thus concluded that B-7 and 12-3 
strains were probably identical, but were dif- 
ferent from at  least some of the lytic myco- 
plasma isolated from tissue cultures. 

Many attempts were made to demonstrate 
establishment of infection in rats, mice or 
hamsters with lytic mycoplasma, by inocu- 
lating lysates by intracerebral, intraperitoneal 
or subcutaneous routes into newborn or young 
adult animals. The animals were followed 
for appearance of disease, and after various 
periods sera were tested for neutralizing anti- 
body and tissues for lytic activity. Recovery 
of the organisms from tissues or demonstra- 
tion of neutralizing antibody was not 
achieved. No apparent disease was produced 
and, in particular, the inoculation of large 
single doses of lytic mycoplasma into DBA/ 
2 mice was without effect, either clinical or 
serological. 

Attempts to demonstrate in vivo oncolysis. 
The unusual cytopathogenicity of these lytic 
mycoplasma for both L5178Y and P388D1 
cells prompted investigation of the effects of 
these agents on growth of one of these tumor 
lines in genetically susceptible hosts. In one 
experiment, survival times of DBA/2 X 
BALB/C FI hybrid mice that had received 
L5178Y cells i.p. were compared with those 
of such mice that had received both L5178Y 
cells and an inoculation of B-7 mycoplasma. 
Results (Table I V )  indicate no oncolytic ef- 
fect. When several dying mice which had 
received B-7 were tested for neutralizing an- 
tibody against B-7, results were negative. 

In  a similar experiment, an additional 
group of mice was inoculated with L5178Y 
cells that had been pre-incubated for 2 hours 
with B-7 at  a multiplicity of about 100 lytic 
units per cell. There was no evidence of pro- 
longation of life in animals receiving B-7, and 
furthermore, the group that received cells 
premixed with B-7 was not protected. 

During this experiment it was possible to 
harvest ascites fluids containing up to lo9 
cells/ml from dying animals of 3 groups: ani- 
mals that had received only L5178Y cells, 
animals that had received LS178Y cells and 
B-7 separately, and those that had received 
pre-mixed L5178Y cells and B-7. These as- 
cites cells were immediately suspended in L-1 
media (to a count of lOO,OoO/ml) and their 
sensitivity to B-7 compared to each other and 
to cells that had been carried in continuous 
culture. This was accomplished by replicate 
titrations of dilutions of a single aliquot of 
B-7 in the 4 groups of cell cultures. No dif- 
ferences in the sensitivity of cells having vari- 
ous histories could be demonstrated, and con- 
trol tubes of all cell groups grew continuously 
thereafter. 

The mechanism of lysis ob- 
served with these lytic mycoplasma in the 
in vitro system is obviously confounded by 
the complete failure to demonstrate oncolysis 
in vivo. No evidence was obtained that in 
vivo protection of the L5178Y cells from ly- 
sis was attributable to production of anti- 
mycoplasma antibody. Growth conditions of 
the L5178Y cells in vivo were obviously dif- 
ferent from in vitro conditions, since maximal 
cell concentrations achieved in the ascites 
fluids exceeded by a thousand-fold the maxi- 

Discussion. 
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mum in L-1 media. It might be speculated 
that under in vivo conditions selection for re- 
sistance or autoprotective antibody formation 
(by the L5178Y cells) occurs. However, no 
evidence for any such change in susceptibility 
could be demonstrated in the freshly har- 
vested ascites cells derived from cells exposed 
to lytic mycoplasma. 

Of the many types of cell cultures found 
to be able to support the growth of these ly- 
tic mycoplasma only 2 types of cells were 
affected adversely. Both of these (L5178Y 
and P388D1) are malignant lymphoblastic 
cells of DBA/2 origin. Yet massive inocula- 
tion of lytic mycoplasma into DBA/2 mice 
at  various ages and by various routes proved 
innocuous and, so far as could be determined, 
non-infectious. In addition, whole mouse 
embryo cultures of DBA/2 mice were as re- 
sistant to any discernible cytopathic effects 
as were the other types of cell cultures tested. 

The lytic reaction associated with this dis- 
tinct, but as yet poorly defined, group of my- 

dia, react differently to these lytic myco- 
plasma. 

The L5 178Y cell system appears to be suit- 
able for investigation of these distinct myco- 
plasma; using this system it is possible to de- 
tect, isolate and quantitate these agents with 
a high degree of sensitivity and reproduci- 
bility. Preliminary results also suggest that 
simple serological methods using the L5 178Y 
cell culture in a neutralization test will aid the 
classification of these agents. 

Summary. Preliminary characterization of 
a group of mycoplasma that are cytocidal for 
L5178Y and P388D1 cells, but not for many 
other tissue culture cells, is presented. Lysis 
of these murine malignant lymphoblasts is a 
property not shared by many other myco- 
plasma including such agents as Campo, T-5, 
and Eaton mycoplasma. 

Appreciation is extended to Dr. Robert Roosa, 
Wistar Inst., Philadelphia, Pa., who helped with the 
oncolysis attempts. 

known. 
Obviously, indirect mechanisms mus t also 

be considered in attempting to understand 
the in vitro lytic reaction. Destruction of the 
susceptible cell cultures may depend upon 
factors other than cellular infection, such as 
mycoplasma-cell competition for a critical nu- 
trient or mycoplasma-cell interaction yielding 
a product toxic for the cells. These possibili- 
ties have not been explored, but it is of inter- 
est that 2 malignant murine cell lines, L-cells 
and P388D1 cells, grown with the same me- 
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