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INTRODUCTION

Naturally produced resins by plants has been used in 
traditional medicine around the world from the earliest 
times and have several potential applications in pharmacy 
and medicine.[1] Aquilaria species (family: Thymelaeaceae) 
are known to produce dark resinous heartwood, 
known as agarwood.[2] This agarwood is also known 
as Oud, Oodh, and Agar etc. Agarwood‑producing 
Aquilaria species includes Aquilaria beccariana van Tiegh., 
A. crassna Pierre,[2,3] A. hirta Ridl., A. malaccensis Lamk.,[4] 
A. microcarpa Baill.,[5,6] A. sinensis (Lour) Gilg,[7] and 
A. subintegra Ding Hou. Currently, there is a huge demand 
for agarwood, and Indonesia, Malaysia, Thailand, and 
Vietnam are the major producers of  agarwood.

As stated by Lardos et al. (2011), agarwood is 
known to have many pharmacological functions that 
include analgesic, anti‑inflammatory, anti‑microbial, 
immunomodulatory, and wound healing properties.[1] 
Agarwood is also used as a digestive in traditional medicine, 
and its medico‑pharmacological analysis using model 
mice indicated the laxative effect.[8,9] Furthermore, the 
essential oil obtained from agarwood is also known to have 
anti‑microbial properties.[7]

Endophytes are microorganisms that live inside plants (inter 
or intra cellular in nature) without causing any plant disease. 
Although its true functions in the plants are poorly 
understood, reports suggest that bacterial endophytes can 
produce bioactive compounds found in their host[10] and 
have potential in providing new drugs,[11] plant hormones,[12] 
and novel natural products.[13] As a part of  a broad study 
to explore bacterial endophytes for its various potential 
applications, research work on isolation, identification, 
and characterization of  bacterial endophytes was initiated 
at AIMST University. The isolated and identified bacterial 

Background: Resins and gums are used in traditional medicine and do have potential 
applications in pharmacy and medicine. Agarwood is the fragrant resinous wood, which is an 
important commodity from Aquilaria species and has been used as a sedative, analgesic, and 
digestive in traditional medicine. Endophytic bacteria are potentially important in producing 
pharmaceutical compounds found in the plants. Hence, it was important to understand which 
types of endophytic bacteria are associated with pharmaceutical agarwood-producing Aquilaria 
species. Objective: This study was undertaken to isolate and identify endophytic bacteria 
associated with agarwood-producing seven (7) Aquilaria species from Malaysia. Materials and  
Methods: Botanical samples of seven Aquilaria species were collected, and endophytic bacteria 
were isolated from surface-sterilized-tissue samples. The 16S rRNA gene fragments were 
amplified using PCR method, and endophytic bacterial isolates (EBIs) were identified based on 
16S rRNA gene sequence similarity based method. Results: Culturable, 77 EBIs were analyzed, 
and results of 16S rRNA gene sequences analysis suggest that 18 different types of endophytic 
bacteria are associated with (seven) Aquilaria species. From 77 EBIs, majority (36.4%) of the 
isolates were of Bacillus pumilus. Conclusion: These findings indicate that agarwood‑producing 
Aquilaria species are harboring 18 different types of culturable endophytic bacteria.

Key words: 16S rRNA, biodiversity, endophytes, Malaysia, medicine, natural products, 
ribosomal DNA, traditional medicine

S H O R T  C O M M U N I C A T I O NP H C O G  R E S .

A B S T R A C T

Access this article online
Website:  
www.phcogres.com
DOI: 10.4103/0974-8490.110545

Quick Response Code:



Bhore, et al.: Bacterial endophytes of Aquilaria spp.

Pharmacognosy Research  | April-June 2013 | Vol 5 | Issue 2 135

endophytes of  the economically and pharmaceutically 
important agarwood‑producing (seven) Aquilaria species 
have been reported in this paper.

MATERIALS AND METHODS

Chemical materials
Nutrient medium, bacto‑agar powder, and agarose‑gel 
powder were purchased from Sisco Research Laboratories 
Pvt. Ltd. MEGAquick‑spinTM PCR, and agarose‑gel DNA 
Extraction System was procured from NHK Bioscience 
Solutions Sdn. Bhd. PCR components were purchased 
from Fermentas and SBS Genetech, and DNA markers 
were supplied by Dongsheng Biotechnology Pte. Ltd., 
China. Forward [Bak11W‑F; 5’‑AGT TTG ATC MTG 
GCT CAG‑3’] and reverse [Bak‑R; 5’‑GGA CTA CHA 
GGG TAT CTA AT‑3’] primers used in the study 
were supplied by First Base and SBS Genetech, and all 
other chemicals were procured from the Sigma‑Aldrich 
Corporation (St. Louis, MO), USA.

Plant materials
Stem and leaf  (along with their petiole) samples of  
A. beccariana, A. crassna, A. hirta, A. malaccensis, 
A. microcarpa, A. sinensis, and A. subintegra were 
collected. All seven Aquilaria species in sampling were 
from the plants collection of  Forest Research Institute of  
Malaysia (FRIM), Malaysia.

Surface‑sterilization of plant material samples
The surface‑sterilization of  the collected botanical samples 
was carried out as described elsewhere.[12] The surface 
sterilized stem, leaf, and petiole tissues were used in 
isolation of  EBIs.

Isolation and identification of bacterial endophytes
The isolation of  EBIs, amplification of  16S rRNA gene 
fragments, and identification of  the EBIs was carried out 
as described by Bhore et al.[12]

RESULTS

As a result of  botanical samples’ incubation, culturable 
bacterial endophytes were able to grow on nutrient agar. 
Seventy‑seven (77) EBIs were isolated from the seven 
Aquilaria species, and their pure cultures were examined. 
From the 77 EBIs, PCR‑amplified 16S rRNA gene 
fragments were sequenced, and all isolates were identified 
as a result of  nucleotide blast (megablast) hits analysis.

Seventy‑seven EBI’s annotated 16S rRNA gene fragments 
nucleotide sequences have been submitted to the 
GenBank/DDBJ/EMBL under accession numbers: 
JF819666‑JF819685, and JF938917‑JF938973.

Analysis of  identified 77 EBIs revealed that agarwood‑
producing 7 Aquilaria species are harboring 18 different 

Figure 1: Eighteen (18) types of bacterial endophytes found in agarwood-producing Aquilaria species and total number of bacterial endophytes 
isolates representing each type.
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types of  bacterial endophytes. Figure 1 show the total 
number of  isolates of  identified 18 types of  bacterial 
endophytes, and the identified bacterial endophytes and their 
respective host (Aquilaria) species are depicted in Table 1.

DISCUSSION

Almost every plant on the earth hosts endophytic bacteria that 
could serve as potential source of  novel natural products, which 
are of  a great potential not only in medicine but also in various 
other sectors of  the biotechnology industry.[13,14] However, 
endophytes from medicinally important plants are of  a great 
interest, especially in understanding their potential medicinal 
properties and to explore their potential applications.[10,15] In 
this study, we isolated and identified 77 strains of  bacterial 
endophytes from seven agarwood‑producing Aquilaria 
species. Likewise, bacterial endophytes have been reported 
from various medicinal plants; for examples, Gynura 
procumbens, Piper nigrum, Strobilanthes crispa, and 
Vernonia amygdalina.[12,16,17] However, this is the first study 
to elucidate diverse types of  bacterial endophytes in (seven) 
agarwood‑producing Aquilaria species.

The 16S rRNA gene sequence of  each bacterium is 
species‑specific, and hence can be used for accurate 
bacterial identification.[18] Thus, we amplified the 16S 
rRNA gene for rapid and precise identification of  the 
isolated EBIs. The 16S rRNA gene fragment sequences 
comparison from the 77 isolated strains with the sequences 
from nucleotide sequence database of  GenBank/DDBJ/
EMBL using blast revealed the identity of  these isolates. 
The 16S rRNA gene sequence similarity % was  >95%, 

except for one isolate, where the similarity % was only 82%. 
This isolate (from A. subintegra) was putatively identified 
as Pantoea agglomerans (Accession no: JF819683) and need 
further verification.

Though 9 species of  the bacterial endophytes are 
represented by only one isolate, it cannot be inferred that 
they are respective Aquilaria species‑specific, because 
sample numbers used in the study were limited (in number) 
and samples were from only one plant of  each Aquilaria 
species. The seasonal fluctuation of  the endophytes has 
been reported in other plant species;[19,20] hence, it is 
possible that various other types of  bacterial endophytes 
might be also associated with agarwood‑producing 
Aquilaria species. In addition, it should be noted that soil 
type in which plants are growing can influence the diversity 
of  bacterial endophytes in plants.[21] Therefore, if  Aquilaria 
species are collected from other locations, then some other 
types of  bacterial endophytes could also be detected.

Bacterial endophytes can produce novel natural 
products found in their host plant;[10] and therefore, 
bacterial endophytes are potential sources of  the 
novel natural products including novel antibiotics. The 
anti‑microbial (anti‑bacterial, anti‑fungal, and anti‑viral) 
activities of  some bacterial endophytes has also been 
reported by other researchers.[22‑28] Similarly, it has been 
reported that the endophytic fungi associated with 
agarwood have potential anti‑microbial and anti‑tumor 
activity.[29] Therefore, further research is needed in order to 
explore the potential applications of  the isolated bacterial 
endophytes. Furthermore, the in‑depth understanding of  

Table 1: Seven (7) agarwood‑producing Aquilaria species and their bacterial endophytes as revealed by 
16S rRNA gene sequence similarity based method of bacterial identification
No Bacterial Endophyte Host Aquilaria species*

Ab Ac Ah Ama Ami Asi Asu
1 Acinetobacter radioresistens +
2 Bacillus altitudinis + + + +
3 Bacillus anthracis +
4 Bacillus arbutinivorans +
5 Bacillus arsenicus +
6 Bacillus aryabhattai +
7 Bacillus cereus + + +
8 Bacillus licheniformis + + + + +
9 Bacillus megaterium + +
10 Bacillus methylotrophicus +
11 Bacillus pumilus + + + + + +
12 Bacillus stratosphericus + + +
13 Bacillus subtilis + + +
14 Bacillus tequilensis +
15 Pantoea agglomeransniv +
16 Rahnella aquatilis +
17 Roseomonas mucosa +
18 Vibrio cholera +

*Ab=A. beccariana; Ac=A. crassna; Ah=A. hirta; Ama=A. malaccensis; Ami=A. microcarpa; Asi=A. sinensis; Asu=A. subintegra; nivneed identity verification; Sign ‘+’ indicate 
presence of respective bacterial endophyte
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symbiotic association between Aquilaria  species and their 
bacterial (and fungal) endophytes could be helpful in the 
protection of  threatened Aquilaria'  species.[30]

On the basis of  the results obtained, it could be concluded 
that agarwood‑producing Aquilaria  species are harboring 

diverse 18 types of  culturable bacterial endophytes. 
However, the benefits of  these 18 bacterial endophytes 

to Aquilaria  species are not clearly understood. We 
hypothesize that isolated bacterial endophytes might be 

useful to its respective host Aquilaria  species and might be 
producing economically and pharmaceutically important 
bioactive compounds. Nonetheless, our research findings 
could be useful, as a foundation for further research on 

both the agarwood‑producing Aquilaria  species, as well as 
its endophytic bacteria.

REFERENCES

1. Lardos A, Prieto-Garcia J, Heinrich M. Resins and gums 
in historical iatrosophia texts from Cyprus-A botanical and 

medico- pharmacological approach. Front Pharmacol 2011;2:32.
2. Kumeta Y, Ito M. Genomic organization of δ-guaiene synthase 

genes in Aquilaria crassna  and its possible use for the 
identification	of	Aquilaria species. J Nat Med 2011;65:508-13.

3. Eurlings MC, van Beek HH, Gravendeel B. Polymorphic 
microsatellites	for	forensic	identification	of	 agarwood	(Aquilaria 
crassna). Forensic Sci Int 2010;197:30-4.

4. Gunasekera SP, Kinghorn AD, Cordell GA, Farnsworth NR. Plant 
anticancer agents. XIX constituents of Aquilaria malaccensis. 
J Nat Prod 1981;44:569-72.

5. Kenmotsu Y, Yamamura Y, Ogita S, Katoh Y, Kurosaki F. 
Transcriptional activation of putative calmodulin genes 
am-cam-1 and am-cam-2 from Aquilaria microcarpa, in response 
to external stimuli. Biol Pharm Bull 2010;33:1911-4.

6. Kenmotsu Y, Ogita S, Katoh Y, Yamamura Y, Takao Y, Tatsuo Y, 
et al. Methyl jasmonate-induced enhancement of expression 
activity of Am-FaPS-1, a putative farnesyl diphosphate synthase 
gene from Aquilaria microcarpa. J Nat Med 2011;65:194-7.

7. Chen H, Yang Y, Xue J, Wei J, Zhang Z. Comparison of 
compositions and antimicrobial activities of essential oils from 
chemically stimulated agarwood, wild agarwood and healthy 
Aquilaria sinensis (Lour.) gilg trees. Molecules 2011;16:4884-96.

8. Kakino M, Izuta H, Ito T, Tsuruma K, Araki Y, Shimazawa M, et al. 
Agarwood induced laxative effects via acetylcholine receptors 
on loperamide-induced constipation in mice. Biosci Biotechnol 
Biochem 2010;74:1550-5.

9. Kakino M, Tazawa S, Maruyama H, Tsuruma K, Araki Y, 
Shimazawa M, et al.	Laxative	effects	of	agarwood	on	low‑fiber	
diet-induced constipation in rats. BMC Complement Altern Med 
2010;10:68.

10. Mehanni MM, Safwat MSA. Endophytes of medicinal plants. 
Acta Hort (ISHS) 2010;854:31-9.

11. Strobel G, Daisy B. Bioprospecting for microbial endophytes and 
their natural products. Microbiol Mol Biol Rev 2003;67:491-502.

12. Bhore SJ, Ravichantar N, Loh CY. Screening of endophytic 
bacteria isolated from leaves of Sambung Nyawa [Gynura 
procumbens (Lour.) Merr.] for cytokinin-like compounds. 
Bioinformation 2010;5:191-7.

13. Guo B, Wang Y, Sun X, Tang K. Bioactive natural products from 
endophytes: A review. Prikl Biokhim Mikrobiol 2008;44:153-8.

14. Strobel GA. Rainforest endophytes and bioactive products. Crit 
Rev Biotechnol 2002;22:315-33.

15. Qin S, Xing K, Jiang JH, Xu LH, Li WJ. Biodiversity, 
bioactive natural products and biotechnological potential of 
plant-associated endophytic actinobacteria. Appl Microbiol 
Biotechnol 2011;89:457-73.

16. Aravind R, Kumar A, Eapen SJ, Ramana KV. Endophytic 
bacterial	 flora	 in	 root	and	stem	 tissues	of	black	pepper	 (Piper 
nigrum	 L.)	 genotype:	 Isolation,	 identification	 and	 evaluation	
against Phytophthora capsici. Lett Appl Microbiol 2009;48:58-64.

17. Bhore SJ, Tiong OK. Bacterial endophytes of therapeutically 
important Strobilanthes crispa (L.) Bremek and Vernonia 
amygdalina Del. J Pharm Biomed Sci 2012;14:1-3.

18. Clarridge JE. Impact of 16S rRNA gene sequence analysis for 
identification	of	bacteria	on	clinical	microbiology	and	infectious	
diseases. Clin Microbiol Rev 2004;17:840-62.

19. Gao XX, Zhou H, Xu DY, Yu CH, Chen YQ, Qu LH. High diversity 
of endophytic fungi from the pharmaceutical plant, Heterosmilax 
japonica Kunth revealed by cultivation-independent approach. 
FEMS Microbiol Lett 2005;249:255-66.

20. Forchetti G, Masciarelli O, Izaguirre MJ, Alemano S, Alvarez D, 
Abdala G. Endophytic bacteria improve seedling growth of 
sunflower	under	water	stress,	produce	salicylic	acid,	and	inhibit	
growth of pathogenic fungi. Curr Microbiol 2010;61:485-93.

21. Hardoim PR, Hardoim CC, van Overbeek LS, van Elsas JD. 
Dynamics of seed-borne rice endophytes on early plant growth 
stages. PLoS One 2012;7:e30438.

22. Ding L, Maier A, Fiebig HH, Lin WH, Hertweck C. A family of 
multicyclic indolosesquiterpenes from a bacterial endophyte. 
Org Biomol Chem 2011;9:4029-31.

23. Ding L, Münch J, Goerls H, Maier A, Fiebig HH, Lin WH, et al. 
Xiamycin, a pentacyclic indolosesquiterpene with selective 
anti-HIV activity from a bacterial mangrove endophyte. Bioorg 
Med Chem Lett 2010;20:6685-7.

24. 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;148:2675-85.

25. Castillo U, Harper JK, Strobel GA, Sears J, Alesi K, Ford E, et al. 
Kakadumycins, novel antibiotics from Streptomyces sp NRRL 
30566, an endophyte of Grevillea pteridifolia. FEMS Microbiol 
Lett 2003;224:183-90.

26. Castillo UF, Strobel GA, Mullenberg K, Condron MM, 
Teplow DB, Folgiano V, et al. Munumbicins E-4 and E-5: Novel 
broad-spectrum antibiotics from Streptomyces NRRL 3052. 
FEMS Microbiol Lett 2006;255:296-300.

27. Harrison L, Teplow DB, Rinaldi M, Strobel G. Pseudomycins, 
a family of novel peptides from Pseudomonas syringae 
possessing broad-spectrum antifungal activity. J Gen Microbiol 
1991;137:2857-65.

28. Miller CM, Miller RV, Garton-Kenny D, Redgrave B, Sears J, 
Condron MM, et al. Ecomycins, unique antimycotics from 
Pseudomonas	viridiflava. J Appl Microbiol 1998;84:937-44.

29. Cui JL, Guo SX, Xiao PG. Antitumor and antimicrobial activities 
of endophytic fungi from medicinal parts of Aquilaria sinensis. 
J Zhejiang Univ Sci B 2011;12:385-92.

30. CITES. Convention on international trade in endangered 
species	of	wild	fauna	and	flora‑amendments	to	appendices	I	and	
II of CITES, thirteenth meeting of the conference of the parties. 
Bangkok, Thailand 3-14 Oct 2004.

Cite this article as: Bhore SJ, Preveena J, Kandasamy KI. Isolation and 
identification	of	bacterial	endophytes	from	pharmaceutical	agarwood‑producing	
Aquilaria species. Phcog Res 2013;5:134-7.

Source of Support: Ministry of Agriculture and Agro-Based Industry (MoA), 
Malaysia, Conflict of Interest: None declared.


