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Amphotericin B and anidulafungin are widely used antifungal drugs for the treatment of 
systemic and serious mycoses. Amphotericin B is relatively toxic drug, has long been 
established. This study is first of its kind to systematically investigate the nature of binding to DNA, 

and to evaluate intercalation of AMP-B or ANIDULA with the aid of UV-Vis, ITC, and CD spectroscopy. 

The binding affinity of AMP-B with exclusion sites of 4.68 base pairs (1.2x10
5
M

-1
) was found to be 

higher than ANIDULA with exclusion sites of 6.67 base pairs (3.78x10
4
M

-1
); consistent with the 

binding affinity values obtained for AMP-B (10
5
M

-1
) and ANIDULA (10

4
M

-1
). The binding of two drugs 

with double-stranded DNA was favoured by negative enthalpy as well as negative entropy changes. 

The intercalation of drugs to duplex polynucleotide induced changes in the intrinsic CD spectra 

revealed comparatively higher affinity towards AMP-B than ANIDULA. Molecular docking studies 

revealed that the negative binding energy was higher in case of AMP-B reflecting more affinity 

towards single-stranded DNA. The results of the cytotoxicity, immunoblotting, and gene specific LA-

QPCR assay have indicated that ANIDULA is less genotoxic than AMP-B. Hence, the superiority of 

ANIDULA over AMP-B as systemic antifungal drug has been established beyond doubt. 

 

Introduction 

Incidence of systemic fungal infections has 
increased from the last quarter of the preceding century 
because of rampant use of broad-spectrum antibiotics, 
extensive cytotoxic chemotherapy, higher frequency of 
stem cell therapy along with organ transplantation, and 
the execution of prosthetic devices and use of 
indwelling intravascular catheters. Among all fungal 
pathogens that create medical problem, Candida tops the 
list in causing systemic infections and sometimes are 

life-threatening in immuno-compromised patients. For 
many years, before the advent of echinocandins and the 
clearance of its recent-most derivative, anidulafungin, as 
drug after clinical trials, the cytosine analogue (5-
fluorocytosine), triazole compounds (particularly 
fluconazole), and polyenes (more specifically 
amphotericin B) have been used most extensively in 
treating fungal infections1. Emergence of resistance of 
the fungal pathogens towards azoles and 5-
fluorocytosine2-4 has in turn led the clinicians to opt for 
the only choice, polyene-based compounds (in spite of 
their toxicity), particularly amphotericin-B in the 
treatment of resistant-Candida infections. Hence, 
discovery of echinocandins was a welcome 
development in antifungal therapy. Echinocandins 
inhibit cell wall biosynthesis in fungi by interrupting the 
synthesis of 1,3-beta-D-glucan1. Since mechanism of 
action of echinocandins differed from the mode of 
action(s) of azoles (inhibits sterol biosynthesis), 
polyenes (directly interacts with cell membrane sterols), 
and flurocytosine (interferes with the nucleic acid 
metabolism), rapid appearance of resistance to 
anidulafungin is not very probable. Resistance to 
anidulafungin in isolates can occur only if mutations are 
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recruited in the genes that expresses 1,3-beta-D-glucan 
synthase enzyme complex. Amphotericin B is a 
cyclic amphiphilic molecules (Fig. 1) binding to the 
ergosterol and lipid bilayer, make pores in the 
membrane facilitate the leakage of small cations 
like K+, Na+, and Ca2 +(7). Anidulafungin is 
noncompetitive inhibitors of β-D-glucan synthase, 
an enzyme helps to synthesize (1→3)-β-D-glucan 
cell wall component1. Again, abundance of beta-1,3-
bonds in the fungal cells will render the pathogen 
susceptible to anidulafungin in-vitro for sure. Other 
positive points in favor of anidulafungin therapy are: (i) 
it does not induce, inhibit, or get used as substrate of the 
cytochrome P450 enzyme system ruling out any major 
drug interaction; (ii) the ring-form of anidulafungin is 
non-enzymatically degraded to linear peptide followed 
by further degradation to simpler forms with the aid of 
non-specific peptidases present in the human plasma 
(binding to human plasma protein is 99%); (iii) it is 
eliminated through fecal route and do not pose 
environmental risk as it is readily degraded; (iv) it is 
found not to be ‘genotoxic’ at least from the test results 
of bacterial reverse mutation assays (Ames test), in-vitro 
chromosome aberration tests in CHO cell line or mouse 
lymphoma cells, and in-vivo mouse micronucleus test. 
Summing up all the points, FDA approved the use of 
anidulafungin for the treatment of invasive candidiasis, 
candidemia and esophageal candidiasis. 

What really absent was the carcinogenicity test 
of anidulafungin. Long-term carcinogenicity studies 
with anidulafungin were not conducted nor anticipated 
because it showed no selective reproductive or 
developmental toxicity or genotoxicity in-vitro 
envisaged in the tests as mentioned earlier. Besides all 
advantages, it is poorly bio-available (5%) and the only 
route for administration is intravenous. Studies in 
murine samples demonstrated persistence of 
intravenously administered anidulafungin (single dose) 
in tissues for many days5. Anidulafungin’s retention in 
the tissue for days poses a potential biological question 
of inflicting DNA damage, if any. In the present study, 
we have performed a detail study to test the ability of 
anidulafungin to cause DNA damage with reference to 
the activity shown by another most widely used 
systemic antifungal compound, amphotericin B, under 
the same dosage and reaction conditions. The study has 
been successful to confer the superiority of 
anidulafungin over amphotericin B in terms of lesser 
DNA damage activity; and the results of our 
experiments stand as a gap-filler to rule out the 
potentiality of being a carcinogen. 

Results and discussion 

Absorption spectroscopy and binding affinity 

evaluation 

Interaction of small molecules with DNA can 
be suitably monitored using electronic spectroscopy by 
the changes in the absorbance and the shift in the 
wavelength maxima. The effect of progressively 
increasing the concentration of DNA on the absorption 
spectrum of AMP-B and ANIDULA are presented in 
Fig. 2. The characteristic hypochromism, sharp 
isosbestic points and saturation at high DNA 
concentrations suggest a simple two state transition 
between the free and bound drug. The absorbance 
spectrum of AMP-B in solution shows absorption 
maxima at 407, 384, 363 and 323 nm with a sharp 
isosbastic points at 298nm. On the other hand anidula 
shows maxima at 288 nm and isobastic points at 291 
nm. Since no evidence for any cooperatively (no 
positive slope at low input values of the drug) was 
found, the Scatchard plots were analyzed by the 
McGhee-von Hippel equation8 for non-cooperative 
ligand binding. The solid lines represent the best fit of 
the experimental value to equation (1).The result 
obtained from the experiment is that the entire DNA 
binding to these drugs occurred non-cooperatively. The 
binding affinity (k) of amp-B with DNA was 1.20 x105 
M-1 with exclusion sites (n) of 4.68 base pairs. On the 
other hand, the binding affinity (k) value for anidula 
was 3.78 x104 M-1 with exclusion sites (n) of 6.67 base 
pairs. 

Isothermal titration calorimetry 

Binding of small molecules to macromolecules 
can be conveniently monitored by using isothermal 
titration calorimetry (ITC)6,18.  The benefit of ITC is that 
it can give complete thermodynamic profile of the 
binding, for instance, Gibbs free energy (∆G), enthalpy 
change (∆H), and entropy change together with an 
estimate of the binding affinity (K) and the 
stoichiometry (n) in a single-shot experiment. The 
representative ITC profiles of the binding of AMP-B 
and ANIDULA to dsDNA were presented in Figure 3. 
Upper panels showed the representative raw ITC 
profiles resulting from the titration of amp-B and 
Anidula binding to the DNA under study. The data from 
ITC experiments are presented in Table 1. It can be seen 
that the binding affinity values obtained from ITC data 
are of the order of 105 M-1 order for AMP-B with double 
stranded DNA and104 M-1 order for ANIDULA which is 
very much consistent with value obtained from the 
absorption titration studies. The binding of these drugs 
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with dsDNA was favored by negative enthalpy as well 
as negative entropy changes but the value of negative 
enthalpy was much higher for anidula. The free energy 
change in each case was more or less similar (around 
6.45–6.85 kcal mol-1). To understand the base pair 
specificity of these two drugs towards DNA bases, four 
sequences of DNA namely AG, AT, GC and TC was 
incorporated in this study. The binding constant 
obtained from these experiments revealed that Amp-B 
has highest binding affinity for GC and the degree of 
binding followed the order GC>TC>AG>AT. The 
binding of Amp-B to GC and TC was favored by strong 
negative enthalpy and entropy while with AG was 
favored by small negative enthalpy and positive 
entropy. The energetic of the binding with AT DNA 
was totally different from these three types of DNA 
sequences. The positive enthalpy and positive entropy 
change indicate an enthalpically unfavorable interaction. 
The positive sign of both the enthalpy and entropy term 
can be considered as a characteristic of a predominantly 
hydrophobic binding reaction [6]. On the other hand 
anidula shows highest binding towards AG and varying 
in the order AG>TC. The binding of anidula to AG was 
favored by negative enthalpy and entropy where as the 
binding of TC was fully dependant on the unfavourable 
enthalpy and favorable entropy change. In AT and GC, 
the thermogram revealed unusual binding that could not 
be fitted to any protocol. The values obtained from these 
experiments were similar to that observed for other 
intercalators6. 

CD analysis 

Circular dichroism is an instructive technique 
that can give information about the binding mode. The 
intercalation of AMP-B and ANIDULA to duplex 
polynucleotides induced changes in the intrinsic CD of 
the polynucleotides. Comparative circular dichroic 
changes in the polynucleotides on binding of AMP-B 
and ANIDULA at various D/P (drug/ polynucleotide 
base pair molar ratio) values were recorded in the 180-
300 nm regions. The data are presented in Figure 4. The 
binding results in terms of the enhancement in the 
ellipticity of the long wavelength positive (266 nm) and 
negative(250 nm) bands reflected lengthening of the 
helix and weakening of the base stacking interactions 
due to intercalation; and the change was more 
prominent in case of AMP-B compared to that of  
anudula. This result clearly indicated that the 
nucleotide-binding-affinity of AMP-B was much higher 
and therefore it is in good agreement with the UV and 
ITC value. 

Molecular docking 

AMP-B and ANIDULA were docked against 
SS DNAs composed of AG, AT, CG and CT. Overall, 
AMP-B showed a more negative binding energy than 
ANIDULA, reflecting in more affinity to SS DNA (Fig. 
5), which is in agreement with ITC and CD analysis. 
However, analyzing each complex separately, only the 
complexes of AG and AT with AMP-B could represent 
the real binding mode, as they demonstrated binding 
energies virtually identical to ITC results.  

Cytotoxicity/Imunoblotting/ oxidative DNA damage 

In order to evaluate the cytotoxicity level of 
antifungal drugs, MTT assay was performed with 
different doses of the drugs. Results revealed that 
amphotericin B is more toxic than anidulafungin in 
same concentration (Fig. S1). To account for the 
genotoxic effect of the antifungal drugs, the expression 
level of a number of DNA repair proteins (NEIL1, 
NEIL2, OGG1, Nth1, APE1 and PNKP) were 
monitored in whole cell extract in response to the 
treatment with different doses of the antifungal agents 
(Fig. 6). The levels of the repair proteins were found to 
be enhanced after treatment with both the antifungal 
agents, individually. The expression of repair proteins 
followed a consistent pattern in both the cases. Among 
them, however, increase in the level of NEIL2, APE1 
and PNKP stood out to be significant in comparison to 
the other proteins and fold enhancement was more 
prominent for the Amphotericin B treatment as 
compared to treatment by Anidulafungin with respect to 
NEIL2 and PNKP expression. NEIL2 is an oxidized 
base specific human DNA glycosylase which uniquely 
excise oxidized bases from base-unpaired sequences in 
DNA. The protein, APE1 cleaves the phosphodiester 
backbone immediately 5´ to an AP site, via hydrolytic 
mechanism, to generate a single-strand DNA break 
leaving a 3´-hydroxyl and 5´-deoxyribose phosphate 
terminus. PNKP is one of the major DNA end 
processing enzyme with 3’ phosphatase and 5’ kinase 
activities and it generates 5’- phosphates and 3’-
hydroxyl groups at the damaged DNA termini that are 
required for subsequent processing by DNA ligases and 
polymerses. The increase in the level of these proteins 
in response to drug treatment is indicative of the 
cytotoxic DNA damage effect that the antifungal agents 
may possess. To examine the accumulation of oxidized 
purine and pyrimidine base adducts and subsequent 
DNA strand breaks (DNA SB) before and after 
treatment, genomic DNA was isolated from HEK-293 
cells treated with different doses of antifungal agents, 
and the levels of SBs in the HPRT and POLB gene was 
compared using long amplicon quantitative PCR (LA-
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QPCR) as described previously16,17. A decreased level 
of the long amplicon PCR product (~10-12 kb) would 
reflect a higher level of DNA SBs, and amplification of 
a smaller fragment for the gene should be similar for the 
samples, because of a lower probability of SB formation 
in a shorter fragment. We have indeed observed a higher 
level of DNA lesion frequency in the genomic DNA 
particularly with higher dose of the drug treatment 
compared to control cells (Fig. 7). The effect was more 
prominent for amphotericin B for both the genes as is 
evident in the Fig. S2. DNA strand breaks (SBs), both 
single-stranded (SSBs) and double-stranded (DSBs), are 
among the most toxic and mutagenic lesions in 
mammalian genomes. Among them, various “dirty” 
DNA ends are extremely toxic because such ends block 
the action of DNA polymerases and DNA ligases; the 
conventional 3/-OH (hydroxyl) and 5/-P (phosphate) 
ends must be restored for gap-filling and DNA ligation 
to occur during repair for maintaining genomic 
integrity. Unrepaired SBs can have impact on the fate of 
the cell in several ways. The most likely effect in 
proliferating cells is the blockage or collapse of DNA 
replication forks during the S phase. Hence, SBs pose a 
significant threat to maintaining genomic integrity and 
cell survival. Our results show a sharp increase in the 
level of PNKP and the level of NEIL2 after treatment 
with the antifungal drugs. This is indicative of 
accumulation of DNA SBs as side effect of the 
treatment. Among them, human polynucleotide kinase 
3/-phosphatase (PNKP) is a major DNA end-processing 
enzyme which removes the 3/-P group19 and catalyzes 
the phosphorylation of 5/-OH termini (generated by 
some nucleases, and as intermediates of topoisomerase 
cleavage; thus involved in the repair of both SSBs via 
the SSB repair (SSBR) pathway and DSBs via non-
homologous end joining. Also, NEIL2 is an important 
mediator of base excision repair (BER) of oxidative 
DNA damage particularly for transcribing genes20.  

Materials and methods 

UV-Vis spectroscopy 

A Shimadzu Pharmaspec (Shimadzu 
Corporation, Kyoto, Japan) was used for absorption 
spectral studies.  For this purpose a constant 
concentration of the DNA was treated with increasing 
concentration of the AMP-B/ANIDULA in one cm path 
length matched quartz cells with continuous stirring. 
The amount of free and bound drug was determined as 
described previously6-7. Binding data obtained from 
spectrophotometric titration of increasing concentrations 
of drug to a fixed concentration of DNA was 

transmitted into the form of Scatchard plot of r/Cf 
versus r, where r is the number of ligand (drug) 
molecules bound per mole of DNA base pairs. Non-
linear binding isotherms observed were fitted to a 
theoretical curve drawn according to the excluded site 
model of McGhee and von Hippel8 for non-cooperative 
ligand binding system using the following equation 

r/Cf = K (1-nr)[(1-nr)/{1-(n-1)r}](n-1)  
…………(1) 

where K is the intrinsic binding constant to an 
isolated binding site, and n is the number of nucleotides 
occluded by the binding of a single ligand molecule. 

Synthesis of Base Pairs 
To understand the base pair specificity of these 

two drugs towards DNA bases, four oligo sequences of 
DNA namely AG, AT, GC and TC specific repeated 
sequences are synthesized as 5’- 
AGAGAGAGAGAGAGAG-3’; 5’- 
ATATATATATATATAT – 3’; 5’- 
GCGCGCGCGCGCGCGC-3’ and 5’- 
TCTCTCTCTCTCTCTC-3’ and used in further study. 

Isothermal Titration Calorimetry (ITC) 

The titration was performed using a  ITC200 
Systems (GE Healthcare, USA) coupled with non-
reactive Hastelloy® cells for chemical resistance. The 
titrations were carried out 0.25 × 10-3 molar solution of 
DNA against 0.1× 10-3 molar solution of each drug in 
PBS (1X) buffer. All solutions were degassed right 
before the experimental runs under same reaction 
condition at 25 °C and at 180 sec intervals utilizing a 
stir speed of 310 rpm. Blank ITC experiments were 
done to correct heat of dilution effects. Origin 7.0 
(OriginLab Corp., MA) was used to analyze the ITC 
data to determine the binding constant (K) and enthalpy 
of binding (∆H) directly from the binding thermograms. 

Circular Dichroism Spectroscopy 

The Circular dichroism (CD) spectrum was 
recorded at room temperature using a Jasco J-815 
spectropolarimeter equipped with a Jasco PTC-423 S 
Peltier temperature controller. The scanning rate was 50 
nm.min-1 with a response time of 2s. Spectrum was 
recorded at standard sensitivity (100 mdeg) with a data-
pitch of 0.5 nmin continuous mode. The scanning range 
was 300-190 nm and the resultant spectrum was the 
average of two consequent accumulations. The baseline 
was corrected by subtracting the corresponding buffer 
blank.  

Molecular Docking 
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The 2D structures of AMP-B and ANIDULA 
were obtained from KEGG database (IDs D00203 and 
D03211, respectively). The 2D structures were 
optimized for 3D structures through the PRODRG 
Server9. The Single Strand DNA (SS DNA) structures 
were obtained from the following pdb structures 1D56 
for AT10, 1I0T for CG11 and 196D for AG and CT12. 
The docking was performed through AutoDock Vina13, 
where the DNA structures were used as receptors and 
the antibiotic structures were used as ligands. The 
structures were processed by AutoDock Tools14 and the 
grid box of 30 Å3 was set to the center of receptor. Each 
docking was repeated 50 times. 

Cytotoxicity assay 

MTT assay was performed to determine cell 
cytotoxicity following the method described earlier by 
Mandal et al.15. Human Embryonic kidney (HEK-293) 
cells (2.0×103) cells were seeded in 100 µL complete 
DMEM medium per well in 96 well plates. Plates were 
incubated at 370C in 5% CO2 for 24 hours for cell 
attachment. Cells were treated with individual 
compounds with variable concentration from 5-100 
µg/mL and incubated at 370C in 5% CO2 for 48h. Three 
wells were used in the 96 well plates for each derivative 
and repeated three times. For the MTT assay, thiazolyl 
blue tetrazolium bromide solution (100µL; 1 mg/ mL) 
was added and the mixture was incubated for 4 hours. 
After that, 100 µL of dimethylsulphoxide (DMSO) was 
added and the plates were rotated for 5 minutes. Optical 
density was recorded at 550 nm with DMSO as blank. 
Percent cell viability was plotted against concentrations 
of derivatives. Cells treated without any compound were 
used as control. 

Immunoblotting 

Human Embryonic kidney (HEK-293) cells 
were treated with ANIDULA (Pfizer pharmaceutical) 
and AMP-B (X gen pharmaceutical) at final 
concentration of 5 µg/ml, 10 µg/ml, 20 µg/ml, 50 µg/ml 
and 100 µg/ml for 24 hours in 30 mm plates along with 
mock (without treatment). From a part of the cells, 
whole cell extract was prepared using RIPA buffer 
(Sigma) and 15 µg proteins (after quantitation by 
Bradford assay) was loaded in 4-12% Bis Tris gel 
(Invitrogen). After electrophoretic transfer of proteins to 
nitrocellulose membrane, the membranes were probed 
with following antibodies to check for the expression 
profile of the proteins before and after treatments: 
NEIL1, NEIL2, OGG1, NTH1, APE1 and PNKP (all 
were anti rabbit antibodies raised in laboratory 
conditions and antibody dilution was 1:500 in each 

case). The human anti rabbit Lamin B antibody 
(Genetex Inc.) was used for checking equal loading of 
proteins in each lane. In each case, the blot was stripped 
using Restore Plus stripping buffer (Thermo scientific) 
and reproved with another antibody. Finally, the band 
intensities were quantified using ImageJ software and 
normalized with band intensities of the loading control.  

Gene-specific LA-QPCR assays  

Another part of the above treated cells were 
harvested for genomic DNA extraction using the 
QIAGEN Genomic-tip 20/G kit (Qiagen) as per the 
manufacturer's directions. This kit is particularly useful, 
as it minimizes DNA oxidation during the isolation step 
and has been previously used for LA-QPCR assays17. 
After quantitation by Pico Green (Molecular Probes) in 
a 96-well black bottomed plate, the genomic DNA was 
digested with the E. coli enzymes Fpg (NEB) and Nei 
(NEB), which are able to remove a variety of oxidized 
purine and pyrimidine bases and to induce strand breaks 
at the sites of unrepaired oxidized base by cleaving the 
phosphodiester bond with their associated AP lyase 
activity, facilitating efficient detection of DNA damage 
by inhibiting Taq polymerase to surpass the lesion site, 
thereby decreasing the amplification efficiency. E. coli 
enzymes are chosen for the purpose of inducing strand 
breaks because of their robust activity to remove 
oxidized bases on double stranded DNA whereas Nei 
homologs in mammalian cells, like NEIL2 prefers 
lesions in single-stranded DNA over duplex DNA 
and interacts with a number of transcription factors, 
in-vivo, including RNA polymerase II, which help 
to open up the DNA strands and thus, to remove 
bases in a transcription-coupled repair pathway20. 
Gene-specific LA-QPCR assays16-17for measuring DNA 
damage were performed  using Long Amp Taq DNA 
Polymerase (New England Biolabs) to amplify a 
10.4 kb region of the HPRT or 12.2 kb of the POLB 
gene in human genomic DNA using the following 
primers: 5′-TGG GAT TAC ACG TGT GAA CCA 
ACC-3′ and 5′-GCT CTA CCC TCT CCT CTA CCG 
TCC-3′ for HPRT and 5′-CAT GTC ACC ACT GGA 
CTC TGA AC-3′ and 5′-CCT GGA GTA GGA ACA 
AA ATT GCT-3′ for POLB. Preliminary assays were 
carried out to ensure the linearity of PCR amplification 
with respect to the number of cycles and DNA 
concentration. The final PCR reaction condition was 
standardized at 940C-30 sec-1 cycle; 940C-30 sec, 580C 
30 sec, 650C 10 min for 25 cycles; 650C 10 min-1 cycle 
and 15 ng of DNA template was used for each reaction. 
Since amplification of a small region would be 
independent of DNA damage, a small DNA fragment 
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was also amplified for normalization of long amplicons 
using the following primers: 5′-TGC TCG AGATGT 
GAT GAA GG-3′ and 5′-CTG CAT TGT TTT GCC 
AGT GT-3′ for HPRT; 5′-AGT GGG CTG GAT GTA 
ACCTG-3′ and 5′-CCA GTA GAT GTG CTG CCA 
GA-3′ for POLB. The amplified products were then 
visualized on gels and quantitated with ImageJ 
automated digitizing system on the basis of three 
replicate gels in each case. 

Conclusions 

Genotoxic-risks have been identified during the 
treatment systemic fungal infection with amphotericicn 
B or anidulafungin. AMP-B reflects higher affinity to 
damage DNA than anidulafungin. Simultaneously, 
increase in the level of the DNA repair proteins, the 
higher level of DNA SB accumulation in case of 
treatment with amphotericin B could possess serious 
threat to normal cell survival and thus, anidulafungin 
may be a preferred choice for antifungal treatment. 
DNA repair or antioxidant therapy is necessary during 
antifungal drugs administration.  
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Figure legends: 

Fig. 1. Representative chemical structure of amphotericin B 
and anidulafungin. 
 

Fig. 2.  Absorption spectral changes of (A) anidulafungin-
(5µM) treated with 0, 5, 10, 15, 20 and 25 µM (curves 1–6) of 
DS-DNA and  (B) amphotericin B (5µM) treated with 0, 5, 
10, 15, 20 ,25 and 30 µM (curves 1–7) DS-DNA .Inset: shows 
a fitting of the absorbance data used to obtain the binding 
constants. 
 
Fig. 3. ITC profiles for the binding of (A) anidulafungin to 
AG-DNA and (B)  Amphotericin B to GC DNA. Top panels 
present raw results for the sequential injection of (A) AG-
DNA and (B) GC DNA in citrate-phosphate buffer, pH 7.01 at 
25oC .The bottom panels show the integrated heat results after 
correction of heat of dilution against the mole ratio. The data 
points were fitted to one site model and the solid lines 
represent the best-fit data. 
 
Fig. 4. Intrinsic circular dichroic (far UV) spectral changes of 
(A) amphotericin B -DS DNA (30 µM) and (B) 
anidulafungin-DS DNA (30 µM).  In panel (A) curves 1 to 4 
denote 0, 30, 45, and 60 µM of amphotericin B, panel (B) 
curves 1 to 4 denote 0, 30, 45, and 60 µM of anidulafungin. 
 
Fig. 5. Molecular docking results. (A) The average binding 
energy of 50 samples of molecular docking of amphotericin B 
(blue) and anidulafungin (orange) against the four SS DNA. 
Overall, amphotericin B binds with a lower energy, resulting 
in more affinity than anidulafungin. (B and C) Complexes of 
amphotericin B (white backbone) and SS DNA (blue 
backbone) of AG and AT,respectively. The complexes are kept 
through a number of hydrogen bonds (yellow dotted lines). 
The sequence of SS DNA is also indicated. The two 
complexes showed virtually the same energy retrieved form 
ITC experiments, -6.7 and -6.3 Kcal.mol-1 for amphotericin 
B -AG and amphotericin B -AT, respectively. 
 
Fig. 6.  Genotoxic effect of the antifungal drugs in terms of 
expression level of DNA repair proteins. Panel A: 
anidulafungin treatment. Panel B: amphotericin B treatment. 
Con: Control (mock or without treatment) and rest of the 
lanes indicate treatment with antifungal agent with increasing 
concentration (in the unit of µg/ml). The whole cell extract, 
after treatment with the different concentration of the 
antifungal agents for 24 hrs, were probed with various DNA 
repair proteins (indicated at the left) to estimate their 
expression profiles. Lamin B was used as loading control to 

check for equal loading in each case. Panels C and D show 
the histograms representing fold changes of expression level 
of various DNA repair proteins (normalized with loading 
control) after treatment with different doses of anidulafungin 
and amphotericin B, respectively and quantified by ImageJ.  
 
Fig. 7. Analysis of genotoxic effect in terms of DNA strand 
break accumulation. Panel A: anidulafungin treatment. Panel 
B: amphotericin B treatment. Con: Control (mock or without 
treatment) and rest of the lanes indicate treatment with 
antifungal agent with increasing concentration (in the unit of 
µg/ml). The genomic DNA was extracted after treatment with 
the different concentration of the antifungal agents for 24 hrs, 
and subjected to LA-PCR with oligos specific for HPRT. 
Short intron specific fragment of the gene was used as control 
for normalization. Panels C and D show histograms 
representing the DNA damage quantitation for different 
treatments (n=3). Error bars indicate standard error of means. 
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TABLE 1 :  Isothermal calorimetric data for the binding of  anidulafungin (anidula) and Amphotericin B (AMP-B) to 

polynucleotides at 25
o
C 

Polynucleotides Drug N Kx10
-5 

(M
-1

) 

∆G 

(kcal /mol) 

∆H 

(kcal /mol) 

T∆S 

(kcal 

/mol) 

DS      

 Anidula 5.94±0.32 0.56±0.0134 -6.45±0.16 -68.46±0.16 -62.01 

Amp-B 4.30±0.101 1.05±0.123 -6.85±0.13 -13.67±0.13 -6.82 

AG      

 Anidula 3.55±0.0922 1.94±0.36 -7.21±0.39 -40.61±0.39 -33.40 

Amp-B 5.40±0.160 0.847±0.016 -6.72±0.11 -2.69±0.114 4.03 

AT      

 Anidula nd nd nd nd nd 

Amp-B 2.17±0.063 0.53±0.042 -6.45±0.10 4.57±0.10 11.02 

GC      

 Anidula nd nd nd nd nd 

Amp-B 4.69±0.027 2.75±0.160 -7.42±0.57 -72.44±0.57 -65.02 

TC       

 Anidula 4.18±0.350 0.793±0.034 -6.68±0.16 9.11±0.162 15.79 

 Amp-B 2.72±0.0389 1.90±0.16 -7.21±0.88 -45.79±0.88 -38.76 

All the data in this table are derived from ITC experiment are average of four determinations. K and ∆H values were 

determined from ITC profiles fitting to Origin 7 software as described in the text. The values of ∆G and T∆S were 

determined using the equations∆G = - RTlnK, and T∆S = ∆H-∆G. All the ITC profiles were fit to a model of single 

binding sites. 
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Figure  1. 
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Figure  2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Figure 6. 
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Figure 7. 
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