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o f a single altered behaviour, are pleiotropic and therefore 
defective in other chemical sensitivities. 
4. T h e Dyf phenotype is associated with the loss o f sensiti­
vity to many different chemicals . Alterations in the shape or 
matrix content o f the amphidial channel also result in a Dyf 
phenotype. 
5. While water soluble chemicals s eem to have receptors on 
the neurons whose cilia are e x p o s e d to the outside (ASH 
and A D D , attraction to and repulsion by volatile chemicals 
are mediated by receptors present on the amphidial wing 
cells AWA, AWES and AWC. 
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T he previously desc r ibed po lyamine N-acetylase from 
Fasciola bepatica has been observed to have an additio­

nal function, the acetylation o f biogenic amines (Aisien and 
Walter , 1992 , 1 9 9 3 ) . It was conc luded that N-acetylat ion 
plays a major role in the amine metabolism o f trematodes. In 
continuation o f these ongoing studies on the process o f N-
acetylation in parasitic helminths, we have detected biogenic 
amine acetylation in the tissue dwelling filaria Onchocerca 
volvulus and the intestinal parasite Ascaris suum. The aim o f 
our study was to ascertain if our previous finding that a 
single enzyme is responsib le for diamine, polyamine and 
biogenic amine acetylation in trematodes, is a feature com­
mon to all helminths. Results from investigation using A. 
suum indicate that two independent enzymes are respecti­
vely responsible for polyamine and biogenic amine acetyla­
t ion . C h r o m a t o g r a p h y o f t he 1 0 0 , 0 0 0 g s u p e r n a n t on 
DEAE-cellulose revealed two enzyme activity peaks, both o f 
which have activity for histamine. The first peak was obser­
ved to catalyse only b iogenic amine acetylation while the 
second acetylated putrescine and other diamines. On the 
basis o f the K m - v a l u e s obtained with both enzymes for hista­
mine, peak II seems to be more specific for this substrate 
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with a K m - v a l u e o f 37 uM compared to peak I which had a 
K m - v a l u e o f 500LIM. In contrast the K m - v a l u e s obtained for 
biogenic amines with peak I were as follows : Tyramine, 0.9 
uM, tryptamine, 1.7 uM, octopamine, 29 uM, serotonin, 9.5 
uM and ß-phenylethylamine, 1.5 uM. Epinephrine, norepine­
phrine and dopamine were not physiological substrates for 
t he N - a c e t y l a s e . T h e e n z y m e has a m o l e c u l a r mass o f 
approximately 30 kDa and was slightly inhibited by coen­
zyme A, a product o f the acetylation process. The specificity 
o f peak II for diamines and histamine and its lack o f activity 
for polyamines indicates that this enzyme is most probably 
the novel putrescine acetylase previously reported by Wittich 
and Walter (1990 , 1991) from O. volvulus and A. suum. 
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Polyamines are essential for the proliferation and diffe­
rentiation o f cells and organisms. T h e presence o f poly­

amines has been demonstrated in Onchocerca volvulus and 
al l ied paras i tes and the inves t iga t ion o f the p o l y a m i n e 
m e t a b o l i s m has ident i f ied unusua l pa thways w h i c h a re 
potent ia l c h e m o t h e r a p e u t i c targets . T h e s e pa thways a re 
crucial for parasite survival and differ in some b iochemica l 
aspects from the host counterparts, thus al lowing for the 
rational design o f drugs for a parasite-specific chemothera­
peutic attack. A proposed s c h e m e o f the polyamine meta­
bolism in filarial worms is shown in Figure 1. 
Since the presence o f ornithine decarboxylase ( O D C ) acti­
vity is quest ionable, the initial step in the biosynthesis o f 
po lyamines appears to b e lacking and thus the parasi te 
depends on uptake from the host for its polyamine supply. 
An i n t e r c o n v e r s i o n p a t h w a y for p o l y a m i n e s has b e e n 
demonstrated which does not involve the polyamine N-ace-
tyltransferase, the rate limiting step in the interconversion 
o f polyamines in mammals . A novel type o f polyamine oxi ­
dase has b e e n identified which is solely responsible for the 
interconversion and degradation o f polyamines. In addition, 
a parasi te-specif ic N-acetyl transferase for put resc ine was 
found which is involved in the degradation and excret ion 
o f excess polyamines. 

Deplet ion o f polyamine levels in filarial worms is thought 
to h a v e cy tos ta t i c if not c y t o t o x i c e f fec t s , as has b e e n 
shown previously in the chemotherapy o f cancer and pro­
tozoan infections by DL-a-difluoromethylornithine ( D F M O ) . 
Filarial worms and other helminths lack orni thine decar­
b o x y l a s e , t h e t a rge t for D F M O . T h u s , as t he p a r a s i t e 
depends on the uptake o f polyamines from the host tissues, 
inhibition o f transport mechanisms resulting in rapid deple­
tion o f polyamines should b e exploi table for chemotherapy. 
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V E C T O R B I O L O G Y 

P o l y a m i n e a n a l o g u e s , e .g. fc^XbenzyDpolyamine (MDL 
2 7 6 9 5 ) , a l though s h o w n to interfere s t rongly with b o t h 
polyamine uptake systems o f filarial worms, probably exhi­
bit their filaricidal effects by compet ing and interacting with 
polyamine binding sites such as nucleic acids and structural 
macromolecules . 

Inhibition o f S-adenosylmethionine decarboxylase , a regula­
tory and rate-limiting step in the biosynthesis o f polyamines 
which provides the aminopropyl group for the synthesis o f 
spe rmid ine and s p e r m i n e , results in dep le t ion o f po ly­
amines. MDL 7 3 8 1 1 , an irreversible inhibitor o f S-adenosyl­
methionine decarboxylase , affects both polyamine synthesis 
and the viability o f nematodes maintained in vitro. 

T h e strategy proposed here is directed to the interconver-
s ion and deg rada t i on p a t h w a y for p o l y a m i n e s . Th i s is 
ba sed on the findings that the po lyamine ox idase is the 
rate-limiting step for the back convers ion o f spermine to 
spermidine and putrescine and that elevated levels o f sper­
mine are lethal for Brugia worms maintained in vitro. T h e 
potential o f polyamine oxidase as a target for chemothe ­
rapy has b e e n assessed by treatment o f Brugia and Ascaris 
worms with MDL 7 2 1 4 5 , an irreversible inhibitor o f nema­
TODE polyamine oxidase, which resulted in enzyme inactiva-
t ion and a s u b s e q u e n t a c c u m u l a t i o n o f s p e r m i n e . B y 
structural analysis o f the filarial polyamine oxidase and the 
isofunctional mammalian enzyme, differences may b e iden­
tified and exploi ted for the synthesis o f drugs which react 
selectively with the parasite enzyme. 

Figure 1. 
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I N T R O D U C T I O N 

T he relationship be tween the definitive host, man, and 
filarial parasites, has for long b e e n a subject o f intense 

study, and as this network attests, still is today. However , 
the interactions be tween vectors o f lymphatic filariasis and 
o n c h o c e r c i a s i s and these nema todes , is less well under­
stood. There is n o w a considerable body o f data describing 
the innate and acquired resistance o f vectors to the para­
sites they carry (eg. reviewed by T o w n s o n and Chaithong, 
1 9 9 3 ; C h r i s t e n s e n a n d S e v e r s o n 1 9 9 3 ; Ham, 1 9 9 2 ) . 
Blackfl ies and mosqu i toes possess c o m p l e x immune sys­
tems, comprising inter-related cellular and humoral c o m p o ­
nents. Not only is immunity expressed in the haemocoe l , 
but mechanisms o f refractoriness also appear to be linked 
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to gut lumen componen t s ( see review Ham, 1992) and tho­
racic tissues (Wattam & Christensen, 1992) . 

R E S P O N S E S T O I N F E C T I O N  

T hree general ised responses appear to take place follo­
wing infection o f insects : ( 1 ) an alteration in metabol ic 

activity, including protein synthesis, ( 2 ) induction o f speci­
fic immune peptides and proteins some o f which have pro­
tec t ive func t iona l an t ib io t i c act ivi ty, and ( 3 ) e n h a n c e d 
haemocyt ic proliferation. This proliferation maybe associa­
ted with increased secret ion o f molecules in ( 2 ) (Figure 1) . 
As well as responses to infection, insects, including vectors 
o f filariasis may exhibit responses to others forms o f stress 
such as cold , overcrowding and physical trauma such as 
injury (eg K o m a n o et al., 1980 ) . 

HUMORAL D E F E N S E MOLECULES 

^ n u m b e r o f defense pept ides have b e e n obse rved in 
1 1 insects, and many o f these are known to be induced 
by bacterial pathogens such as Escherichia coli, as well as 
filariae (see Figure 2 which shows immune and non immune 
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