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ABSTRACT 

 
Equisetum arvense, a fern species possesses a number of pharmaceutical prospective. In the present study, a total of 

103 endophytic bacteria isolated from E. arvense and were evaluated for their anticandidal property against five 

Candida species, two C. albicans, C. glabrata, C. saitoana and C. geochares. Out of them fifty one were identified as 

per the morphological and molecular characterisation using 16S rRNA gene sequencing and among them, ten 

promising endophytic bacteria were mentioned in the present study. Among ten endophytic bacteria, 

Psychrobacillus insolitus and Curtobacterium oceanosedimentum exerted highest anticandidal effect against C. 

albicans KACC 30062 and C. glabrata KBNO6P00368, with diameter of inhibition zones of 24.07±0.74 and 

18.24±0.12 mm, respectively. When the endophytic bacteria cultures were successively fractionated using different 

solvents, only the butanol fraction of Psychrobacillus insolitus and Curtobacterium oceanosedimentum had 

anticandidal activity, with inhibition zones of 20.12±0.28 mm and 12.33±0.11 mm, respectively. The minimum 

inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) values of the butanol fractions 

ranged from 250 to 500 and 500 to 1,000 µg/mL, respectively. Scanning electron microscope (SEM) analysis 

showed impaired membrane of C. albicans and C. glabrata at the MIC, indicating that butanol extract lysed the cell 

membrane and caused cell death. The endophytic bacteria derived from E. arvense can be a valuable resource for 

the development of natural anticandidal agents to manage candidiasis. 
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INTRODUCTION 
 

The occurrence of persistent fungal infections is mainly caused by opportunistic 

fungi of the genus Candida 
1
. More than 17 diverse Candida species are well-known 

etiological agents of human illness, while more than 90% of persistent infections are 

caused by C. albicans and C. glabrata
2-4

. As a frequent source of systemic mycoses, 

C. albicans can colonize both external and internal surfaces on common healthy 

individuals. Indeed, it can produce a wide spectrum of diseases such as Candida 

peritonitis, systemic candidiasis and hepatosplenic
5,6

. Despite modern management 

options, mortality rates due to fungal infection are in the front-line for C. glabrata 

infection. It is believed that C. glabrata emerged as a human pathogen from 

additional Candida species
7
. Leading cause of disseminated candidiasis is due to C. 

glabrata. Overall, the mortality rate is around 40%
8-10

 and in some series it is related 

to worse health outcomes than occurs in response to infection by other Candida 

species
11

. Persistent infections caused by C. glabrata in neutropenic patients are a 

severe, but relatively rare clinical syndrome, accounting for just about 5% of the 

overall number of invasive cases
9,10,12.

 

Candida infections are gaining greater attention due to more use of broad spectrum 

antibiotics and immunosuppressive agents and it is the main cause of death and a 

great threat to the hospitalized patients. Thus, the activities seeking to get the novel 

anticandidal compounds, especially from natural sources are very high
11

. Owing to 

the increasing occurrence of Candida infections in immuno-compromised patients, 

there is an urgent demand for anticandidal drugs. The frequencies of candidiasis 

have grown by ten-fold in the last two decades
11

. Currently, there is an urgent 

requirement for novel beneficial agents that can support the antifungal activity
13

. The 

use of antifungals and resistance of Candida infections to drugs have been increasing 

gradually, and a serious concern globally
13, 14

. 

Endophytic bacteria (EB) can be a prospective biological control agent against 

various fungal diseases
15,16

. There is report of EB isolated from medicinal plant 

Phyllanthus niruri having anticandidal activity against C. albicans
17

. Recently, 

Bacillus isolated from soil has been shown to have anticandidal activity, while EB 

isolated from various plant species were found to have antimicrobial activities
16,18,19

. 

Antimicrobial potentials were reported for EB isolated from the medicinal plants 

Phyllodium pulchellum (Benth) Desv, Tinospora cordifolia Miers, Memecylon edule 

Roxb and Dipterocarpus tuberculatus Roxb
20

. The anticandidal potential of EB 

depends highly on their genotype and chemical compositions. 

Equisetum arvense, one of the oldest fern plants, belongs to the family Equisetaceae. 

This plant is known as a rich source of many useful natural compounds, including 

saponins, triterpenoids, phytosterols, alkaloids, flavonoids and minerals. E. arvense 

is well-known for its large therapeutic potential and its antioxidant and antimicrobial 

activity
21-23

. Additionally, E. arvense extract has been used in traditional medicine 

for the treatment of various health conditions, including as an astringent for tissue 

healing and for curing of kidney stones. The herbal extracts of E. arvense L. possess 

antimicrobial, anti-inflammatory and anticancer effects
24-30

. The essential oil of E. 

arvense exerted antibacterial and anticandidal potentials
31-33

. To date, 25 compounds 

with antimicrobial activities have been identified in essential oil obtained from the 

aerial parts of the plant
25,35

. Moreover, the extract of E. arvense L. at a concentration 

of 50 mg/mL was found to be 100% effective against C. albicans and C. glabrata
26

. 

There are also reports of propylene glycol extract of E. arvense and mixture of 

extract and formulated gel having anticandidal and antibacterial activity
36

. The ethyl 

acetate extract of another species of Equisetum (E. giganteum) contained a clear 

presence of phenolic compounds and exerted antimicrobial activity against C. 

albicans
37

. 
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Endophytic bacteria are capable of producing bioactive compounds in favour of 

diverse biotechnological appliances. However, no studies have reported the isolation 

of endophytic bacteria from E. arvense or evaluated the anticandidal activities of the 

associated bacteria. Therefore, we isolated the endophytic bacteria from E. arvense 

and evaluated their effects against five different Candida species. 

 

MATERIAL AND METHODS 
 

ISOLATION OF ENDOPHYTIC BACTERIA 
The fern, E. arvense (Figure 1), was collected from three different locations at the 

campus of Yeungnam University in 2014 (Gyeongsan, Republic of Korea), after 

which the endophytic bacteria were isolated by standard isolation protocol
38

. Briefly, 

2 grams of the leaves, stems and roots of E. arvense were washed with running tap 

water, sterilized with 70% ethanol for 60 sec, 2% sodium hypochlorite for 90 sec and 

100% ethanol for 30 sec, consecutively, and then washed five times with sterile 

ddH2O. After being dried with sterilized blotting sheets, the tissues were ground with 

a sterilized mortar and pestle. Next, 6 mL of 0.9% NaCl solution was added and the 

samples were incubated for 3 h at room temperature. The supernatant was then 

diluted 100 times with 0.9% NaCl, after which 100 µl aliquots of the diluted extracts 

were spread on YNA media (yeast extract 5 g, nutrient broth 8 g and agar 15 g/liter) 

in triplicate for each dilution. Samples were then incubated for 15 days at 28°C, after 

which the total colonies were counted and expressed in colony forming units 

(CFUs)/g of tissue. The morphology was characterized based on color, form, 

elevation, margin and size of the endophytic bacteria colony according to standard 

procedures
39,40

. 

 

 
Figure 1: Photograph of fern plant Equisetum arvense. 
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ANTICANDIDAL SCREENING 
The five pathogenic Candida strains used in this study were C. albicans KACC 

30003 and C. albicans KACC 30062, C. saitoana KACC 41238 and C. geochares 

KACC 30061 obtained from the KACC (Korean Agricultural Culture Collection, 

Suwon, Republic of Korea). C. glabrata KBNO6P00368 was obtained from 

Chonbuk National University Hospital (Cheongju, Republic of Korea). 

The EB from E. arvense were screened for their anticandidal activity against the five 

Candida species as previously described, with slight modification
18

. Briefly, 

Candida species were grown for 24 h at 28°C in potato dextrose broth (PDB, 

Becton, Dickinson and Company, MD,USA). Next, 10 µl of the overnight grown 

culture (OD600 =1.0) of EB was dropped slowly onto the YNA Petri plates (Becton, 

Dickinson and Company, MD, USA), allowed to dry for 10 min, then incubated at 

28°C for 24 h. The grown patches of EB were subsequently killed by adding 1,000 

µl chloroform to the lids of Petri plates, then inverting the plates and allowing them 

to stand for 10 min on a laminar floor hood. Next, the lids were removed and the 

open Petri plates were allowed to stand for 30 min inside the laminar floor hood to 

remove traces of chloroform. The Petri plates in the clean bench were subsequently 

treated with UV light for 15 min to kill the bacteria completely. Next, 35 µl of 

freshly grown Candida culture (OD600 =1.0) were suspended in 10 mL of PDA (0.75 

% agar) at 55°C, then poured over the killed bacteria patches. After solidification, 

the Petri plates were incubated at 28°C for 24 h, after which the diameter of the zone 

of inhibition was measured using an electronic digital calliper (M500-182M, Konex, 

Tool Parts Company, Republic of Korea). All experiments were repeated three 

times. 

 

FRACTIONATION USING SOLVENT FROM ENDOPHYTIC BACTERIA 
The metabolites from EB were fractionated successively in the different polarity 

based solvents, n-hexane, chloroform, ethyl acetate and butanol, following standard 

protocols, with slight modification
41

. Briefly, EB were grown in 200 mL of YNB 

(yeast extract and nutrient broth, Becton, Dickinson and Company, MD, USA) at 

28°C for 4 days. After incubation, the cultures were mixed with an equal volume of 

n-hexane and sonicated for 10 min, then fractionated overnight. After removing the 

hexane fraction using a separating funnel, an equal volume of chloroform was added 

to the residual solution and the sample was fractionated overnight. The chloroform 

fraction was then separated and dried in rotary evaporator, after which the residual 

culture was mixed with an equal volume of ethyl acetate and the ethyl acetate 

fraction was separated and dried. Finally, the residual culture was mixed with an 

equal volume of n- butanol and the butanol fraction was separated and dried. 

 

ANTICANDIDAL ACTIVITY OF SOLVENT EXTRACT 
The anticandidal activities of different solvent extracts (n-hexane, chloroform, ethyl 

acetate and butanol) of two EB, P. insolitus and C. oceanosedimentum, were 

premeasured by the standard disc diffusion method
42

. Prior to analysis, sterilized 

8mm paper discs (Advantec, Toyo Roshi Kaisha, Ltd., Japan) were prepared by 

adding 50 µl of the solvent extracts (500µg/disc). Next, 35 µl of freshly grown 

Candida culture (OD600 = 1.0) were mixed in 10 mL of PDA (0.75 % agar) at 55°C 

and poured over PDA (1.5% agar) Petri plates. After solidification of the Petri plates, 

sterilized paper discs with solvent extract were placed on the plates and samples 

were incubated at 28°C for 24h. Amphotericin b (10 µg/disc) was taken as the 

positive control and 5% DMSO was taken as the negative control. The diameter of 

the zone of inhibition was then measured using an electronic digital calliper (M500-

182M, Konex, Tool Parts Company, Republic of Korea). 
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EVALUATION OF MIC AND MFC OF SOLVENT EXTRACT 
The butanol fractions of the two selected EB P. insolitus and C. oceanosedimentum 

were evaluated for MIC and MFC against C albicans KACC 30062 and C glabrata 

KBNO6P00368 by two-fold dilution method, with minor modifications
43

. The 

lowest concentration of the butanol fraction that showed no visible growth of the 

tested pathogenic Candida on liquid culture was taken as the minimum inhibitory 

concentration. The lowest concentration of the butanol fraction that did not show any 

growth of Candida colony on the PDA plates was selected as the minimum 

fungicidal concentration. The MIC and MFC values were expressed in µg/mL. 

 

 

IDENTIFICATION OF ENDOPHYTIC BACTERIA USING 16S RRNA 

SEQUENCING AND PHYLOGENETIC ANALYSIS 
The ten promising EB isolated from E. arvense were identified through 16S rRNA 

gene sequencing by ABI Prism 3730xl DNA sequencer (Geno Tech, 26-69, 

Gajeongbuk-ro, Yuseong-gu, Daejeon, Republic of Korea 305-343).The sequencing 

results of the identified EB isolated from E. arvense were aligned and the 

phylogenetic tree construction was done by using MEGA6 software (version 6). 

Determination of the phylogenetic trees was done by the neighbor joining method
44

. 

The significant tree topology was esteemed by bootstrap analyses, based on the 

neighbor-joining method (1000 replicates). 

 

SEM ANALYSIS 
 

The effects of the butanol fraction of two selected EB on the morphology of C 

albicans KACC 30062 and C glabrata KBNO6P00368 were evaluated by SEM. For 

sample preparation, two sets of vials containing 890 µl PDB media were prepared. A 

total of 100 µl of 5% DMSO (control) or 100 µl of MIC of the butanol fraction of P. 

insolitus and C. oceanosedimentum were added to each set. Next, 10 µl of fresh 

culture of Candida species grown for 24 h at 28°C was added to both the control and 

treatment vials, after which samples were incubated for 24 h at 28°C. After 

centrifuging the control and treatment vials at 1,000 × g for 10 min, the pellets were 

collected and washed with 100 µl phosphate buffer solution (0.05 M, pH7.4) three 

times. A Candida smear was then prepared on a glass slide using a wire loop, dried, 

covered with 200 µl of 2.5% glutaraldehyde, and incubated for 2 h at room 

temperature. Next, the smear was washed with 0.05 M phosphate buffer solution for 

1 min, then dehydrated successively with 50% ethanol (20 min), 70% ethanol (20 

min), 80% ethanol (20 min), 90% ethanol (20 min), 95% ethanol (20 min) and 100% 

ethanol (20 min), after which 200 µl of t-butanol was added and the sample was 

incubated for 2 h at room temperature. The t-butanol over the smear was then 

discarded, and the smear was again added with 200 µl of fresh t-butanol, and stored 

at -20ºC till further use
45

. For SEM analysis, the specimens were sputter-coated with 

platinum using an ion coater for 2 min immediately before analysis, after which they 

were subjected to scanning electron microscopy (S-4100, Hitachi, Japan). 

 

STATISTICAL ANALYSIS 
Samples were analyzed by one way ANOVA and Duncan’s multiple range tests, 

with a P <0.05 taken to indicate significance. All results were expressed as the mean 

± standard deviation. SAS 9.4 version (SAS Inc., Cary, USA) was used for all 

analyses. 
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RESULTS 
 

ISOLATION AND IDENTIFICATION OF ENDOPHYTIC BACTERIA 

ISOLATED FROM E. arvense USING 16S rRNA SEQUENCING 
Among 103 EB isolated from E. arvense (Figure 1), fifty one were identified 

according to the morphological characters, using 16S rRNA gene sequencing and ten 

exerted anticandidal activities against three Candida species, C. albicans KACC 

30003, C. albicans KACC 30062 and C. glabrata KBNO6P00368 were mentioned 

in our present study (Table 1). The EB were identified as Arthrobacter oxydans 

(EAL16), Bacillus thuringiensis (EAS29), Pantoea agglomerans (EAS30), 

Psychrobacillus insolitus (EAL86), B. anthracis (EAS101), B. mycoides (EAS111), 

B. cereus (EAS112), Curtobacterium oceanosedimentum (EAL157), B. 

weihenstephanensis (EAL159) and Staphylococcus capitis subsp. ureolyticus 

(EAL160). The morphology and characterization of the bacteria (Figure 2) are 

summarized in Table 1. 

 
Figure 2: Morphology of endophytic bacteria isolated from Equisetum arvense 

 
TABLE 1: Colony morphology and molecular identification of endophytic bacteria (EB) isolates from  
Equisetum arvense. 

EB Tissue source Color Form Size Closest relative Max. score E. value 

Max 

identity 

         

EAL16 Leaf P. Yellow Round Medium A. oxydans 2752 0 99% 

EAS 29 Stem/Root White Irregular Large B. thuringiensis 2861 0 100% 

EAS 30 Stem/Root White Round Small P. agglomerans 2744 0 99% 

EAL86 Leaf Transparent Round Small P. insolitus 2706 0 98% 

EAS101 Stem/Root F. Green Round Medium B. anthracis 2849 0 99% 

EAS111 Stem/Root F. Green Round Small B. mycoides 2787 0 99% 

EAS112 Stem/Root White Round Small B. cereus 2773 0 99% 

EAL157 Leaf White Round Medium 
C. 

oceanosedimentum 2662 0 99% 
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EAL159 Leaf White Irregular Medium 

B. 
weihenstephanensi

s 2789 0 99% 

EAL160 Leaf White Round Small 
S. 

capitis.ureolyticus 2214 0 95% 
F. Green: Fluorescent green; P. Yellow: Pale Yellow 

 
 

ANTICANDIDAL PROSPECTIVE FOR ENDOPHYTIC BACTERIA 
ISOLATED FROM E. arvense 
The EB isolated from E. arvense were screened for their anticandidal activity against 
five Candida species, C. albicans KACC 30003 and C. albicans KACC 30062, C. 

glabrata KBNO6P00368, C. saitoana KACC 41238 and C. geochares KACC30061. 
Ten EB exerted anticandidal activity against three Candida sp. Two endophytic 
bacteria, B. weihenstephanensis and S. capitis subsp. ureolyticus, showed 
anticandidal effects against C. albicans KACC 30003 with inhibition zones of 
10.03±0.01 mm and 10.08±0.03 mm, respectively. Seven EB, A. oxydans, B. 
thuringiensis, P. agglomerans, P. insolitus, B. anthracis, B. mycoides and B. cereus, 
showed positive activity against C. albicans KACC 30062 with inhibition zones of 
21.30±0.41 mm, 13.58±0.43 mm, 10.96±0.15 mm, 24.07±0.74 mm, 9.76±0.08 mm, 
10.93±0.52 mm and 10.48±0.12 mm, respectively. Only one EB, C. 

oceanosedimentum , showed strong anticandidal activity, with an inhibition zone of 
18.24±0.12 against C. glabrata KBNO6P00368 (Figure 3, Table 2). Among the EB, 
P. insolitus and C. oceanosedimentum showed the highest inhibition against C. 

albicans KACC 30062 and C. glabrata KBNO6P00368, respectively (Figure 3, 
Table 2). Out of the ten EB, five were isolated from stems/roots and five were from 
leaf tissues of E. arvense (Table 1). All five identified Bacillus species were only 
isolated from stem/root tissues. 

 

 
Figure 3: Anticandidal potential of endophytic bacteria against pathogenic candida species. (A) B. 

weihenstephanensis and (B) S. ureolyticus against C. albicans KACC 30003, (C) A. oxydans, (D) B. thuringiensis, 

(E) P. agglomerans, (F) P. insolitus, (G) B. anthracis, (H) B. mycoides (I) B. cereus against C. albicans KACC 

30062 and (J) C. oceanosedimentum against C. glabrata KBNO6P00368. 
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TABLE 2: Anticandidal potential of endophytic bacteria (EB) isolated from Equisetum arvense 
against Candida species. 

Inhibition zone*  

EB 

C. albicans C. albicans C. glabrata 

KACC 30003 KACC 30062 KBNO6P00368  

    

B. weihenstephanensis 10.03±0.01
fg

** -  

S. capitis ureolyticus 10.08±0.03
fg 

-  

A. oxydans - 21.30±0.41
b - 

B. thuringiensis - 13.58±0.43
d 

- 

P. agglomerans - 10.96±0.15
e 

- 

P. insolitus - 24.07±0.74
a - 

B. anthracis - 9.76±0.08
g - 

B. mycoides - 10.93±0.52
e 

- 

B. cereus - 10.48±0.12
ef - 

C. oceanosedimentum - - 18.24±0.12
c 

 
*Diameter of zone of inhibition is expressed as mean ± SD in mm.  
**Different superscript letters represents significant differences at P < 0.05 

 

ANTICANDIDAL ACTIVITY OF SOLVENT EXTRACT  
From the primary anticandidal screening, the two EB with the highest anticandidal 
effects, P. insolitus and C. oceanosedimentum, were selected for further fractionation 
using n-hexane, chloroform, ethyl acetate and n-butanol. The n-hexane, chloroform 
and ethyl acetate extracts of P. insolitus and C. oceanosedimentum did not show any 
inhibitory activity against any Candida species. The yield of the butanol extract was 
0.0195g and 0.007g of extract per 200 mL of P. insolitus and C. oceanosedimentum 
culture, respectively. The butanol fraction of P. insolitus showed anticandidal 
effects, with an inhibition zone of 20.12±0.28 mm against C. albicans, whereas that 
of C. oceanosedimentum showed an inhibition zone of 12.33±0.11 mm against C. 
glabrata at 500µg/disc (Figure 4, Table 3). Amphotericin b (10 µg/disc) , which was 
taken as the positive control exhibited 12.61 and 11.07 mm inhibition zones against 
both the Candida species respectively (Table 3). DMSO which was taken as the 
positive control did not exhibit any positive response against both the Candida 
species. 

 
Figure 4: Anticandidal potential of butanol fraction of P. insolitus against C. albicans KACC 30062 (A); C. 

oceanosedimentum against C. glabrata KBNO6P00368 (B); Amphotericin B against C. albicans KACC 30062 (C) 

and Amphotericin B against C. glabrata KBNO6P00368 (D). 
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TABLE 3: Anticandidal potential of the butanol fraction (500µg/disc) of endophytic bacteria (EB) isolated from 
Equisetum arvense and its MIC and MFC values and standard Amphotericin B (10 µg/disc) against two  
Candida species 

EB 

C. albicans C. glabrata 

MIC (µg/mL) MFC (µg/mL) 

KACC 30062 KBNO6P00368    

     

P. insolitus 20.12±0.28* - 250 500 

C. oceanosedimentum - 12.33±0.11 500 1,000 

Amphotericin B 12.61±0.35 11.07±0.57 - - 

5% DMSO - - - - 

*Diameter of zone of inhibition is expressed as mean ± SD in mm 

 

Minimum inhibitory concentration (MIC) and minimum fungicidal 

concentration (MFC) of solvent extract 
The MIC values of the butanol extract of P. insolitus and C. oceanosedimentum were 

250 µg/mL and 500 µg/mL, respectively. The butanol extract had MFC values of 

500 and 1000 µg/mL against C. albicans KACC 30062 and C. glabrata 

KBNO6P00368, respectively (Table 3). 

 

PHYLOGENETIC TREE ANALYSIS OF IDENTIFIED BACTERIA 
The isolated EB sequence were identified using 16S rRNA gene sequencing, aligned 

and the neighbor joining tree was constructed. The phylogenetic analysis of the 16S 

rRNA of the two EB EAL86 and EAL157, isolated from E. arvense that exhibited 

highest anticandidal activity against C. albicans and C. glabrata revealed that these 

isolates correspond to two different species of Psychrobacillus and Curtobacterium 

respectively (Figure 5 ) . 

 
Figure 5: The phylogenetic relationship between the two endophytic bacteria P. insolitus (EAL86) and C. 

oceanosedimentum (EAL157) based on 16S rRNA sequences by the maximum likelihood method, performed using 

1000 bootstrap replicates. Numbers above each node are confidence levels (%) generated from 1000 bootstrap trees 

correspond to the scale bar of branch lengths (0.02). 

 

SEM ANALYSIS 

SEM analysis was carried out to visualize the effects of solvent extract on the 

morphology of C. albicans and C. glabrata after treatment with butanol extract at its 

MIC concentrations. SEM analysis revealed altered morphology of tested pathogenic 
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Candida strains. Specifically, the control morphology was smooth, with a regular 

oval shape, while the treated strains showed rough, irregular shape, with swelling, 

cell bursting and much less density than the control (Figure 6). 

 

 
Figure 6: SEM analysis showing the effects of the butanol fraction on the morphology of (A) C. albicans KACC 

30062 treated with 5% DMSO; (B) C. albicans KACC 30062 treated with the butanol fraction of P. insolitus at the 

MIC; (C) C. glabrata KBNO6P00368 treated with 5% DMSO; (D) C. glabrata KBNO6P00368 treated with the 

butanol fraction of C. oceanosedimentum at the MIC. 

 

DISCUSSION 
 

Candidiasis has re-emerged with higher prevalence and mortality rates of nearly 45% 

in compromised population groups
46-48

. In human Candida can cause life threatening 

systemic infections
49

. Moreover, clinicians have been challenged by the failure of 

standard antifungal agents. Consequently, there is an urgent requirement for novel 

anticandidal agents for management of Candida infection
50

. Microbial agents can be 

an appropriate replacement for artificial fungicides
51

 and EB are known to produce 

various types of active compounds with different biological activities; therefore, they 

are strong candidates for sources of novel antifungal agents
20

. In this study, EB with 

different shapes, sizes, colors and elevations were isolated from E. arvense (Figure 

1, Figure 2) and identified using 16S rRNA gene sequencing (Table 1). Ten EB 

showed potential activity against C. albicans KACC 30003, C. albicans KACC 

30062 and C. glabrata KBNO6P00368 (Table 2, Figure 3). 

Above 200 genera of endophytic bacteria have been isolated from a huge diversity of 

plants all through the past years
52

. Many EB produce diverse compounds with 

special biological activities
53,54

. B. weihenstephanensis and S. ureolyticus were 

shown to only be active against C. albicans KACC 30003, while seven endophytic 

bacteria showed positive effects against C. albicans KACC 30062, and C. 

oceanosedimentum was effective against C. glabrata KBNO6P00368 (Table 2, 

Figure 3). Five of the identified EB were Bacillus species (Table 1). Bacillus species 
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have been reported to be useful as bio-control agents against plant fungal diseases
53

. 

Numerous species of the Bacillus genus are reasonably considerable for the 

purposes, as they are functional for the production of numerous molecules and 

supplementary goods for foodstuff as well as in agricultural, biological and 

pharmaceutical industries
55,56

. In the pharmaceutical industry, there is high demand 

for Bacillus species because of its potential to produce a broad array of metabolites 

with antimicrobial activity
57-61

. Thus, the endophytic bacterias from E arvense, 

including Bacillus sp., could potentially be useful for pharmaceutical industries. P. 

insolitus and A. oxydans showed strong activity against C. albicans KACC 30062, 

but P. insolitus showed the clearest and highest inhibition. 

P. insolitus and C. oceanosedimentum showed the highest controlling effect against 

C. albicans and C. glabarata, respectively, and were therefore selected for solvent 

fractionation. The butanol extract of P. insolitus and C. oceanosedimentum inhibited 

the growth of C. albicans and C. glabarata (Table 3, Figure 4); however, the other 

fractions did not show any activity. The inhibition activity of the butanol extract is 

comparatively higher than that of the amphotericin b, which was taken as the 

reference standard. The phylogenetic tree construction was done using identified 

sequence of two selected EB. The neighbor joining tree was the evidence that these 

two bacteria belong to two different species and EAL 86, EAL157 are the closest 

relative of P. insolitus and C. oceanosedimentum respectively (Figure 5). These 

findings indicated that both EB secreted are active compounds, with high 

hydrophobic properties. SEM analysis clearly indicated that the Candida species had 

damaged and irregular cell morphology following treatment with butanol extracts of 

P. insolitus and C. oceanosedimentum at the MIC (Figure 6), indicating that the 

bioactive compounds contained in the butanol fraction lysed cell walls and destroyed 

cell membrane integrity
5
. Our current SEM results are in conformity with the studies 

of 
62 and 63

.  

Previous reports indicated that the two identified EB, P. insolitus and C. 

oceanosedimentum, would contain higher biological activities in addition to the 

anticandidal activity
15,

 
64

. Therefore, these species were tested for various biological 

activities to determine the active compounds responsible for the anticandidal 

activity. The extract and essential oil of E. arvense had anticandidal activity against 

pathogenic Candida strains
21,26,32,36

. This activity of E. arvense might have been due 

to the presence of bioactive compounds produced by the plant itself; however, more 

sophisticated studies are required to verify the compound production by the 

endophytic bacteria inside the plant tissues. 

 

CONCLUSIONS 
 

The current study demonstrated that 10 identified endophytic bacteria isolated from 

E. arvense contained potential anticandidal activity against three pathogenic 

Candida species. P. insolitus and C. oceanosedimentum exerted strong anticandidal 

activities against C. albicans and C. glabarata, respectively, and were therefore 

selected for subsequent analyses. Successive fractionation using different solvents 

revealed that the active components of the bacteria were not antifungal proteins, but 

natural products. Moreover, the buatanolic fraction contained the active compounds. 

Overall, these findings indicate that endophytic bacteria isolated from E. arvense can 

serve as valuable resources in the search for natural anticandidal agents, and have the 

potential for use as substitutes for artificial fungicides to control candidiasis. 
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