
Actinomycetes are widely distributed in natural
ecosystems and they are unsurpassed in their
capacity to produce bioactive secondary
metabolites¹. In addition to terrestrial sources,
actinomycetes have been isolated from marine

water, sediments, plants and animals. The presence
of obligate marine actinomycetes has been
demonstrated². With diverse physiological
activities including production of antimicrobial
agents, actinomycetes have a prominent role in the
marine ecosystem.

With the global emergence of multi-drug
resistant bacteria, there is an increasing demand
for development of new antibiotics to combat drug
resistant pathogens. Organisms in marine
environment have developed unique adaptations
that enable them to survive in dark, cold and highly
pressurized environments. Their novel biology
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offers a wealth of opportunities for the discovery
of new drugs for the treatment of human diseases
like severe pain, cancer, allergy/asthma,
inflammation, alzheimer ’s disease, HIV,
tuberculosis and other bacterial and protozoan
infections3-5. Hence, organisms from marine
environment might be a potentially rich source for
discovery of new antibiotics.

Although, marine plants and invertebrates
have received considerable attention as a source
for natural product discovery, the microbiological
component of this diversity remains relatively
unexplored6. Actinomycetes comprise about 10%
of bacteria colonizing marine aggregates7. Despite
their abundance, however, reports on their presence
in other invertebrates like corals are relatively rare.
Therefore, in the present study we report the
isolation of actinomycetes from hard corals and
the antimicrobial activities of the isolates against
bacterial strains and multi-drug resistant human
pathogens.

MATERIAL AND METHODS

Sample collection and processing
Samples of hard corals were collected

from the Bay of Bengal at Vellapatti, Tamil Nadu,
India in a sterile plastic bag and transported in an
ice box. Collected hard corals were crushed
aseptically with mortar and pestle and transferred
to a 250 ml flask containing 50 ml of sterile sea
water. The flask was shaken vigorously and
incubated in an orbital shaker at 26 0C at 140 rpm
for 30 minutes. The suspensions were allowed to
settle, and tenfold serial dilution were prepared.
One ml from each dilution was spread evenly over
the surface of the starch casein agar (g/l: starch
10, casein 0.3, KNO
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0.01, agar 20) and oat meal agar ( g/l: oat meal 20,
agar 20, trace salt solution 1ml) using sterile L-
shaped glass rod and incubated at 280C for 21 days.
Starch casein agar and oat meal agar were
supplemented with 5µg/ml of rifampicin and 50
µg/ml of cyclohexamide to inhibit bacterial and
fungal growth respectively.
Identification of actinomycetes

Actinomycetes were recognized by their
characteristic tough leathery colonies that adhered
to the agar surface, branched vegetative mycelia,

and when present, aerial mycelia and spore
formation8,9.  Actinomycete colonies were
characterized morphologically and physiologically
following the methods given in the International
Streptomyces Project (ISP)10. Species were
identified by the morphological characteristics of
colonies, substrate and aerial mycelium, structure
of spore chains and pigment production on
different ISP media (ISP-2, ISP-3, ISP-4 and ISP-
5). Detailed physiological and biochemical
characterization of promising isolates were
performed following the standard procedure¹¹.
Cell wall amino acids and sugar patterns of the
selected isolates

Amino-acids and whole cell sugar
patterns of the isolates were determined following
the method of Lechevalier, and Becker et.al.12,13.
Determination of antimicrobial activities

Antagonistic activity of isolates against
gram-negative and gram positive bacteria was
initially assessed using cross streak method and
later evaluated by agar over lay method14. Agar
overlay method was performed by spot inoculation.
Five day old colonies of actinomycetes on nutrient
agar plates were killed by inverting the plates over
1.5 ml chloroform for 40 minutes. The plates were
overlaid with 5ml of sloppy agar (0.7% w/v
nutrient agar) and inoculated with the test
organism. Zones of inhibition around the colonies
were recorded after 24 hours at 37 °C.
Staphylococcus aureus (NCIM-2079), Bacillus
subtilis (NCIM 2063), Escherichia coli (NCIM-
2065) and  Shigella flexinari (MTCC-1457) were
used as test strains. In addition to standard strains,
multidrug resistant pathogens of S. aureus and P.
aeruginosa obtained from King Gorge Hospital
(KGH) were also used for determination of
antimicrobial activity.
Production and cup plate assay of antibiotics

Actinomycetes isolated from hard corals
samples were cultivated in submerged culture in
250 ml conical flasks containing 50ml of seed
medium (g/l  Beef extract 3.0, Tryptone 5.0, Yeast
extract 5.0, Dextrose 1.0, Potato starch 25.0,
CaCO

3
 2.0, pH=7 ). The seed medium was

inoculated with a freshly sub-cultured isolate of
actinomycete maintained in yeast extract malt
extract agar. After 48h incubation, 5% seed
medium was transferred to production medium (g/
l, Soya bean meal 25, Glucose 25, Sodium nitrate
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4, Dipotassium hydrogen phosphate 5, NaCl 2.5,
Zinc sulphate 0.04, CaCO

3
 0.4, pH=7) and

incubated for 96h on arotary shaker at 200 rpm at
280C. After 96 h incubation, the fermented broth
was collected aseptically and centrifuged at
4000rpm for 15 minutes. The resulting supernatant
and mycelial pellets were used for cup plate
assay15.

RESULTS

The initial count of actinomycete colonies
observed during primary screening was 140. After
eliminating colonies with similar morphological
characters, a total of 22 different actinomycetes
were recovered from samples of hard corals.
Isolates were sub-cultured and checked for their
purity and then transferred to yeast extract malt
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Fig. 1. Antimicrobial activity of CS19/13 against test organisims
including MDR-SA (Multidrug resistant S. aureus)

Table 1. Cultural characteristics of strain CS19/13

Agar medium Growth Aerial Substrate Diffusible
mycelium mycelium pigment

Starch casein agar Abundant Grey Grey None
Yeast extract malt extract agar (ISP-2) Abundant Dark grey Brown to grey None
Oat meal agar (ISP-3) Abundant Dark grey Whitish to grey None
Inorganic salt starch agar (ISP-4) Abundant Dark grey Whitish to grey None
Glycerol asparagines agar (ISP-5) Moderate Grey Grey None
Nutrient agar Abundant  Grey Grey None

extract agar for further characterization. Based on
the characteristics of the colonies and microscopic
observation of their spore chain morphology the
selected isolates were confirmed to be
actinomycetes.

About 40% of the isolates showed activity
against Bacillus subtilis,  followed by
Staphylococcus aureus (36.4%), Escherichia coli
(18.2%) and Shigella flexinari (13.6%).
Streptomyces and Micromonospora were the major
genera identified. Detailed morphological,
physiological and biochemical characteristics of
one of the promising isolates, CS19/13 was
presented, which was tentatively identified as
Streptomyces torulosus  (Table 1 and Table 2).

Most of the isolates were active against
gram-positive bacteria compared to gram-negative
(Table 3). Forty percent of all isolates exhibited
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Table 3. Antimicrobial activities of actinomycetes isolated from hard corals

Test strains Antimicrobial activities  (n=22)

No. of active isolates (%) No of inactive isolates (%)

 S. aureus (NCIM-2079) 8 (36.4) 14 (63.6)
B. subtilis (NCIM 2063) 9(40.1) 13(59.9)
 E. coli  (NCIM-2065) 4 (18.2) 18 (81.8)
 S. flexinari (MTCC-1457) 3 (13.6) 19(86.4)

Table 2. Physiology and Biochemical
properties of isolate CS19/13

Biochemical test Result

Melanin reaction on:
ISP-I negative
ISP-6 negative
ISP-7 negative
Hydrogen sulphide production negative
Tyrosine reaction negative
Starch hydrolysis positive
Casein hydrolysis positive
Gelatin liquefaction positive
Nitrate reduction negative
Peptonization and coagulation of milk positive
Carbon utilization test:-
-Sucrose +
-Glucose +
-Fructose +
-Arabinose +
-Rafinose -
-Xylose +
- Mannitol +
- Inositole +
-Cellulose -
-Maltose -
-Lactose +
-Galactose +
Nitrogen utilization:
Histidine +
Potassium nitrate +
L-valine +
L-Arganine +
L-Threonine +
NaCl tolerance (Optimum) 1-7%
Growth temperature range (optimum ) 28-37 0C
Optimum pH for growth 7-9
Cell wall composition Type I

overlay method. All the 3 isolates selected,
exhibited strong activity against S. aureus (NCIM-
2079) but only one isolate  CS19/13 showed strong
activity against both S. aureus (NCIM-2079 and
B. subtilis (NCIM 2063), while all 3 isolates had
antagonistic activity against gram-negative bacteria
viz.,  E. coli (NCIM-2065) and  S. flexinari
(MTCC-1457).

Multi-drug resistant S. aureus and P.
aeruginosa cultures were obtained from KGH,
Visakhapatnam. Their antibiotic sensitivity pattern
was again checked in our laboratory.  The result
showed that S. aureus was resistant against 7
antibiotics including Methicillin, while
P. aeruginosa was resistant to all 11 antibiotics
tested (Table 4). Three of the Streptomyces species
showed antimicrobial activity against clinical
isolates of multidrug resistant human pathogens.
Two of these, showed inhibitory activity against
multidrug resistant Pseudomonas aeruginosa
while isolate CS19/13 exhibited strong activity
against multi-drug resistant S. aureus (including
methicillin) (Table 5).

 The inhibition zone diameters of CS19/13
were significantly different between the agar overlay
and cup plate methods. In general, greater zone
diameters were observed in agar overlay method
compared to the cup plate method (Table  6).

DISCUSSION

Many novel bioactive compounds
including antibiotics have been discovered from
actinomycetes from marine water and sediments.
It was also reported that actinomycetes isolated
from sponges produce secondary metabolites
which are active against fungi16, bacteria17 and also
possess anticancer activity18. The biodiversity of
actinomycetes reveals that this fascinating group

antagonistic activity against one or more bacterial
pathogens. The antimicrobial activities of these
isolates were further evaluated by using agar
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are also associated with corals, algae and sea
weeds. As reported by Piskorska et.al.19 and
Caundiffe20 a high percentage of actinomycetes
were observed only in healthy coral samples than
in diseased corals, which reveals their  ability to
produce a wide range of antibiotics which protect
the corals against other pathogenic bacteria. Our
results also indicate that about 40% of the isolates
from the coral samples exhibit antagonistic activity
against one or more test organisms. This
association between corals and marine
actinomycetes indicates that coral samples are a
potent source of  actinomycetes in addition to
marine water and sediments.

 In addition to standard test strains, the
activities of the isolates were further evaluated
against multi-drug resistant human pathogens. One
of the isolates showed strong inhibitory activity
against multi-drug resistant S. aureus (including
methicillin) and the other two isolates exhibited

Table 4. Antimicrobial sensitivity patterns of multi-drug resistant S. aureus and
Pseudomonas aeruginosa obtained from King George Hospital, Visakhapatnam.

Clinical isolates Sensitive Resistant

S. aureus AN (30),  CF(30), CFP ACX (20), AZ (15), CD (30), CLR
 (75), CIP (5), G (10) (15), CR (30), MET (30), RX(15)

P. aerogenosa None AN (30 ), CD (30 ), CF (30 ), CFP (75 ),
CIP (5 ), CPZ (30 ), CTX ( 30), G (10 ),
LM (10 ), NET (30 ), SF (5 )

ACX= Ampiclox, AN= Amikacin, AZ= Azithromycin, CD= Cefadroxil, CF= Cefotaxime, CFP= Cefoperazone,
CIP= Ciprofloxacin, CLR= Clarithromycin, CPZ=Ceftazidimine, CR=Cefuroxime, CTX=Ceftriaxone,
G=Gentamicin, LM=Lomefloxacin, MET= Methicillin, NET=Netilmicin, RX=Roxythromycin, SF=Sparfloxacin.

Table 5. Antimicrobial activity of selected
actinomycetes in samples of hard corals
against multi-drug resistant pathogens of

S. aureus and P.aeruginosa

Actinomycetes Inhibition zone diameter (mm)

isolate S. aureus P.aeruginosa

CS19/10 not active 12
CS19/11 not active 15
CS19/13 52 not active

activity against multi-drug resistant P.aeruginosa.
These results indicate that in the search for novel
antibiotics active against multidrug resistant
pathogens, hard corals are a promising source
which need to be further explored.

Inhibition zone diameters observed in
agar overlay method were in general higher than
cup plate method (Fig. 1). This might be explained
due to the fact that in cup plate method, activity is
tested for extracellular product (supernatant) and
intracellular product (mycelial pellets) separately.
However, in agar overlay method, activity is tested
as a whole, where both the intracellular (mycelium)
and the extracellular product released after
chloroform treatment are within the spot of the
colony together resulting greater zones of
inhibition.

The significant recovery of actinomycetes
from hard corals producing bioactive compounds
and in particular strains possessing strong
antagonistic activity against multi-drug resistant
pathogens indicates the large scope which exists
in hard corals in the discovery of marine
actinomycetes producing novel antibiotics.
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