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Summary 
 
DNA topoisomerases are ubiquitous enzymes which are 
involved in replication, transcription, recombination and 
repair of nucleic acids. DNA topoisomerase II of filarial 
parasite Setaria cervi was purified to homogeneity by use 
of cation exchange and affinity chromatography. The puri-
fied enzyme migrated on SDS-PAGE as a single band with 
molecular weight of ~80 kDa and native molecular weight 
of the enzyme was found to be 175 kDa indicating the 
dimeric nature of the protein. Topo II of S. cervi required 
ATP and dATP for its activity and optimal activity was 
observed at 1.0 mM ATP concentration.  The filarial 
enzyme also utilized nucleotides, namely GTP, UTP and 
CTP for its activity. The divalent metal ions requirement of 
the enzyme showed that beside Mg+2 other ions viz., Ca+2, 
Mn+2, Cu+2 and Sr+2 were also utilized as cofactor for the 
activity. Antifilarial compounds ivermectin and diethylcar-
bamazine inhibited 100 % topo II activity at 100 μM con-
centration but suramin showed similar effect at 20 μM con-
centration. Nalidixic acid and novobiocin exhibited 100 % 
inhibition of the enzyme activity while mAMSA and 
etoposide inhibited the activity to different extents at 100 
μM concentration. In view of significant differences in 
properties exhibited by the filarial topoisomerase as 
compared to other parasitic and eukaryotic topoisomerases, 
the filarial topoisomerase can be usefully exploited to 
devise new antifilarial compounds. 
 
Key words: Setaria cervi; DNA topoisomerase II; suramin; 
antifilarials; ivermectin; diethylcarbamazine; nalidixic 
acid; novobiocin; mAMSA; etoposide; potential target; 
nucleotide cofactors 
 
Introduction 
 
DNA topoisomerases are the ubiquitous enzymes that play 
pivotal role in modulating the dynamic nature of secondary 
and higher order structures and thus provide essential 

.........  
 
functions inside cells. These functions relate mainly to 
nucleic acid metabolism - namely replication, transcrip-
tion, recombination and repair (Champaux, 1978; Cozza-
relli, 1980). Two categories of topoisomerases have been 
found in variety of organisms (Gellert, 1981). The type I 
topoisomerases transiently cut and then reseal one DNA 
strand, while the type II enzymes cut and reseal both 
strands at the same time, so that the linking number 
changes by a step of one for the former enzyme and by 
steps of two for the latter enzymes (Brown & Cozzarelli, 
1979). The bacterial topoisomerases are the best-studied 
enzymes and some of their biological properties are now 
well established. Because DNA topoisomerases play a key 
role in cellular processes, affecting the topology and or-
ganization of intracellular DNA, it is important to define 
the physiological functions and understand the molecular 
basis of their action. Moreover, beyond their normal cel-
lular activities, these enzymes are proven molecular targets 
for clinically useful antitumor (Taudou et al., 1984; Hsieh, 
1983; Goto et al., 1984) and antimicrobial drugs (Chak-
raborty & Majumdar, 1987; Fragoso et al., 1998; Miller et 
al., 1981). Among various enzymes identified for drug 
development against parasitic diseases, DNA topo II has 
been chosen as a novel target for antiparasitic drug deve-
lopment, not only because they are intrinsically interesting, 
but also because they may provide a target for novel anti-
parasitic chemotherapy. Eukaryotic DNA topoisomerase I 
has been identified as the primary target for the antineo-
plastic alkaloid- camptothecin, whereas eukaryotic DNA 
topoisomerase II is the target for many anticancer agents 
including both non-intercalating and intercalating com-
pounds. 
DNA topoisomerases have been purified and characterized 
from Drosophila embryos (Hsieh, 1983), yeast (Goto et 
al., 1984), Leishmania donovani (Chakraborty & Ma-
jumdar, 1991), HeLa cells (Miller et al., 1981) Trypano-
soma cruzi and C. fasciculata (Shlomai & Zadok, 1983; 
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Melendy & Ray, 1989), and Plasmodium berghei (Riou et 
al., 1986). In previous study we have demonstrated the 
presence of topo II and I in adults and microfilarial stages 
of filarial parasites viz. Brugia malayi, Setaria cervi and 
Acanthochelionema viteae and the effect of various topoi-
somerase inhibitors and antifilarial compounds on filarial 
enzyme and their potential as chemotherapeutic targets 
(Pandya et al., 1999).  These findings prompted us to pu-
rify and characterize topo II from the filarial parasite S. 
cervi in order to use this enzyme as screening system for 
antifilarial compounds. 
 
Material and methods 
 
Isolation of parasites  
S. cervi, adult female filarial parasites were collected from 
the peritoneal cavity of freshly slaughtered Indian water 
buffaloes and washed thoroughly with normal saline to 
remove blood and other tissues as reported earlier (Pandya 
et al., 1999). 
 
Preparation of enzyme extract  
The parasites (1 g) were crushed in liquid nitrogen into 
fine powder using mortar and pestle. 10 ml of nuclear 
isolation buffer (NIB) containing 5 mM potassium 
phosphate buffer (pH 7.0), 2 mM MgCl2, 0.1 mM EDTA, 1 
mM PMSF, 1 mM DTT and 1 mM EGTA was added and 
mixed homogenously. The homogenate was centrifuged at 
3000 g for 10 minutes and supernatant was discarded.  
Nuclei obtained were lysed by adding NIB + Triton X-100 
buffer (5 mM potassium phosphate, pH 7.0, 2 mM MgCl2, 
4 mM EDTA, 1 mM PMSF, 1 mM EGTA, 0.35 % (v/v) 
Triton X-100 and 0.375 M NaCl) to the pellet and ho-
mogenizing in a glass homogenizer. The nucleic acids 
were precipitated by slow addition of solid polyethylene 
glycol (PEG 8000) (9 %, w/v). The mixture was incubated 
for 1 hour at 4 ºC with occasional shaking and centrifuged 
at 10,000 g for 30 minutes. An equal volume of storage 
buffer containing 30 mM potassium phosphate (pH 7.0), 
50 % glycerol, 0.5 mM DTT and 0.1 mM EDTA was 
added to the supernatant and used for enzyme estimation. 
 
Purification of DNA topoisomerase II  
All operations were performed at 4 ºC unless otherwise 
indicated. The purification of topoisomerase II was per-
formed from the polyethylene glycol (PEG) supernatant 
containing storage buffer. The PEG supernatant (9 ml) was 
loaded onto a CM Sephadex column (1 x 21 cm) equili-
brated with 1x equilibration buffer containing 50 mM Tris-
HCl, pH 7.5, 10 % glycerol, 5 mM EDTA, 0.5 mM DTT 
and 1 mM PMSF. The column was washed with the equili-
bration buffer (21 ml) and the proteins were eluted with a 
discontinuous gradient of KCl in equilibration buffer. 
Fractions containing topoisomerase II activity were pooled, 
dialyzed against dialysis buffer containing 10 mM Tris-
HCl, pH 7.5, 0.5 mM EDTA, 0.5 mM DTT, 10 mM β-
mercaptoethanol, 1.0 mM PMSF for six hours and stored 
by adding equal amount of storage buffer.  

The dialyzed protein (3 ml) was chromatographed on a 
Heparin-CL-Agarose column (1 x 5 cm) equilibrated with 
1x equilibration buffer. The column was washed with the 
same buffer and proteins were eluted by discontinuous 
sodium chloride gradient in equilibration buffer. The frac-
tions containing topo II activity were pooled and dialyzed 
against dialysis buffer (10 mM Tris-HCl, pH 7.5, 0.5 mM 
EDTA, 0.5 mM DTT, 10 mM β-mercaptoethanol, 1.0 mM 
PMSF) for 24 hrs. The dialyzed protein was mixed with an 
equal volume of storage buffer and stored at -20 ˚C. The 
affinity purified protein was analyzed by SDS-PAGE 
(Laemmli, 1970) and the bands were detected by silver 
staining (Wray et al., 1981).  The concentration of protein 
was measured by Bradford assay (1976).  
 
Topoisomerase II activity assay 
The activity of topoisomerase II was monitored through 
the relaxation of supercoiled pBR322 DNA as reported by 
Pandya et al. (1999). For the relaxation assay the reaction 
mixture contained 50 mM Tris-HCl (pH 7.5), 50 mM KCl, 
1 mM MgCl2, 1 mM ATP, 0.1 mM EDTA, 0.5 mM DTT, 
30 µg/ml BSA and 0.25 µg enzyme protein. pBR322 su-
percoiled DNA (0.25 µg) was used as substrate. The reac-
tion mixture was incubated for 30 minutes at 37 ºC and 
stopped by addition of 5 µl of loading buffer containing 
0.25 % bromophenol blue, 1 M sucrose, 1 mM EDTA, 0.5 
% SDS. Samples were applied on horizontal 1 % agarose 
gels in 40 mM Tris-acetate buffer, pH 8.3 containing 1 
mM EDTA and run at room temperature for 10 hrs at 20V. 
The gel was stained with ethidium bromide (0.5 µg/ml) 
and photographed in GDS 7500 UVP (Ultra Violet Pro-
ducts, UK) transilluminator. One unit of topoisomerase 
activity is defined as the amount of enzyme required to 
relax 50 % of the supercoiled DNA under the standard 
assay conditions. The effect of inhibitors on the enzyme 
activity was measured by incubating enzyme with inhibitor 
for 10 min at 37 ºC and starting the reaction by addition of 
pBR322. The percent inhibition of the topo activity was 
determined by measuring the micro density of the gel with 
a Gel Base/Gel Blot Pro Gel analysis software program 
(Ultra Violet Products, U.K.). 
 
Results 
 
DNA topoisomerases have been demonstrated in various 
parasites and different developmental stages of filarial 
parasites. The distribution pattern of topoisomerase dif-
fered in adults and microfilarial stages of filarial parasites 
(Pandya et al., 1999). Purification and characterization of 
enzyme from filarial parasites was carried out by ion ex-
change and affinity chromatography. The fractions eluting 
at 0.4 M KCl concentration from CM-Sephadex column 
showed Topo II activity (Fig. 1A). Fractions containing 
topo II activity were pooled and mixed with equal volume 
of storage buffer and loaded onto Heparin CL-Agarose 
column. Column was washed with 21 ml of 1x equilibra-
tion buffer and protein was eluted with NaCl gradient in 
equilibration buffer. Fractions eluting at 0.4 M NaCl con-
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centration showed topo II activity (Fig. 1B). Active frac-
tions were pooled, dialyzed against equilibration buffer 
and mixed with equal volume of storage buffer and stored 
at -20 ºC. 
 
Determination of native molecular weight of Topoiso-
merase II 
The electrophoresis on 10 % SDS-PAGE of the Heparin-
CL-Agarose purified fraction revealed the presence of a 
major protein band with an apparent molecular weight of 

~80 kDa by silver staining of the gel (Fig. 1.C). Gel filtra-
tion of affinity purified enzyme by Sephacryl S-300-HR, 
showed a molecular weight of 175 kDa indicating the 
dimeric nature of the native enzyme. The DNA topoisome-
rase II activity was evaluated on the basis of its ability to 
relax the supercoiled pBR322 DNA as reported earlier 
(Pandya et al., 1999). The purified enzyme was free from 
contamination of topo I as indicated by no activity in the 
absence of ATP and no difference in activity in presence of 
topo I inhibitor camptothecin.  
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Fig. 1: Purification of S. cervi topoisomerase II by column chromatography. 
(A) Elution of topoisomerase II activity from CM sephadex column. The enzyme was eluted from the column as reported in text. The fractions were 

assayed for enzymatic activity by measuring the relaxation of supercoiled pBR322 in the presence of 1 mM ATP. Numbers on the top of the gel 
indicate fractions no. (17-24) obtained at 0.4 M KCl concentration. Protein elution profile (■) enzyme activity (▲) in eluted fractions.  SC- 

supercoiled DNA, RL- relaxed DNA. (B) CM Sephadex fractions containing topoisomerase II activity were pooled and loaded onto Heparin CL-
Agarose column (1x 5 cm), which was equilibrated with 1x equilibration buffer. The enzyme was eluted from column as reported in text. 

Topoisomerase II activity eluted from Heparin CL-Agarose column was assayed by checking the relaxation of supercoiled pBR322 DNA. Numbers 
on the top of the gel indicate fraction no. (5-10) obtained at 0.4M NaCl concentration. Protein elution profile (■) and enzyme activity (▲) in eluted 

fractions.  SC- supercoiled DNA, RL- relaxed DNA. (C) Heparin-Agarose fraction containing topoisomerase II activity was concentrated in Heto 
maxi dry plus and electrophoresed on 10% SDS-PAGE and visualized by silver staining.  Lane 1(molecular weight markers), lane 2 (Nuclear 

extract), Lane 3 (Ion exchange purified fraction), Lane 4 (Heparin agarose purified fraction). 
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Requirements for Topoisomerase II activity 
The requirements of S. cervi topo II for the conformational 
change and relaxation of supercoiled DNA were quite 
similar to those observed for other eukaryotes topo II.  

Effect of ATP  
ATP is an important cofactor, which is necessary for con-
formational change of topo II that triggers double stranded 
DNA passage. S. cervi topo II required ATP for its optimal 
activity which was found to be 1.0 mM (Fig. 2A). ATP 
concentration above or below this range reduced the en-
zyme activity dramatically. However, filarial topo also 
showed activity with dATP with optimal concentration 1.2 
mM (data not shown). Most of the eukaryotic type topo II 
are unable to utilize GTP, UTP, and CTP in place of ATP. 
However, filarial topo II utilized the four nucleotide 
triphosphates as an energy cofactor (Fig. 2B). This indi-
cates the flexibility of filarial topoisomerase II ATP bind-
ing site. 
 
Divalent cations 
Topo II of filarial parasites also showed the requirement of 

Mg+2 for its activity. The optimal concentration was found 
to be 4 mM (Fig. 3A). Mg+2 can be substituted by other 
divalent cations for the enzyme activity. The relaxation 
activity observed with Ca+2 was equivalent to observed 
enzyme activity in presence of Mg+2. Other metal ions viz., 

Mn+2, Cu+2 and Sr+2 were also utilized for enzyme activity 
while Co+2 and Ba+2 were not efficient in catalyzing the 
enzyme activity (Fig. 3B).  
 
Effect of pH 
Relaxation activity of topo II was measured as a function 
of pH. Topoisomerase II showed maximum activity within 
the pH range of 7.5 – 9.0 (data not shown). This pH range 
is optimum for other eukaryotic type II topoisomerase like 
Drosophila and calf thymus (Chen and Liu, 1994). 
 
Effect of antifilarials 
Antifilarials, intercalating and non-intercalating drugs were 
assayed for their effect on the topo II activity of filarial 
parasite. Antifilarial compounds ivermectin (IVM), di-
ethylcarbamazine (DEC), suramin, and topo II inhibitors 
viz., nalidixic acid, novobiocin, mAMSA and etoposide 

 
 
 
 
 

 
 

Fig. 2: (A) Determination of optimum ATP concentration for S. cervi Topoisomerase II. SC- supercoiled DNA, RL- relaxed DNA. 
(B) Effect of different nucleotides on S.cervi topoisomerase II. The nucleotides were used at 1 mM concentration and activity measured by 

measuring relaxation of supercoiled DNA using pBR322 DNA substrate. 
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Fig. 3. (A) Effect of Mg2+ concentration on the S. cervi topo II activity. The topoisomerase II activity was measured as mentioned earlier in the 
presence of different concentrations of Mg2+. (B) Effect of different cations on the S. cervi topo II activity. The cation concentration was 4mM. 

Lane Blank: contains supercoiled DNA pBR322 alone, SC- supercoiled DNA, RL- relaxed DNA. 
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inhibited the topo II activity to different extent. Antifila-
rials DEC and IVM inhibited 100 % activity at 100 µM 
concentration and suramin showed similar effect at 20 µM 
concentration (Table 1). Nalidixic acid, novobiocin, 
mAMSA and etoposide inhibited the activity to different 
extent at 100 µM concentration. 

Discussion 
 
DNA topoisomerases have been purified and characterized 
from Leishmania donovani (Chakraborty and Majumdar, 
1991), Trypanosoma cruzi (Shlomai and Zodak., 1983), C. 
fasciculata (Melendy and Ray, 1989) and Plasmodium 
berghei (Riou et al., 1986).  The information available 
about topoisomerases from parasites indicates that para-
sites have typical eukaryotic topoisomerase II enzyme.  
Although topoisomerase gene of C. elegans has been 
cloned (Genbank accession no. S44861) and its amino acid 
sequence have been deduced, but the kinetic properties of 
the enzyme have not been reported yet. 
The presence of DNA topoisomerase I and II in adults and 
microfilariae stages of filarial parasites Brugia malayi, 
Acanthochelinoma viteae and Setaria cervi has been re-
ported by us which revealed that the distribution pattern of 
enzyme is significantly different in different developmen-
tal stages of the parasites (Pandya et al., 1999). The present 
paper reports purification of DNA topoisomerase from 
filarial parasite S. cervi by cation exchange chromatogra-
phy on CM Sephadex and affinity chromatography on a 
heparin agarose column. The purified enzyme showed a 
molecular weight of ~80 kDa, which is significantly differ-
ent as compared to other eukaryotic topoisomerase II. The 
gel filtration by Sephacryl S-300 HR revealed a molecular 
weight of ~175 kDa in the current study suggesting that the 
native protein is homodimeric, showing similarity with 
other eukaryotic enzymes as reported by Wang (1985).  
The S. cervi topo II also showed activity with other diva-
lent cations, which indicated the broad-spectrum of diva-
lent cations utilization as observed in topo II of Chlorella 
virus PBCV-1 (John et al., 2001) and P. berghei (Riou et 
al., 1986). The topoisomerase from P. berghei (Riou et al., 
1986), T. cruzi (Fragoso et al., 1998) and calf thymus 
(Halligans et al., 1985) require ATP for their activity. The 
topoisomerase of filarial parasite S.cervi also showed a 

requirement of ATP for its activity but the utilization of 
GTP, CTP and UTP is a unique characteristic of filarial 
topoisomerase as no other parasitic or eukaryotic topo II 
have been reported to exhibit enzyme activity with these 
nucleotides. Topoisomerases from eukaryotes and mam-
malian system have been observed to utilize higher con-
centration of dATP than ATP for their activity. Calf thy-
mus topoisomerase II utilized dATP for its activity, but the 
Km for this substrate is 3.6 folds higher than ATP 
(Schomburg and Grosse, 1986). DNA gyrase from E. coli 
requires 33 folds more dATP (Gellert et al., 1976) than 
ATP. In contrast to the aforementioned type II topoiso-
merases, filarial topoisomerase II utilized same concentra-
tion (1.2 mM) of dATP and ATP to produce similar 
amount of DNA relaxation. 
In contrast to the limited number of drugs that act on topoi-
somerase I or DNA gyrase, topoisomerase II is the target 
for a number of structurally disparate antineoplastic com-
pounds. Furthermore, the chemotherapeutic regimens for 
most curable malignancies either include or are based 
solely on agents targeted to topoisomerase II. Quinolones 
are the only drug class reported that significantly affect 
prokaryotic as well as eukaryotic species (Rosentiel and 
Adam, 1994). Saintopin is the representative of a number 
of drugs that appear to target both eukaryotic topoiso-
merase II and I (Wolfson and Hooper, 1991; Chen and Liu, 
1994a).    
Our findings suggest that S. cervi topo II was sensitive to 
antifilarials and topo II inhibitors. Antifilarial drugs sig-
nificantly inhibited the parasitic enzyme; suramin was 
most effective causing 100 % inhibition at 20 M concen-
tration. Among the topo II inhibitors nalidixic acid and 
novobiocin also significantly inhibited the enzyme activity. 
The antitrypanosomal and antifilarial drug suramin con-
stitutes a new class of anticancer drug and is a potent in-
hibitor of the yeast DNA topoisomerase II (Bojanowski et 
al., 1992). Data provided in this study confirmed that 
suramin does not stabilize the covalent DNA-topoiso-
merase II reaction intermediate and strongly inhibits the 
cleavable complex formation induced by amsacrine or 
etoposide and decreased the phosphorylation of topoiso-
merase II as previously indicated by Funayama et al. 
(1993). Ivermectin, a potent antifilarial, was found to in-
hibit the topoisomerase activity of S. cervi. The drug was 
significantly more effective in human filarial parasite 
Brugia malayi indicating its specificity towards human 
filarial topoisomerase. Drugs such as quinolones (viz., 
nalidixic acid, oxolenic acid and norfloxin) and coumarins 
(novobiocin, chlorobiocin and coumermycin A) are known 
inhibitors of DNA gyrase while ellipticine and acridines 
inhibit eukaryotic topoisomerase II activity. In view of 
clinically proven success of topoisomerases as drug targets 
in many parasites and inhibition of B. malayi topoiso-
merase II activity by compounds resembling the above 
potent inhibitors, the filarial topoisomerases can serve as a 
potent chemotherapeutic target for development of new 
antifilarial compounds. 
 

Table 1: Effect of antifilarials on topoisomerase II of S.cervi 
 

Compound Concentration 

(M) 

 DNA Topoisomerase 
%Inhibition 

Suramin 20 100 
DEC 100 70 
Ivermectin 100 45 
Nalidixic 
acid 

100 100 

Novobiocin 100 100 
mAMSA 100 80 
Etoposide 100 65 
Note: The enzyme was incubated with inhibitor at 37 ºC for 10 min 

and reaction started by adding DNA. The percent inhibition was 
determined by measuring the micro density of the gel with a Gel 
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