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Abstract
In present investigation, the antibacterial activity of Endophytic Actinomycetes (EA) isolated from 
mangrove plant of Avicennia marina in Muthupet Mangrove region, South East Coast of Tamil 
Nadu, India. The EA were isolated from Actnomycetes Isolation Agar (AIA) plate method after 
surface sterilization. After isolation, all the strains were detected their antibacterial activity against 
Multi Drug Resistant Uropathogens (MDRU) by conventional cross streak method. Further, the 
active strain was selected and crude extract was purified with various solvent by liquid-liquid 
extraction method. Then, the active solvent was chosen for further purification for antibacterial 
compound against selected MDRU including Escherichia coli (E. coli), Proteus mirabilis (P. mirabilis), 
Pseudomonas aeruginosa (P. aeroginosa), K. Pnumoniae(K. pneumonia) and Enterobactersp. In 
result, the 100 strains of EA were showed white, creamy, powdery growth of the colony after surface 
steriliztation. The validation of surface sterilized water proved that the isolates were emerged from 
internal tissue of the plant, refereed as endophytes. Among the 100 strains, 10 strains were exhibited 
better antogonistic activity against selected MDRU strains. Based on the antogonistic activity, the 
excellent antibacterial activity of NM 5 was chosen for further study. The antibacterial potential of 
the NM 5 crude extract was purified by ethyl acetate extract and showed excellent inhibition activity 
22, 17, 18, 20, and 16 mm against E .coli, P. aeroginosa, K. pneumoniaandEnterobactersp, were 
observed respectively. The Minimum Inhibition Concentration (MIC) and Minimum Bactericidal 
Concentration (MBC) of the purified crude extract were showed excellent inhibitory activity at 
100 µg/ml against selected uropathogens. This concentration was used for further studies like anti-
fungal, anti-cancer, anti-biofilm and larvicidal activity.

Keywords: Entophytic actinomycetes; Multi drug resistant bacteria; Minimum inhibition 
concentration; Gram negative bacteria; Antibacterial activity

Introduction
The antibiotic resistance among the uropathogens is emerging and spread rapidly over the past 

decade and it is alarmed that the incidence of MDRU development and infection are increasing 
[1]. Treatment of such MDRU infected patients are still another problem since the pathogens are 
almost resistant to all the available drugs and they easily develop resistance to the new drugs also 
[2].  Urinary Tract Infection (UTI) causing pathogens are one of the most important Multi Drug 
Resistant (MDR) bacteria and it developed resistance against almost all commertially available 
antibiotics including Ampicilin, amoxicilli, ciproflaxacin and all third generation chephalosporin 
due to the co-expressed resistance mechanisms; they lead to MDR effect in pathogens [3,4]. In 
particular Gram Negative Bacteria (GNB) play a important role and its MDR effect is the emerging 
study [5]. Many reports were published that the MDR relation in UTI pathogens acquired by 
excessive use of antibiotic, unprescribed format of antibiotic use and prior instrumentation to UTI 
bacteria [6]. It causes high mortality, morbidity, and increasing health care costs leads to death 
in worldwide. The diagnosis and treatment of the MDR effect in GNB are still controversial since 
association of related symptoms with various infections and sometimes asymptomatic indication 
[7]. The mechanism of MDR effect in GNB is also unclear and it acquired from various chemical, 
physical and biological sources [8]. Particularly, efflux pump, cell membrane permeability, ROS 
generation and some enzyme synthesis (ESBLs) [9]. In recent years, the MDR effect in GNB 
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significantly increased worldwide and show resistance to at least 
one of the drug most commonly used for eradication and some are 
resistant to all approved antibiotics. It most often inhabit in the UTIs 
of human and veterinary, and difficult to treat [10]. Therefore, it is 
necessary to find an alternative way to treat these types of MDRU 
without said problems.

The ocean covers 70 % of the earth has fabulous characteristics as 
synthesis of useful materials for human, animal and healthcare settings 
including pharmacological bio-potential to produce biologically active 
secondary metabolites which play a role in infectious diseases [11]. In 
this vast blender, actinobacteria is a Gram positive, flamentous, spore 
forming bacteria and the colony morphology is coarsely wrinkled or 
folded. It produce secondary metabolite extensively [12]. Among the 
all bacterial group, it is supreme secondary metabolites producer. An 
extensive source of antibiotic molecules from terrestrial actinobacteria 
was negligible to treat resistant pathogen by routine exploitation [13]. 
In the alternative study of novel drug discovery, some differences 
could be expected among the organisms for novel therapeutic 
approach to control and or the predominant EA which emerging 
from internal tissues of the plant, algae and synthesize new types of 
drugs from medical and infections [14]. It has nuclear therapeutic 
value and yet to afford attention to find new drugs. Previously, 
some of the natural compounds that reported earlier form marine 
endophytic actinomycetes including Alnumycin, munumbicins A to 
D [15], coronamycins and anthraquinones, lupinacidins A and B [16]. 
It has an excellent inhibition ability and communicate with structure 
of cells including cell wall, ROS and some metabolic pathways and 
lead to permeability, target achievement etc [17]. However, the 
limited research study was available on new compound from marine 
EA against MDRU. The discovery of new inhibitory compounds from 
natural is to overcome these resilient biofilm bacteria effectively. 
Hence, the current study was concentrated on isolation, identification, 
partial purification of antibacterial compounds from marine EA 

actinobacteria and its potential effect against MDRs uropathogens.

Materials Methods
Collection of Samples

The young leaf of plant Avicennia marina was collected from 
Muthupet Mangrove region, (Lat.10°20’N & Long.79°35’ E), South 
East Coast, Tamil Nadu, India. The collected plant was sealed with 
sterile plastic cover and kept in ice box. The sample was completely 
washed with tap water and followed by distilled water for removal of 
the free floating organisms. The surface sterilization of 70% ethanol 
was used for removal of epiphytes.

Bacteria maintenance
The MDR bacterial pathogens P.mirabilis, K. pnumoniae, P. 

aeruginosa, K. pnumoniae and Enterobactersp. Were obtained 
from Department of Marine Science, Bharathidasan University, 
Tiruchirapplli for used in this study. All the media and chemicals 
were purchased from Himedia Laboratory, India.

Isolation of endophyticactinomycetes
The endophytes was screened from surface sterilization of plant 

and followed by previous report of Kusari et al. [18]. The plant samples 
were thoroughly washed with tap water, and cut with small pices of 
leaves, twigs, and buds (approximately 10 mm length) by using sterile 
scale pale. Then, the small pieces of plant was surface sterilized by using 
70% ethanol for 2 min and followed by 1.3 M sodium hypochlorite for 
35 min, after washed with 70% ethanol for 1 min. After completion 
of chemical sterilization, these surface-sterilized pieces of plant 
were rinsed thoroughly in sterile, double-distilled water for 2 min, 
to remove unwanted surface sterilants after, all the tissue samples 
were air dried with 1 min. The surface sterilized tissues were gently 
placed on the Actinomycete Isolating Agar plates (AIA) sandwiched 
with streptomycin for removal of bacterial contamination, nystatin 
for removal of unwanted fungal growth, cycloheximide for increasing 
the growth of actinomycetes. All the plates were incubated at 28°C for 
6-7 days. For the proper sterilization, the parallel experiments were 
performed. The unsterilized tissue pieces of plant were placed on the 
AIA plate and incubated under the same conditions. The emerging 
colonies of actinomycetes without any contamination from surface 
treated tissue fragment was indicated as positive endophytes, fungal 
growth contamination of the unsterilized tissue of plant pieces as 
negative result were noted (differentiated morphologically by both 
macroscopic and microscopic evaluation) [12]. 

Primary Screening of actinomycetes
The primary screening of antibacterial activity of isolated EA 

was performed by cross streak method [19]. The bacterial pathogens 
P.mirabilis, K. pnumoniae, P. aeruginosa, K. pnumoniae and 
Enterobactersp. Were used in this study. The isolated strains were 
streaked across the diameter on Mullerhinton Agar (MHA) plates. All 
the plates were incubated at 28oC for 6-7 days. After observing ribbon, 
white color growth of the strain, the 24h uropathogens were streaked 
perpendicular to the angle of central strip of the actinomycetes culture. 
All the plates were incubated at 37°C for 24hrs. After incubation, the 
antagonistic activity of the positive strains were screened due to the 
inhibition effect of the pathogens and these strains were chosen for 
further study.

Extraction of Bioactive compounds from DMS 3
The antibacterial potential of active EA strain was extracted 

with active solvent of ethyl acetate by liquid- liquid extraction 

a b c d 
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Figure 1: Isolation and identification of EA from Mangrove plant Avicennia 
marina.

Figure 2:  Antogonistic activity of NM 5 against selected uropathogens.
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method [20]. The active strain was inoculated in Starch Casein 
broth (SCA) and the broth was incubated at 28oC for 15-20 days. 
After fermentation, the broth was centrifuged at 3000 rpm for 30 
minutes. After centrifugation, the pellete was discarded and the 
supernatant was recovered by using filterate with Whattman No.1 
filter paper. After filtering, The 1 L of ethyl acetate was mixed with 1 
L of supernatant for antibacterial potential. The ratio was maintained 
at 1:1(w/v) and shaken vigorously 2 h for complete liquid extraction. 
From the extraction, the organic layer of the extract was separated 
from aqueous layer using separating funnel. The collected organic 

layer was incubator at 30 to 45oC for evaporation. After evaporation, 
the dried crude compounds were collected and determined the 
antibacterial activity against MDR uropathogens P. mirabilis, K. 
pnumoniae, P. aeruginosa, K. pnumoniae and Enterobactersp by agar 
well diffusion method.

Secondary screening
The antibacterial ability of active strain was performed against 

MDRU at regular time intervals (24h, 48h, 96h) by well-diffusion 
method [21]. Briefly, the staleduropathogens cultures were inoculated 
on TSB and incubate at 37oC for 24 h. After 24 h, the bacterial cultures 
were spread on the MHA plates and consequetively the wells were cut 
using gel borer. After various concentration of the extract was added 
into the each well. The ethyl acetate extract acted as a control. All the 
plates were incubated at 37oC for 24 hrs. After 24hrs, the plates were 
observed for the zone of inhibition around the wells.

Determination of MIC and MBC
The MIC of antibacterial potential of active endophytic 

actinomycete strains was determined against selected MDRU (24) 
by micro broth dilution method [22] and the results of MIC was 
determined by spectrophotometer using 96 well microtiter plate. The 
various concentration (10, 20, 30, 40, 50, 60, 70, 80, 90, 100 100µg/
mL) of ethyl acetate extract of active actinomycetes extract was 
used to detect the MIC value against testeduropathogens. Briefly, 
100µg/mL of TSB broth was added into the each well and 100µg/
mL of test pathogens were added into all the wells. Finally, various 
concentration of selective actinomycetes extract was inoculated into 
the same wells and strile TSB broth was added into the wells for 
makeup to 300 µL. The final volume of the each well contained 300 
µl. The without addition of bacterial culture containg wells acted as a 
control. Each plate was mixed well and then the plates were incubated 
at 37°C for24 h. After 24 h, no visible growth observed in the 96 well 
plate was noted and the lowest concentrations of the extract were 
indicated as MIC [9]. For the detection of MIC, the plates were read 
with UV spectrophotometer at 570 nm and percentage of inhibition 
was calculated by using the following formula

Percentage of inhibition:

(Control OD 570 nm - Test OD 570 nm)/ Control OD 570 nm 
X 100

Likewise, 10 µL of the all MIC concentration from treated bacteria 
broth was aliquot and streaked on MHA plates. All the plates were 
incubated at 37oC for 24 h. After incubation, the highest inhibition 
of the growth was observed from the minimum concentration of the 
MIC was indicated as MBC.

Result
Isolation and Identification of endophytica ctinomycetes

The young healthy green Avicennia marina leaves were collected 
from muthuppettai mangrove fields, Thiruvarur, Tamil Nau, India 
(Figure 1a). In the small pieces of the leafs were clearly surface 
sterilized by using sodium hypo chloride for EA isolation (Figure 
1b) After surface sterilization, the AIA plates showed pure, fine, 
ribbons like powdery white color colonies (Figure 1c,d). Based on 
the bergey's manual, the 100 different types of actinomycetes were 
isolated. The isolated actinomycetes were endophytes or not were 
confirmed from the inoculation of surface sterilization or without 
surface sterilization plates. For the isolates were considered as 
endophytes, the last wash of the surface sterilized water was placed 

Figure 3: Antibacterial activity of selected uropathogens against NM 5 
extract in various solvent.
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Figure 4a: Ethyl acetate extraction of isolated NM 5 strain extract.
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Figure 4b: Antibacterial activity of crude compound against selected 
uropathogens. A) E. coli, b) P. mirabilis, c) P. aeruginosa, d) K. pnumoniae, 
e) Enterobacter sp.
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on AIA agar plates and it showed no any growth were observed in 
the plates (Figure 1e). Whereas the unsterilized plant wash water 
showed microbial contamination in their respective plates were also 
screened (Figure 1f). All the isolated endophyticactinomycete strains 
were taken separately and streaked on SCA agar plates for pure 
culture identification (Figure 1g). This isolated strains were indicated 
as endophytes and it confirmed, the isolated strains were emerged 
from internal tissue of the plants. Recently, Rajivgandhi et al. [12] 
reported that algae derived marine endophytic actinomycetes DMS 3 
has better inhibitory activity against MDRs pathogen. Our result was 
accordance with earliest finding of Passari et al. [23] and reported that 
the NACl and sodium hypochlorite was the better choice for surface 
sterilization to plant and other endophyticactinomycetes.

Primary screening of isolated EA strains
The antogonistic activity of all the isolated EA strains were 

performed against selected uropathogens by conventional cross 
streaking method. After 24 h incubation, among the 100 EA strains, 
10 strains were showed better antogonistic activity against selected 
uropathogens E. coli, P. mirabilis, P. aeruginosa, K. pnumoniae, 
Enterobactersp. The screened strains were named as NM 1, NM 2, 
NM 3, NM 4, NM 5, NM 6, NM 7, NM 8, NM 9 and NM 10 (Table 
1). They also showed minor discrepancy in relation to different 
strains and test organisms. Interestingly, NM5 has comperatively 
better the excellent antibacterial activity than other strains against 
ESBL producing bacteria was observed (Figure. 2). However, NM 
5 was chosen for further study. The actinomycete was frequently 
identified from various marine sources and it produced new classes of 
antibiotics against various clinical disorders [24].The mangrove plant 

derived actinomycetes have antimicrobial activity and cytootxicity 
against MDR and A549 cell lines [25].

Extraction and antibacterial activity of bioactive 
compounds from NM 5

Based on the antogonistic activity, the potential strain of NM 5 
strain was chosen and extracted with various solvent for recovery 
of potential antibacterial compound. Among the various solvent, 
ethyl acetate extract of NM 5 showed better inhibition activity than 
other solvents against selected uropathogens E. coli, P. mirabilis, P. 
aeruginosa, K. pnumoniae and Enterobactersp (Figure 3). Hence, 
ethyl acetate extract of the NM 5 was chosen for further study.

Extraction and antibacterial activity of NM 5 strain
Based on the antibacterial activity, the excellent activity of the 

ethyl acetate extract of NM 5 showed better inhibition against selected 
uropathogens and this strain was chosen for further extraction 
(Figure 4a). After extraction, the organic phase was collected 
seperalty for further evoluation and aquous phase was stored in 4°C. 
Consecutively, the organic phase was maintained in the incubator at 
40oC for complete evaporation. The ethyl acetate extract of aquous 
and organic phase of the NM 5 extract were shown in figure 4a. After 
complete evaporation, the dried crude compound were collected 
and weighed based on the amount of the solvent. The dried crude 
compounds were diluted in ethyl acetate for perform the various 
biological activity. 

Further, the performed crude extract against selected 
uropathogens were showed excellent zone of inhibition and it 
showed 22, 17, 18, 20, and 16 mm were observed against E .coli, P. 
aeroginosa, K. pneumonia, Enterobactersp, respectively (Figure 4b). 
The control wells exhibited no zone of inhibition in all the pathogens 
containing plates were also observed. The NM 5 extract along with 
the ceftazidime disc was also showed no zone of inhibition were 
observed. It was clearly confirmed that the selected uropathogens 
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Figure 5: The MIC of NM 5 extract against selected uropathogens. a) E. coli, 
b) P. mirabilis, c) P. aeruginosa, d), K. pnumoniae and e) Enterobacter sp.
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Figure 6: The MBC of NM 5 extract against selected uropathogens. a) E. coli, 
b) P. mirabilis, c) P. aeruginosa, d), K. pnumoniae and e) Enterobacter sp.

S. No Strains Antagonistic activity

1 NM 1 Good Activity

2 NM 2 Good Activity

3 NM 3 Good Activity

4 NM 4 Good Activity

5 NM 5 Excellent  Activity

6 NM 6 Good Activity

7 NM 7 Good Activity

8 NM 8 Good Activity

9 NM 9 Good Activity

10 NM 10 Good Activity

Table 1: Identification of endophyticactinomycetes.

Various concentration of EA NM 5 extract

Pathogens 10 20 30 40 50 60 70 80 90 100 110 120

E.coli 6 18 9 38 45 56 62 70 76 82 82 81

P.mirabilis 9 2 35 44 44 50 59 68 76 80 82 80

P.aeruginosa 4 16 23 31 44 56 63 70 74 84 84 78

K.pnumoniae 8 14 22 29 38 47 59 67 74 78 78 75

Enterobactersp 5 11 27 36 44 52 59 66 71 77 77 69

Table 2: Various MIC concentration of EA NM 5 extract against selected 
uropathogens.
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were multi drug resistant. Hence, the result proved that the acetate 
extract of the NM 5 has more bactericidal effect against selected MDR 
uropathogens. Our result was most accordance with earliest study of 
Gorajana et al. [26] and reported that ethyl acetate was better solvent 
for production of active metabolites from actinomycetes strains. The 
supportive evidence of Zaitlin eat al. [27] also evidenced, marine 
derived actinomycetes compound has highest inhibition against 
Gram negative bacteria and 23, 25, 19 and 24 mm zone of inhibition 
against S. aureus, E. coli, P. aeruginosaand B. subtilis were observed.

MIC and MBC
The highest dilution or least concentration of the potential EA 

NM 5 extract was inhibit growth of the selected uropathogens were 
detected from MIC. It is a essential parameter that helps to discover 
the activity of newly discovered compounds against various types of 
pathogens. The ethyl acetate extract of the NM 5 extract exhibited 82, 
80, 84, 78, 77 % of inhibition against E. coli, P. mirabilis,P. aeruginosa, 
K. pnumoniae, Enterobactersp. Were observed at the concentration 
of 100 µg/ml (Figure 5). The inhibition effect of NM 5 was decreased 
the pathogenic effect in MDR bacteria by concentration dependent. 
However, the result revealed that the maximum inhibition was above 
8o% against various uropathogens at the same concentration (100 
mg/ml). Hence, 100 µg/ml was fixed as MIC.

For MBC, the misinterpretation of MIC was further detected due 
to turbidity of insoluble compounds into the broth of micro dilution 
plate, MBC was detected by culturing the MIC dilutions on the fresh 
MHA plates with different concentration (10-100μg/mL) of NM. In 
the MBC plates were exhibited no any visible growth at same MIC 
concentration was observed (Figure 6). The rate of inhibition effect 
was slightly differed from bacteria to bacteria. However, the result 
proved that the increasing concentration of NM 5 was decreased 
MDR bacteria growth effectively. 

Both MIC and MBC results proved, the EA NM extract can be used 
to inhibit the development of growth in multi drug resistant bacteria 
which cause UTIs. Previous studies have reported those chemical 
constituents of actinomycetes extract have excellent antibacterial 
agents [28,29]. They have identified the active compounds from 
endophytic actinomycetes were may be alkaloids.

Conclusion
Our findings, mangrove actinomycetes is a major organisms 

for producing novel types of antibiotics against various types of 
uropathogens, mainly UTIs. Undefined antibiotic classes have 
emerged as a novel agent because of their living nature to volume 
ratio and unique chemical and physical properties. In particular, 
Mangrove Endophytic Actinomycete (MEA) is one of the important 
and relatively overlooked organisms that live within higher plants 
and recently gained more attention for the production of numerous 
antimicrobial compounds. It has excellent inhibition ability and 
interacts with cell wall lead to changes in permeability, some metabolic 
pathways, target achievement, generation of ROS, etc. Therefore, 
isolation and identification of NM 5 has been useful in discovery of 
novel compounds. The nature of mangrove environment. The nature 
of marine environment, low salinity, optimum pH, high temperature 
and carbon-nitrogen content influences NM 5 revealed tremendous 
antibacterial activity against selected uropathogens. This study helps 
future in designing the new drugs against multi drug resistant strains 
of urinary tract infections.

References
1. Rabi Yacoub, Nader Kassis Akl. Urinary tract infections and asymptomatic 

bacteria in renal transplant recipients. J Golob Infect Dis. 2011;3(4):383-9.

2. Davey ME, O’Toole GA. Microbial biofilms: from ecology to molecular 
genetics. Microbiol Mol Biol Rev. 2000;64(4):847-67.

3. Hunjak B, Pristas I, Stevanovic R. Uropathogens and antimicrobial 
susceptibility in out patients. Acta Med Croatica. 2007;61(1)111-5.

4. Rajivgandhi G, Vijayarani J, Kannan M, Murugan A, Vijayan R, Manoharan 
N. Isolation and identification of biofilm forming uropathogens from 
urinary tract infection and its antimicrobial susceptibility pattern. Int J 
Adv Lif Sci. 2014;7(2):352-63.

5. Ronald A. The etiology of urinary tract infection: traditional and emerging 
pathogens. Dis Mon. 2003; 49:71-82.

6. Pallett A, Hand K. Complicated urinary tract infections: practical solutions 
for the treatment of multiresistant Gram-negative bacteria. J Antimicrob 
Chemother. 2010;65(Supp 3):25-33.

7. Rajivgandhi G, Marudupandy M, Ramachandran G, Priyanga M, 
Manoharan N. Detection of ESBL genes from ciprofloxacin resistant Gram 
negative bacteria isolated from urinary tract infections (UTIs). Frontiers in 
Lab Med. 2018.

8. Ruppe E, Woerther PL, Barbier F. Mechanisms of antimicrobial resistance 
in gram negative bacilli. Ann Intensive Care. 2015;5:1-15.

9. Rajivgandhi G, Vijayan R, Maruthupandy M, Vaseeharan B, Manoharan 
N. Antibiofilm effect of Nocardiopsis sp. GRG 1 (KT235640) compound 
against biofilm forming Gram negative bacteria on UTIs. Microb Pathog. 
2018;118:190-8.

10. Hunjak B, Pristas I, Stevanović R. Uropathogens and antimicrobial 
susceptibility in out patients. Acta Med Croatica. 2007;61(1):111-5.

11. Sengupta S, Pramanik A, Ghosh A, Bhattacharyya M. Bhattacharyya. 
Antimicrobial activities of actinomycetes isolated from unexplored 
regions of Sundarbans mangrove ecosystem. BMC Microbiol. 2015;15:170. 

12. Rajivgandhi G, Ramachandran G, Maruthupandy M, Saravanakumar S, 
Manoharan N. Antibacterial Effect of Endophytic Actinomycetes from 
Marine Algae against Multi Drug Resistant Gram Negative Bacteria. 
Examines Mar Biol Oceanogr. 2018;1(4):1-8.

13.  Rajivgandhi G, Vijayan R, Kannan M, Santhanakrishnan M,  Manoharan 
N. Molecular characterization and antibacterial effect of endophytic 
actinomycetes Nocardiopsis sp. GRG1 (KT235640) from brown algae 
against MDR strains of uropathogens. Bioactive Materials. 2016;1(2):140-
150.

14. Hong K, Gao AH, Xie QY, Gao H, Zhuang L, Lin HP, et al. Actinomycetes 
for marine drug discovery isolated from mangrove soils and plants in 
China. Mar Drugs. 2009;7(1):24-44.

15. Antunes TC, Borba MP, Spadari CC, Antunes3 AL, Frazzon APG, 
Germani JC, Der Sand SV. Screening of actinomycetes with activity against 
clinical isolates of gram positive cocci with multiresistant profile. J Adv Sci 
Res. 2014;5(1):13-17.

16. Castillo UF, Strobel GA, Ford EJ, Hess WM, Porter H, Jensen JB, et al. 
Munumbicins, wide-spectrum antibiotics produced by Streptomyces 
NRRL 30562, endophytic on Kennedia nigriscans. Microbiology. 
2002;148(Pt 9):2675-85.

17. Ranjan R, Jadeja V. Isolation. characterization and chromatography 
based purification of antibacterial compound isolated from rare 
endophyticactinomycetes Micrococcus yunnanensis. J Pharm Anal. 
2017;7(5):343-7.

18. Kusari S, Pandey SP, Spiteller M. Untapped mutualistic paradigms link-
ing host plant and endophytic fungal production of similar bioactive 
secondary metabolites. Phytochemistry. 2013;91:81-7. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249996/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249996/
https://www.ncbi.nlm.nih.gov/pubmed/11104821
https://www.ncbi.nlm.nih.gov/pubmed/11104821
https://www.ncbi.nlm.nih.gov/pubmed/17593651
https://www.ncbi.nlm.nih.gov/pubmed/17593651
https://www.ncbi.nlm.nih.gov/pubmed/12601338
https://www.ncbi.nlm.nih.gov/pubmed/12601338
https://www.ncbi.nlm.nih.gov/pubmed/20876625
https://www.ncbi.nlm.nih.gov/pubmed/20876625
https://www.ncbi.nlm.nih.gov/pubmed/20876625
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4531117/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4531117/
https://www.ncbi.nlm.nih.gov/pubmed/29524549
https://www.ncbi.nlm.nih.gov/pubmed/29524549
https://www.ncbi.nlm.nih.gov/pubmed/29524549
https://www.ncbi.nlm.nih.gov/pubmed/29524549
https://www.ncbi.nlm.nih.gov/pubmed/17593651
https://www.ncbi.nlm.nih.gov/pubmed/17593651
https://www.ncbi.nlm.nih.gov/pubmed/26293487
https://www.ncbi.nlm.nih.gov/pubmed/26293487
https://www.ncbi.nlm.nih.gov/pubmed/26293487
https://www.sciencedirect.com/science/article/pii/S2452199X16300317
https://www.sciencedirect.com/science/article/pii/S2452199X16300317
https://www.sciencedirect.com/science/article/pii/S2452199X16300317
https://www.sciencedirect.com/science/article/pii/S2452199X16300317
https://www.sciencedirect.com/science/article/pii/S2452199X16300317
https://www.ncbi.nlm.nih.gov/pubmed/19370169
https://www.ncbi.nlm.nih.gov/pubmed/19370169
https://www.ncbi.nlm.nih.gov/pubmed/19370169
https://www.ncbi.nlm.nih.gov/pubmed/12213914
https://www.ncbi.nlm.nih.gov/pubmed/12213914
https://www.ncbi.nlm.nih.gov/pubmed/12213914
https://www.ncbi.nlm.nih.gov/pubmed/12213914
https://www.ncbi.nlm.nih.gov/pubmed/29404059
https://www.ncbi.nlm.nih.gov/pubmed/29404059
https://www.ncbi.nlm.nih.gov/pubmed/29404059
https://www.ncbi.nlm.nih.gov/pubmed/29404059
https://www.ncbi.nlm.nih.gov/pubmed/22954732
https://www.ncbi.nlm.nih.gov/pubmed/22954732
https://www.ncbi.nlm.nih.gov/pubmed/22954732


Govindan Rajivgandhi, et al., Annals of Microbiology and Immunology

Remedy Publications LLC. 2018 | Volume 1 | Issue 1 | Article 10036

19. Kumari Pushpa Rani TP, Doss A. Purification and Antibacterial Activity 
of Marine Actinomycetes against Human and Fish Pathogens. J Marine Sci 
Res Dev. 2016;6:1-4. 

20. Alade PI, Irobi ON. Antimicrobial activity of crude leaf extract of 
Acalyphawilesiana. J Ethnopharmacol. 1993;39(3):171-4. 

21. Thulasi G, Amsaveni V. Antibacterial activity of cassia auriculata 
against ESBL producing E. coli from UTI Patients. Int J Microbio Res. 
2012;3(1):24-9. 

22. Rajivgandhi G, Marudupandy M, Muneeswaran T, Anand M, Manoharan 
N. Antibiofilm activity of zinc oxide nanosheets (ZnO NSs) using 
Nocardiopsis sp. GRG1 (KT235640) against MDR strains of gram negative 
Proteus mirabilis and Escherichia coli. Process Biochem. 2018;67:8-18.

23.  Passari AK, Chandra P, Zothanpuia, Mishra VK, Leo VV, Gupta VK, 
et al. Detection of biosynthetic gene and phytohormone production by 
endophytic actinobacteria associated with Solanum lycopersicum and 
their plant-growth-promoting effect. Res Microbiol. 2016;167(8):692-705. 

24. Gogineni V, Hamann MT. Marine natural product peptides with 
therapeutic potential: Chemistry, biosynthesis, and pharmacology. 
Biochim Biophys Acta. 2018;1862(1):81-196. 

25. Kurtböke DI, French JR, Hayes RA, Quinn RJ. Eco-taxonomic insights 
into actinomycete symbionts of termites for discovery of novel bioactive 
compounds. Adv Biochem Eng Biotechnol. 2015;147:111-35. 

26. Gorajana A, Venkatesan M, Vinjamuri S, Kurada BV, Peela S, Jangam P, 
et al. Resistoflavine, cytotoxic compound from a marine actinomycete, 
Streptomyces chibaensis AUBN1/7. Microbiol Res. 2007;162(4):322-7. 

27. Zaitlin B, Watson SB. Actinomycetes in relation to taste and odour in 
drinking water: myths, tenets and truths. Water Res. 2006;40(9):1741-53. 

28. Ballav S, Kerkar S, Thomas S, Augustine N. Halophilic and 
halotolerantactinomycetes from a marine saltern of Goa, India producing 
anti-bacterial metabolites. J Biosci Bioeng. 2015;119(3):323-30. 

29. Yan X, Sims J, Wang B, Hamann MT. Marine actinomyceteStreptomyces 
sp. ISP2-49E, a new source of Rhamnolipid. Biochem Syst Ecol. 
2014;55:292-295.

https://www.ncbi.nlm.nih.gov/pubmed/8258974
https://www.ncbi.nlm.nih.gov/pubmed/8258974
https://www.sciencedirect.com/science/article/pii/S1359511317312199
https://www.sciencedirect.com/science/article/pii/S1359511317312199
https://www.sciencedirect.com/science/article/pii/S1359511317312199
https://www.sciencedirect.com/science/article/pii/S1359511317312199
https://www.sciencedirect.com/science/article/pii/S0923250816300729
https://www.sciencedirect.com/science/article/pii/S0923250816300729
https://www.sciencedirect.com/science/article/pii/S0923250816300729
https://www.sciencedirect.com/science/article/pii/S0923250816300729
https://www.ncbi.nlm.nih.gov/pubmed/28844981
https://www.ncbi.nlm.nih.gov/pubmed/28844981
https://www.ncbi.nlm.nih.gov/pubmed/28844981
https://www.ncbi.nlm.nih.gov/pubmed/24817085
https://www.ncbi.nlm.nih.gov/pubmed/24817085
https://www.ncbi.nlm.nih.gov/pubmed/24817085
https://www.ncbi.nlm.nih.gov/pubmed/16580188
https://www.ncbi.nlm.nih.gov/pubmed/16580188
https://www.ncbi.nlm.nih.gov/pubmed/16580188
https://www.sciencedirect.com/science/article/pii/S0043135406001096
https://www.sciencedirect.com/science/article/pii/S0043135406001096
https://www.ncbi.nlm.nih.gov/pubmed/25449757
https://www.ncbi.nlm.nih.gov/pubmed/25449757
https://www.ncbi.nlm.nih.gov/pubmed/25449757
https://www.ncbi.nlm.nih.gov/pubmed/25132704
https://www.ncbi.nlm.nih.gov/pubmed/25132704
https://www.ncbi.nlm.nih.gov/pubmed/25132704

	Title
	Abstract
	Introduction
	Materials Methods
	Collection of Samples
	Bacteria maintenance
	Isolation of endophyticactinomycetes
	Primary Screening of actinomycetes
	Extraction of Bioactive compounds from DMS 3
	Secondary screening
	Determination of MIC and MBC

	Result
	Isolation and Identification of endophytica ctinomycetes
	Primary screening of isolated EA strains
	Extraction and antibacterial activity of bioactive compounds from NM 5
	Extraction and antibacterial activity of NM 5 strain
	MIC and MBC

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4a
	Figure 4b
	Figure 5
	Figure 6
	Table 1
	Table 2

