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Abstract:
The cuticular lipids of the grasshopper Melanoplus sanguinipes contain 60 percent hydrocarbons and
28 percent secondary alcohol wax esters, with lesser amounts of normal and sterol wax esters,
triglycerides, alcohols, sterols, and free fatty acids. All the hydrocarbons are saturated and four types of
alkanes are present: n-alkanes (61 percent), 3-methyl alkanes (trace amounts), internally branched
monomethylallcanes (23 percent), and internally branched dimethylalkanes (16 percent). The principle
n-alkanes are C29 and C27, with a range from C21 to C33. Trace amounts of 3-methyl alkanes of 28,
30, and 32 total carbons are present. The principle internally branched monomethylalkanes are C32 and
C34, whereas the major dimethylaIkane contains 35 carbons. The total number of carbons in the
secondary alcohol wax esters range from 37-54 with 41 predominating. The fatty acids of the wax
esters are 18:0, 20:0, 16:0, 22:0, 14:0, 19:0, and 17:0 in decreasing quantity. The secondary alcohols
from the. wax ester are C23, C25, C21, C27, C24, C22), and C26. Each secondary alcohol consists of
two to four isomers with the hydroxyl group located near the center of the chain. The secondary
alcohols do not correspond in chain length to the n-alkanes. The primary alcohols range from C22 to
C32 with C24 and C26 predominating. The fatty acids in the triglyceride and free fatty acid fraction
range from C12 to C24.

Dietary hydrocarbons are incorporated into cuticular lipids. Dietary secondary alcohols and ketones,
however, are not incorporated into the cuticular lipids. In typical experiments, from 8 to 27 percent of
the fed labelled n-alkanes are recovered in the cuticular lipids. Most of the radioactivity recovered from
feeding n-tricosane-R-3H and a significant amount from n-pentacosane-R-3H is found as a secondary
alcohol in the form of a wax ester. n-N onacosane-R-SH and n-hentria contane-R-3H were recovered
primarily unchanged as the n-alkane.

Labelled acetate injected into the insect is incorporated into the hydrocarbon, secondary alcohol wax
ester, normal plus sterol ester, triglyceride plus secondary alcohol, primary alcohol, and free fatty acid
fraction in ca, the same distribution as the percent composition of these fractions. Labelled n-alkanes
administered to the surface of the insect are hydroxylated at or near the middle of the carbon chain.

The secondary alcohols formed or exogenous labelled secondary alcohols are esterified. Chain length
specificity is evident in both the hydroxylation of n-alkanes and the esterification of secondary
alcohols, with the shorter chain C23, C21, C19, and C25 compounds converted to secondary alcohol
wax esters more readily than the longer chain C27, C29, and C31 compounds. Secondary alcohols and
ketones are not reduced to alkanes. 
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' ABSTRACT

. The c u t i c u l a r  l i p i d s  o f  t h e  g r a s s h o p p e r  M elan o p lu s  s a n g u ln ip e s  
c o n ta in  60 p e r c e n t  h y d ro c a rb o n s  and 28 p e r c e n t  s e c o n d a ry  a lc o h o l  wax 
e s t e r s , w i th  l e s s e r  am ounts o f  n o rm a l and s t e r o l  wax e s t e r s ,  t r i g l y ­
c e r i d e s ,  a l c o h o l s ,  s t e r o l s ,  and f r e e  f a t t y  a c i d s .  A l l  th e  h y d ro c a rb o n s  . 
a r e  s a t u r a t e d  and f o u r  ty p e s  o f  a lk a n e s  a r e  p r e s e n t :  r i-a lk a n e s  (61
p e r c e n t ) ,  3-m e th y l  a lk a n e s  ( t r a c e  a m o u n ts ) ,  i n t e r n a l l y  b ra n c h e d  mono- 
meth y la lk a n e s  (23 p e r c e n t ) , and  i n t e r n a l l y ,  b ra n c h e d  d im e th y la lk a n e s  
(16  p e r c e n t ) . .  The p r i n c i p l e  n - a lk a n e s  a r e  Cgg and C gy. w i th  a ra n g e  / 
fro m  C21 t o  C gg. T ra c e  am ounts o f  3 -m e th y l a lk a n e s  o f  2 8 , -SG,- and 32 
t o t a l  c a rb o n s  a r e  p r e s e n t . The p r i n c i p l e  i n t e r n a l l y  b ra n c h e d  mono- 
m ethy l a l k a n e s  a r e  Cop and C3 4 , w h ereas  th e  m a jo r  d im e th y la lk a n e  c o n ta in s  
35 c a rb o n s .  The t o t a l  num ber o f  c a rb o n s  in  t h e  se c o n d a ry  a lc o h o l  wax 
e s t e r s  ra n g e  fro m  37 -54  w ith  41 p r e d o m in a t in g . The f a t t y  a c id s  o f  th e  
wax e s t e r s  a r e  1 8 :0 ,  2 0 :0 ,  1 6 :0 ,  2 2 :0 ,  1 4 :0 ,  1 9 :0 ,  and 1 7 :0  i n  d e c re a s in g  
q u a n t i t y . The se c o n d a ry  a lc o h o l s  from  th e . wax e s t e r  a r e  C9 g,- C g^, C9^ ,  
Cgy, Cg4 , Cgg, and C gg . E ach s e c o n d a ry  a lc o h o l  c o n s i s t s  o r  tw o t o  
fo u r ' iso m e rs  w i th  t h e  h y d ro x y l  g ro u p  l o c a t e d  n e a r  th e  c e n r e r  o f  th e  
c h a in .  The se c o n d a ry  a lc o h o l s  do n o t  c o rre s p o n d  in  c h a in  l e n g t h  t o  th e  
n - a l k a n e s .  The p r im a ry  a lc o h o l s  r a n g e  fro m  Cg0 t o  Cgg w i th  Cg^ and Cgg 
p r e d o m in a t in g . The f a t t y  a c id s  i n  t h e  t r i g l y c e r i d e  and f r e e  f a t t y  a c id  
f r a c t i o n  ra n g e  from  C ig t o  Cg^.

D ie ta r y  h y d ro c a rb o n s  a r e  i n c o r p o r a te d  i n t o  c u t i c u l a r  l i p i d s .  D ie­
t a r y  s e c o n d a ry  a lc o h o l s  and k e to n e s ,  h o w e v e r, a r e  n o t  in c o r p o r a te d  i n to  
t h e  c u t i c u l a r  l i p i d s .  I n  t y p i c a l  e x p e r im e n ts ,  from  8 t o  27 p e r c e n t  o f  
t h e  f e d  l a b e l l e d  n - a l k a n e s . a r e  r e c o v e re d  i n  t h e  c u t i c u l a r  l i p i d s . Most 
o f  t h e  r a d i o a c t i v i t y  r e c o v e r e d  from  f e e d in g  n - t r ic o s a n e - R - dH and a s i g ­
n i f i c a n t  am ount from  n - p e n t a c O san e-R -3H i s  fo u n d  a s  a s e c o n d a ry  a lc o h o l  
i n  t h e  fo rm  o f  a  wax e s t e r .  n-N  ona c os a n e - R - 3H and  n - h e n t r i a  c ont a n e -R - 
3H w ere  r e c o v e r e d  p r im a r i l y  unchanged  a s  t h e  n - a l k a n e .

L a b e l le d  a c e t a t e  i n j e c t e d  i n t o  t h e  i n s e c t  i s  in c o r p o r a te d  i n t o  th e  
h y d ro c a rb o n , s e c o n d a ry  a lc o h o l  wax e s t e r ,  n o rm a l p lu s  s t e r o l  e s t e r ,  
t r i g l y c e r i d e  p lu s  s e c o n d a ry  a l c o h o l ,  p r im a ry  a l c o h o l ,  and f r e e  f a t t y  

.a c id  f r a c t i o n  in  c a ,  t h e  same d i s t r i b u t i o n  a s  t h e  p e r c e n t  c o m p o s itio n  ■ 
o f  t h e s e  f r a c t i o n s ..  L a b e l le d  n - a lk a n e s  a d m in is te r e d  t o  th e  s u r f a c e  o f  
t h e  i n s e c t  a r e  h y d ro x y l a t e d  a t  o r  n e a r  th e  m id d le  o f  t h e  c a rb o n  c h a in .
The s e c o n d a ry  a lc o h o l s  form ed o r  exogenous l a b e l l e d  se c o n d a ry  a lc o h o ls  
a r e  e s t e r i f i e d . C h a in  l e n g th  s p e c i f i c i t y  i s  e v id e n t  in  b o th  t h e  h y d ro x -  
y l a t i o n  o f  n - a lk a n e s  and th e  e s t e r i f i c a t i o n  o f  s e c o n d a ry  a l c o h o l s ,  w ith  
■the s h o r t e r  c h a in  C935 Cg1 , C1 9 , and C95 compounds c o n v e r te d  t o  s e c o n d a ry  
a lc o h o l  wax e s t e r s  m ore r e a d i l y  th a n  t h e  lo n g e r  c h a in  C g?, Cg9 , and Cgy 
com pounds. S e c o n d a ry  a lc o h o l s  and  k e to n e s  .a re  n o t  r e d u c e d 't o  a lk a n e s .



INTRODUCTION

The p h y s io lo g y  o f  i n s e c t  c u t i c u l a r  l i p i d s  h as  been s tu d i e d  f o r  many 

y e a r s ,  and g e n e r a l  a g re e m e n t h a s  b een  re a c h e d  c o n c e rn in g  th e ' m ain f u n -  ' 

c t i o n  o f  c u t i c u l a r  l i p i d s .  U n t i l  r e c e n t l y ,  h o w e v e r, l i t t l e  p r o g re s s  

had b e e n  made in  d e te rm in in g  th e  s t r u c t u r e  and  m e ta b o lism  o f  c u t i c u l a r  

l i p i d s  in  i n s e c t s  and o th e r  o rgan ism s-. W ith  t h e  a d v e n t  o f  th e  p o w e rfu l 

t o o l s  o f  g a s - l iq u id - c h r o m a to g ra p h y  and m ass s p e c t r o m e tr y ,  i t  h a s  now 

become p o s s ib l e  t o  s e p a r a t e  and d e te rm in e  th e  s t r u c t u r e  o f  t h e s e  com­

p le x  m ix tu re s  o f  l i p i d s . A long w i th  t h e  in c r e a s e d  i n t e r e s t  and f e a s a -  ' 

b i l i t y  o f  d e te rm in in g  th e  s t r u c t u r e s  o f  c u t i c u l a r  l i p i d s ,  a. c o n c o m ita n t 

r i s e  o f  i n t e r e s t  i n  t h e i r  m e ta b o lism  h a s  o c c u r re d  ^

P h y s io lo g y  o f  I n s e c t  C u t i c u l a r  L ip id s

The p h y s io lo g y  and f u n c t i o n  o f  i n s e c t  c u t i c u l a r  l i p i d s  -has b e e n  

r e c e n t l y  re v ie w e d  by  J a c k s o n  and B aker ( I ) .  The e p i c u t i c l e  o f  i n s e c t s  

i s  r e c o g n iz e d  a s  h a v in g  d i s t i n c t  s u b la y e r s  d e f in e d  from  i n s i d e  t o  o u t­

s id e  a s  i n n e r  e p i c u t i c l e ,  c u t ic u lu rn ,  l i p i d  l a y e r ,  and cem en t l a y e r .  The 

th ic k n e s s  i s  g e n e r a l l y  a b o u t  I / 4 , o r  o n ly  f i v e  p e r c e n t  O f1 th e  th ic k n e s s  

o f  th e  c u t i c l e .  The c u t i c u l a r  l i p i d  c o n s i s t s  o f  an  i n n e r m o s t 'l a y e r  w hich  

o r i e n t s  th e  o v e r ly in g  c r y s t a l s  o f  p a r a f f i n s .  The d e g re e  o f  o r g a n iz a t io n  

o f  t h e  o u te rm o s t  l i p i d  l a y e r  d e c re a s e s  t h e  m ore r e m o v e d 'i t  i s , f r o m  the.

o r g a n iz in g  e f f e c t  o f  th e  in n e rm o s t  l a y e r  ( 2 ) .  Locke. (3 )  f in d s , , . t h a t
:

p a r t  o f  th e  e p i c u t i c l e  i s  p e n e t r a t e d  by p o re  c a n a ls  c o n ta in in g  l i p i d  

f i l a m e n t s .  He p ro p o se s  t h a t  th e  t r a n s p o r t  o f  l i p i d  from  th e  s i t e  o f
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s y n th e s i s  a c r o s s  t h e  e n d o c u t i c l e  and ' e p i c u t i c l e  t o . t h e  s u r f a c e  co u ld  ■ 

h e  c a r r i e d  o u t  in  t h e  h y d ro p h o b ic  c e n t e r  o f  th e  p o re  c a n a l .  He a l s o  . 

p ro p o se s  t h a t  t h e . l i p i d  s o lu b le  m o le c u le s  t o  w h ich  th e  c u t i c l e  i s  p e r -  

m eab le  ( i n s e c t i c i d e s ,  p h ero m o n es , ho rm o n es) c o u ld  ta k e  up some o f  th e  

s p a c e  i n  t h e  r e g io n  o c c u p ie d  by  th e  h y d ro c a rb o n  ends o f  th e ^ p o r e  l i p i d s  

and e v e n tu a l ly  f i n d  t h e i r  way i n t o  th e  i n s e c t .

F u n c t io n  o f  I n s e c t  C u t i c u l a r  L ip id s

C u t i c u l a r  l i p i d s  a r e  im p o r ta n t  t o  a n  i n s e c t ' s  s u r v i v a l  b e c a u s e  ( a )  

th e y  p r e v e n t  d e s i c c a t i o n  o f  t h e  i n s e c t  when h u m id ity  i s  low.; (b )  th e y  

p r o t e c t  t h e  i n s e c t  from  t o x i c  i n o r g a n ic  c h e m ic a ls ;  ( c )  th e y  s e rv e  a s  a 

b a r r i e r  t o  t h e  p e n e t r a t i o n  o f  m ic ro o rg a n is m s ; and  (d )  th e y  a f f e c t  th e  

a b s o r p t io n  o f  a g r i c u l t u r a l  c h e m ic a ls  u se d  i n  i n s e c t  c o n t r o l  ( 4 ) .  In  

a d d i t i o n ,  t h e  r o l e  o f  c h e m ic a l  co m m u n ica tio n  h a s  b e e n  s u g g e s te d  f o r  some 

i n s e c t  c u t i c u l a r  l i p i d s  ( 5 ) .  '

The l a r g e  s u r f a c e  t o  volum e r a t i o  o f  i n s e c t s  makes i t  im p o r ta n t  

t h a t  e x c e s s iv e  e v a p o r a t io n  b e  p r e v e n te d .  Many i n v e s t i g a t o r s  h av e  mea­

s u re d  th e  t r a n s p i r a t i o n  o f  w a te r  from  i n s e c t s  and th e s e  s t u d i e s  a r e  r e ­

v iew ed by  B arton -B row ne  ( 6 ) ,  Beam ent ( 7 ,  8 ) ,  Edney ( 9 ) ,  R ic h a rd s  (10)., 

W ig g le sw o rth  (1 1 )  and Locke ( 3 ) .  The e v id e n c e  seem s t o  a g re e  t h a t  th e  

c u t i c l e  i s  p e rm e ab le  t o  w a te r  v a p o r s ,  and t h a t  th e  c u t i c u l a r  l i p i d  l a y e r  

p la y s  a m a jo r  r o l e  i n  th e  r e d u c t io n  o f  t r a n s p i r a t i o n .  A s tu d y  o f  th e  

g r a s s h o p p e r  M elan o p lu s  b i v a t t a t u s  (1 2 )  i n d i c a t e s  t h a t ,  " a s  f o r  many



3

t e r r e s t r i a l  i n s e c t s  so  f o r  th e  g r a s s h o p p e r ,  th e  m o s t 'e s s e n t i a l  f e a t u r e  

i n  i t s  w a te r.e c o n o m y  i s  t h e  l i p i d  e p i e u t i c l e .  Damage t o  o r  rem o v a l o f  

. t h i s  f r a c t i o n  o f  t h e  e p i e u t i c l e  r e s u l t e d  i n  a  r a p id  l o s s  o f  "body m o is­

t u r e ,  l e a d in g  u l t i m a t e l y  t o  d e s i c c a t i o n . "

■ ■ A long w i th  t h e i r  c r i t i c a l  r o l e  i n  p r e v e n t in g  d e s i c c a t i o n j ’c u t i c u l a r  

l i p i d s  a l s o  i n c r e a s e  r e s i s t a n c e  t o  a b r a s iv e  dam age, w h ich  n a n  f a c i l i t a t e  

t h e  e n t r y  o f  p a th o g e n s  and t o x i c  c h e m ic a ls  i n t o  th e  o rg an ism  arid th e y  

p la y  a r o l e  i n  c o n t r o l l i n g  t h e  e n t r y  o f  i n s e c t i c i d e s  and o th e r  c h e m ic a ls  

fro m  th e  e n v iro n m e n t. G u t i c u l a r  l i p i d s  may p r o t e c t  in s e c t 's  from  m ic ro ­

o rg a n ism s  by m aking i t  d i f f i c u l t  f o r  th e  o rg an ism s  t o  e s t a b l i s h  them ­

s e lv e s  due t o  t h e  n o n -w e tt in g  n a tu r e  o f  t h e  s u r f a c e . i t  i s  a l s o  p o s s ib l e  

■ t h a t  t h e  c u t i c u l a r  l i p i d  p r o t e c t s  c h e m ic a l ly  by  b e in g  t o x i c  t o  m ic ro ­

o rg a n ism s  .

C o m p o s itio n  and S t r u c t u r e  o f  I n s e r i t  C u t i c u l a r  L ip id s

In  a  r e v ie w  o f  th e  c o m p o s i t io n  o f  w axes s e c r e te d  .by i n s e c t s  T u llo c h  

(1 3 )  s t a t e s ,  " c l e a r l y  t h e  s tu d y  o f .th e  c o m p o s i tio n  o f  i n s e c t 1 w axes i s  an  

enorm ous f i e l d  w h ich  h a s  b a r e l y  b e e n  s c r a t c h e d . "  A l im i t e d  num ber o f  

i n s e c t s  h a s  b e e n  s t u d i e d ,  h o w ev er, and i n  g e n e r a l ,  t h e  c u t i c u l a r  l i p i d s  

c o n s i s t  o f  v a ry in g  am ounts o f  h y d r o c a r b o n s , wax e s t e r s , a l i p h a t i c  a l c o ­

h o l s ,  f r e e  f a t t y  a c i d s ,  t r i g l y c e r i d e s ,  s t e r o l s ,  s t e r o l  e s t e r s  ( 1 4 ) ,  and
- \

o th e r  l i p i d s  w h ich  may b e  p e c u l i a r  t o  c e r t a i n  i n s e c t s ,  su c h  a s  c e r o p l a s -  

t o l  I  and c e r o p l a s t e r i c  a c i d ,  w h ich  a r e  p e c u l i a r  t o  C e r o p la s te s
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d e s t r u c t o r . ( 1 5 ) .

The h y d ro c a rb o n s  a r e  a n  im p o r ta n t  com ponent o f  th e  c u t i c u l a r  l i p i d s  

o f  a num ber o f  i n s e c t s  and  a c c o u n t  f o r  68 p e r c e n t  o f  th e  c a s t  s k in  

l i p i d s  o f  t h e  g r a s s h o p p e r  S c h i s to c e r c a  yaga ( 1 6 ) ,  75 p e r c e n t  o f  th e  

c u t i c u l a r  l i p i d s  from  th e  A m erican  c o c k ro a c h , P g r ip l a h e ta  a m e ric a n a  

( 1 7 ) ,  90 p e r c e n t  o f  t h e  s u r f a c e  l i p i d s  o f  t h e  c o c k ro a c h e s  P e r ip l a n e t a  ■ 

a u s t r a l a s i a e , P .  b r u n n e a , and P . f u l i g i n o s a  ( 1 8 ) ,  59-66 p e r c e n t  o f  th e  

e x te r n a l ,  l i p i d s  o f  t h e - b lo w f ly  L u c i l i a  c u p r in a  ( 1 9 ) ,  49 -67  p e r c e n t  o f  

t h e  u n s a p o n i f i a b l e  l i p i d s  o f  t h e  h o u s e f ly  Musca d o m e s tic a  ( 2 0 ) ,  and 12 

p e r c e n t  o f  t h e  e x t e r n a l  l i p i d s  o f  th e  a d u l t  and  3 p e rc e n t ,  o f  t h e  e x t e r ­

n a l  l i p i d s  o f  t h e  n a ia d  o f  a s t o n e f l y  P te r o n a r c y s  c a l i f o r n i c a  ( 2 1 ) .

The m o st commonly e n c o u n te re d  h y d ro c a rb o n s  a r e  n - a lk a n e s , ,  m e th y l

b ra n c h e d  a lk a n e s ,  and a l k e n e s , w i t h  odd c h a in  le n g th s  p r e d o m in a t in g .

The m a jo r  h y d ro c a rb o n s  i n  t h e  c o c k ro a c h e s  L eucophaea  m aderae and B la t ta -

o r i e n t a l i s  a r e  h - h e p ta c o s a n e ,  3 -m ethy l h e p t a c o s a n e , 1 1 -m e th y lh e p ta c o s a n e ,

and  1 3 -m e th y lh e p ta c o s a n e  ( 2 2 ) .  The m a jo r  h y d ro c a rb o n s  o f  th e  c o c k ro a c h e s

P .  a u s t r a l a s i a e , P . b r u n n e a , and P . f u l i g i n o s a  a r e  .n - t r i c q s a n e ,  c i s - 9 -

t r i c o s e n e ,  3 -m e th y l t r i c o s a n e , 1 1 -m eth y l t r i c o s a n e , and 1 3 -p ie th y lp e n ta -  .

c o sa n e  ( 1 8 ) .  2 -M e th y l a lk a n e s  hav e  b e e n  r e p o r t e d  in  th e  h o u se  c r i c k e t

A ch e ta  d o m e s tic u s  (2 3 )  and 2 -m e th y lh e p ta d e c a n e  h a s  b e e n  r e p o r t e d  a s  a se x

pherom one in  t h e  t i g e r  m oth H o lm elin a  n i g r i c a n s  ( 2 4 ) .  A n o th e r  b ran c h e d
. '

a lk a n e ,  1 3 - m e th y lh e n t r i a c o n ta n e  h a s  b e e n  i d e n t i f i e d  i n  t h e  l a r v a e  o f  th e  

c o rn  earw orm ,. H e l i o t h l s  zea  ( 2 5 ) ,  a s  th e  m a jo r  c o n s t i t u e n t  w hich
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t r i g g e r s  t h e  s h o r t  r a n g e  h o s t - s e e k in g  r e s p o n s e  o f  th e  p a r a s i t e

M i c r o p l i t i s  c r o c e i p e s . M u lt ip le  b ra n c h e d ' a lk a n e s  w ith  one o f  th e  

m eth y l, b ra n c h e s  on th e  t h i r d  o r  f o u r t h  c a rb o n  have b e e n  r e p o r t e d ' in  

t h e  a n t s  A trta c o lu m b ic a , A . s e x d e n s .  and  A . c e p h a lo te s  i s th m ic o la  ( 2 6 ) .  

D im eth y l and  t r i m e t h y l  b ra n c h e d  a lk a n e s  i n  w h ich  th e  m e th y l b ra n c h e s  

h av e  i s o p r e n o id  s p a c in g  and a r e  l o c a t e d  i n t e r n a l l y  i n  th e  c a rb o n  c h a in  ■ 

h av e  b e e n  r e p o r te d /  i n  t h e  to b a c c o  hornw orm , Manduca s e x ta  ( 2 7 ) ,  in  

t h e  g ra s s h o p p e r  S . vag a  ( 1 6 ) ,  and i n  th e  J a p a n e s e  b e e t l e ,  D a p i l l i a  

j a p o n ic a  ( 2 8 ) .  .

Wax e s t e r s  a r e  n o t  a s  common i n  i n s e c t  c u t i c u l a r  l i p i d s y: n o r  have 

t h e y  b e e n  a s  w id e ly  s tu d i e d  a s  h y d r o c a r b o n s . Wax e s t e r s  from  d i f f e r e n t  

i n s e c t s  v a ry  i n  c o m p o s i t io n , a l th o u g h  a g re e  in  h a v in g  a s  m a jo r  c o n s t i t ­

u e n ts  lo n g  c h a in  n o rm a l p r im a ry  a lc o h o l s  and  a c id s  ( 2 9 ) .  Wax e s t e r s  

fro m  C . d e s t r u c t o r  (1 5 )  c o n s i s t  o f  lo n g  c h a in  n o rm a l f a t t y  a c id s  and 

a lc o h o l s  w i th  some o f  t h e  a lc o h o l s  u n s a tu r a te d  and h a v in g  a t  l e a s t  two

d o u b le  bonds p e r  m o le c u le . Wax e s t e r s  o f  t h e  a d u l t  and n a ia d  P . c a l j -
' -v - '

f o r n i c a  (2 1 ) c o n s i s t  o f  t o t a l  num ber o f  c a rb o n s  CgQ t o  C4 Q, b o th  s a t ­

u r a t e d  and u n s a t u r a t e d ,  w i th  t h e  a d u l t  h a v in g  more o f  th e  l o n g e r - c h a in  

wax e s t e r s .  No a l i p h a t i c  wax e s t e r s  o f  o th e r  th a n  p r im a ry  a lc o h o l s  have  

b e e n  p r e v io u s ly  r e p o r t e d  i n  i n s e c t s .

The f r e e  f a t t y  a c i d s ,  t r i g l y c e r i d e  f a t t y  a c id s ,,  a n d  p r im a ry  a l c o -  

h o l s  u s u a l l y  fo u n d  i n  i n s e c t  c u t i c u l a r  l i p i d s  a r e  p r i n c i p a l l y  o f  even  

c a rb o n  c h a in  l e n g t h s ,  w i th  f a t t y ,  a c id s  from  G-^ t o  CgQ p re d o m in a tin g  .
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(1 9 , 2 1 , '2 9 ) .  I n  'G e r o p la s te s  r u s c i ,  h o w e v e r, t h e  v e ry  lo n g  c h a in  

C^9 , CgQ, and C34 f a t t y  a c id s  p re d o m in a te  ( 3 0 ) .  The p r im a r y .a lc o h o l s  

o f  C . r u s c i  a r e  n - t e t r a c o s a n o l  ( 7 .0  p e r c e n t ) ,  n -h e x a c o s a n o l  (8 1 .2  . 

p e r c e n t ) ,  and n - o c t a c o s a n o l  (1 1 .8  p e r c e n t ) .

A l i p h a t i c  s e c o n d a ry  a lc o h o l s  a r e  fo u n d  in  s e v e r a l . i n s e c t s . T u llo c h  

(1 3 )  re v ie w e d  th e  l i t e r a t u r e  r e f e r r i n g  t o  d i o l s  i n  b ed s  w ax . T hese 

d i o l s  a r e  t o  CgQ an d  c o n s i s t  o f  one p r im a ry  h y d ro x y l g ro u p  and one ■ 

a t  t h e  p e n u l t im a te  p o s i t i o n .  A n o th e r  s e c o n d a ry  a lc o h o l  r e p o r t e d  in  th e  

l a r v a  o f  T e n e b r io  m o l i t a r  i s  p e n ta e o s a n - 8 , 9 - d i o l ,  w h ich  makes up 55 

p e r c e n t  o f  t h e  c u t i c u l a r  l i p i d s  ( 3 1 ) .  M onohydroxyl a l i p h a t i c  s e c o n d a ry  

a lc o h o l s  w i th  t h e  h y d ro x y l  g ro u p  lo c a t e d  n e a r  t h e  c e n t e r  o f  t h e  ca rb o n  

c h a in  h av e  n o t  b e e n  p r e v i o u s ly - r e p o r t e d  i n  i n s e c t  c u t i c u l a r  l i p i d s ,  a l ­

th o u g h  th e y  a r e  common c o n s t i t u e n t s  o f  p l a n t  c u t i c u l a r  l i p i d s  ( 3 2 ) .

The se c o n d a ry  a lc o h o l s  i n  a l l  p l a n t s  s tu d i e d  c o rre s p o n d  i n  c h a in  l e n g th  ■ 

t o  t h e  m a jo r  n - a lk a n e s  and a r e  p r e d o m in a te ly . o f  odd c h a in  l e n g th s  (3 3 , 

3 4 , 3 5 , 3 6 ) .  W o llrab  (3 6 )  p o i n t s  o u t  t h a t  i n  p l a n t s ,  s e c o n d a ry  a lc o h o ls  

a r e  n o t  p r e s e n t  in  wax e s t e r s ,  i n  c o n t r a s t  t o  t h e  s i t u a t i o n ,  fo u n d  among 

th e  p r im a ry  a l c o h o l s .  S i m i l a r l y ,  s e c o n d a ry  a lc o h o l  Wpx■ e s t e r s , have .not., 

b e e n  p r e v io u s ly  r e p o r t e d  i n  i n s e c t s .  - - - -

B io s y n th e s i s  o f  H y d ro ca rb o n s  and S eco n d a ry  A lc o h o ls

The b i o s y n th e t i c .p a th w a y s  f o r  i n s e c t  c u t i c p l a r  l i p i d s  h av e  n o t  

b e e n  w orked o u t  i n  d e t a i l .  I t  i s  g e n e r a l l y  a c c e p te d  t h a t  a c e t a t e  u n i t s



a r e  i n c o r p o r a te d  i n t o  t h e  c u t i c u i a r  l i p i d s ,  e s p e c i a l l y  h y d ro c a rb o n s  ■

( I ,  3 7 , 3 8 , 3 9 , 4 0 , 4 1 , 4 2 ) ,  b u t  t h e  b i o s y n t h e t i c  pathw ay i s  n o t  .known„ ■ 

N e lso n  (4 1 )  and  o th e r s  ( I ,  4 2 ) ,, have  r e p o r t e d  t h a t  e x c is e d "1 in te g u m e n ts  , 

b u t  n o t  t h e  f a t  body ca n  s y n th e s i z e  h y d ro c a rb o n s  from  a c e t a t e  and a 

v a r i e t y  o f  f a t t y  a c i d s .  The tw o m ost, c o n s id e r e d  pathw ays f o r  ■ hydrocar­

b o n  b i o s y n t h e s i s  a r e  t h e  c o n d e n s a t io n - r e d u c t io n  p a th w a y , and  th e  e lo n ­

g a t i o n - d e c a r b o x y l a t i o n  p a th w a y . T hese  tw o .p a th w a y s  a r e  c o n s id e r e d  in  

d e p th  i n . r e c e n t  re v ie w  a r t i c l e s  by  K o la ttu k u d y  (3 2 , 33 ) d e a l in g  p r i ­

m a r i ly  w i th  h y d ro c a rb o n  b i o s y n t h e s i s  i n  p l a n t s , and by A lb ro . .(4 3 )  

d e a l in g  p r im a r i ly  w i th  b a c t e r i a l  h y d ro c a r b o n s .  They w i l l ,  t h e r e f o r e ,  

b e  o n ly  b r i e f l y  sum m arized h e r e .

C o n d e n s a tio n -R e d u c tio n  Pathw ay

O c c u rre n c e  o f  h y d ro c a rb o n s ,  a p p ro x im a te ly  tw ic e  a s  lo n g  a s  th e  

u s u a l  f a t t y  a c i d s ,  t o g e t h e r  w i th  t h e  c o r r e s p o n d in g  k e to n e s  and s e c o n d a ry  

a lc o h o l s  w i th  t h e  f u n c t i o n a l  g ro u p  i n  t h e  m id d le  o f  th e  c h a in ,  p rom pted  . 

e a r l y  w o rk e rs  t o  p ro p o se  a h e a d - to -h e a d  c o n d e n s a t io n  pathw ay, f o r  th e  

b i o s y n t h e s i s  o f  h y d ro c a rb o n s  i n  p l a n t s  ( 4 4 , 4 5 ) .  A c c o rd in g  t o  t h i s  

' pa thw ay  ( F ig .  I )  tw o m o le c u le s  o f  C15 a c id  c o n d en se  h e a d - to - h e a d ,  w ith  

d e c a r b o x y la t io n  o f  one o f  th e m , t o  g iv e  n o n a c o s a n -1 5 -o n e . T h is  k e to n e  

i s  th e n  c o n v e r te d  t o  t h e  c o r r e s p o n d in g  se c o n d a ry  a lc o h o l  and h y d ro c a rb o n „ 

T h is  h y p o th e s i s  was soon  abandoned  b e c a u s e  -p e r i ta d e c a n o ic  a c id ,  was n o t  

known t o  o c c u r  in  p l a n t s  ( 4 6 ) .  More r e c e n t l y ,  h o w ev er, a  m o d i f i c a t i o n  o f

■'
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. H e a d - to -h e a d  c o n d e n s a t io n  pathw ay  f o r  h y d ro c a rb o n  b i o s y n t h e s i s



t h e  c o n d e n s a t io n  pathw ay  h a s  b e e n  r e p o r t e d  i n  m ic ro o rg a n ism s  ( 4 3 ) .

E lo n g a t io n -D e c a r b o x y la t io n  P athw ay

I n  th e  e lo n g a t io n - d e c a r b o x y la t io n  pathw ay  j, a f a t t y -  a c id  i s  

e lo n g a te d  t o  a  v e ry  lo n g  c h a in  f a t t y . a c i d  and d e c a rb o x y l a t e d The 

r e s u l t i n g  n - a lk a n e  i s  th e n  h y d r o x y la te d  t o  a se c o n d a ry  a lc o h o l  and 

o x id iz e d  t o  t h e  c o r r e s p o n d in g  k e to n e  ( F ig .  2 ) .  Much i n d i r e c t  e v id e n c e  

f a v o r in g  t h i s  pathw ay  i n  p l a n t s  h a s  b e e n  p r e s e n te d  (4 7 , 4 8 , 4 9 , 50,

5 1 , 5 2 ) ,  and  r e c e n t l y  K o la ttu k u d y  h a s  d e m o n s tra te d  t h e  d i r e c t  c o n v e r­

s io n  o f  l a b e l l e d  t r i a c o n t a n o i c  a c id  t o  n -n o n a Cosane ( 5 3 ) 'and  th e  con­

v e r s i o n  o f  l a b e l l e d  n -n o n a c o sa n e  t o  t h e  c o r re s p o n d in g  se c o n d a ry  a lc o h o l  

and k e to n e  (5 4 )  in  B r a s s ic a  o l e r a c e a .

As shown i n  F ig u re s  I  and 2 ,  s e c o n d a ry  a lc o h o l s  p la y  a  c e n t r a l  r o l e  

i n  e a c h  o f  th e  tw o commonly c o n s id e r e d  p a th w ay s  f o r  h y d ro c a rb o n -b io s y n ­

t h e s i s  . I n  p l a n t s ,  t h e  d e m o n s t ra t io n  o f  a lk a n e  s e c o n d a ry  a lc o h o l  and 

t h e  l a c k  o f  t h e  r e v e r s e  r e a c t i o n  im p l ic a te d  t h e  e lo n g a t io n - d e c a r b o x y la ­

t i o n  pathw ay  (5 4 )  f o r  w h ich  d i r e c t  e v id e n c e  was l a t e r  p r e s e n te d  ( 5 3 ) .

No w ork h a s  p r e v io u s ly  b e e n  r e p o r t e d  i n  i n s e c t s  on th e  pathw ay- o f  

s e c o n d a ry  a l c o h o l  b i o s y n t h e s i s ,  b u t  su c h  e v id e n c e  c o u ld  i n d i c a t e  w hich 

pathw ay  o f  h y d ro c a rb o n  b i o s y n t h e s i s  o c c u r s . .

I n c o r p o r a t io n  o f  D ie ta r y  L ip id s  i n t o  t h e  C u t i c u l a r  E ip id s

The e f f e c t  o f  d i e t a r y  f a t t y  a c id s  on th e  f a t t y  a c id  c o m p o s i t io n ;o f
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i n s e c t s  h as  b e e n  c l e a r l y  shown ( 5 5 , 56 , 5 7 ) .  The e f f e c t ' o f  d i e t a r y "  

a lk a n e s  on th e  c u t i c u l a r  l i p i d s  i s  n o t  a s  c l e a r . H ow ever, i n  a com­

p a r a t i v e  s tu d y  o f  th e  in te g u m e n t , f a t  b o d y , haem olym ph; and d i e t a r y  hy ­

d r o c a r b o n s ,  N e lso n  e t  a l .  (2 7 )  i n d i c a t e  a p o s s ib l e  c o r r e l a t i o n  be tw een  

d i e t a r y  n - a lk a n e s  and a lk a n e s  found  i n  th e  c u t i c u l a r  l i p i d s .  The p r e ­

s e n c e  o f  b ra n c h e d  c h a in  a lk a n e s  i n  th e  to b a c c o  hornworm  and t h e i r  

a b s e n c e  i n  th e  d i e t  s u g g e s t  t h a t  t h i s  i n s e c t  i s  c a p a b le  o f  th e  b i o ­

s y n th e s i s  o f  b ra n c h e d  c h a in  a lk a n e s ,  w h ereas  much o f  th e  n -a  lk a n e s  may 

b e  d i e t a r y ;  No w ork on th e  p o s s ib l e  i n c o r p o r a t io n  o f  d i e t a r y  s e c o n ­

d a ry  a lc o h o l s  o r  k e to n e s  i n t o  c u t i c u l a r  l i p i d s  h a s  b e e n  p r e v io u s ly  

r e p o r t e d .



STATEMENT OF THE PROBLEM ■

H e u r i s t i c  D ata

A m a t e r i a l  w i th  a u n iq u e  R .̂ v a lu e  on a s i l i c a  .g e l t h i n  l a y e r  

p l a t e  was found  i n  th e  o u t e r  s u r f a c e  l i p i d s  o f  Me la n o p lu s • s a n g u ln lp e s  

^ e f e c tu s  (W a lk er)  ( 5 8 ) .  They fo u n d  t h a t  t h e  m a t e r i a l  ch ro m a to g rap h ed  

w i th  an  R^ v a lu e ' g r e a t e r  th a n  t h a t  o f  a n o rm a l wax e s t e r  b u t  l e s s  th an - 

t h e  R_g v a lu e  o f  p a r a f f i n  h y d ro c a rb o n s .  I n f r a r e d  s p e c tro p h o to m e try  i n ­

d i c a t e d  t h a t  t h e  m a t e r i a l  had e s t e r  l i n k a g e s ,  and g a s  ch ro m a to g ra p h y  (GC) 

showed i t  t o  c o n s i s t  o f  f o u r  m a jo r  com pounds. M ild b r o m in a t io n  o f  th e  

m ix tu re  d id  n o t  a l t e r  i t s  g a s  ch ro m ato g ram , i n d i c a t i n g  t h a t  t h e  e s t e r s  

w ere  n o t  u n s a t u r a t e d . S a p o n i f i c a t io n  gav e  a c id  and a lc o h o l  m o ie t ie s  

w h ich  w ere c o n firm e d  by IR s p e c t r o p h o to m e t r y . A c o m b in a tio n  o f  t h i n

la y e r  ch ro m a to g ra p h y  (TLC) and GC in d ic a te d  t h a t  th e  a c id  m o ie ty  was
. -

m a in ly  o c ta d e c a n o ic  a c i d ,  b u t  s m a l l  am ounts o f  h e x a d e c a n o ic ,  h e p ta -  

d e c a n o ic  and e ic o s a n o ic  a c id s  w ere a l s o  p r e s e n t . The IR s p e c t r a  and •

TLC d a ta  i n d i c a t e d  t h a t  t h e  a l c o h o l  m o ie t i e s  w ere n o t  p r im a ry  a lc o h o l 's  

and t h e r e f o r e  m ig h t b e  s e c o n d a ry  o r  t e r t i a r y  a l c o h o l s . L ik e w is e ,  th e  

b ra n c h in g  fro m  th e  s e c o n d a ry  o r  t e r t i a r y  a lc o h o l s  m ig h t i n t e r f e r e  w i th "

' t h e  a d s o r p t io n  o f  th e  e s t e r s  on t h e  s i l i c a  g e l  t h i n  l a y e r  p l a t e  and 

th e r e b y  d i s p l a y  g r e a t e r  R^ v a lu e s  th a n  n o rm a l wax e s t e r s .

A venues o f  I n v e s t i g a t i o n

T h is  u n iq u e  m a t e r i a l  was c h a r a c t e r i z e d  and found  t o  c o n s i s t  o f  wax



1 3

e s t e r s  o f  s e c o n d a ry  a l c o h o l s . T h is  was t h e  f i r s t  r e p o r t  o f  s e c o n d a ry ’ 

a l c o h o l  wax e s t e r s  i n  any  o rg a n is m , and  th e  f i r s t  r e p o r t  i n  i n s e c t s  o f  

a l i p h a t i c  s e c o n d a ry  a lc o h o l s  w i th  th e  h y d r o x y l 'g r o u p  lo c a t e d  n e a r  th e  

c e n t e r  o f  t h e  c a rb o n  c h a in .  The s t r u c t u r e  and m etab o lism , o f  s e c o n d a ry  

a lc o h o l s  i n  p l a n t s  g av e  s t r o n g  c i r c u m s t a n t i a l  e v id e n c e  f o r  t h e  e lo n ­

g a t io n - d e c a r b o x y la t i o n  pathw ay  f o r  h y d ro c a rb o n  b i o s y n t h e s i s  ( 5 4 ) ,  f o r  

w h ich  d i r e c t  e v id e n c e ,w a s  l a t e r  p r e s e n te d  ( 5 3 ) .  The o c c u r re n c e  o f  

s e c o n d a ry  a lc o h o l 's  in  t h i s  i n s e c t  p rom pted  t h e  f o l lo w in g  a v e n u es  o f  

i n v e s t i g a t i o n .

1 ,  D e te rm in e  th e  s t r u c t u r e s  o f ' t h e  s e c o n d a ry  a lc o h o l s  and r e l a t e  

them  t o  . p o s s i b l e , h y d ro c a rb o n  b i o s y n t h e t i c  i n te r m e d ia t e s  o r  m e t a b o l i t e s . 

F o r  t h e  s t r u c t u r e s  t o  b e  c o n s i s t e n t  w i th  a , c o n d e n s a t io n - r e d u c t io n  p a th ­

w ay , t h e  h y d ro x y l  g ro u p  sh o u ld  be  l o c a t e d  p r im a r i ly  on ev en  c a rb o n  num­

b e r s ',  h a v in g  a r i s e n -  from  th e  c o n d e n s a t io n  o f  two ev en  c h a in  f a t t y  a c i d s .  

Even c h a in  f a t t y  a c id s  c o m p rise  t h e  v a s t  m a jo r i t y  o f  f a t t y  a c id s  i n  m ost 

o rg a n is m s . H ow ever, i f  a n  e lo n g a t io n - d e c a r b o x y la t io n  pathw ay  fo llo w e d  

by  h y d ro x y l a t i o n  o c c u r s , th e  h y d ro x y l  g ro u p  c o u ld  b e  l o c a t e d  o n . e i t h e r  

e v e n , o d d , o r  b o th  ev en  and  odd c a rb o n  n u m b e rs , d ep en d in g  upon enzyme 

s p e c i f i c i t y .

2 .  D e te rm in e  t h e  s t r u c t u r a l  r e l a t i o n s h i p  b e tw een  th e  se c o n d a ry  ■ 

a lc o h o l s  and th e  o th e r  c u t i c u l a r  l i p i d s .  I n  p l a n t s ,  t h e  o c c u r re n c e  o f  

s e c o n d a ry  a l c o h o l s ,  k e t o n e s , and  n - a lk a n e s  o f  th e  same c a rb o n  c h a in  

l e n g t h  s u g g e s te d - a  common b i o s y n t h e t i c  pathw ay.. L ik e w is e ,  th e .



o c c u r re n c e  o f  p re d o m in a n tly  ev en  c a rb o n  num ber f a t t y  a c id s  and p r i ­

m ary a lc o h o l s  and  p re d o m in a n tly  odd c a rb o n  num ber n - a lk a n e s  in  b o th  

jLa n t s  an d  i n s e c t s  im p l ie s  t h e  l o s s  o f  a c a rb o x y l  g ro u p  i n  a lk a n e  

b i o s y n t h e s i s .  The c u t i c u l a r  l i p i d s  o f  t h i s  i n s e c t  w ere  c h a r a c te r i z e d  

t o  d e te rm in e  p o s s ib l e  s i m i l a r  s t r u c t u r a l  r e l a t i o n s h i p s ,  • - •'

3 .  D e te rm in e  w h e th e r  s e c o n d a ry  a lc o h o l s  and n - a lk a n e s ,  fo u n d  i n .  

t h e  c u t i c u l a r  l i p i d s  ca n  a r i s e  v i a  t h e  d i e t .  The i n d i r e c t  e v id e n c e  

s u g g e s t in g  t h a t  n - a lk a n e s  fo u n d  i n  i n s e c t  c u t i c u l a r  l i p i d s . c a n  a r i s e  

fro m  th e  d i e t  and th e  common o c c u r r e n c e  o f  s e c o n d a ry  a lc o h o l s  and 

k e to n e s  i n  p l a n t  m a t e r i a l ,  w h ich  c o m p rise s  t h e  m a jo r i ty  o f  'a g r a s s h o p ­

p e r  s d i e t ,  s u g g e s te d  t h a t  i t  w ould be  n e c e s s a r y  t o  d e te rm in e  i f  se c o ii-

' d a ry  a lc o h o l s  ca n  a r i s e  v i a  th e  d i e t  b e f o r e  a t te m p t in g  b i o s y n t h e t i c  

s t u d i e s .

4 .  D e te rm in e  t h e  pathw ay  o f  b i o s y n t h e s i s  o f  t h e  s e c o n d a ry  a l c o ­

h o l s  and r e l a t e  t h e  pathw ay  t o  h y d ro c a rb o n  b i o s y n t h e s i s . ■ A n - a n a ly s is

o f  t h e  s t r u c t u r e s  o f  t h e  s e c o n d a ry  a lc o h o l s  i n d i c a t e s  t h a t  a . c o n d e n -
■

s a t i o n  pathw ay  does n o t  t a k e  p la c e  and  d i e t a r y  s tu d i e s  i n d i c a t e  t h a t  

d i e t a r y  s e c o n d a ry  a lc o h o l s  a r e  n o t  i n c o r p o r a te d  i n t o  th e  c u t i c u l a r  

l i p i d s . T h is  l e d  t o  t h e  h y p o th e s i s  t h a t  s e c o n d a ry  a lc o h o l s  a r e  form ed 

fro m  th e  h y d ro x y l a t i o n  o f  n - a lk a n e s  and n o t  fro m  th e  c o n d e n s a t io n  o f  

f a t t y  a c id s  t o  k e to n e s  fo l lo w e d  by  a r e d u c t io n  t o  s e c o n d a ry  a l c o h o l s .

5 . D e te rm in e  th e  e f f e c t s  o f  ag e  and s e x  on th e  c o m p o s i t io n  and 

b i o s y n t h e s i s  o f  some c u t i c u l a r  l i p i d  c o m p o n e n ts . S e v e ra l  i n s e c t  p h e r -



omories have ' b e e n  d is c o v e r e d  by com paring  th e .  c o m p o s itio n  o f  th e  

c u t i c u l a r  l i p i d s  o f  m ale  and  fe m a le  i n s e c t s .  D e te rm in in g  th e  e f f e c t  . 

o f  ag e  on th e  i n c o r p o r a t io n  o f  l a b e l l e d  compounds i n t o  c u t i c u l a r  l i p i d s  

i s  n e c e s s a r y  t o  o b t a in  t h e  optimum tim e  f o r  s tu d y in g  t h e  b i o s y n t h e s i s  

o f  t h e s e  com pounds.



MATERIALS AND METHODS

I n s e c t s'

A d u l t  Ke if in o p lu s  A a n g u in lp es w ere c o l l e c t e d  from  w ild  p a p u la t io n s  

i n  s o u th w e s te rn  M ontana , The in s e c ts -  u sed  f o r  c h a r a c t e r i z a t i o n  o f . cue 

t i c u l a r  l i p i d s  w ere s a c r i f i c e d  a t  t h e  tim e  'o f c o l l e c t i o n  by  f r e e z in g  w ith  

d ry  i c e  and s to r e d  a t  -2 9  C u n t i l  n e e d e d . The g r a s s h o p p e rs  USed f o r  

m e ta b o l ic  s t u d i e s  w i th  l a b e l l e d  s u b s t r a t e s  w ere  e i t h e r  c o l l e c t e d  from  

w ild  p o p u la t io n s  o r  r a i s e d  i n  w ife ' c a g e s  a t  2 7 -C on a d i e t  o f  ry e  

s h o o t s , l e t t u c e  l e a v e s }  and b ra n  f e d  ad l i b .

" I n s e c t s  fro m  th e  same p o p u la t io n  and o f  e q u a l  age  w ere s e l e c t e d  

a t  random  and u se d  one t o  f o u r  w eeks a f t e r  t h e  l a r v a l - a d u l t . e c d y s is  

u n l e s s  o th e rw is e  I n d i c a t e d .  I n s e c t s  u se d  In / th e  d i e t a r y  s t u d i e s  w ere 

f a s t e d  f o u r  h o u rs  p r i o r  t o  f e e d in g  l a b e l l e d  s u b s t r a t e s  and i n  a l l  m eta­

b o l i c  s t u d i e s  i n s e c t s  w ere  f e d  d ry  b r a n  a f t e r  a d m i n i s t r a t i o n  o f  s u b -  . 

s ! r a t e s .  E i t h e r  t h r e e  o r  f i v e  i n s e c t s  w ere  u sed  in  e a ch  e x p e r im e n t  .and 

k e p t  in  a one l i t e r  b e a k e r  f o r  th e  d u r a t i o n  o f  t h e ' e x p e r im e n t .■'

Ex t r a e u i o n -and Sepa r a t i o n  o f  L ip id s  f

Only i n t a c t  sp e c im e n s  w ere u s e d ,  th e r e b y  l e s s e n in g  p o s s ib l e  con­

ta m in a t io n  fro m  I n t e r n a l  l i p i d s . Time s t u d i e s  i n d ic a te d  t h a t  s l u r r y in g ' 

t h e  i n s e c t s  f o r  up t o  15 m in u te s  in  h ex an e  p ro v id e d  a good y i e l d  o f  

s u r f a c e  . . l ip id s  w i th o u t  rem ov ing  i n t e r n a l  l i p i d s .

The s u r f a c e  l i p i d s  w ere e x t r a c t e d  by s l u r r y i n g  f o r  15 m in u te s  i n  ■ 

h e x a n e . The e x t r a c t  was f i l t e r e d  th ro u g h  g l a s s  w ool and .th e n  e v a p o ra te d  -
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t o  d ry n e s s  and w e ig h e d . The s u r f a c e  l i p i d s  (-200-7OOmg)■ w ere  th e n  

c h ro m a to g ra p h ed  on a '2 .5  x  18 cm colum n f i l l e d  w i th  s i l i c i c  a c id  

( B i o s i l  A ) . An e i g h t - f r a c t i o n  s te p w is e , e l u t i o n  s o lv e n t  sy s te m  con­

s i s t e d  o f  ( a )  100 m l h e x a n e ; (b )  100 ml h e x a n e  ;• ( c )  h e x a n e -c h lo ry fo rm  

. 9 5 :5  m l;  (d )  h e x a n e -c h lo ro fo rm  9 0 :1 0  m l; ( e )  h e x a n e -c h lo ro fo rm  8 0 :2 0  m i: 

( f )  h e x a n e -c h lo ro fo rm  8 0 :4 0  m l;  ( g )  100 m l c h lo ro fo rm  and ( h ) - c h lo ro fo rm -  

m e th a n o l 6 7 :33  m l. F u r th e r  p u r i f i c a t i o n  u s in g  p r e p a r a t i v e  TLG on s i l i c a  

g e l  d e v e lo p e d  i n  h e x a n e : c h lo ro fo rm . (5 0 :5 0 )  ■ ( S o lv e n t  I )  y i e ld e d  th e  f o l -  

• lo w in g  f r a c t i o n s :  h y d r o c a r b o n s , s e c o n d a ry  a lc o h o l  wax e s t e r s ,  n o rm al

,and  s t e r o l  wax e s t e r s ,  t r i g l y c e r i d e s ,  a l i p h a t i c ■a l c o h o l s , s t e r o l s ,  and 

f r e e  f a t t y  a c i d s .  P r e p a r a t i v e  TLC p l a t e s  w ere  v i s u a l i z e d  w i th  rh o d a m in e -  

6G u n d e r  U .V . l i g h t . ,  P r e p a r a t i v e  TLC was r e p e a te d  u n t i l  e a c h  f r a c t i o n  

was shown t o  b e  p u re  by  a n a l y t i c a l  TLC- i n  S o lv e n t  I .  A n a l y t i c a l  TLC 

p l a t e s  w ere  v i s u a l i s e d  by  s p ra y in g  w i th  c o n c e n t r a te d  s u l f u r i c  a c id  

an d  c h a r r i n g .  Q u a n t i t a t i o n  o f  th e  f r a c t i o n s  was o b ta in e d  by  w e ig h in g . 

Q u a n t i t a t i o n  o f  t h e  i n d i v i d u a l  com ponents i n  e a c h  f r a c t i o n  was o b ta in e d  

by  d i s c  i n t e g r a t i o n  o f  t h e  g as  ch rom atog ram s from  e a c h  f r a c t i o n .

A lk a n e s

A rg e n a tio n  ch ro m a to g ra p h y  u s in g  a TLC p l a t e  s p ra y e d  w i th  a  s a tu r a t e d  

s i l v e r  n i t r a t e  i n  .e th a n o l s o l u t i o n  d e v e lo p e d  in  h exane  ( S o lv e n t  T I) was 

p e rfo rm e d  t o  c h e ck  f o r  u n s a t u r a t i o n .  Gas c h ro m a to g rap h y  was c a r r i e d  o u t  

on a  5 f t .  x  1 /8  i n .  2% S E -54 on Gas Chrom Q colum n program m ed from



15.0-300 C i n  10 m in . R e te n t io n  t im e s  w ere  com pared t o  s t a n d a r d s .  

n -A lk a n e s  w ere  rem oved fro m  th e  a lk a n e  m ix tu re  by  i n c l u s io n  in  m ole­

c u l a r  s ie v e  5A su sp en d e d  i n  a  s o l u t i o n  o f  2 , 2 , 4 - t r im e th y l p e n t a n e .

The b ra n c h e d  a llc an e s  Were s e p a r a te d  on a 6 f t .  x 1 /4  i n .  3% OV-1 7  on 

Gas Chrom Q colum n o p e ra te d  i s o th e r m a l ly  a t  e i t h e r  265 o r  300 C, and 

w ere  c o l l e c t e d  . in  g la s s ,  c a p i l l a r y  t u b e s . Mass s p e c t r a  w ere  o b ta in e d  

w i th  a V a r ia n  CE5 in s t r u m e n t  o p e r a t in g  a t  io n iz in g  v o l th g e  o f  '70 eV, 

c o l l e c t o r  c u r r e n t  100 uA . The sa m p le s  w ere  i n s e r t e d  i n t o  t h e  io n  

s o u rc e  f r o n  g o ld  .c r u c i b l e s  . t  ■’

S e c o n d a ry  A lc o h o l  Wax E s t e r s

A n a l y t i c a l  GC. o f  th e  s e c o n d a ry  a l c o h o l  wax e s t e r s  was c a r r i e d  o u t  

on a 2% S E -54' on Gas Ghrom Q colum n 5 f t .  x  1 /8  i n .  program med from  2 2 5 - 

300 C i n  15 m in . R e te n t io n  t im e s  w ere  com pared w ith  th o s e  o f  a  s t a n ­

d a rd  n o rm a l wax e s t e r  m ix tu re  and a s e c o n d a ry  a lc o h o l  wax e s t e r  m ix­

t u r e .  The s e c o n d a ry  a lc o h o l  wax e s t e r s  w ere  re d u c e d  w i th  l i t h iu m  

alum inum  h y d r id e  (LAH) (5 9 )  o r  s a p o n i f i e d  w i th  5% KOH in  an  e th a n o l -  

h ex a n e  m ix tu re  ( 2 : 1 ) .  The p r o d u c ts  o f  b o th  r e a c t i o n s  w ere  s e p a r a te d  

by  p r e p a r a t i v e  TLC i n  S o lv e n t  I .  A n a l y t i c a l  GC o f  th e  a l c o h o l  f r a c ­

t i o n s  was c a r r i e d  o u t  on a 4 f t .  x  1 /8  i n .  1% S E -S O o n  Gas Chrom Q 

colum n program m ed from  1 5 0 -250  C i n  10 m in . The a lc o h o l  f r a c t i o n  w hich  

m ig ra te d  h ig h e r  i n  th e  TLC sy s te m  th a n  n o rm a l a lc o h o l s  was o x id iz e d  

w i th  Jo n e s  r e a g e n t  ( 6 0 ) .  T h is  a l c o h o l  f r a c t i o n  was s e p a r a te d  and
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c o l l e c t e d  by  u s in g  p r e p a r a t i v e . GG w i th  a s tr e a m  s p l i t t e r  on a 6 f t . ,  x

1 /8  i n .  1% SE-30 on Gas Chrom Q colum n s te p 'p ro g ra m m e d  fro m  1 40 -180  C ,

Mass s p e c t r a  w ere  o b ta in e d  a s  d e s c r ib e d  f o r  a l k a n e s . The f a t t y  a c id s

fro m  th e  e th a n o l i c  ICOH s a p o n i f i c a t i o n  w ere  m e th y la te d  by th e  m ethod
\  •

o f  S c h le n k  and  G e lle rm a n  ( 6 1 ) ,  and  g a s  ch ro m a to g ra p h ed  o n ,b o th  a  6 f t .  

x  1 /4  i n .  15% EGS ( e th y le n e  g l y c o l  s u c c i n a t e )  on Gas Chront Q colum n a t  

165 C and a 9 f t .  x  1 /8  i n .  3% OV-I-Ol on Gas Chrom Q colum n' programmed 

fro m  1 5 0 -200  C i n  10 m in . R e te n t io n  t im e s  w ere  com pared t o  t h o s e  o f  

s t a n d a r d s .

T r ig l y c e r i d e  F a t ty  A c id s  and F re e  F a t ty  A c id s---------- -------- ---------------------------------------- -------------------------------------------- ----------------------------—

The t r i g l y c e r i d e s  w ere  t r a n s 'e s t e r i f i e d '  by  th e  m ethod o f  Morgan, e t  

a t . ( 6 2 ) .  The f r e e  f a t t y  a c id s  w ere  e s t e r i f i e d  by  t h e  m ethod o f  S c h len k  

and  G e lle rm a n  ( 6 1 ) .  The r e s u l t i n g  f a t t y  a c id  m e th y l e s t e r s  w ere g as  

c h ro m a to g ra p h ed  a s  d e s c r ib e d  a b o v e .

A l i p h a t i c  A lc o h o ls  and  S t e r o l s

The p r im a ry  a lc o h o l s  and  s t e r o l s  w ere  a c e t y l a t e d  by  t h e  m ethod 

o f  Jo h n so n  e t  a l .  ( 6 3 ) .  The r e s u l t i n g  p r im a ry  a lc o h o l  a c e t a te s ,  w ere 

g a s  c h ro m a to g ra p h ed  on a 4 f t .  x  1 /8  i n .  1% SE-30 on Gas Ghrom ,Q- colum n 

program m ed from  150-4250 C i n  10 m in . The s t e r o l  a c e t a t e s  w ere  g as  

c h ro m a to g ra p h e d  on t h e  same colum n o p e ra te d  i s o th e r m a l ly  a t .  25.0 C . The 

r e t e n t i o n  t im e s  w ere  com pared w i th  th o s e  o f  s ta n d a rd s . .  A n a l y t i c a l  GC
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o f  th e -  s e c o n d a ry  a lc o h o l  f r a c t i o n  was c a r r i e d  o u t  i n  t h e  same m anner 

a s  t h e  p r im a ry  a lc o h o l s  and com pared w i th  s t a n d a r d s .

S y n th e s i s  o f  T r ic o s a n -1 2 -o n e  and S e c o n d a ry  A lc o h o l Wax E s t e r s  

S y n th e s i s  o f  t r i c o s a n - 1 2 - o n e  u sed  f o r  a  m ass s p e c t r o m e tr y  

s ta n d a r d  was c a r r i e d  o u t  by  p y r o ly s i s  o f  t h e  b a riu m  s a l t s  o f  d o d e c an « ic  

a c id  ( 6 4 ) .  S y n th e s is  o f  s e c o n d a ry  a lc o h o l  wax e s t e r  s ta n d a r d s  and  a 

l a b e l l e d  se c o n d a ry  a lc o h o l  wax e s t e r  c o n ta in in g  tr ic o sa n -1 2 --o l-R --3 H  

was c a r r i e d  o u t  by  m ix in g  10 mg m y r i s t r y l  c h lo r id e  w ith  c a r  I  mg - o f  t h e  ■ 

a p p r o p r i a t e  s e c o n d a ry  a l c o h o l  and a d d in g  0 .5  m l p y r id i n e .  The r e a c t i o n  

was a llo w e d  t o  p ro c e e d  a t  room te m p e ra tu re  f o r  15 m in u te s  and th e  wax 

e s t e r  e x t r a c t e d  from  th e  r e a c t i o n  m ix tu re  w ith- h ex an e  and p u r i f i e d  by 

TLC in . S o lv e n t  I .

L a b e l le d  S u b s t r a t e s

T r ic o s a n - 1 2 - o n e ,  h e p ta c o s a n -1 4 -o n e  , h en triaco n tan -T -lO ^-o n e ,' n o n a -  ■ 

d e c a n -10- o l ,  h e n e i c o s a n - l l - o l ,  n -n o n a d e c a n e , n - h e n e ic o s a n e , n - p e n ta -  

c o s a n e , n -n o n a c o sa n e  and o c ta c o s a n o ic  a c id  w ere p u rc h a se d  from  P f a l t z  

and  B a ite r . The k e to n e s  w ere re d u c e d  t o  t h e i r  c o r re s p o n d in g  s e c o n d a ry  

a lc o h o l s  w i th  LAH (5 9 )  and t o  a lk a n e s  by  th e  H uang-M inion m o d if ic a t io n  

t o  t h e  W o lf f -K is h n e r  r e d u c t io n  ( 6 5 ) .  The a l k a n e s > k e to n e s ,  and se c o n ­

d a ry  a lc o h o l s  w ere p u r i f i e d  by  d o u b le  d e v e lo p m en t TLC f i r s t  i n  S o lv e n t  

I  and th e n  i n  S o lv e n t  I I ,  and t h e i r  p u r i t y  checked  by CO. The C23 .

. ■■ '

' h  -
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compounds w ere t r i t i a t e d  by New E ng land  N u c le a r  and th e  C1 0 , C9, ,  C9 . ,
. ,JL /  Ci X . C iO

-

C2 7 , Cgg, C2 9 , and G ,, com pounds by  ICN u s in g  th e  W ilzbach  m ethod ( 6.6 ) . .  

Some o f  t h e  l a b e l l e d  o c ta c e s a n o ic  a c id - R -  H was re d u c e d  t o  t h e  c o r r e s ­

p o n d in g  p r im a ry  a lc o h o l  u s in g  IAH ( 5 9 ) .  The l a b e l l e d  C93 a c id  and 

a lc o h o l  w ere p u r i f i e d  u s in g  TLC i n  d i e r h y l e t h e r  -  c o n e , ammonia h y d ro x ­

id e  ( 1 0 0 :0 .2 5 )  ( S o lv e n t  I I I ) , The f a t t y  a c i d ,  w hich  r e m a in e d 'a t  th e  

o r i g i n ,  was c l e a r l y  s e p a r a te d  from  th e  f a t t y  a l c o h o l .  The l a b e l l e d  

a lk a n e s , s e c o n d a ry  a l c o h o l s , and k e to n e s  w ere  s e p a r a te d  and  p u r i f i e d  

by  r e p e a te d  TLC d o u b le  d e v e lo p e d  i n  S o lv e n ts  I  and I I  p r i o r " t o  u s e .  .

The p u r i t y  o f  e a ch  compound was checked  by  TLC and th e  n - a lk a n e s  and 

s e c o n d a ry  a lc o h o l s  by  r a d io - € C . The s p e c i f i c  a c t i v i t i e s  o f  l a b e l l e d  

compounds u sed  i n  d i e t a r y ,  e x c is e d  in te g u m e n ts ,  and th e  c e l l  f r e e  

p r e p a r a t i o n  w ere  th e  C73 compounds 4 .5  m Ci/m g, th e  C77 and C3^ compounds

0 .8  m Ci/m g, t h e  Cg0 n - a lk a n e  0 .2  m Ci/m g, and th e  C73 compounds 0 .1  mCi/mg 

The s p e c i f i c  a c t i v i t i e s  o f  t h e  n - a ik a n e s  and se c o n d a ry  a lc o h o l s  u sed  in  

a l l  o th e r  s t u d i e s  w ere a d ju s t e d  t o  0 .1  mCi/mg by  th e  a d d i t i o n  o f  un ­

l a b e l l e d '  com pounds. Each s u b s t r a t e  was r e p u r i f i e d  by TLC j u s t  p r io r ,  

t o  u s e .  Sodium a c e t a t e - 1 -  4tC ( s p .  a c .  0 .8 5  m C i/m g), p a lm i t i c  a c i d -  

9 , 1 0 -%  ( s p .  a c . 1 .9 5  m C i/m g), s t e a r i c  a c id  I - ^ C  ( s p .  a c . 0 .2  m C i/m g), 

and l i n o l e i c  a c id  I - 14C ( s p .  a c .  0 .2  mCi/mg) w ere  p u rc h a se d  fro m  Amer- 

sham S e a r l e . ■ . ' .

A d m in is t r a t io n  o f  L a b e lle d  S u b s t r a t e s  
—— ---------------- ; ^ '

B etw een 0 .5  x IO 6 and 1 .5  x IO 6 c o u n ts /m in .  w ere u sed  I n  e a c h  f e e d in g
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e x p e r im e n t , ' The l a b e l l e d  s u b s t a t e s  i n  d i e t h y l e t h e r  w ere p la c e d  on 

f r e s h  le t r tu c e  l e a v e s T h e  i n s e c t s  w ere f a s t e d  f o r  4 h o u rs  p r i o r  t o

f e e d in g  them  th e  l a b e l l e d  s u b s t r a t e s .
• 4 5 . .

B etw een 10 and IO t c o u n ts /m in . w ere u se d  i n  e ach  e x p e r im e n t  when

n - a lk a n e S j  s e c o n d a ry  a l c o h o l s ,  k e t o n e s , o r  th e  C^g a c id  arid a lc o h o l

w ere  a d m in is te r e d  t o  th e  i n s e c t ' s  s u r f a c e .  S im i la r  am ounts o f  each  
* " .

l a b e l l e d  s u b s t r a t e  w ere  u se d  when c o m p a riso n s  w ere b e in g  m ade, A
. ' 3

c o m p a riso n  o f  t h e  h y d ro x y l a t i o n  and e s t e r i f i c a t i o n  o f  h - tr ic o s a n e -^ R -  H
3

and t r i c o s a n - 1 2 - o l - R -  H showed t h a t  a s i m i l a r  m e ta b o lis m ■o c c u r re d  w h e th e r  

t h e  s u b s t r a t e '  wad i n j e c t e d  b e n e a th  th e  c u t i c l e . a t  th e  t h i r d  o r  f o u r t h  

a b d o m in a l segm en t o r  l a y e r e d  on th e  s u r f a c e  o f  th e  abdom en. B ecause  o f  

t h e  e a s e  o f  a d m in is t e r in g  th e  s u b s t r a t e  on th e  s u r f a c e  o f  t h e  abdom en, 

t h i s  m ethod was u sed  f o r  th e  a lk a n e s , s e c o n d a ry  a l c o h o l s ,  and k e to n e s .  

T hese  s u b s t r a t e s  :w ere a d m in is te r e d  i n  d i e t h y l e t h e r  a t  a c o n c e n t r a t io n  

so  t h a t  one u l  p e r  i n s e c t  was u s e d . Sodium a c e t a t e  i n  a w a te r  s o lu t i o n  

and p a l m i t i c , s t e a r i c ,  and l i n o l e i c  a c id  in  d i e t h y l e t h e r  w ere  i n j e c t e d

b e tw e e n  th e  t h i r d  and f o u r t h  segm en t o f  th e  abdom en. Two u l  w ere i n -
• ■

j e c t e d  i n t o  e a c h  i n s e c t .

C '

E x c ise d  In te g u m e n t S tu d ie s

. The g r a s s h o p p e rs  w ere  s a c r i f i c e d  by  d e c a p i t a t i o n  and th e  e x t e r n a l  

o rg a n s  w ere rem oved by  m aking a c u t  i n  t h e  v e n t r a l  s id e  and  rem oving .
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t h e  lo o s e  t i s s u e s „ The e x c is e d  in te g u m e n t was th e n  c u t  i n  h a l f  lo n g i-r  

t u d i n a l l y  and p la c e d  in  cham bers s a t u r a t e d  w ith  w a te r .  The f a t  body 

was p la c e d  i n  a s i m i l a r  c h a m b e r. The l a b e l l e d  s u b s t r a t e s  w ere th e n  

a d m in is te r e d  t o  t h e , f a t  body  and  on e i t h e r  t h e  i n s i d e  o r  t h e  o u t s id e  o f  

th e  e x c is e d  in te g u m e n t i n  d i e th y T e th e r .  The in c u b a t i t in  was ,s to p p e d  ■ 

a f t e r  tw o h o u rs  by  e x t r a c t i o n  w ith  h e x a n e . A s i m i l a r  p ro c e d u re  was 

u se d  i n  com paring  th e  h y d ro x y l a t i o n  and e s t e r i f i c a t i o n  i n  t h e ’ abdom en, 

t h o r a x ,  and h e a d , e x c e p t  t h a t  w hole  body p a r t s  w ere u s e d . .

C e l l  F re e  System  ,

A p p r o p r ia te  am ounts o f  w hole' i n s e c t s  o r  i n s e c t  abdom ens w ere  h o m o -. 

g e n iz e d  w ith  5 o r  9 v o l .  o f  0.15M KCl w i th  a m o r ta r  and p e s t l e ,  v i r t i s  

h o m o g e n iz e r , o r  t e f l o n  p e s t l e  in  a g l a s s  m o r t a r . The c e l l  f r e e  p re p ­

a r a t i o n  from  b o th  t h e  v i r t i s  h o m o g en ize r and th e  t e f l o n  p e s t l e  i n  a 

g l a s s  m o r ta r  w ere s u b je c te d  t o  c e n t r i f u g a t i o n  and th e  1 0 ,0 0 0  g  x  10 

m in . p e l l e t ,  t h e  1 0 0 ,0 0 0  g_ x 90 m in . p e l l e t  and th e  s u p e r n a t a n t  f r a c t i o n  

o b ta in e d .  The p e l l e t s  w ere re s u s p e n d e d  i n  e i t h e r  0 .15M KCl o r  T r i s

b u f f e r . A l l  t h e  above o p e r a t io n s  w ere c a r r i e d  o u t a t .  2 - 4 . .C. - fo r  th e

3
■ h y d ro x y l a t i o n  enzyme a s s a y ,  1 0 0 ,0 0 0  cpm o f  n —t r i c o s a n e —R— 5  was added in  

I  t i l  d i e t h y l e t h e r  o r  a tw een  80 and w a te r  s u s p e n s io n  t o  a t e s t  tu b e  

c o n ta in in g  50 um oles T r i s  b u f f e r ,  pH 8 .0  o r  7 . 0 ,  20 um oles G~6-P  d e ­

h y d ro g e n a se  and  0 .5  ml o f  enzyme p r e p a r a t i o n .  The f i n a l  volum e was 1 .0  

m l. The in c u b a t io n  m ix tu re  f o r  th e  e s t e r i f i c a t i o n  s tu d ie s - .c o n ta in e d  .
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1 0 0 ,0 0 0  c pm tr ic o s a n -O L 2 -o l-R -^ H ,■10 um oles NgOlg, 0 .5  nm oles GoA5 10 • 

nm oles ATP, I  t o  10 u m o l e s p a l m i t i c  a c id  and 0 .5  ml o f  enzyme p r e p a r ­

a t i o n .  I n c u b a t io n  f o r  b o th  r e a c t i o n s  was done a t  e i t h e r  30 o r  33 C 

f o r  2 h r s  u n d e r  e i t h e r  a i r  o r  OgtCOg ( 9 5 - 5 ) .  The r e a c t i o n  was s to p p e d  

by  a d d i t i o n  o f  3 m l h e x a n e .

E x t r a c t i o n  and  S e p a r a t io n  o f  L a b e lle d  Compounds

The i n s e c t s  w ere  s a c r i f i c e d  o r  t h e  r e a c t i o n  s to p p e d  a t  th e  tim e  

i n d ic a te d  and  th e  c u t i c u l a r  l i p i d  e x t r a c t e d  a s  d e s c r ib e d  e a r l i e r . The 

f r a s s  was c o l l e c t e d  and  p la c e d  i n  a s m a l l  v i a l .  Two m l o f  h ex an e  ■ 

was added  and  t h e  f r a s s  g round  w i th  a g l a s s  r o d .  The f r a s s  was ex ­

t r a c t e d  f o r  24 h o u rs  w i th  sh a k in g  t o  i n s u r e  co m p le te  e x t r a c t i o n .  In  

' t h e  s t u d i e s  u s in g  l a b e l l e d  n - a lk a n e s  and s e c o n d a ry  a l c o h o l s ,  th e  

e x t r a c t s  w ere e v a p o ra te d  t o  d ry n e s s  u n d e r  n i t r o g e n ,  s p o t t e d  on a TLC . 

p l a t e ,  and d e v e lo p e d  i n  h e x a n e - to lu e n e  ( 8 0 :2 0 )  ( S o lv e n t  IV ).. The TLC 

p l a t e  was. v i s u a l i z e d  .w ith  rh o d a m in e -6G u n d e r  U .V . l i g h t . T h ree  f r a c t i o n s  

w ere  o b ta in e d :  ( I )  h y d ro c a rb o n s ,  ( 2 ) s e c o n d a ry  a lc o h o l  wax e s t e r s , and

(3 )  t h e  m ore p o l a r  l i p i d s .  I n  a l l  s t u d i e s  u s in g  k e to n e s - R - 'H  and in  

' s e v e r a l  o f  t h e  s t u d i e s  u s in g  n - a lk a n e s - R - * 3H and s e c o n d a ry '.a lc o h o l s - R - 3H 

a s  s u b s t r a t e s ,  t h e  TLC p l a t e  was d o u b le  d e v e lo p e d  i n  S o lv e n t  IV and f o u r  

f r a c t i o n s  o b ta in e d :  ■ ( I )  h y d r o c a r b o n s , ( 2 ) s e c o n d a ry  a lc o h o l  wax e s t e r s ,  

( 3 )  k e to n e s ,  and  (4 )  t h e  m ore p o la r  l i p i d s .  . /
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■ I n  t h e  s tu d i e s  u s in g  l a b e l l e d  a c e t a t e ,  t h e  e x t r a c t  was e v a p o ra te d  

t o  d ry n e s s  u n d e r  n i t r o g e n  and th e  r e s id u e  t r a n s f e r r e d  t o  a P a s te u r  

p i p e t t e -  colum n c o n ta in in g  c a . 50 mg o f  colum n s i l i c a  g e l  .(B io s i l -A  

1 0 0 -2 0 0  m e sh ) , and e lu t e d  w i th  6 ml h e x a n e . T he ,co lum n r e t a i n e d  th e  

p o l a r  l i p i d s  and a llo w e d  th e  h y d ro c a rb o n s  t o  p a s s  t h r o u g h ' i n - t h e  

h e x a n e . The p o l a r  l i p i d s  w ere  th e n  e lu t e d  w ith  10 ml c h lo ro fo rm -  

m e th a n o l ( 2 : 1 ) .  The h y d r o c a r b o n ■i n  h ex an e  was d iv id e d  in to .- tw o  e q u a l  

f r a c t i o n s  and  e v a p o ra te d  t o  d r y n e s s .  One f r a c t i o n  was c o u n te d  t o  ob­

t a i n  t h e  t o t a l  r a d i o a c t i v i t y  i n  t h e  h y d ro c a rb o n  f r a c t i o n  an d  th e  b r a n ­

ched  a lk a n e s  w ere  i s o l a t e d  fro m  t h e  o t h e r  f r a c t i o n  by  i n c l u s i o n  o f  th e

■ n - a lk a n e s  i n  m o le c u la r  s ie v e  5A su sp e n d e d  i n  a s o lu t i o n  o f  2 ,2 ,4 - t . r . i -  

m e th y lp e n ta n e . The e f f i c i e n c y  o f  s e p a r a t i n g ,  t h e  b ra n c h e d  .a lk a n e s  from  

n - a lk a n e s  was ch eck ed  w i th  t r i t i a t e d  n - a l k a n e . G r e a te r  th a n  9 9 .5  

p e r c e n t  o f  th e  n o rm a l h y d ro c a rb o n  i s  rem o v e d . ' The p o la r  l i p i d  

f r a c t i o n  was e v a p o ra te d  t o  d r y n e s s ' and  s e p a r a te d  on a TLC p l a t e  in  

S o lv e n t  I . The o r i g i n  p lu s  f r e e - f a t t y  a c i d s ,  p r im a ry  a lc o h o l s  p lu s  

s t e r o l s , t r i g l y c e r i d e ,  and n o rm a l wax e s t e r  p l u s - s t e r o l  e s te r -  f r a c t i o n s  

w ere  s c ra p e d  i n t o  c o u n tin g  v i a l s . The se c o n d a ry  a lc o h o l  wax - e s te r

■ f r a c t i o n  was s c ra p e d  i n t o  a B uchner f u n n e l  and  e lu t e d  w i th  t o l u e n e .  T h is

was e v a p o ra te d  t o  d ry n e s s  and  th e  wax e s t e r  re d u c e d  w ith  LAH'. " The

r e s u l t i n g  se c o n d a ry  and p r im a ry  a lc o h o l s  w ere  s e p a r a te d  by TLC in  S o lv e n t
i

I  and s c ra p e d  i n t o  c o u n tin g  v i a l s .  I n  m e  s e t  o f  e x p e r im e n ts ,  t o t a l  

h y d ro c a rb o n  and wax e s t e r  f r a c t i o n s  w ere  a l s o  c o u n te d . I n  '"the s tu d i e s



w ith  l a b e l l e d  o c ta c o s a n o ic  a c id  and o c ta c o s a n o l ,  f o u r  f r a c t i o n s  w ere . 

o b ta in e d  by  TLC f i r s t  i n  S o lv e n t  I I j th e n  i n  S o lv e n t. I l l : ,  h y d ro c a rb o n , 

s e c o n d a ry  a lc o h o l  wax e s t e r ,  p r im a ry  a l c o h o l  p lu s  t r i g l y c e r i d e ,  and ' 

p o l a r  l i p i d s . .

L iq u id  S c i n t i l l a t i o n  C o u n tin g

E ach TLC f r a c t i o n  was s c ra p e d  i n t o  a c o u n tin g  v i a l  and 15 ml o f 

a  c o u n tin g  s o l u t i o n  (0,4% PPO and 4% C a b o s i l  i n  t o lu e n e )  was a d d e d .

I n  sam p les  o b ta in e d  fro m  o th e r  th a n  a TLC p l a t e , th e  C a b o s i l  was 

o m i t t e d . C o u n tin g  e f f i c i e n c y  was b e tw e en  37 and 39 p e r c e n t  f o r  a l l  

t r i t i u m  sa m p les  c o u n te d . -

Radio-GC ----- -------

A f t e r  th e  t o t a l  r a d i o a c t i v i t y  o f  t h e  l i p i d  sam ple had b e e n  d e te r ^

m in e d , th e  l i p i d  was re c o v e re d  from  th e  c o u n tin g  s o l u t i o n  by  a d d in g

5 m l o f  w a te r  t o  th e  c o c k t a i l  and r e p e a t e d l y  e x t r a c t i n g  w ith  h e x a n e .
■ v ■ '

The h y d ro c a rb o n  was p la c e d  on a s m a l l  colum n o f  B i o s i l  A' and e lu t e d  w ith  

5:: m l h e x a n e . The s e c o n d a ry  a lc o h o l  wax e s t e r  was s e p a r a te d  by  TLC de­

v e lo p e d  in  h e x a n e - d i e t h y l e t h e r - a c e t i c  a c id  ( 8 0 :2 0 :1 )  ( S o lv e n t  V) and 

i s o l a t e d  a s  d e s c r ib e d  a b o v e . ' The s e c o n d a ry  a lc o h o l  wax e s t e r  was sa p o n ­

i f i e d  by  r e f l u x i n g  i n  5% e t h a n o l i c  KOH and h ex an e  ( 2 :1 )  f o r  3 h r . .  The 

r e a c t i o n  m ix tu re  was a c i d i f i e d  w ith  HCl and e x t r a c t e d  w i th  h e x a n e . The 

r e s u l t i n g  se c o n d a ry  a lc o h o l s  and  a c id s  w ere  s e p a r a te d  by TLC d e v e lo p ed
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i n  S o lv e n t  I .  The a c id  f r a c t i o n  was s c r a p e d - i n to  a  c o u n tin g  v i a l  The 

s e c o n d a ry  a lc o h o l  f r a c t i o n  was .s c ra p e d  i n t o . a  B uchner f u n n e l ,  e lu te d ,  w i th  

t o l u e n e ,  and e v a p o ra te d  t o  d ry n e ss .. A rad io -G C  o f  th e  r e c o v e re d  h y d ro ­

c a rb o n s  and  se c o n d a ry  a lc o h o l s  was ru n  on a  6. f t .  x  1 /4  i n .  1% OV-17
'  ■' - ' -

on Gas Chrom Q co lum n . A th e rm a l ' c o n d u c t i v i t y  d e t e c t o r  was used... The 

C21 and C23 compounds w ere  ru n  a t  190 C , t h e  C55 compounds a t . 210 C, 

and th e  C2 7 , C2 9 , and C31 compounds a t  230 C. The sa m p le s  w ere  c o l ­

l e c t e d  on I  cm c i g a r e t t e  f i l t e r s .

A l l  d a ta  p o i n t s  a r e  th e  a v e ra g e  o f  .3 t o  6 e x p e r im e n ts  and 3 o r  5 

i n s e c t s  w ere  u se d  i n  e a c h  e x p e r im e n t .



RESULTS

STRUCTURE ANB COMPOSITION OF THE CUTICUiAR LIPIDS 

•The h e x a n e - e x t r a c te d  c u t i c u l a r  l i p i d s  fro m  M. s a n g u in lp e s  am ounted 

t o  c a .  1 ,6  mg l ip i d /g r a m  i n s e c t .  H ydrocarhoiB  a c c o u n t  f o r  .60 p e rcen t'-  

o f  t h e  c u t i c u l a r ,  I i p i d s 5 s e c o n d a ry  a lc o h o l  wax e s t e r s  28 p e r c e n t ,  f r e e  

f a t t y  a c id s  6 p e r c e n t ,  a l i p h a t i c  a lc o h o l s  2 p e r c e n t ,  a n d  s t e r o l s , t r i ­

g l y c e r id e s  , and o th e r  wax e s t e r s  one p e r c e n t  e a c h . ■

A lk a n e s  .

The h y d ro c a rb o n  f r a c t i o n  was a n a ly z e d  by  GC ( F i g , 3 ) and found  t o  

be com posed o f  o v e r  30 com ponents r a n g in g  i n  c h a in  l e n g t h  fro m  21 t o  • 

bC c a rb o n s  (b a s e d  on t h e i r  r e t e n t i o n  t i m e s ) . The h y d ro c a rb o n s  e l u t i n g  

a f t e r " n - t r i t r i a c o n t a n e  a r e  a l l  b ra n c h e d  c h a in 'h y d ro c a rb o n s , and a c c o u n t  

f o r  33 p e r c e n t  o f  th e .h y d r o c a r b o n  f r a c t i o n .  A l l  o f  th e  h y d ro c a rb o n s  

a r e  s a t u r a t e d  a s  i n d i c a t e d  by  a r g e n a t io n  c h ro m a to g rap h y  and GC.

The b ra n c h e d  c h a in  a lk a n e s  w ere  i s o l a t e d  by  t r e a t i n g  th e  t o t a l  

h y d ro c a rb o n  f r a c t i o n  w ith  5A m o le c u la r  s i e v e .  .The b ra n c h e d  c h a in  a lk a n e s  

a c c o u n t  f o r  39 p e r c e n t  o f  th e  a lk a n e  f r a c t i o n  and e l u t e  fro m  th e  g a s -  

c h ro m a to g ra p h  b e tw een  th e  e l u t i o n  p o in t s  o f  t h e  n - a l lc a n e s . . The n - a lk a n e s  

w ere  i d e n t i f i e d  by t h e i r  d is a p p e a ra n c e  a f t e r  in c lu s io n ,  i n  5A m o le c u la r  

s ie v e  and by  GC- c o m p a riso n  w i th  s t a n d a r d s . They a c c o u n t  f o r  61 p e r c e n t  

o f  t h e  a lk a n e  f r a c t i o n .  The f o u r  ty p e s  o f  a lk a n e s  p r e s e n t  a s  hom ologous 

s e r i e s  a r e  n - a  lk a n e s  (6 1  p e r c e n t ) ,  3 -m e th y la  lk a n e  s ( t r a c e  a m o u n ts )  i n ­

t e r n a l l y  b ra n c h e d  m o n o m eth y la ik an es  (23 p e r c e n t ) ,  and i n t e r n a l l y  b ran c h e d

• x  .
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39  41 43 45 . 47

MINUTES.

F i g .  3 . Gas ch rom atogram  of. th e  c u t i c u l a r  h y d ro c a rb o n s  o f, M. s a n g u in -  

Iges-. The num bers by  t h e  p e ak s  21 t o  33 i n d i c a t e  n - a l k a n e s . The

num bers w i th  l i n e s  b e n e a th  them  from  35 t o  51 i n d i c a t e  w here an  n -
; '•

a lk a n e  o f  t h a t  c h a in  l e n g th  w ould a p p e a r .  [
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dim et h y l a lk a n e s  (16  p e r c e n t ) .  The q u a n t i t a t i v e  r e s u l t s  o f  th e  GC and 

m ass s p e c t r a l  a n a ly s i s - 'a r e  shown i n  T a b le  I .

The n - a lk a n e s  a r e  p r im a r i ly  o f  odd c a rb o n  c h a in  l e n g t h  and ra n g e  

fro m  21 t o  33 c a rb o n s .  n -N o n aco san e  and n - h e p ta c o s a n e  a r e - . th e  p r i n ­

c i p l e  n - a l k a n e s , c o m p r is in g  38 and 16 p e r c e n t  o f  th e  a lk a n e  f r a c t i o n  

r e s p e c t i v e l y .  The o n ly  e v e n  ca rb o n -n u m b e r n - a lk a n e s  a r e  o f  2 6 .2 8 ,  and 

30 c a rb o n s  and a r e  p r e s e n t  i n  t r a c e  a m o u n ts .

The 3 -m e th y l a lk a n e s  a r e  o f  2 8 , 3 0 , and  32 t o t a l  c a rb o n s  and  a r e  

p r e s e n t  i n  t r a c e  a m o u n ts . The 3 -m ethy l a l k a n e s  e l u t e  0 .3  c a rb o n  u n i t s  

i n  f r o n t  o f  n - a lk a n e s  o f  th e  same t o t a l  c a rb o n s  and w ere i d e n t i f i e d  by 

m ass s p e c t r a l  d a t a . The 3 -m e th y la lk a n e s  gave  th e  c h a r a c t e r i s t i c  M-29 

and s m a l le r  M-57 p eak s  ( F ig .  4A) when s u b je c te d  t o  m ass s p e c t r o m e tr y .

They a l s o  c h ro m a to g ra p h ed  i d e n t i c a l  w i th  3 -m ethy l a lk a n e s  in  a m ix tu re  o f  

a lk a n e s  fro m  K u sn e r lem on g iv e n  us by H. E . Nordby ( 6 7 ) .

The i n t e r n a l l y  b ra n c h e d  m onomethyl a lk a n e s  e l u t e  0 .6  t o  0 .7  c a rb o n  

u n i t s  i n  f r o n t  o f  n - a lk a n e s ' o f  th e  same t o t a l  c a r b o n s . T hese  m onom ethyl- 

a lk a n e s  f ra g m e n t  by  c le a v a g e  on e i t h e r  s id e  o f  th e  b ra n c h  p o i n t  w ith  

p a r t i a l  l o s s  o f  a h y d ro g e n  atom  t o  g iv e  tw o m a jo r  odd m ass p eak s  (Cn 

H2n + . 1 ) and  tw o m a jo r  ev en  m ass p e ak s  (CnH2 n ) when s u b je c te d  t o  mass 

s p e c t r o m e tr y .  The m ass s p e c tru m  o f  t h e  C32 i n t e r n a l l y  b ra n c h e d  m onom ethyl 

a lk a n e s  i s  shown in  F ig u re  4B . The m ass s p e c t r a  p eaks a t  309 (3 0 8 ) and 

.169 (1 6 8 ) a r i s e  fro m  c le a v a g e  on e i t h e r  s id e  o f  th e  11-m e th y l  iso m er'.

P eaks a t  337 (336) and 141 (1 4 0 )  a r i s e  from  c le a v a g e  on e i t h e r  s id e  o f
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t h e  9 -m e th y l I s o m e r i T hese  a r e  th e  tw o m a jo r  i s o m e r s • p re s e n t- .  Peaks
:

a t  3 6 5 .(3 6 4 )  and 111 ( H O ) ,  231 (2 8 0 ) and  197 (1 9 6 ) and 253 (2 5 2 )  and 

226 (2 2 5 )  a r i s e  fro m  c le a v a g e  on e i t h e r  s id e  o f  th e  7 , 1 3 , 'an d  1 5 -m e th y l 

, i s o m e r s .  The 5 -m ethy l, iso m e r  may a l s o  be  p r e s e n t ,  a s  in d ic a te d :  by th e  

p e a k s  a t  393 ( 3 9 2 ) .  The m ass s p e c t r a  fro m  th e  Ogg, O3 0 , ( h j i ,  C3 3 , and ■ " 

C3^  i n t e r n a l l y  b ra n c h e d  monomethyl a lk a n e s  w ere  a n a ly z e d  in ' a s i m i l a r  

m anner and th e  iso m e rs  p r e s e n t  su m m a riz e d ' in  T a b l e . I I .  The C39 and 

C3 . i n t e r n a l l y  b ra n c h e d  monomethyl a l k a n e s  a c c o u n t  f o r  9 and  7 p e r c e n t  

o f  t h e  a lk a n e  f r a c t i o n .  I n t e r n a l l y  b ra n c h e d  m o n o m e th y la lk a n e s^ a re  a l s o  

p r e s e n t  a t  one p e r c e n t  l e v e l s  o r  l e s s  a t  36* 3 8 , 4 0 , 4 2 , 4 4 , 4 6 , and 

48 c a rb o n s  a s  shown by  GC d a t a .  Due t o  i n s u f f i c i e n t  q u a n t i t i e s ,  on ly  

l i m i t e d  s p e c t r a l  d a ta  was o b ta in e d  f o r  th e  C3 ^ m o n o m eth y la lk an es  

and  s p e c t r a  w ere  n o t  o b ta in e d  f o r  t h e  m o n o m eth y la lk an es  lo n g e r  th a n

C36 *

The d im e th y l  a lk a n e s  a r e  o f  odd num ber t o t a l  c a rb o n s  and e l u t e  1 .3  

t o  1 .4  c a rb o n  u n i t s  I n  f r o n t  o f  n - a lk a n e s  o f  th e  same t o t a l  c a r b o n s .

The d i f f e r e n c e  o f  1 .3  t o  1 .4  carbon, u n i t s  i s  c o n s i s t e n t  w i th  t h e  p r e ­

s e n c e  o f  tw o m e th y l b ra n c h e s  to w a rd s  t h e  c e n t e r  o f  th e  m o le c u le  w i th  e a ch  

m e th y l, b r a n c h  d e c r e a s in g  t h e  GG r e t e n t i o n  tim e  th e  e q u iv a l e n t  o f  0 .7  

c a rb o n  atom s ( 4 ,  1 6 , 68 ) .  The s h o r t e s t  d im e th y la lk a n e  p r e s e n t  i s  th e  

Coc ho m o lo g u e , w hich  c o m p rise d  4 p e r c e n t  o f  th e  a lk a n e  f r a c t i o n .  D i-  

m ethy l a l k a n e s  o f  odd c a rb o n  num ber 35 th ro u g h  53 a p p e a r  t o  b e  p r e s e n t

32
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a s  i n d i c a t e d  by  GC and  m ass s p e c t r a l  d a t a . Due t o  th e  i n s u f f i c i e n t  

q u a n t i t i e s ,  m ass s p e c t r a  w ere o b ta in e d  o n ly  f o r  th e  C35-, C3 7 , C3 9 , and 

C^ 3 h o m o lo g u e s .

I n t e r n a l l y  b ra n c h e d  d im e th y la lk a n e s  f ra g m e n t  on b o th  s id e s  o f  ;
'

e a c h  m e th y l g ro u p  when s u b je c te d  t o  m ass s p e c t r o m e t r y . C le a v ag e  i n t e r n a l  

t o  a  m e th y l g ro u p  r e s u l t s  i n  a s e c o n d a ry  f ra g m e n t io n  w ith  ev en  mass 

p r e d o m in a t in g . C le a v ag e  e x t e r n a l  t o  a m e th y l g ro u p  r e s u l t s  i n  a ' 

s e c o n d a ry  f ra g m e n t  io n  c o n ta in in g  a seco n d  m e th y l g ro u p  w i th  odd mass 

p re d o m in a tin g  (1 6 )„  I n  e a c h  c a s e  th e  p o s i t i v e  io n  re m a in s  on th e  

se c o n d a ry  f ra g m e n t .

The m ass s p e c t r a  o f  t h e  C03 dime th y  l a  llcan es  i s  shown i n  F i g u r e . 4C . 

The m a jo r  ev en  m ass and odd m ass p eak s  show t h a t  t h e ' C33 d im e th y la lk a n e  

i s  a m ix tu re  o f  1 1 ,1 5 - ,  1 3 ,1 7 - ,  9 ,1 3 -  an d  1 5 ,1 9 -d im e th y l t r i t r i a c o n t a n e . 

The p e a k s  a t  1 6 8 , 351 , 2 8 0 , and 239 a r i s e  from  c le a v a g e  on  e a c h  s id e  o f  

t h e  2 m e th y l b ra n c h e s  o f  1 1 ,1 5-d im et h y l t r i t r i a c o n t a n e  w i th  l o s s  o r  r e ­

t e n t i o n  o f  t h e  h y d ro g en  atom  a s  i n d i c a t e d  a b o v e . The p e ak s  a t:  1 9 6 ,

323,. 2 5 2 , and  267 a r i s e  from  c le a v a g e  on e a c h  s id e  o f  th e  two. m e th y l 

b r a n c h e s  of. 1 3 ,1 7 - d i m e t h y l t r i t r i a c o n t a n e . fThe p eak s  a t  1 4 0 ,3 7 9 , 211 , 

and  308 a r i s e  from  c le a v a g e  on e a c h  s id e  o f  th e  two m e th y l■b ra n c h e s  o f  ■ 

9 , 1 3 - d i m e t h y l t r i t r i a c o n t a n e . .  The p eak s  a t  225 (2 2 4 ) and 295 a r i s e  from  

c le a v a g e  on e i t h e r  s id e  o f  t h e  s y m m e tr ic a l  1 5 ,1 9 -d I m e t h y l t r i t r i a c o n t a n e . 

The m ass s p e c t r a  o f  t h e  C3 7 , C3 9 , and C43 hom ologues w ere i n t e r p r e t e d
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i n  a  s i m i l a r  m anner and t h e  iso m e rs  sum m arized  in  T a b le  I I .  The G37 

compounds a r e  a m ix tu re  o f  9 ,1 3 - ,  1 1 ,1 5 - ,  1 3 ,1 7 - ,  and 1 5 ,1 9• -dim eth y 1 -  

p e n t a t r i a c o n t a n e , w i th  t h e  1 1 ,1 5 - ,  1 3 ,1 7 - ,  and 1 5 ,1 9 -  iso m ers , predom ­

i n a t i n g .  The d im e th y l  compounds a r e  a m ix tu re  o f  1 ,1 ,1 5 - ^ 1 3 ,1 7 - ,  '■ 

1 5 ,1 9 - ,  and 1 7 ,2 1 -d im e th y l h e p t a t r i a c o n t a n e . The d im e th y l  compounds 

a r e  a  m ix tu re  o f  1 1 ,1 5 - ,  1 3 ,1 7 - ,  1 5 ,1 9 - ,  1 7 ,2 1 - ,  and  1 9 ,2 3 - d im e th y lh e n -  

t e t r a c o n t a n e ,  w i th  t h e  1 1 ,1 5 -  and 1 3 ,1 7 -  iso m e rs  p r e d o m in a t in g . .

Wax E s t e r s

The s e c o n d a ry  a lc o h o l  wax e s t e r s  fro m  M. s a n g u ln ip e s  r a n g e  from  

3 7 -54  c a rb o n s  (T a b le  I I I )  w i th  t h e  m a jo r  p e a k  a t  41 c a rb o n s ,  l e s s e r '  

p e a k s  a t  3 9 , 4 3 , and  45 c a rb o n s  and t r a c e  q u a n t i t i e s  a t  3 7 , 4 0 , 4 2 , 44 ,  

and  4 7 -5 4 . c a r b o n s . The wax e s t e r s  i n  t h e  4 7 -5 4  c a rb o n  ra n g e  a r e  v e ry  

l i k e l y  e s t e r s  o f  a l i p h a t i c  s e c o n d a ry  a lc o h o l s  and lo n g  c h a i n - f a t t y  

a c i d s ,  a s  w e l l  a s  e s t e r s  o f  jg -a m y rin  and in  t h i s  r e g io n  th e  GC peaks 

a r e  n o t  w e l l  d e f in e d  and w ere  t h e r e f o r e  n o t  a c c u r a t e l y  m e a s u ra b le .  ■

S a p o n i f i c a t i o n  o f  th e  s e c o n d a ry  a lc o h o l  wax e s t e r  sam p les  y ie ld e d  

o n ly  s a t u r a t e d  f a t t y  a c id s  (T a b le  3 ) .  The m a jo r  f a t t y  a c id  i s  s t e a r i c  

a c id  1 8 :0  w ith  83 p e r c e n t  o f  t h e  f a t t y  a c id s  b e in g  s t e a r i c  a c id  o r I o n - ' 

g e r .  The r e s u l t s  fro m  t h e  GC o f  th e  m e th y la te d  f a t t y  a c id s  fro m  sa p o n ­

i f i c a t i o n  and from  th e  GC o f  n o rm a l a l c o h o l s  from  IAH r e d u c t io n  gave sim ­

i l a r  q u a n t i t a t i o n  f o r  th e  f a t t y  a c id  c o m p o s i t io n .
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The a lc o h o l  p o r t i o n  o f  t h e  wax. e s t e r s  u n d e r  c o n s id e r a t io n  was 

fo u n d  t o  be  a s e r i e s  o f  a l i p h a t i c  s e c o n d a ry  a l c o h o l s ,  m o st o f  w hich 

h av e  a n  odd num ber o f  c a rb o n s  (T a b le  3 ) .  J o n e s  o x id a t io n  o f  t h i s  

f r a c t i o n  gav e  a l i p h a t i c  k e to n e s , some o f  w hich  w ere s u b j e c t e d - t o  mass 

s p e c t r o m e tr y  t o  s u b s t a n t i a t e  t h e  s t r u c t u r e s  o f  th e  s e c o n d a ry  a l c o h o l s . 

The GC r e t e n t i o n  t im e s  o f  t h e s e  se c o n d a ry  a lc o h o l s  a r e  q u i t e  d i f f e r e n t  

fro m  n o rm a l a l c o h o l s ,  w i th  t h e  se c o n d a ry  a lc o h o l  r e t e n t i o n  tim e  b e in g  

a lm o s t  one c a rb o n  u n i t  s h o r t e r  th a n  a n o rm a l a lc o h o l  under; th e  same 

c o n d i t i o n s . " '' '

The m ass sp e c tru m  o f  e a c h  s e c o n d a ry  a lc o h o l, peak  shows t h a t  th e  

sam p le  i s  a m ix tu re  o f  tw o t o  f o u r  iso m e rs  w i th  th e  h y d ro x y l  g ro u p  

lo c a t e d  n e a r  t h e  m id d le  o f  t h e  c h a in .  , I n  a l l  c a s e s  th e  p a r e n t  peak
' ‘ ‘ i ■

i s  v e ry  s m a l l ,  w h ile  th e  u s u a l  M-18 p e a k .o b s e rv e d  in  a lc o h o l s  i s  p r e ­

d o m in a n t.

The C91 a lc o h o l  c o n s i s t s  o f  two iso m e rs  w i th  a b o u t  e q u a l  am ounts 

o f  h e n e ic o s a n - 1 0 - o l  and  h e n e i c o s a n - l l - o l .  The m ass sp e c tru m  ( F ig .  5A) 

shows m a jo r  p e ak s  o f  i n t e r e s t  a t  2 9 4 , 1 8 5 , 171 and 1 5 7 . The 294 peak  

i s  t h e  M-18 p eak .' P eaks a t  185 and 157 a r i s e  from  c le a v a g e  a t  e i t h e r  

s id e  o f  c a rb o n  10 g iv in g  io n s  (C12H1 ^O )+ and (C iq H21O) . The 157 

p e a k  i s  s l i g h t l y  l a r g e r  th a n  th e  185 p e a k  a r i s i n g  from  p r e f e r e n t i a l  

c le a v a g e  o f  th e  l a r g e r  g ro u p  a s  a  n e u t r a l  f r a g m e n t .  The p e a k  a t  171 ■
■! j

a r i s e s  from  th e  h e n e i c o s a n - l l - o l ,  w i th  c le a v a g e  a t  e i t h e r  s id e  o f  th e  

s y m m e tr ic a l  m o le c u le  r e s u l t i n g  in  an  io n  o f  (C11H23O)+ .
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The Cri2 a l c o h o l  c o n s i s t s  o f  tw o iso m e rs  ( F ig .  SB) w i th  a b o u t  tw ic e  . 

a s  much d o c o s a n - l l - o l  a s  d o c o s a n - 1 0 - o l .  The p eak s  a t  171 and 185 

r e s u l t  from  c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  e le v e n 5 g iv in g  io n  f r a g -  

m en ts  o f  (C1-jH2 cjO) and (Cpgh^^O) . T hese  peaks, a r e  a b o u t  tw ic e  as' 

l a r g e  a s  t h e  157 and 199 p e a k s ,  w h ich  a r i s e  due t o  c le a v a g e  a t  e i t h e r  

s id e  o f  th e  c a rb o n  1 0 . A g a in , a s  n o te d  e a r l i e r ,  t h e  c le a v a g e  o f  th e  

l a r g e r  a l k y l  g ro u p  a s  a n e u t r a l  f ra g m e n t i s  p r e f e r r e d ,  a s  t h e  171 and  

157 p eak s  a r e  l a r g e r  th a n  th e  189 and 199 r e s p e c t i v e l y .  The peak  

a t  308 i s  t h e  M -IS p e a k .

The C73 p e a k  c o n s i s t s  p r im a r i l y  .o f  t r i c o s a n - l l - o l  (F ig ,. SG) w ith  

s m a l le r  am ounts o f  t r i c o s a n - 1 2 - o l  and t r i c o s a n - 1 0 - o l .  The p eak s  a t  171. 

and  199 a r i s e  fro m  c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  e le v e n ,  g iv in g  io n s  

o f  (C ]2H2 3 ° ) + and. (C13H27O)+ . The p e ak s  a t  157 and 213 a r i s e  from  

c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  t e n .  The c le a v a g e  a t  e i t h e r ,  s id e  o f .  

t h e  c e n te r  c a rb o n  o f  t h e  s y m m e tr ic a l  t r i c o s a n - 12 - o l  g iv e s  r i s e  t o  th e  

p e a k  a t  1 8 5 . The 322 p e a k  i s  t h e  M -I8 p e a k . A m ass s p e c tru m  o f  th e  C23

a lc o h o l  o x id iz e d  t o  k e to n e  i s  shown i n  F i g . 5D. The p eak s  a t  I 69 and

197 a r i s e  from  c le a v a g e  a t  e i t h e r  s id e  o f  t h e  c a rb o n  e le v e n  o f  th e

■t r i c o s a n - l l - o n e 0 -C le a v a g e  (3 3 )  o f  t h e  same iso m e r g iv e s  r i s e  t o  p eaks

a t  1 8 4 , 1 8 5 , and  p a r t  o f  1 8 3 , 2 1 2 , 213 an d  p a r t  o f  2 1 1 . The c le a v a g e  

o f  sy m m etric  t r i c o s a n - 12-o n e  g iv e s  r i s e  t o  p e a k s  a t  183 and through B- 

c le a v a g e  a t  1 9 8 , 1 9 9 .and  p a r t  o f  t h e  197 p e a k . The mass spectrum , o f  th e  

s y n th e s iz e d  t r i c o s a n - 12-o n e  g iv e s  s i m i l a r  r e s u l t s . .
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The C24 p e a k  c o n s i s t s  p r im a r i l y  o f  t e t r a c o s a n - l l - p l  an d  t e t r a c o -

s a n - 1 2 - o l ( F i g . S E ) . The p e a k s  a t  171 and 213 a r i s e  from  c le a v a g e  a t

e i t h e r  s id e  o f  c a rb o n  1 1 , and t h e  p e ak s  a t  185 and 199 a r i s e  from

c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  1 2 . The M -I8 p eak  i s  a t  3 0 6 .

The Cgg s e c o n d a ry  a lc o h o l  i s  co m p rise d  o f  t h r e e  iso m e rs  ( F i g . 5 F ),

w i th  a' hydroxyl g ro u p  a t  t h e ’l l ,  1 2 , o r  13 p o s i t i o n .  The p eak s, a t  171

and 227 a r i s e  fro m  c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  e le v e n ,  ̂ p e a k s 'a t
■ .

185 and  213 fro m  c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  tw e lv e ,  and a  peak  

a t  199 fro m  c le a v a g e  a t  e i t h e r  s id e  o f  t h e  c e n t r a l  c a rb o n  o f  t h e  symme­

t r i c a l  p e n ta c o s a n - 1 2 - o l .  The M -I8 p e a k  i s  a t  350 .

. The C2 ^ p e a k  c o n s i s t s  o f  t h r e e  isom ers: w i th  a h y d ro x y l  g ro u p  a t  th e

1 1 , 1 2 , o r  13 p o s i t i o n  ( F i g . SG ). The p eak s  a t  171 and 2 4 1 ,a r i s e  fro m
-

c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  1 1 , p e a k s  a t  185 and 227, fro m  c le a v ­

ag e  a t  e i t h e r  s id e  o f  c a rb o n  1 2 , and  p e ak s  a t  199 and 2 1 3 .fro m  c le a v a g e  

a t  e i t h e r  s id e  o f  c a rb o n  1 3 . The M-18. p e a k  i s  a t  364 .

The C2 y p e a k  c o n ta in s  f o u r  iso m e rs  ( F ig .  5H ), w i th  a h y d ro x y l  g roup  

a t  t h e  1 1 , 1 2 , 1 3 , o r  14 p o s i t i o n b P e ak s  a t  171  and 255 r e s u l t  from  . 

c le a v a g e  a t  e i t h e r  s id e  o f  c a rb o n  1 1 , p eak s  a t  185 and 241 fro m  c le a v a g e  

a t  e i t h e r  s id e  o f  c a rb o n  1 2 , p e a k s  a t  199 and 227 from  c le a v a g e , a t  

e i t h e r  s id e  o f  c a rb o n  1 3 , and  t h e  p eak  a t  213 fro m  c l e a v a g e , a t  e i t h e r  

s id e  o f  t h e  c e n t r a l ;  c a rb o n  o f  t h e  s y m m e tr ic a l  h e p ta c o s a n - 1 4 - o l .  The
! , ■ - b

p e a k  a t  378 i s  t h e  M -I8 p e a k . The p eak s  a t ; 1 6 9 , tL83, 1 9 7 , 2 1 1 , 2 2 5 ,

2 3 9 , and 253 a r e  th o u g h t  t o  a r i s e  fro m  d e h y d ro g e n a tio n  a t  h ig h

' ’ '• ■
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2 9 4

171 '

1 _ 'SM

C |0— c  —C|2 C11- C - C , ,

F i g .  5 . Mass s p e c t r a  o f  s e c o n d a ry  a lc o h o ls :  from  th e  s e c o n d a ry 1 a lc o h o l  
wax e s t e r s  o f  M. s a n g u in i p e s . S p e c tr a  D i s . o f  k e to n e s  r e s u l t i n g  from  
o x id a t io n  o f  t h e  s e c o n d a ry  a lc o h o l s  i n  S p e c tr a  C'. S equence  c o n tin u e s  
on f o l lo w in g  page  . '  ■ .
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C50- C  T-C13

199

165 |99

X l  157

360

. F  4 3

3 5 0

C|J — 6 — C |4  • C |2 * -C —C|3

-II “  C - 0 , 5
CI0 " 0 -0,6

213 2 27

F i g .  5 .  S e q u e n c e  c o n t i n u e d  f r o m  p r e v i o u s  p a g e .
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t e m p e r a tu r e s  ( 6 7 ) .

I n  a d d i t io n ' t o  t h e  a l i p h a t i c  s e c o n d a ry  a l c o h o l s ,  t h e  wax e s t e r  a f t e r
■■■ ■ I

e i t h e r  IAH r e d u c t io n  o r  s a p o n i f i c a t i o n  y i e l d s  a n 'a l c o h o l  m ig r a t in g  n e a r  

t h e  n o rm a l a l c o h o l s  on TLG w h ich  i s  i n d i c a t e d  by  GG t o  h av e  c a .  30 c a r ­

b o n s  a s  com pared  t o  a  n o rm a l a lc o h o l  s t a n d a r d .  A f t e r  s u b s e q u e n t  ' i s o l a ­

t i o n  o f . t h e  com pound, i t  was fo u n d  t o  c o c h rd m ato g rap h  w ith  . a u th e n t i c  

- a m y r in  and  th e  m ass s p e c tru m  was s i m i l a r  t o  t h a t  o f  a u th e n t i c  P -  

am yrin ., yS-a m y r in  c o n s t i t u t e s  c a .  2 p e r c e n t  o f  t h e  a lc o h o l  f r a c t i o n  o f  

t h e  s e c o n d a ry  a lc o h o l s  fro m  M. s a n g u in ip e s .

B oth  s t e r o l  and  o th e r  wax e s t e r s  a r e  o b s e rv e d ,  b u t  due t o  t h e  i n s u f ­

f i c i e n t  q u a n t i t y  o f  t h e s e  f r a c t i o n s  and  th e  c o m p le x ity  o f  t h e  m ix tu r e ,  

t h e y  w ere  n o t  c h a r a c t e r i z e d .

T r ig l y c e r i d e  F a t t y  A c id s  and F re e  F a t t y  A c id s

The m a jo r  t r i g l y c e r i d e  f a t t y  a c id s  a r e  1 6 :0 ,  1 8 :1 ,  1 8 : 3 ,  and  1 8 :2  . 

i n  d e c r e a s in g  q u a n t i t y .  The t r i g l y c e r i d e  f a t t y . a c i d s  r a n g e  fro m  C^ 2 

t o  C2^  (T a b le  I V ) .  The f r e e  f a t t y  a c id s  r a n g e  from  C^ 2 to  C2 2 . The 

m a jo r  f r e e  f a t t y  a c id s  a r e  1 8 : 3 ,  1 8 :2 ,  and 1 8 :1  (T a b le  IV )'.

A l i p h a t i c  A lc o h o ls  and S t e r o l s

The p r im a ry  a lc o h o l s  r a n g e  from  C22 t o  G^2 . They a r e  p re d o m in a n tly  

e v e n  c h a in  l e n g th s  w i th  t h e  m a jo r  p r im a ry  a lc o h o l s  b e in g  C2 ^ and C2^ 

(T a b le  I V ) .  F re e  s e c o n d a ry  a lc o h o l s  a r e  o b se rv e d  i n  t r a c e  am ounts i n  t h e
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c u t i c u l a r .  l i p i d s  and a r e  fo u n d  i n  t h e  same c o m p o s itio n  a s  t h e  s e c o n d a ry . '

a lc o h o l s  fo u n d  i n  t h e  s e c o n d a ry  a l c o h o l  wax e s t e r  f r a t i t i o n .

■ The m a jo r  s t e r o l  i s  c h o l e s t e r o l ,  c o m p r is in g  96 p e r c e n t  o f  th e  

s t e r o l  f r a c t i o n .  T h ree  p e r c e n t  s t i g m o s t e r o l  and one p e r c e n t  u n id e n ­

t i f i e d  s t e r o l  a r e  a l s o  p r e s e n t .  • ' -

TABLE IV

TRIGLYCERIDE FATTY ACIDS, FREE FATTY ACIDS., AND PRIMARY ALCOHOLS OF
M. SANGUINIPES

—— . i n d i c a t e s  n o t  d e t e c t a b l e  a t  th e  0 . 1% l e v e l  
. T i  e q u a ls  l e s s  th a n  1% b u t  g r e a t e r  th a n  0.1%

TRIGLYCERIDE FATTY ACIDS■ FREE FATTY ACIDS PRIMARY ALCOHOLS

1 2 :0 3
1 4 :0 2
1 5 :0 T r
1 6 :0 27
1 6 :1 5
1 7 :0 T r
1 8 :0  ■ 6
1 8 :1 23
1 8 :2 14
1 8 :3 ' 19
2 0 :0 T r
2 2 :0 T r
2 4 :0 ■ T r
2 5 :0 — T

2 6 :0 —

2 7 :0
2 8 :0 —

2 9 :0 :—
3 0 :0 —

3 2 :0 —

2
2

13

6 — —

21
24 ^
28
T r ■ —
T r ' 3
—  3 4 .

T r
—  36.
—  ■ T r
—  9
—  . " . - 5

12
—  ' T r
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■INCORPORATION OF DIETARY LABELLED SUBSTRATES INTO 

CUTICUIAR LIPIDS

T a b le  V shows th e  d a ta  fro m  a t y p i c a l  f e e d in g  e x p e r im e n t u s in g

ran d o m ly  t r i t i a t e d  h y d ro c a r b o n s , k e to n e s ,  and. s e c o n d a ry  a l c o h o l s .
- '•  ,

I t  shows t h a t  f e d  h y d ro c a rb o n s  a r e  t r a n s p o r t e d  t o  th e  s u r f a c e  and 

in c o r p o r a te d  i n t o  c u t i c u l a r  l i p i d s .  B ecause  o f  u n la b e l le d .  d i e t a r y  

h y d r o c a r b o n s , t h e  d i f f e r e n c e  i n  th e  s p e c i f i c  a c t i v i t i e s  o f  t h e  n - a lk a n e s  

u se d  and  th e  p h y s io l o g i c a l  s t a t e  o f  t h e  i n s e c t s ,  th e  d i f f e r e n c e s  i n  th e  

p e rc e n ta g e  in c o r p o r a te d  do n o t  n e c e s s a r i l y  i n d i c a t e  p r e f e r e n t i a l  i n ­

c o r p o r a t io n  o f  one n - a lk a n e  .o v e r a n o t h e r . S eco n d ary  a lc o h o l s  and . k e to n e s  

a r e  n o t  i n c o r p o r a te d  i n t o  c u t i c u l a r  l i p i d s  when f e d . The, r e l a t i v e l y  

s m a l l  am ount o f  r a d i o a c t i v i t y  r e c o v e r e d  i n  t h e  z e ro  t im e  e x p e r im e n ts  

■probably  a r i s e s  from  c o n ta m in a t io n  o f  t h e  i n s e c t  s u r f a c e  a s  th e  g r a s s ­

h o p p e rs  e a t  t h e  l a b e l l e d  s u b s t r a t e .  I t  a p p e a r s  t h a t ,  t h e  s m a l l  am ount 

o f  r a d i o a c t i v i t y  r e c o v e r e d  i n  42 h r  e x p e r im e n ts  w i th  s e c o n d a ry  a lc o h o ls  

and k e to n e s  a l s o  a r i s e s  fro m  s i m i l a r  c o n ta m in a t io n .

M ost o f  t h e  r a d i o a c t i v i t y  r e c o v e re d  fro m  f e e d in g  t h e . Cgg n - a lk a n e  

and  a s i g n i f i c a n t  am ount fro m  th e  n - a lk a n e  was fo und  i n  t h e  se c o n ­

d a ry  a lc o h o l  wax e s t e r  f r a c t i o n .  The r a d i o a c t i v i t y  from  th e  f e d  ' 

Cgg, and h y d ro c a rb o n s  was r e c o v e re d  i n  th e  c u t i c u l a r  l i p i d s  p r im a r i ly  

a s  t h e  u n ch an g ed  h y d ro c a rb o n . In  c o n t r o l  z e ro  tim e  e x p e r im e n ts ,  th e  

r a d i o a c t i v i t y  r e c o v e r e d  i s  fo u n d  i n  t h e  same f r a c t i o n  a s  t h a t  f e d .  The 

s m a l l  am ount o f  r a d i o a c t i v i t y  r e c o v e re d  fro m  th e  d i e t a r y  s e c o n d a ry
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INCORPORATION OF FED TRITIATED HYDROCARBONS, SECONDARY ALCOHOLS AND 
KETONES INTO CUTICULAR LIPIDS OF M. SANGUlNIPES

TABLE V -  ' .

CARBON NUMBER

ZERO' TIME

■ COUNTS/MIN % FED

42 HR. -

COUNTS/MIN % FED

HYDROCARBONS

O to C
O 5 ,3 6 0 I 323 ,140 27

C25 2 0 ,1 1 3 • 2 ■ 11,3 ,8.54 ' ' 8

C27 . 6 ,676 2 88 ,7 7 7 20

C29
2 0 ,0 2 8 ' 2 149,313 10

• 
I—

I 
C

O
 

O 4 ,3 7 8 I  . ; ' 97,833 11

SECONDARY ALCOHOLS " ^

C23 2 0 ,6 1 9 3 32-197 4

C27
3 ,7 1 4 o' 5,547 3

O
C

O H

1 3 ,2 0 7 3 1 0 ,9 3 8 3

C n 3 4 ,4 3 4
23

C27
2 3 ,1 1 5

C31
2 6 ,9 2 0

KETONES 

3 ■

3

2 3 ,4 3 2 )

31 ,932

5,973.

2

3

I3



I

47

a lc o h o l  was p r e s e n t  a s  t h e  s e c o n d a ry  a l c o h o l  wax e s t e r  a f t e r  42 h r . , 

w h i le  t h e  r a d i o a c t i v i t y  r e c o v e r e d .f ro m  t h e  f e d  k e to n e s  was i n  th e  - 

k e to n e  f r a c t i o n . A bou t 6 p e r c e n t  o f  t h e  f e d  Cgg h y d ro ca rb o n , was ■ 

r e c o v e r e d  i n  th e  more p o l a r  l i p i d  f r a c t i o n .  Only one p e r c e n t  o r  l e s s  o f  

t h e  Cgg, Cg7 , and C31 f e d  h y d ro c a rb o n s  was r e c o v e re d  in  t h i s  f r a c t i o n .

B ra s s  "

The p e r c e n t  o f  r a d i o a c t i v i t y  r e c o v e re d  i n  t h e  f r a  s's v a r i e d  con ­

s i d e r a b l y .  - From 7 t o  66 p e r c e n t  o f .t h e  f e d  l a b e l l e d ,  n - a l k a n e s , s e c o n -
' ' ■ ' N -

d a ry  a l c o h o l s , and k e to n e s  w ere r e c o v e re d  i n  t h e  f r a s s . H ow ever, in  

e a c h  c a s e ,  t h e  r a d i o a c t i v i t y  r e c o v e r e d  fro m  th e  f r a s s  was i n  t h e  same 

c h e m ic a l  c l a s s  o f  compounds a s  t h a t  f e d .

BIOSYNTHESIS OF CUTICUEAR LIPIDS '

14 ■I n c o r p o r a t io n  o f  A c e t a t e - 1 -  C i n t o  t h e  C u t i c u l a r  L ip id s

The p e r c e n t  o f  r a d i o a c t i v i t y  from  a c e t a t e  r e c o v e re d  i n  th e  h y d ro s  

c a rb o n ,  s e c o n d a ry  a lc o h o l  wax e s t e r ,  n o rm a l and s t e r o l  wax e s t e r ,  t r i ­

g l y c e r id e  and  s e c o n d a ry  a l c o h o l ,  p r im a ry  a l c o h o l ,  and f r e e  f a t t y  a c id  

f r a c t i o n s  com pared t o  t h e  p e r c e n t  c o m p o s itio n  o f  t h e  c u t i C u l a r . l i p i d s  i s  

shown i n  T a b le  V I . S ix ty - n in e  p e r c e n t  o f  t h e  r e c o v e re d  r a d i o a c t i v i t y  

fro m  i n j e c t e d  a c e t a t e  i s  fo u n d  in  t h e  h y d ro c a rb o n  f r a c t i o n ^ l d  p e r c e n t  in  

t h e  s e c o n d a ry  a lc o h o l .w a x  e s t e r  f r a c t i o n , .  10 p e r c e n t  i n  th e  t r i g l y c e r i d e
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TABLE VI -

INCORPORATION OF RADIOACTIVITY FROM ACETATE-1-14C INTO THE CUTICULAR 
LIPIDS OF. M. SANGUINIPES COMPARED TO THE COMPOSITION" OF THE CUTICULAR

LIPID

FRACTION PERCENT ' . PERCENT ■ •
RECOVERED RADIO- COMPOSITION

ACTIVITY

HYDROCARBON 69 + 9 60

SECONDARY ALCOHOL 
WAX ESTER ■ 16 + 5 .28 •

NORMAL AND STEROL 
ESTER 1 + 1 I

TRIGLYCERIDE AND SECON­
DARY ALCOHOL 1 0 + 4 I

PRIMARY ALCOHOL 2 + 1 2

FREE FATTY ACID 2 + 1 ' 6

INCORPORATION INTO HYDROCARBONS

COUNTS/MIN PERCENT COUNTS/MIN PERCENT PERCENT
SUBSTRATE . INJECTED INCOR- INCOR- IN ' IN

PORATED PORATED BRANCHED ■ NORMAL

Na a c e t a t e - 1 -

14C a ■ 9 0 0 ,0 0 0 7 6 2 ,1 0 0 85+5 ; 14+5 .

N a•a c e t a t e - 1 -

14C b 2 ,0 0 0 ,0 0 0 I 2 2 ,2 0 0 62+8 38+8

P a lm i ta t e  .
9 ,1 0 3  H 6 ,0 0 0 ,0 0 0 9 ,2 0 0 '39+9 61+9
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and  se c o n d a ry  a lc o h o l  f r a c t i o n ,  and 2 p e r c e n t  o r  l e s s  I n  t h e  o th e r  

f r a c t i o n s .  The i n c o r p o r a t io n  o f  a c e t a t e  i n t o  th e  v a r io u s  f r a c t i o n s ' ,  

com pares w e l l  w i th  t h e  c o m p o s i t io n  o f  t h e  c u t i c u l a r  l i p i d s ,  e x c e p t  in  

t h e  t r i g l y c e r i d e  p lu s  s e c o n d a ry  a lc o h o l  f r a c t i o n  w h ich  makes up o n ly  

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

L a b e lle d  a c e t a t e  i s  in c o r p o r a te d  i n t o  b o th  t h e  b ra n c h e d 1 and n o rm a l 

a lk a n e  f r a c t i o n s .  The p e r c e n t  i n c o r p o r a te d  i n t o  th e  b ra n c h e d  f r a c t i o n ,  

v a r i e s  fro m  50 t o  80 p e r c e n t  i n  d i f f e r e n t  e x p e r im e n ts .  I t  a p p e a rs  

t h a t  th e  a g e ,  s e x ,  and d i e t a r y  p r e c o n d i t io n in g  may p la y  a p a r t  in  the . 

d i s t r i b u t i o n  o f  l a b e l  from  a c e t a t e  i n t o  t h e s e  f r a c t i o n s . L a b e l le d  p a l -  

m i t a t e  i s  a l s o  i n c o r p o r a te d  i n t o  b o th  t h e  b ra n c h e d  and n o rm a l -a lk a n e  

f r a c t i o n s .  The r a d i o a c t i v i t y  in  th e  s e c o n d a ry  a lc o h o l  wax e s t e r  f r a c t i o n  

i s  fo u n d  i n  b o th  t h e  s e c o n d a ry  a lc o h o l  and  a c id  m o ie t i e s ,  w i th  82 t  5 

p e r c e n t  o f  r e c o v e r e d  r a d i o a c t i v i t y  i n  t h e  s e c o n d a ry  a lc o h o l  p o r t i o n ,  

and  1 8 + 5  p e r c e n t  i n  t h e  a c id  p a r t .

I n c o r p o r a t io n  o f  F a t t y  A c jd s  i n t o  th e  C u t i c u l a r  L i p i d s .

L a b e lle d  p a l m i t a t e ,  s t e a r a t e ,  and l i n o l e a t e  a r e  in c o r p o r a te d  in to ;  

b o th  t h e  h y d ro c a rb o n  and se c o n d a ry  a lc o h o l  wax e s t e r  f r a c t i o n s  when i n ­

j e c t e d  i n t o  th e  i n s e c t .  B etw een 0 .2  and  one p e r c e n t  o f  e a ch  s u b s t r a t e  

i s  i n c o r p o r a te d  i n t o  b o th  t h e  h y d ro c a rb o n  and wax e s t e r  f r a c t i o n  w ith  

a p p ro x im a te ly  e q u a l  am ounts and d i s t r i b u t i o n  o f  l a b e l  from  b o th  s t e a r a t e  

and  l i n o l e a t e  i n t o  t h e  h y d ro c a rb o n  and wax e s t e r  f r a c t i o n .  L a b e lle d
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o c ta c o s a n o ic  a c id  and o c ta c o s a n o l  a r e  n o t  in c o r p o r a te d  i n t o  e i t h e r  

h y d ro c a rb o n s  .o r  s e c o n d a ry  a lc o h o l  wax e s t e r s  t o  any a p p r e c ia b l e  e x t e n t .

H y d ro x y la t io n  and  E s t e r i f i c a t i o n  o f  n-A lk a n e s  and E s t e r i f i c a t i o n  o f  

S e c o n d a ry  A lc o h o ls  • ' ' .

B o th  l a b e l l ed n - a lk a n e s  and se c o n d a ry  a lc o h o l s  a p p l i e d  t o  th e  

i n s e c t Ts s u r f a c e  a r e  i n c o r p o r a te d  i n t o  t h e  se c o n d a ry  a lc o h o l  wax e s t e r  

f r a c t i o n .  F ig u r e  6 shows th e  h y d ro x y l a t i o n  and  e s t e r i f i c a t i o n  o f  n - ■ 

a Xkanes -Pv- H i n  M. s a n g u in ip e s  . n -H e n e ic o s a n e -R -  H ( C ^ )  i s  h y d ro x -  

y l a t e d  and  e s t e r i f i e d  m o st r e a d i l y ,  w i th  4 1 + 8  p e r c e n t  o f  t h e  r e c o v e re d  

r a d i o a c t i v i t y  fo u n d  i n  t h e  s e c o n d a ry  a lc o h o l  wax e s t e r  f r a c t i o n  a f t e r  18 

h o u r s . T w e n ty - f iv e  + 7 p e r c e n t ,  2 4 + 5  p e r c e n t , ,  and 13 .+ 5 p e r c e n t  o f  

th e  r e c o v e r e d  r a d i o a c t i v i t y  fro m  n - t r ic o s a n e - R - ^ H  (C ^ g ) , n -n o n a d e c a n e -  

R - H (C2 9 )  and  n - p e n t a c o s a n e -R -  H (C2 5 ) i s  r e c o v e r e d  a s  s e c o n d a ry  a lc o h o l  

wax e s t e r s  a f t e r  18 h o u r s .  S a p o n i f i c a t i o n  and  IAH r e d u c t io n  o f  t h e  s e c o n ­

d a ry  a lc o h o l  wax e s t e r  shows t h a t  t h e  r a d i o a c t i v i t y  i s  i n  t h e  s e c o n d a ry  

a l c o h o l  p o r t i o n .  Radio-G C o f  t h e  r e c o v e r e d  s e c o n d a ry  a lc o h o l s . f r o m  ex ­

p e r im e n ts  u s in g  C2 1 , C2 3 , and  C 5 n - a lk a n e s  shows t h a t  th e  r a d i o a c t i v i t y  

i s  in  t h e  s e c o n d a ry  a lc o h o l  o f  th e  same c a rb o n  c h a in  l e n g th  a s . t h a t  o f
O •

t h e  n - a I k a n e -R -  H a d m in i s t e r e d .  F ig u r e  7 shows a rad io -G C  o f  n - t r i -  

c o sa n e  - R - H  a p p l i e d  t o  th e  i n s e c t  and  F ig u re  8 a rad io -G C  o r  th e  r e -  ■ ,

c o v e re d  se c o n d a ry  a l c o h o l s .  The r a d i o a c t i v i t y  r e c o v e re d  i s  i n  th e  

C23 s e c o n d a ry  a l c o h o l s .



P e r c e n t
H y d r o x y l a t e d
a n d
E s t e r i f e d

■ F i g .  6 . .■ H y d ro x y la t io n  a n d  e s t e r i f i c a t i o n  o f  n - a lk a n e s  i n  M. g a n g u in ip e s
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F i g .  7 . Radio-GC o f  n - t r i c o s a n e - R - 3H..  The s o l i d  l i n e  i s  t h e  GC t r a c e .  
The d ash ed  l i n e  r e p r e s e n t s  p e r c e n t  r e c o v e re d  r a d i o a c t i v i t y .

.



I l  M

53

•  75

.5 0

L _ _

21 22 ■ 23 24 25 26 27 -

F i g .  8 o . Radio-G C o f  .the  r e c o v e re d  s e c o n d a ry  a lc o h o l s  fro m  n - t r i c o s a n e -  
R -3r a d m in is t e r e d  t o  M. s a n g n in i p e s . The s o l i d  l i n e  i s  t h e  GG t r a c e .
The d ash ed  l i n e  r e p r e s e n t s  p e r c e n t  r e c o v e r e d  r a d i o a c t i v i t y .



P e r c e n t
E s t e r i f i e d

■Fig. 9 . : E s t e r i f i c a t i o n  o f  l a b e l l e d  se c o n d a ry  a lc o h o l s  by Mv s a n g u in ip e s .
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.Most o f  t h e ■h y d ro x y l a t e d  n - a lk a n e s  a p p e a r  a s  th e  s e c o n d a ry  a lc o h o l  

wax. e s t e r s ,  h o w e v e r, a  s m a l l . p o r t i o n  re m a in s  a s  th e  f r e e  s e c o n d a ry  a I c o -
O

h o i .  O nly 2 .2  + 0 .3  p e r c e n t  o f  n -n o n a d e c a n e -R -uH, 4 .9  + 0 . 6  p e r c e n t  o f

n - h e n e i c o s a n - R - , 6 .8  + 1 .2  p e r c e n t  o f  n - t r ic o s a n e - R - ^ H , 1 .7 '+  0 .5

p e r c e n t  o f  n - p e n ta c o s a n e - R - 'H , 1 .1  + 0 .1  p e r c e n t  n - h e f t a c o s a n e - R -  H,

■ 3 "and  1 .0  + 0 .3  p e r c e n t  o f  n -n o n a c o s a n e -R -  H a p p e a r s  i n  t h e  p o l a r  l i p i d  . 

f r a c t i o n .  The p o l a r  l i p i d  f r a c t i o n  c o n ta in s  a l l  l i p i d s  m ore p o la r , th a n  

k e to n e s  in c lu d in g  p r im a ry  and  s e c o n d a ry  a l c o h o l s ,  t r i g l y c e r i d e s ,  s t e r o l s  

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

I t  i s  shown i n  F ig u re  9 t h a t  t h e  e s t e r i f i c a t i o n  o f  s e c o n d a ry  a l c o ­

h o l s  o c c u rs  r e a d i l y  w i th  c h a in  l e n g th  s p e c i f i c i t y  e v i d e n t . A f t e r  t h r e e  .
3

h o u r s ,  57 + 13 p e r c e n t ’ o f  t r iC o s a n - r l2 - o l - R -  H i s  e s t e r i f i e d . A f t e r  18

h o u r s , 8 7 + 3  p e r c e n t ,  62 + 8 p e r c e n t ,  53 + 18 p e r c e n t ,  and 43' + 11

3 3
p e r c e n t  o f  t r i c o s a n —12—o l —R— H, n o n a d e ca n —10—o l-R -  H, h e n e ic o s a n - 1 1 —o l -

q  3
R -dH9 and  h e p ta c o s a n - 1 4 - o l - R -  H a r e  e s t e r i f i e d .  Only 18 + 8 p e r c e n t  o f

3
h e n t r i a c o n ta n - 1 6 - o l - R -  H i s  e s t e r i f ie d  i n  18 h o u r s .

■ >; ■■■■

M etab o lism  o f  K e to n e s

The m e ta b o lism  o f  k e to n e s  a p p l i e d  t o  t h e  s u r f a c e  o f  M. s a h g u in ip e s  

and  a llo w e d  t o  m e ta b o l iz e  18 h o u rs  i s  shown in  T a b le  V II.,



Q 3 •
H e n t r i a c o n ta n -1 6 -o n e -R -  H and h e p ta c o s a n -1 4 -o n e -R -  H a r e  n o t  i n c o r ­

p o r a te d  i n t o  e i t h e r  t h e  h y d ro c a rb o n  o r  wax e s t e r  f r a c t i o n  a s  l e s s  th a n  

I  p e r c e n t  o f  t h e  r a d i o a c t i v i t y  r e c o v e re d  i s  fo u n d  in  t h e s e . f r a c t i o n s . '  

T r ic o s a n -1 2 - o n e -R - 3H i s  in c o r p o r a te d  i n t o  b o th  h y d ro ca rb o n s , and wax 

e s t e r s  i n  s m a l l  a m o u n ts . T w e n ty -e ig h t  + 4 'p e r c e n t  o f  th e  r e c o v e re d  

r a d i o a c t i v i t y  f r o m nt r i c o sa n —12—one-R - H i s  fo und  in  t h e  p o l a r  f r a c t i o n  

w h e re as  o n ly  9 t  I  p e r c e n t  and 5 + 1  p e r c e n t  o f  t h e  r a d i o a c t i v i t y  f r o n .  

he  p t a c o sa n —14—one-R -  H and h e n t r i a c o n t a n e —16—one—R— H a r e  found  i n  th e  

p o l a r  f r a c t i o n .
• : • ;

TABLE V II

METABOLISM OF LABELLED KETONES OF M. SANGUINIPES '

FRACTION TRICOSAN-12- HE PTA C OSAN -14- HENTRIAC0NTAN-16-

ONE-R-3H . ONE-R-3H ONE-R-3H '

ALKANE 1 + 1 < 1 < 1

SECONDARY ALCOHOL
WAX ESTER 2 + 1 < 1 < 1  •

KETONE 69 + 4 90 + 1 . 94 + 3
—T

POLAR LIPIDS' 2 8 + 4  • 9 + 1 5' + ' I
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M etab o lism  o f  S e c o n d a ry  A lc o h o l  Wax E s t e r s
O

A wax e s t e r  c o n ta in in g  t r i c o s a n - 1 2 - o l - R - ’"H and m y r i s t i c  a c id  was 

a p p lie d ,  t o  l i v e  i n s e c t s ,  b o th  on th e  i n s i d e  and o u ts id e  o f  e x c is e d  i n ­

te g u m e n ts  , and t o  t h e  f a t  b o d y . The c u t i c u l a r  l i p i d s  w ere e x t r a c t e d  

a f t e r  f o u r  h o u r s .  I n  e a c h  s e t  o f  e x p e r im e n ts , a l l  o f  t h e  r a d i o a c t i v i t y  

r e c o v e r e d  was fo u n d  i n  t h e  se c o n d a ry  a l c o h o l  wax e s t e r  f r a c t i o n .

- : I

•E x c is e d  In te g u m e n t S tu d ie s  ' ■ * 2 3

S tu d ie s  u s in g  e x c is e d  in te g u m e n t and f a t  body t i s s u e  i n d i c a t e  t h a t .

s e c o n d a ry  a l c o h o l s  a r e  e s t e r i f i e d  when a p p l i e d  t o  th e  o u t s id e  .o f  th e

i n s e c t ’ s c u t i c l e .  I t  i s  shown i n  T a b le  V l I I  t h a t  no e s t e r i f i c a t i o n

3o c c u rs  when t r i c o s a n - 1 2 - o l - R -  H was a p p l i e d  t o  th e  f a t  body  and o n ly

2 + 1  p e r c e n t  o f  t r i c o s a n - 1 2 - o l - R - ^ H  w as  c o n v e r te d  t o  wax e s t e r  when a p ­

p l i e d  t o  t h e  i n s i d e  o f  t h e  c u t i c l e .  H ow ever, 2 6 + 3  p e r c e n t  o f  th e  

r e c o v e r e d  r a d i o a c t i v i t y  fro m  n - t r ic o s a n - 1 2 - o l - R - ^ H  i s  fo u n d  a s  wax e s t e r  

a f t e r  2 h o u rs  when a p p l i e d  t o  t h e  o u t s id e  o f  t h e  e x c is e d  in te g u m e n t.
3

T h is  i s  i n  c o m p a riso n  t o  47 + 5 p e r c e n t  o f  t r i c o s a n - 1 2 - o l - R -  'H con­

v e r t e d  t o  wax e s t e r  i n  l i v e  i n s e c t s  a f t e r  2 h o u r s .

H y d ro x y la t io n  o f  n - a lk a n e s  d id  n o t  o c c u r  i n  e x c is e d  in te g u m e n t e x -

3p e r i m e n t s . ■ No h y d ro x y l a t i o n  o f  n - t r i c o s a n e - R -  H c o u ld  b e  d e m o n s tra te d  

i n  t h e  f a t  body  o r  i f  a p p l i e d  t o  e i t h e r  t h e  i n s i d e  o r  o u t s id e  o f  th e  ex ­

c i s e d  in te g u m e n t .  L ik e w is e ,  no h y d r o x y la t io n  was o b se rv e d  when th e  i n -
■ ■■ ■ ■

s e c t  was f r o z e n  f o r  4 h o u r s ,  b r o u g h t  t o  room  te m p e ra tu re  arid, l a b e l l e d
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TABLE VIXI

PERCENT INCORPORATION OF TRICOSANE-R-^H AND TRlCOSAN-IE-OLr-R-3H INTO 
WAX ESTERS' BY THE INTEGUMENT AND FAT BODY OF M. SANGUiNIPES

TRICOSAN-IE-QL-R-3H - ,

' EXCISED INTEGUMENT

FRACTION . LIVE INSECT FAT BODY INSIDE, OUTSIDE

ALKANE < 1  . . < 1 <1 4 1

SECONDARY 
ALCOHOL WAX 
ESTER 47 + 5 1 + 1 2 + I 26 + 3

POLAR
LIPIDS 53 + 6 98 + I 97 -I- I 74 + 3

TRIOOSANE-R-3H
-

EXCISED .. . 
INTEGUMENT WHOLE BODY PARTS

FRACTION EAT IN-. . OUT- PRE FROZEN LIVE HEAD'THO- ABDO-
BODY SIDE SIDE RM. TEMP. INSECT ' RAX MEN

ALKANE 99+1 99+1 99+1 99+1 92 96+2 92+2 91+2 .

SECONDARY 
ALCOHOL 
WAX ESTER <1 <1 <1 ' <1 6 2+1 6+2 6+1

POLAR
LIPIDS <1 <1 . <1 <1 ' 2 1+1 2+1 ' 2+1
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s u b s t r a t e  a d m in i s t e r e d .  H y d ro x y la t io n  was o b se rv e d  when w hole body- 

p a r t s  w ere u s e d ,  w i th  t h e  abdomen and  th o r a x  c o n ta in in g  m ore enzyme 

a c t i v i t y  th a n  th e  h e a d . The abdomen and th o r a x  b o th  h y d ro x y l a t e d  and 

e s t e r i f i e d  6 + 2  p e r c e n t  o f  t h e  r e c o v e re d  r a d i o a c t i v i t y  from  n - t r i c o -  

S a n e -R -3H a f t e r  4 h o u r s ,  w h e reas  th e  head  h y d ro x y l a t e d  and  e s t e r i f i e d  

o n ly  2 + 1  p e r c e n t .  .

A tte m p t t o  O b ta in  a C e l l  F re e  System  W hich Would H y d ro x y la te  n -A lk an e s  

o r  E s t e r i f y  S eco n d a ry  A lc o h o ls

An a t t e m p t  was made t o  a c h ie v e  a c e l l  f r e e  p r e p a r a t i o n  w h ich  would 

h y d r o x y la te  n - a lk a n e s  o r  e s t e r i f y  s e c o n d a ry  a l c o h o l s .  S t r i p s  o f  c u t i c l e . 

c e l l  f r e e  p r e p a r a t i o n s  o b ta in e d  from  i n s e c t  abdomens by  m o r ta r  and p e s t l e ,  

a t e f l o n  p e s t l e  and g l a s s  m o r t a r ,  a  v i r t i s  h o m o g en izer and th e  10 ,0 0 0  g

x 90 m in . p e l l e t  and th e  s u p e r n a t a n t  f r a c t i o n  a l l  f a i l e d  t o  e i t h e r  h y d ro x -

3 3 -y l a t e  n - t r i c o s a n - R -  H o r  e s t e r i f y  t r i c o s a n - 1 2 - o l - R -  H when added  t o .

a p p r o p r i a t e  r e a c t i o n  m ix t u r e s . T h u s , th e  a t te m p t  t o  o b t a in  a c e l l  f r e e

sy s te m  f a i l e d .

A tte m p t a t  I n d u c t io n  o f  th e  H y d ro x y la t in g  System  by P h e n o b a r b i to l , DDT, 

and  3 , 4 , 3 ' , 4 T- T e t r a c h lo r o b ip h e n y l

A t te m p ts •w ere  made t o  in d u c e  th e  h y d ro x y l a t i o n  o f  n - tr ic o s a n e - R - 3 H  

by  p r e t r e a t i n g  th e  i n s e c t s  w i th  p h e n o b a r b i to l ,  DDT, and a PGB • ( .3 ,4 , 

3 ' , 4 f - t e t r a c h l o r o b i p h e n y l ) ,  a l l  known in d u c e r s  o f  m ixed f u n c t io n  ox-idases

I
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(7 0 , 7 1 , 7 2 ) .  I n c lu d in g  p H e n o b a r b i to l ,  D D T ,o r  3 , 4 ^ 3 ' , 4 T- t e t r a c h l o r o -  

b ip h e n y l  i n  t h e  i n s e c t ’s d i e t  f o r  2 t p ' 6 days r e s u l t i n g  i n  no s i g n i f ­

i c a n t  in c r e a s e d  h y d ro x y l a t i n g  a c t i v i t y  (T a b le  I X ) . in  t h e  ,c o n t r o l
3

i n s e c t s ,  11 p e r c e n t  o f  th e  n - t r i c o s a n e - R -  H i s  c o n v e r te d  t o  e i t h e r  

s e c o n d a ry  a lc o h o l  wax - e s t e r  o r  f r e e  s e c o n d a ry  a lc o h o l s  i n  /4  h o u rs ., w h ere ­

a s  t h e  p r e t r e a t e d  i n s e c t s  m e ta b o liz e d  10 t o  13 p e r c e n t  o f  th e  same s u b -
:

s t r a t e . L ik e w is e ,  t h e  t o p i c a l  a p p l i c a t i o n  o f  p h e n o b a r b i to l  a t  a d o se  

o f  25 ug p e r  i n s e c t  p e r  day r e s u l t e d  i n  no in c r e a s e d  h y d rc x y la t in g  

a c t i v i t y .

TABLE IX
■' J .

HYDKOXYIATION OF n-TRIC0SANE-R-3H AFTER PRETREATMENT OF THE INSECT WITH
PHENOBARBITOL, DDT, OR A PGB

P h e n o b a r b i to l  g iv e n  o r a l l y  a t  0 .7  mg p e r  g r  i n s e c t  p e r  day  f o r  2 d ay s  
DDT g iv e n  o r a l l y  a t  30 ppm f o r  6 days

The PCB (3 , 4 /3 ’ , 4 T- t e t r a c h l o r o b i p h e n y l )  g iv e n  o r a l l y  a t  100 ppm f o r  6 days

FRACTION CONTROL PHENOBARBITOL DDT : PGB

HYDROCARBON 89 + 2 . 90 + 2 87

C
O

-H 89- + I

SECONDARY ALCOHOL 
#AX ESTER 8 + 2 . 7 + 1 9 + '3 , 7 ■+ .1

POLAR LIPIDS 3 + 1 3 + I •4 + 2 , 4 ' + I



61

. AGE AND SEX -  EFFECT ON THE CUTICULAR LIPIDS 

E f f e c t  o f  Age and Sex on th e  C o m p o s itio n  o f  th e  Maj o r  C i i t i c u la r  

H y d ro ca rb o n s

The p e r c e n t  c o m p o s i tio n  o f  th e  m a jo r  h y d ro ca rb o n s- o f  e a c h  i n s t a r ,  

one week o ld  a d u l t s ,  and one week o ld  a d u l t s  w h ich  had b e e n  in f e c t e d  w ith  

Nosema l o c u s t a e  (7 3 )  in  t h e  4 th  i n s t a r  a r e  shown in  T a b le -X . ' The p e r- , 

c e n ta g e s  o f  n -n o n a c o s a n e  and n -h e p ta c o s a n e  a r e  r e v e r s e d  b e tw e e n  1s t ,  2n d , 

and  3 rd  i n s t a r  i n s e c t s  compared, t o  5 th  I n s t a r  and a d u l t  i n s e c t s . In  th e  

1 s t  in s - ta r  i n s e c t s ,  n -n o n a c o sa n e  c o m p rise s  15 p e r c e n t  o f  th e  a lk a n e s  com­

p a re d  t o  22 p e r c e n t  n - h e p ta c o s a n e . I n  t h e  one w eek o ld  a d u l t  i n s e c t s ,  

n -n o n a c o sa n e  c o m p rise s  29 p e r c e n t  o f  t h e  a lk a n e  f r a c t i o n  com pared 

t o  17 p e r c e n t  n - h e p ta c o s a n e .  No o th e r  s i g n i f i c a n t  d i f f e r e n c e s  a r e  ob­

s e rv e d  among th e  h y d ro c a rb o n s  o f  1 s t  th ro u g h  th e  5 th  i n s t a r s .  -No s i g ­

n i f i c a n t  d i f f e r e n c e s  a r e  o b se rv e d  b e tw e en  th e  a l k a n e s ' o f  one week o ld  

I n s e c t s  and i n s e c t s  o f  th e  same age and  g ro u p  in f e c te d  w ith ' N . l o c u s t a e .

The c o m p a riso n  b e tw e en  m ale and fe m a le  m ix e d .a g e  a d u l t s  (2 -4  weeks . 

o ld )  and 6 -7  week o ld  i n s e c t s  i s  shown in  T a b le  X I. n -N o n aco san e  com­

p r i s e s  41 and 36 p e r c e n t  o f  t h e  a lk a n e s  in .m a le  and fe m a le  m ixed age  

i n s e c t s  com pared t o  15 and 20 p e r c e n t  n - h e p ta c o s a n e . The r e l a t i v e  am ounts 

o f  t h e s e  n - a lk a n e s  a r e  r e v e r s e d  i n  6 -7  w eek o ld  in s e c ts - .  n -N onacosane  

c o m p rise s  18 and 13 p e r c e n t  o f  t h e  a lk a n e s ' i n  m ale and fe m a le  6-7  week" 

o ld  i n s e c t s  compared, t o  38 and  26 p e r c e n t  n - h e p ta c o s a n e . I n  th e  m ale 

m ixed ag e  i n s e c t s ,  n - t r i c o s a n e  and n - p e n ta c o s a n e  com prise- one p e r c e n t
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TABLE X' ■

COMPOSITION OF THE.MAJOR CUTICUTAR HYDROCARBONS FROM FIRST THROUGH. 
FIFTH INSTARS, ADULT, AND N. LOCUSTAE INFECTED ADULT M. SANGUINIPES

-----  i n d i c a t e s  n o t  d e t e c t a b l e  a t  t h e  0 . 1% l e v e l
T r e q u a ls  l e s s  th a n  1% b u t  g r e a t e r  th a n  0.1% 

a  s e r i e s  i n d i c a t e s  i n t e r n a l l y  monomethy! a lk a n e s ' 
b  s e r i e s  i n d i c a t e s  d im e th y l  a lk a n e s  ■

NUMBER OF CARBONS 1s t 2nd 3rd 4 th 5 th ADULT' INFECTED

23 Tr- ■ . 2 3 3 I I . I

25 4. 4 6 4 3 3' ' . 3

26 T r I I — "T- T r Tr

27 . 22 19 22 22 20 17 '
' ' .

18

28a 6 5 4 2 2 . I T r -

28 T r I I I I 2 ' I

29 15 . 14 15 20 26. 29 22

' 30a 6 6 ' 5. ’ 4 ' 4 4 ■ 8

30 T r I — — — T r ... T r

31 . 3 3 3 3 5 4 •. 3

32a ' 19 17 16 14 13 H CO f. .. 13

32 — I . 1  < ' 1

. 34a 7 8 5 9 8 ■ i i  • 1 1 .

35b ' 8 9 8 7 ' 7 6 / 8

>35 9 9 . 10 11 10 ; . 8- " 10
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TABLE XI.

COMPOSITION OF THE CUTIOULAR HYDROCARBONS. OF MALE AND FEMALE MIXED 
AGE..ADULT AND 6-7  WEEK OLD ADULT M. SANGUINIPES

-----i n d i c a t e s  n o t  d e t e c t a b l e  a t  t h e  0 . 1% le v e l ,
T r e q u a ls  l e s s  th a n  1% b u t  g r e a t e r  th a n  Q.1% 
a  s e r i e s '  i n d i c a t e s  i n t e r n a l l y  mon ome th y  l a  Ik a  ne s. 
b  s e r i e s  i n d i c a t e s  d im e th y l  a lk a n e s

MIXED AGE 6-7 WEEK OLD

NUMBER OF CARBONS MALE ■ ■ FEMALE MALE "FEMALE

23 I T r T r I
25 I I T r . 2
26 T r T r T r ■ . I

. 2 7 . .1 5 20 • 38 '36
28a I I  . I I  .
29 • 41 36 i s  , , .13
30a 2 2 2 ' v  ' 3
30 2 I —— —

■ 31 8 5 I I
32a 6 8 . 6 ‘ ' 9
32 ' T r . T r T r T r
34 a 5 7 ■ 7 : 8
35b 4 . 4 7 7
36a ■ Tr T r T r T r
37b 2 3 I I
38a T r T r .. ■--- 'I r
39b I 3 ' —— ' T r
40a • T r T r T r T r
41b T r T r I I
42a T r T r I I
43b 2 2 4 ' : 4
44a I T r I ' I
45b 2 2 5 ' ■ 5
46a Tr T r T r T r
47b I  ■ I I I
48a T r T r Tr ' T r
49b ■ 2 I

■ :
2

. 51b • T r I . ' I
53b T r I i . T r
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e a c h  o f  t h e  a lk a n e s  and  i n  t h e  6^7 week o ld  i n s e c t s  th e y  c o m p rise  o n ly  ■ 

t r a c e  a m o u n ts . I n  th e  f e m a le ,  n - t r i c o s a n e  and n -p e n ta c d s 'a n e  co m p rise
x ,

t r a c e  and one p e r c e n t  o f  th e  a lk a n e s  in  m ixed age a d u l t s '  a n d  one and  :two 

p e r c e n t  i n  6 -7  week o ld  a d u l t s  .

E f f e c t  o f  Age and Sex on th e  C o m p o s itio n  p f  Seconda r y .A lc o h o l Wax E s t e r s 

A. c o m p a riso n  o f  t h e  m a jo r  s e c o n d a ry  a lc o h o l  wax e s t e r ’s from  each  

o f  t h e  5 i n s t a r s ,  m ixed ag e  a d u l t s ,  6 -7  week o ld  a d u l t s  and a d u l t  i n s e c t s  

i n f e c t e d  w ith  a f a t  body  p ro ta z o a n  Nosema l o c u s t a e  (7 3 )  i s  shown in  T a b le  

X I I . T h e re  i s  a s m a l l  i n c r e a s e  in  th e  lo n g e r  c h a in  wax e s t e r s  w ith  a g e . 

The Ggg s e c o n d a r y ' a l c o h o l  wax e s t e r  c o m p rise s  1 6 , 2 2 , 2 0 , 1 7 , and- 15 

p e r c e n t  o f  t h e  s e c o n d a ry  a lc o h o l  wax e s t e r  f r a c t i o n  i n  i n s t a r s  I  th ro u g h  

5,. b u t  o n ly  10 p e r c e n t  o f  m ixed ag e  a d u l t s  and 7 and 5 p e r c e n t  o f  6-7  

Wk o ld  a d u l t  f e m a le s  and m a le s .  I n  c o n t r a s t ,  t h e  s e c o n d a ry  a lc o h o l  

wax e s t e r  c o m p rise s  b e tw e e n  25 and 3,0 p e r c e n t  o f  t h i s  f r a c t i o n  in  i n s t a r s  

I  th ro u g h  5 , go es  up t o  33 p e r c e n t  i n  m ixed age  a d u l t s  and t o  45 p e r c e n t  

I n  b o th  m ale  and  fe m a le  i n s e c t s  6-7  w eeks o l d . Nb s i g n i f i c a n t  d i f f e r e n c e s

w ere  o b se rv e d  b e tw e e n  m ales  and fp m a le s  i n  t h e  wax e s t e r s  o r  th e  s e c o n -
’

d a ry  a l c o h o l  f r a c t i o n s .  The o n ly  d i f f e r e n c e  in  th e  f a t t y ,  a c id s  from  th e  

wax e s t e r s  i s  in  1 4 :0  and 1 6 :0  w ith  t h e  m ale  h a v in g  2 apd 35 p e r c e n t  

1 4 :0  and 1 6 :0  r e s p e c t i v e l y ,  and th e  fe m a le  h a v in g  7 and 28 p e r c e n t .  No 

s i g n i f i c a n t  d i f f e r e n c e s  w ere o b se rv e d  b e tw e en  m ixed ag e  a d u l t s  and s i m i l a r



TABLE X lI

EFFECT OF AGE AND SEX ON THE COMPOSITION OF THE .MAJOR SECONDARY ALCOHOL
. WAX ESTERS OF M. SANGUINIPES

INSTARS 1 ADULTS'
— --------------------- — —

I WEEK OLD ■' 6 -7  WEEKS: OLD

CARBON NUMBER 1s t 2nd 3rd 4 th 5 th  CONTROL INFECTED MALE FEMALE

37 I 2 2 I I - - -— —

39 16 22 . 20 17 14 10 9 . 6 ' 7

41. 51 49 50 47 47 40 ’ ' 41 30 28

’ 43 25 23 25 28 30 33. 37 • 46 . 46

45 6 4 3 6 7 13 11. 15 15

4 7 -5 4 T r T r 2 2 2- ., 3

SIX-SEVEN WEEK OliD INSECTS

RESULTING SECONDARY ALCOHOLS RESULTING FATTY ACIDS

CARBON NUMBER MALE FEMALE * FATTY ACID MALES FEMALES'

21 8 8 1 2 :0 ■■ I I

22 I I 1 4 :0 2 7

23 74 74 1 6 :0 ■35 28

24 I I 1 8 :0 59 60

25 15 16 2 0 :0 : 4 4

26 I I " " ■

27 I I !■ ■
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aged  i n s e c t s  w h ich  h ad  b e e n  i n f e c t e d  w i th  N . I o c u s ta e  d u r in g  t h e . f o u r t h  

i n s t a r  ( 7 3 ) .  '

E f f e c t  o f  Age and Sex on th e  H y d ro x y la t io n  and E s t e r i f i c a t i on  o f

3 ■
n -T r ic o s a n e -R - .  H * 3

The e f f e c t  o f  ag e  and s e x ' on th e  h y d ro x y l a t i o n  and e s t e r i f i c a t i o n
3 . . .

o f  n - t r i c o s a n e - R -  H i n  M;. s a n g u in ip e s  i s  shown i n  F i g u r e '1 0 ■  M ales and

fe m a le s  e x h i b i t  a m arked d i f f e r e n c e  i n  t h e  a b i l i t y  t o  m e ta b o liz e  n - t r i -
■ 3 • ■. * ■

c o s a n e -R -  H to .s e c o n d a r y  a l c o h o l  wax e s t e r s .  Age a l s o  p la y s  a r o l e  in -

th e  a b i l i t y  t o  m e ta b o liz e  t h i s  s u b s t r a t e .  . M ales and  fe m a le s  p r e s e n t  a

s i m i l a r  m e ta b o lism  f o r  n ew ly -em erg ed  a d u l t s  and f o r  one week o ld  and 5

and  6 week o ld  a d u l t  i n s e c t s .  H o w e v e r ,:t h e  fe m a le  i n s e c t s  d e m o n s tra te

3 '
a  l e s s e r  a b i l i t y  t o  m e ta b o liz e  n - t r i c o s a n e - R -  H a t  weeks 2 th ro u g h  4 

th a n  do th e  m a le s . I n  th e  f e m a le s ,  th e  h y d r o x y la t io n  a c t i v i t y  p eaks a t  

one w eek and  r a p i d l y  d e c l in e s  u n t i l  t h r e e  w e e k s , a t  w h ich  tim e  i t  l e v e l s  

o f f .  I n  t h e  m a le s , t h e  h y d r o x y la t io n  a c t i v i t y  peaks a t  tw o w eek s , 

s lo w ly  d e c l in e s  u n t i l -  f o u r  w e e k s , and th e n  d ro p s  o f f  r a p i d l y . •

The d i f f e r e n c e  i n  t h e  p e r c e n t  o f  r e c o v e re d  r a d i o a c t i v i t y  found  in  

t h e  s e c o n d a ry  a l c o h o l  wax e s t e r s  from  m a le s  and fe m a le s  a p p e a r s  t o  

r e f l e c t  d i f f e r e n c e s  in  th e  h y d r o x y la t io n  s t e p  and n o t  t h e  e s t e r i f i c a t i o n  

s t e p ,  a s  s i m i l a r  am ounts o f  f r e e  s e c o n d a ry  a lc o h o l  a r e  o b se rv e d  in  b o th  

m ale s  and fe m a le s  a t  e a ch  ag e  p e r io d  lo o k e d  a t .
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D ISC U S SIO N

' STRUCTURE-AND COMPOSITION OF THE CUTICUIAR LIPIDS - 

B ranched  A lk an es

M eth y l b ra n c h e d  a lk a n e s  a r e  commonly fo u n d  in  i n s e c t  c u t i c u l a r  l i p i d s  

N e lso n  e t  aJL, (1 6 )  r e p o r t e d  t h a t  t h e  b ran c h e d  a lk a n e s  o f  th e  g ra s s h o p p e r  

S_. v ag a  c o n s i s t  o f  i n t e r n a l l y  b ra n c h e d  m c n o m e th y la lk a n e s , .--dlnethyI a l k a n e s 5 

and  t r i f n e th y l a l k a n e s . The b ra n c h e d  a lk a n e s  o f  M. s a n g u in ip e s -  c o n s i s t  o f  

3 -me th y  l a  Ik a  n e s , i n t e r n a l l y  b ra n c h e d  m on o m eth y la lk an .es , and  i n t e r n a l l y  

b ra n c h e d  d im e th y l a l k a n e s . No t r i m e t h y l a lk a n e s  w ere o b s e r v e d . t ,

3-M e th y la lk a n e s  have b e e n  i d e n t i f i e d  in  p l a n t s ,  M o llu s c a , and 

A r th ro p o d a . I n s e c t s  from  w h ich  3- m e th y la lk a n e s have  b e e n  i s o l a t e d  i n ­

c lu d e  t h e  s t o n e f l y  P . c a l i f o r n ic a  ( 2 1 ) ,  f i v e  c o c k ro a c h e s  o f  th e  P e r i p l a -  

n e ta  g enus ( 1 7 , 1 8 ) ,  and  t h e  c o c k ro a c h e s  L . m aderae and B . o r i e n t a l i s  (2 2 )  

The m a jo r i t y  o f t h e  3-m e th y l a lk a n e s  i s o l a t e d  fro m  a l l  s o u rc e s  have  an  

ev en  num ber o f  c a rb o n  a tom s ( 1 6 ) ,  a s  do t h e  3 -m ethy la l lc a n e s  fo u n d  in  M. 

s a n g u in i p e s .

M onom ethy laIkanes i n  w h ich  t h e  m e t h y l  b r a n c h  i s  l o c a t e d  to w a rd s  t h e  

c e n t e r  o f  t h e  m o le c u le  hav e  b e e n  i d e n t i f i e d  m a in ly  in  a lg a e  and  i n s e c t s . 

T h is  ty p e  o f  b ra n c h e d  a lk a n e  h a s  b e e n  i d e n t i f i e d  from  a l a r g e  number- o f  

i n s e c t s ,  in c lu d in g  th e  c l a s s e s  C o le o p te r a , H ym en o p te ra , L e p id o p te r a , O r- 

t h o p t e r a ,  and T r ic o p te r a  ( 1 6 ) .  The m a jo r i t y  o f  th e  i n t e r n a l l y  b ra n c h e d  

monomet h y la lk a n e s  hav e  t h e  m e th y l b ra n c h  l o c a t e d  on odd-num bered  c a rb o n  

a to m s , and i n  p l a n t s  and i n s e c t s ,  t h i s  i s  U s u a l ly  on c a r b o n s ' l l ,  13 o r
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15 ( 1 6 ) .  The m a jo r i t y  o f  th e  i n t e r n a l l y  b ra n c h e d  rco n o m eth y la lk an es  fro m  

M. s a n g u ln ip e s  hav e  th e  m e th y l b ra n c h  on odd-num bered  c a rb o n s  ra n g in g  

fro m  5 t o  1 5 , w i th  th e , 1 1 -m e th y l iso m e r  p re d o m in a tin g  i n ’ m o st c a s e s . The 

and  Ggg i n t e r n a l l y  b ra n c h e d  m o n o m eth y la lk an es '' h av e  m eth y l' b ra n c h e s  Io  

c a te d  on b o th  odd and ev en  c a r b o n s .  .

R ecen tly ,,, two new hom ologous s e r i e s  o f  me th y  l a  Ik a  n e s  w ere r e p o r te d  

i n  t h e  i n s e c t s  M. s e x ta  ( 4 ,  68 ) and S . v ag a  ( 1 6 ) ,  i n  w h ich  tw o o r t h r e e  

m e th y l b ra n c h e s  w i th  i s o p re n o id  s p a c in g  a r e  l o c a t e d  to w a rd s  th e  c e n te r  

o f  t h e  m o le c u le .  The J a p a n e s e  b e e t l e , P . ja .p o n ic a  hMs p r e s e n t  i n  i t s  

c u t i c u l a r  l i p i d s  t h e  d im e th y la lk a n e s  9 ,1 5 - d im e th y l t r ie o s a n e  and 1 1 ,1 5 -  

d im e th y lp e n ta c o s a n e , (2 8 )  and th e  g r a s s h o p p e r  M e lan o p lu s  p a c k a r d i i  h as  

d im e th y ia lk a n e s  r a n g in g  from  Ggg t o  Cg^ w i th  i s o p r e n o id  s p a c in g  ( 7 4 ) ,

T h u s ,  t o  d a t e ,  t h e  f i v e  i n s e c t s  M. s e x ta - . S', v a g a , P , j a p o n i c a ,  M, 

p a c k a r d i i ,  and M. s a n g u in ip e s  a r e  t h e  o n ly  s o u rc e s  o f  t h e  lo n g  c h a in  

i n t e r n a l l y  b ra n c h e d  d im e th y ia lk a n e s .  B e n n e t e t  a l .  ( 2 8 )  a l s o  r e p o r te d  

t h e  p re s e n c e  o f  d im e th y ia lk a n e s  in  w h ich  th e  m e th y l b ra n c h e s  d id  n o t  

h av e  i s o p r e n o id  s p a c in g ;  t h e s e  w ere  9 ,1 1 -d im e th y ld o c o s a n e  and 9 ,1 1 -  

d im e'thy l t e t r a c o s a n e . No t r im e th y la lk a n e s .  w ere  r e p o r t e d  i n  P .  ja p o n ic a . ,

M. p a c k a r d i i  o r  M. s a n g u in i p e s . '-

S e c o n d a ry  A lc o h o ls  and  S e c o n d a ry  A lc o h o l Wax E s te r s

Wax e s t e r s  o f  a l i p h a t i c  s e c o n d a ry  a lc o h o l s  h a v e -n o t  p r e v io u s ly
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b e e n  r e p o r t e d  in ' i n s e c t  o r  p l a n t  c u t i c u l a r  l i p i d s , L ik e w is e ,  mono­

h y d ro x y l  s e c o n d a ry  a lc o h o l s  w i th  t h e  h y d ro x y l  g ro u p  lo c a t e d  a t  o r  n e a r
■ :

t h e  c e n t e r  o f  t h e  c a rb o n  c h a in  hav e  n o t  p r e v io u s ly  b e e n  r e p o r te d ,  .in  

i n s e c t s . They a r e ,  h o w e v e r, common c o n s t i t u e n t s  o f  p l a n t  c u t i c u l a r  

l i p i d s  (3 3 , 3 4 , 3 5 , 3 6 ) .  W o llrab  (3 6 )  p o in t s  o u t  th a n  i n  -p la n ts  

s e c o n d a ry  a lc o h o l s  a r e  n o t  e s t e r i f i e d ,  i n  c o n t r a s t ; . . to  th e  s i t u a t i o n  

fo u n d  among th e  p r im a ry  a l c o h o l s .  I n  b o th  p l a n t s  and I n s e c t s ,  wax
' I

e s t e r s  g e n e r a l l y  have  one o r  more o f  t h e  lo n g  ch a in ., n - s e r i e s  p r im a ry  

-a lc o h o ls  and  a c i d s  ( 3 2 , 2 9 ) .  ^

The l o c a t i o n  o f  t h e  h y d ro x y l  g ro u p  o f  s e c o n d a ry  a lc o h o ls ' .has u s u a l ly  

b e e n  d e te rm in e d  by  f i r s t  o x id iz in g  th e  s e c o n d a ry  a lc o h o l '1 t o  th e  c o r ­

re s p o n d in g  k e to n e  ( 3 5 , 3 6 ) .  L e ss  am biguous r e s u l t s  a r e  s e c u re d  by 

o b ta in in g  th e  m ass sp e c tru m  o f  t h e  s e c o n d a ry  a lc o h o l  d i r e c t l y .  T h is  

i s  e s p e c i a l l y - h e l p f u l  when more th a n  one iso m e r  e x i s t s , a s  i t  e l im ­

i n a t e s  t h e  ^ - c l e a v a g e s  f o u n d 'i n  m ass s p e c t r a  o f  k e to n e s  ( 3 4 ) .  / 3  -  

c le a v a g e  r e s u l t s  i n  a m ass sp e c tru m  p e a k  14 amu h ig h e r  th a n  th e  c le a v a g e  

on e i t h e r  s id e  o f  t h e  c a rb o x y l  g ro u p .

In  F ig u re  5 D ,^ 3 -c le a v a g e  o f  t r i c o s a n - 1 0 - o n e  a c c o u n ts ;  f o r ' ; t h e  m ass . 

sp e c  p eak  a t  2 2 5 . I n  m ass s p e c tru m  o f  t h e  c o rre s p o n d in g  C23 s e c o n ­

d a ry  a lc o h o l s  shown i n  F ig u re  SC, p eak s  r e s u l t i n g  from  a S im i la r  c le a v a g e  

a r e  a b s e n t .  Q u a n t i t a t i o n  o f  th e  iso m e rs  i s  p o s s ib l e  when m ass s p e c t r a

o f  t h e  s e c o n d a ry  a lc o h o l s  a r e  o b ta in e d  d i r e c t l y  I  Q u a n t i t a t i o n  o f  th e
•i

iso m e rs  u s in g  a ■s p e c t r a  from  th e  k e to n e s  w ould be  more d i f f i c u l t



b e c a u s e  some p eak s  a r e  e n r ic h e d  v i a  t h e  ̂ - c l e a v a g e  o f  iso m e rs  h a v in g  

t h e  c a rb o x y l  g ro u p  on a d j a c e n t  c a r b o n s . S im i la r  c o m p a riso n s  i l l u s t r a ­

t i n g  /9 - c le a v a g e s  w ere  shown i n  lo w e r  m o le c u la r  w e ig h t k e to n e s  and 

s e c o n d a ry  a lc o h o l s  by  F r i e d e l  e t  a l .  (7 5 )  and S h a rk ey  e t  a l . ’: ( 7 6 ) .

R e la t i o n s h ip  B etw een th e  S e c o n d a ry  A lc o h o ls  and n -A lk a n e s

F ig u re  11 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  b e tw een  th e  n -a lk a n e s . and  

s e c o n d a ry  a lc o h o l s  o f  M. s a n g u in i p e s . I t  shows t h a t  t h e 'm a jo r  s e c o n ­

d a ry  a lc o h o l s  a r e  and s h o r t e r , w h e reas  th e  n - a lk a n e s  a r e  predom ­

i n a n t l y  and l o n g e r .  T h is  i s  i n  c o n t r a s t  t o  th e  s i t u a t i o n  found  in  

p l a n t  c u t i c u l a r  l i p i d s , w here s e c o n d a ry  a lc o h o l s  a n d /o r  k e to n e s  c o r ­

re sp o n d  i n  c h a in  l e n g th  t o  t h e  m a jo r  a lk a n e s  (3 2 , 3 3 , 3 4 , 3 6 ) .  I n  m ost 

p l a n t s  s t u d i e d ,  much o f  t h e  a lk a n e  and s e c o n d a ry  a lc o h o l  f r a c t i o n  con­

s i s t s  o f  a  s i n g l e  is o m e r ,  and th e  a lk a n e s  a r e  u s u a l l y  e i t h e r  n -n o n a c o sa n e  

o r  n - h e n t r i a c o n t a n e , w i th  s e c o n d a ry  a lc o h o l s  a n d /o r  k e to n e s 'c o r r e s p o n d in g  

i n  c h a in  l e n g t h  ( 3 2 ) .  I n  B . o l e r a c e a , m o st o f  th e  h y d ro c a rb o n  f r a c t i o n  

i s  n -n o n a c o s a n e . The se c o n d a ry  a l c o h o l s ,  h o w e v e r,. c o n s i s t  o f  tw o i s o ­

m ers w i th  n c n a c o s a n - 1 b - o l  and n o n a c o s a n - 1 4 -o l  p r e s e n t  a t  3 : 2 ' r a t i o  ( 3 2 ) .  

The a lk a n e s  o f  M. s a n g u in i p e s , a s  f o r  m ost i n s e c t s ,  a r e  m uch-m ore com plex 

O ver 30 d i f f e r e n t  a lk a n e s  a r e  p r e s e n t  i n  t h e  c u t i c u l a r  l i p i d s  o f  M. s a n -  

g u i n ip e s .  L ik e w is e ,  th e  s e c o n d a ry  a lc o h o l s  o f  t h i s  i n s e c t  a r e  more
7 -

com plex th a n  t h a t  fo u n d  i n  m ost p l a n t s .  The se c o n d a ry  a lc o h o l s  c o n ta in

,f
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S E C O N D A R Y  A L C O H O L  —  
A LKA N E - - - - - - -

CARBON NUMBER ' ■
F i g .  1 1 . R e la t i o n s h ip  b e tw een  th e  s e c o n d a ry  a lc o h o lh  and n - a lk a n e s  
o f  M. s a n g u in i p e s .
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7 hom ologue's d i f f e r i n g  i n  c h a in  l e n g th  w i th  2 t o  4 i s  o n e rs  o f  each  

h o m clo g u e „ ,

B i o s y n th e t ic  I m p l ic a t i o n s  from  th e  S t r u c t u r e s  o f  th e  ,.S e c on d a ry  A lc o h o ls  

I n  p l a n t s ,  t h e  o c c u r r e n c e  o f  a lk a n e s  and se c o n d a ry  a lc o h o l s  o f  th e  

same c h a in  l e n g th s  s u g g e s te d  t h a t  b o th  a r o s e  from  a  common m e ta b o lic  p a th ­

w ay. The r e q u i r e m e n t  f o r  a l a r g e  am ount o f  1 5 :0  a c id  f o r  a c o n d e n s a t io n  

pathw ay  o f  b i o s y n t h e s i s  t o  o c c u r  l e d  e a r l y  w o rk e rs  '(46) t o  r e j e c t  t h i s  

pa thw ay  f o r  th e  s y n th e s i s  o f  n o n a c o sa n -1 5 -o n e  and th e  c o r re s p o n d in g  

s e c o n d a ry  a lc o h o l  and a lk a n e  in  B . o l e r a c e a . The p e rc e n ta g e  o f  e ach  

s e c o n d a ry  a lc o h o l  i n  M. s a n g u in ip e s  and th e  f a t t y  a c id s  r e q u i r e d  f o r  a 

c o n d e n s a t io n  m echanism  t o  h av e  o c c u rre d  i n  t h e i r  b i o s y n t h e s i s  i s  shown 

i n  T a b le  XV. O ver 50 p e r c e n t  o f  th e  s e c o n d a ry  a lc o h o l s  w ould  have, t o  

a r i s e  from  odd c h a in  f a t t y  a c id s  i f  a c o n d e n s a t io n  m echanism  w ere o p e r­

a t i v e  . T r i c o s a n - l l - o l  i s  th e  m a jo r  iso m e r  c o m p ris in g  37 p e r c e n t  o f . t h e  

s e c o n d a ry  a l c o h o l s . The f a t t y  a c id s  1 1 :0  and 1 3 :0  w ould b e  r e q u i r e d  f o r  

a  c o n d e n s a t io n  pathw ay  o f  b i o s y n t h e s i s  t o  o c c u r .  Odd c h a in  f a t t y  a c id s  

hav e  n o t .  b e e n  e x t e n s i v e l y  s tu d i e d  i n  i n s e c t s ,  b u t  have  been, d e m o n s tra te d  

t o  o c c u r  i n  s m a l l  am ounts o n ly ,  b o th  by  de nova s y n th e s i s  and OC- o x i ­

d a t i o n  in  p l a n t s  and a n im a ls  (3 2 , 7 7 ) .  U n le ss  i n s e c t s  p o s s e s s  an  un­

u s u a l l y  a c t i v e  odd c h a in  f a t t y  a c id  s y n th e s i z in g  s y s te m , t h e  s t r u c t u r e s  

o f  t h e  s e c o n d a ry  a lc o h o l s  make i t  a p p e a r  u n l i k e l y  t h a t  th e y  a r i s e  from  

a  c o n d e n s a t io n  p a th w a y .
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TABLE X I I I

COMPOSITION OF THE'SECONDARY ALCOHOLS IN THE SECONDARY ALCOHOL WAX
ESTERS OF M. SANGUINIPES

P e r c e n t  d e te rm in e d  by  GC (T a b le  I I I )  and by  m e a su rin g  t h e  m ass s p e c t r a l  
p e a k  h e ig h t s  a d d in g  t o g e t h e r  t h e  p eak s  a r i s i n g  from  c le a v a g e  on each

s id e  o f  t h e  h y d ro x y l  g r o u p s ,

SECONDARY ALCOHOL PERCENT FATTY, ACID REQUIRED 
FOR CONDENSATION PATH­
WAY TO HAVE OCCURRED

h e n ic o s a n - 10- o l 7 1 0 :0 I 1 2 :0
h e n i c o s a n - l l - o l 5 ' 1 1 :0 l 1 1 :0  ■

d o c o sa rn - lO -o l I ’ 1 0 :0 I 1 3 :0
d o c o s a n - l l - o l ' I 1 1 :0 I 1 2 :0

t r i c o s a n - 10- o l 12 1 0 :0 I 1 4 :0
t r i c o s a n - l l - o l 37 1 1 :0 l 1 3 :0
t r i c o s a n - 12 - o l 10. 1 2 :0 1 12 :0

t e t r a c o s a n - 10- o l <1 1 0 : 0 H 1 5 :0
t e t r a c o s a n - l l - o l I 1 1 :0 I 1 4 :0
t e t r a c o s a n - 12- o l I 1 2 :0 I 1 3 :0

p e n t a c o s a n - l l - o l 10 1 1 :0 1 1 5 :0
p e n ta c o s a n - 12- o l 9 1 2 :0 1 1 4 :0
p e n ta c o s a n - 1 3 - o l 2 1 3 :0 I 1 3 :0

h e x a c o s a n -10 - o l < 1 1 0 :0 I . 1 7 :0
h e x a c o s a n - l l - o l  • < 1 1 1 :0 I 1 6 :0
hex a  c o s a n -12 - o l < 1 1 2 :0  1 1 5 :0  .
h ex a  c os a n - 1 3- o l < 1  . 1 3 :0 I 1 4 :0

h e p ta c  o s a n - l l - o l <1 : 1 1 :0 I 1 7 :0
h e p ta c o s a n - 12- o l I 12 :0 I 1 6 :0
h e p ta c o s a n - 1 3 - o l I 1 3 :0 T 1 5 :0
h e p ta c o s a n -1 4 - o l <1 1 4 :0 1 1 4 :0

'Uv
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The d i f f i c u l t y  in ' q u a n t i t a t i n g  iso m e rs  from  mass s p e c t r a l  d a ta  i s  

r e c o g n iz e d . . H ow ever, c a l c u l a t i n g  p e rc e n ta g e s  by m e a su rin g  p eak  

h e ig h t s  o f  t h e s e  c l o s e l y  r e l a t e d  i s o m e rs ,  e a c h  w ith  h y d ro x y l  g ro u p s  on 

a d ja c e n t ' c a rb o n s  and n e a r  t h e  c e n t e r  o f  th e  c h a in ,  does g iv e  an  i n d i ­

c a t i o n  o f  t h e  r e l a t i v e  am ount o f  e ach  iso m e r  i n  a . GG p e a k : '

R e la t io n s h ip 'B e tw e e n  th e  P r im a ry  A lc o h o ls  and  n -A lk a n e s

K o la ttu k u d y  (5 3 )  h a s  d e m o n s tra te d  i n  b r o c c o l i  t h e  d i r e c t ' d e c a rb o x ­

y l a t i o n  o f  v e ry , lo n g  c h a in  f a t t y  a c id s  t o  a lk a n e s  one c a rb o n  s h o r t e r .  

Lam brem ont (7 8 )  h a s  d e m o n s tra te d  th e  r e d u c t io n  o f  f a t t y  a c id s  t o  f a t t y  

a l c o h o l s  and th e  o x id a t io n  o f  f a t t y  a lc o h o l s  t o  f a t t y  a c id s  in  th e  t o ­

b a c c o  budw orm . The p r im a ry  a lc o h o l s  i n  M. s a n g u in ip e s  h av e  a s i m i l a r  

c a rb o n  c h a in  l e n g t h  ra n g e  a s  do th e  n - a l k a n e s , . r a n g in g  f ro m -C22 t o  C3 2 . 

T h is  s u g g e s t s  t h a t  n - a lk a n e s  may a r i s e  fro m  th e  d e c a r b o x y la t io n  o f  v e ry  

lo n g  c h a in  ( G24_C34^ ^ & tty  a c id s  and t h a t  p r im a ry  a lc o h o l s  a r e  form ed 

fro m  r e d u c t io n  o f  v e ry  lo n g  c h a in  f a t t y  a c i d s ,  i f  a p p e a rs  u n l ik e ly  t h a t

t h e  p r im a ry  a lc o h o l s  a r i s e  fro m  o x id a t io n  o f  n - a l k a n e s ,  s in c e  th e  

p r im a ry  a lc o h o l s  a r e  p re d o m in a n tly  ev en  c a rb o n  c h a in  le n g th .; and th e  a l ­

k a n e s  p re d o m in a n tly  odd c a rb o n  c h a in  l e n g t h s .  I f  a d e c a r b o x y la t io n  and 

r e d u c t io n  sy s te m  i s  o p e r a t in g  i n  M. s a n g u in ip e s  j th e  v e ry , lo n g  c h a in  

f a t t y  a c id s  m u s t  b e  e i t h e r  e f f i c i e n t l y  d e c a rb o x y lated -, t o  a lk a n e s  o r 

re d u c e d  t o  t h e  p r im a ry  a lc o h o l s  s in c e  o n ly  t r a c e  am ounts -of f a t t y  

a c id s  20,:Q, 2 2 : 0 ,  and 2 4 :0  a r e  p r e s e n t  and no f a t t y  a c id  l o n g e r  th a n



7 6

2 4 :0  i s  o b s e r v e d . I t  a p p e a r s  t h a t  t h e  v e ry  lo n g  c h a in  f a t t y  a c id s ,  may 

n o t  b e .r e l e a s e d  from  th e  enzyme sy s te m  u n t i l  i t  i s  m e ta b o l i z e d . A tte m p ts  

t o  d e m o n s tra te  t h e  d i r e c t  d e c a r b o x y la t io n  o r  r e d u c t ib r i  o f  l a b e l l e d  2 8 :0  

i n  M. s a n g u ln ip e s  f a i l e d .

INCORPORATION: OF DIETARY SUBSTRATES, INTO GUTICUMR LIPIDS 

I n  a  c o m p a ra tiv e  s tu d y  o f  th e  in te g u m e n t ,  f a t  body,, haernolym ph, , 

and d i e t a r y  h y d ro c a rb o n s  o f  th e  to b a c c o  hornw orm , N e lso n  e t  a l .  (2 7 ) 

i n d i c a t e  a  p o s s ib l e  c o r r e l a t i o n  b e tw e e n  d i e t a r y  n - a lk a n e s ' and in te g u ­

m en t n - a l k a n e s . On t h e  o t h e r  h a n d , th e  p r e s e n c e  o f  .b ran c h e d  lo n g - c h a in  

h y d ro c a rb o n s  i n  th e  I n s e c t  and  t h e i r  a b s e n c e  In  th e  ..d ie t ' s u g g e s t s  t h a t  

t h e  to b a c c o  hornworm  i s  c a p a b le  o f  t h e  b i o s y n t h e s i s  of: a num ber o f  - 

b ra n c h e d  h y d ro c a rb o n s  The r e s u l t s  o f  t h e  d i e t a r y  s t u d i e s  and in c o r ­

p o r a t i o n  o f  l a b e l l e d  a c e t a t e  i n d i c a t e  t h a t  t h e  g ra s s h o p p e r  M b s a n g u in -  

I p e s  i s  s i m i l a r  I n - I h a h  l a b e l l e d  d i e t a r y  n - a lk a n e s  c a n  b e  in c o r p o r a te d  

unchanged  i n t o  c u t i c u l a r , h y d ro c a rb o n s ,  and th e  i n s e c t  a l s o  h a s  th e  

c a p a b i l i t y  o f  b i o s y n t h e s i s  o f  b ra n c h e d  lo n g - c h a in  h y d ro c a rb o n s  from  

a c e t a t e . •

. I I e t a r y  p r e c o n d i t i o n in g  and f e e d in g  d u r in g  l a b e l l e d  h y d ro c a rb o n  

e x p e r im e n ts  e f f e c t s  t h e  q u a n t i t y  o f  t h e  l a b e l l e d  n - a lk a n e s  r e a c h in g  

th e  c u t i c u l a r  l i p i d s . I f  t h e  g ra s s h o p p e r  i s  p r e c o n d i t io n e d  on g e n e ro u s  

. q u a n t i t i e s  o f  l e t t u c e  and  m o is t  g r a s s ,  l e s s  o f  th e  d i e t a r y  l a b e l l e d  n -
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a llcan e  r e a c h e s  th e  a r t i c u l a r  l i p i d s ,  L ik e w is e ,  i f  th e  i n s e c t  i s  a l ­

low ed t o  e a t  g e n e ro u s  q u a n t i t i e s  o f  l e t t u c e  and m o is t  g r a s s  fo l lo w in g  

th e  l a b e l l e d  n - a l k a n e , l e s s  o f  th e  l a b e l  r e a c h e s  th e  a r t i c u l a r  l i p i d s .

The e f f i c i e n c y  o f  t h e  n - a lk a n e  a b s o r p t io n ,  a p p e a rs  t o  r e f l e c t  t h e  m ass . 

a s  w e l l  a s  p o s s ib l y  t h e  m o is tu re  c o n te n t  o f  t h e  d i e t .  T h is  a l s o  i s  r e ­

f l e c t e d  i n  t h e  am ount o f  f r a s s  c o l l e c t e d  o v e r  a c o m p arab le  t im e  p e r io d ,. 

Where t h e r e  i s  c o n s id e r a b le  m ass and m o is tu re  t o  th e  d i e t  th e re  i s  more 

f r a s s  and m ore l a b e l l e d  n - a lk a n e  r e c o v e r e d  i n  th e  f r a s s . '

The r e c o v e r y  o f  t h e  f e d  l a b e l l e d  n - a lk a n e  unchanged, fro m  .the f r a s s

i n d i c a t e s  t h a t  t h e  n - a lk a n e  i s  n o t  m e ta b o liz e d  i n  th e  g u t  o r  t h a t  i f '
; ■

m e ta b o liz e d  i s  c o n v e r te d  t o  e f f i c i e n t l y  a b so rb e d  m e t a b o l i t e s ., The l a c k  

o f  i n c o r p o r a t io n  o f  d i e t a r y  s e c o n d a ry  a lc o h o l s  o r  k e to n e s  i n t o  c u t i c u l a r  . 

l i p i d s  s u g g e s t s  t h a t  t h e s e  compounds a r e  e i t h e r  n o t  e f f i c i e n t l y  a b s o rb e d , 

o r  a r e  n o t  t r a n s p o r t e d  t o  th e  c u t i c u l a r  l i p i d s .  T h is  " a lso  s u g g e s ts  t h a t  

d i e t a r y  p l a n t  s e c o n d a ry  a lc o h o l s  and  k e to n e s  a r e  n o t  in c o r p o r a te d  i n t o  

th e  c u t i c u l a r  l i p i d s  o f  M. s a n g u in i .p e s .

BIOSYNTHESIS OF CUTICULAR LIPIDS '

I n c o r p o r a t io n  o f  A c e ta te  I n t o  th e  C u t i c u l a r  L ip id  .  ̂ •

■ The r e s u l t s  o f  t h e  i n c o r p o r a t io n  o f  l a b e l l e d . a c e t a t e ■i n t o  th e  

c u t i c u l a r  l i p i d s  i n d i c a t e s  t h a t  th e  in s e c t -  i s  c a p a b le  o f  th e  b io s y n t h e s i s  

o f  b o th  b ra n c h e d  and  n o rm a l a lk a n e s ,  th e  a c id  and a lc o h o l  m o ie ty  o f  th e  

s e c o n d a ry  a lc o h o l  wax e s t e r ,  t h e  p r im a ry  a l c o h o l  wax e s t e r  and s t e r o l
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e s t e r ,  t r i g l y c e r i d e s } p r im a ry  a lc o h o l s  and f r e e  f a t t y  a c i d s .  I n s e c t s  

a r e  n o t  c a p a b le  o f  t h e  b i o s y n t h e s i s  o f  s t e r o l s  (1 4 , 7 9 ) .  ' The s i m i l a r ­

i t i e s  i n  t h e  d i s t r i b u t i o n  /of l a b e l l e d  a c e t a t e  and th e  p e r c e n t  c o m p o s itio n  

o f  t h e  c u t i c u l a r  l i p i d s -  i s  n o te w o r th y . The o n ly  m ajo r d isc re p a n c y , i s  th e  

l a r g e  am ount o f  r a d i o a c t i v i t y  in  t h e  t r i g l y c e r i d e  p lu s  s e c o n d a ry  a lc o h o l  

f r a c t i o n ,  w h ich  may s u g g e s t  an  a c t i v e  s y n th e s i s  o f  s e c o n d a ry  a l c o h o l s .

B io s y n th e s is ,  o f  S e c o n d a ry  A lc o h o ls  ' ■ ,.

The r e s u l t s  o f  t h e  d i e t a r y  s tu d i e s  i n d i c a t e  t h a t  s e c o n d a ry  a lc o h o ls  

a s  su c h  do n o t  a r i s e  v i a  t h e  d i e t  b u t  t h a t  d i e t a r y 'n - a l k a n e s  may be i n ­

c o r p o r a te d  i n t o  t h e  se c o n d a ry  a lc o h o l  wax e s t e r .  The i n c o r p o r a t i o n ■o f  

l a b e l l e d  a c e t a t e  i n t o  b o th  th e  s e c o n d a ry  a lc o h o l  and a c id  p a r t  i n d i c a t e s  

t h a t  t h e  i n s e c t  i s  c a p a b le  o f  th e  b i o s y n t h e s i s  o f  b o th  com ponents o f  th e  

wax. e s t e r .  An a n a l y s i s  o f  th e  s t r u c t u r e s  o f  th e  s e c o n d a ry  a lc o h o l s  i n ­

d i c a t e s  t h a t  a c o n d e n s a t io n  pathw ay  o f  b io s y n t h e s i s  does n o t  o c c u r .  

R e s u l t s  o f  s t u d i e s  u s in g  l a b e l l e d  n - a l k a n e s ,  s e c o n d a ry  a l c o h o l s ,  and k e -
s

to n e s  show t h a t  n - a lk a n e s  a r e  h y d ro x y la te d  t o  s e c o n d a ry  a lc o h o l s  and e s -  

t e r i f i e d ,  and t h a t  s e c o n d a ry  a lc o h o l s  and k e to n e s  a r e  n o t  re d u c e d  t o  h y ­

d r o c a r b o n s .  I t  a p p e a r s  t h a t  th e  b i o s y n t h e s i s  o f  se c o n d a ry  a lc o h o l s  in

t h e  i n s e c t  i s  s i m i l a r  t o  t h a t  shown i n  p l a n t s :  a lk a n e s  ....... -> se c o n d a ry

a lc o h o l s  ---------— > k e to n e s .  H ow ever, no k e to n e s  w ere o b se rv e d  i n M.

s a n g u in i p e s 1 c u t i c u l a r  l i p i d s  s u g g e s t in g  t h a t  t h e  enzyme sy s te m  re s p o n ­

s i b l e ,  f o r  o x id iz in g  se c o n d a ry  a lc o h o l s  t o  k e to n e s  i s  a b s e n t  in  t h i s



. i n s e c t .

3The v e r y . s m a l l  i n c o r p o r a t io n  o f  n -h e p ta c o sa n e .-R ~  H and  n -n o n a c o -
r>

. S a n e -R -uH .i n t o  s e c o n d a ry  a lc o h o l  wax e s t e r s - o r  f r e e  s e c o n d a ry  a lc o h o ls  

d e m o n s tra te s  t h a t  c h a in  l e n g t h  s p e c i f i c i t y . i s  e v id e n t  i n  th e- h y d r o x y la -  ' 

t i o n  sy s te m  and  e x p la in s  th e  d i s t r i b u t i o n  o f  se co n d a ry  a lc o h o l s  and n -  

a lk a n e s  i n  t h e  c u t i c u l a r  l i p i d s  o f  M. S a n g u in ig e s . I n . c o n t r a s t ,  as 

m e n tio n e d  e a r l i e r ,  t h e  s e c o n d a ry  a lc o h o l s  c o rre s p o n d  i n  c h a in  l e n g th  t o  

t h e  m a jo r  n - a lk a n e s  i n . a l l  p l a n t s  s t u d i e d . C h a in  l e n g th  s p e c i f i c i t y  in ' 

n - a lk a n e  h y d ro x y l a t i o n  h a s  n o t  b e e n  s tu d i e d  i n  p l a n t s .

The d i r e c t  d e m o n s tra t io n  o f  th e  m e ta b o lism  o f  a lk a n e s  t o  se c o n d a ry  

a lc o h o l s  and t h e  l a c k  o f  c o n v e rs io n  o f  t h e  p ro p o se d  i n t e r m e d i a t e s i n  

t h e  c o n d e n s a t io n  pathw ay  ( s e c o n d a ry  a lc o h o l s  a n d /o r  k e to n e s )  t o  a lk a n e s  

i n d i c a t e  t h a t  a  c o n d e n s a t io n  pathw ay f o r  th e  b i o s y n t h e s i s  o f  n - a lk a n e s  

does  n o t  o c c u r  i n  M. s a n g u in i p e s . A s i m i l a r  n o n c o n v e fs io n  o f  k e to n e s  t o  

s e c o n d a ry  a lc o h o l s  o r  h y d ro c a rb o n s  was o b se rv e d  in  EU. o le r a c e a  ( 8 0 ) .  I t  

i s  p o s s ib l e  t h a t  l a c k o f  a c c e s s i b i l i t y  o f  k e to n e s  a n d / o r . s e c o n d a ry  

a lc o h o l s  t o  t h e  s i t e  o f  h y d ro c a rb o n  b i o s y n t h e s i s  o r  t h e i r  f a i l u r e  t o  

e q u i l i b r a t e  w i th  enzyme bound in te r m e d ia t e s  c o u ld  a c c o u n t  f o r  t h e i r  

l a c k  o f  i n c o r p o r a t io n  i n t o  h y d r o c a r b o n s . H ow ever, a more l i k e l y  p a th ­

way f o r  h y d ro c a rb o n  b i o s y n t h e s i s  i n  i n s e c t s  i s  th e  e lo n g a t io n - d e c a r b o x y la  

t i o n  p a th w a y , a s  was s u g g e s te d  f o r  r e p la c e m e n t  h y d ro c a rb o n  b io s y n th e s i s  

i n  ]?. a m e r ic a n a  ( 4 2 ) .  ■ . ,..
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■There i s  no  d e t e c t a b l e  i n c o r p o r a t io n  o f  e i t h e r  h e p ta c o s a n - 1 4 - o n e -

3 3 -
R - H o r  h e n t r i a c o n ta n - 1 6 - o n e - R -  H i n t o  t h e  h y d ro c a rb o n  o f  wax e s t e r  .

3 ■f r a c t i o n .  T r ic o s a n -1 2 - o n e -R -  H i s  c o n v e r te d  t o  b o th  h y d ro c a rb o n  and 

wax e s t e r  i n  s m a l l  b u t  s i g n i f i c a n t  a m o u n ts . T h is  does n o t  a p p e a r  t o  

b e  a d i r e c t  c o n v e r s io n  o f  k e to n e s  t o  h y d ro c a rb o n  o r  wax e s t e r ,  b u t  r a t h e r  

a p p e a r s  t o  o c c u r  v i a  a m e ta b o lism  o f  t h e  k e to n e  t o  iritife p o l a r  p r o d u c t s , 

p ro b a b ly  f a t t y  a c id s  and  th e n  t h e  s y n th e s i s  o f  wax e s t e r s . a n d . h y d ro c a r ­

b o n s  from  th e  f a t t y  a c i d s . O ver one f o u r t h  o f  t h e  r e c o v e re d  r a d i o a c t i ­

v i t y  fro m  t h e  l a b e l l e d  k e to n e  i s  fo u n d  i n  th e  p o l a r  f r a c t i o n .  I t  i s

c l e a r  t h a t  t h e  k e to n e  i s  n o t  s im p ly  r e d u c e d  t o  th e  c o r re s p o n d in g  se c o n ­

d a ry  a lc o h o l  a s  th e n  m o st o f  t h e  r a d i o a c t i v i t y  w ould a p p e a r  i n  th e  wax 

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

B io s y n th e s i s  o f  t h e  S e c o n d a ry  A lc o h o l  Wax E s t e r
• i

B oth  t h e  a c id  and  a l c o h o l  m o ie ty  o f  t h e  s e c o n d a ry  a lc o h o l  wax e s t e r  

a r e  s a t u r a t e d .  Y e t ,  s t e a r a t e - l - ^ C  and  I i n o l e a t e - - I - ^ C  a r e  in c o r p o r a te d  

e q u a l ly  i n t o  b o th  t h e  s e c o n d a ry  a lc o h o l  wax' e s t e r  and  h y d ro c a rb o n  f r a c t i o n  

T h is  s u g g e s t s  t h a t  ^ - o x i d a t i o n  o f  t h e  i n j e c t e d  s u b s t r a t e s  o c c u r s ,  and 

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

a p p e a r s  t h a t  w h e re a s . l a b e l l e d  s e c o n d a ry  a lc o h o l s  and n - a lk a n e S a r e  i n ­

c o r p o r a te d  d i r e c t l y  i n t o  th e  wax e s t e r ,  a s  s e c o n d a ry  a lc o h o l s  w i th  th e  

c a r b o n .s k e l e t o n ' u n c h a n g e d s  l a b e l l e d  lo n g  c h a i n . a c id s  a r e  m e ta b o liz e d  

b e f o r e  i n c o r p o r a t i o n .  O nly a v e ry  low  p e rc e n ta g e  o f  l a b e l  i s  in c o r p o r a te d

J -  . . .  '

- ■ ;  : - ■ ' '  • ■
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fro m  f a t t y  a c id s , .  L a rg e  m e ta b o l ic  p o o ls  o f  un l a b e l l e d  f a t t y  'a c i d s  may 

b e  r e s p o n s i b le  f o r  th e  low  i n c o r p o r a t io n  o f  f a t t y  a c id s  com pared t o  

s e c o n d a ry  a lc o h o l s '.  P o o ls  o f  f r e e , u n l a b e l l e d  s e c o n d a ry  a lc o h o l s  a r e  

p r e s e n t  i n  t r a c e  am ounts o n ly .  ' '

,• I • '

L o c a tio n  o f  th e  H y d ro x y la t io n  and E s t e r i f i c a t i o n  Enzymes

I t  a p p e a r s  t h a t  b o th  t h e  h y d ro x y l a t i o n  and  e s t e r i f i c a t i o n  enzym es 

a r e  l o c a t e d  v e ry  n e a r  t h e  s u r f a c e  o f  t h e  i n s e c t ,  a s  n - a Ik a n e s  and s e c o n ­

d a ry  a lc o h o l s  a p p l i e d  t o  t h e  s u r f a c e  a r e  r e a d i l y  I n c d r p o r a t e d  i n t o  wax 

e s t e r s . L ik e w is e ,  t h e  e x c is e d  in te g u m e n t s t u d i e s  s h o w ,th a t  s e c o n d a ry  

a lc o h o l s  a r e  much more r e a d i l y  e s t e r i f i e d  when a p p l ie d  to  th e  o u ts id e  

o f  th e  in te g u m e n t .  E s t e r i f i c a t i o n  do es  n o t  t a k e  .p la c e , on th e  in s id e  

o f  th e  in te g u m e n t o r  th e  f a t  b o d y . The p o s s i b i l i t y  t h a t  e s t e r i f i c a t i o n
' i

d id  o c c u r  on th e  i n s i d e  o f  t h e  in te g u m e n t and f a t  body b u t ' t h a t  s t r o n g

e s t e r a s e  a c t i v i t y  s a p o n i f ie d  t h e  wax e s t e r  was c o n s id e r e d .  H ow ever,
.

t h e  l a c k  o f  m e ta b o lis m  o f  exogenous l a b e l l e d  s e c o n d a ry  a l c o h o l  wax

e s t e r  i n d i c a t e d  t h a t  t h i s  was n o t  th e  c a s e .

Use o f  t h e  w hole body  p a r t s  d e m o n s tra te d  t h a t  h y d ro x y l a t i o n  a c t i v i t y

was p r e s e n t  i n  t h e  abdom en, t h o r a x , and  h e a d . I t  a p p e a rs  t h a t  th e

abdom en and th o r a x  c o n ta in  t h e  m o st enzyme a c t i v i t y ,  b u t  i t  i s  p o s s ib l e

t h a t  c u t t i n g  t h e  i n s e c t  i n a c t i v a t e s  th e  h y d ro x y la t in g 'e n z y m e  lo c a te d  on
I' : _

t h e  h ead  more r e a d i l y . ' ' ■ " ,  •
■■ ' ■' " -
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C u t i c u l a r  h y d ro ca rb o n s , have' u s u a l l y  b e e n  c o n s id e r e d • m e ta b o l ic  end 

p r o d u c ts  an d  o r i e n t e d  i n  c r y s t a l l i n e  fo rm  ( I ) .  The r a p id  m e ta b o lism  o f  

th e . s h o r t e r  c h a in  n - a lk a n e s  t o  s e c o n d a ry  a lc o h o l  wax e s t e r s ' i s  th u s  v e ry  

s u r p r i s i n g ,  e s p e c i a l l y  i f  one c o n s id e r s  t h e  h y p o th e s i s  by  Locke (3 )  t h a t  

l i p i d  s o lu b le  m o le c u le s  t r a v e l  i n t o  i n s e c t s  v i a  p o r e s .  I f  t h a t  is . t h e  

c a s e ,  t h e  m o le c u le  m u st b e  h y d ro x y l a t e d  an d  th e n  e s t e r i f i e d  b e f o r e  

t r a v e l i n g  b a c k . to  t h e  s u r f a c e . The e a s e  w i th  w hich  n - a lk a h e s  a r c  h y d ro x -  

y l a t e d  i n  t h i s  i n s e c t  i s  a l s o  s u r p r i s i n g  when com pared to ' d a ta  K o la t -  

tu k u d y  p r e s e n t s  f o r  th e  h y d ro x y l a t i o n  o f  n - a lk a n e s  in  B ol e r a c e a  ( 5 4 ) ,  

w here o n ly  a  v e ry  s m a l l  p e rc e n ta g e  o f  t h e  r e c o v e re d  r a d i o a c t i v i t y  i s  

p r e s e n t  a s  s e c o n d a ry  a lc o h o l s  o r  k e to n e s ,  : '

■ , ,  ,

L a b i l i t y  o f  t h e  H y d ro x y la t in g  System

I t  a p p e a r s  t h a t  t h e  h y d ro x y l a t i o n  sy s te m  i s  v e ry  l a b i l e . A l l  

a t t e m p ts  t o  o b t a in  a  h y d ro x y b a tin g  sy s te m  fro m  o th e r  th a n  l i v e  i n s e c t s  

or. w h o le  body p a r t s  f a i l e d .  Even f r e e z in g ' t h e  i n s e c t  and th e n  b r in g in g  

i t  t o  room  te m p e ra tu re  r e s u l t e d  i n  a c o m p le te  i n a c t i v a t i o n - o f ' t h e  

h y d r o x y la t in g  s y s te m . Mixed f u n c t i o n  o x id a s e  i n h i b i t o r s  h ay e  b een  

' i s o l a t e d  fro m  eye p ig m e n t o f  h o u s e f l i e s  ( 8 1 , 82 ) and th e  abdomen o f  

t h e  h o u se  c r i c k e t  ( 8 3 ) .  H ow ever, due t o  t h e  co m p le te  l a c k  6f" m e ta b o lis m  

o f  n - a lk a n e s  i n  a l l  sy s te m s  i n  w h ich  t i s s u e  d i s r u p t i o n  o c c u r s ,  i t  i s  d i f ­

f i c u l t  t o  v i s u a l i z e  t h a t  a s p e c i f i c  i n h i b i t o r  i s : r e s p o n s i b l e I t  i s  

p o s s ib l e  t h a t  f r e e z i n g  o r  c u t t i n g  t h e  t i s s u e  c a u s e s  a p h y s i c a l 1 d i s r u p t i o n
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o f  th e -  enzyme sy s te m  o r  t h a t  p h e n o l o x id a s e s  may be  r e l e a s e d  from  c e l l s  . 

an d  c a u se  t h e  i n a c t i v a t i o n „

A tte m p t a t  I n d u c t io n  o f  t h e  H y d ro x y la t in g  System

The n a tu r e  o f  t h e  r e a c t i o n  w h ich  in t r o d u c e s  th e  oxygen i n t o  a lo n g  

'.c h a in  a lk a n e  i s  n o t  w e l l  u n d e r s to o d .  Two pa thw ays hav e  b e e n  s u g g e s te d .  

One i s  a d e h y d ro g e n a tio n  o f  t h e  ty p e  o b s e rv e d  w i th  lo w e r  hom ologues in  

b a c t e r i a  (8 4 )  fo l lo w e d  by  h y d r a t io n  t o  g iv e  s e c o n d a ry  a l c o h o l s „ A l t e r ­

n a t i v e l y ,  a m ixed f u n c t i o n  o x id a s e - ty p e  enzym e ' co u ld  h y d r o x y la te  a c a rb o n  

a t  o r  n e a r  t h e  c e n t e r  o f  t h e  a llcan e  c h a in  ( 3 2 ) .  E v id e n ce  f a v o r in g  t h i s

se c o n d  pathw ay  h a s  b e e n  p r e s e n te d  f o r  th e  h y d r o x y la t in g  sy s te m  i n  p l a n t s

18and  in c lu d e s  (a ) th e  i n c o r p o r a t io n  o f  low  l e v e l s  o f  O fro m  m o le c u la r  

o x y g en j (b )  t h e  i n h i b i t i o n  o f  th e  r e a c t i o n  by c h e la t i n g  a g e n ts  su c h  a s  

•p h e n a n th r o l in e ,  and  ( c )  t h e  p a r t i a l  r e v e r s a l  o f  th e  p h e n a n th r o l in e  i n ­

h i b i t i o n  by exogenous Fe ( 3 2 ) .  F a i l u r e  t o  o b ta in  a c e l l  f r e e  o r  t i s s u e  

s l i c e  sy s te m  c a p a b le  o f  h y d r o x y la t in g  n ^ a lk a n e s  p re v e n te d  t h e  u se  o f  

p h e n a n th r o l in e  o r  s i m i l a r  c h e l a t i n g  a g e n ts  i n  t h i s  i n s e c t  t o  d e te rm in e  

i f  a m ixed f u n c t i o n  o x id a s e  sy s te m  was o p e r a t iv e  in  th e  h y d ro x y I a t io n  o f  

n - a l k a n e s „

■ In d u c tio n  o f  m ixed f u n c t i o n  o x id a s e  a c t i v i t y  i n  i n s e c t s  h a s  b e e n  

d e m o n s tra te d  w i th  DDT and  p h e n o b a r b i to l  ( 7 1 ) .  PCBs.h av e  b e e n  shown t o  

b e  p o t e n t  in d u c e r s  o f  m ixed f u n c t i o n  o x id a s e  a c t i v i t y  i n  mammals ( 7 2 ) .

I t  was hoped  t h a t  u se  o f  t h e s e  m ixed f u n c t i o n  o x id a s e  in d u c e r s  w o u ld .

$
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i n d i c a t e . i f  su c h  a sy s te m  was o p e r a t iv e  h e r e . . H ow ever, l a c k  o f  i n ­

d u c tio n . by th e s e  compounds s u g g e s t s  t h a t  e i t h e r  a m ixed f u n c t i o n  ox­

i d a s e  . sy s te m  i s  n o t  r e s p o n s i b l e  f o r  th e  h y d ro x y l a t i o n  o f  n - a lk a n e s  in  

M. s a n g u in i p e s , o r  t h a t ,  i f  p r e s e n t ,  t h e  m ixed f u n c t i o n  o x id a s e  sy s tem

i s  n o t  a f f e c t e d  by  th e  in d u c in g  a g e n ts  u s e d .  ■ /
.

Age and Sex -  E f f e c t  on th e  C o m p o s itio n  and  M etab o lism  o f  C u t i c u l a r  

L ip id s  . I . , -

V ery  l i t t l e  d i f f e r e n c e s  a r e  o b s e rv e d  b e tw e en  th e  h y d ro c a rb o n s  and 

wax e s t e r s '  o f  m ale  and  fe m a le  i n s e c t s .  H ow ever, th e  s m a l l : i n c r e a s e  in  

th e  am ount o f  n - t r i c o s a n e  and n - p e n ta c o s a n e  i n  6-7 week o ld  fe m a le s  

v e r s u s  m ales  a p p e a r s  t o  b e  o f  i n t e r e s t . T h is  may be  due t o  t h e  .marked 

a d v a n ta g e  o b se rv e d  fro m  w eeks tw o th ro u g h  f o u r  i n  th d  a b i l i t y  o f  th e  

m a le s  t o  m e ta b o liz e  n - a lk a n e s  com pared t o  t h e  f e m a le s . T h is  d i f f e r e n c e  

i n  t h e .h y d r o x y la t io n  and e s t e r i f i c a t i o n  o f  n - a lk a n e s  b e tw een  m ale s  and 

fe m a le s  may b e  due t o  t h e  f a c t  t h a t  a t  w eeks tw o t h r o u g h . f iv e  much o f  

t h e  m e ta b o l i c .e n e r g y  o f  t h e  fe m a le s  may be d iv e r t e d  t o  r e p r o d u c t iv e  

p r o c e s s e s  ( 8 5 ) .  T his- d i f f e r e n c e  i n  t h e  h y d r o x y la t io n  a b i l i t y  o f  m ales 

and  fe m a le s  s u g g e s t s  e x p e r im e n ts  co m paring  m ale  and fe m a le  i n s e c t ’ s 

a b i l i t y  t o .  m e ta b o l iz e  v a r io u s  i n s e c t i c i d e s .  I t  i s  r e c o g n iz e d  t h a t  

many o f  t h e  .common i n s e c t i c i d e s  a r e  d e t o x i f i e d  by  m ixed f u n c t i o n  

o x id a s e  r e a c t i o n s  ( 7 1 ) .  I f  f e m a le s  e x h i b i t  a l e s s e r  a b i l i t y  t o  m eta­

b o l i z e  and  h e n c e  d e to x i f y  i n s e c t i c i d e s ,  t h i s  may p ro v e  o f  econom ic
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im portance r e l a t in g  to  th e  tim e and dosage o f in s e c t ic id e  a p p l ic a t io n .



■SUMMARY

. The e u t i c i i l a r  l i p i d s  o f  t h e  g r a s s h o p p e r  M. s a n g u in i p e s  c o n s i s t  o f  

h y d r o c a r b o n s ,  s e c o n d a ry  a l c o h o l  wax e s t e r s ,  n o rm a l  and 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 ,  a l c o h o l s ,  s t e r o l s ,  an d  f r e e . f a t t y  a c i d s .  The s t r u c t u r e s  

and  c o m p o s i t io n ,  w ere  d e te r m in e d  by  TLG,, GC,, and mass s p e c t r o m e t r y . A n : 

a n a l y s i s  o f  t h e  S t r u c t u r e s  i n d i c a t e d  c e r t a i n  p o s s i b l e  b i o s y n t h e t i c  

r e l a t i o n s h i p s  be tw e en  some o f  t h e  c u t i c u l a r  l i p i d  c o m p o n e n ts .■ S tu d ie s  

w i t h  l a b e l l e d  a c e t a t e ,  n - a l k a n e s , s e c o n d a r y  a l c o h o l s , k e t o n e s , f a t t y . 

a c i d s ,  and p r im a ry  a l c o h o l s  d e m o n s t r a te d  some o f  t h e s e  b i o s y n t h e t i c  

r e l a t i o n s h i p s .  F i g u r e  12 i l l u s t r a t e s  t h e  p o s s i b l e  b i o s y n t h e t i c  re la -^  

t i o n s h i p s  b e tw e e n  t h e  c u t i c u l a r  l i p i d  c o m p o n e n ts . The d a sh ed  l i n e s  a r e  

s t e p s  w h ich  o t h e r  w o rk e rs  have  shown i n  d i f f e r e n t  o rg an ism s  and a r e  w hat 

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

The s o l i d  l i n e s  a r e  s t e p s .. d i r e c t l y  d e m o n s t ra te d  w i th  a p p r o p r i a t e  l a b e l l e d

s u b s t r a t e s . A c e t a t e  i s  i n c o r p o r a t e d  i n t o  a l l  t h e  c u t i c u l a r  l i p i d  com­

p o n e n ts  e x c e p t  s t e r o l s .  Long c h a in  f a t t y  a c i d s  a r e  i n c o r p o r a t e d  i n t o  t h e  

a l k a n e s  and  s e c o n d a r y  a l c o h o l  wax e s t e r s . No v e ry  lo n g  c h a in  f a t t y  

a c i d s  a r e  p r e s e n t  i n  t h e  c u t i c u l a r  l i p i d s ,  b u t  t h e  s t r u c t u r a l  r e l a t i o n -  . 

s h i p  b e tw e e n  t h e  p r im a ry  a l c o h o l s  and n - a l k a n e s ,  and r e p o r t s '  i n  t h e  

l i t e r a t u r e  d e m o n s t r a t in g  t h e  i n t e r c o n v e r s i o n  o f  f a t t y  a c i d s  and  a l c o ­

h o l s  in  i n s e c t s  and t h e  d e c a r b o x y l a t i o n  o f  v e r y  lo n g  chain , f a t t y  a c id s  

t o  n - a l k a n e s  i n  p l a n t s  s u p p o r t  t h e  p ro p o s e d  p a th w a y s . L a b e l l e d  n - a l k a n e s
■ i : •••':

f rom  t h e  d i e t  o r  a d m i n i s t e r e d  t o  t h e  i n s e c t ' s  s u r f a c e  a r e  i n c o r p o r a t e d . - 

i n t o  s e c o n d a r y  a l c o h o l  wax e s t e r s .  •'
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= fi
CIIg-G-OH CH3-(CH2 )x -CH2-OH'

a c e ta te  ' prim ary a lc o h o l

— (CH2 )., j —C-OH — — — — — ‘i- — —

very  long chain  ra t ty , a c idI long chain  f a t t y  ac id

alkane

secondary a lc o h o l wax e s te r

FIG . 1 2 0 Proposed B io sy n th e tic  R e la tio n sh ip s  Between Some o f th e  

C u tic u la r  L ip id s  of M0 s a n g u in ip e s .
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