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Abstract 
Candida albicans is the most prevalent pathogenic and causal agent of oral candidiasis in man. Even 
though many azole based antimycotics are available, still candidiasis persists. The present investigation 
aims at finding better anticandida compound for controlling the candidiasis. The 25 aerobic mangrove 
actinomycetes were isolated from the soil collected near the root region of Avicennia marina (Forsk). 
Vierh - (Avicenniaceae), of Ariyankuppam backwater area. Out of 25, 13 actinomycetes (52%) showed 
anticandida activity. The most active isolate was identified as Streptomyces cacaoi subsp. cacaoi, Gene 
bank accession no: KP872910, 100µl culture filtrate shown maximum inhibitory zone measuring as 
28mm in well diffusion method. Agar plug method has given inhibitory zone as 32mm. Methanolic 
partially purified compound fraction of M20 has shown 28mm of inhibitory zone, it was higher than the 
antibiotic clotrimazole used. The presence of pyrimidine nucleosides - neutral and acidic Polyoxins (230 
nm), (270-290 nm) and Heptaene antifungal antibiotics (406-417 nm) are confirmed from the UV-Visible 
spectral analysis. It was concluded that the pyrimidine and polypeptide nucleoside compounds are 
responsible for anticandida activity 
 
Keywords: Avicennia marina, anticandida activity, Streptomyces cacaoi subsp cacaoi, UV-Vis spectral 
analysis. 
 
Introduction 
Candida species are opportunistic pathogens (Odds, 1994) [30]. It is a diploid, dimorphic fungus that 
grows both as yeast and filamentous cells and a causal agent of opportunistic oral and genital infections 
in humans (Ryan & Ray, 2004, Enfert & Hube, 2007) [33, 8] and infection of the nail plate. It is the most 
common species residing in the oral cavity, in both healthy and diseased, and is the agent of most oral 
candidal infections (Samaranayake and MacFarlane, 1990; Zegarelli, 1993; Silverman et al., 1996) [34, 46, 

38]. C. albicans is the most significant pathogenic species. Other species pathogenic in humans include C. 
tropicalis, C. glabrata, C. krusei, C. parapsilosis, C. dubliniensis, and C. lusitaniae. Candida are almost 
universal in low numbers on healthy adult skin and C. albicans is part of the normal flora of the mucous 
membranes of the respiratory, gastrointestinal and female genital tracts. 
Even though many azole based antimycotics are available, still candidiasis persists in the human world. 
Repeated administration of antifungal drugs produces resistance and continuous use of other antifungal 
drugs may also produce resistant strains. C. albicans has been reported to develop resistance to 
antimycotic drugs (Cowen et al., 2002) [6]. The wide spread antibiotic resistance by microbes initiated the 
search and find new antibiotics to control the resistant microbes. In nature, antagonistic microbes play a 
vital role by suppressing the activity and spread of human pathogens. Actinomycetes are the strongest 
antagonists among microbes. The antibiotic substances elaborated by them display antibacterial, 
antifungal, anticancer, antiprotozoic and antiviral properties of the ten thousand known antibiotics 
produced by microbes over a decade ago, about 70% are of actinomycete origin: of them, representatives 
of the genus Streptomyces account for two thirds (Miyadoh, 1993) [29]. Actinomycetes are potent source 
of antibiotics, besides vitamins and enzymes, and such antagonistic actinomycetes of marine origin are 
being regularly reported. Few reports that soil is a major source of actinomycetes (Vijayakumar et al., 
2007; Dhanasekaran et al., 2008) [42, 7]. Members of actinomycetes which live in marine environment are 
poorly understood and only few reports are available pertaining to actinomycetes from mangroves 
(Sivakumar, 2005; Janaki et al., 2014, Janaki, 2016) [39, 16, 18]. Mangrove ecosystem is the most 
productive ecosystem diversified with variety of microbes (Kathiresan and Bingham, 2001) [19]. The 
search of new and novel antibiotics and other bioactive microbial metabolites is important for the fight 
against new emerging pathogens (Good fellow et al., 1989, Berdy, 2005, Busti et al., 2006) [9, 2, 3]. 
Isolation of actinomycetes from unique unexplored natural habitats is of interest to avoid re-isolation of 
strains that produce known bioactive metabolites. Neglected habitats are proving to be a good source of 
novel actinomycetes and bio active compounds. 
The present investigation aims at finding better anticandida compound for controlling the candidiasis, 
with the help of mangrove actinomycetes selectively isolated from the soil near the (root region ) of 
Avicennia marina (Forsk). Vierh - Avicenniaceae, from the Ariyankuppam back water area, Puducherry, 
India. 
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Materials and Methods 
Collection of soil sample  
Soil sample was collected near the mangrove plant, Avicennia 
marina (Forsk). Vierh – (Avicenniaceae) in Ariyankuppam 
back water area, Pondicherry (Lat 11º46´03’’ to 11º53´40’’ 
North and Longi 79º49´45” to 79º48´00” East) and packed in 
sterile plastic containers and transported immediately to the 
laboratory. The pH of the fresh soil sample was determined 
(Reed and cummmings, 1945) [32]. Then the soil sample was 
air dried for 7-10 days at 40 ºC, Crushed and sieved to remove 
the shells and debris and stored. 
 
Soil analysis 
Physico-chemical nature of soil sample was analysed in soil 
testing laboratory, Department of Agriculture, Puducherry, 
India. 
 
Isolation of mangrove actinomycetes  
The soil sample was subjected to dry heat (70 oC for 15 min) 
(Hayakawa et al., 1991) [10] (Janaki et al., 2014) [16] 
pretreatment to enhance the chances of isolating rare and 
novel actinomycetes. After pretreatment, one gram soil was 
mixed and serially diluted in sterile water blanks. 0.1 ml of 
last two dilutions (10-5and 10-6) was inoculated by pour plate 
method (Zheng et al., 2000) [47] using Starch casein agar 
(Kuster and Williams, 1964) [21] supplemented with 
Fluconazole 80µg/ml and Nalidixlic acid 75µg/ml. Plates 
were incubated at 30± ºC for up to 30 days. Plates were 
periodically examined for actinomycetes colonies. Selected 
colonies were transferred to Yeast Malt extract agar slants and 
maintained in the same medium. 
 
Screening of actinomycetes for anticandida activity 
Candida albicans (MTCC-183) was procured from Microbial 
Type Culture Collection (MTCC)-Chandigarh, India and 
maintained in nutrient broth, pH 7.0. 12-24 hours culture was 
used for anticandida activity assay. 
 
In vitro screening for anticandida activity 
All the 25 isolates were primarily screened for anticandida by 
agar plug method (Mohanraj et al., 2011) [26] using four 
different media- i.e. - Starch casein agar, potato dextrose agar, 
nutrient agar and yeast malt extract agar. Selected 
actinomycetes were subjected for secondary screening by agar 
well diffusion method (Murrey et al., 1995) [28]. Anticandida 
activity of the isolates was tested and confirmed further by 
cross streak method (Lemos et al., 1985) [22]. The anticandida 
activity of metabolites was determined based on the diameter 
of zones of inhibition after 24-30 hrs of incubation.  
 
Morphological characteristics of active actinomycete M20 
Media recommended by International Streptomyces Project 
ISP1-ISP7, ISP9 media, nutrient glucose agar- modified 
(Waksman, 1957) were used for colony characterization of 
active culture M20. SEM analysis of cover slip culture of 
M20 was carried out with scanning electron microscope 
(SEM) Hitachi, Model: S-3400N at CIF, Pondicherry 
University, Puducherry.  
 
Physiological and biochemical characteristics of isolate 
M20  
Growth and activity in different pH (6, 7, 7.5, 8, 9, 10, 11, 
12), temperatures (25 ºC, 30 ºC, 37 ºC, and 45 ºC), 
concentrations of sodium chloride (0%, 2%, 4%, 6%, 8%, 
10%, 12% and 14%), utilization of 21 different sugars by the 

isolate M20 was studied in carbon utilization medium 
(Shirling and Gottlieb, 1966) [36]. Antibiotic sensitivity of 
isolate M20 was studied using 10-different readymade 
antibiotic discs (Himedia) by Kirby-Bauer method. 
Production of extra cellular enzymes chitinase (Hsu and 
Lockwood, 1975) [11] also tested.  
 
Molecular characterization 
Template DNA was prepared by using standard procedure. 1 
µl of template DNA was added 20 µl of PCR reaction 
solution. By using 2 universal primers: 518F/ 800R, 
performed 35 amplification cycles at 94  for 45 sec, 55  for 
60 sec, and 72  for 60 sec. The purified PCR products of 
approximately 1,400 bp were sequenced by using 2 universal 
primers: 518F 5’CCAGCAGCCGCGGTAATACG 3’, 800R 
5’ TACCAGGGTATCTAATCC 3’. Sequencing was 
performed by using Big Dye terminator cycle sequencing kit 
(Applied BioSystems, USA). Sequencing products were 
resolved on an Applied Biosystems model 3730XL automated 
DNA sequencing system (Applied BioSystems, USA). The 
isolate M20 was identified and phylogenetic tree was 
constructed.  
 
Partial purification of methanolic crude extract by column 
chromatography 
Using Chloroform: methanol: acetic acid (8.5:1.5: 0.2 ml) as 
the mobile phase two colour spots were resolved in both in 
ascending paper chromatography and TLC. Since methanol 
extraction produced highest activity, the culture filtrate (1-
litre) was extracted in methanol, after drying, produced six 
gram of dark brown oily residue. The residue was mixed with 
silica gel and applied to the silica gel column (230–400 
mesh), and eluted with chloroform: methanol: acetic acid 
(85:15:2 ml) to give 2 fractions. The yellow compound 
fraction was used further investigation. The partially purified 
compound fraction after drying, re dissolved in 2ml of the 
respective solvents. 10 mg of the extract was loaded to six 
mm sterile filter paper discs and used for bio assay against 
Candida albicans.  
 
Ultra Violet-Visible Spectrum analysis  
UV-Visible spectral analysis of crude culture filtrate and 
partially purified methanol compound fraction was carried out 
by using Hitachi U-2010 Spectrophotometer, Wavelength 
Range: 200 nm to 800 nm.  
 
Results 
Isolation and maintenance of actinomycetes 
The wet pH of mangrove soil sample collected from 
Avicennia marina was 7.7. The soil analysis results showed 
that there were very low available Nitrogen, P2O5 and Cu. 
Micro-nutrients like Zn and Fe were high in their available 
form, Mn was medium. Totally 25 actinomycetes were 
isolated from soil sample of Avicennia marina by dry heat (70 
oC for 15 min) pretreatment method. Dry heat method yielded 
bioactive actinomycetes for antimicrobial activity. The 
isolated actinomycetes were subcultured in yeast malt extract 
agar-ISP2.  
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Anticandida activity of mangrove actinomycetes 
 

Table 1: Agar plug method 
 

S. no Isolate code Zone of inhibition ( mm) 
1 M1 15 
2 M2 10 
3 M3 - 
4 M4 8 
5 M5 10 
6 M6 - 
7 M7 - 
8 M8 - 
9 M9 14 
10 M10 16 
11 M11 - 
12 M12 - 
13 M13 - 
14 M14 12 
15 M15 16 
16 M16 18 
17 M17 - 
18 M18 - 
19 M19 14 
20 M20 32 
21 M21 10 
22 M22 - 
23 M23 - 
24 M24 - 
25 M25 12 

 

Table 2: Agar well diffusion method 
 

S.no Isolate code Zone of inhibition ( mm) 

1 M1 10 
2 M2 10 
3 M4 6 
4 M5 16 
5 M9 12 
6 M10 15 
7 M14 12 
8 M15 8 
9 M16 14 

10 M19 12 
11 M20 30 
12 M21 12 
13 M25 18 

 
More than half of the isolates (52%) showed anticandida 
activity in preliminary screening. From the screening results 
13 isolates with strong activity were selected for secondary 
screening to test their ability to produce the active compounds 
by liquid medium. Based on the secondary screening results, 
5 isolates with strong activity were selected and subjected to 
cross streak method. Finally, the isolate M20 was selected as 
the most active for anticandida activity. 
 

  A. Agar plug method           B. Agar well diffusion method     C. Cross streak method 

 
 

Plate 1: Anticandida activity of mangrove actinomycetes 
 

Plate - A shows the Candida inhibitory activity of isolate M20 
measuring 32mm, B shows that the 100µl culture filtrate of 
isolate M20 inhibits the growth of C.albicans and C shows 
the total absence of C. albicans. 
 
 
 

Morphological characteristics of the active actinomycete-
M20 
Colony morphology, colour of aerial and substrate mycelium, 
pigment production etc., differs in different medium tested. 
SEM analysis revealed the spore coil structure of the isolate 
clearly and confirmed the group and family of the isolate M20 
and belongs to Streptomycetaceae, genus Streptomyces. The 
isolate M20 has long sporophores, spirals long and open.

 
A     B 

  
 

Plate 2: SEM photographs of isolate M20 – A. Well-developed mycellium and attached spore coil, B. Spore coil in close up. 
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Physiological and biochemical characterization of M20 
Observed the growth and activity of M20 in pH 7, 7.5, 8, 9 
and 10 with maximum activity in pH 7.5. Maximum growth 
and activity was observed in 30 ºC. Growth and activity was 
noticed from 0%-10%, maximum activity observed in 6 & 8% 
of sodium chloride. Isolate M20 utilized all the sugars except 
Inosital, Inulin, Dulcitol and Sorbital. The isolate was very 
sensitive to gentamicin (10mcg) -42mm and less sensitive to 
carbenicillin (100mcg)-4mm, resistant to ampicillin (10mcg) 
and amoxicillin (25mcg). The isolate M20 was chitinase 
positive.  
 
Molecular characterization 
The sequence was submitted to Gene Bank with the accession 
No. KP872910. Phylogenetic analysis of 16S rRNA gene 
(1400bp) of M20, species of Streptomyces was carried out 
with 18 different reference species of Streptomyces available 
in the Gene Bank database. The isolate M20 branched along 
with Streptomyces cacaoi subsp-cacaoi (NRBC 12748(T)-
AB184115 in the analysis. The phylogenetic tree was 
constructed by neighbour joining analysis. 16sRNA 
sequencing results revealed that the isolate shared 98.6% 
similarity with the Streptomyces cacaoi subsp. cacaoi. 
Therefore the isolate M20 was designated as Streptomyces 
cacaoi subsp. cacaoi. 

Compound separation  
The methanolic partially purified yellow compound fraction 
(10mg) showed maximum anticandida activity (28mm) than 
the control clotrimazole (10mg) (12mm). The yellow 
compound fraction was investigated further by UV-Visible 
spectrophotometer for antibiotic group analysis 
 

 
 

Plate 3: Anticandida activity 
 

Ultra Violet- Visible Spectrum of methanolic crude 
culture filtrate extract.  
The maximum absorbance of methanolic crude culture filtrate 
extract (SC2) (max) at 406.0, 291.0, 230.0, 222.0 nm.

 

 

 
 

Ultra Violet- Visible Spectrum of partially purified yellow compound fraction 
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UV-Vis spectral analysis of methanolic crude extract of M20 
has shown 4 peaks and maximum absorbance at 406 nm 
followed by 291 nm. UV-Vis spectral analysis of methanolic 
partially purified yellow compound fraction of M20 has 
shown 3 peaks and maximum absorbance at 284 nm. The 
presence of pyrimidine nucleosides - neutral and acidic 
Polyoxins (230 nm), (270-290 nm) and Heptaene antifungal 
antibiotics (406-417 nm) are confirmed from the UV-Visible 
spectral analysis.  
 
Discussion 
Clotrimazole is known to suppress candidal adhesion to 
human buccal epithelial cells, a factor which may aid its 
therapeutic efficacy (Macura, 1988) [24]. Further, sub-
inhibitory concentrations of clotrimazole have been shown to 
curtail the proteinase production by oral C. albicans isolated 
from HIV-positive and HIV-negative individuals (Wu et al., 
1996) [45]. In contrast, clotrimazole had no effect on the 
adherence of C. albicans to vaginal epithelial cells, in vitro, 
regardless of whether the drug was used to pre-treat the fungi 
or the vaginal epithelial cells or was added to the 
yeast/vaginal cell mixture (Odds and Webster, 1988) [31]. The 
inappropriate use of the more useful azoles as the first drug of 
choice may result in eventual emergence of resistant strains 
and rendering the drug worthless. Drawbacks of all azoles are 
fungistatic, not fungicidal. This is an important consideration 
in the treatment of chronic, immune-compromised patients, 
such as those with AIDS, and in the treatment of infections at 
critical sites (e.g., candidal meningitis) (Siegman-Igra and 
Raban, 1992) [37]. Further, none of the azoles is entirely 
benign, and they are expensive. Hepatotoxicity may be 
common to all of them (Lesse, 1995) [23], and the potential for 
endocrine toxicity exists, particularly at higher doses. 
Antifungal drug resistance has been extensively reviewed 
(White et al., 1998) [44]. The emergence of resistance to the 
triazoles, is disturbing. Repeated administration of antifungal 
drugs produces resistance and continuous use of other 
antifungal drugs may also produce resistant strains. C. 
albicans has been reported to develop resistance to 
antimycotic drugs (Cowen et al., 2002) [6]. Hence, the search 
for new drugs against Candida infections is a major challenge 
to current research in Candidiasis. Despite the long list of 
currently available antibiotics only a limited number of 
antifungal agents are currently available for the treatment of 
life-threatening fungal infections. Further, the need for new, 
safe and more effective antifungals is a major challenge to the 
pharmaceutical industry today. New sources of antimycotic 
agent are very much needed, particularly in view of the 
opportunistic capabilities of C.albicans. The present 
investigation aims at finding better anticandida compound for 
controlling the candidiasis, with the help of mangrove 
actinomycetes selectively isolated from the soil near the 
Avicennia marina (Forsk). Vierh - Avicenniaceae, from the 
Ariyankuppam back water area, Puducherry, India. 
Totally 25 actinomycetes were isolated from soil sample by 
dry heat (70 oC for 15 min) pretreatment method. Dry heat 
method yielded bioactive actinomycetes for antimicrobial 
activity (Baskaran et al., 2011, Janaki et al., 2014) [1, 16]. 
Anticandida activity of Streptomycete group from marine and 
mangrove has been reported regularly by several reporters 
(Isono et al., 1988, Immura et al., 1993, Seghal et al., 1993, 
Khalesi et al., 2006, Susithra et al., 2009, Mangamuri et al., 
2012) [15, 12, 35, 20, 40, 25]. 52% of actinomycetes showed 
anticandida activity in the primary screening in our study, this 

was because of the selective isolation of mangrove 
actinomycetes by dry heat pretreatment (70 oC for 15 min), 
nature of the source (mangrove soil) of actinomycetes and 
nutrient glucose broth supplied as optimized medium for 
better antibiotic production. The isolate M20 was selected 
based on its strong anticandida activity. The isolate M20 was 
effective in producing extracellular enzymes; it was very 
effective in utilizing chitin. Many researchers reported that 
Streptomyces cacaoi subsp. cacaoi, Streptomyces cacaoi 
subsp asoensis actively produced chitin synthetase inhibitors 
as antifungal agents (Isono et al., 1965, 1969, Suzuki et al., 
1965, Chaudhary et al., 2009, 2013) [13, 14, 41, 5, 4]. 16sRNA 
sequencing results revealed that the isolate shared 98.6% 
similarity with the Streptomyces cacaoi subsp. cacaoi. 
Therefore the isolate M20 was designated as Streptomyces 
cacaoi subsp. cacaoi-M20. The sequence was submitted to 
Gene Bank with the accession No. KP872910. The 
methanolic partially purified yellow compound fraction 
(10mg) showed maximum anticandida activity (28mm) than 
the control clotrimazole (10mg) (12mm), the present 
observation was better than the results obtained by Susithra et 
al., (2009) [40] from Streptomyces paraguyensis, but, they used 
amphotericin as control. The presence of neutral and acidic 
polyoxins (230 nm), (270-290 nm) and Heptaene antifungal 
antibiotics (406-417 nm) are confirmed from the UV-Visible 
spectral analysis by the details given by Monisha khan, et al., 
(2011) [27] with the help of absorption spectra of reference 
antibiotics. 
 
Conclusion 
Repeated administration of antifungal drugs produces 
resistance and continuous use of other antifungal drugs may 
also produce resistant strains. C. albicans has been reported to 
develop resistance to antimycotic drugs. Hence, the search for 
new drugs against Candida infections is a major challenge to 
current research in Candidiasis. The present investigation 
aimed at searching an effective antibiotic to C.albicans. 
Totally 25 actinomycetes were isolated from soil sample of 
Avicennia marina and screened for anticandida activity. The 
most active isolate M20-Streptomyces cacaoi subsp cacaoi 
was selected. Streptomyces cacaoi subsp. cacaoi produce the 
pyrimidine and polypeptide nucleosides based antibiotics for 
controlling Candida albicans effectively; further 
investigations are needed to study about antifungal 
compounds elaboratively. 
 
References 
1. Baskaran R, Vijayakumar R, Mohan PM. Enrichment 

method for the isolation of bioactive actinomycetes from 
mangrove sediments of Andaman Islands, India, 
Malaysia Journal of Microbiology. 2011; 7(1):1-7. 

2. Berdy J. Bioactive microbial metabolites, J Antibiot. 
2005; 58:1-26.  

3. Busti E, Monciardini P, Cavaletti L, Bamonte R, 
Lazzarini A, Sosio M et al. Antibiotic producing ability 
by representatives of a newly discovered lineage of 
actinomycetes, Microbiol 2006; 152:675-683. 

4. Chaudhary PM, Tupe SG, Deshpande MV. Chitin 
synthase inhibitors as antifungal agents Mini Rev Med 
Chem 2013; 13(2):222-236. 

5. Chaudhary PM, Chavan SR, Shirazi F, Razdan M, 
Nimkar P, Maybhate SP et al. Exploration of click 
reaction for the synthesis of modified nucleosides as 



 

~ 34 ~ 

The Pharma Innovation Journal 

chitin synthase inhibitors, Bioorg. Med. Chem 2009; 
17:2433-2440. 

6. Cowen LE, Nantel A, Whiteway MS. Population 
genomics of drug resistance in Candida albicans, Proc 
Nat J Acad Sci USA. 2002; 99:9284-9289. 

7. Dhanasekaran D, Panneerselvam A, Thajuddin N. An 
antifungal compound: 4' phenyl-1- napthyl–phenyl 
acetamide from Streptomyces spp. DPTB16. Facta 
Universitatis Series: Medicine and Biology 2008; 15:7-
12. 

8. Enfert C, Hube B. Candida: Comparative and Functional 
Genomics Eds: Caister Academic Press, 2007. 

9. Good fellow M, O’Donnel AG. Search and Discovery of 
Industrially Significant Actinomycetes; in Baumberg S., 
Hunter I.S., and Rhodes P.M., eds., Microbial Products: 
New Approaches, Cambridge University Press, 
Cambridge, 1989, 343-383. 

10. Hayakawa M, Sadaka T, Kayiura T, Nonomura H. New 
methods for the highly selective isolation Micromono-
spora and Microbispora, Journal of Fermentation and 
Bioengineering. 1991; 72:320-326.  

11. Hsu SC, Lockwood JL. Powdered chitin agar as a 
selective medium for enumeration of actinomycetes in 
water and soil Applied Microbiology 1975; 29(3):422-
426. 

12. Immura N, Nishijima M, Adachi K. Novel antimycin 
antibiotics, urauchimycins A and B produced by marine 
actinomycete, J Antibiot. 1993; 46:241-246. 

13. Isono K, Junsaku N, Yoshitsugu K, Saburo S. Studies on 
polyoxins, antifungal antibiotics part I. isolation and 
characterization of polyoxins A and B Agric. Biol. Chem 
1965; 29:848-854. 

14. Isono K, Asahi K, Suzuki S. Studies on polyoxins, 
antifungal antibiotics. XIII. The structure of Polyoxins, J 
Am Chem. Soc. 1969; 91:7490-7505. 

15. Isono K. Nucleoside antibiotics, structure, biological 
activity and biosynthesis. Antibiot 1988; 41:1711-1739. 

16. Janaki T, Nayak BK, Ganesan T. Different Pre-treatment 
methods in Selective Isolation of Actinomycetes from 
Mangrove sediments of Ariyankuppam, Back water 
Estuary, Puducherry, Int J Adv Res Biol Sci. 2014; 
1(6):154-163. 

17. Janaki T, Nayak BK, Ganesan T. Antibacterial activity of 
Mangrove Actinomycetes isolated by Eight Different pre-
treatment methods from backwater estuary, 
Ariyankuppam, Puducherry, Int J Pharm Res & Bio. 
2014; 3(6):132-149. 

18. Janaki T. Larvicidal activity of Streptomyces cacaoi 
subsp. cacaoi-M20 against Aedes aegypti, International 
Journal of Botany Studies. 2016; 1(2):47-49.  

19. Kathiresan NK, Bingham BL. Biology of Mangroves and 
Mangrove Ecosystems. Advances in Marine Biology, 
2001; 40:81-251. 

20. Khalesi E, Bonjarghs Aghighi S. Anti-yeast activity 
Streptomyces olivaceus strain 115 against Candida 
albicans, J App Sci. 2006; 6:524-526. 

21. Kuster E, Williams ST. Selective media for isolation of 
Streptornyces Nature 1964; 202:928-929. 

22. Lemos ML, Toranzo AE, Barja JL. Antibiotic activity of 
epiphytic bacteria isolated from intertidal seaweeds, 
Microb Ecol 1985; 11:149-163. 

23. Lesse Al. Antifungal agents. In: Essentials of 
pharmacology. Smith CM, Reynard A, editors. 
Philadelphia: W.B. Saunders, 1995, 404-411. 

24. Macura AB. The influence of some antifungal drugs on 
in vitro adherence of C. albicans to human buccal 
epithelial cells Mycoses 1988; 31:71-76. 

25. Mangamuri UK, Muvva V, Poda S, Kamma S. Isolation, 
identification and molecular characterization of rare 
actinomycetes from mangrove ecosystem of 
Nizampatnam Mal J Microbiol. 2012; 8(2):83-91. 

26. Mohanraj D, Bharathi S, Radhakrishnan M, 
Balagurunathan R. Bioprospecting of actinobacteria from 
Yelagiri hills with special reference to antibacterial 
activity, J Chem Pharm Res. 2011; 3(3):439-446. 

27. Monisha Khanna, Renu Solanki, Rup lal. Selective 
isolation of rare actinomycetes producing novel 
antimicrobial compounds, Int J Adv Biotech Res. 2011; 
2:357-375. 

28. Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken 
HR. Manual of Clinical Microbiology, 6th Edition. ASM 
Press, Washington, DC, 1995, 15-18.  

29. Miyadoh S. Research on antibiotic screening in Japan 
over the last decade: a producing microorganism 
approach. Actinomycetologica. 1993; 9:100-106. 

30. Odds FC. Candida and candidosis. A review and 
bibliography. London: Balliere, Tindall, 1994. 

31. Odds FC, Webster CE. Effect of azole antifungals in vitro 
on host parasite interactions relevant to Candida 
infections, J Antimicrob Chemother. 1988; 2:473-481. 

32. Reed J, Cummings FS. Soil reaction-glass electrode and 
colorimetric methods for determining PH values of soil, 
Soil Sci 1945; 59:97-104. 

33. Ryan KJ, Ray CG. (eds) Medical Microbiology: An 
Introduction to Infectious Diseases. Fourth Edition. 
McGraw-Hill, USA, 2004, 481-491 

34. Samaranayake LP, MacFarlane TW. Oral candidosis. 
London: Wright, 1990. 

35. Sehgal SN. Sirolimus: Its discovery biological properties 
and mechanism of action. Transplan Proc. 1993; 35:S7-
S14. 

36. Shirling EB, Gottlieb D. Methods for characterization of 
Streptomyces species, International Journal of Systematic 
Bacteriology. 1966; 16:312-340. 

37. Siegman-Igra Y, Raban MY. Failure of fluconazole in 
systemic candidiasis, Eur J Clin Microbiol Infect Dis. 
1992; 11:201-202. 

38. Silverman S, Gallo W, McKnight ML, Mayer P, deSanz 
S, Tan MM. Clinical characteristics and management 
responses in 85 HIV-infected patients with oral 
candidiasis. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 1996; 82:402-407. 

39. Sivakumar K, Sahu M, Kathiresan K. Isolation and 
characterization of streptomycetes producing antibiotic 
from mangrove environment, Asian Journal of Microbial 
Biotechnology and Environmental Science. 2005; 7:457-
764. 

40. Susithra MP, Thenmozhi M, Kannabiran K. Anticandidal 
activity of streptomyces paraguyensis isolated from 
marine sediment samples from collected at the 
Puducherry coast, Bay of Bengal, Pharmacology-online 
2009; 2:527-537. 

41. Suzuki S, Isono K, Nagatsu J, Mizutani T, Kawashima Y, 
Mizuno T. A new antibiotic, polyoxin A, J Antibiot 
(Tokyo). 1965; 18:131. 

42. Vijayakumar R, Muthukumar C, Thajuddin N, 
Pannerselvam A, Saravanamuthu R. Studies on the 
dsiversity of Actinomycetes in the Palk Strait region of 



 

~ 35 ~ 

The Pharma Innovation Journal 

Bay of Bengal, India Actinomycetologica 2007; 21:59-
65. 

43. Waksman SA. Species concept among the actinomycetes 
with special reference to the genus Streptomyces 1957; 
21:1-29.  

44. White TC, Marr KA, Bowden RA. Clinical, cellular and 
molecular factors that contribute to antifungal drug 
resistance Clin Microbiol Rev 1998; 11:382-402. 

45. Wu T, Samaranayake LP, Cao BY, Wang L. In vitro 
proteinase production by oral C. albicans isolates from 
individuals with and without HIV infection and its 
attenuation by antimycotic agents, J Med Microbiol. 
1996; 44:311-316. 

46. Zegarelli DI. Fungal infections of the oral cavity, 
Otolaryngol Clin North Am 1993; 26:1069-1089. 

47. Zheng Z, Zeng W, Huang Y, Yang Z, Li J, Cai H et al. 
Detection of antitumor and antimicrobial activities in 
marine organism associated actinomycetes isolated from 
the Taiwan Strait, China. FEMS Microbiol Lett 2000; 
188:87-91. 


