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ABSTRACT

A strain of Streptomyces nigrifaciens (p-9) was isolated from marine sediments. Morpholog-
ical, cultural, biochemical and cell wall analyses were made to identify the strain. Glycerol,

olucose. sucrose, lactose and maltose as carbon sources, and cnvhf-'\n meal, yeast extract malt
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extract peptone and sodium nitrate as nitrogen sources were used to select the best medium for
maximum production of antibiotics. Glucose and soybean meal were the best carbon and nitrogen
sources, respectively, for maximum antibiotic production. Ethyl acetate, n-butanol, dichlorometh-
ane, petroleum spirit and benzene were used for extraction. Ethyl acetate extract showed sig-
nificant activity against both gram positive and gram negative bacteria. Streptoniyces nigrifaciens
(p-9) differs significantly from the type strain in antibacterial activity.

RESUMEN

Se aislé una cepa de Streptomyces nigrifaciens (p-9) de sedimentos marinos. Para identificar
la cepa, se hicieron andlisis morfolégicos, de cultivo, bioquimicosy de pared celular. A fin de
seleccionar el mejor medio para lograr la mixima produccién de antibidtico, se usaron glicerol,
glucosa, sucrosa, lactosa y maltosa, como fuentes de carbono, y harina de soja, extracto de
levadura, extracto de malta, peptona y nitrato de sodio, como fuentes de nitrégeno. Glucosa y
harina de soja fueron las mejores fuentes de carbonoy nitrégeno, respectivamente, para la mayor
produccién de antibiético. En la extraccidn, se usaron acetato de etilo, n-butanol, diclorometano,
éter de petrdleo y benceno. El extracto de acetato de etilo mostré actividad significativa contra
ambas bacterias, grampositiva y gramnegativa. Streptomyces nigrifaciens (p-9) difiere notable-
mente de la cepa tipo, en actividad antibacteriana.

INTRODUCTION

Marine microorganisms are one of the
important sources of antibiotics and other
biologically active substances. More than 300
new and unique antimicrobial and antitumor
compounds were isolated from marine organ-
isms (Okami, 1986). The actinomycetes are
usually targeted because most of the micro-

INTRODUCCION

Los organismos marinos constituyen una
de las fuentes importantes de antibiéticos y
otras substancias bioldgicamente activas. Més
de 300 nuevos y Gnicos compuestos antimicro-
bianos y antitumorales han sido aislados de
organismos marinos (Okami, 1986). Usual-
mente, los actinomicetos son objeto de estu-
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bially derived antibiotics and therapeutic
drugs manufactured today are produced using
members of this taxonomic group.

Some antibiotics such as Neomycin A
and B (Sambamurthy and Ellaiah, 1974),
Aplasmomycin and Istamycin A and B
(Okami et al., 1976, 1979), Altemicidin (Taka-
hashi et al., 1989), Tetrazomine (Suzuki et al.,
1991) and ag-unsaturated »r-lactone antibiotic
(Balagurunathan, 1992) are isolated from
marine actinomycetes. In order to obtain
novel and diverse collections of antagonistic
actinomycetes, the sea sediments were rou-
tinely screenedand a streptomycete strain p-9
was isolated. The strain showed significant
antibacterial activity. Therefore, the present
study was made to identify the strain and
standardize a medium suitable for the maxi-
mum production of antibiotics.

MATERIALS AND METHODS

Sediment samples were collected from
the littoral zone of Parangipettai, south India
(Lat. 11929’ N; Long. 79946’ E), using Peter-
son grab. Isolation of streptomycetes was
made following the method of Okazaki and
Okami (1972). Morphological characters were
studied with a compound microscope at a
magnification of 600x, on cultures grown at
28°C for 7 to 14 days on yeast extract-malt
extract agar (ISP medium-2) recommended
by Shirling and Gottileb (1966). The spores
and spore chains were studied with Scanning
Electron Microscope (Hitachi S-450) at a
magnification of 2,000x. Identification was
done as per the ISP descriptions (Shirling and
Gottileb, 1968) and Nonamura’s (1974) key.

To determine the gross cultural charac-
teristics of this organism, it was grown on a
number of culture media (Waksman, 1961).
The biochemical characteristics such as mel-
anin production, gelatin liquefaction, nitrate
reduction, starch hydrolysis and hydrogen
sulfide production were studied. Utilization of
carbon sources was studied as described by
Shirling and Gottileb (1966). Cell wall analysis
was made by the method of Becker et al.
(1965).

To select the best carbon and nitrogen
sources for optimum production of antibiotic,
glycerol, glucose, sucrose, lactose and maltose
(1.0%) were used as carbon sources, and soy-
bean meal, yeast extract, malt extract, pep-
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dio, porque la mayor parte de los antibi6ticos
y farmacos derivados de microbios, fabricados
en la actualidad, se producen usando miem-
bros de este grupo taxonémico.

Algunos antibiéticos como Neomicina A
y B (Sambamurthy y Ellaiah, 1974), Aplas-
momicina e Istamicina A y B (Okamiet al.,
1976, 1979), Altemicidina (Takahashi et al.,
1989), Tetrazomina (Suzuki et al., 1991) y
antibidtico de »y-lactona ag-no saturado (Ba-
lagurunathan, 1992) se han aislado de acti-
nomicetos marinos. Para obtener nuevas y
variadas colecciones de actinomicetos an-
tagénicos, se tamizaron periédicamente sedi-
mentos marinos y se aislé una cepa p-9 de
actinomiceto. La cepa mostré importante ac-
tividad antibacteriana. Por ello, se hizo el
presente estudio con el fin de identificar la
cepa y estandarizar un medio apropiado para
lograr la maxima produccién de antibiético.

MATERIALES Y METODOS

Se recogieronmuestras de la zona litoral
de Parangipettai, al sur de la India (11°
291atitud N; 79°46’longitud E), usando draga
de Peterson. Los estreptomicetos se aislaron
siguiendo el método de Okazaki y Okami
(1972). Los caracteres morfoldgicos se estu-
diaron con un microscopio compuesto a 600x
de aumento, en cultivos que crecieron a 28°C,
de 7 a 14 dias, sobre agar de extractos de
malta y de levadura (medio 2, ISP) recomen-
dado por Shirling y Gottileb (1966). Las
esporasy cadenas de esporas se estudiaron con
un microscopio electrénico de barrido (Hitachi
$-450) con aumento de 2,000x. La identifi-
cacién se hizo siguiendo las descripciones de
ISP (Shirling y Gottileb, 1968) y la clave de
Nonamura (1974).

Para determinar las caracteristicas de
cultivo de este organismo, se le hizo crecer en
varios medios de cultivo (Waksman, 1961). Se
estudiaron las caracteristicas bioquimicas,
como produccién de melanina, licuefaccién de
gelatina, reduccién de nitrato, hidrélisis de
almidones y produccién de sulfurc de hi-
drégeno. La utilizacién de fuentes de carbono
se estudié segin la descripcion de Shirling y
Gottileb (1966). El anilisis de pared celular se
hizo con el método de Becker er al. (1965).

Con el fin de seleccionar las mejores
fuentes de carbono y nitrégeno para la pro-
duccion 6ptima de antibidtico, se usaron
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tone and sodium nitrate (1.0%) as nitrogen
sources. As glucose and soybean were found to
be the best sources of carbon and nitrogen,
respectively, their effect on antibiotic activity
was studied using concentrations ranging from
1.0t0 2.0%.

The antibiotic production was studied in
shake flasks at 28+1°C using soybean meal
medium (soybean meal 1.5%, glucose 1.5%,
sodium chloride 0.5%, calcium carbonate
0.1%, pH 7.0). Fermentation was done ac-
cording to Sambamurthy and Ellaiah (1974).
The progress of antibiotic production during
fermentation was monitored by the paper disc
method using Bacillus subtilis. The maximum
antibiotic titer was obtained 96 h after inocu-
lation. The pH levels of the fermentation me-
dium were noted daily. After 96 h of fermen-
tation, the culture filtrate and mycelia were
separated by centrifugation. Various solvents
were used to determine the most suitable for
extraction. The solvents n-butanol, ethy! ace-
tate, dichloromethane, petroleum spirit and
benzene were used for extraction. Different
pH levels (4, 7 and 10) were used in the
culture filtrate to test whether the extraction
is dependent on pH value. About S ml of the
culture filtrate at each of the various pH
values were extracted with 5 mi of the sol-
vents. The extracts were concentrated and
tested against B. subtifis. Then the whole fer-
mented broth was extracted with cthyl ace-
tate at pH 7.0. The extract was concentrated
under reduced pressure at 40°C in a vacuum
rotary evaporator, and tested against nine
clinical isolates of bacteria and three fungal
strains by paper disc method. Five-millimeter
diameter filter paper discs impregnated with
0.5 mg extract were used. The diameter of the
inhibition zone was measured after 24 h of
incubation at 37°C for bacteria and after 72 h
of incubation at 289C for fungi. The same
method was applied for the fermentation of
the type culture S. nigrifaciens (CBS-543.68)
obtained from Centraalvoor schimmel cul-
tures, The Baarn, Netherlands, for identifica-
tion of p-9.

RESULTS AND DISCUSSION

The sporophore is smooth with well
developed substrate and aerial mycelia. The
aerial mycelium is gray in colour; spore
chains are Rectiflexibiles type (Fig. 1). Spore
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glicerol, glucosa, sucrosa, lactosa y maltosa
(1.0%), como fuentes de carbono, y harina de
soja, extracto de levadura, extracto de malta,
peptona y nitrato de sodio (1.0%), como
fuentes de nitrégeno. Glucosay harina de soja
resultaron las mejores fuentes de carbono y
nitrégeno, respectivamente, por lo que se
estudio su efecto en la actividad del antibi6ti-
co, usando concentraciones de 1.0 a 2.0%.

Sc estudio la produccién de antibidtico
en matraces con agitaciéon a 28+ 1°C, usando
harina de soja como medio (1.5% de harina de
soja, 1.5% de glucosa, 0.5% de cloruro de
sodio, 0.1% de carbonato de calcio, 7.0 de pH).
La fermentacién se llevé a cabo de acuerdo
con Sambamurthy y Ellaiah (1974). El progre-
so de la produccion de antibidtico durante la
fermentacion se siguié con el método del disco
de papel, usando Bacillus subtilis. La maxima
dosis de antibidtico se obtuvo 96 horas des-
pués de la inoculacién. Los niveles de pH del
medio de fermentacidon se anotaron diaria-
mente. Después de 96 horas de fermentacidn,
el filtrado de cultivo y micelio se separaron
mediante fuerza centrifuga. Se probaron varios
solventes, para determinar el més apropiado
para extraccion, y sc usaron con ese fin
n-butanol, acetato de etilo, diclorometano,
éter de petrdleo y benceno. Se utilizaron
diferentes niveles de pH (4, 7 y 10) para el
filtrado de cultivo, con objeto de probar si la
extraccién era dependiente del valor del pH.
Se extrajo aproximadamente S ml de filtrado
de cultivo para cada uno de los diferentes
valores de pH, con 5 ml de los soventes. Los
extractos s¢ concentraron y probaron contra
B. subulis. Lucgo, se extrajo todo el caldo de
cultivo utilizando acctato de etilo con 7.0 de
pH. El extracto se concentré bajo presién
reducida a 40° en un evaporador rotativo, y se
probé contra nueve aislamientos clinicos de
bacterias y tres cepas de hongos, con el
método del disco de papel. Se usaron discos de
papel filtro, de 5 mm de didmetro, impregna-
dos con 0.5 mg de extracto. El didmetro de la
zona de inhibicién se midié después de 24
horas dc incubacion a 37°C, para las bac-
terias, y después de 72 horas de incubacién a
280C, para los hongos. El mismo método se
aplicé para la fermentacién del cultivo tipo S.
nigrifaciens (CBS-543.68) obtenido de cultivos
de Centraalvoor Schimmel, The Baam, Holan-
da, para identificacion de p-9.
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surface is smooth (Fig. 2). Light brown or
blackish pigments appeared in the culture
medium. The cultural and physiological char-
acteristics are shown in tables 1-3. This strain
contains LL-diamino pimelic and glycine in
the cell wall. According to the chemical
composition, the strain belongs to cell wall
type-l. As per Nonamura’s (1974) key, the
strain is assigned to gray (GY), melanoid
pigment none (0), reverse side pigment none
(0), soluble pigment present, Rectiflexibiles
(RF) and smooth spore (SM) surface group.
The morphological characteristics and cell wall
type indicate that the strain belongs to the
genus Streptomyces. Accordingly, a compari-
son of this strain was made with descriptions
in ISP reports (Shirling and Gottileb, 1968)
and Nonamura’s (1974) key for identification.
Strain No. p-9 resembles Steptomyces nigi-
Jaciens (ISP-5071). However, p-9 differs from
S. nigrifaciens (CBS-543.68) by showing ex-
cellent growth in Czapek’s agar and significant
antibacterial activity against both gram posi-
tive and gram negative bacteria. It is appro-
priate, therefore, to classify p-9 as a variant of
S. nigrifaciens and designated as S. nigrifa-
ciens (p-9).

The effect of different carbon and nitro-
gen sources on antibiotic production is pre-
sented in table 4. Glucose and soybean meal
were the best carbon and nitrogen sources,
respectively, for the maximum production of
antibiotic and the maximum activity was seen
in 1.5% of glucose and 1.5% of soybean mcal
(table 5). The use of slowly consumed carbon
sources (starch and soybean oil) and nitrogen
sources (soybean meal) has becen reported to
be effective for the production of various types
of antibiotics of streptomycetes (Omuraet al.,
1980).

The antibiotic activity of §. nigrifaciens
(p-9) during fermentation is shown in table 6.
The maximum antibiotic titer was seenat 96 h
of fermentation. The antibiotic activity then
decreased with time. The metabolites are
liberated into the medium after 48 h of fer-
mentation and the production of these me-
tabolites is activated in the late logarithmic
to stationary stage (i.e. 96 h) of fermentation,
after cell division and biomass accumulation
have largely ceased. The initial pH during
fermentation was 7.0, increasing to 7.3 in 96 h
and to 7.9 in 120 h. Most antibiotic fermen-
tations start at a pH close to neutrality, then
rise to 8 or above as carbohydrates become
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RESULTADOS Y DISCUSION

El esporoforo es suave con sustrato bien
desarrollado y micelio aéreo. El micelio aéreo
es de color gris; las cadenas de esporas son de
tipo Rectiflexibiles (Fig. 1). La superficie de
espora es suave (Fig.2). En el medio de
cultivo aparecieron pigmentos negruzcos o de
color café claro. Las caracteristicas de cultivo
y fisiolégicas se muestran en las tablas 1 a 3.
Esta cepa contiene 4cido LL-diaminopimélico
y glicina en la pared cclular. De acuerdo con la
composicion quimica, la ccpa pertencce al tipo
I de pared celular. En cuanto a la clave de
Nonamura (1974), la cepa sc asigna al grupo
gris (GY), sin pigmento melanoide (0), sin
pigmento del lado inverso (0), con presencia
de pigmento soluble, Rectiflexibiles (RF) y
superficie suave de espora (SM). Las carac-
teristicas morfologicas y ¢l tipo de pared
celular indican que la cepa pertencceal género
Sueptomyces.  En consccuencia, s¢ hizo una
comparacion de esta cepa con las descripciones
de los informes ISP (Shirling y Gottileb, 1968)
y la clave de Nonamura (1974), para identifi-
carla. La ccpa No. p-9 cs similar a Strepto-
myces  nigrifaciens (ISP-3071). Sin cmbargo,
difiere de S. nigrifaciens (CBS-543.68) en que
muestra excelente crecimiento en agar de
Czapek ¢ importante actividad antibacteriana
contra bacterias grampositivas y gramncgati-
vas. Por tanto, es apropiado clasificar a p-9
como una variante de S. nigrifaciens y nom-
brarla S. nigrifaciens (p-9).

El cfecto de diferentes fuentes de car-
bono y nitrdgeno en la produccién de an-
tibidtico se presenta en la tabla 4. Glucosay
harina de soja fucron las mejores fuentes de
carbono y nitrégeno, respectivamente, para la
maxima produccion de antibidtico; la activi-
dad mdxima se observo en 1.59% de glucosa y
1.5% de harina de soja (tabla 5). El uso de
fuentes de carbono consumidas lentamente
(almidén y aceite de soja) y de fuentes de
nitrégeno (harina de soja) se ha considerado
efectivo para producir varios tipos de an-
tibiGticos de estreptomicetos (Omura et al.
1980).

La actividad antibiética de S. nigrifa-
ciens (p-9) durante la fermentacion, se mues-
tra en la tabla6. La maxima dosis de an-
tibiético se logré a las 96 horas de fer-
mentacién. La actividad antibiética decrecid
luego con el tiempo. Los metabolitos son
liberados cn el medio después de 48 horas de
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Figure 1. Aerial mycelium of strain p-9 (400x).
Figura 1. Micelio aéreo de cepa p-9 (400x).

Maximum an roduc

often occurred during the earlier stage of this
rise in pH level (Porter, 1975). The changes in

on the yield of the end products, which is
presumably connected with the increase in
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tabolitos se activa al final de la etapa logarit-
mica a estacionaria (i.e. 96 horas) de fer-
mentacién, después de que la divisién celulary

la acumulacién de biomasa ha cesado en gran
parte. El pH inicial durante la fermentacién
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Table 1. Cultural characteristics of strain p-9.
Tabla 1. Caracteristicas de cultivo de la cepa p-9

Medium Growth Acerial Substrate Reverse Soluble
mycelium mycelium side pigments
Oatmeal agar Good Gray colour Colourless Yellow None
Yeast-malt agar Moderate  Gray colour Colourless Pale yellow  Pale brown
Czapek’s Dox Good Gray Colourless Brownish Brownish
black black
Nutrient Moderate  Gray to Colourless Light yellow Brownish
Glucose agar whitish black
Glucose Moderate ~ Whitish gray ~ Colourless Light yellow None
Asparagine agar
Dextrose peptone  Good Gray Colourless Pale yellow  Light brownish
yeast extract to yellowish black
Egg albumin Poor Light gray Colourless None None
Starch agar Poor Whitish gray  Colourless None None
Table 2. Physiological characteristics of strain p-9.
Tabla 2. Caracteristicas fisiol6gicas de la cepa p-9.
Melanin production Negative Starch hydrolysis Positive
HjS production Positive Gelatin liquefaction Positive
Indole production Positive Nitrate reduction Positive
Table 3. Utilization of carbon compounds by strain p-9.
Tabla 3. Utilizacién de compuestos de carbono por la cepa p-9.
D-Glucose + Fructose +
Arabinose + Sucrose
Xylose + Raffinose -
Inositol - Rhamnose +
Mannitol +

ammonium and nitrogen due to decomposition
of soja proteins and autolysis of the mycelium
(Egorov, 1985). Among the solvents used, the
ethyl acetate extract showed the maximum
activity at pH 7.0. The other solvent extracts
showed very weak activity. The extraction was
dependent on pH as there is no activity at
other pH than 7.0.

440

fue 7.0, se increment6a 7.3 en 96 horasy a 7.9
en 120 horas. La fermentacién en la mayoria
de los antibiéticos comienza con un pH
cercano a la neutralidad, luego sube a 8 o més,
segin se van agotando los carbohidratos. La
maxima produccién de antibiético ocurre
frecuentemente durante la etapa més tem-
prana de esta elevacién del nivel de pH
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Table 4. Effect of various carbon and nitrogen sources on the antibiotic activity against Bacillus

subtilis.

Tabla 4. Efecto de varias fuentes de carbono y nitrogeno sobre la actividad antibidtica contra

Bacillus subtilis.

Carbon sources Inhibition zone

N> sources Inhibition zone

(1.0%) (mm) (mm)
Glycerol 8 Soybcan meal 16
Glucose 14 Yeast extract 10
Sucrose 8 Malt extract 11
Lactose 6 Peptone 9
Maltose 9 Sodium nitrate 8
Takla € Effanrt ~fcrnminiic ﬂt\—-ﬂt‘!—n'an’:.\«n P P Y 2 o e i
LAVIE J. L‘llel 01 Various concentirations oi Blub D dHU bUyULdll IIlLdI on dllllUlUllL dL(lVlly

Tabla S. Efecto de varias concentraciones de glucosa y harina de soja sobre la actividad

antibidtica.

Concentration of Inhibition zone

Concentration of Inhibition zone

soybean meal (mm) glucose (mm)
1.00% 10 1.00% 10
125% 11 1.25% 11
1.50% 20 1.50% 20
1.75% 12 1.75% 12
2.00% 10 2.00% 11
Table 6. Antibiotic activity ofS nigrifaciens (p-9) during fermentation.
Tabla 6. Actividad antibidtica de S. nigrifaciens (p-9), durante la fermentacidn.
Tnenhation tima (h) Trhilitinm 2amn §oanmal
LlIvuuUalivii L \lll A1INUILIUIL LULLC ‘ i l}
24 .
36 -
48 7
72 9
84 10
96 14
108 10
120 8

The antibiotic activity of crude extracts
of the isolated strain and type strain are
presented in table 7. The extract of p-9
showed very good antibiotic activity against
gram positive and gram negative bacteria and
did not show any antifungal activity. How-
ever, the extract of the type strain showed
very little antibacterial activity. This indicates
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(Porter, 1975). Los cambios de acidez del
medio tienen un efecto importante en la
produccién final de los productos, que esta
probablemente relacionada con el incremento
de amonio y nitrégeno debido a la descom-
posicion de las proteinas de soja y autdlisis del
micelio (Egorov, 1985). Entre los solventes
usados, el extracto de acetato de etilo mostrd
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Table 7. Antibiotic activity of crude extracts of p-9 and type culture.
Tabla 7. Actividad antibidtica de extratos crudos de p-9 y cultivo tipo.

Test organisms

Width of inhibition zone (mm)

Type culture p-9

Bacillus subtilis 7 20
Staphylococcus aureus 6 18
Streptococcus faecalis 7 14
Klebsiella pneumoniae 8 15
Salmonella typhi 7 14
Shigella flexneri 6 16
Vibrio cholerae 8 22
Escherichia coli 6 13
6 12

Proteus vulgaris
Candida albicans
Penicillium restrictum
Fusarium solani

that the antibiotic production is not species
specific but strain specific.

It is interesting to note that no anti-
biotic compound has been isolated so far from
S. nigrifaciens, and also that it is the source
of choline oxidase enzyme (Manyu Seijaku,
1985), which is useful for the determination
of the level of phospholipids in blood serum
of patients with such liver complaints as
obstructive jaundice. A detailed investigation
of the chemical nature and pharmacological
activity of the antibiotics generated by .
nigrifaciens as well as enzyme studies are
suggested for future works.
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