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Abstract: Problem statement: Saprophytic and soil inhabiting microorganisms naific producers

of secondary metabolites with wide range of stnadtand functional diversity. The objective of the
current study was to screen and evaluate the antlidal properties of soil inhabiting fungi.
Approach: Preliminary dual culture assay and bioautography weed to screen the fungi with potential
anti-fungal activity and direct detection of anti§al compound/fraction in microbial extract on ttager
chromatograms, respectively. Disk diffusion, brdilation and germ tube inhibitory assay were used t
evaluate and confirm the anticandidal activity.tRacharacterization of purified extract was oadgri
out using High Performance Liquid ChromatographyPild) and Fast Performance Liquid
Chromatography (FPLC) techniqueResult and Discussion: A. terreus was found to produce
compound with anti-candidal and germ tube inhilyitactivity against human pathogen Candida albicans
at 200 mg mt. Further proteinase inhibitory activity of the extratested using plate assay and SDS-
PAGE ensures the anti-candidal activity of the aottr Present study identified and confirmed the
potential anticandidal activity, interms of gernibéuand proteinase inhibititory activity, of metates
produced byA. terreus st.1.Conclusion: The bio-assay guided fractionation and purificatiesulted in
identification of unique fraction with active am@ndidal activity. Thus this fraction may serveoas of
the lead to develop novel anti-candidal therapsutic

Key words. Anticandidal compound, germ tube assay, inhibitagtivity, Candida albicans, soil
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INTRODUCTION (Ketteringet al., 2004). Isolates of. terreus obtained
from terrestrial habitats have been known to preduc
Fungi have been found to be the most prolificvariety of secondary metabolites with various bietal
producers of secondary metabolites. It has beeactivity including terretonins (Liet al., 2005),
suggested that fungi are fundamental to the heaith terrecyclic acids (Almasset al., 1996) asterredione
prosperity of every terrestrial ecosystem and ardWijeratneet al., 2003). Bioassay guided isolation and
essential for their sustainability and biodivergi§lay identification of compounds are helpful to point the
and Holah, 1999). Soil-derived microorganismsspecific bioactive compounds in a mixture of
represent a valuable resource in the search fometabolites (Suletal, 2011; Nalina and Rahim, 2007).
secondary metabolites with useful therapeuticHence, screening of bioactive compounds like
applications. The best-known fungal secondaryantimicrobials from soil fungiis an effective segy to
metabolites that are subjected to commercial prismluc  obtain novel and potent drugs. The bioautography is
are the B-lactam antibiotics (Ramachandrast al., one of the techniques useful in direct tracing out
2007). Fungi offer the advantage that most speciebioactive compounds from extracts on thin layer
produce bioactive compounds during growth andchromatograms (Wedge and Nagle, 2000).
metabolism allowing tracing their mycelia and Candidiasis is a most common opportunistic fungal
metabolites in their natural substrates and habitatinfection of immunocompromised patients such as
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AIDS, cancer and transplant patients. Changingadjusted to 5.6. After 48 h. of incubation at 3fl&tes
epidemiology, emergence of new drug resistantvere observed for clear zone of inhibition. Disc
Candida spp. and differential drug resistance containing only DMSO was used as a negative control
complicates the treatment of candidiagis.glabrata, ~ Where as disk containing fluconazole (10 mg/disapw
C. krusei, C. inconspicua and C. norvegensis are Used as positive control.

reported to have cross drug and multidrug resistaoc
both the class of antifungals, azoles and echirginan
currently used for the treatment. Hence, the objedcf
the current study is to screen anticandidal comgsun
from soil fungi and subsequently to identify theiee

Germ tube inhibition assay: Test samples (dried
extract dissolved in DMSO) of 0.1mg mL*
concentration were used for this study. To this P20
of bovine serum and 10 pL d. albicans mid log

o . . - phase culture suspension was added and incubat&d fo
principles, through bioautography guided fracticomt h. at 37°C. The formation of germ tube was observed

in view to develop an effective anticandidal drugs. under the microscope after in the test samples

MATERIALSAND METHODS incubation and compared with the_ control. The
proportion of germinated and ungerminated cells was
Fungal strains: Soil fungi were isolated by dilution evaluated and % germination inhibition was caladat
and direct plate methods as per standards desdoped comparing with the control (without the test
Dhingra and Sinclair (1995). Fungi isolated froml so compound).
were identified using fungal identification manuals

Fungi were isolated and maintained in potato degtro Proteinase inhibition assay by agar plate
agar (200 g of potato per liter, 2% dextrose and 294n€ethod Proteinase inhibition assay was performed

agar, pH 5.3). Standard test strains @f albicans @S describrd by Dostadt al., 2003. Breifly, the
NCIM 3074 obtained from the National Collection of Proteinase inhibition activity of ethyl acetate
Industrial ~ Microorganisms,  National ~ Chemical €xtract of A. terreus st. 1, proteinase induction
Laboratory, Pune, India was used for this study@gar was prepared adding 0.2% filter sterilized

Curvalaria strain isolated from the maize was used forBSA to the medium containing 1% glucose, 3%
the initial antifungal screening assays. yeast carbon base and 2% agar. The Candida

albicans NCIM 3074 and a clinical isolates were
Antifungal activity: Antifungal activity of the three streaked parallelly on the proteinase inductiorr.aga
soil fungi (A. terreus st. 1, A. terreus st. 2 and Between two lanes of culture, the disc (0.5 mg)
Penicillium sp.) was initially screened against containing the ethyl acetate extract®oterreus &. 1
Curvularia sp. by dual culture method as described bywas kept. The plates were incubated for 72 h at
Dhingra and Sinclair (1995). 37°C. The disc containing DMSO was used as

negative control. After 72 h. of incubation, plates
Fungal fermentation and extraction of metabolites:  were processed by treating with 20% trichloroacetic
Fungus was cultured in Czepak-dox medium consist ohcid and then stained with amidoblack (1.25%
3% sucrose, 0.3% NaNO 0.1% KHPO, 0.05%  amidoblock dissolved in methanol containing 10%
MgS0,.7H,0, 0.05% KCI and 0.001% FeOH, O,  acetic acid). Further, plates were destained vkt 1
with the final pH of 7.3. Cultures were allowedgmw  acetic acid and observed for the inhibition of clea
in Roux bottles for 12 days at 25+2°C. The brothzone formation by extract around the colony.
filtrate (2 L) of A. terreus st. 1 was separated from the
mycelia by filtering through a Whatman No. 1 filter Detection of proteinase activity in SDS-PAGE
paper and an equal volume of ethyl acetate wasdaddéProteinase activity of fungal compound is also clei
to the filtrates for extraction. The mixture wasikén in  in SDS-PAGE as described by (Kortiagal., 1999).C.
a separatory funnel for 30 min. The organic layasw albicans NCIM 3074 culture was grown in Sabouraud
collected and evaporated fully to get a dark browrbroth at 37°C for 48 h. The culture was centrifuged
solid, whose weight was measured to determine th&000 rpm for 5 min to pellet the cells. The celllgte

yields of soluble metabolites. was washed twice with normal saline and centrifuged
. . o collect the pellets. Pellet was resuspended again i
Screening of anticandidal activity: normal saline and cell concentration was adjusted

Disc diffusion method: Susceptibility disks (5 mm in approximately to 0.6 Optical Density at 620 nm gsin
diameter) were impregnated with 0.5 mg of extractedspectrophotometer. 100 uL Gandida cell suspension
compounds dissolved in DMSO and placed onwas added to proteinase induction medium containing
Sabouraud dextrose agar plates inoculated withCthe 1% 9Iucose, 3% yeast carbon base and 1% BSA. 500 ug
albicans. Sabouraud dextrose agar consists of 4%nL™ ethyl acetate extract @ terreus st. 1 in dimethyl
dextrose, 1% peptone and 2% of agar and the pH wasilfoxide was added to test tubes immediately dfter
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inoculation of culture. The mixture was incubated 48

h at 37°C in a shaker at 150 rpm. Culture broth waBroth microdilution assay: Broth microdilution assay

centrifuged at 7000 rpm for 15 min to remove cells. V@S d_one accordl_ng to the method of the Nat|0_nal
Supernatant was retained for the future studiegatiiee Committee _fgr _CI|n|caI Laborat(_)ry Standards with
control containing only DMSO and positive contrathw ~ Slight  modification. - The fractionated compound
pepstatin A (50 pg mt) was run parallelly. One- obtained from HPLC (Fd) was dissolved in DMSO and

dimensional SDS-PAGE was performed to detect th&oncentration of compound was made from 0.1-0.5 mg
proteinase inhibition activity. The proteinase biton ML in Sabouraud Dextrose (SD) broth. 0.01 mL of

activity was measured in turn of no cleavage of BfA washec_i ceIII s%speljlsion df:ﬁgdiga (cell hdegsity d
proteinase oCandida comparing with control (without 2PProximately 10mL"~) was added to each tube an
compound). total volume made up to a one ml. Tubes were inegba

at 37°C in a shaker at 150 rpm for 48 h. Biomass wa
Purification: separated by centrifugation for 5 min at 5,000 rpm
Thin layer chromatography: TLC plates of 0.5 mm room temperature. Pellet suspended in 0.1 ml ehf@éD
thickness prepared by using Silica Gel G 1 mg ofler broth was spread on SDA plates. Finally, SDA plates
extract was loaded in a single spot at one edge arwere incubated at 37°C for 48 h. Inhibition activaf
plates were developed in a presaturated TLC chambextracts in broth culture was recorded.
with dichloromethane, ethyl acetate and methanol
(8:1:1 v/vlv) for separation of compounds. TLC pkat RESULTS
were treated with vapors of iodine for compound
visualization. R values of all the compounds were
recorded. Fractions were eluted with ethyl acetate
used for further study.

Three fungal strains were isolated from paddydfiel
soil of Bennatte farm, Thammadikoppa, Shimoga
District, Karnataka State. Two isolates of the fung
identified asA. terreus and another isolate identified as

. ] . ) ) Penicillium species. The fungusA. terreus are
Bioautography: One dimensional bioautography for jgenified by its marked buff coloured colony on ®D

ethyl acetate extract d. terreus st. 1 was performed piseriate-columnar conidial heads, hyaline andateqit
usmg.CurvuIana sp., as |nd|cator fungus as (_:iescnbedm,phae Fig. 1. Sporangiophores are smooth-walled an
described above by loading 2 mg of organic extraCtpyajine, terminating in mostly globose vesiclestiah
The chromatograms were uniformly sprayed Withscreening of all three fungi in dual culture method

potoato dextrose broth (02% dextrose, potato extraCtpowed potential antifungal activity agai@irvularia
0.1% tween 80 and 0.06% agar). by Wedge and Neglgy, ' Figure 2 clearly depicts the antifungal effeti.

2000. Curvularia spore suspension (F1Ccells/ml)  terreys st 1 againsCurwvularia sp., screened by using
grown in Thin layer chromatogram was developedq,a| culture methodA. terreus st. 1 was cultivated on

using method The chromatograms were kept foiczepnak-dox medium yielded reddish orange colored
incubation aseptically in a moist chamber for 4847&  ¢jtyre broth and recovery of ethyl acetate soluble

2522 °C. The growth o€urvularia over silica gel of  metanolites resulted in the 90 mg of extract/L aifure
chromatogram was noticeable with a black coloredy terreusst. 1.

growth against white background. The antifungal
activity of the separated compounds was recorded as
absence of growth over the active principle (whitzar
zone).

HPLC and FPLC analysiss The active component
from TLC is fractionated by reverse phase high-
performance liquid chromatography (RP-HPLC) _
(Thermo spectrasystem, USA) using a C4 reversed-'9- 1 Morphology ofA. terreus st. 1
phase column (Waters, USA) and 10%-100%
acetonitril gradient with 0.1% tetraflouroacetidcaas
mobile phase. Further, fraction was subjected to
preparative reversed-phase FPLC (Pharmaciabiotech,
USA) using C4 column (Waters, USA), with 10-100%
acetonitril and 0.1% tetraflouroacetic acid molpiese
at 20 mL per minute flow rate to separate eacHidnac
FPLC fractions were concentrated in vacuum anedest Fig. 2: Antifungal activity ofA. terreus st. 1 against
for anticandidal activity again&t albicans. Curvularia sp. by dual culture method
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The screening of anticandidal activity of ethyl The ethyl acetate extract &f terreus st. 1 was
acetate extract of three fungi by disc diffusiorsags fractionated using silica gel thin layer chromasggry
indicated the anticandidal activity only A terreusst.  (TLC) to identify and characterize the active
1. A. terreus st. 1 showed 16 mm diameter zone ofmetabolites with anticandidal activity. The extraes
inhibition againstC. albicans Table 1. ThoughA.  separated into six fractions (F1-F6) with Rf valu&6,
terreus st. 2 andPenicillium sp. showed antifungal 0.26, 0.70, 0.84, 0.92 and 0.98 in TLC. Among tixe s
activity againstCurvularia sp in dual culture method, fractions, F3 of theA. terreus st. 1 showed significant
there is no marked anticandidal activity observed i anticandidal activity (19 mm dia. inhibition zong)
these two fungal species upon screening using disdisc diffusion assay and in broth dilution test it
diffusion method. Further, broth dilution test witthyl ~ completely inhibited theC. albicans at 0.25 mg mL
acetate extract ofA. terreus st. 1 againstCandida  Of compound Table 2. Bioautography of the extrdct o
indicated MFC value a 0.5 mg L Interesting results A terreus st. 1 tested again€urvularia, confirmed the
were observed when ethyl acetate extrach.drreus ~ antifungal activity of specific fraction on TLC.
st. 1 was assessed for its germ tube inhibitoriyiget  Inhibition of fungus growth was detected as white
78.7% germ tube inhibition was recorded when testeff@tches indicative of the presence of antifungal
at 0.25 mg mC'of extract and the inhibitory activity compound. The fraction F3 was identified to have
went up to 88.9% at 1mg miLconcentration of extract antifungal activity againstCurvularia, where clear
Fig. 3 and 4. Further, anticandidal activity was White patches of inhibited area was_observed inrash
confirmed by testing proteinase inhibitory activitsing  (© black colored growth of fungus Fig. 7.
plate assay Fig. 5 and activity was observed imsewf
no clear zone formation near viscinity of extre®&bS-
PAGE assay the proteinase inhibition activity of
metabolites indicated as no cleavage of the Bovine
Serum Albumin (BSA) in test sample as visualized in
SDS polyacrylamide gel Fig. 6, compared to cleavage
of BSA by Candida proteinases in untreated sample.
The proteinase activity was recorded in 0.5 mg/disc
extract by agar plate assay and 0.5 mgnih liquid
medium.

Fig. 5: Plate assay for testing proteinase inhilito
activity of ethyl acetate extract &f terreus st.
1 in C. albicans NCIM 3074 (Arrow indicate
inhibition of proteinase activity)

M TMC PC NC T T2

LaneM -  ProteinMarker
O6kd: —> . W% e LaneMC-  Medium Cortrol
LanePC - Positive Control

(Pepstatin A)

Fig. 3: Effect of ethyl acetate extract/Afterreus st. 1 FRENG:  Nmnermiml
on germ tube formation df. albicans NCIM P sy sl
3074 (a) Negative Control (b) Positive Control . by
(c) Treatment st 1

replicate2

80 - — i - 4
70 -
60 -
50 - Fig. 6: SDS-PAGE for testing proteinase inhibitory
404 activity of ethyl acetate extract &f terreus st.
il 1inC. albicans NCIM 3074
—
.5

Table 1: Anticandidal activity of fungal extrattg disc diffusion assay

Inhibition (%)
”
o

0 0.05 0.125 0.25 0 Diameter of
Concentration of extract (mg mL-") Extract (0.5 mg/disc) inhibition zone (mm)
Penicillium sp. 0
: . A. terreus st. 1 16
Fig. 4. Effect of ethyl acetate extract/hfterreus st. 1 A terreus ot 2 0
on germ tube formation of. albicans NCIM Control-DMSO 0
3074 Fluconazole 0
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Table 2: Bioassay of TLC purified fractions/Afterreus st. 1

TLC fraction DMSO F1 F2 F3 F4 F5 F6
Rf value 0.16 0.26 0.70 0.84 0.92 0.98
Disc diffusion assay - - + + - -

(0.5 mg/disc) (19 mm)

Broth test (0.5mg mt) - -

(8 mm)

(+) Presence of anticandidal activity, (-) Absentanticandidal activity

Zone of inhibition

Sample loading spot

Fig. 7: Bioautography of ethyl acetate extracAof
terreus st.1 againsCurvularia sp.
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Fig. 8:HPLC chromotogram of active fraction obtaine
from TLC of A.terreusst. 1 extract

12

14

Fig. 9: Anticandidal activity of FPLC purified fraons
(Fa-Fd) of theA. terreus st. 1 in disc diffusion assay
againstC. albicans

The composition of F3 fraction (fraction which
showed antifungal activity) analyzed using HPLChwit
C4 column resulted in four subfractions Fa, FbaRd

Fd Fig. 8. Further, four subfractions from F3 weregnticandidal

Table 3. Disc diffusion assay for FPLC fractions

Fraction F3a F3b F3c F3d

Activity in 0 0 8
0.25mg mf* mm

19
Mm

Table 4. Microbroth dilution test for FPLC fractiéi3d

Concentration in mgril Inhibition

0.1

+ 4+ +

0.5 +

+ inhibition of Candida albicanstbsence of inhibtion

The compound showed anticandidal activity in disc
diffusion assay (19 mm dia inhibition zone) at 250
pg/disc of compound (Fig. 9 and Table 3). Broth
microdilution assay indicated MFC of the Fd is 208
mL™ againsiC. albicans (Table 4). These results confirm
the anticandidal activity of the partially purifiegthyl
acetate extract &f. terreus st. 1.

DISCUSSION

Fungi are rich source of biologically active
metabolites that find wide-range of applications in
pharmaceutical industry such as antibiotics,
immunosuppressants, antiparasitics and anticancer
agents. The soil fungi are known to produce diverse
metabolites of such kind with diverse biological
activities. Thus the current study is aimed at excirgg
and identification of active metabolites from shihgi
with potential anti-candidal activity. Preliminargsult
of anti-candidal properties were identified by dual
culture method usin@urvularia and this test supported
to opt the suitable fungus which producing antifaing
compounds. Antifungal activity oA. terreus st. 1 was
first evaluated with disc diffusion assay and farth
confirmed by broth dilution test. terreus st. 1 was
identified to have efficient anti-candidal activity
probably due to its significant production of uréqu
secondary metabolites which is evident Asterreus
strains are reported to produce unique bioactive
compounds (Almassit al., 1996; Liet al., 2005). The
Candida albicans activity was not observed in #iep
the fungal species screened might be due to lack of
metabolites. The present study also

separated in FPLC resulted in 60% of fraction F3dconfirms that the anticandidal compounds from Ahe

Bioassay of
major fraction

the purified compounds suggteit
F3d possess anticandidaktivity.
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The use of defined medium (Czepekdox mediumantifungal, antiviral and anticancer activity waslated
in the current study was successful in the germraif  from the A. clavatus (Wang et al., 2002) and
biomass with adequate production of active met&d®li  fumigaclavine with antifungal activity and cytotoity
and also the study optimized the efficient extiactdf  was isolated fronAA. fumigatus (Liu et al., 2004). Song
active metabolites fromA. terreus st. 1 without et al., (2004) reported that the production of compound
interruption of other cellular components. Further,fonsecinone A with antifungal activity and xanthine
anticandidal activity of these fungal metaboliteasw oxidase inhibition activity fromA. niger. Though
confirmed to have germ tube inhibitory activity number of such reports describes the diverse
againstC. albicans, which is a unique characteristic biological roles of metabolites isolated from diéeat
feature for an anti-fungal agent. The germ tubefungal sources, however, none of the report
inhibitory property can be very effective in coriliryg evidenced isolation of anticandidal compounds from
yeast-mold shift in dimorphic fungi. Identificatioof ~ A. terreus. This study is the first of this kind to
novel compound with germ tube inhibition activity report the anti-candidal activity oA. terreus and
lead to develop drug which prevent in entry level o fractionate its active components to partially puri

privent colonization in host tissue. and characterize the extracts.
Interestingly, proteinase an important virulence
factor of Candida sp. was found to be inhibited by the CONCLUSION

metabolites extracted fromA. terreus st. 1. This has
been confirmed by both plate assay and SDS-PAGE  The investigation of soil fungi resulted in

assay. These unique features of this compound(Syentification of potential soil fungh. terreus st. 1 and
anticandidal, germ tube and proteinase inhibitory

activity, might be exploited in the anti-fungal dru co;flrmed t(;) produce_ antlfunggl E%r_npounds with germ
development to treat invasive infections of dimacph tu_ € an _protelnase_ inhibitory propernes.
fungi especially infections caused Hyandida spp., Bloau_tography IS ascertalned_ to b_e a TT‘OSF simple,
(Naglik et al, 2004). Therefore, activeompound(s) of effe_ct|ve and useful for direct identification of
A terreus st. 1 may serve as lead compounds to controfntifungal compound(s) from crude extracts on TLC
the colonization and establishment @indida. These chromatograms. This shall certainly reduce the &me
unique features of this compound(s) fromfofterreus  cost involved in the battery of bioassay guidedaext
st. 1 might be exploited in the anti-fungal drug purification processes. Fractionation and bioasgaged
development to treat invasive infections of dimacph purification studies confirmed the anti-candidateptials
fungi especially infections caused ifandida spp.,  of compound(s) isolated frod terreus st. 1, which thus
perticularly immunosupressed patients. ~ can be studied further for the developed of amidizial
Fractionation of extract for identification of addi drug. Thus with all these it can be concluded ttiit

anticandidal compound(s) was efficiently achievedy e fraction fromh. terreus st. 1, has the potential to be
using TLC, HPLC and FPLC techniques B'Oaumgraphydeveloped as an anti-candidal drug

was very useful in tracking the antifungal compaishd
of ethyl acetate extract on thin layer chromatogram
Wedge and Nagle (2000) used the 2D bioautography

for the detection of antifungal compounds from the ) ) _
leassh F., E.L. Ghisalberti, B.W. Skelton and A.H

aguatic/marine cyanobacteria, algae and plants b : -
screening against plant pathogenic fungi such as Wh|tg, 1996. Molecula}rstructure oftgrrecyclodlol.
A derivative of the antifungal metabolite

Colletotrichum fragariae, C. gloeosporioides and a ) ;
Phomospis sp.  Similarly  single  dimentional terrecyclic acid a from aspergillus terreus. J..Nat
bioautography method used in this study was foend t  Prod., 59: 59-61. PMID: 8984154

be most simple, rapid and efficient method for ctire Clay, K. and J. Holah, 1999. Fungal endophyte
tracing of anti-fungal fractions from the cruderexts. symbiosis and plant diversity in successional §eld
HPLC analysis of TLC purified biologically active Science, 285: 1742-174B0I:

fractions showed four subfractions and one fraction ~ 10.1126/science.285.5434.1742

which is recovered relatively higher quantity foutsd Dhingra, O.D. and J.B. Sinclair, 1995. Basic Plant
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