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ABSTRACT 

The f a t t y  a c i d  composition of  f r e s h l y  emerged male and 

female Ips paraconfusus Lanier (Coleoptera: Sco ly t idae )  was 1 

s i m i l a r ,  however the  l e v e l s  o f  C 14: 0 and C 16:O were s i g n i -  

f i c a n t l y  h igher  i n  the  males (P = . l o ) .  In  the  female t h e  

composition was found t o  be C 14: 0 ,  0 -4%; c 16: 0 ,  22.4%; 

C 1 6 ~ 1 ,  5.8%; C 18:0,  3.1%; C l8 : l ,  55.3%; C 18:2, 9.6%; 

c 1 8 ~ 3 ,  2.2%. The composition of  the  male was C 14:0, 0.7%; 

C 1 6 ~ 0 ,  24.1%; C 16:1, 6.2%; C 18:0, 3.0%; C 18:1, 54.9%; 

C 18:2, 8.9%; C 18:3, 2.1%. The q u a n t i t a t i v e  f a t t y  a c i d  

composition was s i g n i f i c a n t l y  changed i n  reproducing a d u l t s  

exc ised  from Ponderosa pine l o g s  a f t e r  s i x  days.  Af ter  

14 
i n j e c t i o n s  of ace ta te-1-  C i n t o  f r e s h l y  emerged females,  

f o r  exposures o f  5 ,  15  and 30 minutes,  r a d i o a c t i v i t y  was 
. - 

de tec ted  i n  a l l  the s a t u r a t e  and monounsaturate f a t t y  a c i d s .  

Calculated s p e c i f i c  a c t i v i t i e s  (dpm/,,,g of  f a t t y  a c i d )  , f o r  

t h e  va r ious  exposure t imes i n d i c a t e  t h e  magnitude of  turnover  

(1.3, 3.2, 5 . 3 ) ;  C 1 6 : l  (1.5, 14.7,  15 .9 ) ;  C 18:O (5.1, 8 .8 ,  

29.2);  C 18 : l  (0.3,  1 .0 ,  5 )  Formation of  9-octadecenoic 

a c i d  was by t h e  d e s a t u r a t i o n  of  octadecanoic a c i d  (C l8:O) . 

iii 
- 
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INTRODUCTION 

Changes i n  t h e  s t r u c t u r e  of  i n t e r n a l  organs of  maturing 

a d u l t  i n s e c t s  have been observed i n  many s p e c i e s .  In  I 

Trypodendron l ineatum, which were bor ing  g a l l e r i e s ,  t h e  f l i g h t  

muscles degenerated,  the  f a t  body decreased i n  s i z e ,  and the  

gonads developed (Chapman 1956) . Borden and S l a t e r  (1969) 

showed t h a t  s i m i l a r  i n t e r n a l  changes, a s  found i n  o t h e r  

Sco ly t ids  ( ~ e i d  1958; McCambridge and Mata 1969) , a l s o  

1 
occurred i n  Eps paraconfusus Lanier .  light muscle degenera- 

t i o n  i n  L. paraconfusus (Bhakthan, Borden and   air 1970) can 

be induced by s y n t h e t i c  juveni le  hormone (Borden and S l a t e r  

1968) . This suggested t h a t  t h e  f a t  body changes and subse- 

quent  f a t t y  a c i d  metabolism may a l s o  be c o n t r o l l e d  by juveni le  

hormone, 
. . 

An u l t r a s t r u c t u r a l  s tudy of  I. paraconfusus (N. M. G. - 

~ h a k t h a n  , persona l  communication) showed t h a t  reproducing 

a d u l t s  underwent dramat ic  changes i n  t h e  c e l l u l a r  s t r u c t u r e  

o f  t h e  f a t  body. The s y n t h e s i s  of  p r o t e i n  m a t e r i a l s  presumably 

f o r  yolk depos i t ion  was g r e a t l y  increased and t h e  metabolism 

of  l i p i d  was a l s o  a l t e r e d  dur ing  ovary development. 

Work on t h e  l i p i d  metabolism of  Scoly t id  b e e t l e s  has  

'Sierra Nevada popula t ion ,  p rev ious ly  known a s  Igs- confusus 
(Le ~ o n t e )  b u t  r e c e n t l y  revealed  t o  be an undescribed s p e c i e s  
(Lanier ,  i n  p r e s s ) .  



t o  i n v e s t i g a t e  t h e  s y n t h e s i s  o f  f a t t y  a c i d s  i n  f r e s h l y  emerged 

I.  paraconfusus  female  a d u l t s  p r i o r  t o  t h e  commencement o f  - 

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

i n  r ep roduc ing  i n s e c t s  . 



LITERATURE REVIEW 

For many yea r s  the  predominant theory f o r  the  s y n t h e s i s  

o f  f a t t y  a c i d s  was t h a t  t h e  degradat ive  and s y n t h e t i c  pa th -  

ways were p a r t s  of one r e v e r s i b l e  process ,  Wakil (1963) 

reviewed the  h i s t o r i c a l  work on f a t t y  ac id  s y n t h e s i s .  TWO 

observat ions  supported a modified fl ox ida t ion  scheme; a )  

crotonyl-CoA could be reduced by NADPH i n  the  presence o f  an 

enzyme found i n  t h e  s o l u b l e  f r a c t i o n  of r a t  l i v e r ;  and b) 

s t e a r a t e  s y n t h e s i s  from acetyl-CoA and palmityl-CoA was 

ca ta lyzed  by mitochondria1 enzymes i n  the  presence o f  NADPH 

and NADH. This system, loca ted  i n  the  mitochondria,  was 

p r i m a r i l y  concerned wi th  t h e  e longat ion  of  medium chain  

l eng th  f a t t y  a c i d s  and h a s  been named the  umitochondrial"  o r  

"e longat ionw sys  tem. However Lynen and ochoa (1953 ) found 

a fl ox ida t ion  scheme which was f u l l y  r e v e r s i b l e .  An i n  - 

v i t r o  system was developed us ing  the  h igh ly  p u r i f i e d  enzymes 

of a fl ox ida t ion  system. I n t a c t  mitochondria o f  pigeon,  r a t  

o r  beef l i v e r  could syn thes ize  long chain f a t t y  a c i d s  from 

acetyl-COA provided the  cond i t ions  were anaerobic .  

Commonly f a t t y  a c i d s  a r e  synthesized from a c e t y l - ~ o ~  

4-2 i n  t h e  presence of  ATP, Mn , C02 and NADPH ( ~ a k i l  1963) .  

 his system, from avian l i v e r ,  is  assoc ia ted  wi th  p a r t i c l e s  

smaller  than microsomes . The ch ie f  in termedia te  is  malonyl- 

CoA and f o r  t h i s  reason t h e  p a t h  has  been termed the  "non- 



mitochondr i a l u  o r  malonyl -CoA pathway. 

The f i r s t  in termedia te  of t h i s  system i s  malonate, and 

+2 
i t s  s y n t h e s i s  is  dependent on Mn , ~ d e n o s i n e  ~ r i p h o s p h a t e  

- 
(ATP) and HCO3 . 

0 0 

I I I I 
C 0 2  + CH3 CSCoA + A T P - t  HOOCCH2CSCoA + ADP + Pi 

Biot in  is a l s o  e s s e n t i a l  a s  a co fac to r  f o r  a c t i v a t i o n  of  the  

acetyl-CoA carboxylase , 

CO2 + ATP + biotin-enzyme-+ CO -biotin-enzyme + ADP + P 
2 i 

~ o ~ ~ b i o t i n - e n z y m e  + acceptor- HOOC-acceptor + b i o t i n  -enzyme 

In  the  case  of  p a l m i t a t e  s y n t h e s i s ,  t h e  requirement  f o r  

acetyl-CoA i n  t h e  conversion o f  malonyl-CoA t o  p a l m i t i c  a c i d  

is  abso lu te .  By s t o i c h i o m e t r i c  r e l a t i o n s h i p s  it was shown 

t h a t  one c2-un i t  o f  p a l m i t a t e  was der ived  from acetyl-CoA 

and the  remaining 14 -carbons were der ived  from malonyl -CoA. 

With a s o l u b l e  e x t r a c t  o f  pigeon l i v e r ,  f r e e  of  cy to -  

chromes and cytochrome oxidase , it was p o s s i b l e  t o  demonstrate 

the  occurrence of  f a t t y  a c i d  s y n t h e s i s .  Radioact ive t r a c e r s  

showed s y n t h e s i s  t o  be a usuccess ive  head- to - t a i l  condensation 

of  two carbon u n i t s w .  ~ i c a r b o n a t e  was an abso lu te  r e q u i r e -  

ment f o r  s y n t h e s i s  i n  t h i s  system b u t  was only  c a t a l y t i c  i n  

n a t u r e .   his requirement  i n  many d i v e r s e  organisms supported 

the  theory t h a t  t h e  "non-mitochondrial" system was common t o  



a l l  l i f e  f o r  the  s y n t h e s i s  of f a t t y  a c i d s .  

~ e c e n t l y ,  confusion has  a r i s e n  concerning the  l o c a t i o n  of  
I 

t h e  enzyme sys  tems . ~ x p e r  imen ts seem t o  i n d i c a t e  r a t h e r  

c l e a r l y  t h a t  the  f a t t y  a c i d  syn thes iz ing  sys  tem p r e s e n t  i n  

mitochondria can be r e a d i l y  e x t r a c t e d  i n t o  the  superna tan t  

( ~ h r i s t  and ~t i l smann 1962) . I t  is  conceivable t h a t  t h e  

s o l u b l e  enzyme p r e s e n t  i n  the  pigeon-l iver  superna tan t  

f r a c t i o n  i s  a t  l e a s t  p a r t i a l l y  mitochondria1 i n  o r i g i n .  

Poss ib ly ,  the  microsomal f a t t y  ac id  s y n t h e s i s  r epor ted  by 

va r ious  workers,  i s  due t o  the  presence i n  these  f r a c t i o n s  

of small  p a r t i c l e s  of  mitochondria1 o r i g i n .  

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

from organism t o  organism. Heart  sarcosomes c a t a l y z e  t h e  

incorpora t ion  o f  a c e t a t e  by malonyl -CoA in te rmedia tes  i n t o  

a  mixture of  s a t u r a t e d  and unsa tura ted  long chained f a t t y  

a c i d s  (~i i lsmann 1962) .  Tissue s l i c e s  of  mammary glands 

from l a c t a t i n g  r a t s  and sheep can synthes ize  f a t t y  a c i d s  

14 
from ace ta te-1-  c when s t imula ted  by g lucose ,  pyruvate  and 

compounds o f  the  c i t r i c  a c i d  c y c l e ,  provid ing  ATP i s  p r e s e n t  

and t h e  incubat ion  i s  ae rob ic  (Popjak and T ie tz  1954) .  

Synthes is  de novo -- 

The malonyl-COA pathway of  f a t t y  a c i d  s y n t h e s i s  involves  

a  complex of  enzymes i n  many l i v i n g  organisms. In  y e a s t  and 

pigeon l i v e r  t h i s  pathway involves s i x  t o  seven d i f f e r e n t  



t i g h t l y  bound p r o t e i n s  ( olson 1966).  

In  c l o s t r  idium k l u y v e r i i ,  ~ s c h e r i c h i a  c o l i  and s e v e r a l  

p l a n t  systems, these  p r o t e i n s  a r e  only  loose ly  bound t o  the  

cell  membranes ( ~ a k i l ,  l o c .  c i t . )  . The p r o t e i n  o f  most - -  
i n t e r e s t  i s  t h e  a c y l  c a r r i e r  p r o t e i n  (ACP), which i s  h e a t  

s t a b l e  and b inds  acy l  in termedia tes  dur ing  the  formation o f  

long chain f a t t y  a c i d s .  Since a r s e n i t e  i n h i b i t s  f a t t y  a c i d  

s y n t h e s i s  i n  t h e  pigeon l i v e r  system, a  mechanism f o r  f a t t y  

a c i d  s y n t h e s i s  involv ing  v i c i n a l  sulphydryl  groups on a 

s i n g l e  enzyme has  been proposed (Olson 1966) .  

F a t t y  ~ c i d   longa at ion 

I n  a d d i t i o n  t o  t h e  de -- novo formation of f a t t y  a c i d s  by 

cytoplasmic enzyme complexes, a  mechanism e x i s t s  f o r  t h e  

e longat ion  of long chain  acyl-CoA d e r i v a t i v e s  i n  p a r t i c u l a t e  

f r a c t i o n s .  An a v i d i n - i n s e n s i t i v e  (non-biotin r e q u i r i n g )  

system e x i s t s  i n  mitochondria by which acetyl-COA was added 

t o  long chain acyl-CoA d e r i v a t i v e s .  In  microsomes both  

s a t u r a t e d  and unsa tura ted  acyl-CoA d e r i v a t i v e s  were elongated 

by the  malonyl-COA pathway. 

In  some b a c t e r i a ,  the  e longat ion  produces some extremely 

long chain f a t t y  a c i d s  t h a t  a r e  formed by condensation of  

acyl-CoA d e r i v a t i v e s  o f  va r ious  chain l eng ths .  Some of  these  

chains  may be up t o  8 2  carbons long. us ing  l a b e l l e d  a c e t a t e -  

14 
1- C CoA it  was shown t h a t ,  i n  t h e  mitochondria,  e longa t ion  



-7 - 

occurs  by success ive  a d d i t i o n  o f  acetyl-CoA t o  pre-exis  t i n g  

short-chain f a t t y  a c i d s .  

The s h i f t  from p a l m i t a t e  t o  s t e a r a t e  occurs  by a C 

a d d i t i o n ,  b u t  t h e  r e v e r s e  r e a c t i o n  does n o t  occur  by 
I 

s imple fl ox ida t ion ,  a s  once ox ida t ion  is s t a r t e d  on any 

molecule it goes t o  completion, a s  shown: 

Malonyl-CoA < \. Acetyl -CoA B ox ida t ion  

C i t r i c  ~ c i d  Cycle 

C02 

F a t t y  Acid Desa tura t ion  

~ l t h o u g h  there appear t o  be uniform pathways i n  p l a n t s  

and animals f o r  s y n t h e s i s  de  novo and e longa t ion ,  the same -- 
- - 3 cannot  be s a i d  f o r  t h e  d e s a t u r a t i o n  processes .  Using H- 
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a c e t a t e  and C-acetate some progress  has  been made toward 

t h e  goal  of  l o c a t i n g  i n d i v i d u a l  s t e p s  i n  t h e  d e s a t u r a t i o n  o f  

long chain f a t t y  a c i d s .  In  vivo s t u d i e s  i n  a d u l t  r a t s ,  on -- 

t h e  r a t e  of  incorpora t ion  o f  l a b e l l e d  a c e t a t e  i n t o  f a t t y  a c i d s  

have shown t h a t  o l e i c  a c i d  becomes l a b e l l e d  much e a r l i e r  than 

s t e a r i c  a c i d  ( ~ a  ju and ~ e i s e r  1969) . This i n d i c a t e s  a r o u t e  

f o r  b iosyn thes i s  of  o l e a t e  o t h e r  than d e s a t u r a t i o n  of  

s t e a r a t e ,  p o s s i b l y  a p , y d e s a t u r a t i o n  of  l a u r a t e  followed 



by e longa t ion .  

An i s o l a t e d  double bond may be formed i n  a  long chain 

f a t t y  a c i d  by e i t h e r  an ae rob ic  o r  anaerobic  pathway (Meyer 

and Meyer 1969) .  I n  most organisms the  ae rob ic  p a t h  r e q u i r e s  

molecular oxygen and a  reduced pyr i d i n e  nuc leo t ide  , a 1  though 

a f e r r o u s  ion  and a  f l a v i n  nuc leo t ide  a r e  needed i n  some 

b a c t e r i a .    he monooxygenase c a t a l y z i n g  t h i s  r e a c t i o n  a c t s  

on a c y l  -CoA o r  a c y l  -Acp d e r i v a t i v e s  and i s  assoc ia ted  wi th  

microsomes i n  animal t i s s u e  o r  a  p a r t i c u l a t e  f r a c t i o n  i n  

microorganisms. The anaerobic  pathway c o n s i s t s  o f  a  8 ,  Y- 

dehydrat ion o f  a medium chain  P-hydroxyacyl-COA d e r i v a t i v e ,  

followed by e longa t ion .  

Although the  formation o f  monoenoic a c i d s  i n  p l a n t s  w a s  

oxygen dependent,  t h e  d i r e c t  conversion of  s t e a r a t e  t o  o l e a t e  

h a s  n o t  been shown (Olson 1966) . In t h e  i c e  p l a n t ,  Carpolrotus  

c h i l e n s e ,  m y r i s t a t e  was d i r e c t l y  desa tu ra ted  i n  t h e  presence 

o f  oxygen, and l i g h t .  In s t a r v e d  and carbohydrate r e f e d  

r a t s  the  incorpora t ion  of  an a d d i t i o n a l  double bond i n  o l e a t e  

i n  the  $ , y-pos i t ion  r e q u i r e s  a  f u r t h e r  monooxygenase r e a c t i o n .  

The o l e a t e  was a c t i v a t e d  t o  oleyl-CoA which was then converted 

t o  l i n o l e y l  -COA. 

The conversion of  s a t u r a t e d  long-chain f a t t y  a c i d s  i n  

y e a s t  t o  the  monounsaturated analogs r e q u i r e s  molecular 

oxygen, reduced NADPH and two enzyme f r a c t i o n s ,  (one s o l u b l e  



and one bound) (Bloomfield and Bloch 1960) .  The ae rob ic  

process  uses  a s a t u r a t e d  ac id  a s  the  precursor  o f  the  o l e f i n i c  

a c i d .  The mechanism is  thought t o  be a two s t e p  process :  

a )  an hydroxylat ion by molecular 0 b )  dehydrat ion o f  the  
2 '  

hydroxyl der  i v a t i v e  t o  the  o l e f  i n .  

COA, ATP 
O2 

Palmi ta te  ---------+ pa lmi ty l  -COA - [oxypalmityl -COA] 

Mg+2 NADPH 

Thiolase 
[oxypa lmi ty l -co~ l+  p a l m l t o l e y l - C o ~  A p a l m i t o l e i c  a c i d  

COA 

Thus, unsa tura ted  f a t t y  a c i d s  a r e  cha rac te r  i s  t i c a l l y  formed 
0 

d i r e c t l y  from long chain  p recurso r s  and n o t  from smal ler  

u n i t s  by an independent de  novo process .  -- 

In Ch lo re l l a  v u l q a r i s  another  system f o r  d e s a t u r a t i o n  

h a s  been e l u c i d a t e d  (Gurr, ~ o b i n s o n  and James 1969) . 
Labelled o l e a t e  was r a p i d l y  desa tu ra ted  t o  l i n o l e a t e  and 

then incorporated i n t o  phospholipids .  The u n e s t e r  i f  i e d  

a c i d  must be a c t i v a t e d  before  the  o x i d a t i v e  process  can 

occur .  ~ t e r c u l i c  a c i d  i n h i b i t e d  the  formation o f  

unsa tura ted  f a t t y  a c i d  from s t e a r a t e  by i n h i b i t i n g  t r a n s f e r  

of acyl-CoA t o  the  a c y l  c a r r i e r  p r o t e i n  b u t  n o t  from 

a c e t a t e ,  sugges t ing  t h a t  f a t t y  acyl-CoA e s t e r s  a r e  n o t  the  

t r u e  s u b s t r a t e  f o r  the  desa tu rase .  The ACP-ester i s  the  

t r u e  s u b s t r a t e  i n  a s s o c i a t i o n  w i t h  phosphat idyl  cho l ine  . 
There was a time l a g  before  f r e e  l a b e l l e d  l i n o l e a t e  appeared. 



The a c t i v i t y  was as soc ia ted  wi th  phosphat idyl  cho l ine  sugges t ing  

a l i p i d  bound complex. 

Work done on ~ r o s o p h i l a  melanogas t e r  ( ~ e i t h  1967) us ing  
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ace ta te-1-  C and ace ta te-2-  H has  shown t h a t  t h e r e  a r e  two 

p o s s i b l e  pathways f o r  s y n t h e s i s  of monounsaturate f a t t y  a c i d s .  

One pathway elongated a s a t u r a t e  f a t t y  ac id  by a d d i t i o n  of  

a c e t a t e  and then d e s a t u r a t e d ,  while  t h e  o t h e r  e longated a 

desa tu ra ted  precursor  by t h e  two carbons.  

The s p i r o c h e t e ,  Treponema zuelzerae  , u s e s  s t i l l  another  

mechanism f o r  syn thes iz ing  i t s  unsa tura ted  f a t t y  a c i d s  (Meyer 

e t  a 1  . 1969) . An anaerobic  pathway in t roduces  the double bond 

i n t o  the  f a t t y  a c i d s  dur ing  t h e  process  o f  cha in  e longa t ion .  

us ing  1-14C-ace t a t e  a l l  unsa tura ted  f a t t y  a c i d s  become r a d i o -  

a c t i v e  throughout t h e  e n t i r e  chain i n d i c a t i n g  de -- novo s y n t h e s i s .  

In  this case  t h e  e s t e r i f i e d  f a t t y  a c i d  once r e l e a s e d  from the  

ACP complex is n o t  "picked-upn again f o r  d e s a t u r a t i o n .  

Regulation of F a t t y  ~ c i d  ~ e t a b o l i s m  

I t  h a s  been suggested by Levy (1963) t h a t  t h e  l o c a t i o n  

of glucose i n  in termedia te  metabolism p l a c e s  i t  i n  a c r i t i c a l  

p o s i t i o n  w i t h  r e s p e c t  t o  t h e  metabol ic  c o n t r o l  of  t h e  f a t t y  

a c i d s .  

A unique r e g u l a t o r y  system f o r  f a t t y  a c i d  metabolism 

has  been proposed f o r  t h e  c e l l  f r e e  e x t r a c t s  of  l a c t a t i n g  

r a b b i t  mammary gland (Tame and D i l s  1969) . The f a t t y  a c i d s  



had a  wide range of  chain l e n g t h ,  and the  chromatographic 

p a t t e r n  was inf luenced by the  c o f a c t o r s ,  e s p e c i a l l y  t h e  

malonyl-COA concen t ra t ion .  Therefore c o n t r o l  o f  the  f a t t y  

a c i d  chain length  could have occurred through the  a c t i v i t y  

of  t h e  r a t e  l i m i t i n g  enzyme acetyl-CoA carboxylase.  

Increas ing  the  a c t i v i t y  of  acetyl-CoA carboxylase increased  

both the  r a t e  of  a c e t a t e  incorpora t ion  and t h e  p ropor t ion  

of  pa lmi ta te  synthes ized .  A marked decrease i n  chain l eng th  

o f  the  f a t t y  a c i d s  synthes ized  can be explained i n  p a r t  by a  

decreased concen t ra t ion  o f  malonyl -CoA a v a i l a b l e  t o  t h e  f a t t y  

a c i d  synthe tase  . 
Nothing i s  known about  e i t h e r  the  l o c a t i o n  o f  t h e  two 

s y n t h e t i c  systems, e longa t ion  o r  de novo s y n t h e s i s ,  o r  the  -- 

r e l a t i o n s h i p  of t h e  two systems t o  each o t h e r  and t h e  metabolism 

o f  the  mitochondria . Af t e r  f r a c t i o n a t i o n  t h e  mitochondr i a l  

de -- novo syn thes iz ing  r e a c t i o n s  are predominantly a s s o c i a t e d  

wi th  the  o u t e r  membranes, and e longat ion  r e a c t i o n s  by a l l  

o f  t h e  f r a c t i o n s  (Howard 1968) . The de novo s y n t h e t i c  -- 

system can be measured only  when no exogenous ATP i s  p r e s e n t .  

Af ter  adding ATP,  e longat ion  becomes the  major s y n t h e t i c  

pathway and t h e  amount of s u b s t r a t e  incorpora t ion  i n c r e a s e s .  

The a v a i l a b i l i t y  of  ATP wi th in  the  mitochondria may se rve  

a s  one c o n t r o l  mechanism of t h e  mode of f a t t y  a c i d  s y n t h e s i s  

and the  amounts of  a c i d s  synthes ized .  In  t h e  o u t e r  membrane 



of  the  mitochondria the  f a t t y  ac id  s y n t h e s i s  was a l s o  con- 

t r o l l e d  by ATP (Howard 1968) . Fa t ty  acyl-CoA s y n t h e t a s e ,  

loca ted  i n  the  o u t e r  membranes, a c t i v a t e d  f a t t y  a c i d s  t o  

t h e i r  COA-derivat ives  u t i l i z i n g  ATP . The a c t i v a t e d  a c i d s  

could then be s u b s t r a t e s  along wi th  acetyl-COA f o r  t h e  

e longat ion  r e a c t i o n s .  Without ATP p r e s e n t  the  f a t t y  a c i d  

a c t i v a t i n g  system would n o t  be f u n c t i o n a l  and the  -- de novo 

s y n t h e t i c  sys  tem would predominate. 

S u f f i c i e n t  evidence i s  a v a i l a b l e  t o  specu la te  about  

some of  the  mechanisms t h a t  may r e g u l a t e  the  b i o s y n t h e s i s  o f  

unsa tura ted  f a t t y  a c i d s  i n  t h e  microsomes and consequent ly 

r e g u l a t e  the  f a t t y  a c i d  composition of  t h e  c e l l  (Brenner 

and Peluf fo  1 9 6 9 ) .  F a t t y  a c i d s  a l l  compete f o r  t h e  desa tu rase  

enzyme.   his competi t ion would c o n s t i t u t e  a p re l iminary  

mechanism r e g u l a t i n g  the  r e l a t i v e  propor t ions  o f  these  d i f f e r e n t  

f a t t y  a c i d s  which reach  the  microsomes. Consequently t h e  

competit ion determines the  r e l a t i v e  propor t ions  o f  the  

corresponding more h i g h l y  unsa tura ted  f a t t y  a c i d s  which a r e  

formed. A second r e g u l a t o r y  mechanism i n  t h e  s y n t h e s i s  o f  

t h e  l i n o l e n i c  a c i d  and the  o t h e r  in termedia tes  o f  t h i s  o r  

o t h e r  s e r i e s ,  i s  the  feedback e f f e c t .  

A t h i r d  p o s t u l a t e d  r e g u l a t o r y  mechanism i n  the  microsomal 

s y n t h e s i s  of unsa tura ted  f a t t y  a c i d s  i s  the  competi t ion between 

the  process  of d e s a t u r a t i o n  and t r ansacy la t ion  o f  f a t t y  a c i d s .  



Another f a c t o r  involved most l i k e l y  i s  t h e  enzymatic induct ion  

c o n t r o l l e d  i n  some way by i n s u l i n ,  a s  w e l l  a s  d i e t .  

In  the  a d u l t  male d e s e r t  l o c u s t  t h e  a c t i v i t i e s  a s s o c i a t e d  
I 

w i th  l ipogenes i s  change dur ing  the  maturat ion process  (Walker 

and Bai ley 1970) .  The changes i n  enzyme a c t i v i t i e s  exp la in  

the  o v e r a l l  changes found i n  t h e  f a t  body metabolism and 

changes i n  l i p i d  and carbohydrate  l e v e l s .  High g l y c o l y t i c  

r a t e s  y i e l d  excess  a c e t a t e  which i s  converted t o  l i p i d s  

which a r e  s t o r e d  i n  t h e  f a t  body, 

The hormonal c o n t r o l  of  i n s e c t  f a t  body has  g e n e r a l l y  

been s tud ied  wi th  r e s p e c t  t o  p r o t e i n s  and n o t  f a t t y  a c i d s .  

I t  has  been shown however t h a t  e x t r a c t s  from t h e  corpora 

a l l a t a  of Leucophaea produced a  decreased r a t e  o f  l i p i d  

b iosyn thes i s  - i n  v i t r o  ( ~ i l b e r t  1967) . ~ p p l i c a t i o n s  o f  

-juvenile hormone o r  f  a r n e s y l  me thy1 e t h e r  caused a  s i m i l a r  

r e s u l t  i n  the  r e g u l a t i o n  of  l i p i d  s y n t h e s i s  and t h e r e  was an 

inc rease  i n  f a t t y  a c i d  ox ida t ion  i n  c e r t a i n  i n s e c t s  ( ~ i l b e r t ,  

Poc . c i t  . ) . However i n  I .  paraconfusus t o p i c a l  a p p l i c a t i o n s  - -  - 
of s y n t h e t i c  juveni le  hormone cause an inc rease  i n  l i p i d  

s y n t h e s i s  i n  t h e  a d u l t  female (N.  M. G. Bhakthan, pe r sona l  

communication). This observat ion  sugges ts  a  complex hormonal 

r e g u l a t i o n  of  t h e  metabolism of  l i p i d  s to rage  products  i n  t h e  

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

In - D. melanoqaster the  concent ra t ion  of  po lyunsa tu ra tes  



i n  t h e  d i e t  d i d  n o t  appea r  t o  a f f e c t  t h e  i n c o r p o r a t i o n  o f  

14 
a c e t a t e - 1 -  C i n t o  s a t u r a t e  and monounsatura te  f a t t y  a c i d s  

( ~ e i t h  1 9 6 7 ) .  m he a d d i t i o n  o f  p o l y u n s a t u r a t e s  d i d  however 

r e s u l t  i n  the appearance  o f  s h o r t  cha in  d i e n o i c  a c i d s  which 

w e r e  assumed t o  be  o x i d a t i o n  p r o d u c t s .  



MATERIALS AND mTI-IODS 

Ips paraconfusus a d u l t s  were obtained a s  they emerged 

from labora to ry  maintained r e a r i n g  logs  of  Pinus ponderosa 

and were s t o r e d  i n  a  r e f r i g e r a t o r  a t  6 C u n t i l  used. 

A l l  i n s e c t s  were used wi th in  one week of  emergence f o r  each 

experiment . 
Experiments on reproducing i n s e c t s  were accomplished 

by e s t a b l i s h i n g  c u l t u r e  logs  and e x c i s i n g  the  a d u l t s .  Males 

were introduced i n d i v i d u a l l y  one day p r i o r  t o  i n t r o d u c t i o n  

s f  the  females. The i n s e c t  p a i r s  were allowed t o  bore  f o r  

s e v e r a l  days,  6 days f o r  t h e  males and 4% - 5 days f o r  t h e  

females. The excised  i n s e c t s  were s t a rved  twelve hours  

p r i o r  t o  s a c r i f i c e  t o  e l i m i n a t e  g u t  con ten t s .  

To stuciy t h e  s y n t h e s i s  o f  f a t t y  a c i d s  from acetate-1-14c, 

I .  paraconfusus females were placed i n  s e q u e n t i a l l y  numbered - 
and stoppered 10x75 mrn c u l t u r e  tubes.  These tubes  were placed 

i n  an i c e  water b a t h  a t  4  C t o  l e s s e n  t h e  phys ica l  movement 

of  the  i n s e c t s .  1n j e c t i o n s  of 1 p~ i /p l  of water, were 

c a r r i e d  o u t  us ing  a  31 gauge needle  a t t ached  t o  a 0.25 m l  

Gilmont micrometer syr inge  . The cooled i n s e c t s  were turned 

d o r s a l  su r face  up and the  needle  was passed through t h e  

p o s t e r i o r  end i n t o  the  haemocoel i n  proximity t o  the  f a t  body. 

14 
The 1 pl volume of  sodium ace ta te-1-  C was expel led  i n t o  t h e  

i n s e c t  and t h e  needle  remained i n  p lace  approximately 30 



seconds; the  i n s e c t s  were then placed back i n  t h e  s toppered 

tubes and i n t o  the  ice-water b a t h .  The i n j e c t i o n  time f o r  

each i n s e c t  was noted.  The i n s e c t s  were s a c r i f i c e d  a f t e r  

varying exposure t imes by submersing the  s toppered tube i n  I 

an acetone-dry i c e  b a t h  a t  -78 C. 

To determine the  time requ i red  f o r  s a t i s f a c t o r y  incor -  

pora t ion  of the  r a d i o a c t i v e  a c e t a t e  i n t o  l ip id ,  exposure t imes 

from 5 minutes t o  11.5 hours were used. A s  t he  "gross  l i p i d  

incorpora t ion"  curve (Fig.  7 )  was l i n e a r  up t o  30 minutes,  

the  incorpora t ion  of  acetate-1-I4C i n t o  the  f a t t y  a c i d s  o f  

females was i n v e s t i g a t e d  a t  exposure times o f  5 ,  15  and 30 

minutes. For each r e p l i c a t e ,  80 i n s e c t s  were i n j e c t e d  and 

pooled f o r  a n a l y s i s .  

The l i p i d  e x t r a c t  from the  15 minute exposure was d i s -  

solved i n  hexane and d i s t i l l e d  a t  a  reduced p r e s s u r e .  The 
- - 

r e s u l t a n t  d i s t i l l a t e  was radioassayed and found t o  have no 

14 
a c t i v i t y ,  showing t h a t  no f r e e  acetate-1-  c remained i n  the  

g ross  l i p i d  e x t r a c t  a f  t e r  sepa ra t ion .  

Af ter  exposure,  t h e  i n s e c t s  were homogenized i n  a  

t i s s u e  homogenizer and the  l i p i d s  e x t r a c t e d  (Bligh and Dyer 

l 9 5 9 ) ,  saponi f ied  ( a f t e r  Journal  A.  0 .  A .  C .  9 th  ed .  l 9 6 5 ) ,  

and methylated wi th  diazomethane (Shlenk and Gellerman 1960) .  

The r a d i o a c t i v e  f a t t y  a c i d s  were resolved  according t o  t h e  

degree of  unsa tu ra t ion  on a  1 .5  g  column of s i l i c i c  ac id  



impregnated w i t h  s i l v e r  n i t r a t e  (De ~ r i e s  1963) . 
Analys i s  o f  f a t t y  a c i d s  was c a r r i e d  o u t  on a C a r l o - ~ r b a  

gas  l i q u i d  chromatograph w i t h  h o t  w i r e  d e t e c t o r  and f r a c t i o n  

c o l l e c t o r .  The g l a s s  columns ( 2  mete rs  l ong ,  4 rnm I . D . )  were 

packed w i t h  15% d i e t h y l e n e  g l y c o l  s u c c i n a t e  on Chromosorb W 

(A W )  60/80 mesh, and were mainta ined a t  190 - 195 C.  The 

c a r r i e r  gas  w a s  hel ium.  

The methyla ted  f a t t y  a c i d s  were 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  i d e n t i f i e d  w i t h  a s t a n d a r d  f a t t y  a c i d  methyl e s t e r  

mix ture  which w a s  i n j e c t e d  b e f o r e  each  sample. The s t a n d a r d  

2 
mixture  con ta ined  m y r i s t i c  (C 14:  0 )  , p a l m i t i c  (C 16:  0 )  , 

p a l m i t o l e i c  (C 16:  1) , stearic (C l 8 :O) ,  o l e i c  (c 18: 1) , 

l i n o l e i c  (C 1 8 : 2 )  and l i n o l e n i c  (C 18:3) a c i d s .  No a t t e m p t  

w a s  made t o  i d e n t i f y  geomet r ic  isomers of  t h e  u n s a t u r a t e d  

f a t t y  a c i d s  o t h e r  t han  b y  t h e  cha in  l e n g t h  and deg ree  o f  

u n s a t u r a t i o n .  

Each f a t t y  a c i d  t o  be  r ad ioas sayed  was c o l l e c t e d  from 

the sample e f f l u e n t  i n  a  s i d e  a r m  c o l l e c t i o n  tube  immersed 

i n  an acetone-dry i c e  b a t h .  The s i d e  a r m  c o l l e c t i o n  tubes  

w e r e  r i n s e d  i n t o  s c i n t i l l a t i o n  v i a l s  c o n t a i n i n g  a  PPO- 

t o l u e n e  c o c k t a i l  and t h e s e  were counted on a  Beckman LS-250 

l i q u i d  s c i n t i l l a t i o n  spec t rome te r .  TO de te rmine  t h e  l o c a t i o n  

of t h e  r a d i o a c t i v i t y  and double  bonds,  t h e  monounsaturated 
C)  
L 

The f i r s t  number r e f e r s  t o  carbon number, t h e  second t o  
t h e  number o f  double  bonds.  



f a t t y  a c i d s ,  C 1 6 : l  and C 18:1,  were c o l l e c t e d  on t h e  GLc 

f r a c t i o n a  t o r .  They were oxidized ( T ~ ~ O C O  and ~ i l  janich 1965) , 
I 

r e - e s t e r i f  ied (Shlenk and Gellerman 1960) and separa ted  by I 

GLC. The c o l l e c t e d  oxidized products  were radioassayed a s  I 

before  and q u a l i t a t i v e l y  i d e n t i f i e d  with r e fe rence  t o  a 

s tandard mixture of  s h o r t  chain monocarboxyl and d icarboxyl  
I 

f a t t y  a c i d  methyl esters. In  order  t o  t r a p  t h e  v o l a t i l e  

s h o r t  chain compounds, t h e  c o l l e c t i o n  tubes were p a r t i a l l y  

f i l l e d  wi th  t h e  toluene c o c k t a i l  t o  be used f o r  t h e  r a d i o -  

assay .  

The f a t t y  a c i d s  o f  t h e  phloem of Ponderosa Pine c u l t u r e  

l o g s  were separa ted  and quan t i • ’  i ed  . 
Although 2. paraconfusus a d u l t s  genera l ly  h o s t  a 

moderate number of  nematodes, no experiments were done t o  

determine i f  these  inf luenced the  incorpora t ion  o f  a c e t a t e -  

14 
1- C i n t o  the  f a t t y  a c i d s .  However the  frequency of  heavy 

p a r a s i t i s m  was g e n e r a l l y  l e s s  than two i n s e c t s  pe r  80 t o  

be i n j e c t e d ,  and t h e  e f f e c t s  of the  nematodes were judged t o  

be n e g l i g i b l e .  
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RESULTS 

The a n a l y s i s  of t h e  long,  s t r a i g h t  cha in ,  f a t t y  a c i d s  

of  both sexes o f  f r e s h l y  emerged - I. paraconfusus showed no 
I 

major sexual  dimorphism  a able I )  wi th  r e s p e c t  t o  t h e  

I 

r e l a t i v e  concent ra t ions  i n  males and females (Fig.  1 I 

and Table A-I) . The l e v e l s  of  m y r i s t i c  (C 14: 0) and p a l m i t i c  A 

i 
i 

(C 16:O) a c i d s  a r e  s i g n i f i c a n t l y  h igher  i n  t h e  males (P = -10)  . Y 
I 

I n  reproducing i n s e c t s  (F igs .  l t o  4; Tables I ,  A - 1 1 )  p a l m i t i c  

a c i d  and the  percentage t o t a l  l i p i d  o f  the  i n s e c t  wet weight 

(Fig,  5 )  were s i g n i f i c a n t l y  lower (P = .15) i n  t h e  reproducing 

females than i n  t h e  reproducing males. 

Comparison o f  the  f a t t y  a c i d  compositions o f  t h e  c o n t r o l  

and reproducing males and females showed s i g n i f i c a n t  changes 

i n  each sex (Table I)  The monounsaturated f a t t y  a c i d s  o f  

t h e  reproducing males decreased a s  d i d  the  percentage l i p i d  

while  the  s a t u r a t e  (C 16:O) and po lyunsa tu ra tes ,  l i n o l e i c  

(C 18: 2 )  and l i n o l e n i c  a c i d  (C 18: 3 )  l e v e l s ,  increased  i n  

r e l a t i v e  percentage wi th  r e s p e c t  t o  the  f r e s h l y  emerged males. 

In  reproducing females the  l e v e l s  of C 14:0,  C 18:0, C 18: 2 

and C 18:3 inc reas ing  s i g n i f i c a n t l y ,  while  c 16:0,  c 16:1,  

C 1 8 : l  and the  percentage of  l i p i d  m a t e r i a l  decreased .  

In  Ponderosa Pine phloem the  percentage o f  unsa tu ra ted  

f a t t y  ac ids  was found t o  be almost  90% ( ~ i g s .  1 , 6 ;  Table 

A - 1 1 1 )  . Two peaks were u n i d e n t i f i e d  (Pig.  6 )  and might 



TABLE I 

t - Analys i s  o f  t h e  q u a n t i t a t i v e  composit ion o f  t h e  l o n g  

chained f a t t y  a c i d s  of f r e s h l y  emerged and mat ing male 

and female Ips paraconfusus  . 

Reproducing 
C o n t r o l  d (C1) C o n t r o l  ? (C2) ~3 (R1) 

C o n t r o l  d (C1) v s v s v s 
vs Reproducing Reproducing Reproducing 

C o n t r o l  ? ( c 2 )  ~3 (R1) (R2) (Rz) 

% l i p i d  +t 



~ i g u r e  1. F a t t y  Acid Composit ion o f  F r e s h l y  Emerged and 

Reproducing Adul t  Ips p a r a c o n f u s u s  , and t h e  

Ponderosa P ine  C u l t u r e  Log ( w i t h  the s t a n d a r d  

d e v i a t i o n  i n d i c a t e d )  . 
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CONTROL d 

PONDEROSA PINE 
PHLOEM 

* Unidentified FATTY ACl DS 



~ i g u r e  2 .  chromatograph of  the Fatty Acids of Freshly 

Emerged Female Ips paraconfusus . 





~ i g u r e  3 .  chromatograph o f  t h e  F a t t y  Acids o f  Reproducing 

.  ale paraconfusus ,  ~ x c i s e d  from Cul tu re  Logs 

A f t e r  6 Days. 





~ i g u r e  4 .  chromatograph o f  the F a t t y  Acids  o f  Reproducing 

Female Ips p a r a c o n f u s u s ,  Exc i sed  from c u l t u r e  

Logs A f t e r  4% - 5 Days. 





~ i g u r e  5. L i p i d  Con ten t  o f  F r e s h l y  Emerged and Reproducing 

A d u l t  Ips p a r a c o n f u s u s  . (w i th  s t a n d a r d  d e v i a t i o n  

i n d i c a t e d )  



1-1 CONTROL 

REPRODUCING -I 

MALES FEMALES 



p o s s i b l y  be branched chain f a t t y  a c i d s .  

1n j ec t ions  of 1 ,,,Ci a ~ e t a t e - l - ~ ~ C / i n s e c t  proved s u f -  

f i c i e n t  t o  d e t e c t  r a d i o a c t i v i t y  i n  the  f a t t y  a c i d s  of  a d u l t  

female - I .  paraconfusus.  The gross  l i p i d  incorpora t ion  curve 

( ~ i g .  7 )  appears  t o  be a  combination of  two major phases ,  a  

l i n e a r  phase t o  about  45 minutes,  and a  subsequent p o r t i o n  

from 3% hours t o  t h e  end o f  the  experimental  time p o s s i b l y  

r e p r e s e n t i n g  another  sequence o f  r e a c t i o n s  hidden by t h e  

r a p i d  i n i t i a l  incorpora t ion  of  acetate-1-14C. The ace t a t e - l -  

14 
C was incorporated i n  a l l  t h e  s a t u r a t e  (Fig.  8 )  and mono- 

unsa tura ted  (Fig .  9) f a t t y  a c i d s  even a f t e r  only  5 minutes 

(no a c t i v i t y  was d e t e c t e d  i n  the  unsaponi f iab le  f r a c t i o n s  

of  t h e  5 ,  15  and 30 minute i n c o r p o r a t i o n s ) .  Trace amounts of 

r a d i o a c t i v i t y  were de tec ted  i n  the  polyunsaturated C 18:2 

and C 18: 3 a f t e r  a  30 minute exposure (Table A- IV)  . 

Oxidation of  t h e  monounsaturated f a t t y  a c i d s  c 16: 1 and 

C 18:1, e x t r a c t e d  from i n s e c t s  exposed t o  acetate-1-14C f o r  

30 minutes showed d i f f e r e n t  l e v e l s  of  r a d i o a c t i v i t y  (Table 

A-V) i n  the  r e s u l t a n t  products .  There were no q u a n t i t a t i v e  

de terminat ions  made on the  c o l l e c t e d  products  because o f  the  

d i f f i c u l t y  of  t r app ing  the  s h o r t e r  chain f a t t y  a c i d  methyl 

e s t e r s .  The oxid ized  C 16: 1 ( ~ i g .  10)  was chromatographed 

and the  products  were i d e n t i f i e d  a s  C 7:O (which contained 

10 dpm), and ~ o n a n e d i o c  ac id  (which contained 20 dpm) . The 



~ i g u r e  6. chromatograph of the Fatty Acids of the Ponderosa 

pine Phloem. 





14 
Figure 7 .  Incorpora t ion  o f  Acetate-1- C i n t o  t h e  Lip ids  o f  

' Fresh ly  Emerged Female Ips paraconfusus . 





F i g u r e  8. I n c o r p o r a t i o n  o f  ~ c e  tate-1-14c 

F a t t y  Acids  o f  F r e s h l y  Emerged 

p a r a c o n f u s u s  (x r e p r e s e n t s  t h e  

d e v i a t i o n  i n d i c a t e d  \ 

i n t o  the S a t u r a t e d  

Female Ips 

mean w i t h  s t a n d a r d  



TIME (min) AFTER INJECTION OF ACETATE - 1 - 14c 



14  
~ i g u r e  9. ~ n c o r p o r a t i o n  o f  Acetate-1- C i n t o  t h e  Unsatura- 

t e d  F a t t y  ~ c i d s  o f  F resh ly  Emerged Female IJS- 

paraconfusus  (x r e p r e s e n t s  t h e  mean wi th  s t anda rd  

d e v i a t i o n  i n d i c a t e d )  . . 





~ i g u r e  10. chromatograph of the Oxidation Products of 

~ a l m i t o l e i c  Acid from Female Ips paraconfusus. 





observat ion  of  only  t h e  two oxida t ion  products  ind ica ted  t h a t  

a l l  the  d e t e c t a b l e  pa l rn i to le ic  ac id  of the  c o n t r o l  females w a s  

t h e  A 9,  10 isomer. The ox ida t ion  of  C 1 8 : l  a l s o  y ie lded  on ly  
I ! 

two d e t e c t a b l e  products  (Fig.  11) which were i d e n t i f i e d  a s  , 

e 9: 0 (which contained 10 dpm) and ~ o n a n e d i o c  a c i d  (which 

contained 40 dpm). This again i n d i c a t e s  on ly  t h e  A 9 r  10 

isomer of  o l e i c  a c i d  was p r e s e n t  i n  the  c o n t r o l  females.  The 
1 

I 
I 

absence of  any A 11, 12 C 1 8 : l  i n d i c a t e s  t h a t  no e longat ion  

of  9, 10 C 16: 1 occurred and t h a t  the  monounsaturated f a t t y  

a c i d s  were the  d e s a t u r a t i o n  products  of  the  corresponding 

s a t u r a t e d  f a t t y  a c i d s .  

The apparent  r a d i o a c t i v i t y  con ten t  o f  t h e  va r ious  f a t t y  

a c i d s ,  a s  measured by changes i n  s p e c i f i c  a c t i v i t y  wi th  t i m e ,  

a r e  n e t  va lues .  Both s y n t h e s i s  and conversion o f  t h e  f a t t y  

a c i d s  a r e  considered i n  t h e  r e s u l t a n t  va lues  o f  r a d i o a c t i v e  

con ten t ,  The changes i n  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  va r ious  

f a t t y  a c i d s  a r e  t h e r e f o r e  a measure o f  the turnover  r a t e  f o r  

each a c i d .  



~ i g u r e  11. chromatograph of the Oxidation Products of Oleic 

Acid from Female Ips paraconfusus. 
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DISCUSSION 

Although the  f a t t y  a c i d s  of the  few Coleoptera analyzed 

(Barlow 1964) showed a s i m i l a r  high concent ra t ion  of  c l8:k 

a s  t h a t  found i n  - I. paraconfusus,  no o t h e r  s i m i l a r i t i e s  

were obvious. In  another  Sco ly t id  b e e t l e ,  Dendroctonus 

pseudotsuqae (S. N. Thompson, personal  communication) the  

p a t t e r n  o f  f a t t y  a c i d  composition was very  s i m i l a r  t o  I.  - 

paraconfusus excep t  t h a t  t h e  concent ra t ion  of  C 1 6 : l  was 

about  t h r e e  t imes h igher  a t  17%. 

The apparent  two phase incorpora t ion  of  r a d i o a c t i v e  

a c e t a t e  (Fig.  7 )  i s  very  d i f f e r e n t  than t h a t  found i n  t h e  

l a r v a  o f  G a l l e r i a  me l lone l l a  i n  which a d i s t i n c t  l a g  was 

followed by an exponent ia l  inc rease  i n  the  incorpora ted  

acetate-1-14C (Thompson 1970) . In  I. paraconfusus t h e  i n j e c -  
- -  

14 t i o n  of ace ta te-1-  C was made d i r e c t l y  i n t o  t h e  haemocoel 

and f a t  body, which is  t h e  major s i te  of  l i p i d  s y n t h e s i s .  

There may, t h e r e f o r e ,  be a two pool  e f f e c t  t h a t  r e s u l t s  i n  a 

change i n  the  r a t e  o f  incorpora t ion .  The r a p i d  i n i t i a l  phase 

may be due t o  t h e  h igh  concen t ra t ion  of  l a b e l  a t  t h e  s i t e  of 

s y n t h e s i s  followed by d i f f u s i o n  throughout the  haemocoel . 
The d i f f u s i o n  would d i l u t e  t h e  a v a i l a b l e  a c e t a t e ,  r e s u l t i n g  

i n  a decreased r a t e  of  l a b e l  incorpora t ion ,  a l though t h e  

s y n t h e s i s  r a t e  should n o t  change. Another a l t e r n a t i v e  i s  



t h a t  the  a v a i l a b l e  supply o f  l a b e l l e d  a c e t a t e  i s  used i n  

a l t e r n a t e  metabol ic  pathways r e s u l t i n g  i n  a  p u l s e  l i k e  

incorpora t i o n .  

L i t t l e  r a d i o a c t i v i t y  was incorporated i n t o  t h e  non- 

f a t t y  a c i d  f r a c t i o n  of  I. paraconfusus l i p i d s  i n d i c a t i n g  
@ 

t h a t  t h e  b iphas ic  incorpora t ion  of  a c e t a t e  ( ~ i g .  7) was 

i n t o  f a t t y  a c i d s .  The incorpora t ion  of  acetate-1-14C i n  

Drosophila melanoqas t e r  was d i s t i n c t l y  d i f f e r e n t  i n  the  

s a t u r a t e  and u n s a t u r a t e  f a t t y  a c i d s  ( ~ e i t h ,  Gauslaa and 

Anderson 1967).  The s a t u r a t e  f a t t y  a c i d s  incorporated 

14 
ace ta te-1-  c t o  a g r e a t e r  e x t e n t  i n  the  f i r s t  hour and 

14 u n s a t u r a t e  f a t t y  a c i d s  incorpora ted  acetate-1-  C t o  a  much 

g r e a t e r  e x t e n t  from one t o  n ine  hours  a f t e r  exposwe.  This 

r e p r e s e n t s  another  explanat ion  of  t h e  b iphas ic  incorpora t ion .  

Only a f t e r  30 minutes were t r a c e s  o f  r a d i o a c t i v i t y  

de tec ted  i n  C 18: 2 and C 18:3 i n  I .  paraconfusus.  Since - 

i n s e c t s  a r e  n o t  known t o  syn thes ize  polyunsa tura tes  (Bade 

1964) , b u t  accumulate them, t h e r e  a r e  two exp lana t ions  f o r  

t h e  r a d i o a c t i v i t y  p r e s e n t .  I n  c o l l e c t i n g  l a b e l l e d  f a t t y  a c i d s  
I 

Nelson and Sukkestad (1968) found a c t i v i t y  a s s o c i a t e d  wi th  

c 18:2 and c 18:3 was contamination from C 1 8 : l .  Other i n  - 

v i t r o  work by Barron (1966) showed t h a t  l a b e l l e d  a c e t a t e  i n  a 

c e n t r a l  pool could undergo an exchange wi th  t h e  t e rmina l  

a c e t a t e s  (carbons 1 and 2 )  of  f a t t y  a c i d s  and f a t t y  a c i d s  



could a l s o  exchange terminal  a c e t a t e s  w i t h  one another ,  1f 

t h i s  occurs  i n  vivo i n  L. paraconfusus it r e p r e s e n t s  a  small  -- 
e f f e c t  a s  seen i n  the  t r a c e  va lues  of a c t i v i t y  found i n  the  

polyunsa tura ted  f a t t y  a c i d s .  

The incorpora t ion  s t u d i e s  were done a t  4 C t o  r e s o l v e  the  

s y n t h e s i s  r e a c t i o n s  by slowing them down. A t  4 C the  r e a c t i o n s  

proceeded a t  a  r a t e  which made separa t ion  impossible , sugges t ing  

t h a t  t h e  r a t e s  o f  the  f a t t y  a c i d  s y n t h e s i s  a r e  very  r a p i d .  

In  - G. mel lone l l a  (Thompson 1970) t h e r e  was no evidence 

f o r  de novo s y n t h e s i s  u n t i l  4 hours  a f t e r  i n j e c t i o n  of  

acetate-1-14C. In I. paraconfusus the  s y n t h e s i s  of  m y r i s t i c  

and p a l m i t i c  a c i d s ,  the  de novo s y n t h e s i s  end prod.ucts, was -- 

found t o  be occur r ing  r a p i d l y ,  a s  r a d i o a c t i v i t y  was d e t e c t e d  

i n  them a f t e r  only  5 minutes,  wi th  no l a g  pe r iod  ( ~ i g .  8 )  . 

Therefore,  t h e r e  i s  l i t t l e  de lay  i n  the  formation of  malonyl 
. - 

CoA from the  i n j e c t e d  a c e t a t e .  AS t h e  de novo s y n t h e s i s  i s  -- 

cytoplasmic (Wakil 1963) , it appears  t h a t  t h e  i n j e c t i o n  o f  

acetate-1-14C i n  - I. paraconfusus was made d i r e c t l y  i n t o  the  

s y n t h e s i s  a r e a .  The inc rease  i n  s p e c i f i c  a c t i v i t y  o f  s t e a r i c  

a c i d  (C 1820) is  h o t  l i n e a r  b u t  the  r a t e  of  incorpora t ion  of 

14 
the  ace ta te-1-  C i n c r e a s e s  wi th  time (Fig.  8 ) .  The l a g  i n  

the  incorpora t ion  o f  acetate-1-14C i n t o  C 18: 0 ( ~ i g .  8 )  could 

be expected s i n c e  e longat ion  r e a c t i o n s  of  de novo products  -- 

occur  i n  the  mitochondria,  and i n  order  t o  t r a n s p o r t  t h e  



a c y l  COA product  ac ross  the  o rgane l l e  membrane it must be con- 

v e r t e d  t o  t h e  c a r n i t i n e  d e r i v a t i v e .  The i n a b i l i t y  t o  sepa ra te  

f a t t y  ac id  s y n t h e s i s  r e a c t i o n s  means t h a t  the  comparison of 
I 

t h e  s p e c i f i c  a c t i v i t i e s  of f a t t y  a c i d s  does n o t  i n d i c a t e  the  

precursor-product  r e l a t i o n s h i p  c h a r a c t e r i s t i c  o f  i n  v i t r o  - 

work. The s p e c i f i c  a c t i v i t y  is  a  funct ion  of  the  f r a c t i o n a l  

turnover  r a t e  of  t h e  ind iv idua l  f a t t y  a c i d s .  However, the  

s p e c i f i c  a c t i v i t i e s  o f  C 16:O and C 18:O show t h e  incorpora-  

t i o n  of  r a d i o a c t i v e  a c e t a t e  i n t o  C 1 8 : O  from C 16:O (Fig.  8 )  . 
Because of  the  i n a b i l i t y  t o  e l imina te  de  novo s y n t h e s i s ,  -- 

t r a c e s  o f  a c t i v i t y  i n  C 18:O may n o t  be due j u s t  t o  elonga-  

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

.   he d e s a t u r a t i o n  r e a c t i o n s  producing C 1 6 : l  and C 1 8 : l  

were a l s o  observed t o  be occur r ing  i n  t h e  per iod  from 5 t o  

30 minutes (Fig.  9 ) .  The s p e c i f i c  a c t i v i t i e s  o f  t h e  mono- 

unsa tu ra tes  r e v e a l  a  product-precursor  r e l a t i o n s h i p  as t h e  

desa tu ra ted  a c i d  incorpora tes  t h e  a c t i v i t y  a f t e r  it appears  

i n  t h e  s a t u r a t e d  p recurso r .  In  the  c 16: 1 t h e r e  i s  a  l a g  

be fo re  r a d i o a c t i v i t y  i s  i s o l a t e d  i n  the  unsa tura ted  a c i d  

b u t  no such l a g  i n  t h e  incorpora t ion  i n t o  c 16:O occurs ,  

as shown: 



16 .O 
S p e c i f i c  
A c t i v i t y  12.O 

T h e  (min) 

The slower turnover  r a t e  o f  C 1 6 : l  t h e r e f o r e  r e s u l t s  i n  

a h igher  s p e c i f i c  a c t i v i t y  because o f  the  small  pool  s i z e ;  

however, a f t e r  an extended exposure t h e  s p e c i f i c  a c t i v i t y  of 

c 16:O would probably again  be h igher  than C 1 6 : l .  The same 
. - 

type o f  crossover  was n o t  observed i n  the  conversion o f  

c 18:O t o  C 18 : l  apparen t ly  because of the  l a r g e  pool  s i z e  

which C 18: 1 r e p r e s e n t s .  

No evidence was obta ined  t h a t  sugges ts  t h a t  s a t u r a t e d  

and unsa tura ted  f a t t y  a c i d s  a r e  synthesized by s e p a r a t e  

pathways a s  proposed by Sedee (1961) . The changes i n  s p e c i f i c  

a c t i v i t y  do n o t  i n d i c a t e  precursor  -product r e l a t i o n s h i p s  i n  - 

vivo a s  they do i n  v i t r o ,  b u t  i n d i c a t e  turnover ,  In  v i t r o  - - 

cond i t ions  can be regu la ted  t o  g ive  ind iv idua l  r e a c t i o n s .  



The r e a c t i o n s  of  f a t t y  a c i d  s y n t h e s i s  may be summarized 

a s  fol lows:  

de novo -- de novo -- elongat ion  

I n  order  t o  e v a l u a t e  i f  d e s a t u r a t i o n  of  C 16:O t o  form c 16:P 

- C 14:O 1 
f C 16:O - C 18:O 

3 I I 

i 
I 

is  followed by e longa t ion  ( r e a c t i o n  6 )  o r  i f  c 16:O i s  

elongated t o  form C 18:O and then desa tu ra ted  t o  form C 1 8 : l  

( r eac t ion  5)  t h e  C 16: 1 and C 18: 1 w e r e  oxid ized  a t  t h e  

double bond. 

Analysis of the  ox ida t ion  products  (Figs. 10 ,  11; 

Table &--IT) i n d i c a t e s  t h a t  r e a c t i o n  6 of  the  previous  sequence 

does n o t  occur ,  b u t  r e a c t i o n s  1, 2 ,  3 ,  4 and 5 do occur .  1 

4 

The s y n t h e s i s  o f  monounsaturated f a t t y  a c i d s  has  been shown 

by Bade (1964) t o  be t h e  r e s u l t  o f  d e s a t u r a t i o n  o f  s a t u r a t e d  

analogs ,  The l a b e l  d i s t r i b u t i o n  of  t h e  unsa tu ra ted  f a t t y  

a c i d  i s  t h e r e f o r e  the  same as the  s a t u r a t e d  p recurso r .  The 

d i s t r i b u t i o n  o f  l a b e l  i n  t h e  oxidized products  o f  C 1 6 : l  

i n d i c a t e s  t h a t  t h e  l a b e l l e d  a c e t a t e  was incorporated i n  t o  

d e s a t u r a t i o n  5 d e s a t u r a t i o n  

s h o r t  chained s a t u r a t e d  f a t t y  a c i d s  a l r eady  i n  t h e  process  

o f  de -- novo s y n t h e s i s .   his l a b e l l i n g  p a t t e r n  would produce 

more l a b e l  a t  t h e  carboxyl end of  ~ . 1 6 : 0  which then was 

v elongat ion  

C 1 6 : l  C 1 8 : l  
6 



d e s a t u r a t e d .  The l a b e l  d i s t r i b u t i o n  of C 18:O a s  observed 

i n  the  ox ida t ion  products  o f  C 1 8 : l  is  the  r e s u l t  o f  elonga- 

t i o n  i n i t i a l l y  o f  un labe l l ed  C 16:O and l a t e r  e longa t ion  of  

l a b e l l e d  C 16:O produced by de novo s y n t h e s i s .   his -- 
i ncorpora t ion  process  e x p l a i n s  the  heavy l a b e l  a t  t h e  carboxyl 

end of  C 18:l and t h e r e f o r e  C 18:O. 

The decrease  i n  t o t a l  l i p i d  c o n t e n t  of the  reproducing 

a d u l t  (Fig.  5) may be due t o  s e v e r a l  f a c t o r s .  In  males 

t h e r e  i s  no depos i t ion  o f  any m a t e r i a l s  s o  t h e  decrease  i n  

l i p i d  i s  probably due t o  ox ida t ion .  I n  females the  l i p i d  

is  mobilized from the  f a t  body and depos i ted  i n  t h e  developing 

o8cytes .    not her f a c t o r  i n  reproducing I. paraconfusus is  - 

t h a t  the  major p o r t i o n  o f  t h e  bor ing  i s  done by t h e  females 

and t h e r e f o r e  they  have a v a i l a b l e  a supply of  phloem l i p i d .  

I f  the  l i p i d  m a t e r i a l  i s  used a l s o  a s  an energy source ,  t h e  

metabol ic  turnover  r a t e  of l i p i d  would be much g r e a t e r  i n  t h e  

reproducing female than i n  the  f r e s h l y  emerged female,  

r e s u l t i n g  i n  t h e  lower l i p i d  content .  

Comparison o f  the  c o n t r o l  and reproducing males shows 

t h a t  i n  t h e  reproducing males t h e  l e v e l  of  monounsaturates 

i s  s i g n i f i c a n t l y  decreased while  the  polyunsa tura tes  and 

C 1 8 : O  a r e  increased  ( ~ i g .  1). In  e l e c t r o n  micrographs of  

f a t  body from reproducing males,  t h e r e  was no evidence o f  

increased  metabol ic  a c t i v i t y  a s soc ia ted  with the  i n t e r n a l  



changes and sexual  maturat ion ( N .  M. G .  ~ h a k t h a n ,  pe r sona l  

comrnunica t i o n )  . poss ib ly  p r e f e r e n t i a l  ox ida t ion  of  mono - 

unsa tu ra tes  could occur concurrent ly  with p r e f e r e n t i a l  accumu- 

l a t i o n  of  C 18: 2 and c 18: 3 from ponderosa p ine  phloem. The 

two u n i d e n t i f i e d  f a t t y  a c i d s  i n  the  phloem sample (Figs. 1, 6 

and Table A - 1 1 1 )  were n o t  de tec ted  i n  I .  paraconfusus,  sug- - 

g e s t i n g  t h a t  uptake o r  accumulation of  the  f a t t y  ac id  m a t e r i a l  

from the  r e a r i n g  l o g  was p r e f e r e n t i a l .  Such a p r e f e r e n t i a l  

accumulation o f  the  f a t t y  a c i d s  from the  d i e t  i s  known t o  

occur  i n  the  l a r v a e  o f  t h e  cabbage looper ,  Tr ichophis ia  n i  - 

(Nelson e t  a l e  1968) . 
In  reproducing female - I. paraconfusus,  the  f a t  body 

r a p i d l y  syn thes izes  m a t e r i a l ,  such a s  p r o t e i n  and l i p i d ,  f o r  

depos i t ion  i n  t h e  oocytes  (N.  M. G.  Bhakthan, personal  com- 

municat ion) .  The f a t t y  a c i d  composition of t h e  reproducing 
. - 

female was very  d i f f e r e n t  than the  con t ro l .  with the  l e v e l s  

of  C l6:O, C 1 6 : l  and C 1 8 : l  be ing  lower ( F i g  1) .  AS 

i n  the  males, t h e  l e v e l s  o f  polyunsa tura tes  appears  h igher  

due e i t h e r  t o  accumulation o r  l ack  o f  mobi l iza t ion  t o  t h e  

oocytes  a s  energy s t o r e s .  The decrease i n  t o t a l  l i p i d  con ten t  

of  the  reproducing females (Fig .  5) combined wi th  the  observed 

inc rease  i n  s y n t h e t i c  a c t i v i t y  of  the  f a t  body l e a d s  t o  the  

conclusion t h a t  the  f a t t y  a c i d  s y n t h e s i s  r a t e  i s  probably 

much acce le ra ted  i n  reproducing females.  Another f a c t o r ,  

which might exp la in  d i f f e r e n c e s  i n  f a t t y  ac id  composition 



between reproducing and c o n t r o l  i n s e c t s ,  i s  t h a t  t h e  logs  

from which reproducing i n s e c t s  were excised were ve ry  f r e s h ,  

whereas c o n t r o l  i n s e c t s  had emerged from "old"  l o g s  i n  which 

I 
they had matured, g r e a t l y  changing the  phloem c h a r a c t e r  i s  t i c s  

i n  t h e  process .  

c h a r a c t e r i s t i c  changes i n  the  f a t  body o f  the  female 

and development of  the  o v a r i e s  can be induced by t o p i c a l  

a p p l i c a t i o n s  o f  juveni le  hormone (N. M. G. Bhakthan, pe r sona l  

communication) . Lipid mobi l iza t ion  i n  i n s e c t  f a t  bod ies  can 

a l s o  be induced by va r ious  v e r t e b r a t e  hormones (Bhakthan 

and G i l b e r t  1968) . J u s t  a s  hormones r e g u l a t e  t h e  development 

of  the  ovar ian  t i s s u e  ( c o l l i n s  1969),  they may a l s o  r e g u l a t e  

f a t t y  a c i d  s y n t h e s i s  by r e g u l a t i n g  v i t a l  c o n t r o l  p o i n t s  such 

a s  the  enzymes jo in ing  g l y c o l y s i s  and l ipogenes i s  (zamkin 

and Hermann 1969) . A s  reproducing - I. paraconfusus h a s  ' 

a v a i l a b l e  t o  it a source o f  carbohydrate ,  l i p i d  and p r o t e i n  

i n  the  phloem, t h e  enzyme r e g u l a t i o n  may be a f a c t o r  i n  t h e  

f a t t y  a c i d  s y n t h e s i s  r a t e  o f  t h e  reproducing a d u l t s .  Hormonal 

r e g u l a t i o n  h a s  been a l s o  observed i n  the  mobi l iza t ion  of  

s t o r a g e  compounds i n  t h e  female a d u l t  Pyrrohocoris  a p t e r u s  , - 
dur ing  the  c y c l i c  p a t t e r n  o f  oocyte  maturat ion  artin in 1969).  

In  - P. ap te rus  t h e r e  i s  no s y n t h e s i s  o f  f a t t y  a c i d s  dur ing  

the  reproduct ive  phase a s  a l l  the necessary m a t e r i a l s  have 

been s t o r e d .  



The ponderosa p i n e  l o g  t h a t  was analyzed f o r  i t s  f a t t y  

a c i d  composit ion r e p r e s e n t s  a t y p i c a l  l o g  i n  which a colony 

might  be e s t a b l i s h e d  i n  n a t u r e .  In  Anthonomus q r a n d i s ,  

the f a t t y  a c i d s  a v a i l a b l e  t o  t h e  l a r v a e  i n  t h e  d i e t  had a 

pronounced e f f e c t  on t h e  f e c u n d i t y  o f  t h e  a d u l t s  ( ~ a r l e ,  

S l a t t e n  and Burk 1967) .  Although t h e  p re sence  o f  c e r t a i n  

f a t t y  a c i d s  i n  t h e  phloem i s  probably  n o t  a major f a c t o r  i n  

h o s t  tree s e l e c t i o n ,  h o s t  f a t t y  a c i d  composi t ion might  (as 

i n  A. g r a n d i s )  i n f l u e n c e  t h e  f e c u n d i t y  or s u r v i v a l  r a te  o f  

I.  paraconfusus  . - 



SUMMARY AND CONCLUSION 

.I 4 
1. Within 5 minutes a f t e r  ace ta te-1-  C i n j e c t i o n ,  a l l  t he  

r e a c t i o n s  involved i n  f a t t y  a c i d  s y n t h e s i s  were occur r ing  

14 
r a p i d l y  and ace ta te-1-  C was incorporated i n t o  a l l  s a t u r a t e  

and unsa tura ted  f a t t y  a c i d s  o f  the  female I .  paraconfusus.  - 

2 ,  Precursor-product r e l a t i o n s h i p s  were n o t  e v i d e n t  because 

o f  t h e  i n a b i l i t y  t o  s e p a r a t e  the  var ious  r e a c t i o n s ,  except  i n  

14 
a  pu l se - l ike  incorpora t ion  o f  acetate-1-  c i n t o  c 16: 1. 

3. Synthes is  of  C 1 8 : l  was by  the  d e s a t u r a t i o n  o f  c 18:O and 

n o t  e longa t ion  o f  C 1 6 : l  a s  only  t h e  A 9, 10 isomers o f  t h e  

monounsaturated f a t t y  a c i d s  were de tec ted  i n  o x i d a t i o n  

experiments . 

4 ,  The f a t t y  a c i d  composition of  - I .  paraconfusus a d u l t s  i n  

the 6 t h  day of t h e  reproduct ive  phase was s i g n i f i c a n t l y  d i f  - 

f e r e n t  from f r e s h l y  emerged c o n t r o l s .  

5. The p l o t t e d  s p e c i f i c  a c t i v i t i e s  o f  the  f a t t y  a c i d s  i n d i c a t e  

t h e  o r d e r  of  magnitude of turnover ,  no f r a c t i o n a l  turnover  

r a t e s  were c a l c u l a t e d  a s  the  s y n t h e t i c  r e a c t i o n s  were n o t  

sepa ra ted  . 

6 .  -- In v ivo  s t u d i e s  on t h e  s y n t h e s i s  of f a t t y  a c i d s  us ing  

14 
ace ta te -1 -  c i n  reproducing female a d u l t s  o f  ~ps paraconfusus 



would p rove  u s e f u l  a s  a measure o f  t h e  me tabo l i c  changes  t h a t  

occu r  d u r i n g  r e p r o d u c t i o n  when compared w i t h  f r e s h l y  emerged 

females .  

I 
7. The i m p l i c a t i o n  o f  j u v e n i l e  hormone i n  t h e  r e g u l a t i o n  of 

i n t e r n a l  changes a s s o c i a t e d  w i t h  s e x u a l  m a t u r a t i o n  o f  I. 

pa racon fusus  would y i e l d  a  f u r t h e r  f i e l d  o f  s t u d y  i n  t h e  

r e g u l a t i o n  o f  f a t t y  a c i d  metabolism. 
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APPENDIX A 



TABLE A - I  

Q u a l i t a t i v e  composi t ion and r e l a t i v e  c o n c e n t r a t i o n  o f  the 

long  chained f a t t y  a c i d s  o f  f r e s h l y  emerged male and 
I 

female Ips paraconf  usus. 

14:O 16:O 16:l  18:O 18:l  18: 2 18:3 % l i p i d  
Males 

Rep 1 1 . 3  24.1 7.5 3.2 51.0 9.3 3.4 4 .2  

2 .6  24.1 6 .1  3 .1  54.9 8.6 2.5 5.5 

3 .3  23.5 5.6 2.6 57.8 8.8 1.4 6.1 

4 .4  24.8 5.6 3.0 56.0 9.0 1.3 5.8 

Ave - 7  24.1 6.2 3.0 54.9 8.9 2.1 5.4 

fa  f . 4  f . 5  f . 8  f . 2  f2 .5  f . 2  f .  9 f .  7 
- 

Ferns l e s  

Rep 1 . 7  20.8 5.9 4.4 54.0 10.0 3.5 5.2 

2 .6  22.6 8.7 2.9 53.9 8.9 2.3 4.4 

3 - 3  22.8 4.9 2.3 59.0 9.9 - 7  4.8 

4 . 3  24.6 6.1 3.4 55.7 6.6 1.3 5.7 

5 .2 21.8 4.8 2.2 53.9 12.4 4.4 4.9 

6 .4 26.0 4.3 3.4 55.0 9.6 1. 1 4.8 

Ave . 4  22.1 5.8 3 .1  55.3 9.6 2.2 5.0 

f5 f .2  f2 .0  f1 .4  f . 7  f1 .8  51 ,7  f 1 .3  f .  4 



~ u a l  i ta t i v e  compos i t 

TABLE A - I 1  

ion  and r e l a t i v e  c o n c e n t r a t i o n  

o f  t h e  l o n g  cha ined  f a t t y  a c i d s  o f  reproduc ing  Ips 

paraconfusus  e x c i s e d  from ponderosa p i n e ,  males 

after 6 days  and females  a f t e r  44 - 5 days .  

14:O 16:O 16: 1 18:O 18: 1 18: 2 18: 3 % l i p i d  
Ma le s 

Rep 1 . 7  26.0 6.0 4.7 50.0 9.3 3 . 1  6.4 

Ave - 7  25.3 4.3 5.3 46.5 13.3 4.0 4.0 

Females 

Rep 1 1.0 19.3 5.7 4 .0  55.7 10.0 4.3 3.0 

2 1.4 20.6 4.8 6.3 43.8 16.9 6.1 1.9 

3 . 5  22.6 3.5 4.6 46.8 18.6 3 .1  3 .3  

4 - 6  19.5 5.4 4.3 51.1 15.1 3.7 3.6 

Ave .8 20.5 4.8 4.8 49.3 15.1 4.3 2.9 

fa  f . 3  f1 .3  f . 8  f . 9  f4 .5  h3.2 f l . 1  f . 6  



TABLE A - I 1 1  

~ u a l i t a t i v e  and q u a n t i t a t i v e  composit ion o f  t h e  l ong  chained 

f a t t y  a c i d s  o f  t h e  ponderosa p i n e  phloem. 

F a t t y  Acid R e l a t i v e  Reten t ion  % Composition 

14:O .248 Trace 

Trace 

18 :3  2.02 7.2 

* ~ n i d e n t i f  i e d  I 



TABLE A - I V  

Specific ac t iv i ty  ( d ~ r n / ~ g  of f a t t y  acid) of the  fatty 

acids of ~ps paraconfusus females injected with i 
acetate -1 -14c. 

Rep1 ica te  Time 14:O 16:O 16: 1 1S:O 18: 1 18:2 18:3 

1 5 min. 13.9 1.3 1.5 5 .1  . 3  Tr , 0% 0 

3 48.0 2.5 14.8 9.4 . 7  Tr .  0.0 

Ave 44.4 3.2 14.2 8.8 1.0 

fa  f 12.7 f2.0 k . 7  f1 .8  f .  3 

1 a** 3 0 44.9 2.8 8.6 21.3 * Tr . Tr .  

Ave 88.0 5.3 15.9 29.2 1.5 Tr . Tr . 
fa f16.3 f1 .3  f5 .8  f 4 . 1  f . 3  

* l o s t  i n  separation 

** a and b a re  dupl icates ;  a not  used i n  s t a t i s t i c s .  



TABLE A-V 

R a d i o a c t i v i t y  a s s a c i a t e d  w i t h  t h e  o x i d a t i o n  p r o d u c t s  o f  

t h e  monounsaturated f a t t y  a c i d s  o f  Ips paraconfusus  

14 
females  i n j e c t e d  w i t h  ace t a t e -1 -  C f o r  

30 minutes .  

F a t t y  Acid Oxida t ion  Products  Rep I Rep I1 

1 6 : l  Hep t an0  ic  Ac i d  *10 dpm 10  dpm 

Nonanedioc Acid 20 dpm 20 dpm 

18:l Nonanoic Acid 10  dpm 10  dpm 

Nonanedioc Acid 40 dpm 40 dpm 

* approximate v a l u e s  
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