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The purplish-red pigment was formed on agar plate by superimposed streaking of Streptomyces
propurpuratus ATCC 21630 and strain R-89. The strain No. 89 was ascribable to the genus Bacillus
and designated as Bacillus sp. R-89. Both strain did not produced such pigment when cultivated

independently.

For hyperpigment production, we selected the mutant S.P-6 from Streptomyces propur-
puratus ATCC 21630 by MNNG (N-methyl-N’-nitro-N-nitrosoguanidine) treatment. Maximum
purplish-red pigment 1420 mg/ml were produced, when the mutant of R-16 and Bacillus sp. R-89

were mixed cultured at 30°C for 72 hr.

The artificial synthetic colours are still of great
importance to the food industry, finding use in vir-
tually all branches. The most important
characteristics by which the quality of food is judg-
ed is its appearence and the most important attribute
of appearence is colour(l). But the toxicological
status of all these colours has been already
studied(2-6). Therefore, there has been a continuing
trend over the last few years to replace artificially syn-
thetic colours for food with naturally derived or
nature equivalent colours. Natural colours from
serveral natural sources are used in food among
carotenoid, chlorophyll, anthocyanin and beet col-
ours, efc. Most of these colours have significant
disadvantages in use such as cost, stray characteristic
odour, or peppery taste. Their use is hence fairly
limited to specialised outlets. For the overcome this
problem, hence much work has been produced

naturally occuring colours from their sources in
nature as well as research in economic synthetic
manufacturing routes. Natural colours production
of various microorganisms has been reported such
as Monascus sp.(8, 9), Streptomyces echinoruber
sp.(10, 11) and Streptomyces propurpuratus(12, 13).
Furthermore, Nasuno and Asai (14) reported the
formation of red pigments by the interaction of
molds. Oshima et al.(15) also reported that Strep-
tomyces propurpuratus produces a purplish-red pig-
ment in mixed culture with other microorganism.

Neopurpuratin (16) is a purplish-red pigment con-
taining ferrous ion, produced by Streptomyces pro-
purpuratus ATCC 21630 in cooperation with Bacillus
sp. under mixed culture. Its productivity, however,
is very low and unreliable. Considering the possible
industrial applications for this pigment, it is impor-
tant to increase its yield.

Key words: Purplish-red pigment, hyperpigment production, Streptomyces propurpuratus, Bacillus sp. R-89

*Corresponding author



328

In our present studies, we were isolated and iden-
tified the Bactllus sp. from soil which produces
purplish-red pigment in cooperation with Strep-
tomyces propurpuratus ATCC 21630 and in-
vestigated the conditions of production by mixed
culture of Streptomyces propurpuratus ATCC 21630
and Bacillus sp. R-89.

Materials and Methods

Microorganisms

Streptomyces propurpuratus ATCC 21630 and
Bacillus sp. R-89 were used for the studies on the pro-
duction of purplish-red pigment production by mix-
ed culture. The former was maintained on
glycerol-starch-glutamate agar slants and latter on
nutrient agar slants.

Media

The glycerol-starch-glutamate (GSG) medium was
composed of 1.0% glycerol, 1% soluble starch, 0.1%
sodium glutamate, 0.05% NaNO, , 0.025% L-
proline, 0.025% K,HPO, , 0.05% MgSO,7H,0,
0.001% FeSO, .7H,0 and 0.001% thiamine-HCI.

The nutrient medium was composed of 1.0%
meat extract, 1.0% peptone and 0.2% NaCl. For
plate and slant cultures, 15g of agar was added to
1/ of medium.

Production medium of purplish-red pigment by
mixed culture was composed of 2.0% glucose, 1.0%
peptone, 1.0% meat extract, 0.3% CaCO,; and
0.01% FeSO,-TH,0. Above media pH was initial-
ly adjusted at 7.0.

Isolation of induction microorganism for purplish-
red pigment produced by mixed culture

Plate culture was carried out as follow ; Pre-
culture of S. propurpuratus ATCC 21630 was first
streaked on the agar plates of GSG medium and in-
cubated at 28°C for 3 days and then test strains were
streaked in parallel with it and the incubation was
at 20°C for 4 days. We were selected the strains which
produced purplish-red pigment visually.

Identification of Bacillus sp. R-89
Microorganisms isolated were identified accor-
ding to the routine methods recommended by the
Society of American Bacteriologist(17). The strain
was classified with reference to Bergey’s Manual of
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Determinative Bacteriology, 8th Edition(18).

Selection of hyperpigment-producing mutants of S.
propurpuratus ATCC 21630

To improve pigment production, S. propur-
puratus ATCC 21630 were treated by MNNG accor-
ding to slight modification of Hiroi et al.(20).

S. propurpuratus was grown at 28°C for 5 days
and then diluted to about 107-108/m/ with 0.2M-
phosphate buffer, pH 7.0. To 10 m/ of cells suspen-
sion, 10m/ of MNNG solution which has a concen-
tration of 1 mg/m/ was added. The mixtures were
allowed to stand at 28°C for 90 min without shak-
ing during the treatment periods. The mixture were
centrifuged after MNNG treatment. The cells were
resuspended in sterile water and then were spread on
the production medium plate at 28°C for 10 days.
The each colonies were picked out for hyperpigment
productivity tests(13).

On the other hand, Bacillus sp. R-89 were plated
on the nutrient agar plate at 28°C for 2 days. To
ascertain whether both isolated strain are concerned
in the pigment formation, mutant of S. propur-
puratus and Bacillus sp. R-89 were streaked in
parallel together on one plate of GSG agar and in-
cubated at 28°C for 5 days. We selected hyper-
pigment-producing strains which a purplish-red
color appeared around the between S. propurpuratus
and Bacillus sp. R-89 on the GSG agar.

Fermentation of purplish-red pigment by mixed
culture

The mixed culture for production of purplish-red
pigment was carried out in a 5/ jar-fermentor.
Before making the mixed culture, the seed culture
of S. propurpuratus and its partner strain, Bacillus
sp. R-89 were prepared independently. For S. pro-
purpuratus ATCC 21630, a loopful of culture from
the GSG agar slant culture was inoculated into a
300 m!/ flask containing 70 m/ of production medium
and incubated at 28°C for 3 days. For Bacillus sp.
R-89, one loopful of culture from the nutrient agar
slant was inoculated into a 300 m/ flask containing
70 m/ of nutrient medium and incubated at 28°C
for 1 days. Fermentation of the mixed culture was
carried out in a 5/ jar-fermentor containing 1.5/ of
the production medium. The seed culture 2m/ of S.
propurpuratus was inoculated to 5 / of the produc-
tion medium and incubated at 28°C, agitation of
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Table 1. Pigment formation in mixed culture of S. propurpuratus ATCC 21630 with various bacteria.

Test bacteria

Curture time (days) of pigment formation

2 3 5
Acetobacter gluconius, IFO 3292 + + +
Brevibacterium flavum, ATCC 21528 - - -
Pseudomonas aeroginosa, IFO 3446 + ++ ++
Bacillus subtilis, RH-8 + ++ + +
strain, R-12 + + ++
strain, R-30 + + + ++
strain, R-89 + ++ + ++ +

+ ~ + + +; Degree of pigment production,

Fig. 1. Purplish-red pigment formation by interaction
of S. propurpuratus ATCC 21630 and strain R-89 on
the plate culture.

A; streak-culture of S, propurpuratus ATCC 21630 and
strain R-89 (pigmentation),

B; streak-culture of S. propurpuratus ATCC 21630 (none
pigmentation),

C, streak-culture of S. propurpuratus (none pigmenta-
tion). Plate culture were carried out according to in
Materials and Methods.

250 rpm and aeration of 0.5 vvm. After fermenta-
tion of S. propurpuratus ATCC 21630 independantly
for 8 hr, the seed culture 2 m/ of Bacillus sp. R-89
was added and the mixed culture was incubated for
4 days.

Assay for pigment production of culture broth
Pigment production assay was carried out accor-
ding to the method of Oshima et a!.(16) Purplish-

—; None production

red pigment is excreted into culture broth. Ten m/
of culture broth was tested periodically for analysis
of pigment production. After centrifugation at
3,000 rpm for 10 min, pigment in the supernatant
was estimated by measuring absorbance at 555 nm.
Residual glucose in the supernatant was determined
by the Bertrand method(17). Cell growth was
measured at 610 nm.

pH measurement of pigment production broth
The pH of pigment production broth during
fermentation was measured by pH meter.

Results and Discussion

Pigment formation by mixed-culture of S. propur-
puratus ATCC 21630 with other microorganisms

To ascertain whether isolated strains are concern-
ed or not in the formation of pigment, we were car-
ried out by plate cultures. s. propurpuratus ATCC
21630 and various microorganisms were streaked in
parallel together on one plate of GSG agar medium.
(Table 1) S. propurpuratus ATCC 21630 was first
streaked on GSG agar plates and incubated at 28°C
for 5 days.

On the other hand, as a control S. propurpuratus
ATCC 21630 and the test microorganisms were in-
cubated at 28°C for 5 days independently on GSG
plate and nutrient medium. They do not formed pig-
ment. But pigment formation was observed on the
plate streaking both strains (Fig. 1). Purplish-red col-
or appeared around the streak of S. propurpuratus
ATCC 21630 with other microorganism (Table 1).
S. propurpuratus produces a purplish-red pigment
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Table 2. Purplish-red pigment formation on plate culture of S. propurpuratus ATCC 21630 with various micro-

organisms,
Test microooganisms Pigment formation Remarks
Acetobacter aceti, IFO 3281 +
Acetobacter gluconicus, IFO 3292 +
Acetobacter pasturianus, IFO 13751 +
Aeromonas hydrophila, IFO 3820 -
Pseudomonas aeroginosa, IFO 3446 +
Pseudomonas putida, IFO 3738 -
Bacillus subtillus, RH-8 +
Brevibacterium lactofermentum, ATCC 21086 -
Brevibacterium flavum, ATCC 21528 -
Corynebacterium glutamicum, R-820 -
Staphylococcus aureus, R-88 -
Streptomyces albus, IFO 3418
Streptomyces griseus, IFO 3358 +
Strain, R-12 ++ isolation
i from soil
Strain, R-30 ++
Strain, R-89 ++ +
+ ~ + + +; Degree of pigment production -—; None production
Table 3. Morphological characteristic of strain R-89 in comparison with B. brevis and B. cereus.
Strain R-89 B. brevis B. cereus

Growth in nutrient agar plate
(after 3-5 days at 30°C)

Width of rod (¢ m) 0.5-0.8
Length of rod (¢m) 1.2-2.0
Sporangium swollen -
Spore shape ellipsoidal
Strain gram positive +

Vegetative cells
flagella

circular, smooth

creamed color

rods, peritrichous,

circular, smooth circular, smooth

creamed color creamed color

0.5-0.9 0.5-0.9
2.5-3.0 2.0-3.5
+ -
ellipsoidal ellipsoidal
+ +

rods, peritrichous,
flagella

rods, peritrichous,
flagella

+; positive, -; negative
by interaction with not only strain, R-89 but also
several strain of bacteria, although the degree of pig-
ment formation differs with each strain. S. propur-
puratus ATCC 21630 and strain R-89 isolated from
soil produced no pigment independently but they pro-
duced a purplish-red pigment in mixed culture. From
these data, it were confirmed that S. propurpuratus
ATCC 21630 produced the purplish-red pigment by
interaction with the strain R-89.

As shown in Table 2, the seven strains of bacteria
were used as partner of S. propurpuratus ATCC

21630 for pigment production in plate culture. We
checked the purplish red pigment productivity about
the strains described in Table 2. Certainly culture of
S. propurpuratus ATCC 21630 and strain R-89 form-
ed intensive purplish-red pigment.

Identification of bacteria

Strain R-89 grew easily in nutrient agar plate. The
characteristics of the spore slope and vegetative cells
in nutrient media were given in Table 3. A com-
parison of strain R-89 with Bacillus species described
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Tabl 4. Physiological characteristics of strain R-89.

Strain R-89 B. brevis B. cereus

Anaerobic growth - - -

Hydrolysis of casein + + +
Hydrolysis of urea - - +
Liquefaction of gelatin + + +
Acid from D-glucose - + +

Acid from L-arabinose - _ _

Formation of indole - - +
Reduction of nitrate + + +
Degradation of tyrosine - +

Catalase activity + + +
Oxidase activity + -
Urease activity - - +
Growth at pH 6.8 + + +
Growth at pH 5.7 + + +
Growth of temperature 15-40°C 15-40°C  15-40°C

+; positive, —; negative, :; 11-89% of strain are positive

in Bergey’s Manual(19), showed that the species of
Bacillus brevis and Bacillus cereus resembled our
organism with respect to the circular, smooth and
creamed color and vegetative cells of rods,
peritrichous flagella. In general terms, spore shape
of strain R-89 are similar with Bacillus sp. as
references.

Instead, sporangium did not swollen in strain
R-89 and B. cereus. Physiological characteristics in
which strain R-89 differs from two or more of the
strains of the B. brevis and B. cereus as references
are the following : urea hydrolysis, nitrate reduction
and formation of indole (Table 4). In our opinion,
strain R-89 differs from other species of genus,
Bacillus. Therefore, we can not propose the creation
of a new species but these properties taken together
with the above morphological characteristics show
that the microorganisrn belong to the geneus Bacillus
sp. The strain R-89 was designed as the name of
Bacillus sp. R-89.

Selection of hyperpigment producing mutants of S.
propurpuratus ATCC 21630

For pigment formation in mixed culture, S. pro-
purpuratus ATCC 21630 was precultured at 28°C in
a 300 m/ flask containing 70 m/ of GSG medium for
3 days. Two m/ of preculture of S. propurpuratus
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Table 5. Purplish-red pigment produced by mixed
culture between S. propurpuratus ATCC 21630 and
mutants of Beillus sp. R-89.

Purplish-red

OD. (610 nm) pigment

(ug/mi)
S. propurpuratus 0.8 960

ATCC 21630 :

S.p4 1.0 1180
S.P-6 1.4 1420
S.P-9 0.9 1030
S.P-10 1.2 1330
S.P-13 1.2 1340
S.P-16 11 1250

S.P 4-16; mutant of S. propurpuratus ATCC 21630.
Mutation of S. propurpuratus ATCC 21630 was described
in material and methods. Seed culture (2 mil) of mutants
of S. propurpuratus ATCC 21630 was inoculated into
300 m! flask containing 70 ml of the optimal medium was
described in methods and incubated at 28°C. After 8 hr,
the seed culture (2 ml) of Bacillus sp. R-89 was
added and the mixed culture was incubated under the
same conditions.
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Fig. 2. Time course of purplish-red pigment produc-
tion in mixed culture. Seed culture (2 ml) of mutant
S.P-6 was inoculated into a 5/ jar-fermentor con-
taining 1.5 [ of the production medium and incubated
at 28°C with agitation of 250 rpm and aeration of
0.5 vvim. After 8 h (arrow), the seed culture(2 m/) of
Bacillus sp. R-89 was added and mixed culture was
incubated under the same conditions.

was transferred 70 m/ of GSG medium in 300 m/
flask. After incubation at 28°C for 10 hr, 2 m/ of
preculture of a test strain which incubated at 28°C
for 1 days with 50 m/ of nutrient broth was added
and mixed culture was incubated at 28°C for 5 days.
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By mutation procedures, 6 mutants were selected,
and the mutants were allowed to grow with Bacillus
sp. R-89 in production medium on a shaker for 5
day’s at 28°C, and packed cell volume and pigment-
production was measured. As shown in Table 5,
pigment-productivity of each these mutants which
was estimated by absorbance at 555 nm, was improv-
ed in comparison with parent organism as follows
: 1.48, 1.40 and 1.30 times for the mutants of S.P-6,
S.P-13 and S.P-16, respectively. From these results,
we decided to use mutant S.P-6 for large scale pro-
duction of purplish-red pigment by broth culture with
the production medium under the optimal conditions.

Fermentation of purplish-red pigment by mixed
culture

A typhical time course of pigment production in
mixed culture of jar-fermentor established above are
given in Fig. 2. When Bacillus sp. R-89 was in-
oculated at 8 hr after inoculation of S. propurpuratus
ATCC 21630, pigment production began at S hr after
the beginning of the mixed culture, and increased un-
til 72 hr of cultivation. At this time, the glucose was
almost completely consumed. Purplish-red reached
the maxium product of around 1,420ug/m/ at 72 hr.

Furthermore, the chemical and biological proper-
ties of the pigment will be research in detail.
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