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Endophytic microorganisms from the base and top leaves of Spermacoce verticillata were isolated and the 
antimicrobial potential was evaluated. A total of 56 strains were isolated in pure culture, 44 fungi and 12 
actinobacteria. The isolation frequency was higher in the base leaves (12.5%), when compared to the top leaves 
(3.05%). Among all fungi and actionobacteria identified, the majority belonged to the genus Guignardia (25%) 
and Microbispora (41.66%), respectively. The antimicrobial screening was firstly evaluated by agar plug assay 
and showed that 28.57% of the isolates presented activity mainly against gram positive bacteria Staphylococus 
aureus (ATCC-6538) and Bacillus subtilis (UFPEDA-16). The microorganisms that presented the best activities 
were then selected, evaluated in different culture media broth, and tested by disk diffusion assay using their 
fermented broth. The microorganisms selected for this assay exhibited antimicrobial activity mainly for Bacillus 
subtilis (UFPEDA-16). Since many isolates showed inhibitory activity against pathogenic microorganisms, it is 
suggestive that endophytic microorganisms from S. verticillata could be an interesting source to explore for 
bioactive metabolites and new tools need to be employed to explore the real potential of these microorganisms. 
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INTRODUCTION 
 

In the last decades, various studies have demonstrated 
that plants serve as reservoirs for innumerable microorganisms 
known as endophytes. By definition, these microorganisms live 
intra and/or intercellularly in the host plants, at least for one period 
of their life cycle, without causing apparent harm to them (Petrini, 
1991; Bacon and White, 2000). Even with the existence of 
uncountable epiphytic and soil microorganims, diverse works have 
shown the potential of endophytes as a promising source of natural 
products for the discovery of a variety of different classes of 
bioactive molecules to beapplied in medicine, industry and 
agriculture (Schulz et al., 2002; Gunatilaka, 2006; Joseph and 
Priya, 2011). Investigations have shown that the search for 
microorganisms of biotechnological interest based in the ethno-
botanical pharmacology represents an alternative to discover new     
. 

microorganisms and bioactive molecules (Li et al., 2005; Qin et al. 
2011; Zhao et al., 2011). Based on these principles, the 
bioprospection of microorganisms isolate from new ecological 
niches constitutes an important strategy for obtaining more efficient 
and less toxic antibiotics, which may ultimately control pathogenic 
bacteria that are resistant to the diverse antibiotics commonly used 
in current time (Appelbaum and Jacobs, 2005; Butler and Buss, 
2006; Peláez, 2006; Yoneyama and Katsumata, 2006; Rodríguez-
Noriega et al., 2010).  The medicinal plant Spermacoce verticillata 
(L.) [Borreria verticillata (L.) G. F. W. Meyer], which belongs to 
the Rubiacea family, is native of South America where is popularly 
known as “vassourinha-de-botão”, and is used in the treatment of 
various infections and inflammatory processes (Conserva and 
Ferreira, 2012). Studies have shown that the extract from this plant 
presents activity against Escherichia coli, Staphylococcus aureus, 
Pseudomonas aeruginosa, and Candida albicans (Ustue and 
Adamu, 2010). Therefore the present study sought to isolate, 
identify, and evaluate the potential antimicrobial activity of the 
endophytic microorganisms from leaves of S. verticillata.  
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MATERIALS AND METHODS 
 

Plant material 
 Five specimens of S. verticillata with approximately 43 
cm in height and inflorescent, and with a healthy appearance were 
collected from the campus of the Federal University of 
Pernambuco (UFPE) (34º 56’ 57” W; 8º 2’ 53” S). Following the 
collection, the samples were conduced to the laboratory and 
processed in 24 h. A voucher specimen of the plant (Nº 
42.234/UFPE) was deposited at the Herbarium Professor Geraldo 
Mariz – UFP, Department of Botany, UFPE, Recife, Brazil. 
 
Isolation of microorganisms  
 Leaves of base (4 to 6 internodes), i.e. older leaves and 
top (8 to 10 internodes), i.e. younger leaves were individually 
collected. Following, the leaves were washed in running tap water 
and then surface-sterilized with 70% ethanol for 1 min, sodium 
hypochlorite (2.0-2.5% active Cl) for 4 min, and 70% ethanol for 
30 s. The leaves were then washed three times with sterile distilled 
water (Araújo et al., 2002).  
 After the disinfection, the leaves were fragmented (± 
0.25 cm2) and transferred to Petri dishes containing the following 
culture media: potato dextrose agar – PDA supplemented with 
penicillin (75 µg/ml) and chloramphenicol (100 µg/ml) for 
isolation of fungi; starch casein agar – SCA and modified leaf agar 
medium – MLAM (100 g/L S. verticillata leaf extract; 15 g/L 
glucose, 15 g/L peptone, 15 g/L agar) containing nistatine (100 
µg/ml) and cycloheximide (100 µg/ml) for the isolation of 
actinobacteria. The Petri dishes were then incubated at 28 ºC 
during 40 days. The efficiency of the disinfection was confirmed 
by inoculating the last washing water in Petri dishes with tryptone 
soy agar medium.  
 The microbial growth was observed daily and the 
colonies were purified and preserved in PDA or modified ISP2 – 
ISP2M (4 g/L yeast extract, 10 g/L malt extract, 4 g/L glucose, 5 
g/L starch, 15 g/L agar; pH 7.2) for posterior identification of 
fungi and actinobacteria, respectively. The frequency of isolation 
(FI) was calculated by observing the number of fragments with 
microbial colonies (Ni) in comparison to the total number of 
fragments (Nt) analyzed (FI = Ni/Nt x 100) (Araújo et al., 2002). 
 
Identification of microorganisms 
 The identification was carried at Mycology and 
Antibiotic Departments (UFPE), Recife, Brazil. For identification, 
the fungi were transferred to Petri dishes containing specific 
media: Czapek agar, 2% malt extract agar or PDA, and incubated 
at room temperature (28 ± 2ºC) for 30 days. After this period, 
macroscopic characters (colony diameter; color aspect and 
mycelial texture) and microscopic characters (somatic and 
reproductive microstructures) were evaluated (Dalmau, 1929).  
 The fungal identification was based on previous studies 
conducted by Ellis (1971), Domsch et al. (1993), Klich and Pitt 
(1994), De Hoog and Guarro (1995), Alexopoulos et al. (1996) 
and Frisvad and Samson (2004). The actinobacteria were 

cultivated in a variety of culture media such as ISP2M, SCA, and 
MLAM, and were further incubated at 28°C until 30 days. 
Afterwards, the identification of the genera level was performed 
by comparing their morphology of spore bearing hyphae with the 
entire spore chained structure (Shirling and Gottlieb, 1966). 
Futhermore, the type of cell wall was determined by thin layer 
chromatography using diaminopimelic acid as standard (Staneck 
and Roberts, 1974). 
 
Screening and agar plug assay 
 Endophytic fungi and actinobacteria were selected for the 
study base on the antimicrobial activity submitted in the micelial 
agar plug assay (Ichikawa et al., 1971).  
 This permitted a rapid and qualitative selection of the 
bioactive microorganisms. The fungi were grown on PDA at 28°C 
during 7 and/or 14 days, depending on fungal growth rate, and the 
actinobacteria on the media PDA supplemented 0.2% yeast 
extract, SCA, and ISP2M at 28°C for 7 days. Plugs of mycelium 
agar were cut with a flamed cork borer (6 mm diameter) and 
transferred to the surface of the medium previously spread with 
test microorganism.  
 For Staphylococcus aureus (ATCC-6538), Bacillus 
subtilis (UFPEDA-16), Escherichia coli (ATCC-25922), 
Klebsiella pneumoniae (ATCC-29665), Pseudomonas aeruginosa 
(ATCC-27853) the Müeller-Hinton agar – MHA was used. Both 
Sabouraud dextrose agar medium – SAB and MHA-MG 
supplemented with 2% glucose and methylene blue (0.5 μg/ml) 
were used for Candida spp. (Barry and Brown, 1996; Pfaller et al., 
2004). Petri dishes were incubated at 37°C for 24 h for the bacteria 
and at 30°C for 48 h for the fungi. The antimicrobial activity was 
confirmed by the visualization and measurement of inhibition 
zones. 
 
Fermentation and disk diffusion assay 
 The bioactive microorganisms that showed the best 
activity in the agar plug assay were evaluated in different culture 
media broth. This provides alternative to select the best medium 
and incubation time for the production of the bioactive 
metabolites. For the preparation of the pre-inoculum, five plugs (6 
mm in diameter) of growing culture were inoculated in 250 ml 
Erlenmeyer flasks containing 50 ml of the media potato dextrose 
broth – PDB, MEB and Czapek broth for fungi and ISP2M broth – 
ISP2MB, 2% malt extract broth – MEB and eurimycin production 
medium - MPE (20 g/L soya flour, 20 g/L glucose, 2 g/L CaCO3, 5 
g/L NaCl; pH 6.7) for actinobacteria.  
 The cultures were submitted to a rotary shaker at 180 
rpm at room temperature (28 ± 2ºC) for 48 h. After the cultivation, 
an aliquot of 10 ml of each pre-inoculum was transferred to 500 ml 
Erlenmeyer flasks containing 90 ml of the respective media and 
subjected to the same conditions for 144 h. At every 24 h, the 
fermentation broth was centrifuged at 225 g for 15 min and 30 µl 
of the supernatant was utilized for the antimicrobial activity test 
using the disk diffusion method (Bauer et al., 1996).  
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RESULTS AND DISCUSSION 
 
 A total of 720 fragments (360 from the base and 360 
from the top) were obtained from S. verticillata leaves (Figure I). 
Among these 240, fragments were used to isolate fungi and 480 
fragments were used to isolate actinobacteria. In the present study, 
a total of 56 endophytes were isolated, 78.6% fungi and 21.4% 
actinobacteria (Table I). The frequency of fungi and actinobacteria 
was 7.56%. For the base leaves (older) the frequency was 12.5%, 
while for the top leaves (younger) the frequency was 3.05%. 
Similar findings were reported by many studies (Arnold et al., 
2000; Frohlich et al., 2000; Bussaban et al., 2001; Photita et al., 
2001; Chareprasert et al., 2006). In such studies, older leaves were 
shown to present a higher occurrence of isolated endophytic 
microorganisms, when compared with younger leaves because of 
their longer exposure time in the environment what could provide 
an increase in the inoculum over them and consequently an 
increase in the endophytic microorganism frequency (Wilson and 
Carroll, 1994). Among the 44 endophytic fungi isolated, 38 strains 
belong to leaves from the base and 6 strains belong from the top, 
resulting in a total fungi frequency of 18.33%. However, this 
frequency may be considered low when compared to previous 
studies, for example the fungi frequency showed in the leaves 
from Azadirachta indica and Lippia sidoides with 42.5% and 
50.41% respectively (Siqueira et al., 2011; Tenguria and Khan, 
2011).  
 From the endophytic fungi isolated, the Mycelia sterilia 
group had the highest occurrence (50%). Mycelia sterilia group is 
very common among the endophytic fungi as were shown               
also by biodiversity of endophytic fungi associated with Egyptian 
medicinal plants (Selim et al., 2011). The Ascomycota fungi 
Guignardia bidwelli was found in a frequency of 25%. This 
finding was also observed in Coffea arabica leaves showing   that 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the genus Guignardia occurs more often as endophytic of rather 
than epiphytic (Santamaría and Bayman, 2005).  

The occurrence of this genus of endophyte has been 
observed in diverse tropical plants such as Palicourea longiflora, 
Paullinia cupana var. sorbilis, Pueraria phaseoloides, Theobroma 
grandiflorum, Scleria pterota and Strychnos cogens (Azevedo et 
al., 2000; Souza et al., 2004; Schulz and Boyle, 2005). Other fungi 
identified to the species level (20.45%) were members of 
Deuteromycota, including Aspergillus stromatoide, Curvularia 
pallescens, Cladosporium cladosporioides, Penicillium 
aurantiogriseum, and Penicillium griseofulvum. In addition, a 
member of Zygomycota, Rhizomucor pusillus, was also identified. 
Other fungi (4.55%) identified by the presence of clamp 
connections was member of the Basidiomycota, where the 
endophytes were shown in a low occurrence. The low occurrence 
of basidiomycetes also was observed in the leaves from Melia 
azedarach and Samanea Saman (Santos et al., 2003; Chareprasert 
et al., 2006). 
 Besides fungi, 12 endophytic actinobacteria were 
isolated, 7 strains recovered from base leaves and 5 strains from 
top leaves, with a total frequency of 2.5%. During the 
identification of these filamentous bacteria it was observed a 
higher occurrence of Microbispora (41.66%) followed by 
Streptomyces (25%), Nocardia (8.34%), and unidentified bacteria 
(25%) (Table I). A higher occurrence of Microbispora as 
endophyte was also observed in decaying leaves of Lythrum sp., 
Kerria sp., Sasa sp. and in leaves from Zea mays (Matsumoto et 
al., 1998; Araújo et al., 2000). All the isolated microorganisms 
were stored at the Microorganisms Collection of the Department 
of Antibiotics – UFPEDA and Department of Mycology, Fungi 
Cultures Collection, Mycotheca – URM, UFPE.  Among the 56 
microorganims isolated, 16 strains showed antimicrobial activity 
in the agar plug assay against S. aureus ATCC-6538, B. subtilis 

 
 

Fig. 1:  Isolation of endophytic microorganisms from leaves of S. verticillata (a and b); agar plug screening assay (c and d) and fermentation and antimicrobial 
activity by disk diffusion assay (e and f). 
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UFPEDA-16, E. coli ATCC-25922, K. pneumoniae ATCC-29665 
and Candida sp. URM-4224 (Figure I). These results highlight the 
great potential of these endophytes as antimicrobial metabolite 
producers, mainly against Gram positive bacteria (Table II). 
Studies have pointed out that actinobacteria and fungi are 
responsible for 45% and 38% of the antibiotics produced by 
microorganisms, respectively (Bérdy, 2005).   
 From the 16 strains that showed antimicrobial activity in 
the agar plug assay, 9 strains were selected for fermentation and 
disk diffusion assay (Figure I). Broth fermented was evaluated for 
144 h at every 24 h against the same microorganisms that 
endophytes   showed   activity   in  the agar plug assay intending to 
determinate the time of maximum production of the bioactive 
metabolites by inhibition halo and the best broth medium at the 
conditions proposed (Table III). Fungi and actinobacteria showed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a high activity against B. subtilis (UFPEDA-16) but only fungi 
showed activity for S. aureus (ATCC-6538). The best time of 
maximum production of the bioactive metabolites for all 
microorganisms was 120 h.  The best medium was PDB for the 
fungi and ISP2M and MB for actinobacteria.The differences 
between the bioactivities showed by agar plug assay and the disk 
diffusion assay with the broth fermented could be directly 
correlated with the conditions of growth of the microorganism in 
solid and broth media, or the possibility of losing capacity of this 
biosynthesis when cultivated in vitro as reported by Owen and 
Hundley (2004) who showed that the production of bioactive 
compounds by endophytes is stimulated by the microorganism-
plant interactions or by environmental factors. It behooves us to 
find the best ways to explore the most these microorganisms for 
the production of bioactive metabolites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table . 1: Distribution of endophytes isolated of old and young leaves of Spermacoce verticillata. 
Endophytes Isolates n° Isolates n° from leaves of S. verticillata 

Base Top 
Fungi    
Aspergillus stromatoides Raper & Fennell 1 - 1 
Curvularia pallescens Boedijn 1 1 - 
Cladosporium cladosporioides (Fresen.) G.A. de Vries 1 1 - 
Guignardia bidwellii (Elli) Viala & Ravaz 11 11 - 
Penicillium aurantiogriseum Dierckx 1 - 1 
Penicillium griseofulvum Dierckx 1 - 1 
Rhinocladiella cellaris (Pers.) M.B. Ellis 1 1 - 
Rhinocladiella mansoni (Castell.) Schol-Schwarz 1 1 - 
Rhizomucor pusillus (Lindt) Schipper 2 - 2 
Basidiomycota 2 2 - 
Mycelia sterilia 22 21 1 
Subtotal 44 38 6 
Actinobacteria    
Microbispora sp. 5 1 4 
Streptomyces sp. 3 2 1 
Nocardia sp. 1 1 - 
Unidentified 3 3 - 
Subtotal 12 7 5 
Total 56 45 11 
– : not detected 
 
Table. 2: Screening of endophytic microorganisms for antimicrobial activity by agar plug assay. 
Cod. Endophyte Culture 

Media 
Microorganisms tests 

   S. aureus 
ATCC-6538 

B. subtilis 
UFPEDA-16 

E. coli 
ATCC-25922 

K. pneumoniae 
ATCC-29665 

Candida sp. 
URM-4224 

FAA1 Microbispora sp. ISP2M + ++ - - ++ 
FAA3 Streptomyces sp. ISP2M + - - - - 
FBA4 Streptomyces sp. ISP2M + ++ - - + 
FBA7 Streptomyces sp. ISP2M + ++ - - + 
FBA8 Microbispora sp. ISP2M + ++ - - + 
FAA10 Microbispora sp. ISP2M + ++ - - - 
FAA11 Microbispora sp. ISP2M ++ ++ - - ++ 
FB45 Mycelia sterilia PDB ++ ++ - - - 
FB44 Mycelia sterilia PDB + + + - - 
FB56 Mycelia sterilia PDB ++ + - - - 
FB58 Mycelia sterilia PDB ++ ++ + - - 
FB59 Mycelia sterilia PDB ++ ++ ++ + - 
FB60 Mycelia sterilia PDB ++ + - - - 
FB68 Mycelia sterilia PDB + - - - - 
FA80 Penicillium griseofulvum PDB ++ ++ - - - 
FA81 Penicilium aurantiogriseum PDB ++ ++ - - - 
FAA1 Microbispora sp. ISP2M + ++ - - ++ 
Activities were classified according to the diameter of the clear zones around the point of application of the sample: 
–: no antimicrobial activity 
+: the inhibition zone is less than 15 mm 
++: the inhibition zone is more than 15 mm 
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CONCLUSIONS 
 

 The findings of the present study showed that the 
endophytic fungi and actinobacteria obtained from S. verticillata 
leaves have a great potential for the synthesis of bioactive 
compounds. Future studies will be developed as an attempt to 
isolate the substances that may be responsible for its antimicrobial 
activity. 
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