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When using tissue culture as a tool for screening antitumor agents, most
cell cultures were contaminated with mycoplasma and attempts were made to
eliminate the mycoplasma from the cell cultures with antibiotics. Several
strains of mycoplasma tested were highly sensitive to macrolide antibiotics and
antitumor antibiotics. Among macrolide antibiotics, leucomycin group such as
leucomycin, spiramycin and tylosin were more active than erythromycin group,
such as erythromycin and oleandomycin. In contrast to the results in vitro,
mycoplasma infected naturally in the cultured cells was highly resistant to the
antibiotics, but mycoplasma (strain Campo) inoculated in embryonated eggs was
completely eliminated with 2 injections of 40 meg/egg of leucomycin.

Tissue culture is often used as a tool for screening antitumor agents, but many
reports have been made of tissue culture contamination by mycoplasma, since Robinson
etal.x) first described it in 1956. On the other hand, Newnham et al.2) reported that
strains of mycoplasmas were sensitive to several known antibiotics in vitro. The

present authors have attempted to eliminate mycoplasma from experimantal animals

and cell cultures with antibiotics, especially with leucomycin.

Materials and Methods

Strains of Mycoplasma
Mycoplasmas used in this study were the following 5 strains : Strains 07 {Mycoplasma

hominis type 2), A-63 (unidentified), and Campo (M. hominis type 2) were isolated from
humansources, strain KP-13 (M. gallisepticum) from a chicken, and strain 15T (uniden-
tified) from a rat. All were obtained from the Department of Microbiology, Keio Univer-
sity Medical School.

Antibiotics Tested
The antibiotics used were as follows : Broad spectrum antibiotics such as chlorampheni-

col, tetracycline, and chlortetracycline ; macrolide antibiotics such as carbomycin, erythro-
mycin, oleandomycin, leucomycin Al9 spiramycin, and tylosin ; antitumor antibiotics such
.as actinomycin S, mitomycin C, G-253, chromomycin A3, pactamycin, puromycin, strepto-
nigrin, nucleocidin, and quinomycin A ; antibacterial antibiotics such as cycloserine, fradio-
mycin (neomycin), kanamycin, streptomycin, polymyxin B, chartreusin, and helvolic acid ;
antifungal antibiotics such as amphotericin B, fumagillin, nystatin, oligomycin, trichomycin,

and cerulenin.

* Suppported in part by grant CA-05085 from National Cancer Institute, Public Health Service,
U.S.A.

A preliminary report was presented at the 39th Annual Meeting of the Japanese Society of
Bacteriology in 1966SK
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   Culture Mediuiri Used
  Though various culture media were used for the detection of rnycopiasmas, a new
mycoplasma medium "Hokken Mycoplasma Agar or Broth" was employed in the experi-
ments. This medium consists of 0.7 % Hokken heart extract, 1.0 % purified peptone, 0.1 %
yeast extract, and 0.5% sodium chloride. It was used with or without 0.8% purified
agar at pH7.8. After autoclaving for 15 miuntes at 121°C, it was cooled to 50-^55°C, and
added with 15 ml of mycoplasma serum from which a growth inhibiting factor for myco-
plasma was eliminated by a specific method. It was found that the growth of mycoplasma
on this medium was superior to those used hitherto. Mycoplasma suspension of lO^lO8"
viable units/ml were used by diluting with the mycoplasma broth.
  Detection of Mycoplasmas
  For the detection of mycoplasmas, a small portion (0.02 ml) of the test solution was
placed in agar plates prepared with the mycoplasma medium. Very small mycoplasma
colonies became visible on the agar plate after incubation for 4 days at 37°C. Growth was
confirmed under a microscope at a low magnification (x60). All the strains used in this
experiment grew well on this medium.
 The colonies of these mycopla-    Table ^ £ffect of antibiotics on 6 strains
smas grown on the mycoplasma        of mycoplasmas in vitro

agar plate after incubation for 96
hours were generally multiform,
and varied in size and external

appearance according to the strains
used. Strains Campo and 15T
showed a "fried egg" appearance

with a convex center. The convex
center became recognizable after
48-hour incubation.

Experimental Results

1. In vitro Sentitivity
of Mycoplasmas to
Various Antibiotics

Agar plates were prepared by
adding various antibiotics to the
mycoplasma agar medium in
various concentrations. The test
strain grown in the mycoplsma

broth was inoculated onto the
plates. After incubation for 96

hours at 37°C the minimal inhibi-
tory concentration was determin-

ed as indicated in Table 1. All
the strains used in this experi-

ment were sensitive to the mac-
rolide antibiotics, leucomycin,
spiramycin, tylosin and carbo-

mycin, and to the antitumor
antibiotics, actinomycin S, chro-

S t r a i n s  a n d  M I C  o f  a n t i b i o t i c s  ( ju g / m l )

1 5 T  K P - 1 3   0 7   C a m p o  A - 6 3

C y c lo 5 0 1 0 0

F r a d i o m y c i n 2 5 1 2 . 5 6 . 3    3 . 1 1 2 . 5

K a n a m y c in 1 0 0 6 . 3 6 . 3    0 . 4 1 . 6

S t r e p t o m y c i n 1 0 0 1 0 0 1 0 0    1 0 0 1 0 0

C h l o r a m p h e n i c o l 3 . 2 0 . 4 1 2 . 5    3 . 2 1 . 6

C h lo r t e t r a c y c l i n e 6 . 3 0 . 4 5 1 . 2 0 . 4

T e t r a c y c l i n e 6 . 3 1 . 6 1 . 6 1 . 6 1 . 6

E r y t h r o m y c in 1 2 . 5 1 2 . 5 1 2 . 5 2 5 1 2 . 5

O le a n d o m y c i n 1 0 0 1 2 . 5 2 5 1 2 . 5 1 2 . 5

C a r b o m y c i n 1 2 . 5 3 . 1 3 . 1 3 . 1 3 . 1

L e u c o m y c i n 1 . 6 0 . 8 1 . 6 0 . 4 0 . 8

S p i r a m y c i n 0 . 8 0 . 4 6 . 2 5 3 . 1 0 . 8

T y l o s in 0 . 8 1 . 6 1. 6 6 . 3 6 . 3

A m p h o t e r i c i n  B 2 5 1 2 . 5 5 0 1 2 . 5

O l ig o m y c i n 6 . 3 5 0 5 0 5 0

T r i c h o m y c i n 6 . 3 1 2 . 5 1 2 . 5 1 2 . 5 6 . 3

N y s t a t in 1 0 0 1 2 . 5 1 0 0 5 0 1 0 0

F u m a g i l li n 5 0 5 0 5 0 2 5

C e r u l e n i n 1 0 0 1 2 . 5 1 0 0 1 0 0 5 0

A c t i n o m y c in  S 0 . " 0 . 4 0 . 4 0 . 4 0 . 4

C h r o m o m y c i n  A 3 o . s 0 . 1 5 1 . 5 6 . 1 5 0 . 6 5

M i t o m y c i n  C 0 . 0 1 0 . 1 6 0 . 1 6 0 . 1 6 0.  1 2 ,

G-253  C 1 0 0 . 1 6 0 . 1 6 1 . 6 0 . 0 6

P u r o m y c in 1 . 6 0 . 1 0 . 4 (U 1 2 . 5

Q u i n o m y c i n  A 0 . 4 0 . 1 6 1 . 6 0 . 8 0 . 8

S t r e p t o n i g r in 5 0 1 2 . 1 3 . 1 3 . 1 6 . 3

N u c le o c i d i n 1 2 . 5 6 . 3 2 5 6 . 3 1 2 . 5

C a r z in o s t a t i n 2 5 2 5 5 0 2 5

P a c t a m y c in 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

C h a r t r e u s i n 5 0 2 5 6 . 3 6 . 3 1 2 . 5

H e l v o l i c  a c id 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

P o l y m y x i n  B 1 0 0 5 0 1 0 0 5 0 5 0
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momycin A3, mitomycin G, puromycin, and quinomycin. The activity of erythro-
mycin and oleandomycin was weaker than the other macrolides. Chloramphenicol,
tetracycline, and chlortetracycline were effective. Of the basic glucoside antibiotics,
streptomycin had almost no activity. There were no effective antifungal antibiotics,

e

xcept for trichomycin, which was slightly effective.

2. Elimination of Naturally Infected Mycoplasmas
from Tissue Cell Lines

When the suspensions of tissue cell lines of L, FL, HeLa, and KB preserved in

our laboratory were inoculated on the mycoplasma agar medium, mycoplasma was

detected except in the KB cells.
For the purpose of eliminating mycoplasma from these cultured cells, 105 cells/ml

of HeLa cells contaminated with mycoplasma were incubated in Hank's balanced salt
solution(HSS), which contained 100 units/ml of penicillin and 100 mcg/ml of strepto-
mycin, at 37°C for 2 days. The culture was then transferred to HSS containing
various amounts of antibiotics, and incubated for 10 days. Examination for myco-

plasma was made at intervals. Leucomycin Ax and G-253 (an antitumor antibiotic
similar to mitomycin) were used. Concentrations of 5-100 mcg/ml of leucomycin Al9
0.5 mcg/ml of G-253, and 100 units of penicillin plus 100 mcg/ml of streptomycin had
no influence on the growth of the cultured cells.

Ta ble 2 . E ffec t o f a n tib iot ic s o n m y c o p la s m a in H e L a c e lls

C o n c e n tr a t io n (ju g /m l)
T o t a l n u m b e r o f m y c o p la sm a c o lo n ie s/m l

in t h e c u ltu r e

L e u c o m y c in
n
S tre p to -

G - 2 5 3
B ef o r e A f te r

A , P e n ic illin m y c m tre a tm en t 2 d a y s  5 d a y s  7 d a y s  1 0 d a y s

1 0 0

1 0 0

0 . 5

1 0 * ~ 6 0 1 ~ 2 0 2 ~ 5 1 0

5 0

1 0 0

1 0 ~ 6 0 1 - 2 0 2 - 5 1 0

2 0 1 0 ~ 6 0 2 ~ 5 1 - 2 2 - 5 1 0 - 6 0

1 0 1 0 ~ 6 0 2 - 5 1 ~ 2 2 - 5 1 0 - 6 0

5 n 1 0 ~ 6 0 1 ~ 2 2 ~ 5 1 0 1 0 - 6 0

1 0 0 1 0 ~ 6 0 1 0 - 6 0 0 1 - 2 1 - 2

5 0 0 . 5 1 0 - 6 0 1 - 6 0 0 1 ~ 2 2 - 5

0 . 5 1 0 ~ 6 0 1 0 - 6 0 1 ~ 2 1 1 0- 6 0

2 0 1 0 - 6 0 2 - 5 0 1 0 1 0 ~ 6 0

1 0 1 0 0 I I 1 0 0 I I 1 0 - 6 0 2 - 5 2 ~ 5 2 ~ 5 1 0 ~ 6 0

5 1 0 0 1 0 0 1 0 ~ 6 Q 2 ~ 5 2 ~ 5 1 0 - 6 0 1 0 - 6 0

C o n tr o l 1 0 - 6 0 > 6 0 > 6 0 > 6 0 > 6 0

Number of colonies grown on mycoplasma agar plate.

As shown in Table 2, total number of mycoplasma in the broth culture was
decreased 2 days after addition of leucomycin At alone or with G-253. After 5 days
with 50 and 100 mcg/ml of leucomycin alone or with G-253, no colonies were observed,
but after 7 days a few colonies reappeared. With 20-5mcg/ml of leucomycin A,
the number of mycoplasma was decreased after 5 days, but was the same as before

treatment after 10 days.
3. Antibiotic Sensitivity to Mycoplasma Infected in KB Cells

KB cells were used in the following experiment because they were found to be
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Table 3. Effect of antibiotics against
3 strains of mycoplasma tested in
the KB cell culture

M I C  o f  a n t i b i o t i c s  O g / m l )

A - 6 3   1 5 T    0 7

C h l o a m p h e n ic o l

T e t r a c y c l i n e

2 5 0 5 0  5 0 0 2 5 0  5 0 0 5 0

C h l o r t e t r a c y c l in e

E r y t h r o m y c i n

O l e a n d o m y c i n

1 0 0

2 5 0

5 0 0

2 5 0  2 5 0

2 5 0  1 0 0

1 , 0 0 0  5 0 0

L e u c o m y c i n 2 5 0    2 5 0 1 0 0

S p i r a m y c i n

C h a r t r e u s i n

M it o m y c i n  C

2 5 0  2 5 0

5 0 0  5 0 0

3 . 2  1 . 6

5 0 0

5 0 0

3 . 2

naturally free from mycoplasma. Mycoplas-
ma strain 15T, A-63, or 07 was inoculated

into the KB cell culture tubes, incubated for
3 days, and then antibiotics which were ef-
fective against these organisms in vitro were

added at various concentrations and incubated
at 37°C for 4 days.

As shwon in Table 3, mycoplasmas in KB
cells were remarkably resistant to the anti-
biotics compared to those mycoplasmas free
from tissue cells.

4. Experimental Treatment of Mycoplasma-infected Mice with Antibiotics

Female mice (ddN)9 weighing 20g, were obtained from an animal breeder and the

mouth and genital organ of the mice were washed with physiological saline solution.

Mycoplasma was positive in 22% of the washings from throat, in 20% from larynx,
12 % from trachea, and in 32 % from genitalia. These mice were infected intranasally

with 0.02ml of a broth culture of Campo strain containing 106^108 cells/ml. By this

artificial infection, the number of mycoplasma colonies was increased. A single

intraperitoneal injection of 400mg/kg of leucomycin Ax or kanamycin was made in

5 mice each. Mice were sacrificed 3 days after the treatment. Organs were removed

and washed with about 10 volumes of physiological saline solution. The washings

were examined for mycoplasma. As shown in Table 4, in the group of mice treated

with leucomycin Al5 the number of mycoplasma in mouth and trachea decreased to

one-fourthand one-half, respectively, while in the group treated with kanamycin,

t

he number of mycoplasmas did not decrease as much.

Table 4. Isolation of mycoplasma from mice treated with antibiotics
A v e r a g e n u m b e r o f m y c o p la s m a c olo n ies d e te c te d in 0 .0 2 m l o f w a sh in g s

M o u th L a r y n x   T r a ch e a | G e n ita l o r g a n

Untreated controlTreated with leucomycin (400mg/kg)Treated with kanamycin (400mg/kg) 3 99.519 3 2

2 6 . 2

2 9 . 5

1 6. 9 925 .6 5 3 .53233.2

5. Experimental Treatment of Mycoplasma in Embryonated
Chicken Eggs with Antibiotics

Aliquots (0.2ml) of a suspension containing 108 cells of strain Gampo per ml were
injected into the yolk of 8-day-old hatching egg. Each group consisted of three eggs.
Twenty four hours after the inoculation, various amounts of leucomycin Al5 spira-
mycin, tylosin, kanamycin, or tetracycline were injected once into the yolk of the
embryonated eggs. After 24, 48, and 96 hours, 0.02ml of allantoic fluid was with-

drawn and incubated on the mycoplasma agar plate. The results in Table 5 show
that all the antibiotics tested completely prevented the proliferation of mycoplasma
at a dose of 2mg/egg. With a dose of 400 meg/egg leucomycin A1} kanamycin, and
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Table 5 . E ffect of an tibiotics on m y cop lasm a in fection in em bry ona ted ch ick en eg g s

A n tibiotic    A d m in istration

sin g le 0 0 0 0 0  0 1 2 1 3 2 3 3 3

L eu com y cin 2 tim es 0 0 0 1 0 0 0 0 0 2 3 3 3 3 3

3 tim es 0 0 0 0 0 0 0 0 0 3 2 3 3 3 3

T y losin       sin g le 0 0 0 0 0 0 0 2 3 3 3 3 3 3 3

Sp iram y cin     sin g le 0 0 0 1 2 3 3 2 3 3 3 3 3 3 3

K an am y cin     sin g le 0 0 0 0 0 0 1 2 3 3 3 3 3 3 3

T etra cy clin e    sin g le 0 0 0 3 3 3 3 3 3 3 3 3 3 3 3

* Remarks : Treatment started 24 hours after challenge of Mycoplasma strain Campo.

tylosin eliminated the mycoplasma completely, but the organism remained positive

with tetracycline and spiramycin. With 40 meg/egg of leucomycin Al5 no organism

was found after it was administered once a day for 2 days.

Discussion

The mode of activity of antibiotics against various mycoplasmas is different from that
against bacteria. Though mycoplasmas are highly sensitive to the macrolide antibiotics,

they are less sensitive to erythromycin and oleandomycin and are highly sensitive to-
leucomycin, spiramycin and tylosin. Leucomycin4'5), spiramycin6) and tylosin7) have a
aldehyde functional group on the lactone ring, but erythromycin and oleandomycin do
not. Mitsuhashi et al.s) pointed out in a study on the resistance of Staphylococcus to-

the macrolide antibiotics that C type of this organism is affected differently by erythro-
mycin or oleandomycin than by leucomycin or spiramycin. The former two antibiotics

c

an induce macrolide resistance, but the latter two cannot.
Some of the antitumor antibiotics show high activity against mycoplasmas, suggesting

that inhibitors of nucleic acid biosynthesis are active against mycoplasmas. However,
since the antitumor agents used in this experiment are toxic, these antibiotics probably

c

annot be used therapeutically against mycoplasma infection.
The in vitro susceptibility of mycoplasmas to various antibiotics has been reported by

several researchers9~13). Macrolide antibiotics showed a high activity against mycoplasmas-
of human or animal origin, with minimum inhibitory concentrations of these antibiotics
lower than those described in this paper. According to Nikaido12), leucomycin was most
effective in that a 2 mcg/ml concentration was enough to eliminate M. hominis infected
artificially in L cell cultures. Campo strain (M. hominis type 2) infected in KB cells was
not completely eliminated from KB cell cultures with 5~10 mcg/ml concentration of leuco-
mycin in our experiments. The discrepancy between these results may be caused by assay
media used.
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