
136 Specialia 15.2. 1969 

Determination of the Molecular Weight of Proteins,  Esterases,  and Basic Phospho-Monoesterases  in 
the Hemolymph of Galleria meUonella L. Prepupa and Pupa Using a Thin-Layer Chromatography 

The  s t u d y  of t he  molecu la r  we igh t  of insec t  p ro te ins  
b y  means  of t h i n - l a y e r  gel c h r o m a t o g r a p h y  follows ve ry  
closely s imi la r  s tud ies  in  h u m a n  se rum 1-S. LOUGHTON 4 
repor t s  t h a t  t h e  f i rs t  d e t e r m i n a t i o n  of molecu la r  we igh t  
of insect  h e m o l y m p h  p ro t e ins  b y  m e a n s  of u l t r a cen t r i f uga  
was carried out by SVEDBERG and ERIKSON-QUENSEL 5, 
who calculated the molecular weight 31,400 for the 
h e m o g l o b i n  of Chironomus. GLASER a n d  STANLEY 6 and  
LAUFFER ~ e s t ima ted ,  also b y  m e a n s  of u l t r acen t r i fuga ,  
t he  h igh -molecu la r  p r o t e i n  w i t h  s e d i m e n t a t i o n  c o n s t a n t  
17S in t he  h e m o l y m p h  of Bombyx  muff.  BUCK s q u o t e d  
t h e  u n p u b l i s h e d  resu l t s  of OUCLEY, LEVENBOOK a n d  
WILLIAMS 1951 who  d i s t ingu i shed  3 p ro te ins  in  t he  
h e m o l y m p h  of Hyalophora cecropia. T he  h ighes t  molecu la r  
we igh t  of one  of these  p ro t e in s  was a p p r o x i m a t e l y  
450,000. The  m o s t  ex tens ive  s t u d y  of t he  h e m o l y m p h  
p ro t e ins  in B.  mori was ca r r ied  o u t  b y  ODA 9. Us ing  u l t r a -  
cen t r i fuga  t h e y  d e t e r m i n e d  3 p ro te ins  in  t he  h e m o l y m p h .  
The  molecu la r  we igh t  of t he  p ro t e in  w i t h  t he  fas tes t  
s e d i m e n t a t i o n  was 630,000 a n d  t h a t  of t he  p r o t e in  w i t h  
t he  s lowest  s e d i m e n t a t i o n  was 160,000. LOUGHTON 4 
us ing  u l t r a c e n t r i f u g a t i o n  of t he  h e m o l y m p h  of t h e  s i x t h  
l a rva l  i n s t a r  of Malacosoma americanum, prev ious ly  
s epa ra t ed  in DEAE-ce l lu lose  column,  d e t e r m i n e d  6 pro- 
t e ins  w i t h  d i f f e ren t  s e d i m e n t a t i o n  c o n s t a n t s  b y  u l t ra -  
c en t r i f uga t i on  of t he  i n d i v i d u a l  f ract ions .  I n  his  r ecen t  
s tudy ,  AGRELL ~~ us ing  t h i n  layer  of a c r y l a m i d e  de ter -  
m ined  t he  molecu la r  we igh t s  of basic  p ro te ins  in  t he  
h o m o g e n a t e  of head ,  t h o r a x  a n d  a b d o m e n  of Calliphora 
erythrocephala r a n g i n g  f rom 9,000-100,000. 

Materials and methods. T he  t h i n - l a y e r  c h r o m a t o g r a p h y  
p r o v e d  to be  a fa i r ly  accu ra t e  m e t h o d  of e s t i m a t i n g  t he  
molecu la r  w e i g h t  of p r o t e i n s i L  S e p h a d e x  G-200, Super-  
fine, a l lowed to  swell in  w a t e r  for 72 h and  t h e n  washed  
in 0 . 0 5 M  ve rona l  buffer ,  p H  = 8.4, for  a d d i t i o n a l  8 h ~2, 
was  used for t h e  expe r imen t .  A 200 • 200 m m  glass p l a t e  
was  used as a base  for t h e  t h i n - l a y e r  coat ing.  Gel l ayer  
in  th i ckness  of 0.5 m m  was  sp read  w i t h  a 10-15 ~ slope 
of t he  plate .  W h a t m a n  3 la was  used as a wick for  con- 
nec t ing  t he  t h i n  l ayer  of gel w i t h  t h e  buf fe r  reservoir .  
Before  sp read ing  t h e  s ample  on  t he  t h i n  layer ,  ve rona l  
buf fer  was  a l lowed to  f low t h r o u g h  S e p h a d e x  G-200 for  
120 min.  The  fol lowing subs t ances  were used as re ference  
samples :  c y t o c h r o m  C, mol.  wt.  13,000, p r o d u c t  of 
Reana l ,  H u n g a r y ;  hemoglob in ,  mol. wt.  68,000, p r o d u c t  
of Reana l ,  H u n g a r y ;  y-globul in  (2 • recrysta l l ized) ,  mol.  
wt.  180,000, Calb iochem,  U S A ;  thy reog lobu l in  ( 2 •  re- 
crystal l ized) ,  mol.  wt.  680,000, Koch-Ligh t ,  G r e a t  Br i t a in .  
5 EA-aliquots of t h e  above  reference  samples  of 3 % p ro t e in  

so lu t ions  were  t r a n s f e r r e d  w i t h  a p i p e t t e  on  t h e  layer  of 
S e p h a d e x  G-200.  

The  h e m o l y m p h  was o b t a i n e d  b y  c u t t i n g  t he  leg of 
p r e p u p a  (1-2 days  old), and  b y  p ie rc ing  t he  wing  region 
of t he  l a te ra l  s ide of p u p a  (1-7 days  old), p rev ious ly  
cen t r i fuged  (1000 r .p.m.)  in  a w a t e r  med ium.  Pheny l -  
t h i o u r e a  was used as a n t i m e l a n i z a n t .  The  h e m o l y m p h  
was cent r i fuged  a t  20,000 r .p .m,  a n d  t he  s u p e r n a t a n t  was 
d i lu ted  or condensed  to  3% p ro t e in  so lu t ion  in hemo-  
lymph .  

Af te r  f in i sh ing  t he  gel f i l t r a t ion  (3 h), t he  surface  of 
t h e  t h i n  l ayer  of S e p h a d e x  was covered  w i t h  W h a t m a n  3 
f i l ter  p a p e r  for t he  t i m e  of 20 min,  t h e n  t he  f i l ter  p a p e r  
was  t a k e n  off a n d  s t a i ned  in amido  b l a c k  10B (120 min)  
for iden t i f i ca t ion  of p ro te in .  The  excess of s t a i n  was 
r e m o v e d  b y  2% acet ic  acid. 

2 - N a p h t h y l  ace t a t e  or  1 - n a p h t h y l  b u t y r a t e  (produced  
b y  Prof.  HUNTER) were used as a s u b s t r a t e  for t he  iden-  
t i f i ca t ion  of es terase  w i t h  d i azo t a t i on  a g e n t  F a s t  Blue 
B B  sa l t  14,15. 

2 - N a p h t h y l  sod ium p h o s p h a t e  was  used as a s u b s t r a t e  
for  t h e  iden t i f i ca t ion  of bas ic  p h o s p h o - m o n o e s t e r a s e  w i t h  
d i azo t a t i on  a g e n t  F a s t  Red  T R  salt1% 

The  ca l ib ra t ion  cu rve  was cons t ruc t ed  on  t h e  basis  
of t he  d i s t ances  of t he  spo ts  of reference  p ro t e in  samples  
f rom the  s t a r t i n g  poin t ,  d e t e r m i n e d  in mi l l imetres ,  a n d  the  
k n o w n  va lues  of t he i r  molecu la r  weights .  The  cor respon-  
d ing  va lues  of t h e  molecu la r  we igh ts  of t he  f i l t r a t ed  pro- 
t e ins  and  enzymes  were s u b t r a c t e d  f rom th i s  curve.  
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Table I. Estimation of the molecular weight of proteins, esterases and basic phosphomonoesterase in hemolymph of prepupa and pupa G. 
mellonella L. 

Prepupa of G. mellonella Pupa of G. mellonella 

Molecular weights in helnolymph Molecular weights in hemolymph 

Proteins Esterases Basic phospho- Proteins Esterases Basic phospho- 
monoesterases monoesterases 

% % % % % % 

12,700 23.9 40,000 90 - 12,600 30 65,000 93 - - 
120,000 5.0 - 170,000 17.5 . . . .  
475,000 71.1 530,000 10 475,000 100 490,000 52.5 570,000 7 550,000 100 
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Results. The  resul t s  are  s u m m a r i z e d  in Tab le  I and  
Tab le  I I .  

Table II. Estimation of the molecular weight of proteins in the fat 
body and midgut of prepupa G. mellonella L. 

Prepupa of G. mellonella 

Molecular weight of proteins 

Midgut Fat body Midgut Fat body 

70,000 110,000 520,000 475,000 

Zusammen[assung. Mit te ls  d i innsch ich t ige r  Gel -F i l t ra -  
t i on  S e p h a d e x  G-200 (Superf ine)  v e r t e i l t e n  sich die 
H ~ m o l y m p h p r o t e i n e  yon  V o r p u p p e n  u n d  P u p p e n  der  
Galleria mellonella in  2 t l a u p t f r a k t i o n e n .  F i i r  die e rs te  
F r a k t i o n  wurde  das  Moleku la rgewich t  u m  13000, fiir 
die zwei te  F r a k t i o n  u m  500000 (ira Mi t te l  75% des 
Gesamte iweisses  der  H~Lmolymphe) b e s t i m m t .  
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Heterogeneity and Globin Composit ion of Adult Chicken Hemoglobin  

The  he t e rogene i t y  of h e m o g l o b i n  (Hb) in an  i nd iv idua l  
of a ce r t a in  a n i m a l  species is l ikely to  be  a genera l  rule, 
t h o u g h  the  molecu la r  basis  and  physiological  Significance 
of th i s  f ind ing  are no t  ye t  c lear ly unders tood .  

W e  h a v e  been  in t e re s t ed  in t he  s t u d y  of h e m o g l o b i n  
compos i t ion  in amphib ia1 ,  fishes ~, and  chickensa,  du r ing  
b o t h  e m b r y o n i c  d e v e l o p m e n t  and  a d u l t  life. 

The  p re sen t  s t u d y  r epo r t s  our  f ind ings  on  t he  he te ro-  
gene i ty  and  globin compos i t i on  of t he  h e m o g l o b i n  of 
adu l t  ch ickens  of b o t h  sexes and  of va r ious  b reeds  
(Whi te  Leghorn ,  Arbo r  Acres, etc.). 

The  n u m b e r  and  compos i t i on  of ch icken  H b  h a v e  been  
the  sub jec t  of m a n y  inves t iga t ions  4 .9; t he  d iscrepancies  
emerg ing  f rom di f fe rent  resul t s  m i g h t  be due to t he  
var ious  t echn iques  used, t h o u g h  a s t r a i n - d e p e n d e n t  
he t e rogene i t y  c a n n o t  be ru led  ou t  comple te ly .  

Materials and method. Blood  samples  were d r a w n  b y  
hea r t -  or v e n i - p u n c t u r e  in  hepa r in i zed  syringes.  Red  
b lood cells were t h e n  t r e a t e d  as p rev ious ly  r epo r t ed  for 
h u m a n  red b lood cells 1~ Clear H b  solut ions  were t r ans -  
fo rmed  in t he  c y a n o - d e r i v a t i v e  it for p ro longed  s torage  
and  for all t h e  c h r o m a t o g r a p h i c  and  e lec t rophore t i c  
separa t ions .  E lec t rophores i s  of H b  was car r ied  ou t  in  
s t a r c h  gel a t  p H  8.6 as p rev ious ly  descr ibed  2, or in cel- 
lulose ace t a t e  a t  p H  8.5 us ing  t he  buffer  sys t em sugges ted  
b y  HUEHNS 12. Sepa ra t ions  were pe r fo rmed  a t  5 ~ w i t h  
a c u r r e n t  of 400 Vs for 1-2  h. T he  f rac t ions  were s t a ined  
w i t h  Amido  Black  10 13, or benzid ine ,  or Ponceau  Red  
(only for cellulose ace ta te ) .  C h r o m a t o g r a p h y  of hemo-  
g lobin  was car r ied  ou t  b y  A m b e r l i t e  CG-50 t y p e  I I .  The  
or ig inal  p rocedure  worked  ou t  b y  ALLEN et  al. n for 
h u n l a n  h e m o g l o b i n  has  been  of g rea t  help.  A buf fe r  
cons i s t ing  of N a ~ H P O  4 (mola r i ty  of Na+ = 0.092 + KCN 
0 .005M,  b r o u g h t  w i t h  5 M  phosphor i c  acid to  p H  7.45) 
was  found  to be  sa t i s fac tory .  The  A m b e r l i t e  co lumns  
(1 • 35 cm for ana ly t ica l ,  and  2 • 45 cm for p r e p a r a t i v e  
work)  were ope ra t ed  a t  5~ a t  a f low-ra te  of 2 ml /h ;  
the  e lu t ion  of H b  types  was comple t ed  b y  h e a t i n g  t he  
co lumns  a t  28 ~ an d  ra i s ing  t he  f low-ra te  to  3.5-4 ml /h .  

Glob in  cha ins  compos i t i on  and  p roper t i e s  were inves-  
t i ga t ed  t h r o u g h  s t a r c h  gel e lec t rophores is  in  6 M  urea ,  
w i t h  a n d  w i t h o u t  0 . 1 M  m e r c a p t o e t h a n o l .  The  fol lowing 
buffer  sys tems  were used for p r epa r ing  t he  gels: (1) Glycil-  
glycine (0.01M) b r o u g h t  w i t h  5 M  N a O H  to  p H  9.3; 
(2) Tris-EDTA-borate buf fe r  12, p H  8.55; (3) Tris-EDTA- 
b o r a t e  (0.0187 M Tris, O. 047 M boric  acid, 0.001 M EDTA) ,  

p H  7.3; (4) p h o s p h a t e  buffer  (KH2PO 4 0.006214), b r o u g h t  
w i t h  1 M  K O H  to  p H  6.2; (5) a c e t a t e  buf fe r  (Na ace t a t e  
0 .005M),  b r o u g h t  w i t h  5 M  acet ic  acid to  p H  5.4; 
(6) a ce t a t e  buf fe r  (Na ace t a t e  0.005 M),  b r o u g h t  w i t h  5 M 
acet ic  acid to  p H  4.7; (7) ci tr ic acid-Tris (citric acid 
O.O04M+Tris 0.009M),  b r o u g h t  w i t h  52/// K O H  to 
p H  3.5; (8) ci t r ic  acid-Tris (citric acid 0 . 0 0 4 M +  Tris 
0.009dVI), b r o u g h t  w i t h  5 M  K O H  to  p H  2.8; (9) formic  
acid buffer ,  accord ing  to MULLER 9, p H  1.8. Th i s  buf fe r  
was  also used w i t h o u t  urea.  The  buf fe r  reservoi rs  h a d  
t he  same  p H  a n d  sa l t  composi t ion ,  b u t  w i t h  a buf fe r  
c o n c e n t r a t i o n  a b o u t  8 t imes  h igher  t h a n  t he  co r re spond ing  
gels; u rea  and  m e r c a p t o e t h a n o l  were l ikewise omi t t ed .  

Results and discussion. The  e lec t rophores i s  of ch icken  
hemoglob in ,  in a g r e e m e n t  w i t h  o t h e r  a u t h o r s  s,o, showed  
2 f rac t ions ;  we h a v e  called H b  1 t he  m i n o r  more  anodic  
c o m p o n e n t  (25 -30% of t he  t o t a l  Hb) ,  a n d  H b  2 t he  m a j o r  
c o m p o n e n t  (70 75% of t he  t o t a l  Hb) .  

The  c h r o m a t o g r a p h y  on  A m b e r l i t e  co lumns  s e p a r a t e d  
3 h e m o g l o b i n  peaks  (Figure 1). The  f i rs t  peak  is e lu ted  
t o g e t h e r  w i t h  some n o n - h e m e  p ro t e ins  in  t he  b reak-  
t h r o u g h - v o l u m e  (as shown  b y  t he  r a t io  O.D. 541/280), 
and  r ep resen t s  a b o u t  t h e  9% of t o t a l  l i b .  The  second 
a n d  t he  t h i r d  peak  are e lu ted  w h e n  t he  co lumn  is h e a t e d  
a t  28 ~ a n d  r ep re sen t  r espec t ive ly  t h e  20 a n d  t he  70% 
of t he  t o t a l  Hb .  W h e n  s u b m i t t e d  to s t a r c h  gel e lectro-  
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