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Diumgycin, a phosphorus~containing glycolipid antibiotic, is produced by
Streptomyces umbrinus ATCC 15972. It is active against gram-positive
bacteria and, to a lesser degree, against gram-negative bacteria. Diumycin
affects dividing but not resting cells of Staphylococcus aureus FDA 209P. The
antibiotic is strongly bound by serum. Although primarily bacteriostatic at
levels approximating the minimum inhibitory concentration, it is bactericidal
at higher levels. Diumycin is active upon subcutaneous administration to
mice infected with Streptococcus pyogenes C 203 and Diplococcus pneumoniae
and, like other members of the phosphorus-containing glycolipid antibiotic
group, demonstrates a unique prophylactic activity against these infections.
High and prolonged serum levels (lasting several weeks) were achieved in the
plasma of dogs and monkeys after a single, parenteral dose of the antibiotic,
and small to moderate amounts of bioactivity were recovered in the urine.
Toxicity studies indicate that diumycin is well-tolerated in mice, but may
cause a transient liver damage at dose levels near the LDs,.

The isolation of diumycin, a new member of the group of phosphorus-containing
glycolipid antibiotics, has been previously reported?. Other members of this group
are: prasinomycin?, moenomycin®, 11837 R.P.#, macarbomycin®, and, presumably,
8036 R.P. (South African patent 65/6204) and 19402 R.P. (Netherlands patent 68, 02093).
The structure of the lipid moiety of diumycin, the aggregation behavior, and the
probable mode of action of this antibiotic have been the subjects of previous
reports®%®. This manuscript describes our studies on the taxonomic characterization
of Streptomyces umbrinus ATCC 15972, the organism that produces diumycin and
extends our studies on the antimicrobial properties of this antibiotic. Also described
are studies on toxicity and blood levels obtained with diumycin.

Experimental

All taxonomic studies were done according to the standard procedures recommended
by the Subcommittee on Actinomycetes of the Committee on Taxonomy, American Society
for Microbiology®. Included in these studies were our soil isolate and an authentic culture
of S. umbrinus, NRRL B-2572.

Conventional two-fold broth-dilution assays were performed to determine the minimal
inhibitory concentration (MIC) of diumycin for most of the test organisms. The suscepti-
bility of Neisseria gonorrhoeae was determined by the agar inclusion assay recommended
by the United States Public Health Service!”®. A paper-disc agar-diffusion assay with
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Staphylococcus aureus FDA 209 P was used to assay potencies of blood and urine samples.
The mouse model infection systems described by MriracLia and Bascu!? were used to evaluate
diumycin in vivo.

Male, Charles River CD-1 mice were used for acute toxicity studies. They were given
food and water ad libitum, but were fasted one hour prior to drug administration. A
single-dose toxicity study employed both male and female mice. For blood level and

urinary excretion studies, three young-adult pure-bred beagle dogs and a young-adult
rhesus monkey (Macaca mulatta) were used.

All studies, except those for acute toxicity, blood levels and urinary excretion, were
done with material of 90~95 % purity (Diumycin lot SQ 20,117). Toxicity, and blood and
urine level studies were carried out with a preparation of 80~90 % purity (Diumycin lot

XYSCD-23-Cr-1).
Results

Taxonomy
The key taxonomic characteristics of S. umbrinus ATCC 15972 involve—
Morphology : The sporophores were in straight chains (Rectus group of Pripnam)®
with no tendency toward flexuousness or spirals. The spores were smooth and

cylindric to ovoid.

Cultural Characteristics: Growth was good on tomato paste-oatmeal and yeast-

malt extracts agars; vegetative growth was rapid, producing a characteristic chocolate
to mahogany brown vegetative mycelium ; an abundant aerial mycelium was produced

in approximately 14days on both of the above media and was assignable to the

olive-buff color series of PRID- . . .
Table 1. Comparison of the taxonomic characteristics of

HAM'?; the color matched chips S. umbrinus ATCC 15972 and S. umbrinus NRRL
3ba to 3cb in the Color Har- B-2572
13) . : : e S. umbrinus S. umbrinus
mony Manual®; melanoid pig Character ATCC 15072 NERL B-2572
ment was produced on organic
. b . Morphology group RF RF
media. Table 1 summarizes a Spores Smooth Smooth
comparison of the taxonomic  Color series Buff Buff
characteristics of S. umbrinus Reverse co%o%' Redd}sh brown Redd}sh brown
i Chromogenicity Melanin produced | Melanin produced
ATCC 15972 and an authentic  Qther pigments Quinoid Quinoid
reference culture S. umbrinus  NOs reduction 3 + +
Carbon utilization
NRRL B-2572. pattern |
In Vitro Basal minimal control — —
L. . Glucose + +
The sensitivity of various  Mannitol + +
microorganisms to diumycin is  Inositol + +
. Sorbitol - _
shown in Tables 2 and 3. Xylose L N
These data, as extensions of  Arabinose + +
. : Rhamnose + +
h ectrum iven 1n  our
the .sp s o Fructose + +
previous report?, indicate that  Ragnose + +
diumycin was quite inhibitory to ~ Galactose + +
.. b . G Trehalose + +
gram-positive bacteria. ram-  preoce 4 M
negative bacteria were also  Sucrose + +
Lactose + _

inhibited by this antibiotic, but
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Table 2. Antimicrobial spectrum of diumycin Table 4. Serum binding of diumycin in vitro
. MIC
1
Test organism (ug/ml) . ~ MIC (ug&/;(')ny)
Staphylococcus auveus FDA 209 P 0.06 rganism No | yiman
Streptococcus pyogenes C 203 0.001 SETUM | serum
Diplococcus pneumoniae Type 3 0.30 Staphylococcus aureus FDA 209P | 0.02 28.0
A’_I‘CC 6303 Streptococcus pyogenes C 203 0.001 4.2
Bacillus cereus ATCC 10876 0.05  Escherichia coli SC 2927+ 3.0 |>1000.0
Escherichia coli SC 8294 50.0 ~Squibh Culture Collection
Pseudomonas aevuginosa SC 8329% 31.2
Proteus vulgaris SC 8504* 37.5 Fig. 1. Effect of diumycin on dividing and
. " nondividing cells of Staphylococcus
Pasteurella multocida SC 8739 0.59 aureus FDA 209 P
Trichophyton mentagrophytes SC >100.0
2637* 10
Trichomonas vaginalis SC 8560% >100.0 [ $7°C.no diumyoin
* Squibb Culture Collection | 0'2 L

Table 3. Antimicrobial activity of diumycin
against clinical isolates of Neisseria
gonorrhoeae

S
+

Viable cells per m!
)

MIC (yg/ml) % 20°C, no diumycin
N. gonorrhoeae - T Peni Teiras
D1umyc1n| cillin G| cycline el
SC 8586+ 1.0 0.08 0.25 oy * 47C, no diumycin
SC 8587+* Lo 0.03 0.25 o s 4°C. arssg/mt
SC 8590#* 1.5 0.25 0.5 20°C, 575 pg/mi
SC 8591#* 1.5 0.01 <0.13 10° 37°C, 0.75 yg/mi
SC 8593#* 2.0 0.4 1.0 ot . h . : \ I
_ _ _ ! 2 ) 10 14 18 22 26
* Determined by an agar-inclusion plate method. Hours

** Squibb Culture Collection.

higher concentrations were required. Recent clinical isolates of Neisseria gonorrhoeae
were susceptible to the action of diumycin, including two isolates with increased
resistance to penicillin (Table 3). Though cross-resistant with prasinomycin, a closely
related but chemically distinguishable antibiotic, diumycin was not cross-resistant with
a variety of chemically unrelated antibiotics, e.g., penicillin, tetracycline, streptomycin,
erythromycin, novobiocin, and thiostrepton. Diumycin was bound to a significant
extent by serum, as indicated by a 1,000~ 4,000-fold increase in MIC wvalues obtained
in the presence of 50 % human serum in the medium, as compared with the MIC
values obtained in the assay medium devoid of serum (Table 4).

Like prasinomycin, diumycin appears to kill only those cells of Staphylococcus
aureus FDA 209P that are actively dividing. Thus, cells of S.aureus FDA 209 P
incubated under conditions allowing rapid division were quickly killed in the presence
of diumycin ; however, cells of S.aureus FDA 209P kept from multiplying by incu-
bation at 4°C were not killed (Fig. 1). To determine whether a correlation existed
between the rate of growth and the degree of inhibition of growth by diumycin,
counts of viable cells were made at intervals during incubation at 37°C, 20°C and 4°G
in the presence and absence of the antibiotic, 0.75 ug/ml. At 37°C, rapid growth
occurred in the absence of diumycin, whereas cells were killed rapidly in its presence.
Growth at 20°C in the absence of the antibiotic was slower than at 37°C, and the rate
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of loss of cell viability in the presence of diumycin was also slower than at 37°C.
At 4°C, no changes in viable cell numbers in the absence or in the presence of the
antibiotic were noted. The results of this experiment are in complete agreement with
those previously obtained with prasinomycin'®,

Diumycin, like prasinomycin, was either bactericidal or bacteriostatic for S. aureus

Fig. 2. Bactericidal and bacteriostatic action Fig. 3. Bactericidal and bacteriostatic action
of diumycin against Staphylococcus of diumycin against Streptococcus
aureus FDA 209 P pyogenes C 203
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FDA 209P and Streptococcus pyogenes C 203, depending on the concentration of the
antibiotic and the duration of contact between the antibiotic and the test organism
(Figs. 2 and 3). It must be noted that the concentrations of antibiotic employed in the
experiment reflect the sensitivities of these two organisms to diumycin. Diumycin, at
a concentration of 0.5 ug/ml, was bactericidal to S. aureus FDA 209 P, whereas only
0.01 ug/ml was needed for a bactericidal effect on S. pyogenes C 203. At these levels,
no outgrowth of S.aureus FDA 209P or S. pyogenes C 203 was observed after 24 hours
of incubation.

Because of the marked binding of diumycin by serum (Table 4), the bactericidal-
bacteriostatic activities of diumycin were determined in the presence of 50 % human
serum. These data are shown in Figs. 4 and 5. In the presence of 50 % serum, a
diumycin concentration of 50 ug/ml effected a marked reduction in the number of
viable cells of S.aureus FDA 209P within 5hours; however, many viable cells were
present after 24 hours of incubation. Even at a concentration of 100 u#g/ml, sterilization
of the culture was not realized. With S. pyogenes G 203, the concentration of diumycin
needed to cause a rapid decrease in the number of viable cells was 10 ug/ml, and at
this level, no viable cells were found after 24 hours of incubation.

In Vivo ‘

Diumycin was highly effective in protecting mice against death from lethal
infections of S. pyogenes C 203 and Diplococcus pneuwmoniae Type 3. The PD,, values
(the minimum dose of antibiotic that protects 50 % of the infected mice against death)
for diumycin in these infection models were 0.22 and 5.06 mg/kg, respectively, when
the antibiotic was administered subcutaneously.

As with other members of the phosphorus-containing class of glycolipid antibi-
otics''%!9, a single subcutaneous dose of diumycin provided prolonged protection to

mice infected with S. pyogenes C 203 and D.
ree byog Table 5. Effect of time of administration of

pneumoniae Type 3. In Table 5 are presented diumycin on effectiveness in protecting
data showing the relationship between the mice against mff[‘c.tlon -
. . . ime o
PD;, values and the period of time elapsed Iélrfgegli‘;;gn administration P?nsloéji{cg'?*
between drug administration and -challenge of antibiotic
‘th the infecti . T k 1 Streptococcus —8 weeks* 62.0
with the infecting organism. To our knowl- byogenes —6 weeks 97 8
edge, no antibiotics other than members of C 203 —4 weeks 16.2
this group have been reported to possess this *f ;Veeks gg
. . . —1 day .
prolonged duration of activity. +1 hour 0.22
. Ora.l admlmstratx?n of ’ high doses .of Diplococcus 6 weeks | 299.0
d1umyc1n protected mice against an otherwise prneumoniae —4 weeks 181.0
lethal infection with S. pyogenes C 203. When Type 3 —2 weeks 93.4
. . .. ATCC 6303 —1 week 45.6
diumycin was given 1hour after challenge —90 hours 6.85
with the infecting organism, the value was |+1, +5 hours 5. 06
470 mg/kg, a value 2,136 times greater than * The plus and mlnus signs denote the time
. lapse between antibiotic treatment and infec-
the PDy, value after subcutaneous dosulg, tion. A minus sign indicates that the anti-
. biotic was given prior to challenge: a plus
The oral route cannot, therefore, be consid- sign indicates that the antibiotic was given

. .. . after challenge.
ered of practical value for the administration  # s.c.=subcutaneous route
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of diumycin.
Toxicity

By both intravenous and intraperitoneal routes of administration to mice, the LDy,
for diumycin was 590 mg/kg and the LD, was 455 mg/kg. Deaths occurred 1~4days
after dosing and were generally preceded by ataxia and weight-loss. No overt effects,
other than weight-loss, were observed in animals dosed intravenously with 125 or 250
mg/kg. Representative mice that had received single, intravenous doses of 500, 250 or
125 mg/kg were necropsied 8days after dosing. Independent of the dosage at these
drug levels, the livers showed microscopic evidence of cell damage which was evidenced
by multifocal areas of hepatocyte necrosis with acute inflammatory cell infiltration
perivascularly and in portal zones. There were numerous mitotic figures indicative
of liver cell regeneration. Animals necropsied 20 or 30days after dosing showed no
liver cell necrosis; however, there was some residual inflammatory reaction in one
high dose animal at each time period, suggesting a transient pathogenic process. No
other significant gross or microscopic changes were seen.

Plasma Level and Decay; Urinary Excretion

The half-life of diumycin in plasma was approximately 4days in dogs given an
intravenous or intramuscular injection of 20 or 40 mg/kg. After an intramuscular dose
of 20 mg/kg, maximum bioactivity in plasma was attained at about 2.25 hours (Fig. 6).
In the monkey, maximal bioactivity in plasma was attained 24 hours after an intra-
muscular injection of 40 mg/kg, and activity continued at that level for 7 more days
(Fig. 7). Diumycin activity was still detectable in dog and monkey plasma 23 and 21

Fig. 6. Plasma decay curves of diumycin in Fig. 7. Plasma decay curve of diumycin in
dogs given a single intravenous or a rhesus monkey given a single
intramuscular injection. intramuscular injection
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days, respectively, after drug administration. The studies were then discontinued.
The apparent volume of distribution of diumycin in the dog, estimated by extrapo-
lation of the average plasma decay curve (Fig. 6) to zero-time, was 75ml/kg or 7.5%
of the body weight.

The cumulative recovery of diumycin in the urine 9days after intravenous or
intramuscular dosing averaged 4.6 % of the administered dose in dogs and 20 % in the
monkey. Maximal recovery of the antibiotic was obtained between 30 and 48 hours
after drug adminstration to dogs and approximately 4 days after drug administration
to the monkey.

Discussion

The mode of action of diumycin was reported to involve inhibition of the biosynthesis
of the cell wall®; the exact locus at which this occurs is still unreported. The relatively
low toxicity of this antibiotic, however, is in keeping with its probable action as an
inhibitor of cell wall synthesis. Prasinomycin and moenomycin, two related phosphorus—
containing glycolipid antibiotics were also reported to inhibit the synthesis of bacterial
cell walls®17,18,19)

The prolonged protective action conferred by a single, parenteral dose and the cor-
responding long duration of demonstrable blood levels and the apparent volume of distri-
bution in the plasma compartment of the dog, make this antibiotic highly unusual. It is
conceivable that the marked binding of diumycin to serum could play a role in the
prolonged body retention of the compound, as the complex could act as a reservoir,
releasing diumycin over a relatively long period of time.

Whether the phenomenon of aggregation” plays a role in long duration of activity is
also speculative. Since aggregation was not favored at low concentrations of antibiotic,
however, the role of this phenomenon might be of limited importance.
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