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Abstract

Escalation of drug resistant microbes (bacteria) had forced researchers to search new and im-
proved therapeutic compounds from different possible sources, including metabolites secreted by
the actinomycetes. The aim of this study was to evaluate the pattern of antimicrobial actinomy-
cetes from physiologically distinct soil of different geographical locations. Forty five soil samples
were collected from 5 districts of Gujarat including two sanctuaries as source of survey for bioac-
tive actinomycetes. Crowded plate technique was used for isolation and Agar cylinder method was
employed for the antimicrobial screening. A total of 171 actinomycetes were isolated and screen-
ed against eighteen pathogens responsible for causing diseases in plants and humans. Results in-
dicate that 79% of the isolates were active against at least one of the eighteen tested pathogens.
Some of the actinomycetes strain had shown strong antibacterial and antifungal activity which
may be a good source of obtaining novel antimicrobials.

Keywords

Actinomycetes, Screening, Antimicrobial, Drug Resistance, Soil Microflora

1. Introduction
Actinomycetes, a gram positive filamentous bacterium, are well known for their unique ability to produce vari-
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ous bioactive compounds used as antibiotics [1]-[4]. In recent years discovery of bioactive compounds from ac-
tinomycetes is getting momentum due to the ever increasing multi and extensively drug resistant pathogens.
Unexplored habitat and niche attracts attention for the isolation and screening of bioactive novel actinomycetes.
A study on dynamics of bioactive actinomycetes in different untouched areas of Gujarat India was conducted
with an objective to examine the populations in conserved habitats and to evaluate their antimicrobial properties.
Antimicrobial activity and population dynamics of the actinomycetes isolated from studied area are not yet re-
ported in any published literature.

Historically, most commonly soil isolated actinomycetes have been of genus Streptomycetes and Micromo-
nospora [5]. Compounds isolated from actinomycetes have numerous chemical structures. The macrolides, te-
tracyclines, aminoglycosides, glycopeptides and ansamicines are used in antibacterial treatments whereas anth-
racyclines reached the market to supplement anticancer chemotherapy. The fairly toxic polyether-type antibio-
tics are used as anti-coccicidal agents. Today about 130 to 140 microbial products are applied in human and ve-
terinary medications and about 15 to 20 compounds are used in agriculture mainly as pesticides, plant protecting
agents and food additives [6]. Out of all the novel bioactive metabolites, about 70% were derived from actino-
mycetes [7]. Due to intensely increasing resistance of clinically important bacterial strains, discovery of novel
types of antibacterial agents is urgently needed. Microbial screening continues to represent an important route
for discovery of novel chemicals for the development of therapeutic agents [8]. Thus, it is necessary to continue
screening for new metabolites and evaluate the potential of less known and new microbial taxa for development
of novel and improved compounds for future use especially against drug-resistant bacteria [9]. Screening of the
actinomycetes for the production of novel antibiotics has been intensively pursued by many scientists [10] [11].
Purpose of this study was to isolate new actinomycetes from untouched area of Gujarat and evaluate their anti-
microbial potential to develop new bioactive formulations for control of microbial pathogens.

2. Material and Methods
2.1. Soil Samples

Samples were collected from 5 districts of Gujarat, from various locations viz., grassland, hills, river side, nur-
sery etc. The samples were collected separately from the depth of 10 - 15 ¢cm in a clean, dry and sterile poly-
thene bags with the help of sterile open-end soil borer. Characteristically distinct sites on the basis of soil organ-
ic matter and moisture content, particle size and colour were selected for sampling. Appropriate sterile materials
were used and sterile conditions were maintained during the study.

2.2. Test Cultures

Eighteen pathogenic microbial cultures (10 bacteria and 8 fungi) were procured from MTCC, Chandigarh. Bac-
terial pathogens were Staphylococcus aureus (MTCC 96), Pseudomonas aeruginosa (MTCC 741), Escherichia
coli (MTCC 443), Xanthomonas campestris (MTCC 2286), Erwinia carotovora (MTCC 1428), Listeria mono-
cytogenes (MTCC 657), Bacillus subtilis (MTCC 441), Yersinia enterocolitica (MTCC 861), Salmonella typhi-
murium(MTCC 98) and Vibrio vulnificus (MTCC 1145); 8 fungal pathogens were Candida albicans (MTCC
183), Fusarium oxysporum (MTCC 284), Rhizoctonia oryzae-sativae (MTCC 2162), Trichophyton rubrum
(MTCC 296), Acremonium recifei (MTCC 3570), Microsporum gypseum (MTCC 2830), Malassezia furfur
(MTCC 1374) and Ustilago maydis (MTCC 1474). All the microbial isolates were sub-cultured on synthetic
medium according to their specification. The bacterial pathogens and C. albicans were sub-cultured on Nutrient
agar media (Hi-Media MM 002) 18 hrs before and incubated at 30°C in order to get actively growing culture.
The fungal cultures were inoculated on Sabouraud dextrose agar (SDA, Hi-Media M 033) plate 3 days earlier
and incubated at room temperature for activation.

2.3. Isolation of Actinomycetes

Crowded plate technique [12] was employed for the isolation of actinomycetes from collected soil samples.
Samples were air dried at room temperature for 10 - 14 days, passed through a 0.8 mm mesh and preserved in
sterile polythene bags for further use. For serial dilution, 1 g each of the soil samples were diluted 10 times in
sterile physiological water (NaCl 9 gL™) and homogenized by vortexing for 10 - 15 min [13]. Portion of 1 ml
soil suspensions were transferred to 9 ml sterile distilled water and subsequently diluted to 10%, 10° 10 10°, and
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10°. Isolation was carried out on Actinomycetes Isolation Agar (AlA, HiMedia MM 012). Petri plates were in-
cubated at 28°C for 14 - 21 days for proper growth. Seventh day onwards, isolated actinomycetes colonies were
re-plated on AIA medium and incubated at 28°C. Pure actinomycetes isolates were maintained on AlA at 4°C in
refrigerator for further experimentation. To determine antimicrobial activities, Actinomycetes were revived by
streaking on AlA and incubated at 28°C for 7 days.

2.4. Antimicrobial Activity

Antimicrobial activity was estimated by Agar cylinder method [14]. From well grown culture, five discs (6 mm
in diameters) were cut and placed on freshly inoculated bacterial pathogen (0.5 McFarland) on Muller-Hinton
agar (MHA, HiMedia M 173) and fungal pathogens were inoculated on Sabouraud dextrose Agar (SDA, HiMe-
dia M 033) supplemented with 3% agar using spore suspension. Plates were first kept at low temperature for at
least 2 hours to allow the diffusion of produced antibiotics. For bacteria and yeast cultures the plates were incu-
bated at 37°C and inhibition was recorded after 24 hours. For fungi the plates were incubated at 28°C and inhibi-
tion was recorded after 72 hours. The activities were recorded by measuring the diameter of zone of inhibition in
nearest mm using antibiotic zone reader.

3. Results and Discussion
3.1. Isolation of Actinomycetes

Many researchers have isolated actinomycetes from various natural sources like soil [15]-[17], mud [18], marine
[19]-[21], plants [22] [23], termite guts [24] which are capable to produce novel bioactive compounds and are
also compatible antimicrobial agents for healing of the infections [25] [26]. In the present study, Actinomycetes
were isolated from 45 soil samples collected from 5 different regions of Gujarat mainly from the untouched area.
Sampling was performed from different soil types like sandy, sandy loam, loamy, loamy clay and clay with ei-
ther little or no organic matter. Total 171 morphologically distinct actinomycetes were isolated and preserved
for antimicrobial screening. Most of the strains were isolated on AlA selective medium. This medium seems to
be most specific and sensitive for actinomycetes isolation as it contains sodium propionate which acts as anti-
fungal agent [13]. All of the actinomycetes were isolated at mesophilic temperature (28°C). The result indicates
a dynamic population diversity of actinomycetes (Table 1). Some of the species were isolated from more than
10 different locations. Homogeneous, heterogeneous and unique population pattern was observed. Out of total
171 isolates, 89 isolates were found uniquely distributed in single location whereas 82 isolates were found do-
minant in more than two locations. Maximum of 39 actinomycetes were isolated from the site 36 followed by 27
from site 39 and 26 from site 40 (Figure 1). Minimum type (1 type) of actinomycetes was isolated from site 3, 4
and 10 respectively. Soil with different texture contains variable characteristics of actinomycetes isolates
[27]-[29]. Two isolates were found present at 12 out of 45 locations, though they had not shown promising an-
timicrobial activity as compared to other isolates; whereas one isolate had shown antimicrobial activity against
all the 18 screened pathogens which was found at only one location.

3.2. Antibiotic Production

The results of antimicrobial screening of 171 actinomycetes showed that 134 (79%) had inhibitory activity
against one or more pathogens. Figure 2 illustrates that out of 171 actinomycetes isolated, 36 (21.05%) had not
shown any antimicrobial activity against 17 selected pathogens whereas 1 (0.58%) was having antimicrobial ac-
tivity against all the 17 pathogens. Five isolates (2.92%) had shown activity against 14 pathogens, 4 (2.33%)
against 12 pathogens, 5 (2.92%) against 11 pathogens, 7 (4.09%) against 10 pathogens, 6 (3.50%) against 9 pa-
thogens, 5 (2.92%) against 8 pathogens, 7 (4.09%) against 7 pathogens, 7 (4.09%) against 6 pathogens, 15
(8.77%) against 5 pathogens, 5 (2.92%) against 4 pathogens, 13 (7.06%) against 3 pathogens, 25 (14.61%)
against 2 pathogens and 30 (17.54%) against 1 pathogen. Analysis of the results indicates that 90 (53%) Acti-
nomycetes do not have any activity against the fungal pathogens whereas in case of bacterial pathogens this
number was 49 (29%). Percentage of actinomycetes strains producing antimicrobial compounds in standard agar
diffusion assay ranges between 30% to 80% depending on the ecological and taxonomical groups [30]. Search
for the novel metabolites especially from actinomycetes requires screening from large number of isolates in or-
der to discover novel compounds of pharmaceutical important. Adaptation in term led the actinomycetes to pro-
duce their own secondary metabolites to survive [15].
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Table 1. The table represents the frequency of actinomycetes their %, total number of sites from where they were isolated,

their number and % of sampling sites along with remarks.

Frequency
of
Occurrence

Actinomycetes

SAct001, SAct002, SAct004,
SACt005, SAct006, SAct007,
SACct008, SAct014, SAct017,
SAct018, SAct019, SAct021,
SAct026, SAct030, SAct034,
SAct035, SAct037, SAct040,
SAct041, SAct043, SAct046,
SACct050, SAct051, SAct053,
SACct054, SAct055, SAct059,
SACct063, SACt065, SACt066,
SACt069, SAct073, SAct074,
SACct075, SAct076, SAct096,
SAct102, SAct105, SAct106,
SActl1l, SActl12, SActl113,
SAct115, SAct117, SAct120,
SActl121, SAct122, SAct123,
SACt125, SAct126, SAct128,
SAct129, SAct130, SAct131,
SACt132, SAct133, SAct134,
SActl135, SAct136, SAct137,
SAct138, SAct141, SAct142,
SACt143, SAct145, SAct146,
SAct148, SAct149, SAct150,
SAct151, SAct152, SAct153,
SAct154, SAct155, SAct156,
SAct157, SAct158, SAct160,
SActl161, SAct162, SAct163,
SAct164, SAct165, SACt166,
SACct167, SAct168, SAct169,
SACct170, SActl171

SAct011, SAct012, SAct023,
SAct024, SAct025, SAct027,
SACt036, SACt038, SAct045,
SACct047, SAct056, SAct060,
SACct061, SAct064, SACt068,
SAct071, SAct077, SAct081,
SACct087, SAct094, SAct097,
SACct099, SAct107, SAct108,
SACct109, SAct110, SAct127,
SAct147

SACct009, SAct015, SAct022,
SAct028, SAct032, SAct042,
SAct044, SAct048, SAct049,
SAct052, SAct062, SAct070,
SAct072, SAct078, SAct093,
SACct098, SAct101, SAct103,
SAct104, SAct118, SAct124,
SACct140, SAct159

SACct003, SAct020, SAct029,
SACct033, SAct058, SAct067,
SACct086, SAct100, SAct119

SAct016, SAct031, SAct057,
SAct079, SAct080, SAct084,
SAct114, SAct116

SAct090, SAct092, SAct095,
SAct139

No. of

Actinomycetes Actinomycetes

89

28

23

% of

52.65

16.56

13.6

5.32

4.73

2.36

No. of Sites

8,13,14,21,
22,24,25,27,2
9,31,32,33,34,
36,37,38,39,4
0,42,43,44,45

13,14,16,17,2

2,23,24,25,26,

27,28,29,30,3

1,32,34,35,36,

37,38,39,40,4
1,42

1,7,10,12,13,1

4,15,16,18,20,

21,22,23,24,2

5,26,27,28,29,

31,32,33,34,3

6,38,39,40,41,
42

2,7,10,13,14,1
8,20,21,22,23,
24,25,32,34,3
6,38,39,40,42

2,5,6,7,10,11,
13,14,15,17,1
8,19,21,25,29,
32,34,36,38,3
9,40,41

1,5,7,13,14,
15,16,18,19,2
1,22,25,29,36,

38,39,40,42

Total
No. of
Sites

% of

Sites Remarks

These actinomycetes
were unique in
morphological

characters and there was
no repeation of this at
other sites. They were
found at only one
location. This represents
48.89% of the samples.

22 48.89

These actinomycetes
were found at two
locations. This
represents 53.33% of
the samples.

24 53.33

These actinomycetes
were observed at three
locations. This
represents 64.44% of
the samples.

29 64.44

These actinomycetes
were found at 4
locations. This
represents 42.22% of
the samples.
These actinomycetes
were found at 5
locations. This
represents 48.89% of
the samples.
These actinomycetes
were observed at 6
locations. This
represents 40.00% of
the samples.

19 42.22

22 48.89

18 40.00
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Continued
156710, These' actinomycetes
1115 18.20 were isolated from 7
7 SACct010, SAct082, SAct091 3 1.77 22’24’25'29’ 17 37.78 locations. This
32.36.38.39 represents 37.78% of
the samples.
16,89.12,13, These' actinomycetes
1415 16.18 were isolated from 9
9 SACct039, SAct088 2 1.18 PoSeea. 15 33.33 locations. This
21,22,23,25,
represents 33.33% of
38
the samples.
These actinomycetes
6,7,10,12,13, were isolated from
10 SAct085 1 0.59 18,21,25,38, 10 22.22 10 locations. This
41 represents 22.22% of
the samples.
These actinomycetes
111516371§12 were isolated from
11 SACct083, SAct144 2 1.18 21’23’25’26’ 18 40.00 11 locations. This
,23,25,26, o
36.38.39 42 represents 40.00% of
the samples.
6,7,10,12,13, These actinomycetes
14,16,17,18, were isolated from
12 SACct013, SAct089 2 1.18 19,20,21,23, 19 42.22 12 locations. This
25,29,34,36, represents 42.22% of
38,40 the samples.
45 . .
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Figure 1. The number of actinomycetes isolated from each soil samples is represented in the graph. Y-axis depicts the num-
ber of actinomycetes and X-axis represents sample number.

From the experiments it was found that, 52 actinomycetes were able to control the growth of plant pathogenic
bacteria Erwinia carotovora, 58 were found inhibitory to Bacillus subtilis, 51 had shown inhibition against
Escherichia coli, 59 against Staphylococcus aureus, 54 against Xanthomonas campestris, 48 against Vibrio vul-
nificus, 29 against Salmonella typhimurium, 44 against Listeria monocytogenes, 76 against Yersinia enterocoli-
tica, 23 against highly resistant strain of Pseudomonas aeruginosa; 13 against fungi Acremonium recifei; 30
against Ustilago maydis, 25 against Microsporum gypseum, 13 against Candida albicans, 21 against Rhizoctonia
oryzae-sativae, 21 against Fusarium oxysporum, 34 against Trichophyton rubrum and 7 against Malassezia fur-
fur (Table 2). Roughly 65% of the graph area in Figure 3 is showing antibacterial, 15% antifungal and 20%
without any activity respectively. This clearly demonstrates the richness of the sites for the microbes with anti-

microbial property.
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Table 2. Shows the antimicrobial activity of Actinomycetes against different pathogens with the intensity of the zone of in-
hibition including the disc diameter. Very strong: >46 mm; Strong: 26 - 46 mm; Medium: 10 - 25 mm; Low: <10 mm.

Sr . Types of effectiveness of Actinomycetes
: Name of pathogen Causative agent for -
No. Total Very strong Strong Medium Low
1 Erwinia carotovora Bacterial soft rot in 52 8 16 23 5
carrots
2 Bacillus subtilis Dysentery 58 1 12 38 7
3 Escherichia coli Ex_tra |nt_est|nal 51 1 9 28 13
infections
4 Staphylococcus aureus Acute_fqo d poisons & 59 2 8 33 16
skin infections
5 Xanthomonas campestris Black rot in cruciferous 54 1 11 24 18
plants
6 Vibrio vulnificus Fatal septicaemia, 48 3 11 29 5
Gastroenteritis
7 Salmonella typhimurium Typhoid, Gastrointestinal 29 0 7 15 7
problem
8 Listeria monocytogenes LlsterC||93|s, Poultry 44 2 15 21 6
iseases
9 Yersinia enterocolitica Septlcaem|_a1,_Acute 76 0 34 29 13
appendicitis
10 Pseudomonas aeruginosa Post surgery infections 23 0 1 10 12
11 Acremonium recifei White grain Mycetoma 13 0 0 9 4
12 Ustilago maydis Corn smut 30 0 4 16 10
. Superficial fungal
13 Malassezia furfur disease of skin 7 0 0 0 7
14 Microsporum gypseum Degradation of Keratin. 25 0 2 9 14
15 Candida albicans Skln_and p_edlatrlc 13 0 0 6 7
infection
16 Fusarium oxysporum Fusarium wilt 21 0 0 13 8
17 Rhizoctonia oryzae-sativa Root rot and sheath spot 21 0 6 7 8
18 Trichophyton rubrum Dermetomycoses 34 2 3 16 13

36

30

25

21.05
17.54

Number and % of Actinomycetes

14.62

17
13 15 14
12
~ 11
o ™~ 10
© ) 8 9
. 5o 5 o/g T2 T o 5o 5
4> < < o o < o B4y
3 o~ o~ ™ N : i ©
2 ~N o]

m Effectiveagainst pathogens  ®Numberof Actinomycetes % Actinomycetes

2.92

Activity range

Figure 2. Represents the Number and per cent of Actinomycetes showing activity on Y-axis where as
X-axis shows the respective number of pathogensas 1=0,2=1,3=2,4=3,5=4,6=5,7=6,8=7,
9=8,10=9,11=10,12 =11, 13 =12, 14 = 14 and 15 = 17 respectively.
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4. Conclusion

One hundred and seventy one actinomycetes strains were isolated from different untouched regions of Gujarat.
Screening was performed against 18 plant and human pathogenic bacteria and fungi. Isolates producing bioac-
tive compounds were expressed by their antibiotic activity spectrum. Extensive screening of the isolates for their
antibacterial and antifungal activity revealed that they have strong antibiotic producing potential. The study im-
plies that actinomycetes from Gujarat soil are a potential source for development of novel anti-microbial agents.

Dynamism of Antimicrobial activity of Actinomycetes isolates
mNoactivity = Antifungal = Antibacterial

100% - TN T T T ——————7 EBEB%NE
90% -

~,

80% - |

70% - | l\.;.——
60% d

|
50% d

1 —
40% | | | |

\\

30% -

20% -

10% -

Antimicrobial efficacy of Isolated Actinomycetes

0%
123456 7 8 9101112131415161718192021222324252627282930313233343536373839404142434445
Sample site

Figure 3. Represents the actinomycetes of each sampling sites along with their antibacterial, antifungal and no activity
against pathogenic bacteria and fungi tested. Roughly 65 percent of the graph area is showing antibacterial, 15 percent anti-
fungal and 20 percent without any activity respectively. The actinomycetes of 3 sampling sites (4, 26 and 30) had not shown
any antimicrobial activity whereas 2 sampling sites (9 and 44) had shown 100 percent antibacterial activity.
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Figure 4. Represents the distribution of Actinomycetes isolated from different sampling sites. Dis-
tribution map shows 12 Series (Figures 4(b)-(m)). The trend line equation for each series are Se-
ries 1; Y = 0.0502x + 23.417, R2 = 0.0386, Series 2; Y = —0.3102x + 31.576, R2 = 0.0809, Series 3;
Y =—-0.4017x + 32.981, R2 = 0.1246, Series 4; Y = —0.0371x + 25.981, R2 = 0.0009, Series 5; Y =
0.0689x + 24.299, R2 = 0.0019, Series 6; Y = 0.567x + 23.604, R2 = 0.0559, Series 7; Y =
—0.5515x + 29.533, R2 = 0.0368, Series 8; Y = 0.6071x + 28, R2 = 0.0718, Series 9; Y = 31.429,
R2 = 0.0, Series 10; Y =—0.01x + 37.1, R2 = 0.0026, Series 11; Y = 1.2x + 36, R2 = 0.2 and Series
12; Y = 2x + 36, R2 = 1. All these series are showing linear relationship. These series also matches
with the frequency class (frequency of occurrence) as shown in Table 1.
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