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Setaria digitata, a cattle filarial parasite, is known to have 
peculiarities such as hydrogen peroxide (H202> production, cyanide 

insensitivity, absence of cytochromes and presence of quinones. Estimation 
of mitochondrial H202 with different substrates and inhibitors showed that 

salicylhydroxamic acid (SHAM), the alternative oxidase inhibitor, inhibited 
the H202 production maximally. Based on the inhibitory studies with 
rotenone, antimycin A, o-hydroxyciphenyl, SHAM and 2 thenoyltri- 
fluoroacetone, a mechanism for the electron transport is proposed. Quinone 

'8 
seems to have a central role, hence inhibitors at the level of quinones 

might prove to be effective in designirsg drugs for filariasis. 0 1991 Academic 

Press, Inc. 

Parasitic helminth species so far studied, use oxygen when it is 

available, at least under in vitro conditions and show a number of peculiar 

characteristics (1). In Ascaris lumbricoides, Fasciola hepatica and Monieza 

expansa, the rate of oxygen uptake can be attributed to the functional 

cytochrome system possessed by them (2,3). The electron transport chain of 

these parasites differ from mammals in having multiple terminal oxidases 

(2,3,4). In aerobic respiration of heluinths electrons are transported along 

a chain of electron carriers either to cytochrome oxidase or to alternative 

oxidases (5). Instead of the common ubiquinone as electron carrier, many 

helminths possess rhodoquinone capable of anaerobic electron transport 

mediated respiration (6). 

The cattle filarial parasite Setaria digitata possesses rare 

features, like absence of cytochromes, cyanide insensitivity, 
HZ02 

production, presence of two quinones Q, and Q, etc (7,8). Therefore, we have 

restricted our studies on mitochondrial H 0 2 2 generation in this parasite 

using different substrates in the presence and absence of inhibitors, which 

give clues to the nature of electron transport. 

Materials and Methods 

S.digitata, collected from the local slaughter house, were suspended 
in modified tyrode solution (NaCl 0.8%, KC1 0.02%; CaC12 0.02%; MgC12 0.01%; 
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NaHC03 0.015%; Na2HP04 0.05% and glucose 0.5%) and freed from the host 
material by repeated washing using the same medium. 
maintained in tyrode solution at 37'C until use. 

The worms were 

Live worms were blotted dry and homogenized in 0.25 M sucrose 
containing 0.1% bovine serum albumin (10 ml/gm wet weight). The 
'mitochondria like particles' (MLP) were separated by differential 
centrifugation (8). H202 assay was done (9) using succinate, 
a glycerophosphate, fumarate and malate as substrates for MLP fractions. 
Protein estimation was carried out using Folin's method (10). 

Antimycin A, 2 thenoyltrifluoroacetone (TTFA) salicylhydroxamic acid 
(SHAM) and o-hydroxydiphenyl (OHD) were purchased from Sigma Chemicals, 
U.S.A. Rotenone was a gift from Prof. T.Ramasarma, I.I.Sc., Bangalore. 

Results 

Succinate dependent H202 production in the MLP was found to be 

maximum. The production of H202 is continued for a long time with succinate 

or fumarate while it ceases after some time with a glycerophosphate or 

malate as the substrate. Table 1 shows the amount of Hz02 produced by 

different substrates and their concentration for maximal activity. Table 2 

shows the effect of different inhibitors on mitochondrial H 0 2 2 generation. 

The percentage of inhibition by the different mammalian electron transport 

inhibitors were at the concentrations reported for complete inhibition. The 

effect of inhibitors was concentration dependent and the values reported are 

of the maximum inhibition observed. 

Discussion 

The succinate dependent H202 generation through MLP was the maximum 

and the Km value for succinate was found to be the same for H202 generation 

and succinate dehydrogenase (SDH) activity (7) indicating that the same 

dehydrogenase was participating in both systems. 

Rotenone inhibits the NADH dehydrogenase complex (Complex I) of 

mammalian electron transport chain (11). Rotenone completely inhibited the 

H202 production by fumarate in S.digitata which indicates the involvement of - 

Table 1. H202 generation in MLP fractions 

Substrate 
Concn. 
(m moles) 

P mole of H202 generated/ 

minfmg protein* 

Succinate 6 950 + 84 
Fumarate 4 594 ? 62 
Malate 2 235 T 18 
01 Glycerophosphate 1 118 + 12 - 

* Average of eight experiments. 
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Table 2. Percentage of inhibition by the different inhibitors 

Inhibitors 
Cont. I 
mg protein 

Percentage of inhibition* 
Succinate Fumerate Malate Glycero- 

phosphate 

Rotenone 0.03n moles 25 100 50-80 NIL 
Antimycin A 0.5 pg 35 100 30 NIL 
TTFA 0.15 mM 65 50 25 NIL 
SHAM 2.5 moles p 65 70 80-90 90-100 
OHD 15 moles p 30 30 30 30 

* Average of eight experiments. 

complex I. NADH dependent fumarate reductase was observed in S.digitata with 

notable activity (12). Since reducing equivalents from a glycerophosphate 

are transferred to quinone via FAD, the transfer is not inhibited by 

rotenone. Fumarate formed by succinaLe oxidation which undergoes reduction 

by fumarate reductase explains the continuous production of H 0 2 2 by the 
administration of small quantities of succinate or fumarate. An incomplete 

inhibition of malate by rotenone pointed to a rotenone insensitive electron 

transfer in S.digitata. - Rotenone insensitive endogenous NADH dehydrogenase 

which oxidize NAD + linked substrates has been reported in yeast and high 

plant mitochondriae through different pathways (13). 

The inhibitory action of antimycin A on succinate, malate and 

a glycerophosphate showed that an antimycin insensitive electron transfer 

takes place in S.digitata, - or a very low level of a mammalian type of 

cytochrome b is present. But z.digitata was reported to be devoid of any 

detectable cytochromes (7). The fumarate mediated H202 production was 

completely inhibited by antimycin A providing a chance for the occurrence 

of b type cytochromes in the parasite in a different position in the 

electron transfer route from mammals. The fumarate reductase is a 

flavoprotein cytochrome bs58 complex (14). The antimycin A inhibitory effect 

on fumarate reduction involving fumarate reductase and cytochrome 552 556 

has been reported in M.expansa (15). The 30% inhibition of malate by 

antimycin A explains that malate can also be converted to fumarate due to 

the presence of fumarase. Succinate gets converted to fumarate which in turn 

undergoes reduction to produce succinate showed partial inhibition. 

OL Glycerophosphate cannot be converted to fumarate and lacks the inhibition 

by antimycin A. 

TTFA, the specific SDH-Coenzyme Q reductase inhibitor (161, cannot 

completely block the oxidation due to the formation of fumarate which in 

turn gets reduced to succinate effecting transfer of electrons. Likewise, by 

using fumarate as substrate the succinate formed by reduction undergoes 

oxidation through SDH-Coenzyme Q reductase effecting the inhibition by TTFA. 
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Table 2 showed that SHAM wae not able to inhibit succinate, malate 

and fumarate mediated H 0 2 2 production completely. The action of these 

substrates by fumarate reductase and other respective enzymes pave the way 

for multiple channel for electron trc!nsfer. 

OHD, the specific inhibitor of cytochrome 0, inhibited all the 

substrates to a comparable level. In Ascaris, the cyanide insensitive 

pathway is linked to cytochrome 0 which is sensitive to OHD and 12 p 

moles/mg protein completely inhibited the electron transfer (4). It is 

assumed that cytochrome 0 is acting as the terminal oxidase when helminths 

consume oxygen as cytochrome 0 is auto-oxidisable and its reaction product 

with 02 is H202(1). S.digitata gave only one third reduction of H 0 
22 

production by OHD providing ample evidence for specific alternative system 

which is more sensitive to SHAM and differs from other helminths which lacks 

ubiquinone. 

Based on all the available informations (7,8) about the peculiar 

characteristic nature and the H 0 
22 

inhibitory studies in S.digitata, a - 
mechanism for the production of H 0 

22 
involving the quinones and complexes 

with multiple terminal electron acceptors is shown in Figure 1. 

Rotenone sensitive and insensitive NADH dehydrogenase can transfer 

its electron to ubiquinone. Q 
8 

was attributed to NADH oxidase in S.digitata - 
(8). Electrons from succinate pass through the complex II to ubiquinone Q, 

and a glycerophosphate enters the chain at the quinone level. In S.digitata - 
the complexes I, II and fumarate reductase seems to associate with Q, with 

specific binding sites for each and all are linked by the quinone/ 

hydroquinone system in a modified Q cycle. Two different sites for 

ubiquinone in NADH-Q reductase and succinate Q reductase have been 

formulated (17, 18, 19, 20). The electrons from Q, can pass on to the 

alternative oxidase system sensitive to SHM, or to cytochrome 0 sensitive 

to OHD. In S.digitata, - electron transfer seems to take place mostly through 

the SHAM sensitive site. SHAM is reported to inhibit the oxygen uptake and 

appear to block electron transport between ubiquinone and the oxidase (21). 

In African trypanosomes oxygen uptake is insensitive to cyanide and 

sensitive to SHAM and presents evidence for an intermediary ubiquinone like 

molecule (22). The alternative oxidase isolated from Arum maculatum has been 

characterized as quinol oxidoreductase sensitive to SHAM and resistant to 

cyanide and antimycin A (23,241. 

The alternative oxidase in _. S digitata might be a 

quinol-oxidoreductase which was sensitive to SHAM and insensitive to cyanide 

and antimycin A. From this oxidase, the electrons are finally accepted by 
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the auto-oxidizable quinone Q, by the production of 02 and H202. The 

production of 6; and H202 during auto-oxidation of quinols in oxygenated 

buffers have been reported (25). Many of the adult parasitic helminths 

possesses relatively low activities of aerobic electron transport system 

which are comparable in function to those of obligate aerobes (14). Catalase 

present in the parasite (7) ensures detoxification of H202. 

The presence of both aerobic and anaerobic equipment for the 

parasite seems to be its 'biochemical adaptation' to survive in a 

fluctuating environment. The inhibitory analyses of H202 production through 

mitochondria showed that the quinones have a central role in the transfer of 

electrons. Hence specific blockers/drugs at the quinone level would prove to 

be effective in controlling filariasis. 
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