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ABSTRACT 

In contrast to many other insects whose characteristic fatty acid 

compositions are influenced to a limited extent by dietary fats, the fatty 

acid composition of the total lipid of hymenopterous parasitoids of the 

family Ichneumonidae is very similar to that of their diet, that is, the 

hosts on which they are reared. In cases where such parasites were reared 

on two different species of host with very different fatty acid patterns, 

the parasitoids, Exeristes comstockii and Itoplectis conquisitor retained 

no characteristic fatty acid composition of their own. In contrast, the 

hosts Lucilia sericata and Galleria mellonella, are influenced very little 

by dietary fats. This lack of control over pool size of fatty acids was 

characteristic of, but not exclusive to, all the ichneumonids examined in 

these studies. Isolated cases were found in other families analyzed, 

which included the Aphidiidae, Brachonidae, Pteromalidae and Eulophidae. 

More detailed analyses demonstrated that although the parasitoid 

I. conquisitor appears to have little qualitative or quantitative control - 
over the fatty acid composition of its neutral lipids, it does exert some 

quantitative control over that in its phospholipids. Although the fatty 

acid composition of the phospholipids varied considerably, and adopted 

many of the characteristics of the composition of the phospholipids of 

the host, consistent ratios of the fatty acid classes were maintained, 

thus the physical nature of the phospholipids, would be maintained. 

Radioisotope studies demonstrated that the fatty acid pattern of 

the parasitoid, - E. comstockii is maintained by active metabolic processes, 
and that the fractional turnover rates of the individual fatty acids are 
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much g r e a t e r  than  those  i n  e i t h e r  of t h e  h o s t s ,  4. s e r i c a t a  and 2. mellon- 

e l l a .  The p a t t e r n  was a l s o  shown t o  be  maintained p a r t i a l l y  by d i r e c t  - 
i nco rpora t ion  of h o s t  f a t s .  



PREFACE 

A great deal of data are now compiled concerning physiology and 

metabolism in insects (Gilmour 1961, Rockstein 1965). Most of this has 

accumulated from the study of phytophagous or free living insects. As 

the importance of parasitic insects in the control of other insect popula- 

tions is recognized, it is essential that the nutrition and biochemistry 

of these groups be studied and the interactions which take place between 

the parasite and its host be investigated. In reviewing the present 

state of knowledge concerning the physiology and biochemistry of endo- 

parasitic Hymenoptera, Fisher (1971) has pointed out, "Proposals to use 

parasitic insects more widely in the biological control of pests will have 

to take account of the full physiology of the host-parasitoid relation- 

ship, the cellular defence reactions of insects towards new or alien 

parasitoids as well as the physiological ecology of both species and the 

integration of Pif e cycles1'. 

The nutritional requirements of insect parasitoids, as well as other 

insects associated with animal parasitism, have been reviewed by House 

(1958, 1965). Our present understanding is largely a result of work 

carried out on the endoparasitic viviparous sarcophagid, Agria housei 

(also referred to in the literature as Pseudosarcophaga affinis and Agria 

af f inis) (House 1954, 1959) , which was used in biological control of the 
spruce bud worm, Choristoneura fumiferana. In general it has the same 

requirements as phytophagous forms, although it is not intended by this 

to underemphasize the difference between it and free living insects, or 

between phytophagous forms, "In general, all insects seem to have similar 
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q u a l i t a t i v e  n u t r i t i o n a l  requirements  r e g a r d l e s s  of f eed ing  h a b i t s ,  o r  

taxonomic p o s i t i o n s ;  no t  wi ths tanding  t h e  f a c t  t h a t  requirements  vary  i n  

c e r t a i n  s p e c i e s  due t o  s p e c i f i c  s y n t h e t i c  a b i l i t i e s  o r  because of t h e  in-  

volvement of symbiot ic  organisms" (House 1965).  Success has  been achieved 

a t  r e a r i n g  - A .  house i  a x e n i c a l l y  on a  chemical ly de f ined  mer id ic  d i e t .  

More r e c e n t l y  t h i s  same d i e t  has  been used t o  rear t h e  ichneumonid p a r a s i t e  

I t o p l e c t i s  c o n q u i s i t o r  (Yazgan and House 1970). P rev ious ly ,  another  

ichneumonid p a r a s i t e ,  Pimpla t u r i o n e l l a e  had been r e a r e d  on an  a r t i f i c i a l  

d i e t  of pork l i v e r  (Bronsk i l l  and House 1957).  

The axenic  c u l t u r e  of i n s e c t s  i n  g e n e r a l  has  been descr ibed  i n  a  

s e r i e s  of papers  publ ished by t h e  New York Academy of Sciences (Dougherty 

1959) and compi la t ions  of a r t i f i c i a l  d i e t s  f o r  i n s e c t s  a r e  a v a i l a b l e  

(House 1967, House, Singhand Batsch 1971). 

It i s  now q u i t e  apparent  t h a t  n u t r i t i o n  invo lves  more than  mere 

n u t r i t i o n a l  requi rements ;  t h a t  is,  more than  t h e  b a s i c  chemical f a c t o r s  

e s s e n t i a l  t o  t h e  adequacy of t h e  d i e t .  Other chemical and p h y s i c a l  f a c t o r s  

a r e  important  t o  t h e  acceptance of t h e  d i e t  and normal feeding  behaviour.  

Fraenkel  (1953) s t a t e d ,   reen en l eaves  a r e  e x c e l l e n t  sources  of a l l  t h e  food 

m a t e r i a l s  which i n s e c t s  seem t o  requi re" ,  however, i n s e c t s  o f t e n  grow 

poor ly  o r  n o t  a t  a l l  on feed  t h a t  is presumably n u t r i t i o n a l l y  adequate.  

Chemical and phys i ca l  f a c t o r s  r e spons ib l e  f o r  acceptance  have been d i s -  

cussed by Beck (1956) and a r e  w e l l  documented f o r  s p e c i e s  such as t h e  com- 

merc i a l  silkworm, Bombyx mori (Hamamura 1959, Hamamura and Nai to  1961, 

Hamamura, Hayashiya and Naito 1961). I n  t h e  c a s e  of i n s e c t  p a r a s i t o i d s .  

such f a c t o r s  are of a more complex and dynamic n a t u r e ,  s i n c e  t h e  d i e t  i s  



another  l i v i n g  i n s e c t .  

F i she r  (1971) s t a t e d ,  "Although much i s  known about t h e  n u t r i t i o n a l  

requirements  of some p a r a s i t o i d s ,  in format ion  about  t h e i r  p r e c i s e  r e l a t i o n -  

s h i p  w i t h  t h e i r  h o s t s  i s  s t i l l  l a r g e l y  lacking .  The r e l a t i o n s h i p  is  no t  

simply t h a t  of c a r n i v o r e  and prey ... A hormonal i n t e g r a t i o n  synchronizes  

t h e  development of t h e  p a r a s i t e  w i t h  t h a t  of i ts  h o s t ,  s o  that bo th  s p e c i e s  

are regu la t ed  by e x t e r n a l  environmental c o n t r o l ,  Phys io log ica l  means of 

i n t e r a c t i o n  between competing l a r v a e  which a r e  of widespread occurrence 

i n  p a r a s i t i c  s p e c i e s  a l s o  p o i n t  t o  a dependence on p a r t i c u l a r  cond i t i ons  

of t h e  h o s t  insec t" .  The r e s i s t a n c e  of i n s e c t  p a r a s i t o i d s  t o  t h e  defence  

mechanisms of t h e i r  h o s t s  have been reviewed by S a l t  (1970). F i she r  (1971) 

has  reviewed t h e  chemosensory mechanism of pe rcep t ion  and t h e  c r i t e r i a  

f o r  t h e  s e l e c t i o n  and a c c e p t a b i l i t y  of t h e  hos t .  Many p a r a s i t o i d s  have 

been shown t o  d i s c r i m i n a t e  between normal and p a r a s i t i z e d  h o s t s ,  b u t  u n t i l  

r e c e n t l y  noth ing  was known about t h e  biochemical  mechanism which e l i c i t s  

such s e l e c t i v e  responses .  In t ima te  biochemical  r e l a t i o n s h i p s  have now 

been e s t a b l i s h e d  between t h e  p a r a s i t o i d  and i t s  h o s t .  

An abnormal e l e c t r o p h o r e t i c  p a t t e r n  i n  t h e  hemolymph of P r i s t i p h o r a  

e r i c h s o n i i ,  t h e  l a r c h  sawfly,  when p a r a s i t i z e d  by t h e  ichneumonid, 

Mesoleius t e n t h r e d i n i s  has  been descr ibed  by Barlow (1962). Th i s  was one 

of t h e  e a r l y  r epo r t ed  biochemical  changes a s s o c i a t e d  w i t h  pa ra s i t i sm,  and 

e s t a b l i s h e d  t h e  presence  of an  i n t i m a t e  biochemical  r e l a t i o n s h i p  between 

a p a r a s i t e  and i t s  h o s t .  F i she r  and Ganesalingam (1970) have s i n c e  re- 

por ted  changes i n  t h e  amino a c i d  composition of hemolymph i n  Agnasta 

k u e h n i l l a  a f t e r  p a r a s i t i s m  by t h e  ichneumonid Nemeri t is  canescens. Such 
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biochemical changes may be  involved i n  t h e  mechanism by which p a r a s i t o i d s  

d i s t i n g u i s h  between hea l thy  and a l r eady  p a r a s i t i z e d  h o s t s .  Ar thur ,  

Hegedekar and R o l l i n s  (1969) r e c e n t l y  i s o l a t e d  a hemolymph p r o t e i n  com- 

ponent i n  G a l l e r i a  me l lone l l a ,  t h e  g r e a t e r  wax moth, which induces ovi- 

p o s i t i o n  by - I. conqu i s i t o r .  Perhaps such o v i p o s i t i o n  inducing p r o t e i n  

components a r e  absen t  a f t e r  pa ra s i t i sm.  

During a t t empt s  t o  determine t h e  f a c t o r s  t h a t  r e s t r i c t e d  t h e  

ichneumonid E x e r i s t e s  comstocki i  t o  l ep idop te rous  h o s t s ,  Bracken and Barlow 

(1967) demonstrated t h a t  t h i s  p a r a s i t o i d  has  no r e g u l a t i o n  over pool  

s i z e  of f a t t y  a c i d s ,  and d u p l i c a t e s  t h e  f a t t y  a c i d  p a t t e r n  of i t s  hos t .  

Again, a d i s t i n c t  biochemical  i n t e r a c t i o n  between p a r a s i t o i d  and h o s t  was 

shown. 

S ince  I was i n t e r e s t e d  i n  l i p i d  biochemistry and i n  t h e  phys io log ica l  

i n t e r a c t i o n s  between p a r a s i t e  and h o s t ,  I undertook t o  c a r r y  on t h e  s t u d i e s  

of D r .  Barlow, under h i s  d i r e c t i o n ,  concerning t h e  composition and meta- 

bol ism of f a t t y  a c i d s  i n  ichneumonid p a r a s i t o i d s  and t h e i r  hos t s .  
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-1- 

GENERAL INTRODUCTION 

A g r e a t  d e a l  of q u a l i t a t i v e  a n d q u a n t i t a t i v e  d a t a  have accumulated on 

l i p i d  metabolism i n  i n s e c t s .  Seve ra l  e x c e l l e n t  reviews have appeared in-  

c lud ing  those  of G i l b e r t  (1967) and Fas t  (1970). I n s e c t  l i p i d s  a r e  of 

endogenous o r  b i o s y n t h e t i c  and exogenous o r  d i e t a r y  o r i g i n .  The r e l a t i v e  

c o n t r i b u t i o n  from each of t h e s e  sources  determines t h e  composition of 

l i p i d s  which a r e  p re sen t  i n  t h e  i n s e c t ' s  t i s s u e s .  The work descr ibed  h e r e  

concerns t h e  comparative s tudy  of f a t t y  a c i d  composition and s y n t h e s i s  i n  

i n s e c t s  and t h e  e f f e c t s  of n u t r i t i o n a l  v a r i a t i o n  i n  f a t t y  a c i d s  on l i p i d  

composition. The s i g n i f i c a n c e  of t h e s e  r e l a t i o n s h i p s  t o  b i o l o g i c a l  con- 

t r o l  o r  more s p e c i f i c a l l y ,  t o  i n t e g r a t e d  c o n t r o l ,  is  d iscussed .  

It has  been conclus ive ly  e s t a b l i s h e d  t h a t  i n s e c t s  syn thes i ze  s a tu -  

r a t e d  and - c i s  9-monounsaturated f a t t y  a c i d s  ( s e e  reviews above).  A l l  t h e  

major s y n t h e t i c  pathways p re sen t  i n  more h i g h l y  evolved animals appear  t o  

be  p re sen t  i n  i n s e c t s  ( f o r  a  review of t h e s e  s e e  Thompson 1970);  t h a t  is ,  

d e  novo s y n t h e s i s ,  e longat ion  s y n t h e s i s  and a e r o b i c  desa tu ra t ion .  Pre- -- 
v ious  s t u d i e s  from our  l abo ra to ry  and some of t h e  work descr ibed  h e r e  have 

been concerned w i t h  t h e  c h a r a c t e r i z a t i o n  and s y n t h e s i s  of f a t t y  a c i d s  i n  

phytophagous i n s e c t s  which w e  u s e  a s  h o s t s  f o r  ichneumonid p a r a s i t o i d s .  

These inc lude  G a l l e r i a  me l lone l l a ,  t h e  g r e a t e r  wax moth (Thompson 1970, 

Thompson and Barlow 1971, 1972) and t h e  blowfly,  L u c i l i a  s e r i c a t a  ( ~ i n d s a y  

and Barlow 1970, 1971). Recent ly,  I have i s o l a t e d  and p u r i f i e d  t h e  f a t t y  

a c i d  s y n t h e t a s e  enzyme complex i n  L. s e r i c a t a  (unpublished) ,  I n s e c t s  can- 

n o t  s y n t h e s i z e  polyunsaturated f a t t y  a c i d s  even i f  d i e t a r y  l i n o l e i c  o r  



l i n o l e n i c  a c i d s  a r e  p r e s e n t ,  and i n  t h i s  way d i f f e r  s i g n i f i c a n t l y  from more 

h ighly  evolved animals  which a r e  a b l e  t o  s y n t h e s i z e  a n  extremely wide spec- 

trum of w 3 ,  6 and 9 polyunsa tura tes  i f  e i t h e r  of t h e s e  p recu r so r s  i s  pre- 

s e n t .  There is  no doubt ,  however, t h a t  s y n t h e s i s  c o n t r i b u t e s  t o  t h e  

s a t u r a t e d  and monounsaturated f a t t y  a c i d  composition of i n s e c t  t i s s u e s .  

Studies  with f a t t y  a c i d  f r e e  d i e t s  would r e v e a l  t h e  e x t e n t  t o  which 

s y n t h e s i s  c o n t r i b u t e s  t o  t h e  pool  s i z e  of i n d i v i d u a l  f a t t y  ac ids .  Few a t -  

tempts have been made a t  r e a r i n g  i n s e c t s  on such d i e t s ,  and many i n s e c t s  

have been shown t o  have s p e c i f i c  f a t t y  a c i d  requirements  (Fas t  1970).  

However, t h r e e  d i p t e r o u s  i n s e c t s  have been r ea red  s u c c e s s f u l l y  on f a t t y  

a c i d  f r e e  d i e t s  and t h i s  work w i l l  be  descr ibed  l a t e r .  

The i n f l u e n c e  of d i e t a r y  f a t t y  a c i d s  on t h e  f a t t y  a c i d  composition i n  

i n s e c t  t i s s u e s  is i n  ques t ion .  There has  been much disagreement i n  t h e  

p a s t  over t h e  degree  of c o r r e l a t i o n  which e x i s t s  between t h e  P ip id  com- 

p o s i t i o n  of t h e  d i e t  and t h e  i n s e c t .  P r i o r  t o  about  1960 t h e r e  was 

though t o  e x i s t  a d i r e c t  c o r r e l a t i o n  between t h e  t w o , p a r t i c u l a r l y . u i t h  re- 

gard t o  t h e  polyunsa tura tes .  However, it w a s  soon r e a l i z e d  t h a t  s i n c e  in-  

s e c t s  cannot  syn thes i ze  polyunsa tura tes ,  b u t  i n  many c a s e s  r e q u i r e  them, 

they  must be  incorpora ted  i n t o  t h e  i n s e c t ' s  f a t  d i r e c t l y  from t h e  d i e t ,  

and t h i s  appears  t o  be t h e  case.  Some c o r r e l a t i o n ,  t h e r e f o r e ,  does e x i s t  

between t h e  q u a l i t y  of f a t t y  a c i d s  found i n  t h e  d i e t  and those  i n  t h e  in-  

s e c t .  However, i t  is  now q u i t e  ev iden t  t h a t  q u a n t i t a t i v e l y  l i t t l e  co r re l a -  

t i o n  e x i s t s  ( see  Chapter 1 d i scuss ion ) .  The r e l a t i v e  l e v e l s  of f a t t y  a c i d s  

i n  t h e  d i e t  have a l i m i t e d  i n f l u e n c e  on t h e  l e v e l s  w i t h i n  many i n s e c t s .  
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Indeed, Barlow (1963, 1964) demonstrated t h a t  c e r t a i n  c h a r a c t e r i s t i c s  

of t h e  f a t t y  a c i d  composition of some i n s e c t s  a r e  r e l a t e d  t o  accepted 

taxonomic groupings. For example, i n s e c t s  of t h e  fami ly  Aphidi idae have 

r e l a t i v e l y  h igh  concen t r a t ions  of m y r i s t i c  a c i d  i n  t h e i r  f a t s :  

I 

Homoptero 
Aph~d~doe 

"- Doctynotus ombrosioe 
(nymphs a adults) 

Homoptero 
Aphididoe 
Aphis pomi 

(nymphs 8 odults) 

) t e r a  
doe 
lachnus saliqnus 
~ p h ~  a O ~ U I ~ S )  

Homoptero 
Aph~didoe 
Acyrthosiphon pisum 

(nymphs a odults) 

- 

Homoptera 
Aphididoc 
Pemphiqus populicoulis 

(nymphs a adults) 

I 

M y r i s t i c  a c i d  i s  normally found i n  t r a c e  o r  unde tec t ab le  amounts i n  o t h e r  

i n s e c t s  and o t h e r  animals  i n  genera l .  A f t e r  t h i s  f i nd ing ,  S t rong  (1963) 

demonstrated t h i s  c h a r a c t e r i s t i c  i n  21  o t h e r  s p e c i e s  of t h i s  family.  

S i m i l a r l y ,  Barlow (1964) demonstrated t h a t  t h e  o r d e r  D ip te ra  is  cha rac t e r -  



-4- 

ized by having relatively high palmitoleic acid levels: 

'ALMITOLEIC ACID 

D t p t r r o  
Sorcophogidae 
Agrio a f t ~ n i r  

(pupor) 

Diptero 
Muscidoe 
MUSCO d o m e r t ~ c o  

Diptera 
Culicidar 
A I d e s  oegypt i  

( P u P O ~ )  
Hylemya brossicae 

I (pupae' 

Diptero 
~ r o s o p h i l i d a c  
Drosophilo melanogor ler  

Palmitoleic acid, like myristic acid is normally present in only minor 

amounts in other taxa. Subsequently, additional species of this order 

have been demonstrated to display this characteristic (Fast 1966). Fast 

found that certain primitive Diptera of the family Cecidomyiidae do not 

have the characteristic, however. Another noteworthy exception exists. 

A small group of lepidopterous insects characterized by overwintering as 

larvae show similar high palmitoleic acid levels(Bracken and Harris 1969). 

These two striking examples appear to represent taxonomic characteristics, 



and t h e s e  a r e  r e t a i n e d  r e g a r d l e s s  of d i e t a r y  f a t t y  a c i d  composition. This  

was demonstrated by St rong  (1963) i n  t h e  aphids ,  and i t  i s  ev iden t  t h a t  

t h e  d i p t e r o u s  s p e c i e s  descr ibed  by Barlow (1964) and i l l u s t r a t e d  above 

d i f f e r  cons iderably  i n  t h e i r  n a t u r a l  d i e t .  

A f t e r  t h e s e  i n i t i a l  s t u d i e s  Barlow demonstrated conc lus ive ly  w i t h  

t h e  u s e  of chemical ly def ined  d i e t s  t h a t  t h e  f a t t y  a c i d  composition of 

t h r e e  d i p t e r o u s  s p e c i e s ,  Agria a f f i n i s  (1965), Musca domest ica 

-(1966a) and - L. s e r i c a t a  (1966b), were inf luenced  t o  a very  l i m i t e d  e x t e n t  

by t h e  f a t t y  a c i d  composition of t h e  d i e t .  The h i g h  p a l m i t o l e i c  a c i d  

l e v e l  was r e t a i n e d  i n  a l l  t h r e e  spec i e s .  The major f a t t y  a c i d s  of t h e s e  

i n s e c t s  when r ea red  on f a t t y  a c i d  f r e e  d i e t s  were approximately 30% 

p a l m i t i c  a c i d ,  40% p a l m i t o l e i c  a c i d ,  5% s t e a r i c  a c i d  and 25% o l e i c  a c i d ,  

demonstrat ing t h a t  t h e  h igh  l e v e l  of p a l m i t o l e i c  a c i d  i s ' d u e  t o  a c t i v e  

s y n t h e s i s  and n o t  d i e t a r y  inco rpora t ion  alone.  I n  g e n e r a l ,  t h i s  p a t t e r n  

i s  t y p i c a l  of t h i s  group r e g a r d l e s s  of t h e  d i e t ,  i n d i c a t i n g  t h e  l i m i t e d  

degree  of d i e t a r y  in f luence .  Po lyunsa tu ra t e s  were, of course ,  p re sen t  

. only when p r e s e n t  i n  t h e  d i e t .  

I n  c o n t r a s t  t o  t h e  groups of i n s e c t s  j u s t  desc r ibed ,  co leopterous ,  

l ep idop te rous  and f r e e  l i v i n g  hymenopterous i n s e c t s  d i s p l a y  a " typica l"  

p a t t e r n  of t h e  type  found i n  most animals ,  i n  which p a l m i t i c  and o l e i c  

a c i d s  comprise about  80 t o  90% of t h e  t o t a l  f a t t y  a c i d  compliment: 



Coleoptero 
Carabidoe 
Colororno calidum 

(odults) 

Lepidoptsra 
Nymphalidae 
Nympholis antiopo 

(PUPO~I  

Lepidoptero 
Noctuidae 
Calophosio lunuto 

(larvae) 

Lrpidoptcro 
Pyrolidae 
Gollerio mellonella 

IPuPae) 

Hymenoptero 
Dtprionidoe 
Neodiprion sertifer 

tlorvar) 

coleoptero 
Cerombycidae 
Trtraopes tclrophtholmus 

(ad~lts) 

Hymenoptero 
Formicidae 
Acanthomyopt clavlger 

(worker pupae) 



The r ecogn i t i on  of d i s t i n c t  f a t t y  a c i d  composi t ions a s  c h a r a c t e r i s -  

t i c  of c e r t a i n  t axa  l e d  t o  t h e  p ropos i t i on  t h a t  a n t i m e t a b o l i t e s  o r  i nh i -  

b i t o r s  of t h e s e  appa ren t ly  taxonomically s p e c i f i c  f a t t y  a c i d s  could be 

developed a s  i n s e c t i c i d e s  d i r e c t e d  a g a i n s t  t h e s e  taxa .  This  is  d iscussed  

a t  some l e n g t h  i n  t h e  gene ra l  d i scuss ion .  

I n  con t ras t  t o  mnst i nsec ts  v h i c h  r e t a i n  c e r t a i n  definite character- 

i s t i c s  of t h e i r  f a t t y  a c i d  p a t t e r n s  r e g a r d l e s s  of d i e t ,  Bracken and Barlow 

(1967) demonstrated t h a t  t h e  ichneumonid p a r a s i t o i d ,  E x e r i s t e s  comstocki i  

has  no c h a r a c t e r i s t i c  f a t t y  a c i d  p a t t e r n  which could b e  con- 

s i d e r e d  i t s  own when r ea red  on d i f f e r e n t  h o s t s  w i t h  widely vary ing  f a t t y  

a c i d  compositions.  I n  t hose  s t u d i e s  - E. comstocki i  u s u a l l y  found a s  a n  

e x t e r n a l  p a r a s i t e  of Rhyacionia buol iana ,  t h e  p ine  shoot  moth, was r e a r e d  

i n  t h e  l a b o r a t o r y  on t h r e e  h o s t s ,  - G. me l lone l l a ,  - L. s e r i c a t a  and Neodiprion 

s e r t i f e r ,  a sawfly.  A l l  t h r e e  h o s t s  have d i s t i n c t l y  d i f f e r e n t  f a t t y  a c i d  

p a t t e r n s .  I n  each c a s e  t h e  f a t t y  a c i d  composition of t h e  p a r a s i t o i d  was 

v e r y  near  t h e  same a s  t h e  h o s t  on which i t  w a s  r e a r e d ,  and t h e  

remained t h e  same throughout pupat ion and ec los ion .  

S ince  p rev ious  s t u d i e s  had been c a r r i e d  o u t  t o  determine t h e  in-  

f l u e n c e  of d i e t a r y  f a t t y  a c i d s  on those  i n  t h e  t i s s u e s  of - L. s e r i c a t a ,  one 

of t h e  h o s t s  used t o  r e a r  - E. comstocki i ,  s t u d i e s  descr ibed  i n  chap te r  1 

were c a r r i e d  o u t  t o  determine similar r e l a t i o n s  i n  - G. me l lone l l a ,  t h e  sec- 

ond h o s t  used t o  r e a r  t h e  ichneumonid. These two s t u d i e s  t oge the r  w i t h  

t h o s e  desc r ibed  p rev ious ly  from our l a b o r a t o r y ,  which cha rac t e r i zed  t h e  

s y n t h e t i c  a c t i v i t y  and l i p i d  composition i n  t h e s e  two h o s t  i n s e c t s  r e s u l t -  



ed i n  a s i g n i f i c a n t  body of in format ion  on l i p i d  composition and metabolism, 

which I could r e l a t e  and compare t o  similar s t u d i e s  on ichneurnonid p a r a s i t -  

o i d s  c a r r i e d  o u t  subsequent ly and descr ibed  i n  t h e  remaining chap te r s .  

These s t u d i e s  were d i r e c t e d  a t  determining t h e  g e n e r a l i t y  of t h e  dupl ica-  

t i o n  phenonmenon i n  p a r a s i t i c  Hymenoptera, t o  f u r t h e r  c h a r a c t e r i z e  i t s  

..."+...Pr. "..,I .,-- d-+--...Z-- +L- --Z-2- 
LIULCLLF;, aLLU L" U ~ L = I L L L L L L ~ :  L I I ~  V L L ~ L L L  ~f failiY acids and mechanism ol' dupi i -  

c a t i o n .  

GENERAL METHODS AND MATERIALS 

REARING TECHNIQUES 

During t h e s e  s t u d i e s ,  t h e  g r e a t e r  wax moth, G a l l e r i a  me l lone l l a  L. 

( L e p i d o ~ t e r a :  P ~ r a l i d a e ) ,  t h e  European co rn  b o r e r ,  O s t r i n i a  n u b i l a l i s  

Hubn. (Lepidoptera:  ~ ~ r a l i d a e )  and the blowfly Lucilia s e r i c a t a  L.  (Dip- 

tera: Ca l l i phor idae )  were used a s  h o s t  s p e c i e s  f o r  t h e  two p a r a s i t o i d s  

E x e r i s t e s  comstocki i  Cress .  (Hymenoptera: Ichneumonidae) and I t o p l e c t i s  

c o n q u i s i t o r  Say (Hymenoptera: Ichneumonidae). A l l  of t h e s e  i n s e c t  c u l t u r e s  

were o r i g i n a l l y  obta ined  from t h e  Canada Department of A g r i c u l t u r e  labora-  

t o r y  i n  B e l l e v i l l e ,  Ontar io.  

G. me l lone l l a  - The g r e a t e r  wax moth was r ea red  on a c e r e a l  based a r t i f i -  - 
c i a 1  d i e t  desc r ibed  by Dutky, Thompson and Cantwell  (1962). The r e a r i n g  

cond i t i ons  were 35% r e l a t i v e  humidity (R.H.) and 30 t o  35 C. Brands of 

mixed c e r e a l s  ob ta ined  l o c a l l y  were used. The v i tamin  mixture descr ibed  

by Dutky -- e t  a l .  was rep laced  w i t h  Ostaco@vitamins (Charles  E. F r o s t  and 

Co., Montreal,  Quebec). The d i e t  was mixed as desc r ibed ;  slow and c a r e f u l  



a d d i t i o n  of t h e  premixed l i q u i d  p o r t i o n  of t h e  d i e t  t o  t h e  c e r e a l  w a s  

necessary  i n  o r d e r  t o  o b t a i n  t h e  proper  cons is tency .  

One b a t c h  of d i e t ,  approximately 1000 g was placed i n  a 28 ounce 

cookie  j a r  w i t h  a nylon sc reen  cover.  Approximately 1000 eggs were placed 

on t h e  d i e t  and development proceeded u n t i l  pupat ion.  The l a r v a l  s t a g e  

of development was fcur weeks, the stag- two weeks. After 

a d u l t  emergence, fo lded  (accordian s t y l e )  wax paper  s t r i p s  he ld  wi th  a 

paper c l i p  were placed i n  t h e  j a r s  and o v i p o s i t i o n  occurred on these .  The 

eggs were then  scraped c a r e f u l l y  onto a new d i e t .  

0. n u b i l a l i s  - The European corn  bo re r  was r ea red  a x e n i c a l l y  on t h e  chemi- - 
tally de f ined  d i e t  of Beck and S t a u f f e r  (1950), under s i m i l a r  cond i t i ons  

a s  - G. me l lone l l a .  Egg masses were s t e r i l i z e d  w i t h  1% sodium hypoch lo r i t e  

s o l u t i o n  and placed i n  smal l  snap cap v i a l s .  A f t e r  ha tch ing ,  s e v e r a l  

dozen l a r v a e  w e r e  p laced  on s i x  ounce ba t ches  of d i e t  i n  one q u a r t  p l a s t i c  

food c o n t a i n e r s  w i t h  nylon sc reen  tops.  S t r i p s  of cor rega ted  cardboard 

were p laced  on t o p  of t h e  d i e t  and a f t e r  development l a r v a e  pupated between 

t h e  paper  l aye r s .  Pupae were removed and p laced  i n  snap cap v i a l s .  Af t e r  

emergence, a d u l t  p a i r s  were placed i n d i v i d u a l l y  i n  12  inch  wax paper 

t e t r a h e d r o n s  supp l i ed  wi th  water  soaked c o t t o n  r o l l s  through a h o l e  i n  one 

of t h e  s i d e s .  Ovipos i t ion  occurred on t h e  s i d e s  and egg masses were re-  

moved w i t h  wax paper  i n t a c t ,  and placed i n  ha tch ing  v i a l s .  

0. n u b i l a l i s  was reared  wi th  some d i f f i c u l t y ,  s i n c e  d iapause  occurred - 
i n  t h e  l a s t  i n s t a r  l a r v a l  s t a g e  and could no t  be  broken. A f t e r  some time, 

t h e  colony was dep le t ed  and was abondoned. The co rn  b o r e r s  used i n  t h e  



phospholipid s t u d i e s  w e r e  obtained from D r .  R. McClanahan a t  t h e  Canada 

Department of A g r i c u l t u r e  l abo ra to ry  i n  Harrow, Ontar io .  

L. s e r i c a t a  - The blowfly was r ea red  by t h e  method of W.F. Dean (Simon - 
Frase r  Un ive r s i t y )  a s  ou t l i ned  by W i l l i a m s  and Smith (1970). Four hundred 

t o  500 eggs were placed onto blocks of f r e s h  beef l i v e r  t h r e e  t o  f o u r  

inches  on a s i d e ,  which were i n  t u r n  placed over  a sawdust l a y e r  i n  one 

q u a r t  food c o n t a i n e r s  w i t h  s c reen  tops .  The eggs hatched w W 2 4  hours  

and l a r v a e  pupated w i t h i n  t h e  sawdust l a y e r  i n  5 t o  7 days. Pupae were 

removed and p laced  i n  r e a r i n g  cages of t h e  type  desc r ibed  by Nicho l l s  

(1970). A f t e r  emergence, a d u l t s  were f e d  sugar  cubes and water  i n  soaked 

c o t t o n  r o l l s .  A f t e r  one week, smal l  s l i c e s  of beef l i v e r  i n  p e t r i  p l a t e s  

were added t o  t h e  cage and eggs were c o l l e c t e d  from t h e s e  i n  about  t h r e e  

days.  Rearing was c a r r i e d  out  a t  25 C and 40% r e l a t i v e  humidity.  

E. comstocki i  - Stock co lon ie s  of E. comstocki i ,  an  e x t e r n a l  p a r a s i t o i d  of - 
t h e  p i n e  shoot  moth, Rhyacionia buol iana ,  were maintained s u c c e s s f u l l y  i n  

t h e  l a b o r a t o r y  on - G. mel lone l la .  Eggs were placed s i n g l y  i n  punctured 

g e l a t i n  c a p s u l e s  and placed i n  a d e s i c c a t o r  w i t h  a s a t u r a t e d  s o l u t i o n  of 

sodium carbonate .  A f t e r  ha tch ing ,  which occurred 24 t o  48 hours  later,  

t h e  capsu le s  were d r i e d  and opened, and coddled last  i n s t a r  - G. m e l l o n e l l a  

l a r v a e  (immobilized by p l ac ing  i n  water  a t  54 C f o r  approximately 45 sec- 

onds) were p laced  i n s i d e  wi th  t h e  p a r a s i t e  l a rvae .  The h o s t  was rep laced  

a f t e r  i t  turned  b l a c k  due t o  b a c t e r i a l  i n f e c t i o n .  A f t e r  t h e  p a r a s i t e  

pupated t h e  h o s t  was removed, and when t h e  a d u l t s  emerged, t h e  males and 

females  were i s o l a t e d  i n  s e p a r a t e  cages.  A dozen males were placed i n  a 



small cage (4 x 4 x 2.5 inches)  w i th  a  p l a s t i c  f r o n t .  Females a n e s t h e t i z e d  

wi th  carbon d iox ide  were added i n d i v i d u a l l y  t o  t h e  male cage and were re -  

moved a f t e r  mating. Adult  emergence and mating took p l a c e  on t h e  same day. 

Mated females were pu t  s i n g l y  o r  i n  p a i r s  i n  sma l l  cages ,  and coddled h o s t  

l a r v a e  i n  o v i p o s i t i o n  b locks  were added immediately. Ovipos i t ion  b locks  

h o l e  bored lengthwise ,anda& connecting t h e  bo re  t o  t h e  o u t s i d e  of one 

s i d e  of t h e  block.  Coddled h o s t  l a r v a e  were drawn i n t o  t h e  b lock  by t h e  

end of t h e  abdomen w i t h  fo rceps ,  and 4 nnn of t h e  abdomen were l e f t  exposed 

f o r  t h e  a d u l t  t o  feed  on. A f t e r  t h r e e  t o  5 days ,  females began t o  d e p o s i t  

eggs on t h e  coddled h o s t  l a rvae .  A l l  r e a r i n g  procedures  were c a r r i e d  out  

a t  25 C ,  and t h e  a d u l t  p a r a s i t o i d s  were suppl ied  w i t h  sugar  cubes,  r a i s i n s ,  

and water  from smal l  ben t  g l a s s  tubes.  

During t h e  cou r se  of t h e s e  s t u d i e s ,  E. comstocki i  was r ea red  on 

a l t e r n a t e  h o s t s  i nc lud ing  L. s e r i c a t a  and - 0.  n u b i l a l i s .  The p a r a s i t o i d  

was r ea red  on &. s e r i c a t a  w i t h  g r e a t  d i f f i c u l t y .  The l a r v a e  d e t e r i o r a t e d  

qu ick ly  even when t h e  blowfly w a s  r ea red  a x e n i c a l l y  on a  chemical ly de- 

f i n e d  d i e t  which was being used i n  our  l a b o r a t o r y  a t  t h a t  t i m e  ( ~ a r l o w  

and Kol lberg  1971). Experiments i nvo lv ing  t h e  a d d i t i o n  of s t reptomycin 

t o  t h e  u s u a l  l i v e r  d i e t  d i d  no t  a l t e r  t h i s  s i t u a t i o n ,  and - L. s e r i c a t a  

r ea red  on l i v e r  a lone  were t o t a l l y  u n s u i t a b l e  as h o s t s .  The e f f e c t s  of 

endemic and o t h e r  b a c t e r i a  present  i n  h o s t  s p e c i e s  on t h e  success  of 

p a r a s i t i s m  have been descr ibed  by Bucher and W i l l i a m s  (1967) and Bracken 

and Bucher (1967). 



The sea rch  f o r  a  s u i t a b l e  h o s t  w i t h  a  f a t t y  a c i d  composition which 

d i f f e r e d  cons iderably  from t h a t  of G. me l lone l l a  was ended when Bracken - 
and H a r r i s  (1969) r epo r t ed  t h e  presence  of h igh  l e v e l s  of p a l m i t o l e i c  a c i d  

i n  a  sma l l  group of l ep idop te rous  i n s e c t s  i nc lud ing  2. n u b i l a l i s .  When- 

eve r  p o s s i b l e  t h i s  i n s e c t  was used r a t h e r  than  4. s e r i c a t a  a s  a n  a l t e r n a t e  

hos t  f o r  - E. comstocki i  and I. conqu i s i t o r .  - 

I. c o n q u i s i t o r  - I. c o n q u i s i t o r ,  an  endopa ras i to id  of t h e  p ine  shoot  moth, - - 

was r ea red  very  e a s i l y  on t h e  a l t e r n a t e  l a b o r a t o r y  h o s t ,  - G. me l lone l l a .  

Eggs were depos i ted  by mated females  d i r e c t l y  i n t o  newly formed wax moth 

pupae. Development proceeded completely w i t h i n  t h e  h o s t  puparium. A f t e r  

emergence, t h e  a d u l t s  were placed i n  a  r e a r i n g  cage  s i m i l a r  t o  t h a t  used 

f o r  r e a r i n g  - L. s e r i c a t a ,  and mating occurred i n  a  few minutes.  Mated fe-  

males were removed and placed i n d i v i d u a l l y  i n  sma l l  p e t r i  p l a t e s  w i t h  

s i n g l e  h o s t  pupae, and a f t e r  o v i p o s i t i o n  were r e tu rned  t o  t h e  mating cage. 

P a r a s i t i z e d  - G. mel lone l l a  were placed i n  a n  empty cage u n t i l  t h e  a d u l t  

p a r a s i t o i d s  emerged. The a d u l t s  were f e d  sugar  cubes and water  i n  soaked 

c o t t o n  r o l l s .  During t h e  course  of t h e s e  s t u d i e s ,  L. conqu i s i t o r  was a l s o  

r ea red  on t h e  a l t e r n a t e  h o s t s  - L. s e r i c a t a  and 2. n u b i l a l i s .  

BIOCHEMICAL TECHNIQUES 

The common biochemical techniques used i n  t h e s e  s t u d i e s  a r e  o u t l i n e d .  

Techniques used i n  s p e c i f i c  a s p e c t s  of t h e  work w i l l  be  descr ibed  i n  t h e  

a p p r o p r i a t e  s e c t i o n s .  

L ip id  e x t r a c t i o n  - T o t a l  l i p i d  e x t r a c t s  were prepared by t h e  method of 



Bligh  and Dyer (1959),  modified t o  be  used w i t h  mic roquan t i t i e s .  The mono- 

phas ic  e x t r a c t i o n  mixture contained chloroform, methanol and water, 1:2:0.8 

by volume; t h e  water  came from t h e  t i s s u e  t o  be  e x t r a c t e d .  E x t r a c t i o n  

was c a r r i e d  ou t  i n  t i s s u e  g r i n d e r s  i n  t h r e e  m l  of chloroform:methanol, 1:2 

by volume, and i f  t h e  t i s s u e  t o  be e x t r a c t e d  conta ined  l e s s  t han  0.8 m l  

of water  (assuming 80% wet weight a s  water)  d i s t i l l e d  water  was added t o  

make up t h e  d e f i c i t .  Af t e r  homogenizing f o r  two t o  t h r e e  minutes ,  one m l  

chloroform and one m l  water  were added t o  t h e  i n i t i a l  homogenate w i t h  m i x -  

i n g  a f  t e r  each  a d d i t i o n .  The r e s u l t i n g  b i p h a s i c  m i x t k e  was then  poured 

i n t o  a c e n t r i f u g e  tube  and cen t r i fuged  f o r  15  minutes  a t  3000 rpm. A f t e r  

c e n t r i f u g a t i o n ,  t h e  chlorofrom l a y e r  w a s  removed and t h e  so lven t  evaporated. 

The l i p i d  w a s  r ed i s so lved  i n  petroleum e t h e r  (B.P. 30-60 C) and washed 

w i t h  a n  equa l  volume of d i s t i l l e d  water  i n  a sepa ra to ry  funnel .  A f t e r  

s t and ing  f o r  12  o r  more hours ,  t h e  petroleum e t h e r  w a s  removed by evapora- 

t i o n  l e a v i n g  t h e  e x t r a c t e d  l i p i d .  

Sepa ra t ion  - of l i p i d  c l a s s e s  - I n d i v i d u a l  l i p i d  c l a s s e s  were i s o l a t e d  from 

t h e  t o t a l  l i p i d  e x t r a c t  by e l u t i o n  chromatography on s i l i c i c  a c i d  products .  

0 The f i r s t  t echnique  used 7% hydrated F l o r i s i l  ( F l o r i d i n  Co.) ( a c t i v a t e d  

magnesium s i l i c a t e )  a s  descr ibed  by C a r r o l l  (1961). Hydrocarbons, s t e r o l  

e s t e r s ,  t r i g l y c e r i d e s ,  s t e r o l s ,  d i g l y c e r i d e s ,  monoglycerides,  f r e e  f a t t y  

a c i d s  and phosphol ip ids  were e l u t e d  i n  a s tepwise  manner w i th  60 m l  hexane, 

100 m l  4% d i e t h y l  e t h e r  i n  hexane, 180 m l  15% d i e t h y l  e t h e r  i n  hexane, 180 

m l  25% d i e t h y l  e t h e r  i n  hexane, 180 m l  50% d i e t h y l  e t h e r  i n  hexane, 150 m l  

2% methanol i n  d i e t h y l  e t h e r ,  150 m l  4% a c e t i c  a c i d  i n  d i e t h y l  e t h e r  and 



200 m l  methanol r e s p e c t i v e l y  from 36 g columns (20 mg sample/g packing) .  

The second and more commonly used technique was t h a t  descr ibed  by 

Borgstrom (1962) f o r  t h e  s e p a r a t i o n  of phospholipids  from n e u t r a l  l i p i d s  

and f r e e  f a t t y  a c i d s .  The column packing was 10  g of Unisi la  (Clarkson 

Chemical Company) ( s i l i c i c  a c i d ) .  The l i p i d  e x t r a c t  was adsorbed (20 mg 
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s t epwise  manner w i t h  200 m l  chloroform and 200 m l  of methanol r e s p e c t i v e l y .  

A l l  column techniques  descr ibed  were monitored c o l o r i m e t r i c a l l y  a s  de- 

s c r i b e d  by Amenta (1964). Small samples of e l u t a n t  were i s o l a t e d ,  t h e  

s o l v e n t  evaporated and a few drops of 7% potassium dichromate i n  su lphur i c  

a c i d  added. A f t e r  h e a t i n g  i n  a  b o i l i n g  water  b a t h  f o r  two t o  t h r e e  minutes 

t h e  c h a r a c t e r i s t i c  co lour  r e a c t i o n  of reduced dichromate appears  i f  or- 

ganic  matter is  s t i l l  p re sen t  i n  t h e  e l u a n t .  This  technique  can  be 

q u a n t i t a t e d  spec t rophotometr ica l ly .  A f t e r  e l u t i o n  of n e u t r a l  and phospho- 

l i p i d s  a s  desc r ibed ,  t h e  s o l v e n t s  were evaporated and t h e  l i p i d  f r a c t i o n s  

r ed i s so lved  i n  petroleum e t h e r  and washed w i t h  water  t o  remove any t r a c e s  

of U n i s i l .  

Sapon i f i ca t ion  & i s o l a t i o n  -- of f r e e  f a t t y  a c i d s  - Sapon i f i ca t ion  of l i p i d  

e x t r a c t s  o r  i s o l a t e d  l i p i d  c l a s s e s  was c a r r i e d  o u t  by t h e  method of t h e  

Assoc ia t ion  of O f f i c i a l  A g r i c u l t u r a l  Chemists (Lepper 1950).  The l i p i d  

was d i s so lved  i n  t h r e e  m l o f h o t  e t h a n o l  and 0 .1  m l  of 60% potassium hydrox- 

i d e  s o l u t i o n  was added. This  mixture  was then  r e f luxed  f o r  30 minutes .  

Af t e r  s a p o n i f i c a t i o n ,  5 m l  of water  were added and t h e  ethanol-water phase 

was washed w i t h  petroleum e t h e r  (B.P. 30-60 C) t o  remove non-saponif iable  



l i p i d s .  A f t e r  removal of t h e  petroleum e t h e r ,  t h e  e thano l  phase was 

a c i d i f i e d  w i t h  0.5 m l  of concent ra ted  hydrochlor ic  a c i d  and washed aga in  

wi th  petroleum e t h e r .  F ree  f a t t y  a c i d s  were obta ined  a f t e r  evapora t ion  of 

t h e  petroleum e t h e r .  

P repa ra t ionof  - f a t t y  a c i d  methyl e s t e r s  f o r  =-liquid chromatography (GLC) - - 
E s t e r i f i c a t i o n  of f a t t y  a c i d s ,  a p r e p a r a t i v e  s t e p  f o r  (;LC, was c a r r i e d  ou t  

by two procedures .  F ree  f a t t y  a c i d s ,  i s o l a t e d  a f t e r  s a p o n i f i c a t i o n ,  were 

e s t e r i f i e d  by t h e  method of Schlenk and Gellerman (1960), w i t h  diazo-  

methane. The r e a c t i o n  appara tus  cons i s t ed  of a t h r e e  chambered system 

w i t h  a l l  chambers connected gas phase t o  l i q u i d  phase w i t h  tubes.  The 

f i r s t  chamber was f i l l e d  wi th  d i e t h y l  e t h e r ,  t h e  second contained t h e  

diazomethane gene ra to r  and t h e  t h i r d  t h e  f r e e  f a t t y  a c i d  mixture  i n  d i e t h y l  

e t h e r  con ta in ing  10% methanol. Nitrogen gas  s a t u r a t e d  w i t h  e t h e r  a f t e r  

pas s ing  through t h e  f i r s t  chamber c a r r i e d  t h e  diazomethane gas from t h e  

second chamber i n t o  t h e  t h i r d  chamber con ta in ing  t h e  f r e e  f a t t y  acid-  

e t h e r  s o l u t i o n .  The r e a c t i o n  was monitored c o l o r i m e t r i c a l l y ,  be ing  com- 

p l e t e  when t h e  e t h e r  s o l u t i o n  i n  t h e  t h i r d  chamber turned yel low from ex- 

c e s s  d i s so lved  diazomethane. Af t e r  t h e  d i e t h y l  e t h e r  was evaporated from 

t h e  e s t e r i f i e d  f a t t y  a c i d  mixture,  t h e  f a t t y  a c i d   methyl e s t e r s  were 

taken up i n  petroleum e t h e r  (B.P. 30-60 C), and t h e  excess  methanol was 

removed from t h e  sample by washing w i t h  water.  

The second method of e s t e r i f i c a t i o n ;  t r a n s e s t e r i f i c a t i o n ,  was c a r r i e d  

ou t  w i t h  b o r o n - t r i f l u o r i d e  by t h e  method of Morrison and Smith (1964) on 

i s o l a t e d  l i p i d  c l a s s e s c r f r e e  f a t t y  ac ids .  



The l i p i d  sample was placed i n  a 

sma l l  c e n t r i f u g e  tube  wi th  p re s su re  t i g h t  t e f l o n  l i n e d  screw top  caps. 

- ---. A f t e r  t h e  so lven t  was evaporated, l4% boron t r i f l u o r i d e  i n  methanol w a s  

added t o  t h e  sample ( 1  m1/10 mg l i p i d ) .  The p r e s s u r e  t i g h t  cap was then  

screwed on and t h e  tube  was placed i n  a b o i l i n g  water  ba th .  The r e a c t i o n  

ti-,e varied w i t h  the l i p i d  class:  15 m i n r c t e s  fo r  neutral lipids, 10 

minutes f o r  phospholipids  and two t o  5 minutes f o r  f r e e  f a t t y  a c i d s .  A f t e r  

cool ing ,  t h e  r e a c t i o n  v e s s e l  was opened and t h e  r e a c t i o n  mixture  t r ans -  

f e r r e d  t o  a c l e a n  c e n t r i f u g e  tube. Pentane w a s  added t o  t he  mixture ( f o u r  

volumes/one volume r e a c t i o n  mixture)  and t h e  tube  was cen t r i fuged  a t  3000 

rpm f o r  15  minutes.  The f a t t y  a c i d  methyl e s t e r s  were then  recovered from 

t h e  pentane l a y e r .  

Class i s o l a t i o n  and p u r i f i c a t i o n  of f a t t y  a c i d  methyl e s t e r s  - P u r i f i c a t i o n  - - 
and s e p a r a t i o n  of s a t u r a t e d ,  monounsaturated and polyunsa tura ted  f a t t y  

a c i d  c l a s s e s  was achieved by mod i f i ca t ions  of t h e  method of De Vr ies  (1963) 

w i t h  t h e  u s e  of s i l i c i c  a c i d  impregnated wi th  s i l v e r  n i t r a t e .  S i l i c i c  

a c i d - s i l v e r  n i t r a t e  column packing was prepared a s  descr ibed .  The f a t t y  

a c i d  methyl e s t e r  sample was added t o  t h e  prepared column (10 mg l i p i d / l  g 

packing) ,  and t h e  s a t u r a t e s  e l u t e d  w i t h  20 mi of 10% benzene i n  petroleum 

e t h e r  (B.P. 30-45 C ) ,  t h e  monounsaturates wi th  1 0  m l  of 7% d i e t h y l  e t h e r  

i n  petroleum e t h e r  (B.P. 30-45 C) and t h e  po lyunsa tu ra t e s  w i t h  d i e t h y l  

e t h e r .  The i s o l a t e d  f a t t y  a c i d  methyl e s t e r s  were r ed i s so lved  i n  t o luene  

f o r  gas- l iqu id  chromatography (GLC) a f t e r  evapora t ion  of t h e  e l u t i n g  

s o l v e n t s .  



Gas-liquid chromatography of f a t t y  a c i d  methyl e s t e r s  - Methylated f a t t y  - 
a c i d s  were analyzed us ing  a  Car lo  Erba Fractovap gas- l iqu id  chromatograph, 

The c a r r i e r  gas w a s  helium and t h e  column packing most commonly used was 

15% d ie thy lene  g l y c o l  s u c c i n a t e  on Chromosorb W (AW), mesh 60180. During 

i n i t i a l  s t u d i e s  15% Apeizon L packing was used a l t e r n a t i v e l y  f o r  v e r i f i c a -  

t i o n  01 i d e ~ i ~ i C i c a t i o ~ ~ .  C a r r i e r  gas pressures f r o m  0.5 to 1.0 l b / s q .  in, 

and column temperatures  from 190 t o  200•‹C were used throughout t h e  course  

of t h e s e  s t u d i e s .  Methylated f a t t y  a c i d  s t anda rds ,  inc luding  m y r i s t i c  (C14:0), 

m y r i s t o l e i c  ( C U : l ) ,  p a l m i t i c  (Cl6:O), p a l m i t o l e i c  (Cl6 : l ) ,  s t e a r i c  (Cl8:O), 

o l e i c  (18 : 1 )  , l i n o l e i c  (Cl8 : 2) and linolenk (Cl8 : 3)  acids were run  w i t h  each 

sample f o r  i d e n t i f i c a t i o n  and q u a n t i t a t i v e  de te rmina t ions .  

GLC d a t a  were t r e a t e d  i n  two ways. For d i r e c t l y  comparative s t u d i e s ,  

t h a t  i s ,  i n  s t u d i e s  involv ing  d i r e c t  comparison of f a t t y  a c i d  p a t t e r n s ,  

t h e  a r e a s  under t h e  peaks were determined us ing  h e i g h t  x width a t  h a l f  

h e i g h t  c a l c u l a t i o n s  and t h e  percent  composition of t h e  f a t t y  a c i d s  calcu-  

l a t e d  as t h e  pe rcen t  of t h e  a r e a  of an  i n d i v i d u a l  f a t t y  a c i d  of t h e  t o t a l  

of t h e  a r e a s  of a l l  t h e  f a t t y  ac ids .  However, a l though t h e  q u a n t i t a t i v e  

GLC response  t o  each f a t t y  a c i d  is  almost l i n e a r ,  t h e  response v a r i e s  w i t h  

t h e  d i f f e r e n t  f a t t y  a c i d s .  Therefore ,  f o r  more a c c u r a t e  percent  composi- 

t i o n  c a l c u l a t i o n s  and s p e c i f i c  a c t i v i t y  de t e rmina t ions  dur ing  t h e  rad io-  

i s o t o p e  s t u d i e s ,  t h e  a c t u a l  amounts of f a t t y  a c i d s  p re sen t  were c a l c u l a t e d  

by comparing t h e  peak a r e a  of each i n d i v i d u a l  f a t t y  a c i d  t o  t h e  peak a r e a  

of t h e  corresponding f a t t y  a c i d  i n  t h e  s t anda rd  of known we igh t lun i t  a r ea .  

The pe rcen t  composition was determined by t h e  a c t u a l  weight of each in-  



d i v i d u a l  f a t t y  ac id  a s  a percent  of t h e  t o t a l  weight of a l l  t h e  f a t t y  

ac ids .  



CHAPTER L 

The cons i s t ency  of t h e  f a t t y  a c i d  p a t t e r n  of G a l l e r i a  

m e l l o n e l l a ,  r ea red  on f a t t y  a c i d  supplemented d i e t s  



INTRODUCTION 

Previous s t u d i e s  have demonstrated t o  a l i m i t e d  e x t e n t  t h a t  t h e  f a t t y  

a c i d  composition of t h e  d i e t  has some in f luence  o r  is  r e f l e c t e d  i n  t h e  par- 

t e r n  of t h e  i n s e c t  which i s  r ea red  on i t  ( Y u i l l  and Cra ig  1937, Kiyoku 

1953, House, Riordan and Barlow 1958, Cherry 1959, Lambremont, Blum and 

Schrader  1964, Schaefer  1968, Vanderzant 1968).  S t i l l  o t h e r  workers have 

a sc r ibed  unusual  f a t t y  a c i d  p a t t e r n s  t o  d i e t a r y  i n f l u e n c e s  (Grindley 1952).  

However, t h e r e  a r e  some s t u d i e s  which demonstrated t h a t  r e g a r d l e s s  of t h e  

f a t t y  a c i d  composition of t h e  d i e t ,  t h e  p a t t e r n  of t h e  i n s e c t  remains un- 

changed (Barlow 1964, 1966a,b, Van Handel and Lum 1961, F a s t  and Brown 

1962). Many o t h e r s  have shown t h a t  t h e  r e l a t i v e  composition of f a t t y  a c i d s  

i n  t h e  i n s e c t  a r e  d i s t i n c t l y  d i f f e r e n t  than  i n  t h e  d i e t .  

The purpose of t h e s e  experiments was t o  document t h e  in f luence  of 

d i e t a r y  f a t t y  a c i d s  on t h e i r  r e l a t i v e  composition i n  the wax moth. 

METHODS AND MATERIALS 

Wax moth l a r v a e  were r ea red  on Pablum based d i e t s  as descr ibed  i n  

t h e  General Methods and Mate r i a l s  s ec t ion .  To t h e s e  d i e t s  were added sup- 

plements of f r e e  s t e a r i c ,  p a l m i t o l e i c  and l i n o l e i c  a c i d s  ( 3  g/100 g d i e t ) .  

S t e a r i c  and p a l m i t o l e i c  a c i d  were used a s  t h e  s a t u r a t e d  and monounsaturated 

supplements,  s i n c e  t h e s e  a r e  p r e s e n t  i n  very  low q u a n t i t i e s  and a d d i t i o n  

of r e l a t i v e l y  sma l l  amounts s i g n i f i c a n t l y  increased  t h e  percentage  i n  t h e  

d i e t .  L i n o l e i c  a c i d  was used a s  a po lyunsa tu ra t e  supplement r a t h e r  than  

l i n o l e n i c  a c i d ,  which is  p re sen t  i n  much sma l l e r  amounts, because l i n o l e n i c  



a c i d  would have a  g r e a t e r  tendency t o  ox id i ze  i n  t h e  d i e t .  Pre l iminary  

experiments w i th  14c (U) o l e a t e  supplements demonstrated t h a t  f r e e  f a t t y  

a c i d  d i e t a r y  supplements a r e  d iges t ed  and incorpora ted  i n t o  t h e  i n s e c t ' s  

f a t .  

. A f t e r  24 hours s t a r v a t i o n  t o  a l l ow e l imina t ion  of gu t  con ten t s ,  l a s t  

fnstar larvae were hiiiii~gen2~e2 and the free fatty acids extracted and 

analyzed by GLC as descr ibed  previous ly .  The unsa tura ted  f a t t y  a c i d  f r ac -  

t i o n s  were n o t  degraded t o  determine t h e  s p e c i f i c  isomers p re sen t .  

RESULTS 

It i s  apparent  t h a t  even a f t e r  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  concen- 

t r a t i o n s  of s t e a r i c  (Table 1 - l ) ,  p a l m i t o l e i c  (Table 1-2), and l i n o l e i c  

a c i d s  (Table 1-31, only minor changes occur i n  t h e  p a t t e r n  of t h e  l a rvae .  

The l a r v a l  con ten t  of bo th  C16:l and C18:2 f a t t y  a c i d s  i n c r e a s e  somewhat 

when p a l m i t o l e i c  and l i n o l e i c  a c i d s  r e s p e c t i v e l y  were added t o  t h e  d i e t .  

F ra s s  a n a l y s i s  shows t h a t  t h e  a c i d s  i n  excess  of t h e  r e l a t i v e  concentra- 

t i o n  w i t h i n  t h e  l a r v a e  a r e  excre ted  (Table 1-1, 1-2, 1-3). S imi la r  re -  

s u l t s  were obtained wi th  d i e t s  supplemented wi th  p a l m i t i c  and o l e i c  a c i d s ,  

and a l s o  i n  experiments using t r i g l y c e r i d e s .  

DISCUSSION 

Many workers have conclus ive ly  e s t ab l i shed  t h a t  i n s e c t s  synthesize 

f a t t y  a c i d s  (Zebe and McShan 1959, T i e t z  1961, Bade 1964, ~ambremon~s  



Table 1-1. The f a t t y  a c i d  composition of G a l l e r i a  me l lone l l a  and i ts  

f r a s s  when r ea red  on s t e a r i c  a c i d  supplemented d i e t s .  

Pe r  Cent Composition 

Fatty Acid* Cont ro l  D i e t  
S t e a r i c  Acid Supple- 

mented D i e t  

D i e t  Larvae F r a s s  D i e t  Larvae Fras  s 

*The f i r s t  number r e p r e s e n t s  t h e  carbon cha in  l e n g t h ,  t h e  second, t h e  
number of double bonds. S t e a r i c  a c i d  is C18:O. 



Table 1-2. The f a t t y  a c i d  composition of G a l l e r i a  me l lone l l a  and i t s  

f r a s s  when r ea red  on p a l m i t o l e i c  a c i d  supplemented d i e t s .  

Per  Cent Composition 
Pa lmi to l e i c  Acid 

F a t t y  Acid* Con t ro l  D i e t  Supplemented Die t  

D i e t  Larvae F r a s s  D i e t  Larvae F r a s s  

*The f i r s t  number r e p r e s e n t s t h e  carbon cha in  l e n g t h ,  t h e  second, t h e  num- 
b e r  of double bonds. Palmito. le ic  a c i d  i s  an  isomer of t h e  C16:l group. 



Table 1-3. The f a t t y  a c i d  composition of G a l l e r i n a  me l lone l l a  and i t s  

f r a s s  when r ea red  on l i n o l e i c  a c i d  supplemented d i e t s .  

Per  Cent Composition 

L i n o l e i c  Acid 
Supplemented D i e t  

D i e t  Larvae F r a s s  D i e t  Larvae F r a s s  

-- - - - - 

*The f i r s t  number r e p r e s e n t s  t h e  carbon c h a i n  l e n g t h ,  t h e  second, t h e  num- 
b e r  of double bonds. L i n o l e i c  a c i d  is a n  isomer of t h e  C18:2 group. 



S t e i n  and Bennett  1965, Stephen and G i l b e r t  1969, Thompson and Barlow 1971).  

There seems t o  be  l i t t l e  doubt ,  t h e r e f o r e ,  t h a t  f a t  s y n t h e s i s  c o n t r i b u t e s  

t o  t h e  f a t  depos i ted  i n  t h e  i n s e c t .  S tud ie s  w i th  f a t t y  a c i d  f r e e  d i e t s  

would determine t o  what e x t e n t  s y n t h e s i s  e f f e c t s  pool  s i z e  of i n d i v i d u a l  

f a t t y  ac ids .  However, only a  very few a t t empt s  a t  r e a r i n g  i n s e c t s  on such 

be  l i m i t e d ,  s i n c e  some i n s e c t s  have been shown t o  have s p e c i f i c  f a t  re -  

quirements  (Fas t  1970).  For example, t h e  wax moth r e q u i r e s  po lyunsa tu ra t e s  

f o r  s u c c e s s f u l  emergence (Dadd 1964).  

The i n f l u e n c e  of d i e t a r y  f a t t y  a c i d s  on t i s s u e  pools  however, is i n  

ques t ion .  Many e a r l i e r  s t u d i e s  concluded t h a t  t h e r e  i s  a d i r e c t  c o r r e l a -  

t i o n  between t h e  two ( Y u i l l  and Cra ig  1937, L u c i l i a  s e r i c a t a ;  Melampy and 

Maynard 1937, B l a t t e l l a  germanica; Kiyoku 1953, Callosobruchus c h i n e s i s ;  

House -- e t  a l .  1958, Pseudosarcophaga a f f i n i s ;  Cherry 1959, Phormia 

te r raenovae) .  Many of t h e s e  s t u d i e s  involved t h e  a d d i t i o n  of polyunsatu- 

rates t o  t h e  d i e t .  Fas t  (1964) has  poin ted  o u t ,  "Since we a r e  now c e r t a i n  

t h a t  many i n s e c t s  cannot syn thes i ze  t h e s e  a c i d s  (po lyunsa tu ra t e s ) ,  b u t  do 

need them f o r  c e r t a i n  metabol ic  purposes,  they  must be  r e a d i l y  taken  up 

from t h e  d i e t .  I f  t h e  i n s e c t s  a r e  incapable  of metabol iz ing  o r  e x c r e t i n g  

t h e  exces s ive  q u a n t i t i e s  of feed ,  t h e s e  a c i d s  would accumulate ...". 
Some more r e c e n t  s t u d i e s  have a l s o  demonstrated t h i s  c o r r e l a t i o n .  

Lambremont -- e t  a l .  (1964) demonstrated i n  Anthonomus g rand i s  t h a t  t h e  re- 

l a t i v e  amounts of f a t t y  a c i d s  i n  t h e  i n s e c t  vary  w i t h  d i e t .  S imi l a r  re- 

s u l t s  were ob ta ined  by Schaefer  (1968), Vanderzant (1968) and Barne t t  and 



Berger (1970) i n  H e l i o t h i s  z, and by Kei th  (1967) i n  Drosophila  melano- 

g a s t e r .  C e r t a i n  ichneumonid p a r a s i t e s  have r e c e n t l y  been shown t o  dupl i -  

c a t e  t h e  f a t t y  a c i d  p a t t e r n s  of t h e i r  h o s t s  (Bracken and Barlow 1967, 

E x e r i s t e s  comstocki i ;  Thompson and Barlow 1970, I t o p l e c t i s  c o n q u i s i t o r ) .  

Contrary t o  a l l  t h e s e  previous  s t u d i e s ,  Van Handel and Lum (1961) 

have demonstraiecl ia Aedea sol l iz i tar is  that pal~itnleic acid is present 

i n  r e l a t i v e l y  h igh  concen t r a t ions  independent ly of t h e  d i e t .  S imi l a r  re- 

s u l t s  were obta ined  by Fas t  and Brown (1962) i n  Aedes aegypt i .  

Barlow (1964) has demonstrated t h a t  c e r t a i n  c h a r a c t e r i s t i c s  of t h e  

composition of  f a t t y  a c i d s  may be taxonomic. For example, most d i p t e r o u s  

i n s e c t s  have r e l a t i v e l y  h igh  concen t r a t ions  of p a l m i t o l e i c  a c i d  i n  t h e i r  

f a t s .  Th i s  appea r s  t o  be  c h a r a c t e r i s t i c  of many D i p t e r a  t hus  f a r  s t u d i e d ,  

r e g a r d l e s s  of t h e i r  vary ing  d i e t s .  Barlow a l s o  demonstrated i n  - L. s e r i -  

cats (1966b), Agr is  a f f i n i s  (1965) and Musca domestica (1966a), t h a t  only 

minor changes i n  t h e  percent  composition of f a t t y  a c i d s  occurred a s  t h e  

r e l a t i v e  concen t r a t ions  i n  t h e  d i e t  v a r i e d ,  except  t h e  polyunsa tura te  

l i n o l e i c  a c i d ,  which d i d  vary w i t h  t h e  d i e t ,  p a r t i c u l a r l y  i n  - M. domestica.  

Aside from t h e  l a c k  of po lyunsa tu ra t e s  t h e  p a t t e r n s  were very  near  t h e  

same when t h e s e  i n s e c t s  were r ea red  on f a t t y  ac id  f r e e  d i e t s .  

Other  workers  have noted t h a t  t h e  r e l a t i v e  amounts of f a t t y  a c i d s  

i n  t h e  i n s e c t  are d i s t i n c t i v e l y  d i f f e r e n t  than  t h e  d i e t  (Lambremont and 

Blum 1963, Lambremont, S t e i n  and Bennett  1965, i n  A. p r a n d i s ;  Nakasone and 

I t o  1967, Bombyx mori ;  Nelson and Sukkestad 1968, T r i chop lus i a  I&; Mome 

and T a f t  1970, - H. - zea; Yendol 1970, - G. m e l l o n e l l a ) .  



I n  t h e  p r e s e n t  experiments,  5. mel lone l l a  appears  t o  r e t a i n  a charac- 

t e r i s t i c  f a t t y  a c i d  p a t t e r n  r e g a r d l e s s  of  t h e  r e l a t i v e  composition i n  t h e  

d i e t ,  and t h e  excess  f a t t y  a c i d  supplements a r e  exc re t ed  (Table 1-1, 1-2, 1-3). 

Yendol (1970) h a s  shown t h a t  hemolymph of t h e  wax moth has a f a t t y  a c i d  

composition c l o s e r  t o  t h a t  of t h e  i n s e c t ' s  f a t  than  t h e  d i e t ,  and i t  

therefore appears that some control over the fatty acid cornposit-ion occurs 

a t  t h e  gut  l e v e l .  Two p o s s i b l e  mechanisms which may be  o p e r a t i v e  i n  re- 

t a i n i n g  t h e  p a t t e r n  a re :  1 )  s e l e c t i v e  abso rp t ion  by t h e  gu t  w a l l ,  2) ab- 

s o r p t i o n  of f a t t y  a c i d s  i n t o  t h e  gu t  t i s s u e  i n  t h e  same p ropor t ions  a s  i n  

t h e  d i e t  followed by increased  f r a c t i o n a l  t r a n s p o r t  r a t e s  and s e l e c t i v e  

e x c r e t i o n  of t h e  supplemented a c i d s  ou t  of t h e  gu t  t i s s u e ,  Fu r the r  exper i -  

ments w i l l  have t o  b e  c a r r i e d  o u t  t o  determine i f  e i t h e r  mechanism i s  

ope ra t ive .  

A t  t h e  p r e s e n t  t ime i t  appears  t h a t  every degree of d i e t a r y  i n f l u e n c e  

on t h e  r e l a t i v e  l e v e l s  of t i s s u e  f a t t y  a c i d s  is  e x h i b i t e d  i n  t h e  i n s e c t  

world. However, most i n s e c t s  appear t o  b e  inf luenced  only t o  a l i m i t e d  

e x t e n t  by t h e  r e l a t i v e  composition of f a t t y  a c i d s  i n  t h e  d i e t .  



CHAPTER - 2 

A survey concerning t h e  i n f l u e n c e  of h o s t  f a t t y  a c i d  

composition on t h a t  of ichneumonoid and cha lc ido id  

p a r a s i t o i d s  
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INTRODUCTION 

A g r e a t  d e a l  of d a t a  a r e  now compiled concerning t h e  f a t t y  a c i d  

composition of i n s e c t s  (Fas t  1970, G i l b e r t  1967). Ce r t a in  c h a r a c t e r i s t i c s  

of t h e s e  compositions a r e  taxonomic i n  n a t u r e  (Barlow 1964) and p e r s i s t  

r e g a r d l e s s  of d i e t a r y  f a t t y  a c i d  composition (Barlow 1966b). 

> k s t  free-lf-;ing BJ~,en=-,tera hzve a " t y p i c a l "  f t + y  acid pattern 

c h a r a c t e r i s t i c  of a g r e a t  many i n s e c t s  and v e r t e b r a t e  t i s s u e  i n  which pal- 

m i t a t e  and o l e a t e  comprise about  85% of t h e  f a t t y  ac ids .  I n  c o n t r a s q t h e  

ichneumonid p a r a s i t e s ,  I t o p l e c t i s  conqu i s i t o r  and Exe r i s t e s  comstocki i ,  

r ea red  on h o s t s  w i t h  widely d i f f e r e n t  p a t t e r n s  have p a t t e r n s  very s i m i l a r  

t o  t h e i r  h o s t s  and r e t a i n  no c h a r a c t e r i s t i c s  t h a t  can be considered t h e i r  

own (Bracken and Barlow 1967, Thompson and Barlow1970).  

The d e f i n i t i v e  s tudy  of t h e  d u p l i c a t i o n  phenomenon by r e a r i n g  

p a r a s i t e s  on a l t e r n a t e  h o s t s  is very d i f f i c u l t  and perhaps imposs ib le  i n  

t h e  c a s e  of t h e  h i g h l y  advanced cha lc ido ids .  However, a comparison of the  

f a t t y  a c i d  composition of a p a r a s i t e  and i t s  h o s t  suggests  i f  t h e  pheno- 

menon is p resen t .  The p re sen t  s tudy  surveys  p a r a s i t i c  wasps representa-  

t i v e  of a number of f a m i l i t e s  t o  determine t h e  apparent  g e n e r a l i t y  of t h i s  

phenomenon. 

METHODS AND MATERIALS 

P a r a s i t e s  and t h e i r  corresponding h o s t s  were obtained from wild 

popula t ions  and l abo ra to ry  r ea red  co lon ie s  from var ious  Canada Department 

of A g r i c u l t u r e  l a b o r a t o r i e s  a c r o s s  Canada. 



The l i p i d s  were e x t r a c t e d  wi th  chloroform-methanol, separa ted  i n t o  

n e u t r a l  and phospholipid f r a c t i o n s ,  t r a n s e s t e r i f i e d ,  and t h e  f a t t y  a c i d  

methyl e s t e r s  analyzed by GLC, a l l  a s  prev ious ly  desc r ibed  i n  t h e  General 

Methods and M a t e r i a l s  s e c t i o n  (Only one pooled sample of 50 t o  100 in-  

s e c t s  w a s  ob ta ined  from each s p e c i e s  due t o  l a c k  of ma te r i a l ) .  

'hro statictical indices were c a l c u l a t e d  fn orde r  to compare the 

o v e r a l l  s i m i l a r i t y  of t h e  p a t t e r n s  of a p a r a s i t e  and* hos t .  The f i r s t  

index is  t h e  v a r i a n c e  of t h e  q u a n t i t a t i v e  d i f f e r e n c e s  of t h e  i n d i v i d u a l  

f a t t y  a c i d s  o r  t h e  mean square  d i s t a n c e  (MSD) (Boyce 1969).  The second 

index i s  t h e  v a r i a n c e  of t h e  d i f f e r e n c e s  from u n i t y  of t h e  r a t i o s  of t h e  

i n d i v i d u a l  f a t t y  a c i d s  (h ighes t  percentage/ lowest  percentage) ,  which we 

have termed t h e  mean squa re  d i s t a n c e  of t h e  r a t i o s  (MSDR). Th i s  l a t t e r  

index i s  dependent upon p r o p o r t i o n a l i t y  r a t h e r  than  abso lu t e  d i f f e r e n c e s .  

It reduces t h e  e f f e c t  of  a d i f f e r e n c e  which is  p ropor t iona l ly  smal l  i n  

abundant components, and i n c r e a s e s  t h e  e f f e c t  of a s i m i l a r  d i f f e r e n c e  

which is  p r o p o r t i o n a l l y  l a r g e  i n  l e s s  abundant components. F a t t y  a c i d s  

which were less than  5% of t h e  t o t a l  i n  bo th  t h e  p a r a s i t e  and t h e  h o s t  

were not  inc luded  i n  t h e  c a l c u l a t i o n s .  

RESULTS AND DISCUSSION 

The f a t t y  a c i d  composition of t h e  ichneumonoid and cha lc ido id  

hymenopterous p a r a s i t e s  s tud ied  resembles  t o  vary ing  degrees  t h a t  of t h e i r  

h o s t s  (Table 2-1, 2-2; Fig. 2-1). Q u a l i t a t i v e l y ,  t h e  p a t t e r n  of each 

p a r a s i t e  i s  i d e n t i c a l  t o  t h a t  of i t s  h o s t ,  b u t  q u a n t i t a t i v e l y  they d i f f e r  



between and w i t h i n  f a m i l i e s .  

I n  gene ra l ,  cons ider ing  t h e  percent  composition a s  w e l l  as bo th  

i n d i c e s ,  members s tud ied  from t h e  fami ly  Ichneumonidae appear t o  be  most 

in f luenced  by t h e i r  h o s t s  (Fig. 2-1). Th i s  i s  p a r t i c u l a r l y  ev iden t  i n  t h e  

cases  of E. comstocki i  and 11. c o n q u i s i t o r ,  which were bo th  r e a r e d  on more 

thaznnehnst w i t h  &&Jy frgryi~g pat terns  (Fig, 2-2), The pfi-romalid; 

Spalangia cameroni and t h e  eu lophid ,  Dahlbominus fusc ipenn i s ,  a l s o  appear  

t o  d u p l i c a t e  t h e  p a t t e r n s  of t h e i r  h o s t  t o  much t h e  same degree  a s  t h e  

ichneumonids, b u t  o t h e r  members of t h e  f a m i l i e s  Pteromalidae,  Eulophidae, 

Brachonidae and Aphidi idae do s o  t o  a l e s s e r  degree  o r  no t  a t  a l l  (Fig.  

2-1). 

The c l o s e  c o r r e l a t i o n  of t h e  f a t t y  a c i d  composition of t h e  p a r a s i t e s  

and t h e i r  h o s t s  appears  t o  be  a gene ra l  phenomenon i n  t h e  Ichneumonidae, 

and may occur  i n  some s p e c i e s  of o t h e r  f a m i l i e s  a s  w e l l ,  b u t  i s  n o t  gene ra l  

i n  a l l  p a r a s i t i c  Hymenoptera. 
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Fig.  2-1. The MSD and MSDR of t h e  f a t t y  a c i d  compositions of p a r a s i t i c  

Hymenoptera and t h e i r  hos t s .  

*Host names a r e  given i n  ca ses  where t h e  p a r a s i t e  was r ea red  

on more than  one hos t .  
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Fig.  2-2. The f a t t y  a c i d  p a t t e r n s  of I t o p l e c t i s  c o n q u i s i t o r  and E x e r i s t e s  

comstocki i  and t h e i r  corresponding h o s t s .  A .  G a l l e r i a  mellcn- 

e l l a ,  B. I t o p l e c t i s  conqu i s i t o r  r ea red  on G a l l e r i a  me l lone l l a ,  - 
O s t r i n i a  n u b i l a l i s ,  I t o p l e c t i s  c o n q u i s i t o r  r ea red  on 

O s t r i n i a  n u b i l a l i s ,  E. L u c i l i a  s e r i c a t a ,  F. E x e r i s t e s  corn- 
s t o c k i i  r ea red  on L u c i l i a  s e r i c a t a ,  G. Neodiprion s e r t i f e r ,  

H. E x e r i s t e s  comstocki i  r ea red  on Neodiprion s e r t i f e r .  





CHAPTER 3 - 

The inconsistent phospholipid fatty acid composition in 

the insect parasitoid, Itoplectis conquisitor 



INTRODUCTION 

The fatty acid compositions of the total lipids of hymenopterous 

parasites of the family Ichneumonidae, are qualitatively and quantitatively 

very similar to those of the hosts on which they are reared. In cases 

where species were reared on two different species of host with very dif- 

ferent fatty acid patterns, t he  parasites, Exzrlstss c m s t e c k i l ,  2nd - Itn-  

plectis conquisitor, retained no characteristic fatty acid composition of 

their own in contrast to Lucilia sericata and Galleria mellonella, the 

hosts, which are influenced very little by dietary fats. ..Indeed, most 

other insects retain certain characteristics of their fatty acid patterns, 

and these are influenced to a limited extent by dietary fats (Barlow 1964, 

Barlow 1966b, Fast 1964). 

The characterization and significance of the fatty acid composition 

of phospholipids has been well documented (Demel, Van Deenan and Pethica 

1967), and the question arose as to whether these ichneumonid parasites 

have a.consistent fatty acid composition in their phospholipids as other 

organisms do. The purpose of the present study was to determine the effects 

of nutritional variation in fatty acid composition on that in the phos- 

pholipids of the ichneumonid parasite, I. conquisitor. 

METHODS AND MATERIALS 

I. conquisitor was reared on the two hosts, 5. mellonella and Ostrinia - 
nubilalis as described in the General Methods and Materials section, Lipid 

purification and fatty acid analyses were also carried out as previously 



descr ibed .  

RESULTS AND DISCUSSION 

The f a t t y  a c i d  compositions of t h e  sepa ra t ed  n e u t r a l  and phospho- 

l i p i d  f r a c t i o n s  (Table 3-1) of - I. conqu i s i t o r  r ea red  on t h e  two h o s t s ,  

show t h e  same d i f f e r e n c e s  a s  t h a t  of t h e  t o t a l  l i p i d s .  The s i m i l a r i t y  be- 

tween t h e  f a t t y  a c i d  composition of t h e  n e u t r a l  l i p i d s  and t o t a l  l i p i d s  

i s  due t o  t h e  f a c t  t h a t  n e u t r a l  l i p i d s  make up 90 pe rcen t  of t h e  t o t a l  

l i p i d s  i n  t h e s e  i n s e c t s .  The r e l a t i v e l y  h igh  l e v e l  of u n s a t u r a t e s  i n  t h e  

phosphol ip ids  a s  compared t o  t h e  n e u t r a l  l i p i d s  i s  a c h a r a c t e r i s t i c  of 

phospholipids  and has  been descr ibed  i n  numerous o t h e r  i n s e c t s  (Fas t  1966).  

Although t h e  f a t t y  a c i d  composition of t h e  phospholipids  of t h e  

p a r a s i t e  v a r i e s  cons iderably  when r ea red  on d i f f e r e n t  h o s t s  (Fig. 3 - I ) ,  

and adopts  many of t h e  c h a r a c t e r i s t i c s  of t h e  composition of t h e  phospho- 

l i p i d s  i n  t h e  h o s t ,  namely t h e  h igh  C16:l c o n t e n t ,  t h e  composition is  no t  

in f luenced  t o  t h e  e x t e n t  of t h a t  of t h e  n e u t r a l  l i p i d s .  I n  t h e  c a s e  of 

t h e  phosphol ip ids ,  c o n s i s t e n t  r a t i o s  of t h e  f a t t y  a c i d  c l a s s e s  a r e  main- 

t a ined ,  and t h e  phys i ca l  n a t u r e  of t h e  phosphol ip ids  appears  t o  be  unal- 

t e r e d  (Table 3-2). Th i s ,  however, is no t  t h e  c a s e  w i t h  t h e  n e u t r a l  l i p i d s ,  

i n  which t h e  r a t i o s  a r e  a l t e r e d  cons iderably  when t h e  p a r a s i t e  is r e a r e d  

on d i f f e r e n t  h o s t s  (Table 3-2). The p a r a s i t e ,  t h e r e f o r e ,  appears  t o  

e x e r t  more c o n t r o l  over  t h e  f a t t y  a c i d  composition of t h e  phospholipids  

than  i t  does over  t h a t  i n  t h e  n e u t r a l  l i p i d s .  However, t h i s  c o n t r o l  is 

no t  a s  s t r i n g e n t  as t h a t  exer ted  by most o t h e r  i n s e c t s  over  t h e i r  f a t t y  
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Fig. 3-1. GLC chromatograms of the fatty acid patterns of the phospho- 

lipids of Itoplectis conquisitor. 1. - I. conquisitor reared 
on Ostrinia nubilalis, 2. - I. conquisitor reared on Galleria 
mellonella. 
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a c i d  compositions.  

The o v e r a l l  importance of t h e  phosphol ip ids  i n  t h e  s t r u c t u r e  and 

f u n c t i o n  of c e l l s  is  now well-known (Korn 1966). However, t h e  s i g n i f i -  

cance of t h e  v a r i a t i o n  i n  i n d i v i d u a l  components of t h e  phospholipid mole- 

c u 1 e . i ~  s t i l l  i n  ques t ion .  The s i g n i f i c a n c e  of t h e  f a t t y  a c i d  composition 

i n  t h e  phosphol ip ids  appears  t o  be  t h e  requirement f o r  phosphoi ip ids  w i th  

c e r t a i n  p h y s i c a l  p r o p e r t i e s  t o  f u l f i l l  s p e c i f i c  s t r u c t u r a l  and/or  func- 

t i o n a l  requirements;  t h e  degree  of s a t u r a t i o n  i s ,  t h e r e f o r e ,  of g r e a t  i m -  

por tance  (Demel -- et a l .  1967). I n  microorganisms, n u t r i t i o n a l  a l t e r n a t i o n s  

i n  t h e  f a t t y  a c i d  composition of t h e  phosphol ip ids  a r e  compensated f o r  by 

s u b s t i t u t i o n s  which r e s u l t  i n  t h e  maintenance of t h e  phys i ca l  c h a r a c t e r  of 

t h e  phospholipids .  For example, l a c k  of unsa tu ra t ed  f a t t y  a c i d s ,  can be 

compensated f o r  by s u b s t i t u t i o n  of s h o r t e r  cha in  s a t u r a t e d  a c i d s ,  cyclopro- 

pane f a t t y  a c i d s  and methyl-branched cha in  a c i d s ,  b u t  i n  each c a s e  t h e  

p h y s i c a l  p r o p e r t i e s  of t h e  phospholipids  a r e  maintained (Meyer and Bloch 

1963, Law, Zalk in  and Keneshire 1963, MacFarlane 1961).  Such compensations 

have n o t  p rev ious ly  been r epor t ed  i n  more h i g h l y  evolved organisms, and 

t h e s e  organisms gene ra l ly  main ta in  a r e l a t i v e l y  s p e c i f i c  f a t t y  a c i d  com- 

p o s i t i o n .  

I n  t h e  p r e s e n t  experiments ,  a l though t h e  f a t t y  a c i d  composition of 

t h e  phosphol ip ids  v a r i e s  cons iderably  due t o  n u t r i t i o n a l  v a r i a t i o n ,  t h e  

degree of s a t u r a t i o n  remains t h e  same, and t h e  p a r a s i t e ,  t h e r e f o r e ,  com- 

pensa t e s ,  such t h a t  t h e  phys i ca l  p r o p e r t i e s  of t h e  phospholipids  a r e  main- 

t a ined .  The p a r a s i t e  appears  t o  have no q u a l i t a t i v e  o r  q u a n t i t a t i v e  con- 



erol over the fatty acid composition of its neutral lipids, but does have 

some quantitative control over that in its phospholipids. 



Syn thes i s  of f a t t y  a c i d s  by t h e  p a r a s i t o i d  Ex- 

e r i s t e s  comstocki i  and two h o s t s ,  G a l l e r i a  

m e l l o n e l l a  and L u c i l i a  s e r i c a t a  



INTRODUCTION 

The e f f e c t  of d i e t  on t i s s u e  f a t  is  q u i t e  v a r i a b l e  w i t h i n  t h e  i n s e c t  

world. I n  gene ra l ,  most i n s e c t s  a r e  inf luenced  t o  a l i m i t e d  e x t e n t  by t h e  

composition of f a t t y  a c i d s  i n  the  d i e t  and c e r t a i n  c h a r a c t e r i s t i c s  of t h e  

f a t t y  a c i d  composition a r e  taxonomic i n  n a t u r e  ( s e e  Chapter 1 ) .  I n  con- 

c r a s t ,  i t  'nas been s'nown tilat tlie ichrie-lirLoiiid parasite, n-~rrv-! ntrrn n n m e t n n l r i  i YAZL .LO LGU LVUIU LVb&..La. 

d u p l i c a t e s  t h e  f a t t y  a c i d  p a t t e r n  of i t s  h o s t ,  and i s  unable  t o  c o n t r o l  

pool  s i z e  of f a t t y  a c i d s  (Bracken and Barlow 1967).  More r e c e n t l y  another  

ichneumonid p a r a s i t e  of Lepidoptera ,  I t o p l e c t i s  c o n q u i s i t o r ,  was found t o  

e x h i b i t  a  similar r e l a t i o n s h i p  t o  i t s  hos t  (Thompson and Barlow 1970).  

The purpose of t h e  p re sen t  experiments was t o  i n v e s t i g a t e  t h e  r a t e s  

and pathways of s y n t h e s i s  of f a t t y  a c i d s  i n  - E. comstocki i  and two h o s t s ,  

G a l l e r i a  me l lone l l a  and L u c i l i a  s e r i c a t a ,  on which t h e  p a r a s i t e  was r ea red .  

METHODS AND MATERIALS 

G. me l lone l l a  l a r v a e  were obta ined  from a colony r ea red  as descr ibed  - 
i n  t h e  General Methods and Mate r i a l s  s e c t i o n .  Las t  i n s t a r  l a r v a e  were in -  

j e c t e d  w i t h  a s o l u t i o n  of 14c-1-acetate (sodium s a l t ,  57 mCi/mM) i n  d i s -  

t i l l e d  water  ( 1  uCi /u l ) ,  through t h e  anus i n t o  t h e  hemocoel, w i th  a  Gi l son  

micrometer s y r i n g e  ( 1  pCi/lO mg wet weight ) .  Weight-based i n j e c t i o n s  were 

made t o  a l low d i r e c t  comparison and a n a l y s i s  of s p e c i f i c  a c t i v i t i e s  i n  a l l  

groups. Four groups of 5 i n s e c t s  each were i n j e c t e d .  Las t  i n s t a r  - L. seri- 

cats l a r v a e ,  ob ta ined  from a  colony r ea red  on c a l v e s  l i v e r ,  were i n j e c t e d  
7 

s i m i l a r l y  w i t h  14c-1-acetate i n t o  t h e  d o r s a l  a o r t a .  Four groups of 20 



t o  30 i n s e c t s  were i n j e c t e d .  Mor t a l i t y  was approximately 30%. L a s t  i n s t a r  

E. comstocki i  l a r v a e  r ea red  on 2. mel lone l l a  were removed from t h e  h o s t ,  - 
and i n j e c t e d  w i t h  4 ~ - l - a c e t a t e  i n  t h e  same manner through t h e  3rd o r  4 t h  

body segment, a n t e r i o r  t o  t h e  hind gut .  Two groups of 20 t o  30 i n s e c t s  were 

i n j e c t e d .  M o r t a l i t y  was approximately 50%. P r i o r  t o  i n j e c t i o n ,  - G. mellon- 

el la and L. s e r i c a t a  l a r v a e  were s t a rved  f o r  24 hours  i n  order iu elimlriate - 
t h e  p o s s i b i l i t y  of food i n  t h e  gu t  b i a s i n g  pe rcen t  composition and s p e c i f i c  

a c t i v i t y  ( S . A . )  de te rmina t ions ,  and a l s o  t o  minimize b leeding .  Any i n s e c t  

which b l ed  t o  any apprec i ab le  e x t e n t  o r  appeared badly  wounded o r  dead was 

no t  included i n  t h e  a n a l y s i s  and was added t o  t h e  m o r t a l i t y  c a l c u l a t i o n s .  

A f t e r  24 hours  exposure, t h e  i n s e c t s  were homogenized i n  a  t i s s u e  

g r i n d e r ,  the t o t a l  l i p i d  e x t r a c t e d  sapon i f i ed  and e s t e r i f i e d  wi th  diazo- 

methane a s  desc r ibed  previous ly .  The f a t t y  a c i d s  were p u r i f i e d  and f r a c -  

t i o n a t e d ,  accord ing  t o  degree  of s a t u a t i o n ,  on s i l i c i c  a c i d - s i l v e r  n i t r a t e  

columns, and f a t t y  a c i d  ana lyses  were c a r r i e d  o u t  by GLC. 

The i n d i v i d u a l  f a t t y  a c i d  f r a c t i o n s  were c o l l e c t e d  from t h e  column 

e f f l u e n t  i n  s i d e  arm c o l l e c t i o n  tubes immersed i n  a d ry  ice-acetone ba th .  

Recovery was 90 t o  100%. Rad ioac t iv i ty  was determined i n  a  Beckman LS-250 

l i q u i d  s c i n t i l l a t i o n  spectrometer  w i th  t h e  use  of a to luene  base  c o c k t a i l  

con ta in ing  5% 2 ,5  diphenyloxazole.  Quench c o r r e c t i o n s  were app l i ed  and 

t h e  a c t i v i t y  w a s  determined as d i s i n t e g r a t i o n s  per  minute (dpm). 

The f a t t y  a c i d s  were decarboxylated by t h e  method of Phares  (1951) 

a s  modified by Brady, Bradley and Trams (1960). The r e a c t i o n  was c a r r i e d  

ou t  i n  25 m l  Warburg f l a s k s  wi th  c e n t e r  w e l l s  and s i d e  arm tubes .  Amounts 



of f a t t y  a c i d  up toonepmole  were placed i n  t h e  f l a s k  wi th  50 mg of sodium 

amide and a min ia tu re  magnetic s t i r r i n g  ba r .  A f t e r  p l ac ing  a 6 x 35 mm 

test tube  i n  t h e  c e n t e r  well, t h e  f l a s k  was sea l ed  w i t h  a n  ups ide  down serum 

s toppe r  and hose clamp. One h a l f  m l  of s u l p h u r i c  a c i d  ( 3  p a r t s  concen- 

t r a t e d : l  p a r t  fuming) was added t o  t h e  s i d e  arm and t h e  s i d e  arm was s e a l e d  

a s';oppei-* ""- - - - -  '2-- ---- '-"''""-a 
I I I ~  L c I . Q L L L V I L  Wa3 I I L L L I C ; L L E U  by pcur iag the su lphur i c  

a c i d  i n t o  t h e  main compartment of t h e  f l a s k  and t h e  r e a c t i o n  v e s s e l  was then  

placed i n  a 70 C water  b a t h  f o r  one hour. A f t e r  t h i s  r e a c t i o n  per iod  t h e  

f l a s k  was removed from t h e  water  b a t h  and placed i n  i c e  water  f o r  5 minutes .  

@ One h a l f  m l  o f  Hyamine hydroxide (Rohm and Haas Co.) ( 1  molar s o l u t i o n )  

was then  i n j e c t e d  w i t h  a hypodermic s y r i n g e  i n t o  t h e  test tube  i n  t h e  

c e n t e r  w e l l  through t h e  serum s topper .  A f t e r  removal of t h e  hypodermic 

needle  another  6 x 35 mm t e s t  tube  was put  i n t o  t h e  bottom of t h e  serum 

s toppe r  t o  p reven t  any leakage. The f l a s k  was then  removed from t h e  i c e  

water  and p laced  i n  a 3 7 ' ~  water  b a t h  f o r  one hour.  The v e s s e l  was removed 

every 15  minutes  and t h e  r e a c t i o n  mixture  s t i r r e d  w i t h  a magnetic stirrer 

t o  break  up t h e  carbon d iox ide  bubbles  i n  t h e  s u l p h u r i c  ac id .  The f l a s k  

w a s  t hen  opened and t h e  t e s t  tube  i n  t h e  c e n t e r  w e l l  removed and added 

d i r e c t l y  t o  a c o c k t a i l  v i a l  and r a d i o a c t i v i t y  determined. Recovery was 

95% on 9 t r ials  w i t h  a 14c-1-stear ic  a c i d  s tandard .  For t he  decarboxyla- 

t i o n  procedure a l l  t h e  i n s e c t  r e p l i c a t e s  were pooled and t h r e e  samples 

decarboxylated.  

Oxida t ive  c leavage  of t h e  monounsaturated f a t t y  a c i d s  was c a r r i e d  

ou t  by t h e  method of Tinoco and Mi l jan ich  (1965). Ind iv idua l  f a t t y  a c i d s  



(0.1-10 mg) were added t o  ground g l a s s  t i s s u e  homogenizers con ta in ing  0 .1  

m l  of g l a c i a l  a c e t i c  a c i d  and mixed f o r  30 seconds. E ight  mg of potassium 

permanganatelmg of f a t t y  a c i d  were then added and mixed f o r  an a d d i t i o n a l  

minute. A f t e r  t h e  a d d i t i o n  of 0 . 1  m l  o f  water ,  potassium me tab i su lph i t e  

was added u n t i l  t h e  mixture  turned c o l o u r l e s s .  Two drops of 9N s u l p h u r i c  

aefd and three m l  petr~leiz?; ether  (B.P. 30-60 C) were t hen  added and the  

mono- and d i ca rboxy l i c  a c i d  products  were i s o l a t e d  i n  t h e  petroleum e t h e r ,  

The monocarboxylic (der ived from t h e  methyl end of t h e  unsa tu ra t ed  f a t G  

a c i d )  and t h e  d i ca rboxy l i c  (der ived  from t h e  carboxyl  end of t h e  unsatu- 

r a t e d  f a t t y  a c i d  ) a c i d s  were analyzed by GLC ( tempera ture  program 50-190 

C ) .  Standard mixtures  of mono- and d i c a r b o x y l i c  a c i d s  were run  be fo re  

and a f t e r  each sample f o r  i d e n t i f i c a t i o n  purposes.  

RESULTS AND DISCUSSION 

The f a t t y  a c i d  p a t t e r n s  of - E. comstocki i  and i ts two h o s t s ,  5. mellon- 

e l la  and L. s e r i c a t a  a r e  shown i n  Fig.  4-1. Q u a l i t a t i v e l y  and quan t i t a -  - - 
t i v e l y ,  t h e  f a t t y  a c i d  composition of t h e  p a r a s i t e  i s  uniquely s i m i l a r  t o  

t h e  h o s t  on which it i s  r ea red .  The major d i f f e r e n c e s  between the  two 

h o s t s  a r e  t h e  d i f f e r e n t  l e v e l s  of p a l m i t o l i c  a c i d  (C16:1), h igh  i n  

L, s e r i c a t a  and low i n  G. mel lone l l a ,  and t h e  presence i n  G. mel lone i i a  - 
of e i coseno ic  a c i d  (C20:l) which i s  absent  f rom&. s e r i c a t a .  These d i f f e r -  

ences a r e  e q u a l l y  ev ident  i n  s. comstocki i  when i t  is  rea red  on t h e s e  two 

h o s t s .  Previous  s t u d i e s  have shown t h a t  t h e  p a t t e r n  of t h e  p a r a s i t e  is  

r e t a i n e d  through pupat ion and e c l o s i o n  (Bracken and Barlow 1967).  I n  



c o n t r a s t ,  t he  f a t t y  a c i d  composition of many o t h e r  i n s e c t s  i nc lud ing  4. 

s e r i c a t a  (Barlow 1966b) and - G. me l lone l l a  ( s e e  Chapter 1 )  i s  inf luenced  

very  l i t t l e  by d i e t a r y  f a t s .  

The percent  d i s t r i b u t i o n  of a c t i v i t y  i n  t h e  f a t t y  a c i d s  of G. mellon- - 
el la  and L. s e r i c a t a  (Table 4-1) i s  c o n s i s t e n t  w i th  t h a t  found i n  o t h e r  - - 

l op idop te rous  and d i p t e r n u s  insects ( G i l h e r t  1967).  E. comstocki i  has  a n  - - - 
a c t i v i t y  d i s t r i b u t i o n  more s i m i l a r  t o  - G. me l lone l l a  than  - L. s e r i c a t a .  The 

major s y n t h e t i c  product  i n  a l l  c a s e s  is  p a l m i t i c  a c i d  (Table 4-1). 

The h igh  pe rcen t  a c t i v i t y  incorpora ted  and s p e c i f i c  a c t i v i t y  i n  t h e  

s a t u r a t e d  f a t t y  a c i d s  p a r t i c u l a r l y  p a l m i t i c  and s t e a r i c  a c i d s  i n  a l i  t h r e e  

i n s e c t s  i s  c o n s i s t e n t  w i t h  t h e  -- d e  novo and e longa t ion  systems of f a t t y  

a c i d  s y n t h e s i s  (Thompson and Barlow 1971). 

Decarboxylat ion of t h e  i n d i v i d u a l  f a t t y  a c i d  f r a c t i o n s  of - G. mellon- 

e l l a  and E. comstocki i  f u r t h e r  s u b s t a n t i a t e d  t h e  presence  of t h e s e  two - - 
pathways (Table 4-2). -- De novo s y n t h e s i s  from 14c-1-acetate would r e s u l t  

i n  a molecule w i t h  every odd numbered carbon atom l a b e l l e d ,  and each of 

t h e s e  l a b e l l e d  atoms would con ta in  12.5% of t h e  t o t a l  a c t i v i t y  of t h e  a c i d  

i n  t h e  c a s e  of p a l m i t i c  a c i d  and 14.3% of t h e  a c t i v i t y  i n  t h e  c a s e  of 

m y r i s t i c  a c i d .  The percent  a c t i v i t y  found i n  C of m y r i s t i c  and p a l m i t i c  
1 

a c i d s  is somewhat c o n s i s t e n t  w i th  t h i s  d i s t r i b u t i o n .  The -- de  novo s y n t h e s i s  

of m y r i s t i c  a c i d  h a s  n o t  been p rev ious ly  r epo r t ed ,  probably because o f ,  

exceedingly s m a l l  pool  s i z e .  The s p e c i f i c  a c t i v i t y  of t h e  a c i d ,  ind ica-  

t i v e  of t h e  f r a c t i o n a l  turnover  r a t e  ( t h e  f r a c t i o n  of t h e  pool  turned 

over  per  u n i t  of t ime) ,  is very high (Table 4-I),  b u t  t h e  t o t a l  a c t i v i t y  
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presen t ,  i n d i c a t i v e  of t he  turnover  r a t e  (weight turned over per  u n i t  

t ime) is  very  s m a l l  (Table 4- I ) ,  and would b e  unde tec t ab le  i f  t h e  pool  

s i z e  were smal l  enough. Although m y r i s t i c  a c i d  has  t h e  h i g h e s t  f r a c t i o n a l  

tu rnover  r a t e  of a l l  t h e  f a t t y  a c i d s  i n  a l l  t h r e e  i n s e c t s ,  p a l m i t i c  a c i d  

is  t h e  major -- d e  novo s y n t h e t i c  product ,  s i n c e  more t o t a l  a c t i v i t y  was 

found i n  t h i s  a c i d  (Tabie 4 - i j .  De~avbox~latfon tf stearic acid i n d i c a t e s  

i t s  s y n t h e s i s  by e longa t ion  of p l a m i t i c  ac id .  The r e l a t i v e l y  h igh  a c t i v i t y  

i n  Cl i s  most l i k e l y  due t o  t h e  r a p i d i t y  of t h e  e longa t ion  r e a c t i o n  a s  com- 

pared t o  t h e  -- de  novo s y n t h e s i s  of t h e  s u b s t r a t e ,  p a l m i t i c  ac id .  This  d i f -  

f e r ence  i n  r a t e s  has  been descr ibed  p rev ious ly  (Thompson and Barlow 1971).  

I n  gene ra l ,  bo th  monounsaturated f r a c t i o n s  have cons iderably  less 

a c t i v i t y  and lower s p e c i f i c  a c t i v i t i e s  t han  t h e i r  corresponding s a t u r a t e s  

i n  a l l  s p e c i e s  (Table 4-1). However, o l e i c  a c i d  (C18:l) has  more a c t i v i t y  

than  s t e a r i c  a c i d  (C18:O) i n  L. s e r i c a t a .  Oxida t ive  c leavage  demonstrated 

t h a t  a l l  of t h e  monounsaturated a c i d s  a r e  A 9 isomers.  Th i s  is  cons is -  

t e n t  w i th  previous  work demonstrat ing t h a t  i n s e c t s  syn thes i ze  monounsatu- 

r a t e s  by d i r e c t  d e s a t u r a t i o n  of t h e  corresponding s a t u r a t e s  (Bade 1964, 

S r idha ra  and Bhat 1965),  and t h a t  d i r e c t  o r  "aerobic1' d e s a t u r a t i o n s  r e s u l t  

i n  A 9 isomers  (Bloomfield and Bloch 1960).  However, decarboxyla t ion  of 

t h e  monounsaturates r e s u l t s ,  i n  gene ra l ,  i n  a  g r e a t e r  percent  r a d i o a c t i v i t y  

i n  C t han  i n  t h e  corresponding s a t u r a t e s ,  and a l s o  g r e a t e r  va r i ance .  The 
1 

high  a c i t i v t y  i n  C may i n d i c a t e  t h a t  i n s e c t s  can s y n t h e s i z e  monounsatu- 
1 

r a t e s  by another  pathway bes ides  t h e  d i r e c t  d e s a t u r a t i o n  descr ibed .  The 

va r i ance  may be  due t o  varying degrees  of c leavage  dur ing  t h e  procedure 



w i t h  subsequent decarboxyla t ion  of t h e  14c9 of t h e  d i ca rboxy l i c  a c i d  pro- 

duc t .  -- I n  v i t r o  work, i n  p rog res s ,  may f u r t h e r  determine t h e  s i g n i f i c a n c e  

of t h e s e  a c t i v i t y  d i s t r i b u t i o n s .  

The C20:l monounsaturated f r a c t i o n  synthes ized  i n  - G. me l lone l l a  

(Table 4-1, Table 4-Z), was absent  from - L. s e r i c a t a  and, a l though p r e s e n t  

3 -  I L ~  g. i ~ i i i s t ~ i k l i  reared =n G. mcl l cnc l l a ,  vas n o t  radioactive,  Ln previous - 
s t u d i e s  w i th  v a r i o u s  i n s e c t s ,  no d e t e c t a b l e  amounts of f a t t y  a c i d s  g r e a t e r  

than  18  u n i t s  were r epo r t ed  synthes ized .  Decarboxylat ion of t h i s  a c i d  

i n d i c a t e s  s y n t h e s i s  by e longa t ion  of s t e a r a t e  and d e s a t u r a t i o n .  S ince  

e i cosano ic  a c i d  was undetected,  i t  is  probably p re sen t  i n  exceedingly 

small amounts and has  a  ve ryh igh  turnover  r a t e .  It i s  a l s o  p o s s i b l e  t h a t  

t h e  e i cosano ic  a c i d  pool  remains a t t ached  t o  t h e  enzyme system, and would, 

t h e r e f o r e ,  b e  unde tec t ab le  us ing  our techniques.  

I n  summary, i t  would appear t h a t  t h e s e  i n s e c t s  syn thes i ze  f a t t y  

a c i d s  by t h e  fo l lowing  genera l ized  scheme: 

d e  novo -- C 2 j  C16:O % C16:l (9) 
s y n t h e s i s  I * 

e longat ion  -2H ae rob ic  desa tura-  
'2- - ' C18:o s y n t h e s i s  ' C18:1 t i o n  s y n t h e s i s  

I 
1 
v 

C20:O =% CZO: 1 (9) 

(The d o t t e d  l i n e  r ep re sen t  i nconc lus ive ly  e s t a b l i s h e d  r e a c t i o n s ;  C 20 

r e a c t i o n s  apply  only t o  5. mel lone l l a , )  



Table 4-2. Per  c e n t  r a d i o a c t i v i t y  i n  C of t h e  i n d i v i d u a l  f a t t y  a c i d s  of 1 

G a l l e r i a  me l lone l l a  and E x e r i s t e s  comstocki i  r ea red  on G. - 

mel lone l l a .  

F a t t y  Acid G, mel lone l l a  - 
E. comstocki i  r ea red  - 

on - G. me l lone l l a  

- 
*The f i r s t  number r e p r e s e n t s  t h e  carbon cha in  l eng th ,  t h e  second, the  nuin- 

b e r  of double bonds. 

?These s t a t i s t i c s  apply t o  t e c h n i c a l  va r i ance  only.  



Although - E. comstocki i  d u p l i c a t e s  t h e  f a t t y  a c i d  p a t t e r n  of i ts  h o s t ,  

i t  does appear t o  have a  d i s t i n c t  f a t t y  a c i d  metabolism of i t s  own, w i t h  

r e s p e c t  t o  s y n t h e s i s  and turnover .  The p a r a s i t e  appears  t o  l a c k  t h e  

mechanism of pool  s i z e  r e g u l a t i o n  normally p re sen t .  Recent s t u d i e s  have 

shown t h a t  d i e t a r y  f a t t y  a c i d s  a c t  t o  c o n t r o l  t h e  s y n t h e s i s  of f a t t y  a c i d s  

in insecis, in a feed;ack i i & i t i t i o n  i;~nner simf l a r  t= t k a t  A a n n v i k n A  USU-L IYLU 4 n  I L L  

v e r t e b r a t e s  (Horie and Nakasone 1971).  I n  t h i s  manner, d i e t a r y  f a t s  in -  

f l uence  t h e  l e v e l s  of f a t t y  acidsintkinsect. Perhaps t h e  p a r a s i t e ,  - E. - com- 

s t o c k i i ,  l a c k s  t o  a g r e a t  e x t e n t  such c o n t r o l  mechanisms. 

The f a t t y  a c i d s  i n  - E. comstocki i  o r i g i n a t e  p a r t i a l l y  from d i r e c t  

i nco rpora t ion  of h o s t  f a t  a s  w e l l  a s  s y n t h e s i s .  This  i s  ind ica t ed  by t h e  

presence  of C20:l which was synthes ized  by 5. mel lone l l a ,  b u t  no t  by E. 

comstocki i .  

The a c t i v i t i e s  of t h e  f a t t y  a c i d s  i n  g. comstocki i  a r e  c o n s i s t e n t l y  

h ighe r  than  those  of e i t h e r  - G. me l lone l l a  o r  - L. s e r i c a t a  (Table 4-I) ,  and 

it would appear  t h a t  E. comstocki i  has  r e l a t i v e l y  high r a t e s  of  f a t  turn-  

over .  I n j e c t i o n s  were made on a  weight b a s i s  ( i . e .  1 v C i / l O  mg) i n  order  

t o  g ive  equa l  dosages t o  each i n s e c t  of a l l  t h r e e  s p e c i e s ,  and thereby 

compare s p e c i f i c  a c t i v i t e s  d i r e c t l y .  However, s i n c e  - E. comstocki i  l a r v a e  

c o n t a i n  s t o r e d  was te  products ,  t h e  dosage adminis te red  per  mg weight  of 

me tabo l i ca l ly  a c t i v e  t i s s u e  might b e  g r e a t e r  than  t h a t  given t h e  o t h e r  

s p e c i e s .  

I f  f a t t y  a c i d  metabolism i n  t h e  t h r e e  s p e c i e s  were q u a n t i t a t i v e l y  

t h e  same, t h e  r a t i o  of t h e  S.A. of a  f a t t y  a c i d  prominent i n  each s p e c i e s  



(C18:l) t o  any o t h e r  f a t t y  a c i d  i n  t h a t  spec i e s  would b e  t h e  same among 

t h e  s p e c i e s ,  e .g .  

S . A .  C16:O (G. - mel lone l l a )  S . A .  C16:O (E. - comstocki i)  

S . A .  C18:l (5. mel lone l l a )  S.A. C 1 8 : l  (E. - comstocki i)  

However, t h i s  was no t  t h e  ca se  (Table 4 - 3 ) ,  and E. comstocki i ,  t h e r e f o r e ,  

f e r e n t  than  e i t h e r  hos t .  
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Fig. 4-1. The fatty acid patterns of 1. Lucilia sericata, 2. Exeristes 

comstockii reared on - L. sericata, 3. Galleria mellonella, 4. 

E. comstockii reared on G. mellonella. - - 





GENERAL DISCUSSION 

It has been demonstrated i n  t h e s e  s t u d i e s  t h a t  l i p i d  metabolism i n  

ichneumonid p a r a s i t o i d s  d i f f e r s  from t h a t  i n  o t h e r  i n s e c t s .  S p e c i f i c a l l y ,  

t h e s e  p a r a s i t e s  do n o t  have a c h a r a c t e r i s t i c  f a t t y  a c i d  composition. 

Q u a l i t a t i v e l y ,  t h e  composition is  i d e n t i c a l  t o  t h a t  of t h e  h o s t ,  and quan- 

t i t a t i v e l y ,  t h e  l e v e l s  of t a t t y  a c i d s  a r e  very  simiiar t o  and appear to 

b e  c o n t r o l l e d  by t h e  concen t r a t ion  i n  t h e  h o s t .  Never the less ,  t h e  para- 

s i t e s  do e x e r t  a l i m i t e d  degree of q u a n t i t a t i v e  c o n t r o l  of t h e  f a t t y  

a c i d  composition of t h e i r  phospholipids .  The l e v e l s  of s a t u r a t e d  and 

monounsaturated f a t t y  a c i d s  a r e  maintained by a c t i v e  metabol ic  processes  

and t h e  p a r a s i t e s  syn thes i ze  f a t t y  a c i d s  by d e  novo, ae rob ic  d e s a t u r a t i o n  

and e longa t ion  syntheses .  

S t u d i e s  c a r r i e d  ou t  a t  t h e  same t ime a s  t h o s e  descr ibed  he re  demon- 

s t r a t e d  t h a t  E x e r i s t e s  comstocki i  is  capable  of changing i ts f a t t y  a c i d  

composition r a p i d l y  when t h e  developing l a r v a e  a r e  t r a n s f e r r e d  t o  d i f f e r -  

e n t  h o s t s  (Barlow and Bracken 1971). Second i n s t a r  p a r a s i t e  l a r v a e  were 

t r a n s f e r r e d  from G a l l e r i a  me l lone l l a  t o  L u c i l i a  s e r i c a t a  and v i c e  v e r s a ,  

and f a t t y  a c i d  ana lyses  were c a r r i e d  ou t  12 ,  36 and 72 hours  a f t e r  t r ans -  

f e r .  The changes observed i n  p a l m i t o l e i c  a c i d  were a s  fol lows:  



The p a l m i t o l e i c  a c i d  concen t r a t ion  is  reduced r a p i d l y  when t h e  p a r a s i t e  

is t r a n s f e r r e d  from - L. s e r i c a t a  t o  - G ,  mel lone l l a  ( s o l i d  l i n e ) ,  50% i n  

about  20 hours .  Syn thes i s  i s  probably reduced immediately and ox ida t ion  

cont inues  a t  a dec reas ing  r a t e  u n t i l  equ i l i b r ium i s  reached a t  t h e  lower 

l e v e l .  When t h e  p a r a s i t e  is  t r a n s f e r r e d  from - G, me l lone l l a  t o  - L. s e r i c a t a  

(dot ted  l i n e ) ,  t h e  i n c r e a s e  i n  p a l m i t o l e i c  a c i d  i n  i t s  f a t s  occurs  a t  a 

cons iderably  s lower r a t e  than  t h e  r educ t ion  observed i n  t h e  former case .  

F i f t y  percent  of i t s  f i n a l  concen t r a t ion  w a s  no t  reached u n t i l  a f t e r  60 

hours.  The r a p i d  r a t e s  of t u r n o v e r  of f a t t y  a c i d s  i n  E. comstocki i  

desc r ibed  i n  t h e  p re sen t  s t u d i e s  p a r t i a l l y  exp la ins  t h e s e  r a p i d  metabol ic  

a l t e r a t i o n s  i n  pool  s i z e .  

The ichneumonid p a r a s i t e s  descr ibed  i n  t h e s e  s t u d i e s  resemble t h e  

p a r a s i t i c  platyhelminthworms, which a l s o  have f a t t y  a c i d  compositions very  

similar t o  t h e i r  h o s t s .  However, t h e  p la tyhe lminths  do n o t  s y n t h e s i z e  

s a t u r a t e d  o r  monounsaturated f a t t y  ac ids .  They l a c k  -- d e  novo and ae rob ic  



d e s a t u r a t i o n  s y n t h e s i s  pathways (Meyer, Meyer and Bueding 1970). Some 

d i r e c t  i nco rpora t ion  of h o s t  f a t t y  a c i d s  occurs  i n  a d d i t i o n  t o  s y n t h e s i s  

i n  t h e  p a r a s i t e s .  This  is shown by t h e  presence  of po lyunsa tura ted  f a t t y  

a c i d s ,  which a r e  n o t  synthes ized  by t h e  h o s t  o r  t h e  p a r a s i t e ,  and by t h e  

presence  of C20:l which is  synthes ized  by - G. me l lone l l a ,  b u t  no t  by - E. 

comstocki i .  

It i s  apparent  t h a t  such ichneumonid p a r a s i t e s  a s  - E. comstocki i  and 

I t o p l e c t i s  c o n q u i s i t o r  could be  r e s i s t a n t  t o  any a n t i m e t a b o l i t e s  of f a t t y  

a c i d  metabolism, which could poss ib ly  be developed f o r  o t h e r  taxa .  The 

f a t t y  a c i d  compositions of t h e s e  p a r a s i t e s  can  b e  v a r i e d  t o  a g r e a t  e x t e n t ,  

wi thout  any apparent  e f f e c t s  on t h e  p a r a s i t e .  

The proposa l  t h a t  a n t i m e t a b o l i t e s  of f a t t y  a c i d  metabolism would 

prove e f f e c t i v e  as i n s e c t i c i d e s  is  based on t h e  assumption t h a t  t h e  char- 

a c t e r i s t i c  f a t t y  a c i d  compsoition i n  i n s e c t s  is  of phys io logca l  impor- 

t ance  and t h a t  u p s e t t i n g  t h e  ba lance  of t h i s  composition would r e s u l t  i n  

adve r se  e f f e c t s .  This  w a s  supported by s t u d i e s  which demonstrated t h a t  

f e e d i n g  co t tonseed  o i l  t o  t h e  f a c e  f l y  and t h e  housef ly  r e s u l t e d  i n  re -  

duced f ecund i ty  and low o rde r  chemos te r i l i za t ion  (Beroza and La Brecque 

1967, Lang and Treece 1971). For y e a r s  i t  has  been known t h a t  d i sco lo ra -  

t i o n  occurs  i n  eggs l a i d  by hens f ed  co t tonseed  o i l ,  e x t r a c t e d  from 

p l a n t s  of t h e  o r d e r  Malvales (Sherwood 1928),  and t h a t  feeding  co t tonseed  

o i l  t o  animals  causes  hardening of t h e i r  f a t s  (Deuel 1955). S t e r c u l i c  

8 (2 octyl-1-cyclopropenyl) oc t anoa te ,  t h e  cyclopropene d e r i v a t i v e  of 

o l e i c  a c i d  and ma lva l i c  7  (2 octyl-1-cyclopropenyl) heptanoate  a c i d s  



were i d e n t i f i e d  a s  t h e  c o n s t i t u e n t s  of co t tonseed  o i l  r e s p o n s i b l e  (Masson, 

Varich,  Heywong and Kemmerer 1957). I have r e c e n t l y  demonstrated t h a t  

co t tonseed  o i l  reduces  t h e  s y n t h e s i s  of p a l m i t o l e i c  a c i d  and o l e i c  a c i d  

i n  - L .  s e r i c a t a .  The propor t ion  of t h e  s a t u r a t e s ,  p a l m i t i c  and s t e a r i c  

a c i d s ,  increased  and t h e i r  corresponding monounsaturates decreased.  This  

work has i e d  t o  f n  v i t r o  s t u d i e s  on t h e  enzymes which syn thes i ze  fatty 

a c i d s  i n  an a t tempt  t o  determine t h e  metabol ic  o r i g i n  of t h e  f a t t y  a c i d  

compositions c h a r a c t e r i s t i c  of lep idopterous  and d i p t e r o u s  i n s e c t s .  

C l a s s i c a l  s t u d i e s  have shown t h a t  p a l m i t o l e i c  and o l e i c  a c i d s  a r e  

synthes ized  by a  s i n g l e  d e s a t u r a t i n g  oxidase  (Bloomfield and Bloch 1960),  

and gene ra l ly  a n  approximate r a t i o  of 1:10 p a l m i t o l e i c  a c i d  t o  o l e i c  a c i d  

r a t i o  r e s u l t s .  This  r a t i o  is  approximately t h e  same i n  l ep idop te rous  in-  

s e c t s  and t h e  d e s a t u r a s e  enzyme may be t h e  same as t h a t  descr ibed  i n  mam- 

malian systems. Dip terous  i n s e c t s ,  however, g e n e r a l l y  have a  1:2 approxi- 

mate r a t i o  of p a l m i t o l e i c  t o  o l e i c  a c i d s ,  and t h e  o r i g i n  of t h e s e  f a t t y  

a c i d s  may be  d i f f e r e n t  i n  t h i s  case .  Three p o s s i b l e  exp lana t ions  f o r  t h e  

d i f f e r e n t  r a t i o s  are: a s i n g l e  enzyme system which has  a  d i f f e r e n t  

s p e c i f i c i t y  t han  t h a t  of lep idopterous  i n s e c t s ,  two enzyme systems each 

r e s p o n s i b l e  f o r  t h e  s y n t h e s i s  of one of t h e  monounsaturates,  and d i f f e r -  

ing s p e c i f i c i t i e s  i n  t r a n s a c y l a s e  enzyme systems, which a r e  r e spons ib l e  

f o r  i n c o r p o r a t i n g  f r e e  f a t t y  a c i d s  i n t o  g l y c e r i d e s .  Future  s t u d i e s  should 

be c a r r i e d  o u t  i n  a t t empt s  t o  f u r t h e r  determine t h e  phys io log ica l  s i g n i -  

f i c a n c e  of t h e  f a t t y  a c i d  composition, and t h e  metabol ic  r e l a t i o n s h i p  

r e spons ib l e  f o r  t h e  compositions i n  v a r i o u s  i n s e c t s ,  



SUMMARY 

Dietary supplements of stearic, palmitoleic and linoleic acids, as 

representative of saturated, monounsaturated and polyunsaturated fatty 

acids respectively, did not appreciably affect the composition of fatty 

acids in wax moth larvae. Frass analysis demonstrated that most of the 

excreted and speculations are made as to the possible mechanism involved 

in the retention of the characteristic pattern. 

The fatty acid composition of parasitic wasps from various families 

of the Ichneumonoidea and Chalcidoidea appears to be influenced to varying 

degrees by the composition of their hosts, or diets. Qualitatively, each 

parasite is identical to its host. Quantitatively, the representatives 

studied from the family Ichneumonidae appear to be influenced to the great- 

est extent. The latter duplicate the fatty acid patterns of their hosts, 

and retain no characteristics that could be considered their own. 

The insect parasitoid, Itoplectis conquisitor has no requirenent for 

a specific fatty acid composition in its phospholipids. This composition 

varies markedly when the parasite is reared on different hosts. However, 

the parasite does exert a limited degree of quantitative control over 

this composition, and maintains the ratio of saturatedlunsaturated fatty 

acids, such that the physical character of the phospholipids is maintained. 

Radioisotope studies demonstrated that Exeristes comstockii, Galleria 

mellonella and Lucilia sericata incorporate 14c from 14c-1-acetate into 

fatty acids with radioactivity distributions consistent with - de -' novo 



e longa t ion ,  and d e s a t u r a t i o n  s y n t h e t i c  mechanisms. 

E. comstocki i  w a s  found t o  i n c o r p o r a t e  14c-1-acetate i n t o  f a t t y  - 
a c i d s  a t  h ighe r  r a t e s  t han  e i t h e r  h o s t .  It appears ,  t h e r e f o r e ,  t h a t  t h e  

p a r a s i t e  has  a  f a t t y  a c i d  metabolism of i t s  own, w i t h  r e s p e c t  t o  s y n t h e s i s  

and turnover ,  a l though t h e  f a t t y  a c i d s  are q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  

very  s i m i i a ~  t o  those in ths  host. The = r ig in  ~f t h e  f a t t y  acids ~f - E;  

comstocki i  is  p a r t i a l l y  explained by s y n t h e s i s  of f a t t y  a c i d s  a t  d i f f e r e n t  

r a t e s  than  i t s  h o s t ,  and d i r e c t  i nco rpora t ion  of h o s t  f a t ,  b u t  t h e  p a r a s i t e  

appears  t o  l a c k  t o  a g r e a t  e x t e n t  t h e  c o n t r o l  over t h e  pool  s i z e  normally 

p re sen t  i n  o t h e r  i n s e c t s .  
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