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The effect of inorganic phosphate on the fermentative production of aminopeptidase M inhibitors MR-
387A and B by Streptomyces sp. SL-387 has been studied. With inorganic phosphate concentrations higher
than 0.78 mM, an inverse correlation was found between the maximum inhibitor production and the initial
phosphate, concentration added. Growth sensitivity of this actinomycete to arsenate, a phosphate analogue,
and the use of magnesium carbonate, a phosphate-trapping agent, suggested that the inhibitor formation was
under phosphate repression. Exogenous ATP further increased the degree of phosphate interference in both
phosphate-repressed and nonrepressed culture conditions. The use of a phosphate analogue and a protein

synthesis inhibitor also suggested that the phosphate itself repressed inhibitor formation.

High soluble phosphate concentrations are fre-
quently disadvantageous for overproduction of meta-
bolites. In a culture medium, inorganic phosphate is
required for the growth of prokaryotes and eu-
karyotes within a range of 0.3-300 mM. However, a
much lower phosphate concentration inhibits the pro-
duction of many secondary metabolites. In a number
of systems studied, the highest inorganic phosphate
concentration which allows unimpeded production
of secondary metabolites is about 1 mM; complete in-
hibition of production occures at about 10 mM (3).

As mentioned above, inorganic phosphate has long
been known to suppress the biosynthesis of many an-
tibiotics and other secondary metabolites (6). In these
examples, orthophosphate either inhibited or repress-
ed dephosphorylation reactions or synthetases in
which orthophosphate is neither a substrate nor a pro-
duct. During the biosynthesis of other antibiotics, bio-
logically inactive phosphorylated intermediates are
formed which later are enzymatically dephosphory-
lated to yield bioactive products (4, 7, 9). However,
the phosphate regulation mechanism is not yet fully
understood.
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The novel peptides MR-387A and B were isolated
from the culture filtrate of Streptomyces sp. SL-387 in
the screening of specific inhibitors against am-
inopeptidase M (AP-M) having an analgesic, im-
munopotentiating, or anti-metastatic effect (2). Our
group have been involved in studies on the factors
and conditions controlling the formation of these in-
hibitors. The biosynthesis of the inhibitors is con-
trolled by some nutrients such as glucose, ammonia
and phosphate. Particularly, production of MR-387
was repressed by phosphate concentration added to
the cultures in a dose dependent manner.

This paper describes the effect of phosphate con-
centration on the synthesis of AP-M inhibitors by
Streptomyces sp. SL-387. In this paper, phosphate re-
gulation is also investigated by the use of a phos-
phate-trapping agent and growth sensitivity to ar-
senate. ’

MATERIALS AND METHODS

Organism and Cultivation

Streptomyces sp. SL-387 was supplied and main-
tained as reported previously (2). One loopful of
spores was inoculated into 50 ml of a seed medium
consisting of 1% glucose, 2% bacto soytone, 0.2%
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yeast extract, 0.1% beef extract and 0.3% NaCl, and
cultured at 28°C for 2 days on a rotary shaker (170
rpm). For inhibitor production, 0.5 ml of a seed cul-
ture was inoculated into 250 mi-Erlenmeyer flasks con-
taining 50 ml of the following fermentation medium:
1% glucose, 2% bacto soytone, 0.2% yeast extract,
0.1% beef extract, 0.3% NaCl, 0.0005% CuSO, - 5H,0,
0.005% MgCl, - 4H,0, 0.0005% ZnCl, - 7H,0O and
desired K,HPO, concentrations in distilled water. Aft-
er preparation, the fermentation medium was ad-
justed to pH 7.0 with 1T N NaOH and autoclaved at 1.
3 kg/cm’ for 15 minutes. Fermentations were carried
out at 28°C for 5 days on a rotary shaker at 170 rpm.

Additions to the Fermentation

Streptomyces sp. SL-387 was streaked onto plates
of Bennett's agar (1% glucose, 0.1% vyeast extract,
0.2% Bacto peptone, 0.1% beef extract, 1.5% agar)
containing 5 or 50 mM sodium arsenate and grown
at 28°C for a week. The sensitivity to arsenate in li-
quid cultures was tested in the fermentation medium
supplemented with 5 or 50 mM sodium arsenate.

After 24 hours fermentation, phosphate, arsenate, and
chloramphenicol were added to the cultures growing in
the fermentation medium described above with low
phosphate concentration (approximately 0.78 mM).
The cultures were returned to the shaker and at desired
times 1 ml of sample was withdrawn for further analysis.

To determine the effect of phosphate trapping agents
on total inhibitor formation, varous concentrations of
magnesium carbonate  [(MgCQO;), - Mg(OH), - 5H,0]
were initially added to the fermentation medium sup-
plemented with 10 mM phosphate (phosphate-
repressed culture).

In order to characterize the exogenous ATP effect
on phosphate-repressed cultures, 5 and 10 mM ATP
were added to phosphate-repressed cultures at the be-
ginning of fermentation.

Assay for AP-M and Inhibitor Determination

AP-M activity was measured as reported previously
(2). The percent inhibition was calculated by the for-
mula (A-BYA X 100, where A is the measured value by
the enzymatic reaction in the system without an in-
hibitor and B is that with an inhibitor. At specified in-
tervals, the production of inhibitor was monitored by
AP-M inhibitory activities. One unit of inhibitor for-
mation was defined as the amount of inhibitor re-
quired for the 50% inhibition of 1 mU of AP-M. Speci-
fic inhibitor production was expressed as units per mg
dry cell weight. Total (volumetric) productivities refer
to units per mi original culture medium.

Cell Growth and Phosphate Determination

Cell growth was measured by dry cell weight (DCW)
determination. Samples of mycelia (2 ml) were har-
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vested by centrifugatior, and washed twice with
equal volume of distilled water. After centrifugation,
the pellet was dried in an oven at 105°C for 3 hours
and then weighed.

The inorganic phosphate was determined from the
absorbance at 595 nm by the modification of the mi-
crocolorimetric method of Taussky and Shorr (11). 0.2
mi of ferrous sulfate-molybdate reagent was added to
samples (0.01 ml) in a 96 well microplate and the in-
tensity of the color was read at 595 nm in a mi-
croplate reader (Biorad Model 3550).

The experiments reported here were repeated at
least twice (two independant experiments) and the
results reported are the mean value. The observed
variations were consistently less than 10%.

RESULTS AND DISCUSSION

Effect of Inorganic Phosphate Concentration

Streptomyces sp. SL-387 was able to grow but not
to produce AP-M inhibitors in a synthetic medium.
Therefore, a complex medium containing Bacto soy-
tone as a nitrogen source was used for fermentation
studies. Fig. 1 shows maximum growth and specific
inhibitor formation of this microorganism with inor-
ganic phosphate concentrations ranging from 0.78 to
28.4 mM. As shown in the figure, with the use of inor-
ganic phosphate concentrations added to the cultures
higher than 0.78 mM an inverse correlation was
found between the maximum inhibitor production
and the initial phosphate concentration added. The
inorganic phosphate concentration necessary for the
growth of Streptomyces sp. SL-387 and inhibitor pro-
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Fig. 1. Effect of phosphate concentrations on the growth
and specific inhibitor formation.
O: Cell growth, ®: Specific inhibitor formation.
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duction was 0.78 mM contained in the complex nu-
trients such as Bacto soytone, yeast extract and beef
extract. Furthermore, additions of phosphate to the
cultures did not inhibit the cell growth but speci-
fically prevented inhibitor formation.

After 96 hours of fermentation, inorganic phos-
phate was totally consumed when added to the
medium at about 0.39 mM. Nevertheless, an inverse
correlation between the phosphate consumed and in-
hibitor formed was observed (Fig. 2). it is therefore
appropriate that inorganic phosphates usually are
not further added to complex media, because they
are included in complex nutrients and because high
concentrations of them do not favor inhibitor biosyn-
thesis.

Growth Sensitivity to Arsenate

Growth sensitivity of Streptomyces sp. SL-387 to ar-
senate was tested. On the solid medium Bennett's
agar, the strain showed poor growth with the ad-
dition of 5 mM sodium arsenate, and did not grow
under the condition of addition of 50 mM sodium ar-
senate. In the liquid medium, the same results were
also obtained (Table 1). These results indicate that AP-
M inhibitor formation by Streptomyces sp. SL-387 is
under phosphate regulation.

All sensitive strains to phosphate analogue arsenate
were also sensitive to phosphate regulation {4). There-
fore, selection of Streptomyces mutants resistant to the
toxic phosphate analogue arsenate is an efficient way
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Fig. 2. Relationship between phosphate consumed and the
specific inhibitor formation at 96 hours of fermentation.
Cultures were grown in the fermentation medium with phosphate
ranging from 0.78 to 28.4 mM.
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of overcoming the sensitivity of many antibiotic biosyn-
thetic pathways to repression by inorganic phosphate in
the medium (8). Most of these arsenate-resistant mu-
tants show an uptake of phosphate identical to that of
the wild type. However, changes have been found in
energy metabolism, phospholipid synthesis and alkaline
phosphatase regulation, and a decreased repression of
enzymes of antibiotic synthesis by inorganic phosphate
has been observed. The mechanism of arsenical resis-
tance in streptomycetes is still unknown. Anyway, de-
velopment of arsenate-resistant mutant by mutagenesis
or genetic manipulations may be an efficient way of
overcoming phosphate regulation for overproduction of
these inhibitors.

Effect of Exogenous ATP on Phosphate-Repressed
Cultures

To investigate the effect of exogenous ATP on the
fermentative production of AP-M inhibitors, ATP was
added to the non-phosphate repressed (0.78 mM
phosphate) and phosphate repressed (17.4 mM phos-
phate) cultures at the beginning of fermentation. In
both culture conditions, ATP further increases the de-
gree of phosphate interference (Table 2). ATP does
not transport into the cell. If the peptide inhibitor is
extracellulary synthesized by a peptide synthetase
whose activity is dependent on ATP (1), specific in-
hibitor formation will be increased in a dose-de-
pendent manner. The degree of phosphate repression
when ATP was added to the medium was stronger in
a dose-related fashion than that of phosphate repres-
sion with no addition of ATP. The inhibitor synthesis
therefore may be carried out by an intracellular en-
zyme. Practically, the inhibitor synthesis by a cell-
free system was dependent on ATP, precursor amino
acids, reaction time, and active enzyme (data not
shown).

Effect of Phosphate Trapping Agent on Inhibitor
Formation

Table 1. Growth sensitivity of Streptomyces sp. SL-387 to
arsenate and the specific inhibitor formation in the medi-
um containing arsenate.

Growth in liquid medium”

Nal;{}_’?s’g“ Growth on 45‘;?;“&
2 innibpitor
added (mM) Benett agar  pew(g/) formation
(U/mg DCW)
0 — 6.1 98.3
5 (+) 0.8 14.6
50 - 0.2 9.7

++, good growth, (+), poor growth, -, no growth.
"V Liquid medium was the fermentation medium described in Materials
and Methods. Streptomyces sp. SL-387 inoculated in the medium was
cultured at 28°C for 5 days in a shaker (170 rpm).
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Table 2. Effect of exogenous ATP on the phosphate-repress-

ed cultures.
ATP added  Dry cell weight >PeCic 'tr!h'b‘tor
(mM) @/ ormation
(U/mg DCW)

Non-repressed cultures;

0 5.6 98.3

5 7.9 62.1

10 9.1 38.5
Repressed cultures;

0 5.9 69.9

5 7.8 49.5

10 8.0 37.4

Additions of ATP were done at 24 hours cultures grown in the fer-
mentation medium with low concentration of phosphate. Non-repress-
ed cultures were done in the presence of 0.78 mM phosphate. Phos-
phate (17.4 mM} was added to cultures for phosphate repression at
the beginning of fermentation.

In order to confirm phosphate repression and to over-
come the repression, magnesium carbonate, a phos-
phate trapping agent, was added to phosphate-repress-
ed media before autoclaving. Total inhibitor formation
was maximum in the medium supplemented with 0.
05% magnesium carbonate indicating the concentra-
tion at which derepression of the phosphate supression
occurs (Fig. 3). Tanaka and Omura (10} developed a
new fermentation technique using phosphate-trapping
agents such as allophane (a noncrystalline clay of alu-
minosilicate) and magnesium carbonate to achieve 2-
to 10-fold increases in the production of many types of
antibiotics. To overproduce the AP-M inhibitor MR-
387A and B, the “phosphate ion-depressed fermenta-
tion” technique can be applied.

Addition of Inorganic Phosphate, Arsenate and
Chloramphenicol During the Fermentation

In order to characterize the phosphate effect, a
high ion concentration was added to the cultures
growing in low phosphate at 24 hours of fermenta-
tion. At this time, the growth was in the stationary
phase and once the production of inhibitors had start-
ed. As seen in Fig. 4, in contrast to the control
without additional phosphate, suplementation with 50
mM phosphate reduced the rate of inhibitor biosyn-
thesis. The addition of chloramphenicol (0.15 mM), a
protein synthesis inhibitor, to low phosphate fer-
mentations also exerted a negative effect on inhibitor
production, similar to that observed at a high phos-
phate concentration. These results suggest that phos-
phate regulation is a repressive rather than an in-
hibitory action on the inhibitor formation.

To establish whether or not phosphate per se was
responsible for this effect sodium arsenate (50 mM), a
non-metabolizable phosphate analogue, was sup-
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Fig. 3. Effect of phosphate trapping agent (magnesium car-
bonate) on the phosphate-repressed cultures. '
Magnesium carbonate was added to fermentation medium (17.4 mM
phosphate) ranging from 0.05 to 0.4% before autoclaving. O resi-
dual phosphate (soluble phosphate), @ : total productivity.
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Fig. 4. Effect of phosphate, arsenate, and chloramphenicol
addition on the course of growth and specific inhibitor for-
mation.

Additions were done in 24 hours cultures grown in the fermentation
medium with 1.07 mM phosphate. ©: control without further ad-
dition, @: phosphate (50 mM), ®: sodium arsenate (50 mM), A:
chloramphenicol (0.15 mM). )

plied to cultures at stationary phase with fow phos-
phate. As revealed in Fig. 4, in contrast to a control
without further addition, arsenate significantly de-
creased inhibitor production. The magnititude of this
effect was similar to that obtained at a high phos-
phate concentration. Therefore, the use of a phos-



Vol. 5, 1995

phate analogue and a protein synthesis inhibitor sug-
gested that the phosphate itself repressed inhibitor for-
mation. '

5.
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