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Total Amino Acids in Developing Worker Honey Bees (Apis mellifera L.) 

T h e  f ree  a m i n o  a c i d  c o n t e n t  i n  t h e  h e m o l y m p h  or  
b l o o d  of i n s e c t s  is  h i g h  in  c o m p a r i s o n  w i t h  t h a t  of o t h e r  
a n i m a l s ,  a n d  t h e  a m i n o  a c i d  p o o l  in  i n s e c t  ce l l s  is  s i m i l a r  
t o  t h a t  in  t h e  h e m o l y m p h  1. S e v e r a l  i n v e s t i g a t o r s  ~-s h a v e  
e x a m i n e d  a m i n o  a c i d s  i n  h o n e y  be e  (Ap i s  melli /era L,) 
h e m o l y m p h .  H o w e v e r ,  no  c o m p l e t e  q u a n t i t a t i v e  d a t a  
a r e  a v a i l a b l e  c o n c e r n i n g  t h e s e  a m i n o  a c i d s  d u r i n g  d e v e l -  
o p m e n t  a n d  a g i n g  of t h e  bee.  CHEN 9 h a s  e m p h a s i z e d  
t h a t  v a l u a b l e  i n f o r m a t i o n  c o n c e r n i n g  b i o c h e m i c a l  p r oce s -  
ses  w h i c h  a c c o m p a n y  m o r p h o l o g i c a l  c h a n g e s  c o u l d  be  
g a i n e d  f r o m  a m i n o  a c i d  a n a l y s i s  a t  d i f f e r e n t  e m b r y o n i c  
s t a g e s .  T h e  p u r p o s e  of t h i s  i n v e s t i g a t i o n  w a s  t o  e x a m i n e  
t h e  t o t a l  (free a n d  p r o t e i n - b o u n d )  a m i n o  a c i d  c o n t e n t  i n  
eggs ,  l a r v a l  h e m o l y m p h ,  p u p a l  f lu id ,  a n d  a d u l t  w o r k e r  
h o n e y  bee  h e m o l y m p h  to  p r o v i d e  q u a n t i t a t i v e  d a t a  on  
c h a n g e s  i n  i n d i v i d u a l  a m i n o  a c i d  l e v e l s  as  d e v e l o p m e n t  
p r o c e e d s .  

I n  M a y  1967, a l a y i n g  q u e e n  w a s  c o n f i n e d  b y  a q u e e n  
e x c l u d e r  c a g e  t o  a n  a r e a  of a b r o o d  c o m b  in  a c o lony .  A l l  
s a m p l e s  w e r e  o b t a i n e d  f r o m  t h i s  c o l o n y  so t h e  a ge  of t h e  

b e e s  c o u l d  be  a c c u r a t e l y  d e t e r m i n e d .  T h e  f i r s t  e g g s  w e r e  
f o u n d  a f t e r  24 h, a n d  a g e s  of a l l  s u b s e q u e n t  s a m p l e s  
w e r e  d e t e r m i n e d  b y  a s s i g n i n g  t h e s e  f i r s t  eggs  t h e  age  of 
1 d a y .  T h e r e a f t e r ,  s a m p l e s  of w o r k e r  b r o o d  w e r e  r e m o v e d  
f r o m  t h e  c o l o n y  a t  24-h  i n t e r v a l s .  
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Total amino acids in developing worker honey bees (Apis melli/era L.) 

Source of sample 

Amino acid 1-Day 2-Day 3-Day 4-Day 5-Day 6-Day 7-Day 8-Day 9-Day 10-Day 
(Ixmole/ml) eggs eggs eggs eggs larvae larvae larvae larvae larvae larvae 

Lysine 0.034 0.083 0.065 0.081 0.142 0.181 0.641 0.715 0.429 1.28 
Histidine 0.008 0.018 0.018 0.022 0.043 0.062 0.253 0.281 0.161 0.476 
Arginine 0.016 0.039 0.032 0.042 0.068 0.097 0.420 0.420 0.220 0.742 
Aspartic acid 0.045 0.105 0.087 0.109 0.240 0.253 0.995 1.19 0.655 2.32 
Threonine 0.021 0.052 0.041 0.055 0.078 0.099 0.404 0.495 0.270 0.918 
Serine 0.025 0.068 0.057 0.069 0.113 0.140 0.504 0.565 0.275 1.16 
Glutamic acid 0.062 0.173 0.136 0.156 0.189 0.300 1.32 1.35 0.808 3.38 
Proline 0.101 0.150 0.122 0.099 0.125 0.312 1.16 1.50 0.868 1.56 
Glycine 0.029 0.079 0.075 0.086 0.127 0.174 0.693 0.738 0.400 1.96 
Alanine 0.031 0.077 0.057 0.068 0.104 0.123 0.500 0.590 0.295 1.41 
Valine 0.022 0.059 0.048 0.049 0.120 0.183 0.600 0.813 0.396 1.36 
Methionine 0.004 0.019 0.006 -- 0.018 0.038 0.225 0.186 0.180 0.488 
Isoleucine 0.019 0.048 0.093 0.046 0.072 0.082 0.347 0.429 0.241 1.14 
Leucine 0.031 0.073 0.062 0.073 0.129 0.171 0.725 0.857 0.469 1.92 
Tyrosine 0.011 0.024 0.022 0.028 0.054 0.098 0.437 0.538 0.293 0.932 
Phenylalanine 0.015 0.033 0.027 0.032 0.057 0.077 0.324 0.407 0.232 0.718 
Half cystine . . . . . . . . .  0.070 

Source of sample 

11-Day 12-Day 13-Day 14-Day 15-Day 16-Day 17-Day 18-Day 19-Day 20-Day 
Amino acid emerging 
(~xmole/ni1) pre-pupae pupae pupae pupae pupae pupae pupae pupae pupae bees 

Lysine 1.05 0.980 0.922 0.855 0.884 1.35 0.578 0.104 0.140 0.292 
Histidine 0.391 0.344 0.354 0.333 0.303 0.491 0.212 0.016 0.027 0.043 
Arginine 0.563 0.560 0.546 0.550 0.522 0.793 0.344 0.046 0.068 0.126 
Aspartic acid 1.77 1.74 1,72 1.62 1.65 2.40 1.02 0.102 0.140 0.205 
Threonine 0.652 0.676 0.659 0.634 0.669 0.882 0.388 0.052 0.064 0.098 
Serine 0.818 0.904 0,862 0.852 0.864 1,13 0.539 0.061 0.079 0.110 
Glutamie acid 2.66 2.64 2.44 2.32 2.24 3.40 1.44 0.133 0.199 0.314 
Proline 1.16 1.09 1.08 1.08 1.09 1.55 0.686 0.138 0.017 0.393 
Glycine 1.48 1.41 1.39 1.35 0.981 1.95 0.860 0.080 0.107 0.191 
Alanine 1.13 1.07 1,04 1.00 1.02 1.52 0.615 0.071 0.087 0.116 
Valine 1.09 1.04 0.938 0.944 0.990 1.32 0.582 0.062 0.072 0.131 
Methionine 0.262 0.346 0.344 0.322 0.279 0.496 0.194 0.015 0.033 0.058 
Isoleucine 0.852 0.774 0.766 0.740 0.842 1.03 0.472 0.058 0.070 0.102 
Leucine 1.48 1.45 1,37 1.36 1.35 1.93 0.888 0.092 0,115 0.162 
Tyrosine 0.680 0.714 0.620 0.700 0.705 0.972 0.455 0.059 0.081 0.061 
Phenylalanine 0.540 0.536 0,534 0.522 0.562 0.726 0.346 0.049 0.057 0.091 
Half cystine . . . . .  0.082 0.066 -- -- 0.025 
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A p p r o x i m a t e l y  1 ml  of f luid or h e m o l y m p h  f rom each  
age group of h o n e y  bees was col lected in a s ter i le  glass 
t e s t  t u b e  and  f rozen pr io r  to  analysis .  Eggs  were p laced  
in a t u b e  a n d  mace ra t ed .  H e m o l y m p h  f rom la rvae  was  
o b t a i n e d  b y  gen t ly  p u n c t u r i n g  t he  insec ts  w i t h  a s ter i le  
h y p o d e r m i c  needle.  The  f lu id  wh ich  exuded  f rom the  
w o u n d  was d r a w n  in to  a cap i l l a ry  t u b e  a n d  t h e n  expel led  
in to  a t e s t  tube .  F lu id  f rom p u p a e  a n d  h e m o l y m p h  f rom 
adu l t s  were be s t  o b t a i n e d  b y  sever ing  t he  h e a d  w i t h  a 
scalpel  and  d r a w i n g  t he  l iquid  wh ich  exuded  f rom the  
t h o r a x  in to  a cap i l l a ry  tube .  

E a c h  sample  was lyophi l ized,  f lushed  twice  w i th  n i t ro-  
gen, a n d  h y d r o l y z e d  w i t h  6 N HC1 in sealed tubes .  Af te r  
t he  t ubes  were h e a t e d  for 24 h a t  108~ t he  h y d r o l y s a t e  
was  removed ,  f i l tered,  and  dried.  Dis t i l led  w a t e r  was  
added  twice  d u r i n g  t h e  e v a p o r a t i o n  p rocedure  to  r e m o v e  
excess HC1. Af te r  t he  f inal  evapora t ion ,  t he  v o l u m e  of t he  
res idue  was a d j u s t e d  to  25 ml  w i t h  c i t r a t e  buffer ,  p h  2.2. 
The  sample  was t h e n  e x a m i n e d  w i t h  a B e c k m a n  Model  
121 a m i n o  acid ana lyze r  ]~ 

The  t o t a l  a m i n o  acid levels were lowest  in  eggs of all  
ages, in  h e m o l y m p h  f rom 5- and  6-day-old  larvae,  in  
f luid f rom 18- a n d  19-day-old pupae ,  a n d  in t he  h e m o l y m p h  
of emerg ing  a d u l t  bees  (Figure).  H e m o l y m p h  f rom 10-day- 
old l a rvae  a n d  f luid f rom 16-day-old p u p a e  c o n t a i n e d  
t h e  g rea t e s t  a m o u n t s  of a m i n o  acids. A m i n o  acid levels  
f rom d a y  10 l a rvae  t h r o u g h  d a y  16 p u p a e  were consis-  
t e n t l y  high.  Obvious ly ,  these  c o m p o u n d s  were i nvo lved  
in  p ro t e in  syn thes i s  d u r i n g  p u p a t i o n  wh ich  occur red  a t  
d a y  11 a n d  in p r e p a r a t i o n  for  emergence  of t h e  a d u l t  a t  
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Total amino acids in developing worker honey bees. 

day  20. The  sha rp  decreases  in  a m i n o  acids t h a t  occurred  
a t  days  9, 11, 17, and  18 ref lec ted  t he  morpho log ica l  
even t s  of p u p a t i o n  and  emergence  wh ich  were occurr ing.  

The  Tab le  shows t o t a l  a m i n o  acids p r e sen t  in devel-  
op ing  worker  h o n e y  bees. LuE  and  Dlxo~r 6 found  prol ine ,  
g l u t a m i c  acid, serine, glycine,  and  a l an ine  nonessen t i a l  
to  bees. The  h ighes t  va lues  we found  were those  for  
g l u t a m i c  acid, a spa r t i c  acid,  and  prol ine .  CHEN a n d  
HADORN 11 r epo r t ed  a h igh  c o n c e n t r a t i o n  of pro l ine  in t he  
b lood  of Ephestia spp. b u t  could offer no  e x p l a n a t i o n  for 
this .  Prol ine ,  a spa r t i c  acid,  and  g l u t a m i c  acid were 
i n t e r r e l a t ed  in t h e  s i lkworm TM, and  t h i s  a p p e a r e d  to  be  
t r u e  for t he  h o n e y  bee also. Those a m i n o  acids p re sen t  in  
t he  lowest  concen t r a t i ons  were 1/2 cyst ine ,  h is t id ine ,  
me th ion ine ,  and  pheny la l an ine .  MILES 13 found  low con-  
c e n t r a t i o n s  of free cys te ine -cys t ine  in t he  h e m o l y m p h  of 
Eumecopus punctiventris Sts All a m i n o  acid levels 
increased  f rom day  18 to d a y  20 (emerging  bees).  

I t  h a s  r a re ly  been  poss ible  to  associa te  changes  in 
i n d i v i d u a l  a m i n o  acids w i t h  specific d e v e l o p m e n t a l  
processes  14 a n d  no  such  cor re la t ion  could be  m a d e  in t h i s  
s tudy .  However ,  we a n t i c i p a t e  t h a t  cor re la t ions  will be 
m a d e  in t h e  fu tu re  wi tb  i m p r o v e d  m e t h o d o l o g y  a n d  
b e t t e r  u n d e r s t a n d i n g  of t he  d e v e l o p m e n t a l  processes of 
insec ts  ]~. 

Zusammen[assung. Glutamins~iure,  Aspar t ins i iu re  u n d  
Pro l in  w u r d e n  in E i h o m o g e n a t e n  u n d  H a e m o l y m p h e  der  
H o n i g b i e n e  (Apis melli/era L.) gefunden.  
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R e d o x  E n z y m e  M o d e l s  f r o m  P o l y m e r i z e d  A m i n o a c y l a d e n y l a t e s  

The  diff icul t ies  of a sce r t a in ing  e n z y m e  r eac t ion  mecha -  
n i sms  b y  d i rec t  m e a n s  of i n v e s t i g a t i o n  has  o f ten  led to 
mode l  s y s t e m  studies1,  2. Our  s tud ies  of m e c h a n i s m  in 
t he  f l av in  mono-nuc leo t ide  (FMN) reduced  n i c o t i n a m i d e  
a d e m i n e  d inuc leo t ide  (NADH) mode l  sys t em 3, 4 for r educed  
py r id ine  d inuc leo t ide  f l a v o e n z y m e  dehydrogenases  pro- 
duced  a n  in i t i a l  r eac t ion  r a t e  w h i c h  was 10 -~ t h e  r a t e  

of t he  ox ida t ion  oi N A D H  b y  t h e  N A D H  dehydro-  
genase  5 f rom bov ine  h e a r t  m i tochondr i a .  WANG 6 h a d  
proposed  t h a t  t he  e n h a n c e m e n t  of r eac t ion  ra t e  for  
berne-oxygen!  i n t e r a c t i o n  in h e m o g l o b i n  was t he  resu l t  
of t he  p ros the t i c  g roup  res id ing  in a p ro t e in  region 
of low dielectr ic  s t r eng th .  Studies  on  heme-ca t a lyzed  
ox ida t ions  fol lowing t h e  i nco rpo ra t i on  of h e m e  in to  


