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DL-a-Difluoromethyllysine was shown to be a potert inhibitor of lysine
decarboxylase from Mycoplasma dispar. The inhibition appeared to be specific
since neither difluoromethylornithine nor difluoromethylarginine, known to
inhibit other decarboxylases, inhibited the reaction catalyzed by lysine
decarboxylase in extracts of M. dispar. Inhibition was irreversible since
extensive dialysis could not overcome the inhibitory effect exerted by
difluoromethyllysine. Difluoromethyllysine (1 mM) also totally blocked the
growth of M. dispar when added at the beginning of the growth pericd, while
1 mM cadaverine, the product of the reaction, reversed this inhibitory effect
when added to the culture medium. When difluoromethyllysine was added during
the logarithmic growth phase of Mycoplasma, it inhibited the increase of the
growth; 1 mM cadaverine again partially reversed this inhibitory action.
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Difluoromethylornithine (DFMO), an enzyme-activated irreversible inhibitor
of ornithine decarboxylase (ODC; EC 4.1.1.17; 1), depresses the synthesis of
the physiologically occurring polyamines, i.e. putrescine (1,4-diaminobutane),
spermidine, and spermine (2) which are necessary for normal and malignant
growth (3,4) in various growth conditions (3-8). As such DFMO potentially may
have value in the treatment of cancer (9,10) and already has been shown to

have clinical efficacy for some protozoan infections (10-12).
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Difluoromethylarginine (DFMA) is an irreversible inhibitor of bacterial
arginine decarboxylases (13,14). Used in conjunction with other inhibitors of
bacterial polyamine biosynthetic enzymes, i.e. monofluoromethylornithine, an
irreversible inhibitor of bacterial 0DC, (15), and dicyclohexylamine, an
inhibitor of bacterial spermidine synthase, (16,17), DFMA slows the growth of

bacteria such as E. coli and Pseudomonas aeruginosa, by lowering their

polyamine levels (15,18).

We now report studies with difluoromethyllysine (DFML) which demonstrate
that it is a novel, specific, irreversible inhibitor of lysine decarboxylase
(LDC; EC 4.1.1.18) from M. dispar (19), with consequent blockade of the biosyn-
thesis of cadaverine (1,5-diaminopentane) and concomitant retardation of the

growth of this organism.

MATERIALS AND METHODS

Chemicals. L-(1-1*C)Ornithine (57 mCi/mmol) was purchased from New
England Nuclear (Boston., MA., U.S.A.) and L-{(U-1%C)lysine (324.7 mCi/mmol)
from Amersham (Bucks., U.K.). DL-a-difluoromethylornithine (DFMO; MDL
71,782), DL-a-difluoromethylarginine (DFMA; MDL 71,897) and DL-a-difluoro-
methyllysine (DFML; MDL 71,837) were synthesized at Merrell Dow Research
Institute (Cincinnati, Ohio., U.S.A. and Strasbourg, France) as previously
described (20). A1l other chemicals were obtained from Sigma Chemical Co.,
(St. Louis, MO., U.S.A.).

Cultivation of M. dispar. M. dispar (strain 462/2) was obtained from
FAO/WHO Collaborative Centre for Animal Mycoplasmas (Aarhus, Denmark). The
organism was cultivated in glucose/calf serum (GS) broth as described by
Gourlay and Leach (19) with the following modifications: Hartley's digest
broth and fetal calf serum in the Gourlay and Leach medium were replaced by
Bacto PPLO Broth w/v CU (Difco, Detroit, MI., U.S.A.), and newborn calf serum
(Gibco). In addition, the medium was supplemented by fresh yeast extracts
(8%) prepared according to the method of Hers and Masurel (21). Penicillin
was replaced by ampicillin (0.5 mg/ml). For enzymatic studies Mycoplasmas
were grown in 2 liters of the GS broth and the cells were harvested during the
logarithmic growth phase (at day 3) by centrifugation (10 min at 8000 g) and
washed once with 25 mM Tris-HC1 (pH 7.5) containing 5 mM dithiothreitol and
0.1 mM EDTA (standard buffer). After centrifugation the pellet was suspended
in 1 ml of standard buffer and cells were disrupted by sonication with a MSE
PG-742 cell disruptor. After centrifugation at 42000 g for 45 min, the super-
natant was used as the source of LDC. For determination of the growth of
M. dispar, triplicate serial tenfold dilutions were prepared in broth media
T1.8 ml) and incubated for 10 days at 37°C. The growth was determined by
using a color changing unit (CCU) as the measure of the growth (22).

Analytical methods. The activity of LDC was measured by using the same
conditions as those for ODC (23) but replacing unlabeled and labeled ornithine
with the corresponding lysines. Protein was measured by the method of
Bradford (24).
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RESULTS AND DISCUSSION

We started these experiments by analyzing two strains of Mycoplasma,

M. bovirhinis and M. dispar, with respect to the decarboxylation of ornithine
and lysine. While M. bovirhinis demonstrated both ODC and LDC activity,

M. dispar had only LDC activity (not shown) and consequently this organism was
selected for further studies with DFML.

Table 1 shows the effect of different concentrations of DFML on LDC
activity from M. dispar. When extracts were preincubated for 30 min with
DFML, the activity of LDC was irreversibly lost as judged by the lack of
recovery of enzyme activity after exhaustive dialysis of the samples. DFML
10 yM caused 50% inhibition of the activity of LDC, and 1 mM DFML totally
inactivated the enzyme. As seen in Table 1, partial protection against the
inhibition of LDC by 100 uyM DFML was provided by 1 mM lysine, similar to the
protective ability of ornithine (1) and arginine (13) in the case of DFMO and
DFMA, respectively. Table 1 also shows that neither DFMO (1 mM) nor DFMA
(1 mM) had any effect on LDC activity. This suggests that LDC is highly
specific in utilizing lysine as a substrate. This is in contrast to mammalian
ODC which may use a substrate, either ornithine (yielding putrescine) or,

under certain circumstances, lysine (yielding cadaverine) (25,26).

TABLE 1 Effect of DFML, DFMO and DFMA on the activity of
Lysine Decarboxylase from M. dispar

LDC Activity Remaining Activity
Treatment of the Enzyme (pmoles/mg of protein/60 min) (% Control)
Control 186 100
+ 10 pM DFML 92 50
+ 100 uM DFML 8 4
+ 1 mM DFML 4 2
+ 100 yM DFML + 1 mM Lysine 124 67
+ 1 mM DFMO 189 102
+ 1 mM DFMA 200 107

LDC was obtained from 250 mg of M. dispar grown as described in “"Materials and
Methods". LDC samples were incubated with various compounds at concentrations
indicated in the table in the presence of 40 uM pyridoxal phosphate for 30 min
at 37°C and then dialyzed 24 h against 1000 vol of standard buffer to remove
any unbound difluoro derivatives of amino acids or to control the effect of
the exhaustive dialysis on the activity of the enzyme. The activity of the
untreated control before dialysis was 205 pmoles of *C formed during one hour
incubation. The results are the average of three experiments.
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TABLE 2 Effect of 1 mM Difluoromethyllysine on the growth of M. dispar
Final Titer of the Growth of

Treatment M. dispar (CCU/0.2 ml)
GS-broth 1 x,108
GS-broth + 1 mM DFML ——— 8
GS-broth + 1 mM DFML + 1 mM Cadaverine 5.5 X 108
GS-broth + 1 mM Cadaverine 5.1 X 10

DFML was added at the beginning of the growth period. Duplicate serial
tenfold dilutions of refrigerated and thawed stock cultures of M. dispar
(10B CCU/0.2 ml1) were prepared in GS-broth, GS-broth with 1 mM DFML,
GS-broth with 1 mM DFML + 1 mM cadaverine and GS-broth with 1 mM
cadaverine and incubated for 10 days.

8 Below the sensitivity of the method used (22).

We then studied the effect of DFML on the growth of M. dispar. Table 2
shows that 1 mM DFML had a dramatic effect on the growth of M. dispar when
added at the time of the inoculation. No growth of the organism was observed
when the series of dilutions of the stock culture of M. dispar (108 ccu/o0.2
ml) was prepared in GS-broth with 1 mM DFML and incubated for 10 days. Cadav-
erine (1 mM) completely reversed the effect of DFML on Mycoplasma (Table 2).
When cadaverine (1 mM) was added alone it did not stimulate the growth of
Mycoplasma any more than DFML and cadaverine together (Table 2).

Since the growth of M. dispar was totally inhibited when DFML was added
at the beginning of the culture period (Table 2), another experiment was done
wherein M. dispar was allowed to reach Togarithmic growth phase and after two
days 1 mM DFML, alone and in combination with 1 mM cadaverine, was added to
the cultures. As shown in Fig. 1, DFML prevented any further increase in
growth but did not seem to have a cytotoxic effect on the Mycoplasma. Again
1 mM cadaverine partially reversed the DFML-caused inhibition of growth and
apparently prolonged the growth period of M. dispar under our experimental
conditions.

Our results therefore suggest that DFML alone could be a useful drug in
some Mycoplasma infections even though polyamine metabolism in a number of
other Mycoplasmas is apparently quite complex (27) and would seemingly require

simultaneous inhibition of more than one decarboxylase. Thus, M. dispar could
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Fig. 1. Effect of DFML on the growth of M. dispar at the end of Togarithmic
growth phase. 7
30 ml of GS-broth was inoculated with 1.05 X 10° CCU of M. dispar (day 0),
divided 2 days later into three equal parts and 1.0 mM DFML or 1.0 mM DFML +
1.0 mM cadaverine (Cad) was then added to the cultures (day 2). (0; Co):
Control culture, (A; DFML): 1.0 mM DFML; (O; DFML + Cad): 1.0 mM DFML + 1.0
mM cadaverine. (Note: The rate of growth is shown in a logarithmic scale.)

be an example of a Mycoplasma, which synthesizes cadaverine rather than
putrescine as no 0DC activity was found. This would also explain the potent
effect of DFML, since the apparent inhibition of cadaverine biosynthesis
prevents growth (Table 2). Direct measurement of cadaverine and other
cellular polyamines are needed before the exact mechanism of the effect of
DFML on the growth of M. dispar can be determined. Further studies to be done
would be also to see if DFML has some effect in vivo on the colonization of
the respiratory tract (28,29) or on pneumonia of calves caused by M. dispar
infection (30).
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