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In the cattle filarjal parasite Setaria digitata the mitochondria 
like particles have been shown to possess NADH dependent fumarate reduction 
coupled wjth site I electron transport assocjated phosphorylation. This 
reductjon js catalysed by the fumarate reductase system. The Km for 
fumarate js 1.47 mM and that for NADH Is 0.33 mM. This activjty is 
sensjtjve to rotenone, antimycjn A and o-Hydroxy djphenyl. One ATP is 
produced for each pair of electrons transferred to fumarate. The fumarate 
reductase system consisting of NADH-coenzyme Q reductase, cytochrome b ljke 
component(s) and succinate dehydrogenase/fumarate reductase is thus very 
japortant and hence specific inhibjtors of the system may prove useful jn 
the effectjve control of filarjasis. 0 1992 Academic Press, Inc. 

Parasjtic helminth specjes, studied so far, use oxygen when jt is 

avajlable and show a number of pecuMar characteristics (1). According to 

Barrett (1989) the anaerobic metaboljsm of parasjtes dl.ffer from that of 

free-ljvjng jnvertebrates in that, It js contjnuous, not transjenr, and 

persjsts jn the presence of oxygen (2). One or more of the excretory 

metabolic end-products produced from parasites such as Ascaris 

lumbricoides, Fasciola hepatica and Trichostrongylus colubriformis show the 

exjstence of other pathways of termjnal electron acceptors (1,3). 

NADH dependent fumarate reduction wjth ATP production Is one such 

system reported jn obljgatory anaeroblc parasjtes (4,5,6). In the parasitj.c 

nematode A.suum andjn cestodes (7,8,9,) this system 3s well establjshed. -- 
Sub-mitochondrial particles from Brugia pahangi and Dipetalonema viteae 

also possess fumarate reductase actjvjty (10). 

The cattle filarial parasite, Setaria digitata shows fumarate 

reduction associared with ATP generation. The parasite j.s reported to, be 

cyanjde jnsensitjve, lack characteristic cytochromes, possess two qujnones 

Q, and Q, and a branched electron transport system (11-14). The existence 

of phosphoenolpyruvate succjnate-glyoxylate pathway has also been reported 

(15). The fumarate reductase system of S.digitata is studied here. 

0006-291X/92 $1.50 
Copyright 0 1992 by Academic Press. Inc. 
All rights of reproduction in any form reserved. 448 



Vol. 184, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Materials and Methods 

z.digitata located in the peritoneal cavity of cattle J@ inaicus, 

was collected in Tyrode solution (NaCl 0.8%, KC1 0.02%, CaC12 0.02X, MgC12 

0.01X, NaHC03 0.015X, Na2HP04 0.05X, glucose 0.5%) from the local abattoir. 

The worms freed from extraneous materials were used. The welghed live worms 

were homogenjzed In 0.25 M sucrose contajnjng 0.1% bovine serum albumin 

(10 ml/g wet wejght) under jce cold condjtjons and the mjtochondrja like 

particles (MLP) were separated by differential centrifugation (11). 

Fumarate reductase activity was measured spectrophotometrjcally at 

340 run by following the disappearance of reduced pyridine nucleotide. The 

reactjon mjxture consjsted of 25 r&l Hepes buffer, pH 7.5, 0.4 mM NADH and 

MLP fraction 3n a closed cuvette. The anaerobic condition was expressed by 

the lack of NADH oxidation (stabjlity of the absorption). The reaction was 

started by aaaj tion of fumarate in the closed cuvette (16,17). The 

actjv-itjes of Malic enzyme, Succjnate dehydrogenase, Succinate 

dehydrogenase-coenzyme Q reductase and also ATP generation were assayed by 

standard methods (18-21). Protejn estimation was carried out by Folin's 

method (22). 

Antjmycin A, 2-thenoyl trjfluoroacetone (TTFA), 0-Hydroxydlphenyl 

(OHD), NADH, NADPH, fumarj.c acid and Djethylcarbamazine (DEc) were 

purchased from Sjgma Chemjcals, U.S.A. Rotenone was a gjft from 

Prof.T.Ramasarma, I.I.Sc. Bangalore. 

Results 

The different fractions of the subcellular particles were tested for 

fumarate reductase activity and the MLP fraction had the maxjmum activity. 

Table I shows the actlvlties of different enzymes. The effect of different 

substrates on the activity of fumarate reductase are shown in Table II. 

The effect of various electron transfer chain jnhjbitors on ATP generation 

and fumarate reductjon are gjven Jn Table III. 

Table I . Activities of different enzymes 

Enzymes Coenzyme SpecJfic actlvlty 
(nmoles/min./mg protejn) 

Fumarate reductase 
. . . . 

Mall c enzyme 
II .* 

Succjnate dehydrogenase 
Succjnate dehydrogenase- 

coenzyme Q reductase 

NADH 
NADPH 
NAD+ 
NADP+ 

357 
No actlvjty 
753 
910 
356 

53 
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Table II. l%e effect of Malate, Succiaate, Citrate, ADP, and Pi on the 
activity of fumarate reductase 

Substrate 

ADP 

P1 

ADP t P1 

ATP 

Succjnate 

Citrate 

Malate 

Concentration 
(mm 

2.0 
4.0 

2.0 
6.0 

2t6 
4+6 

2.0 
4.0 
6.0 

2.0 
4.0 

1.5 
5.0 

0.8 
3.0 

% Activjty* 

111 
168 

107 
125 

150 
180 

55 
29 

0 

100 
40 

94 
62 

125 
68 

% Activation/ 
Inhibitjon 

11+ 
68t 

7+ 
25t 

50+ 
80t 

45- 
71- 

loo- 

NJ1 
60- 

6- 
38- 

25t 
32- 

* Expressed as a % of fumarate reductase actjvjty (considered to be 100) 
usjng 1 mM fumarate and 0.4 mM NADH. 

t Actjvatlon; - Inhlbltjon. 

Mscussion 

Fumarate reductase in S.digitata shows hjgh activity and 3s a NADH - 
dependent enzyme complex, unlike in the case of cestodes where both NADH 

and NADPH dependent actjvjtjes were reported (8,9). The Km for fumarate is 

1.47 mM and that for NADH js 0.33 mM. 

The addltjon of ADP, Pj, or (ADP + Pj) actjvates fumarate reductase 

wh.ile, ATP inh.ibjts the actjvlty. This shows the coupljng of ATP generation 

to the enzyme actlvjty. Succjnate and cjtrate jnhlbjtjon of enzyme actlvjty 

may be due to product jnhjbjtjon (15). 

Table III. Effect of inhibitors on ATP generation and fumarate reduction 

InhIbItor Concentration/ % Inhlbftton of % Inhibjtjon of 
mg protein fumarate ATP formatjon 

reduction 

Rotenone 31.25 p moles 100 100 
Antjmycln A 0.5 w 100 100 
OHD 70 p moles 75 75 
TTFA 0.15 mM 75 ND 
DEC 16 mM 100 ND 

ND - Not done 
Using 1 mM Fumarate and 0.4 mM NADH, 
Fwarate reduced = 122 n molesfminfmg protejn 
ATP formed = 134 n moles/mfn/mg protein. 
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The fumarate reductase system js the key to malate djsmutatjon (23). 

As In the case of Spirometra mansonoides (8) a highly actjve NAD+ and NADP+ 

dependent maljc enzyme is present In S.digitata. The actjvity of fumarate - 
reductase was found to decrease wjth increasjng concentratfons of malate. 

Malic enzyme activity produces NADH which drives the reductive step, malate 

to succlnate (15). 

The sensitivity towards rotenone shows its dependence on complex I. 

Anaerobjc phosphorylation coupled to fumarate reduction in A.lumbricoides, -- 
F.hepatjca, - S.mansonoides, - and Hymenolepis diminuta (1,24) also shows 

sensjtivjty to rotenone. 

The sens-ltjvjty towards antimycin A by fumarate reductase may be due 

to the presence of b type cytochromes jn the complex (13). The fumarate 

reductase system in A.suum has been shown to be a flavoprotejn cytochrome -- 
b 

558 
complex (23,25). The antimycjn A inhibitory effect on fumarate 

reduction involving fumarate reductase and cytochrome 552, 556 has been 

reported jn Moniezia expansa (26). 

The jnhjbjtory actjon of TTFA on fumarate reductase shows the 

presence of non-heme Iron containing sites in the enzyme complex. The 

oxidation of NADH by fumarate is more sensjtive to TTFA than the oxjdatjon 

of succjnate (13,27). 

OHD, the specific jnhjbjtor of cytochrome o (b type cytochrome) 

Inhibits the enzyme activity. In Ascaris, the cyanide insensitive pathway 

is ljnked to cytochrome o, which 3s sensjtjve to OHD. 12 p mole of OHDfmg 

protein completely inhibited electron transfer Jn Ascaris (28) while in 

Setaria It caused only 75% 1nhjbitlon even at higher concentratjons showJng 

a basic djfference between the two systems. DEC, the spec3.fl.c drug for 

fllariasjs, also inhibjts enzyme activity. 

The ratlo of succinate dehydrogenase to fumarate reductase in 

S.digitata -is 1, - ind-icating an important physjologjcal role for fumarate 

reductase. This ratio is 0.28 in aerobic Trypanosoma cruzi (29) and 2.0 jn 

the facultative parasitfc nematode &lumbricoides (30). The ratio of 

succl.nate dehydrogenase-coenzyme Q reductase to fumarate reductase jn 

S.digitata is 0.15, whjle 3.t Is 1.05 $n A.suum egg mjtochondria (25). - -- 

The branched nature of the electron transport system wjth different 

termjnal acceptors in parasites has been proposed by Bryant and Behm (23). 

A sjmllar system has been proposed for S.digitata also (13,141. The - 
findings In the present study are summarised In scheme-l. 

The amount of NADH consumed Is almost equal to the ATP generated as 

fs clear from Table III. The NADH ljnked fumarate reducti-n results In a 
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ATP 

NADH --> *I> Ubjqujnone Q8'-> *I-> fumarate 

a A,c 

SDH - Succ.inate dehydrogenase 
FR - Fumarate reductase 

----Inhlbjtjon 

a - Rotenone 
b - Antjmycjn A 
c - o-Hydroxy djphenyl 

Scheme 1 

sjte I electron transport assocjated phosphorylation of ADP whJch is 

sensitjve to rotenone. The NADH coenzyme Q reductase (Sivan and Kaleysa 

Raj - unpubljshed data) shows the same sensitjvity to rotenone. ATP 

generation In S.digjtata 3s sensitjve to rotenone, antimycln A and OHD. ATP - 
generatjon coupled to fumarate reduction is of great biological jmportance. 

Under anaerobic condjtjons, fumarate reductase plays a key role in the 

electron transport system in transferring electtons to fumarate. 

The results show that the fumarate reductase system js a complex 

composed of NADH-coenzyme Q reductase, succjnate dehydrogenaseffumarate 

reductase and another component simjlar to cytochrome b termed intermediate 

component as In the case of Ascaris and Tubifex species (25,31). Therefore, 

jt js postulated that the electrons flow from NADH via NADH coenzyme Q 

reductase and Intermedjate component to succjnate dehydrogenaseffumarate 

reductase resultjng Jn the reduction of fumarate to succinate. In many 

endoparasjtjc worms (5,17,25,26,32) the component has been jdentjfied as a 

cytochrome related to the b type. 

Although the complete elucidation of the proposed mechanism of the 

electron transport chain Jn S.digitata, under anaer0bl.c conditions is yet - 
to be completed, even with the available jnformatjon, jt can be stated that 

it %s dffferent from that of mammaltan systems. Hence specific inhibitors 

of the system may prove useful j.n the effective control of the fllarial 

parasite and thereby the disease, filarjasjs itself. 
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