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Influence of different sterilizing methods on isolation 

endophytic bacteria from Rauvolfia serpentina 
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Abstract 
The plant micro-ecosystem has been associated to improved plant productivity, and bacterial endophytes 

are one of the major constituents of this ecosystem. Endophytic bacteria reside intercellularly within the 

plant tissues without causing any damage to host plant. Therefore, these bacteria are considered more 

advantageous for plant survival as protection from environmental stress and microbial competition. 

Population density of endophytic bacteria is less as compared to epiphytes or rhizospheric bacteria hence 

isolation of true bacterial endophytes without any contamination is a major challenge. In the current 

study different surface sterilization methods were conducted to isolate true endophytic bacteria from the 

roots of Rauvolfia serpentina. Ethanol, sodium hypochlorite, tween 20 and mercuric chloride at various 

concentrations and duration were employed to optimize the surface sterilization for the isolation of 

endophytes from Rauvolfia serpentina. Further morphological and biochemical characterization of 

isolates were carried out. Future studies will determine the potent endophytic bacteria that can be applied 

for various applications like growth promotion, biological control, and enzyme production. 
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Introduction 

The broadly accepted definition of endophytes that was given by Bacon and White [1] is 

microbes that colonize intra and intercellular plant tissues without having any negative effects 

to the host plant. As endophytes reside within plant tissues, they are exposed to a more specific 

and stable habitat than rhizospheric bacteria [2]. In 1926 Perotti [3] found endophytic growth at 

a specific stage in the life of bacteria, described as an advanced stage of infection and having a 

strong mutualistic relationship with the plant. Since then, endophytes have been characterized 

as microbes that could be isolated from surface-sterilized plant tissue [4]. Despite this fact 

presence of endophytes in plants is variable and, occasionally transient [5]. As endophytic 

bacteria are closer to plant than rhizospheric and phyllosphere bacteria, they have a direct and 

intense effect on the growth and development of plant [6]. In recent years, several studies 

demonstrated the effectiveness of endophytic bacteria in agricultural applications by protecting 

plants from a series of abiotic stresses including low temperature [7, 8] drought [9], and salinity [10]. 

Endophytes are also an important source of pharmaceutical bioactive metabolites such as 

antitumor, antioxidant, antibacterial, antifungal, antiviral, anti-inflammatory, 

immunosuppressive drugs, and many related compounds. Endophytes are also known for the 

production of different natural products and to exhibit a wide range of biological activity and 

are classified into numerous categories, which include steroids, terpenoids, phenolic 

compounds, lactones alkaloids quinines, lignans, etc [11]. 

The isolation procedure is mandatory and critical step while working with endophytes. 

Hypothetically, the sterilizing agent used, during isolation should be strong enough to remove 

any microbe present on the root surface at the same time sensitive enough to recover 

endophytic bacteria [12]. Though, it is challenging to achieve because in time the agent may 

invade the plant tissue and can be lethal for some endophytic bacteria. Therefore, the selection 

of isolation media and surface sterilization are important to maximize the successful isolation 

of endophytes, thus, enhancing the possibility to discover new endophytes [13]. 

Medicinal plants are an important resource of isolating endophytic bacteria, which can induce 

secondary metabolite of very important value. There are reports on numerous new endophytic 

species may exist in medicinal plants, it follows that endophytes are important components of 

microbial biodiversity [14]. Rauwolfia serpentina was commonly known as Sarpagandha, 

belonging to family Apocynaceae. R. serpentina has been used for the treatment of skin 

cancer, eczema [15].  
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Reportedly large number of alkaloids (1.7% to 3.0 %) is 

present in the roots of Sarpagandha [16]. 

The present study was carried out to show the effectiveness of 

surface sterilization methods to obtain pure bacterial 

endophytes from the roots of medicinal plant Rauvolfia 

serpentina. 

 

Material and Methods 

Sample collection of plant materials 

Mature healthy medicinal plants of Rauvolfia serpentina were 

collected from Patanjali herbal garden site nursery, Haridwar, 

(29° 58' N, 78° 13' E Elevation: 298m.). Samples were placed 

in clean plastic bags, brought to the laboratory and used for 

further experimental purpose. 

 

Isolation of endophytic bacteria 

Surface sterilization: The root samples were washed under 

running tap water to remove the soil debris and were carefully 

excised and subjected to three different surface sterilization 

methods. The method I samples were immersed in 70% 

ethanol for 5 min [17]. Method II samples were surface 

sterilized with 70 % ethanol for 3 min, 0.5 % sodium 

hypochlorite for 3 min and 70 % ethanol for 30s [18]. Method 

III samples were washed with 0.1% mercuric chloride, then 

washed with 70% ethanol for 1 min and finally rinsed with 

3% Sodium hypochlorite for -5 min [19]. Method IV samples 

were washed with Tween 20 (1 drop in 200ml sterile distilled 

water) and then immersed in 3% sodium hypochlorite (10 min 

in a shaking incubator at 120 rpm) later washed with 70% 

ethanol for 1 min [20]. In all methods root samples were 

washed with sterile distilled water after each step. Each 

method was performed in triplicate. 

 

Sterility check: In each step of the surface sterilization 

process the root samples were washed in sterile distilled 

water. To monitor the effectiveness of the surface sterilization 

process, a sterility check was carried out for each sample. For 

this final rinse was plated on nutrient agar as control, 

incubated at 28ºC for 48 hrs and checked for possible 

microbial growth. Root sample was used if no growth appears 
[21]. 

 

Endophytic bacteria isolation, purification and 

preservation: For this purpose the surface-sterilized root 

segments were cut into a small disc of about 1cm pieces. Then 

placed on the plates containing medium and incubated at 

28°C for 48 h [22]. 

 

Morphological and Biochemical Characterization of the 

Isolated Endophytic Bacteria 

All selected Endophytic bacteria will be identified through 

differential staining; their morphological and biochemical 

properties will be evaluated as described in Bergey’s Manual 

of Systematic Bacteriology [23]. 

 

Result  

The efficiency of surface sterilization methods on the 

growth and contamination of endophytic bacteria 

In order to obtain pure endophytes from inner root tissues of 

Rauvolfia serpentina, epiphytic microorganism and other 

contamination must be eliminated, through surface 

sterilization method. For this root samples were treated 

individually and by the different combination of a chemical 

disinfectant. Method I (70% ethanol) that was initially 

selected was not found an effective individually as a high 

percentage of contamination was observed along with the 

growth of endophytes. Whereas in method II, III, IV, root 

samples were treated with different combination and duration 

of ethanol, sodium hypochlorite, and mercuric chloride to 

achieve a satisfactory result. In method III, mercuric chloride 

was effective in eliminating contamination but survival 

percentage of bacterial endophytes decreased. Therefore, only 

method IV (3% sodium hypochlorite and 70% ethanol for 10 

minutes) was found effective for surface sterilization of 

Rauvolfia serpentina root tissues, with high percentage 

survival and no contamination. The results of the optimization 

process for the surface sterilization are shown in the Fig.1. 

 

Morphological and Biochemical Characterization of the 

Isolated Endophytic Bacteria 

A total of 16 different bacterial isolates were selected on the 

basis of colony morphology and colors. (Fig. 2 and 3). Nearly 

37% of isolates were gram-negative rods, 12% were gram-

positive cocci and rest were gram-positive rods. Morphology 

and biochemical characteristics, isolates showed 

characteristics of genera Bacillus, Pseudomonas, 

Micrococcus, Serratia, and Actinobacteria. Details of the 

preliminary characterization are shown in Table 1. 

 

Discussion 

In the current study, surface sterilization method was 

optimized to obtain maximum bacterial endophytes from 

medicinal plant Rauvolfia serpentina. To best of our 

knowledge, this is the first comprehensive report concerning 

the endophytic bacteria from Rauvolfia serpentina. The 

population density of endophytic bacteria is less as compared 

to epiphytes or rhizospheric bacteria. Hence to avoid 

contamination or infection isolation of bacterial endophytes, 

root samples must be thoroughly surface sterilized before 

inoculating them into the solid agar medium. In this study, 

simple and powerful method of surface sterilization was 

employed for isolation of bacterial endophytes from the roots 

tissue. Surface sterilization of Rauvolfia serpentina medicinal 

plants for isolation of bacterial endophytes using ethanol 70% 

was found not effective to eliminate microorganisms present 

on the plant surface. Thus it was estimated that 70% ethanol 

was not efficient in eliminating epiphytic bacteria. Use of 

mercuric chloride for the surface sterilization of Rauvolfia 

serpentina was not found effective because mercuric chloride 

was found to be a good decontaminating agent, but the 

survival percentage of endophyte decreased. In this study, 

high concentration of sodium hypochlorite (3%) is found to 

be more effective than low concentration (0.5%) disinfectant 

in eliminating plant surface microorganisms. Another 

objective of the study was a preliminary characterization of 

isolates. Endophytic bacteria showed a wide range of 

morphological and biochemical characteristics indicating that 

they are different bacterial species.  
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Table 1: Morphological and Biochemical Characterization of the Isolated Endophytic Bacteria 
 

Strain Gram Staining Shape Colour Urease Starch Indole MR VP Citrate H2S Catalase 

RS 1 +ive Rods White - + - - + - - + 

RS 2 +ive Rods Colorless - - - - - + - + 

RS 3 +ive Rods Creamish + + + + - - + + 

RS 4 +ive Rods White - + - - - - - + 

RS 5 -ive Rods Colorless - + - - - + - + 

RS 6 -ive Rods Yellowish Green - + - - - - - + 

RS 7 -ive Rods White + - - + - - + + 

RS 8 +ive Cocci Creamish - + - - - + - + 

RS 9 +ive Rods Milky white - + - - - - + + 

RS 10 +ive Rods Milky White - - + - - + + + 

RS 11 +ive Rods White - + - - + - - + 

RS 12 -ive Rods Light green + - - - - + - + 

RS 13 +ive Cocci White + - + - - - + + 

RS 14 +ive Rods White - + - - - - - + 

RS 15 -ive Rods Orange + - - - - - + + 

RS16 -ive Rods Green - + - - - - - + 

 

 
 

Fig 1: Optimum condition for the surface sterilization of Rauvolfia serpentina 

 

 
 

Fig 2: Isolation of endophytes from roots of Rauvolfia serpentina  

 

  
 

Fig 3: Purified culture of bacterial endophytes isolated from roots of Rauvolfia serpentina 



 

~ 41 ~ 

The Pharma Innovation Journal 

References 

1. Bacon CW. White JF. Microbial endophytes. CRC Press, 

Boca Raton, Florida, USA, 2000. 

2. Bafana A. Diversity and metabolic potential of culturable 

root-associated bacteria from Origanum vulgare in sub-

Himalayan region. World J Microbiol Biotechnol. 2012; 

29:63-74. 

3. Perotti R. On the limits of biological inquiry on soil 

science. Proceeding of International Society of Soil 

Science. 1926; 2:146-161. 

4. Henning K, Villforth F. Experiment 

elleuntersuchungenzurfrage der bacteria symbiose inho 

herenpflanzen Undihrebeeinflussungdurch Leitemente. 

Biochemische Zeitschrift. 1940; 305:299-309. 

5. Van Overbeek L, Van Elsas JD. Effects of plant genotype 

and growth stage on the structure of bacterial 

Communities associated with potato (Solanum tuberosum 

L.). FEMS Microbiology Ecology. 2008; 64:283-296. 

6. Conrath U. Priming: getting ready for battle. Molecular 

Plant-Microbe Interactions Journal. 2006; 19:1062-1071. 

7. Subramanian P, Mageswari A, Kim K, Lee. Y, Sa T. 

Psychrotolerant endophytic Pseudomonas sp. strains 

OB155 and OS261 induced chilling resistance in tomato 

plants (Solanum lycopersicum Mill.) by activation of 

their antioxidant capacity. Mol. Plant Microbe Interact. 

2015; 28:1073-1081. 

8. Su F, Jacquard C, Villaume S, Michel J, Rabenoelina F, 

Clément. Burkholderia phytofirmans PsJN reduces 

impact of freezing temperatures on photosynthesis in 

Arabidopsis thaliana. Front. Plant Sci. 2015; 6:810. 

9. Rolli E, Marasco R, Vigani G, Ettoumi B, Mapelli F, 

Deangelis ML. Improved plant resistance to drought is 

promoted by the root-associated microbiome as a water 

stress-dependent trait. Environ. Microbiol. 2015; 17:316-

331. 

10. Ali S, Charles TC, Glick BR. Amelioration of high 

salinity stress damage by plant growth-promoting 

bacterial endophytes that contain ACC deaminase. Plant 

Physiol. Biochem. 2014; 80:160-167. 

11. Sturz AV, Christie BR, Matheson BG, Nowak J. 

Biodiversity of endophytic bacteria which colonize red 

clover nodules, roots, stems and foliage and their 

influence on host growth. Biol Fertil Soil. 1997; 

25(1):13-9. 

12. Xu Z, Gao D, Song X, Xu Y. A review of endophyte and 

its use and function.Adv Biomed Eng Rev. 2012; 8:124-

130. 

13. Webster S, Mitchell SA, Ahmed MH. A novel surface 

sterilization method for reducing microbial contamination 

of field grown medicinal explants intended for invitro 

culture. 17th SRC conference, Biotechnology Centre, 

Jamaica, 2003. 

14. Zhang Y, Mu J, Feng Y, Kang Y, Zhang J, Gu PJ. Broad-

Spectrum Antimicrobial Epiphytic and Endophytic Fungi 

from Marine Organisms: Isolation, Bioassay and 

Taxonomy. Mar Drugs. 2009; 7:97-112. 

15. Harisaranraj R, Suresh K, Saravanababu S, Achudhan 

VV. Phytochemical based strategies for pathogen control 

and antioxidant capacities of Rauwolfia serpentina 

extracts. Recent Res Sci Technol. 2009; 1:67-73. 

16. Rathi P, Kumari R, Rajput CS, Sawhne SS. Therapeutic 

Characterstics of Rauwolfia Serpentina. International 

Journal of Pharmaceutical and Chemical Sciences. 2013, 

2(2). 

17.  Zin NM, Sarmin NI, Ghadin N, Basri DF, Sidik NM. 

Bioactive endophytic Streptomycetes from the Malay 

Peninsula. FEMS Microbiol Lett. 2007; 274:83-88. 

18. Sun JQ, Guo LD, Zang W, Ping WX, Chi DF. Diversity 

and ecological distribution of endophytic fungi associated 

with medicinal plants. Sci China, Ser C Life Sci. 2008; 

51(8):751-759.  

19. Anjum N, Chandra R. Endophytic Bacteria: Optimizaton 

of Isolation Procedure from Various Medicinal Plants and 

Their Preliminary Characterization. Asian Journal of 

Pharmaceutical and Clinical Research. 2015; 8(4). 

20. Sambrook J, Russell DW. Molecular Cloning: A 

Laboratory Manual. New York, NY: Cold Spring Harbor 

Laboratory Press (CSHL) press, 2001. 

21. Pleban S, Ingel F, Chet I. Control of Rhizoctonia solani 

and Sclerotium rolfsii in the greenhouse using endophytic 

Bacillus spp. Eur J Plant Pathol. 1995; 101:665-72. 

22. Shah, Md. Asraful, Islam, Renukaradhya, Math Jong K, 

Min. Kim. Myoung et al. Effect of Plant Age on 

Endophytic Bacterial Diversity of Balloon Flower 

(Platycodongrandiflorum) Root and Their Antimicrobial 

Activities. Springer Science+Business Media, LLC 

CurrMicrobiol. 2010; 61:346-356. 

23. Holt JG, Kreig NR, Sneath PHA, Staley JT, Williams ST. 

Bergey’s manual of determinative bacteriology, ninth ed. 

Williams & Wilkins, Baltimore, USA, 1994. 


