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Examination of the mechanisms of antibiotic resistance of strains of
Mycoplasma fermentans, Mycoplasma hominis, Mycoplasma laidlawii, Mpyco-
Plasma orale 11, Mycoplasma pharyngis, Mycoplasma salivarium and selected
species of avian Muycoplasma to chloramphenicol, dihydrostreptomycin, and
tetracycline showed that in the cultures studied, reduced antibiotic uptake
was involved rather than specific degradation of the antibiotic.

Although there have been many studies of the mechanisms of antibiotic resistance
in bacteria®7811,13,142,15,16,18,20,2) - information is lacking on the antibiotic resistance
mechanisms in Mycoplasma. We have studied the sensitivity and mechanisms of resis-
tance of chloramphenicol, dihydrostreptomycin, and tetracycline of selected clinical
isolates and representatives of 6 species of human Mycoplasma, 2 serotypes of avian
Mycoplasma, and M. laidlawii B (from sewage). We have attempted to determine
whether resistant cultures have enzymatic mechanisms inactivating these antibiotics,
or whether their resistance arises from lack of permeability-uptake of the antibiotic
into the resistant cells.

Materials and Methods

‘Mycoplasma cultures. We are indebted to Dr. S. Maporr, Massachusetts General
Hospital, Boston, and to Mr. Y. E. Crawrorp, Mycoplasma Research Division, Naval
Medical Research Unit No. 4, Department of the Navy, for the clinical isolates used in
these studies. The M. laidlawii strain B was obtained from Professor H. Morton, Uni-
versity of Pennsylvania. The avian mycoplasma were obtained from Dr. A. H. Hampy of
The Upjohn Company.

Media. All cultures were grown in Difco PPLO broth fortified with 0.5 % Bacto
yeast extract, 0.1 % sodium acetate, and 2 % Bacto PPLO serum fraction. Difco PPLO
agar supplemented with 2 % Bacto PPLO serum fraction was used in some experiments
for solidified media.

Antibiotics. The tetracycline hydrochloride, erythromycin, chloramphenicol, genta-
micin sulfate, kanamycin sulfate, streptomycin sulfate, and dihydrostreptomycin sulfate
used in these studies were commercial grade materials. The spectinomycin was a gift
from Dr. G. B. WurrrieLp, Jr., The Upjohn Company. ‘

Radioactive antibiotics. Tetracycline-7-T hydrochloride (sp. act. 800 mCi/mM) was
obtained from Schwarz BioResearch, Inc. The dihydrostreptomycin-T sesquisulfate (sp.
act. 3 Ci/mM) and chloramphenicol (methylene-14C sp. act. 10.1 mCi/mM) were obtained
from Amersham/Searle Corporation. All were used without further purification and
identification.
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Determination of antibiotic sensitivity. Sensitivity to various antibiotics was deter-

mined by streaking loopfuls of 72-hour broth culture of the mycoplasma cultures on agar
plates containing the antibiotic. The plates were incubated at 37°C in a 5% CO,/95 % air
atmosphere for up to 10 days and were observed periodically for growth (using a low
power microscope).

Antibiotic inactivation studies. Streptomycin adenylylation was studied using the
method described by BenvenisTE ef al.® As little as 0.1 nanomole converted to the ade-
nylate could have been easily detected by this assay. Chloramphenicol acetylation was
determined by Suaw’s method!®., Microgram amounts of acetylated antibiotic could be
detected by this method.

Determination of protein. The protein content of washed mycoplasma cells was deter-
mined by suspending an aliquot of cells in Lowry’s reagent!®. Crystalline bovine serum
albumin was the reference standard. Repeated determinations showed that 1x10' cells
contained 1 mg of protein.

Antibiotic absorption. Absorption of chloramphenicol, dihydrostreptomycin, and tetra-
cycline by various strains of Mycoplasma were carried out as follows: Each culture was
grown in 50 ml of broth media for 24 hours and then transferred to 100 ml of fresh broth
in 250 ml Erlenmeyer flasks. The inoculated flasks were placed in a 5% CO,/95 % air
incubator and maintained at 37°C. After 18 hours incubation, radioactive antibiotic was
added, an initial sample removed, and the flask replaced in the incubator. The initial time
sample (and later samples) was centrifuged for 40 minutes at 3,500 g on a Sorvall type
SP centrifuge at 4°C, and the pellet and the surface rinsed with non-radioactive antibiotic
at the same concentration to remove surface absorbed antibiotic. The pellet was then
suspended in 50 microliters of water and aliquots of the suspension analyzed for radio-
activity and for protein. Radioactivity was determined in a Packard Tri-Carb liquid
scintillation counting system (model 2002) with Bray’s solution as counting fluid®.

Results

Antibiotic Sensitivity

The results of the antibiotic sensitivity tests on the clinical isolates are summarized
in Table 1. Although most strains examined were sensitive to 10 mcg/ml of chloram-
phenicol, gentamicin, kanamycin, and tetracycline, resistant strains of M. hominis,
M. pharyngis, and M. salivarium were noted with each antibiotic. As far as these
species are concerned, many strains appeared to be resistant to erythromycin, spectino-
mycin, and streptomycin. In general, M. pharyngis was more often resistant to anti-
biotics than M. salivarium. No evidence of streptomycin adenylylation could be
demonstrated with 8 cultures of Mycoplasma tested (M. hominis strains PG 27, 41 TG,

Table 1. Antibiotic sensitivity patterns in Mycoplasma

No Tetra-‘ Erythrc.)- Chlorgm- Spectin(_)- Strepto.- Kana- ] Genta}-.

Species strains cycline mycin | phenicol mycin mycin mycin micin
tested |R | S |R|S|R|S|R|S|R| S|R|S|R|S

M. pharyngis 22 5 | 17 | 13 9| 4 |18 8 | 14 | 15 71 6 |16 | 4 | 18
M. salivarium 22 1] 21 9|13 | 2 | 20 | 10 | 12 9 13| 5 |17 | 4 | 18
M. hominis 0 3 2 1 0 3 2 1 2 0 310 3
M. fermentans 0 1 0 1 0 1 0 1 0 0 1 07 1
M. orale 11 1 0 1 1 0| 0 1 1 0 0 1,0 1 0 1

Abbreviations : R, resistant. As measured by growth on agar plates containing 10 gg/ml of tetracycline,
erythromycin, chloramphenicol, kanamycin and gentamicin, and 20 pgg/ml of spectinomycin
and streptomycin. S, sensitive.
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and No. 7; M. salivarium strains 6 and 9; M. pharyngis strains 13 and 21 ; and T-40)
using methods giving positive results with E. coli carrying an R-factor for strepto-
mycin adenylylation. No inactivation of any type could be demonstrated by incubating
streptomycin with mycoplasma cultures for varying lengths of time. No acetylation
of chloramphenicol could be demonstrated with two cultures (M. pharyngis 24 and M.
salivarium 6) using methods giving positive results with a Klebesiella culture contain-
ing an R-factor for acetylating chloramphenicol.

Antibiotic Absorption

Results of experiments on the absorption of dihydrostreptomycin are summarized
in Table 2. Sensitive cultures M. laidlawii and M. fermentans show similar patterns
of initial absorption and later efflux of antibiotic. M. fermentans shows a slight rise
in absorption after 4 hours, while a very slight decrease in absorption is observed in
the same time period with M. laidlawii. After 4 hours efflux of antibiotic is observed
to levels of 1~2.5x10* molecules/cell. A continual pattern of antibiotic absorption is
observed with M. salivarium No. 19. However initial absorption values are lower
with this culture (6~10 times less), and its absorption pattern probably reflects its
poorer initial absorption, as final values are closer to the other cultures (3~4 times
less).

A consistent decrease in absorbed antibiotic with time occurred with the dihydro-
streptomycin resistant cultures. Absorption levels of antibiotic per cell were 5~10
fold lower than with those seen with the antibiotic sensitive cells. The efflux rate

Table 2. Dihydrostreptomycin absorption by Mpycoplasma

. STMH, molecules % remaining of
Exposure time per cell initial absorption
M. fermentans Pg 18 10 min. 1.9 x 10* 100
4 hrs. 2.4 x 104 126
8 hrs. 1.0 x 104 53
24 hrs. 1.3 x 10* 68
A. Sensitive M. laidlawii B 10 min. 3.8 x 10¢ 100
culture 4 hrs. 3.6 x 104 95
ultures 8 hrs. 1.6 x 10 42
24 hrs. 2.2 x 10¢ 58
M. salivarium 19 10 min. 3.4 x 103 100
4 hrs. 3.7 x 108 109
24 hrs. 4.6 x 103 135
M. hominis 7 10 min. 3.5 x 108 100
4 hrs. 1.5 x 108 43
24 hrs. 1.2 x 103 34
M. salivarium 9 10 min. 5.1 x 108 100
4 hrs. 2.4 x 108 47
24 hrs. 1.0 x 108 20
: M. pharyngis 21 10 min. 6.4 x 108 100
B. Resistant 4 hrs. 2.1 x 108 33
cultures 24 hrs. 1.4 x 103 22
M. pharyngis 6 10 min. 6.4 x 108 100
4 hrs. 1.7 x 108 26
24 hrs. 1.7 x 103 26
M. orale 11 10 min. 2.9 x 108 100
4 hrs. 2.1 x 103 72
8 hrs. 2.2 x 108 76
24 hrs. 1.5 x 108 51

Dihydrostreptomycin was added to each flask at a concentration of 20 pg/ml.
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Table 3. Tetracycline absorption by Mycoplasma

Concentration . Molecules % remaining

mcg/ml Exposure time absorbed/cell of initial
M. salivarium 19 10 10 min. 2.6 x 105 100
4 hrs. 8.3 x 10¢ 31
8 hrs. 4.6 x 10* 19
M. salivarium 20 10 10 min. 2.2 x 105 100
4 hrs. 3.3 x 10¢ 13
10 hrs. 1.6 x 10¢ 6
24 hrs. 3.7 x 10* 17
M. hominis 41TC 10 10 min. 8.4 x 104 100
4 hrs. 2.7 x 10¢ 32
10 hrs. 1.9 x 10¢ 23
24 hrs. 1.2 x 10* 15
M. salivarium 17 10 10 min. 8.0 x 10* 100

A. Sensitive 4 hrs. 2.8 x 10* 36
10 hrs. 2.0 x 10* 25
cultures 24 hrs. 1.5 % 10¢ 19
M. laidlawii B 10 10 min. 1.2 x 105 100
4 hrs. 4.2 x 10* 33
8 hrs. 1.8 x 10¢ 15
24 hrs. 1.6 x 10¢ 13
M. laidlawii B 0.6 10 min. 7.6 x 103 100
4 hrs. 2.1 x 10* 277
8 hrs. 2.7 x 108 36
24 hrs. 4.6 x 103 61
M. pharyngis 25 2.0 10 min. 1.1 x 10¢ 100
2 hrs. 6.5 x 108 57
4 hrs. 3.5 x 103 31
24 hrs. 4.7 x 103 41
M. laidlawii B 10 10 min. 1.9 x 105 100
2 hrs. 2.4 x 10¢ 13
4 hrs. 2.3 x 10¢ 12
B. Resistant 24 hrs. 1.4 x 10+ 7
cultures M. laidlawii B 0.6 10 min. 1.0 x 10* 100
4 hrs. 3.2 x 108 32
8 hrs. 2.7 x 103 27
24 hrs. 1.5 x 103 15

observed with M. orale II was quite a bit lower than the other resistant cultures but
again this can be attributed to a lower initial absorption. Final values of all resistant
cultures are almost the same—1~2x10® molecules of antibiotic/cell.

The results of a study of tetracycline absorption by Mycoplasma are collected in
Table 3. At concentrations ten to fifty times higher than the minimum inhibitory
concentrations (M. I. C.) of these organisms, a pattern of rapid uptake followed by a
sharp decrease in absorbed tetracycline occurred. At levels closer to the M.I.C. of
each culture, varying patterns of absorption are seen. M. laidlawii B (M.I. C. of 0.5
mcg/ml) at a tetracycline concentration of 0.6 mcg/ml shows a large increase at 4 hours
of absorbed tetracycline. By 8 hours, efflux of tetracycline had occurred and a slight
absorption increase takes place through the final sampling at 24 hours. Much slower
rates of efflux are observed at 2 mcg/ml of tetracycline with M. pharyngis No. 25
(compared with rates at 10 mcg/ml with the other cultures). After 4 hours, a rise in
absorption is observed. Such a rise in final absorption is also observed with avian
Mycoplasma U-10 (Fig. 1) at a concentration just at its M. I. C. of 0.2 mcg/ml.

A resistant laboratory developed mutant of M. laidlawii B* showed a strikingly

* This culture selected by Mr. Carn Frarerrico had M. I. C. greater than 60 mcg/ml.
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Fig. 1. Absorption and eflux of tetracycline
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Fig. 3. Absorption and efflux of tetracycline
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Fig. 2. Initial absorption of tetracycline
by avian Mycoplasma U-1
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different pattern of absorption and efflux
than its sensitive counterpart. At concen-
trations of 10 mcg/ml and 0.6 mcg/ml a
rapid efflux of tetracycline was observed
after initial absorption. This is in con-
trast to the large rise in absorption
observed with the sensitive M. laidlawii B
at 0.6 mcg/ml. Even the rate of efflux
at 10 mcg/ml was considerably greater
with the resistant M. laidlawii B as com-
pared to the sensitive organism.

With culture U-1, an avian Mycoplsma
Serotype D, 4 different concentrations
were used in uptake studies. In Fig. 2,
initial uptake is plotted against tetra-
cycline concentration. Absorption increas-
ed linearly with increased antibiotic con-
centration. In general, this holds true
with the other cultures as well.

Absorption and efflux patterns of U-1
(serotype J) are seen in Fig. 3 for tetra-
cycline concentrations of 100 and 0.2 mcg/

ml. At the higher concentration a greater

percentage of antibiotic is retained in the cell.

The experiments on chloramphenicol uptake are summarized in Fig. 4. At con-

centrations just above the minimum inhibitory concentration of M. laidlawii B (M.I.C.
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8 mcg/ml) and M. hominis 41 TC Fig. 4. Absorption and eflux of chloramphenicol
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(C) M. pharyngis 25 ; Chloramphenicol concentration 4 mcg/ml;
levels have decreased to about 70 % initial absorption 5.7x 104 molecules/cell

e . (D) M. salivarium 6 ; Chloramphenicol resistant : Chlorampheni-
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various species of Mycoplasmal>?%:8:9101%17,19) shows that M. fermentans, M. hominis, M.
pneumoniae and M. salivarium are generally sensitive to less than 6.25 mcg/ml of chlo-
ramphenicol, gentamicin, kanamycin and tetracycline, although resistant strains (resistant
to at least 10 mcg/ml) are not uncommon. For example, in 84 strains of M. salivarium,
StewarT and co-workers!” noted 28 resistant to chloramphenicol, 30 resistant to kanamy-
cin, and 26 resistant to tetracycline. Erythromycin and streptomycin are generally found
to be ineffective in inhibiting mycoplasma with the exception of erythromycin on M,
pneumoniae which is effective at concentrations between 0.1~1 mcg/ml.

As mentioned previously, no mechanisms of antibiotic resistance have been proposed
for Mycoplasma. In bacterial systems, Suaw’s demonstration of the acetylation of chlo-
ramphenicol by R-factor carrying bacterial®, and the phosphorylation and acetylation of
kanamycin!®1® as well as the adenylylation of streptomycin® in similar inactivation studies
encouraged us to investigate for the possibility of similar mechanisms in antibiotic resistant
Mycoplasma. To date we have found no inactivation or degradation of antibiotics by
Mpycoplasma, and the present study suggests that differences in antibiotic uptake-perme-
ability are responsible for the resistance noted. In the case of streptomycin, resistant
organisms absorb significantly less antibiotic than the sensitive cultures. Patterns of
efflux after initial absorption are also markedly different, and seem to be closely related
to the amount of antibiotic initially absorbed.

The results with tetracycline are similar to what was found by FrankrLin and co-
workers™® with tetracycline absorption studies on E. coli. FrankLiN found that at 10
mcg/ml, accumulation of drug ceased after 10 minutes, and that initial drug absorption
was linearly proportional to the concentration of tetracycline in the media. The finding
that at much higher tetracycline concentrations (100 mcg/ml) efflux levels off at a higher
level than at lower concentration is also similar to FrankiLiN’s finding. FrankLin also
demonstrated that a resistant E. coli accumulated significantly less tetracycline than a
sensitive culture. In the one resistant organism studied here, the accumulation patterns
at M.I.C. tetracycline levels of the sensitive M. laidlawii clearly indicated a substantial
difference in the amount of antibiotic absorbed.

In comparing the two avian cultures at the same low concentration of 0.2 mcg/ml of
tetracycline, it will be noted that U-10 (M. L. C. 0.2 mcg/ml) absorption patterns indicate
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a leveling off of eflux and final absorption of tetracycline (7.9 x 10?2 molecules/cell), while
U-1 (M. 1. C. 1.0 mcg/ml) shows a continuous decrease in efflux throughout the sampling
record (final value of 2.9x10% molecules/cell). The levels of absorption and efflux being
indicative of their differences in sensitivity. This pattern is similar to that observed by
Corcoran and co-workers'™, where it was noted that at the same concentration, a resistant
bacterial culture will accumulate less erythromycin than a sensitive culture.

The same patterns of higher drug accumulation in sensitive cultures and differential
efflux patterns between resistant and sensitive cultures are also observed in the absorption
studies with chloramphenicol. The only direct comparison can be made between M. lai-
dlawii B and M. salivarium 6, both assayed at 10 mcg/ml. A final accumulation of 1.6
x 10* molecules per cell was noted for the sensitive M. laidlawii culture, while that of
the resistant M. salivarium was 2.7 x 10* molecules per cell. The general pattern of an
increase in absorption somewhere in the sampling period for the sensitive cultures, and a
continuous decrease for the resistant culture was also the same as the other antibiotics
studied.

The conculusion then, that resistance in Mycoplasma to dihydrostreptomycin, tetra-
cycline, and chloramphenicol is related to some permeability-uptake mechanism seems to
be well supported by the data presented.
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