Available online at www.scholarsresearchlibrary.com

Q\(\a‘ma%(
Scholars Research Library Qq’;p‘ "bA%
Scholars Research . . B 3 b
Der Pharmacia Lettre, 2013, 5 (3):178-184 * V« <Y *
(http://scholarsresear chlibrary.com/archive.html) 4
Library

ISSN 0975-5071
USA CODEN: DPLEB4

Bioactivity guided extraction of 5-(2, 4-dimethylb@zyl) pyrrolidin-2-one from
marine Streptomyces VITSVKS spp. and its anti-aspergillus activity against
drug resistant clinical isolates

Kumar Saurav?and Krishnan Kannabiran®

Centre for Marine Microbiology, Research Network Applied Microbiology, Guangdong Key Laboratory o
Marine Materia Medica, South China Sea Institut®©gtanology, CAS, China
Biomolecules and Genetics Division, School of Besszes and Technology, VIT University, Vellore, Téadu,
India

ABSTRACT

Aspergillus is a major human pathogen responsibletifie formation of aspergilloma in preformed luogvity
among pulmonary tuberculosis patients. Most of gtrains causing Aspergillosis are drug resistantnature.
Hence looking for an effective antagonistic leachpound from natural sources are very much needéaictde the
drug resistance strains. Several antibiotics aval#ain the market are from marine Streptomyces haihg
explored constantly for newer antibiotics. The afithe present study was to isolate anti-Aspergitompound
from marine Streptomyces and assay for antifungsvily against drug resistant Aspergillus clinicablates. In
our systematic screening of actinomycetes for Asfiergillus activity resulted in isolation of a&im Streptomyces
VITSVK5 spp. Bioactivity guided separation yieldadcompound 5-(2, 4-dimethylbenzyl) pyrrolidin-2-one
(DMBPO) and the anti-Aspergillus activity of thengoound was tested against 11 multidrug resistanDRW
Aspergillus clinical isolates. The compound showesl MIG, value of 4 - 0.125ug/ml against MDR Aspergillus
clinical isolates by NCCLS method and MJ6f 3 - 0.125ug/ml by MTT assay. MTT assay at 56vi@bility was
compared with NCCLS method and the former showeéd &freement with NCCLS method. Based on the rdsults
can be concluded that DMBPO has significant antyekgillus activity against drug resistant clinidablates.

Keywords: StreptomycesVITSVK5 spp.; 5-(2, 4-dimethylbenzyl) pyrrolidin-@re; antiAspergillus activity;
Extraction; MTT assay

INTRODUCTION

Aspergillusspecies represents the second most common fungf@gesm in hospitalsAspergillusis ubiquitous
fungus that has three classic pulmonary presentationvasive aspergillosis; allergic bronchopulnmyna
aspergillosis; and aspergilloma. Inhalation Adpergillus spore by tuberculosis patients with the preserice o
preformed lung cavity resulted in the formatioradiungal ball called Aspergilloma. An aspergillomay exist for
many years asymptomatically with no therapy wagdnt he antifungal agents currently available fer treatment

of systemic fungal infections are amphotericin iBid formulations of amphotericin B, 5-fluorocytasi and azoles
such as miconazole, ketoconazole, fluconazole acdbinazole. Currently, the criteria used for taleation of new
drug candidates include inhibitors of fungal cellMbiosynthesis, potency comparable to amphotets;i safety
comparable to fluconazole, fungicidal activity vitro and fungicidal activityin vivo. Evidence suggests that poor
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response to antifungal agents is due to these dargly achieve the minimal inhibitory concentrasowithin the
lung cavities [1] including the administration &f amphotericin B failed to show a satisfactory neeny in patients
with aspergilloma [2]. On the other hand the swabiceatment of aspergilloma is associated withatietly high
mortality rate [3,4].

Pharmacological screening and usage of naturaluptedor the treatment of human diseases has hathaistory
from Ayurvedic medicine to modern drugs [5]. Thejon&ly of modern drugs reported are belongs to rztu
products [6]. The majority of clinically used antifgals have various drawbacks in terms of toxi@fficacy and
cost, and their frequent use has led to the emeegefresistant strains. Hence, there is a greatadd for novel
antifungals belonging to a wide range of structatakses, selectively acting on new targets witvefeside effects.
One approach might be the testing of natural prtsdfar their antifungal activities as potential smes for drug
development. As reported by Butler, 2005 [7] absewenty natural products or natural product derigatare
currently undergoing clinical trials in differenas of the world including United States, Eurajegpan, and Korea,
out of which thirty were derived from microorgamisand twelve were marine derived. Microorganisnesmfr
extreme environments have gained considerabletiattem recent years because of its diversity aradobical
activities, mainly due to its ability to produceved chemical compounds of high commercial valuepfgsent there
are sixteen compounds isolated from marine actictebia are in clinical trial against various diseRd8].
Actinomycetes are a group of prokaryotic organistney are gram-positive bacteria that grow extezigiin soils
rich with organic matter and are capable of proogigeveral secondary metabolites [9]. The maringr@mment
remains as a virtually untapped source for novéhamycetes. The distribution and abundance ohaatiycetes
are generally depends on various ecological habithtch includes beach sand [10] and seawater [11].

In the present study the aitspergillusactivity of 5-(2, 4-dimethylbenzyl) pyrrolidin-2a@ extracted from marine
Streptomyce¥ITSVKS5 spp was tested against drug resistaapergillusclinical isolates.

MATERIALS AND METHODS

Isolation of actinomycetes:

The strainStreptomyce¥ITSVK5 spp. was isolated from the salt terns ofrMianam coast of Bay of Bengal,
southern India. The strain was selectively isolairdStarch casein agar, ISP No.1 medium and thé&ional and
cultural conditions for the growth were optimizddolation and characterization of the strain wasvipusly
reported [12].

Extraction and purification of compound:

Well grown slant culture of the potential isolat@swsed for preparation of seed culture. The sa#dre was
inoculated in 50 ml medium containing the optimizgdduction medium prepared with sea water 50%iilldb
water 50%, pH 8.2 and incubated for 2 days in yotraker (200 rpm) at 30°C. The inoculums (10%)ewer
transferred into 200 ml production medium in 1rliiEglenmeyer flasks and kept for fermentation foveek. After
fermentation, the broth was centrifuged at 4000 fpm10 min at 10°C and the supernatant was segzhray
filtering in 0.2 um pore-size membrane filters. Twernatant was extracted twice with n- Butan@D(#nl) and
washed with 500 ml water then the culture was rsegeby centrifugation for 10 min at 4000 rpm atd@nd the
filtrate was separated by centrifugation (16€f)0Remi High speed centrifuge). After separatibe, drganic phase
was dried over N&O, (anhydrous). The extract was then concentrateetary vacuum and lyophilized using a
freeze drier (Thermo, USA) at’G for 5 h. The crude extracts were stored at — 207 butanol layer was
concentrated and the residual suspension (750 rag)ckromatographed over silica gel column and @lutith
chloroform: methyl alcohol (9:1, 8.5:1.5, 8:2, 2%, 7:3). The active fractions were collected, camtrated and
further separated by preparative TLC on silica gih chloroform: methyl alcohol (8:2) and the puriof the
compound was analyzed.

Structure elucidation:

The UV spectra of the compound were measured usgiiyisible spectrophotometer (Techcomp, Hong Korig).
order to investigate the presence of various foneti groups in bioactive compound, the sample wapHilized
and mixed with KBr (1:20; 0.02 g of sample with KBr a final weight of 0.4 g). The pure compound wWemn
grounded, desorbed at 60°C for 24 h and pressebttin IR-transparent pellets. Infrared spectréhefcompound
were obtained using a Fourier Transform InfraredcBpmeter (FT/IR-AVATAR 330). The spectra werelected
within a scanning range of 400-4000/cm. The FT-IBsMirst calibrated for background signal scanniith a
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control sample of pure KBr, and then the experimesample was scanned. The spectra obtained weltgzad for
various functional groups. The proton NMI(NMR) and carbon NMRYC NMR, V Bruker Avancelll 500 MHz
(AV 500)) spectra of the compound were obtained by usingnettyl sulfoxide d6 (DMSO-d6) as solvent. It was
further evaluated with DEPT-135. It was further fioned by mass spectroscopy (HR-MS, Jeol GCMATEThe
structure of the compound was established withhékp of spectral data obtained from various spsctpic
techniques. The 3D structure of the compound wéasimdd by using ChemDraw software (Ultra 8.0).

Collection of sputum sample:

Sputum samples were selected for the isolatiolggergillussp. as it is the most common specimen for the
diagnosis of fungal pneumonia and chronic pulmonksgase. Sputum samples (exporated morning) vediected

in a sterile container on two consecutive days firmuimonary TB patients admitted in the Governmeantidre
Medical College and Hospital (GVMCH), Vellore, Tdmiadu, India after obtaining informal consent fréinem.
The best specimen was obtained when the patiettaiwakens from sleep, after the oral cavity wasrmsed. At
least two expectorated morning sputum samples ancewnsecutive days were collected from each patiert
sterile container and were transported to the ktiooy within one hour and were processed immediatel

Isolation of Aspergillus strains:

Specimens obtained were subjected to a seriesutiheodirect procedures. The sputum samples wdtared on
Sabouraud’s Dextrose agar (Hi Media, India) platéh chloramphenicol (0.5 g/l) with or without cydleximide
(0.5 g/l) at 27°C and 37°C and were examined edeny for 7 days. Cultures were scrapped with myoeland

were examined by wet mount preparation with or auiththe addition of 10% potassium hydroxide (KOtwhich

aids in the visualization of hyphal elements thtoule partial digestion and clearing of proteinarematerial
while leaving the fungal cell wall intact [13]. Bt microscopic examination of the specimens wassidered
positive if typical septate hyphae were observedpekgillus strains were distinguished on the bas$isolony

morphological features and microscopic structutegsioed with lactophenol cotton blue stain. Isddateere stored
in glycerol 20% at -70°C until needed.

Determination of MIC 5, value by NCCLS method:

Stock solution of different antifungal drugs amgratin B (AMB), itraconazole (ITC), ketoconazole EK),
fluconazole (FLU) and lead compound were prepasedi$solving in dimethyl sulfoxide (DMSO) and thdituted
with RPMI-1640 medium to have the concentrationgeanf 0.03-32 pg/ml. The arfispergillusactivity against
clinically isolated MDRAspergillussp. [12,14] was determined using broth dilutiorthme using standard protocol
(CLSI M38-A).

Determination of MIC 5o value by MTT Method:

The MIC values were also determined by a colorifoetrethod using the dye MTT (Sigma Chemical, Stuikp
Mo.) [15]. After the MIC values were visually detgined on each of the microtitre plates, 25 ml oMRR.640
containing 5 mg of MTT/ml was added to each weltubation was continued at 37°C for 3 h. The cdntéeach
well was removed (centrifugation is not requiredffmamentous fungi due to their adherence to tleis)y, and 200
ml of isopropanol containing 5% HCI (1 M) was addedextract the dye. After 30 min of incubationrabm
temperature and gentle agitation, the optical dgn8DD) was measured with a microtitre plate reader
spectrophotometer at 550 nm. The OD of the blarkchivconsisted of an uninoculated plate incubategther
with the inoculated plates, was subtracted from @iz values of the inoculated plates. The percentdg€lTT
conversion to its formazan derivative for each welk calculated by comparing the OD at 550 nm efiklls with
that of the drug-free control based on the follgyvaquation: (A550 of wells that contained the dA&H0 of the
drug-free well) x 3. MIG,were considered to be the lowest concentratiomsugf showing at least 50% reductions
in the OD value compared with that of the drug-fnes!.

Statistical Analysis:

All the experiments were performed in triplicatesl dhe data obtained were expressed as mean sastaedor.P-
Values <0.05 were considered as statistically &iant. The MIG, values and their respective 95% confidence
intervals were calculated by non-linear regressioalysis using the data analysis software (Prism).
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RESULTS AND DISCUSSION

In the course of our systematic screening prografemantifungal potential of marine actinomycetesi southern
coast of India, the strai@treptomyce¥ITSVK5 spp. was isolated from sediment samplethefMarakkanam coast
Tamil Nadu, India. The strain was identified by pmilar taxonomic characterization using 16S rRNAiglagene
sequence analysis and 16S rDNA sequence analyss18S rDNA sequence (1424 base pairsptoéptomyces
VITSVKS5 spp. has been submitted to NCBI under tbeeasion no. GQ848482. The strain was found todveln
and crude extract showed significant antifungalvdgtagainst drug resistant strains Aépergillusclinical isolates
[12]. Since the butanolic extract &treptomyced/ITSVKS sp. showed the maximum inhibitory activiagainst
drug resistanfspergillusclinical isolates, it was subjected to bioactivédgd extraction and purification of active
principle. Extraction and purification of 10 L oli@ culture broth yielded 112.3 mg of pure compouhdC
separation of the compound yielded a single sptit ®Ri value of 0.43 (Chloroform-Methanol, 8:2). The bamals
visualized by iodine reagent and sulphuric acide Phrified compound was subjected to UV, FT-IR,NMR, **C
NMR, DEPT, HRMS spectroscopic studies in orderdialelish the chemical structure of the active commgo The
spectral data obtained for the compound was usedtéblish the structure of the compound. UV/vie ) Amax
290, FT-IR (crit) 3436 (-NH), 2928, 1729 (C=0}H-NMR (DMSO-d6 500 MHz) : 0.871 (s, J=64 Hz, -QH1.23
— 1.39 (m, J=44 Hz, 2xCi 3.37 (t, 1H), 4.29 (s, 2H), 7.25 (s, 1H), 7.669 (t, 2H), 8.17 (s, 1H);"*C-NMR
(DMSO-d6 500 MHz ) : 13.80 (CHji 18.60 (CH), 34.65(2x CH), 60.34(CH), 64.98 (CH), 128.62, 131.4, 133.6,
134.3, 136.7, 144.7, 166.9. DEPT, HRMS, m/z (fooaH): 203.1325/203.1310. Based on the spectra that
structure of the compound was identified as 5-(@irdethylbenzyl) pyrrolidin-2-one (DMBPO) and theolacular
formula was determined as#;;NO. The structure of the compound is illustrated ig.HiA. The 3D structure of
the compound (Fig. 1B) was modeled using Chem3Baldoftware (Version 8J.he compound is fluorescent in
colour, soluble in methanol, chloroform, and DMSThe physico-chemical properties of DMBPO are giuen
Table 1.

NH

0
5-(2,4-dimethylbenzyl)pyrrolidin-2-one

Fig. 1. A) 2D Structure of 5-(2, 4-dimethylbenzylpyrrolidin-2-one (C13H17NO) and B) 3D structure of 5-(2, 4-dimethylbenzylpyrrolidin-
2-one (GsH17NO) modeled in Chem3D Ultra 8.0

Table 1. Physicochemical properties of DMBPO

Exact Mass: 203.13 Mol. Wt.: 203.28

m/e: 203.13 (100.0%), 204.13 (14.4%), 205.14 (1.2%jl.analysis: C, 76.81; H, 8.43; N, 6.89; O, 7.87
Boiling Point: 644.46 [K] Melting Point: 407.76 [K

Critical Temp: 857.99 [K] Critical Pres: 26.06 [Bar

Critical Vol: 653.5 [cm3/mol] Gibbs Energy: 172.8&/mol]

Log P: 2.39 MR: 62.81 [cm3/mol]

Henry's Law: 7.11 Heat of Form: -84.37 [kJ/mol]

CLogP: 2.06 CMR:6.162:

The antifungal activity of the purified compound-4-dimethylbenzyl) pyrrolidin-2-one (DMBPO) wassted
against all the MDR strains éfspergillussp. isolated from sputum samples of pulmonaryrullesis patients and
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compared with standard drugs. The pure compounwethdhe maximum Migyvalue of 4 pg/ml (MDR6 and
MDR9) whereas least value of 0.125 pg/ml was oleskfer MDR3, 4 and 5. The Migvalues of selected drugs
and DMBPO against MDRspergillusclinical isolates are given in Table 2. Gendy &whdkly (2010) [16] have
reported the isolation of novel antimycotic agestsadamycin and 5, 7-dimethoxy -4-p-methoxy pheyitarin
from Streptomycesp. Both compounds exhibited significant antimiceictivity against dermatophytes and other
clinical fungi.

Similarly, Thorne and Alder (2002) [17] have regattthein vitro antibacterial activity of daptomycin, a natural
product derived from the fermentation 8f roseosporusagainst methicillin-resistanStaphylococcus aureus
methicillin-resistantStaphylococcus epidermigdigancomycin resistant enterococci (VRE), and phimigesistant
Streptococcus pneumoniagecently the antifungalC{albicang bioactivity of actinomycetes isolated from marine
sponges collected from offshore Ras Mohamed (Egampd) from Rovinj (Croatia) was evaluated and fotmdbe
potent inhibitor, which has open a new face ofanb a novel strain residing symbiotically withtgot bioactivity

in marine microorganisms [18]. Several earlier repsupports our result that offshore sedimentiectadd has been
shown to possess antimicrobial activity againstaag of bacterial and fungal pathogens with modeaatagonistic
activity againstAspergillusspecies such &treptomycespp. PM-32 [19].

Table 2. MICs values of DMBPO and drugs againsAspergillus clinical isolates (MDR1-11)

MDR AMB ITR FLU KET DMBPO
Clinical isolates (ng/ml) (ng/ml) (pg/ml) (ng/ml) (ng/ml)
MDR 1 8+0.3¢ 2+0.2% 4+0.3¢ 16+0.62 2+0.37
MDR 2 0.25+0.23 8+0.33 8+0.256 8+0.33 0.5+0.12
MDR 3 8+0.115 4+0.33 2+0.23 16+0.75 0.125+0.04
MDR 4 16+0.3¢ 2+0.25¢ 0.2568+0.2 4+0.3¢ 0.125+0.1.
MDR 5 8+0.33 8+0.33 1+0.23 2+0.23 0.125+0.27
MDR 6 2+0.256 4+0.23 1+0.115 8+0.256 4+0.66
MDR 7 16+0.62 8+0.33 8+0.115 8+0.33 0.25+0.25
MDR 8 1+0.256 32+0.62 4+0.23 16+0.62 2+0.33
MDR 9 0.125+0.115 8+0.62 0.5+0.115 4+0.23 4+0.22
MDR 10 0.25+0.115  4+0.33 4+0.33 4+0.115 0.25+0.33
MDR 11 0.25+0.23 2+0.23 8+0.33 4+0.256 2+0.66

AMB: Amphotericin B; ITR: ltraconazole; FLU: Flucarole; KET: Ketokonazole; DMBPO:- 5-(2, 4-dimetteyilyl) pyrrolidin-2-one; MDR:-
Multidrug Resistant strain

Antagonistic activity of differenStreptomycespecies isolated from soil samples has already bemorted earlier
[20]. Anti-Aspergillus(A. nige) activity of Streptomycespecies isolated from coastal water of DhanushKicatnil
Nadu India has been reported earlier [21].

Determination of MICs for filamentous fungi can taeilitated with a method which overcomes obsehias and
quantifies the hyphal growth of molds. Becauseitlityp measurements and colony counts are not usefile case
of filamentous fungi, colorimetric methods basedtbe measurement of metabolic activity may fad#ithetter
determination of MIC [22]. The colorimetric methading the dye MTT has been investigated as annalige
method for the NCCLS method for in vitro suscefitipitesting of fungi. MIC values of DMBPO againstDR
strains are presented in Fig. 2. In our study ¢vellof agreement between the MTT assay and NCCéiad was
95% similar. All the samples was found to be stiatidly significant at p<0.05. The Migvalues for all the drug
resistant strains were calculated at 50% cell iitgbiCell viability was directly proportional tche percentage of
MTT conversion. The MTT method relies on metabalitivity of mycelia and not directly on growth [23]. Any
factor which influences the metabolic rate mightéhan effect on reduction of MTT even if the biosasmains
the same. The high level of agreement with the NE@lethod might indicate that growth correspondsatly with
the metabolic status of fungi. Several problemsehagen reported in the determination of the MICantffungal
agents, such as trailing effect caused by parttabition of fungal growth [25] and the subjectivit
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Fig. 2. Effect of DMBPO on cell viability of MDR Aspergillus clinical isolates A) MDR1, 2 and 3, B) MDR 4, 5, &nd 7 and C) MDR 8, 9,
10, and 11

of visual reading with the aid of a magnifying nirf26]. These shortcomings are more in the cadéamfientous

fungi, because they produce hyphae thereby queatidin of the growth is very difficult. Moreovehe unequal
growth, clumping, and adherence [27] of molds isagstubes makes very difficult in establishing @aclendpoint
both by visual reading as well as by spectrophotemé&or filamentous fungih. fumigatushe MTT method has
been used for interpretation of data. Although jmes studies have shown that the MTT method praditce
interpretable dose-response curves with both areplkot B and itraconazole againat fumigatus[22,28]. The

applicability of the MTT method for the antifungalisceptibility testing of various filamentous furagainst

different antifungal drugs and the comparison &f thethod with the NCCLS method (M-38P) had notbaéene.

CONCLUSION

Screening of marine sediment samples yielded alr&tveptomycesp. VITSVKS. It exhibits a strong antagonistic
activity against theAspergillusMDR strains isolated from chronic pulmonary digseastients. Out of 11 MDR
strains isolated 8 are belongsAmiger and 3 areA.fumigatus which shows the prevalence Afigerin chronic
pulmonary disease patients of Vellore region, TaNgaldu, India. Bioactive guided extraction and pcaifion
yielded an antAspergillus compound DMBPO and it exhibited strong antagomistttivity (MIC 0.125pg/ml)
against MDR strains. Thus DMBPO is the potentiaaotive compound from maririgtreptomycesp. VITSVK5S
having antiAspergillusactivity against drug resistaAspergillusclinical isolates.
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