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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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Fig. 1. Column chromatography on Amberlite CG-50, of adult 
chicken cyano-Hb. Three peaks are present; their identification, 
after concentration of the corresponding fractions, was achieved by 
starch gel electrophoresis as reported in the text. Fractions were 
read with a Gilford model 2000 speetrophotometer. - -  absorbance 
at 541 nm; . . . . .  absorbanee at 280 rim. 
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Fig. 2. Eleetrophoretie behaviour oI globin chains at different pH 
values in starch gel-urea, with and without 0.1M mereaptoethanol. 
The composition of various buffers is that reported in the text, 
but ahnost the same results were obtained with a variety of buffers 
of different salt composition. Intact hemoglobin, or native globin 
prepared with the acid-acetone technique 15, were used for the 
runs; at pH values higher than 4.8-5, only globin was used. 

phoresis,  t he  first  2 peaks  show the  same mobi l i ty  of t he  
minor  f rac t ion  H b l  of the  to ta l  lysate,  and  thus  have  
been  called H b  i and  H b  l a  respect ively.  The th i rd  and  
largest  peak  cor responds  to the  s low-moving  H b 2  frac- 
t ion  of t he  to ta l  lysate  and thus  is called H b  2. H b  1 
and H b  2 are prac t ica l ly  pure,  while in H b  l a  some H b  2 
is present .  1Rechromatography can easily overcome th is  
t rouble.  

Globin chains  compos i t ion  and proper t ies  f rom purif ied 
H b  fract ions  were ini t ial ly s tudied  wi th  t he  buffer  sys tem 
at  p H  1.8 of MULLER ~ but ,  a t  least  in our  hands ,  th is  
t echn ique  did no t  allow us to  apprec ia te  clearly the  dif- 
ferences which  could be p re sumed  to exis t  be tween  the  
H b  fractions.  Thus  the  behav iour  of globin chains  was 
s tudied  in Starch gels and  urea  a t  d i f ferent  p H  values. 
No effect  was observed by  the  addi t ion  of 0 . 1 M  mer-  
cap toe thano l  to  the  gels; th is  fact  migh t  suggest  t h a t  
the  8 reac t ive  SH groups/mole  p resen t  on chicken Hb,  
are no t  so cri t ical  for the  ma in t enance  of i ts  s t ructure .  

The resul ts  p resen ted  in Figure  2, show tha t ,  under  
our expe r imen ta l  condit ions,  t he  bes t  separa t ions  of the  
globin chains  are ob ta ined  in the  p H  range f rom 3.3-5.5. 
The p a t t e r n  ob ta ined  in Figure 3 shows t h a t  t he  hemo-  

Fig. 3. Electrophoretic pattern in starch gel-urea at pH 3.5, of the 
globin chains present in chicken hemoglobins. From left to right 
(1) total globin; (2) total Hb; (3) Hb 1 from Amberlite; (4) Hb la 
from Amberlite; (5) Hb 2 from Amberlite; (6) total globin (as 1). 
It is evident, as mentioned in the text, that while Hb 1 and Hb 2 
are pure, Hb la is slightly contaminated by Hb 2 and thus some 
fl globin chain is present (4). 

globins puri f ied by  Amber l i t e  seem to have  1 globin 
chain in c o m m o n  (a) and  2 d i f fe rent  coun te rpa r t  globin 
chains,  fl for H b 2  and ? for b o t h  H b  1 and  H b  la.  

The denomina t i on  of globin chains  does n o t  imply  
any  s imi lar i ty  w i t h  h u m a n  globins, and  the  ? chain has 
no re la t ion wi th  fetal-l ike proper t ies .  The fact  t h a t  H b  1 
and  H b l a  have  d i f ferent  ch roma tograph ic  proper t ies ,  
bu t  seem to have  the  same globin compos i t ion  (~  72), 
migh t  be due no t  to differences in amino  acids, bu t  to  
the  presence  on H b l  of acidic ex t ra  charges.  Acety l  
groups a t  the  NHa t e rmina l  have  been  repor ted  for chicken 
H b  by  SATAKE et  a1.13: the  presence  of such groups can 
marked ly  inf luence the  migra t ion  of H b  on Amberl i te ,  
as found  by  SCHROEDER et al. 14 for H b  F I f rom h u m a n  
cord blood. 

In  conclusion, our  results  suggest  t h a t  in adul t  chicken, 
2 nlain H b  types  are present ,  H b  1 (~2 ~',), and H b  2 (c% fl~) ; 
the  c h r o m a t o g r a p h y  on Amber l i t e  can separa te  H b l  
in to  H b l  and  H b l a ,  which  a n y w a y  seem to have  the  
same globin cha ins  (~, ~,~). W o r k  is in progress  for a 
more  detai led charac te r iza t ion  of hemoglobins  and  globins 
f rom adul t  chicken 16. 

Riassunto. La emoglobina  del pollo adul to  6 e terogenea 
e sembra  essere f o r m a t s  da 2 frazioni  principali ,  H b  1 
e H b  2. Le 2 frazioni  sembrano  avere  una  ca tena  in comune  
c~, e 2 altre ca tene  globiniche, fi e 7, diverse Ira loro. 
Sono discusse alcune propr ie t~  delle emoglobine  e delle 
globine. 

A. BARGELLESI, C. CALLEGARINI 
and F. CONCONI 

Istituto di Chimica Biologics 
and Istituto di A natomia comparata dell' Universitd~, 
44700 Ferrara (Italy), 26 August 1968. 

13 K. SATAKE, S. SASAKAWA and T. MARUYAMA, J. Biochem. 53, 
516 (1963). 

14 W. A. SCHROEDER, J .  T. CUA, G. MATSUDA and W. D. FENNINGER, 
Biochim. biophys. Acta 63, 532 (1962). 

15 A. ROSSI-FANELLI, t~. ANTONINI and A. CAPUTO, Bioehim. bio- 
phys. Aeta 30, 608 (1958). 

16 This work was supported by a grant from the Italian CNR, 
Impresa di Enzimologia, by the Grant No. 5 R01 HD02834-02 
from the National Institute of Health, USA, and by a grant from 
the Cooley's Anemia Blood and Research Foundation for Children, 
Inc., USA. 


