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ABSTRACT

A new set of compounds containing indole nucleyseiagled with carefully selected amino acids viaiazble
linker are identified. These compounds showed anhat antifungal activities against the BWP17 &traf candida
albicans. The preliminary screening of the compauwés done by docking in the active site of lamoktb4-«
demethylase enzyme (pdb ID - 3JUS) with ArgusLebseftware. Subsequently the screened compounds wer
subjected to in-vivo antifungal assays. The probabechanism of action of the test compounds wadgestby GC
analysis of the membrane metabolites. The compowitbgryptophan and histidine substitution wererid to be
most effective with MIC80 of 50.2 ug/ml and 78.8§iml respectively. In the fungal cells treated wattmpoundb

the lanosterol levels were found to increase intiica that lanosterol 14r demethylase enzyme could be the
probable target. Additionally, the R6G influx/ eflassay provided the evidence for the fungicidaeperties of the
test compounds.

Keywords: CA BWP 17 — candida albicans BWP 17, R6G — Rhada8G, GC — gas chromatography, MIC80 -
minimum inhibitory concentration for 80% inhibition

INTRODUCTION

Diseases caused by fungus are one of the majoalgbblallenges today. Starting from local infectidosystemic
mycosis the fungi are causing more deaths comp@redalaria and tuberculosis. Yeasts, primarily @endida
albicans species are the most noxious mediatorsnedsive mycoses predominantly among the immuno
compromised patients [1-2]. The pathogenecity arfdctiousness of the fungal diseases thereforesntede
checked and regulated.

Various classes of antifungal drugs have been dpesdl till date to counter the menace created bgdldiseases.
The polyene antifungals like amphotericin-B, natamyprimarily target ergosterol [3] which helpsnmaintaining
the fungal membrane integrity. These amphiphilitygoes on interaction with the fungal membrane nitkeaky
by creating the pores which eventually leads torttembrane disruption and fungal death. The azdiéuagal
drugs on the other hand target the CYP P45@ Bémethylase enzyme [4] which mediates the bioggithof
ergosterol from lanosterol. This alters therphology and physical properties of the fungaimbeane by impeding
the functioning of the membrane proteins. AnotHasg of antifungals, allylamines [5] target theyane squalene
epoxidase which mediates the conversion of squalersgualene-2,3-epoxide. The allylamines like itextine
leads to the build up of squalene causing a pH lamga in the fungal membrane thereby limiting itsvgh. The
newest class of antifungals, Echinocandins [6] img# functioning of beta-1, 3-D-glucan synthaseyne in
fungi by noncompetitive inhibition eventually leadito the cell death. Despite all the efforts théfangal therapy
is still far off the target because of the effluxngps operating in the fungal membranes [7]. Thesgarework
focuses on the design of the compounds chieflyatget the lanosterol ld-demethylase enzyme present in the
fungal membrane. The biological importance of thesmpounds is already been checked for their diatimmatory
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property by targeting the enzymes 5-LOX and COX-dizymes [8]. Interestingly, besides targeting dbsired
enzyme the compounds were also found to have memlyaing properties.

The validation of indole moiety and azole nucleushe antifungal therapeutics for targeting theghirmembrane
has been widely acclaimed. The indole nuclei stuistl with the carefully selected amino acids \dale linkage
has been tested for its antifungal efficacy agaithet BWP17 strain of candida albicans. The scregwointhe
appropriate amino acids was done by docking thectm®pounds in the lanosterol &4demethylase enzyme (pdb
ID — 3JUS) with the help of ArgusLab.exe softwakpart from that, the Lipinski parameters were atatculated
for the test compounds theoretically by molinspinatsoftware. From the preliminary investigatiorits,was
observed that the compounds having glycine, trydop histidine, glutamic acid and tyrosine substitudisplayed
a better docking characteristics in the active sftthe enzyme. The hydrophilicity index (ClogP ue) for these
compounds was also evaluated experimentally byrméiteng the octanol/ water partitioning coefficieby the
shake flask method and the concentration of aralytes found by quantitative HPLC method. The hyHiagty
index thus obtained was found to be quite simdahtt required by the lipinski parameters.

EXPERIMENTAL SECTION

Synthesis

The L-amino acids (1 mmol) were dissolved in 20ahDCM in a round bottom flask kept on an ice bathe
mixture was stirred for a few minutes till the dadn becomes clear. Activated K2CO3 (1.2 equivalantivated by
storing at 100C overnight) was then added to this solution. Afands trifluoromethanesulphonic anhydride (0.1
mmol) was very carefully added, dropwise to thectiea mixture. On addition, the colour of the réactmixture
immediately changes from colourless to light gre&fter stirring the contents of reaction mixture -3 minutes
was added CuS04.5H20 (2.0 mmol) followed by theitemdof sodium azide (1.0 mmol). The progresstud
reaction was monitored by thin layer chromatogragthe reaction completed in about 6-8 hours. Afterreaction
completion, the reaction mixture was washed withnil5of distilled water and the product was extrdctey
chloroform using a separator funnel. The final prtdwas azide adduct of the amino acid which isegalty
procured in a very good yield (compounds i, ii,iiand v, Scheme 1).
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Scheme 1

3-methylindole (1) was dissolved in 5 ml DMSO artbwed to stir for a few seconds till a clear s@uatis
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obtained. To this solution was added sodiumhyd(il@ equivalents, washed with dry hexane to reminee
paraffin coating). The reaction mixture was nowretl for 3-4 minutes till a visible change in thalaur of the
reaction mixture is observed. The change in cotmuresponds to the generation of anion on the edoicleus.
Further, propargyl bromide (1.2 equivalents) wadeatdcarefully; drop wise to the reaction mixturbeTcompletion
of the reaction was monitored with the help of tlaiyer chromatography. Reaction completes in 25uteto give
the product (2). The product (2) was dissolved:ih$blution of EtOH: H20O to get a clear solutiom this solution
was immediately added 0.02 mmol CuSO4.5H20. Aftaiting for 5 minutes, 0.05 mmol sodium ascorbats wa
added to the reaction mixture and the contents wbosved to stir for 10 minutes. Finally, the azaino acid
obtained in scheme 1 was added to the reactionumeixThe monitoring of the reaction was done by thier
chromatography. The reaction generally completedOii2 hours to get the products 3a-3e (scheme &riy good
yield. The further refining of the products was ddoy column chromatography using ethylacetate: mexa@s
eluent. All the reactions were performed in vacdumme hood by using carefully cleaned oven-driecatdtemie
glassware. The stirring of the reaction mixturess wi@ane on REMI made magnetic stirrers using tefloated
magnetic beads. Drying of diethyl ether was doner @ctivated anhydrous calcium chloride followedpagsing
the thin sodium wire through it. Refluxing of aceitole was done over anhydrous P205 followed stildation
over anhydrous K2CO3. The dried acetonitrile waslfy stored over the activated molecular sievesizé 4 A to
prevent the infiltration of moisture. Reactions @nonitored by TLC using silica gel GF254. The chatograms
thus developed were viewed in ultraviolet light astdining was done with iodine. Column chromatobyapas
done to purify the compounds. Silica gel of 100-20€sh size was used using hexane and ethyl aeestgeferred

eluents.
@E§
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Scheme 2

'H and **C NMR spectra and DEPT-135

The spectra were recorded at a frequency 500 Midz126 MHz for*H and**C spectra respectively. CDCI3 and
DMSO were used as preferred solvents with TMS aist@nnal standard. Th#! NMR spectral data were reported
in form of chemical shifts(ppm), multiplicity (s = singlet, br s = broad dlieig d = doublet, dd = double doublet, t
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= triplet, m = multiplet) and the coupling constéexpressed as J in Hertz). THE and DEPT-135 NMR spectral
data were represented in terms of chemical shift wve signals corresponding to CH3 and CH carlaosthe -ve
signals corresponding to CH2 carbons while an aksignal points towards a quaternary carbon. SPR0B UNI
CAM Infrared Spectrophotometer was used to redoednfrared spectra with anhydrous KBr pellets.

Mass spectra and LCMS procedure

Bruker MicroTOF QIl mass spectrometer (Bruker Daikp Bremen, Germany) machine calibrated with sodiu
formate (internal calibrant) was used to recordrfess spectra. KdScientific automated pump witiv fiate 180
pL/h was used to inject the sample to electrospraization source at a concentration 50 uM in atigtite-water-
formic acid (7:2.9:0.1). Dry N2 gas heated at 8 was used for the desolvation of the injected tamiu
Optimisation of the various parameters of the nsaestrometer was done for obtaining a maximum mmeance.
Specifically, the capillary voltage was adjusted®00 V and the vacuum was sustained at 3-4xfbar. For LC-
MS, Dionex Ultimate 3000 system was coupled to riess spectrometer. Chirobidtid@ 10 pm chiral HPLC
column (25 cm x 4.6 mm) was used for the analysisolution of Acetonitrile in water (1:1) was usas eluent. 2
uL of sample (injection volume) was loaded to tbuimn. The flow rate was maintained 0.2 ml andahsorbance
was set at 200, 220 and 254 nanometers. Sodiunaferwas used as internal calibrant.

'H/ *C/ DEPT-135 NMR data of the test compounds:

[4-(3-Methyl-indol-1-ylmethyl)-[1,2,3]triazol-1-yl]-acetic acid (3a). The compound(2) was dissolved in 9:1
solution of EtOH:H20 and allowed to stir till a atesolution is obtained. To this clear solution wasnediately
added 0.02 mmol of CuSO4.5H20. After waiting foolrer 5 minutes, 0.05 mmol sodium ascorbate wasditil
the reaction mixture and the contents were allowedstir for 10 minutes. Finally, the azidoaceticida¢i)
synthesized in scheme 1, was added to the reactidture. The reaction was monitored by thin layer
chromatography technique. The reaction generaliyptetes in 8 hours to give a yellow coloured powdsulid,
mp 90-95°C, 80% vyield, IR (KBrjvmax 3380 (NH), 1610 (C=0) ¢m'H NMR (CDCI3, 500 MHz): = 9.42 (s,
1H, COOH) 2.30 7.83-8.401(m, 3H, ArH), 7.39-7.43 @hl, ArH), 4.20 (s, 2H, CH2), 4.01 (s, 2H, CH2)22 (s,
3H, CH3), (*C NMR normal/DEPT-135) (125 MHz, CDCI3): 181.27 @) 138.66 (C), 134.24 (C), 128.11(CH),
127.93 (CH), 125.74 (C), 122.87(ArCH), 115.79 (AnCH13.30 (ArCH), 27.48 (-ve, CH2), 21.98 (-ve, QH2
21.04 (CH3); ESI-MS (HRMS) calculated for C14H14NR2Y1.1187. Found m/z 271.1181([M+M]

3-(1H-Indol-3-y1)-2-[4-(3-methyl-indol-1-yImethyl)-[ 1,2,3]triazol - 1-yl]-propionic acid (3b). The compound (2) was
dissolved in 9:1 solution of EtOH:H20 and allowedkstir till a clearsolution is obtained. To this clear solution was
immediately added 0.02 mmol of CuSO4.5H20. Afteiting for another 5 minutes, 0.05 mmol sodium abate
was added to the reaction mixture and the conteate allowed to stir for 10 minutes. Lastly, thé2ido-3-(1H-
indol-3-yl)-propionic acid (ii) obtained in scherBewas added to the reaction mixture. The reactias monitored
by thin layer chromatography technique. The reactignerally completes in 8 hours to give a brigbtiop
coloured solid, mp 137-14Z, 69% yield, §]D* = +124 (c 0.01, MeOH), IR (KBymax 3390 (NH), 3191 (NH),
1632 (C=0) cnt; *H NMR (500 MHz, DMSO d6)5 = 8.16 (s, 1H, COOH), 6.70-7.50 (m, 9H, ArH), 6(80 1H,
ArH), 4.51(t, J = 10 Hz, 1H, ArH, 1H, CH), 4.20 @H, CH2), 3.45-3.63 (m, 2H, CH2), 2.26 (s, 3H, GHg"“C
NMR normal/DEPT- 135) (125 MHz, CDCI3): 179.98 (Cs@36.70 (C), 134.40 (C), 130.92 (ArCH), 127.47
(ArCH), 125.41 (ArCH), 123.83 (ArCH), 121.60 (ArCH)19.44 (ArCH), 118.00 (ArCH), 114.60 (ArCH), 128.
(ArCH), 109.85 (C), 107.07 (C), 53.15 (CH), 26.€1HQ), 25.45 (CH2), 21.58 (CH3); ESI-MS (HRMS) cditad
for C23H21N502 400.1775. Found m/z 400.1700 [M%H]

2-[4-(3-Methyl-indol-1-ylmethyl)-[ 1,2,3]triazol-1-yl]-3-(1H-[1,2,3]triazol-4-yl)-  propionic acid (3c). The
compound (2) was dissolved in 9:1 solution of EtBPD and allowed tstir till a clear solution is obtained. To this
clear solution was immediately added 0.02 mmol 8804.5H20. After waiting for another 5 minutes,3romol
sodium ascorbate was added to the reaction migtulehe contents were allowed to stir for 10 migukénally, the
2-Azido-3-(1H-imidazol-4-yl)-propionic acid (iii) n@cured in scheme 2, was added to the reactionuneixiThe
reaction was monitored by thin layer chromatograjgityinique. The reaction generally completes in@$itoo get
a grey coloured solid, mp 121-136, 65% vyield, §]D* = +154 (c0.01, MeOH), IR (KBymax 3299 (NH), 1600
(C=0) cm*; '"H NMR (CDCI3, 500 MHz):5 = 9.21 (s, 1H, COOH), 7.45-7.89 (m, 2H, ArH), 6839 (m, 5H,
ArH), 6.82 (s, 1H, ArH), 4.41 (t, J= 15 Hz, 1H, CH).20 (s, 2H, CH2), 3.33 (d, J= 10 Hz, 2H, CH2p72(s, 3H,
CH3); (*CNMR normal/DEPT- 135) (125 MHz, CDCI3j:C = 171.97 (COOH), 148.95 (ArCH), 138.64 (ArCH),
136.73 (ArCH), 127.49 (C), 125.96 (C), 121.59 (AnCH19.05 (ArCH), 116.64 (ArCH), 111.04 (ArCH), 108
(C), 54.27 (CH), 28.61 (CH2), 25.46 (CH2), 21.2HR}; ESI-MS (HRMS) calculated for C17H17N702 35245
Found m/z 352.1523 [M+H]

2-[4-(3-Methyl-indol-1-ylmethyl)-[ 1,2,3]triazol-1-yl]-pentanedioic acid (3d). The compound (2) was dissolved in
9:1 solution of EtOH:H20 and allowed to stir tilckear solution is obtained. To this clear solutias immediately
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added 0.02 mmol of CuSO4.5H20. After waiting footmer 5 minutes, 0.05 mmol sodium ascorbate waedhtinl
the reaction mixture and the contents were allowedstir for 10 minutes. Finally, the 2-Azido-4-caly-
heptanedioic acid (iv) obtained in scheme 2, watkeddo the reaction mixture. The reaction was nooed by thin
layer chromatography technique. The reaction gélgezampletes in 8 hours to give a dark brown sofigp 111-
116°C, 85% yield, §]D? = +23 (c 0.01, MeOH); IR (KBrymax 3412 NH), 1574 (C=0) cl'H NMR (DMSO
d6, 500 MHz):56 = 10.41 (s, 1H, COOH), 9.81 (s, 1H, COOH), 7.911¢4, ArH), 7.53-7.82 (m, 2H, ArH), 7.22-
7.39 (m, 3H, ArH), 4.39 (t, J = 5 Hz, 1H, CH), 4.@0) 2H, CH2), 2.36-2.72 (m, 2H x CH2), 2.27 (s, 8HH3); {*C
NMR normal/DEPT- 135) (125 MHz, DMSO d&):.C = 180.03 (COOH), 179.55 (COOH), 145.55 (ArCH34.66
(ArCH), 130.93 (C), 127.14 (C), 123.86 (C), 122(B3CH), 116.85 (C), 114.55 (ArCH), 113.53 (ArCH))9.82
(C), 53.78 (CH), 29.57 (CH2, -ve), 25.78 (CH2, ;v&}.06 (CH2, -ve), 21.53 (CH3); ESI-MS (HRMS) cdited
for CL7H18N404 342.1408 Found m/z 352.1410 [M%H]

3-(4-Hydroxy-phenyl)-2-[4-(3-methyl-indol-1-yImethyl)-[ 1,2,3] triazol-1-yl]- propionic acid (3e). The compound
(2) was dissolved in 9:1 solution of EtOH:H20 ardlbwaed to stir till a clear solution is obtained. To this ate
solution was immediately added 0.02 mmol of CuSB82G. After waiting for another 5 minutes, 0.05 mmol
sodium ascorbate was added to the reaction migihlehe contents were allowed to stir for 10 migukénally, the
2-Azido-4-(4-hydroxy-benzyl)-pentanedioic acid (vas added to the reaction mixture. The reaction masitored
by thin layer chromatography technique. The reactjenerally completes in 8 hours to get a browidsaip 145-
153°C, 78% yield, §]D*° = +35 (c 0.01, MeOH); IR (KBrymax; 3315 (NH), 1701 (C=0) cin'H NMR (CDCI3,
500 MHz):6 = 9.15 (s, 1H, COOH), 7.73-7.94 (m, 2H, ArH), ZB83 (m, 1H, ArH), 6.87-7.52 (m, 3H, ArH), 4.42
(t, 3 = 15 Hz, 1H, CH), 4.35 (s, 2H, CH2), 3.33 (d= 3 Hz, 2H, CH2), 2.20 (s, 3H, CH3)*C NMR
normal/DEPT- 135) (125 MHz, CDCI3)iC = 173.53 (COOH), 145.30 (C), 144.82 (C), 135A&"CH), 134.94
(ArCH), 130.75 (C), 129.87 (ArCH), 126.81 (ArCH)26.33 (ArCH), 124.55 (ArCH), 123.30 (ArCH), 121.36
(ArCH), 113.30 (ArCH), 109.04 (C), 107.24 (C), 58.{CH), 29.29 (CH2, -ve), 25.19 (CH2, -ve), 21.53HQ);
ESI-MS (HRMS) calculated for C21H20N403 377.1615ifdm/z 377.1615 [M+H]

Pharmacology

MIC80

The antifungal activity of the test compourgiga-e)was evaluated by performing the MIC80 assay. Tegessive
dilutions of the test compounds were prepared alithgthe solvent control with yeast extract peptalextrose
(YEPD) medium in a 96-well plate. The overnightwrocells of the BWP 17 strain of the fungus CandMtzicans
were resuspended in a 0.9% saline solution to givesultant optical density of 0.1 at a wavelermtts70 nm
(OD570) These cells were further diluted 100 tirme$SDM medium. 10Qul of these diluted cells were added to
each of the wells in the 96 well plate except thieimn 11 which was taken as media control to exaraimy kind of
contamination while performing the assay. Colummhih was taken as positive control containedftingal cells
only in the growth medium. The assay was perforineduplicates. After preparing the plate it wasuibated at a
temperature of 30 °C for a duration of 48 hourgeAfards, the monitoring of OD570 of the cells wlage using a
micro plate reader. The percent inhibition of thuadal growth in the presence of test compoudda-e) was
determined with respect to the positive controldeglucting the percent inhibition due to the solveattrol. The
MIC80 values were thus calculated by plotting apgréetween percent inhibition versus concentratibthe test
compound using the Graphpad Prism software. Theepeinhibition of the fungi was determined at eidiiferent
concentrations of the test compourdlé-e). The Compound8b, 3¢, and3d containing tryptophan, histidine and
glutamic acid substituents appended to the induleugh a triazole linker were found to be most @ffe against
CABWP-17 with MIC80 of 50.2, 78.81, and 188.05 pk/maspectively. Compound3a and 3e with glycine and
tyrosine substituents appended to indole via almaker were found to be least effective with MIC88lues in the
range of 617.90-752.78 ug/ml.

Table 1. MIC80 values and experimentally determinedhydrophilicity index of compounds 3 a-e for CA BWHR7 strain

Compound | MIC80 (ug/ml) | ClogP (experimental)
3a 617.90 3.45
3b 50.2 1.89
3c 78.81 1.78
3d 188.05 -1.01
3e 752.78 1.99

Disc diffusion assay

The disc diffusion assay was performed to furttwplere the antifungal efficacy of the test composin@iaking
YEPD as the culture medium the cells of the BWRt&irs of candida albicans were grown overnightGiC3 A 90
mm diameter YEPD-agar plate was then prepared @haells were spread on it. This plate was then dfied
around 10-15 minutes. Small filter paper discs (b diameter) were prepared, sterilized and placethiznplate
with the help of clean forceps. A known concentratof each test compound dissolved in an apprapsatvent
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was spotted on the paper disc. Similar proceduerepeated with the solvent controls. After incidgathe assay
plates for 48 hours at 30 °C the growth of the &lrgglls at the periphery of the disc was checRéd diameter of
the circle around the disc with no fungal growthresponds to inhibition zone. In order to maintam effective
concentration of the test compounds in the cultasglium the disc diffusion assay was performed alightly
superior concentration than the MIC80 values. Thages of inhibition zone (mm) of fungal culturetfie presence
of test compounds compared with the correspondihgeat are shown in table 2. The zone of inhibitiees highest
for the Compound@b followed by the compoun8c at concentrations 100 pg/ ml and & ml. Whereas, the zone
of inhibition was much narrower in case of the comnpds3a, 3d and3e.

Table 2. Diameter (in mm) of the zone of inhibitiorin the disc diffusion assay of highly effective eopounds against CA BWP17

Concentration of test compounds

solvent 100 pg/ ml 50 pg/ ml 25 pg/ ml 125pg/ml 6125 pg/ml

Spot assay

The results of MIC80 evaluation and the disc diffnsassay led us to select the compouBtdisand 3c for
performing the spot assay. A known concentratiothefcompound8b and3cwas added to the medium containing
YEPD and agar. Solvent control plates were alspamed. The plates with naked YEPD-agar medium seage
positive controls. The fungal cells growing ovehtigpn the YEPD medium at a temperature of 30 °@eskas
primary culture medium. The secondary culture wapared from a 4% inoculum of the primary culturediom.
From the secondary culture were prepared five Isgitigtions of cell suspension with 0.9% salineusimn to give a
resultant OD of 0.2, 0.04, 0.008, 0.00016 and BQ0& 570 nm. A 5 ul volume from each cell suspansias
added to all the plates. After incubating the @ate30 °C their images were recorded after 24shand 36 hours
respectively. The spot assay indicates an impdiradal growth in the presence of the compouBldsnd3c. The
results were quite comparable with the commerciabgd drug ketoconazole whichowed a similar growth
inhibition pattern after 24 hours and 36 hourseftment.

3a
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solvent

cmpd. 3b (24 h)

cmpd. 3b (36 )

cmpd. 3c (24 h)

cmpd. 3c (36 h)

ketoconazole (24 h)

ketoconazole (36 h)

positive control

Figure 1. Spot assay for CA BWP17 in the presencé active compounds 3b and 3c

SEM analysis

The morphological changes occurring in the fungdiisdn the presence of test compounds was moxittmeugh
the Scanning Electron Microscopy. The CA BWP17scelere grown in the presence of the most activepoamd
3b. The cells were pelleted, washed and then fixéal 205% glutaraldehyde and 2% Paraformaldehyde. 1m0
phosphate buffer at 4 °C. In order to get a supstiining of the intracellular membranes, the sdeoy fixing of
the cells was done in Osmium tetraoxide (OsO4). déteydration of the sample was done by sequentiabting
the cells with increased concentrations of acefooma 50% to 95%. After drying the sample with @i point drier
it was mounted on the stub SCM. Spatter coaterusad for the gold coating of cells. The cells wassved under
the Carl Zeiss Microscope EVO40 at 30 KV. The motppical changes were noticeable on the fungal mang
in the presence of compoudth which got augmented with the passage of time. $B¥ investigations clearly
indicate that the compourgb targets the fungal membrane (figure 2).

Figure 2. SEM images of CA BWP17 culture grown inlie presence and absence of compound

3b at different time intervals. D1, D2, D3 and D4 icalie the growth of cells under the optimaonditions in the
absence of the compound after 2 h, 6 h, 10 h anld r&8pectively. E1, E2, E3 and E4 indicate thevtiicof the
cells in the presence of compound 3b after 2 h, 0t and 16 h respectively.
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GC analysis

To explore the inhibition of the enzyme lanostetdlo. demethylase in the presence of the test compouhds,
levels of ergosterol and lanosterol in the BWP1lisdesated with the compound 3b were assessed) BE+rMS.
The cells treated with compound 3b showed a deapletgosterol content compared with the untreatdld. cEhe
levels of lanosterol on the other hand were founihtrease. This clearly indicates an impaired fioning of the
lanosterol 14¢ demethylase enzyme in the presence of the comp8bndue to which much of the subsrate
lanosterol is not metabolized to ergosterol andcéénstarts building up in the cells treated with test compound.

600 1

400 1
% -
200 9[-

Unirested cells Treated cells Untreated cells Treated cells
—— Lansterof —— —— Ergosterol ————

Figure 3. The figure indicates depleted levels ofgosterol in the cells treated with compound 3b

The level of lanosterol in the same cells was fotméhcrease. The bars represent averages of thdependent
assays and the standard deviations are repredgntador bars.

Docking Analysis

The inhibition of the enzyme activity by the teshpounds was justified by docking experiments winettee test
compounds were docked in the active site of theymezlanosterol 14- demethylase by using ArgusLab.exe
software. Both the stereoisomers of the test comg®were docked and it was found that the ‘R’ stismmer
showed a better docking profile in the enzyme acsite. This was in accordance with the experinmetatta where
the D-amino acids were selected for synthesiziregadbmpounds. The numerous hydrogen bonding intersct
were observed for the compourigts and3c which interact with the active site residues ppatly through N atom
of the triazole ring. The ‘R’ stereoisomer of corapd 3b interacts with the residues Y576, Y590 aBé7Fvia
COOH and N atom of the nitrogen heterocycle by bgdn bonding interactions of length 1.23 A, 1.22147 A
and 1.69 A respectively. Similarly, the R’ ster@migr of the compound 3c interacts with the resic(Ez5,

F597, G752 and A756 via N atom of the triazole remgd COOH functional group with hydrogen bonding
interactions of length 2.22 A, 1.88 A, 1.72 A anf11A respectively.

Figure 4. The crystal coordinates of the enzyme larsterol 14 demethylase (pdb ID 3jus) in association with theompound 3b.
The white dotted lines represent the H-bonding inteactions between compound and the amino acid resi@s in the active site of the
enzyme. The interaction are principally through thetriazole nucleus and COOH functional group of thecompound
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Table 3. The docking characteristics of the diffenat stereoisomers of the compounds in the active sibf the enzyme lanosterol 14-
demethylase

Docking Score

Compd. (Kcallmol) Hydrogen bond interactions
3a -10.45 YS?SC()%?-? A, - - -
3b (R) 2021 Y576 (1.23 A), Y576 (1.22 Y590 (1.77 F597 (1.69A),
' COOH A), N (azole) A), N (azole) NH (indole)
| G752 (3.11 A), H372 (2.61 A756 (1.99 |
3b(S) 12.34 COOH A), COOH A), N (azole)
3¢ (R) 18.70 Y576 (2.22 A), F597 (1.88 A), G752 (1.72A), A756 (1.61
) N (azole) N (imidazole) N (azole) A), COOH
G752 (3.61 A), Q557 (2.91
3¢ (S) -10.78 COOH R), COOH - -
. Y576 (2.45 A), A756 (2.22 Y590 (1.99 .
3d(R) 15.41 COOH A), COOH A), CONH2
F597 (2.99 A), Y576 (3.59
3d (S) -8.98 COOH A), COOH - -
. A756 (2.10 A), F597 (2.36 A), Y590 (1.89 .
3e ) 14.01 CONH2 COOH A), COOH
F597 (3.14 A),
3e (S) -8.29 COOH - - )
. Y576 (1.45 A), F597 (1.66 A), . .
ketoconazole 16.81 N (imidazole) N (imidazole)

Figure 5. CPK model for showing the placement of th compound 3b in the active site of the enzyme lasterol 14-o demethylase in the
presence of the natural inhibitor shown in yellow ad blue wireframe

Conmpoterd Energyv mmanimuized INwnolations Aoharme ClogzP
struchare
3a [v] 243 T4 3.45
3 1 343 .56 1.8<
3c ] 324 .56 1.78
3d 1 332.45 -1.01
3e o] 200 OO 1. 00

Figure 6. Lipinski Parameters for the compounds. GgP — hydrophilicity index, Nviolations — number ofviolations from Lipinski
parameters
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Study of Influx — Efflux of R6G in CA BWP17 in presence of compounds:

Several of the commercially available antifungalgh are subjected to the cellular efflux pumps.check the
vulnerability of the test compound@b and 3c towards the fungal efflux pumps, the R6G efflufltin assay was
performed. R6G is a substrate of fungal efflux pampwas envisioned that if there is a competiti@ween test
compounds and R6G to interact with efflux pump, trensportation of R6G out of the cell will be daleal.
Conversely, if there is efflux of R6G in presenée@mpounds it would indicate that there is noratdion between
compound and efflux pump protein. Influx-efflux R6G in fungal cells was monitored by recordingdhsorbance
and fluorescence of extracellular fluid. CA BWP Yihpary/ secondary culture was grown as describeikeaAfter
centrifugation the cells were taken in PBS solutiomon-growing medium. The PBS solution was nowviddid into
three portions. One part was taken positive contedond part was considered as solvent controttanthird part
was treated with the test compounds. R6G was addleall the three portions. The assay was perforined
triplicates. An increase in R6G influx was obsenwedositive control and solvent control experingenthile in
presence of compourgb, most of R6G entered the cell immediately and nange in R6G influx was observed
with time. Similarly, the initial efflux of R6G inthe presence of compour8b was found to be much faster
compared to positive control and solvent contrattBinflux as well as efflux assays were pointiogiards rupture
of the fungal membrane in presence of compoBindnaking free passage for influx and efflux of R@&milar
trends were observed during the efflux of R6G iespnce of compourfb.

0.55
.50 |'l' B contml
.45 ! salvant
= B compoond 3b
2040 .
=
o 03k .
=
A0
0.2% .
i
10 20 Jo m & (] n
time {(min.)
Figure 7. R6G influx in the presence of compound 3b
(a)
450 ®)
B control with ghucose W zolvent with glicose
b with glucose control wathout ghacose 375
375 B solvent without ghucose B Ibwithout glucose >
00 —— conirol
300 2 135 —— relurm
= == compoand b
3 £ 150
z E
1 75
£
= L]
1] 20 40 6l Al
time (min.)

i (1] b{1] 30 40 S0 i T0
time (min.)

Figure 8. (a) R6G efflux in the presence of compoun3b. (b) Differentiation between active and passesefflux
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Figure 9. Influx of R6G in the presence of compoun@c
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Figure 10. (a) R6G efflux in the presence of compad 3c. (b) differentiation between active and pasge efflux

CONCLUSION

As conclusion, the amino acid tethered triazolemevidentified with momentous antifungal activitidhie minimum
inhibitory concentration assay revealed that thepmunds3b and 3c with tryptophan and histidine substituents
were most active inhibitors of the BWP 17 strairfusfgi candida albicans. The observation was furdoafirmed
by performing the spot assay and disc diffusiomgssThe GC analysis of the metabolites of the dlingembrane
revealed an elevated concentrations of the ergisterich led us to conclude that the test compoumtis/ely
target the enzyme lanosterol a4temethylase. The docking of the test compoundkeractive site of the enzyme
further strengthened this observation. The studthefR6G efflux/ influx pumps in the fungal memhearevealed
that the test compounds adversely influence the bm@ne integrity leading to the creation of a frasgage for the
entry and exit of metabolites across the membr@werall, highly efficient antifungal leads with mbrane lysing
properties were recognized.
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