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Biochemical  po lymorphism and the 2 ,3-diphosphoglycerate  in the sheep red blood cells 
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Summary. There  was no s ign i f ican t  difference in t he  level  of 2, 3-DPG in t he  red  b lood cells of sheep  of d i f fe rent  h a e m o -  
globin types  (Hb  A and  H b  B) or p o t a s s i u m  types  ( H K  and  LK).  However ,  low g l u t a t h i o n e  (GSH L) sheep h a d  signifi- 
c a n t l y  h ighe r  (p < 0.01) level of 2, 3 -DPG in t h e i r  red  b lood cells t h a n  h igh  g l u t a t h i o n e  (GSH H) sheep.  There  was also 
s ign i f ican t  effect  of i n t e r ac t i ons  be tween  g lu t a th ione ,  h a e m o g l o b i n  and  p o t a s s i u m  types  (p < 0.05) and  g l u t a t h i o n e  
and  h a e m o g l o b i n  types  (p < 0.01) on  red  cell 2, 3 -DPG levels. 

I t  is now well  k n o w n  t h a t  red cell 2, 3 -d iphosphog lyce ra te  
(2, 3-DPG) m o d e r a t e s  h a e m o g l o b i n  func t ion  in m a n  and  
m a n y  o t h e r  m a m m a l i a n  species 2-4. In  sheep,  h o w e v e r  i t  
h a s  been  a s s u m e d  t h a t  2, 3 -DPG plays  a negl igible  role in 
oxygen  t r a n s p o r t ;  f irst ly,  because  the  level  of 2, 3 -DPG 
in t he  sheep red  cell is v e r y  low ( <  1.0 mM/1) and  sec- 
ondly,  because  t he re  is r e la t ive ly  l i t t le  i n t e r a c t i o n  be- 
tween  sheep haemo g l ob i n s  and  2, 3-DPG.  This  l a t t e r  dif- 
ference has  been  exp la ined  on  t he  basis  of t he  p r i m a r y  
s t r u c t u r e  of t h e  sheep h a e m o g l o b i n  molecule,  in  which  
the re  is a de le t ion  of one amino-ac id  res idue a t  t h e  N- 
t e r m i n a l  end  of t he  f l-chain;  th i s  de le t ion  resu l t s  in  an  
increased  i n t r a -mo l ecu l a r  d i s t ance  wh ich  p r e v e n t s  2,3- 
D P G  f rom fo rming  the  l ink  t h a t  s tabi l izes  t he  deoxy  con-  
f o r m a t i o n  5. The  role of 2, 3 -DPG in oxygen  t r a n s p o r t  in 
t he  sheep has ,  however ,  been  b r o u g h t  once aga in  in to  
ques t ion  b y  B u n n e t  al. 6 who  h a v e  r epo r t ed  qu i t e  sub-  
s t a n t i a l  a l t e r a t i ons  in  p50 va lues  w h e n  sheep h a e m o -  
globins  are exposed  to h i g h  concen t r a t i ons  of 2, 3 - D P G  in 
v i t ro .  I n  a d d i t i o n  we h a v e  recen t ly  obse rved  a 6- to  8fold 
rise in  2, 3 - D P G  in t he  red  b lood cells of anaem i c  sheepL 
These  resu l t s  h a v e  led us to  a r e - e x a m i n a t i o n  of t he  
r e l a t ionsh ip  b e t w e e n  2, 3 -DPG and  h a e m o g l o b i n  func t ion  
in t he  red  b lood  cell of sheep.  3 gene t ica l ly  d e t e r m i n e d  
b iochemica l  p o l y m o r p h i s m s  are k n o w n  in t he  sheep  red  
b lood  cell. T h e y  are h i g h  (HK) and  low (LK) p o t a s s i u m  
types  s, h a e m o g l o b i n  (Hb) t ypes  A, B a n d  AI39, a n d  h igh  
(GSH I~) a n d  low (GSH L) g l u t a t h i o n e  types  1~ H a e m o -  
g lobin  t ypes  a n d  p o t a s s i u m  types  are k n o w n  to  inf luence  
oxygen  t r a n s p o r t  in  t he  sheep red  b lood cell TM 22 a n d  an  
effect  of G S H  on  t he  o x y h a e m o g l o b i n  d issoc ia t ion  cu rve  
ha s  also b e e n  s h o w n  23. W e  h a v e  now  i n v e s t i g a t e d  t he  
i n t e r r e l a t i onsh ip s  be t w een  t he  2, 3 -DPG and  these  3 poly-  
morph i c  c h a r a c t e r s  of t he  sheep red  b lood  cell. 
The  e x p e r i m e n t  was car r ied  o u t  in  2 par t s .  F i rs t ly ,  b lood 
was o b t a i n e d  f rom 67 a d u l t  Merino ewes r a n d o m l y  se- 
lec ted  f rom a f lock m a i n t a i n e d  b y  t he  D e p a r t m e n t  of 
Phys io logy ,  U n i v e r s i t y  of New E n g l a n d .  This  f lock has  
been  selected over  a pe r iod  of a b o u t  10 years  to  p rov ide  
an ima l s  of all  geno types  and,  as such,  m a y  n o t  be  a t r ue  

Mean red cell 2,3-DPG levels (nM/g Hb) in sheep of different poly- 
morphic types 

Character No. Mean :i: S. E.M. P (t-test) 

Hb A 32 137 -4- 15 } NS 
Hb B 35 142 ~: 16 

HK 27 160 :J: 17 } NS 
LK 39 125 4- 15 

GSH H 43 116 :t= 12 } 
GSH ~ 22 187 4- 21 <0.01 

r e p r e s e n t a t i v e  of t he  A u s t r a l i a n  Merino sheep. Red  cell 
levels of 2 , 3 - D P G  were e s t i m a t e d  us ing  a n  enzymic  
m e t h o d  24. 
The  d i s t r i b u t i o n  of an ima l s  accord ing  to the i r  p h e n o t y p e s  
a n d  t he  co r r e spond ing  va lues  for r ed  b lood cell 2, 3 -DPG 
are shown  in t he  tab le .  W h e n  group  m e a n s  for p h e n o t y p e s  
w i t h i n  c h a r a c t e r s  are c o m p a r e d  ( t- test) ,  i t  is a p p a r e n t  t h a t  
G S H H  sheep h a v e  s ign i f i can t ly  lower red b lood cell 
2, 3 -DPG t h a n  do GSHL sheep (p < 0.01). No s igni f ican t  
differences were found  be tween  p o t a s s i u m  types  or 
h a e m o g l o b i n  types .  
A more  de ta i l ed  ana lys i s  of th i s  da ta ,  des igned to  show 
the  effects of i n t e r ac t i ons  be tween  t he  m a i n  p o l y m o r p h i c  
types  was no t  a t t e m p t e d  due  to t he  large differences 
a p p a r e n t  in sub-class  n u m b e r s .  In s t ead ,  a second experi-  
m e n t  was  u n d e r t a k e n  in wh ich  24 ewes were selected 
f rom the  same source so as to  p rov ide  a g roup  b a l a n c e d  
in n u m b e r s  for  all  pheno types .  The  red  blood cell 2, 3- 
D P G  va lues  o b t a i n e d  f rom th i s  g roup  aga in  showed 
s igni f ican t  differences  b e t w e e n  m e a n  va lues  for pheno-  
types  w i t h i n  cha rac t e r s  ( t- test) .  G S H  I~ an imal s  aga in  h a d  
lower va lues  t h a n  G S H  L (p < 0.05) while  in  add i t i on  L K  
an imal s  h a d  lower va lues  t h a n  H K  (p < 0.01). 
A n  ana lys i s  of va r i ance  pe r fo rmed  on  t he  d a t a  re inforced 
t h e  a b o v e  resu l t s  a n d  m add i t i on  showed  t h e  s ign i f ican t  
effect  of i n t e r ac t i ons  b e t w e e n  GSH,  h a e m o g l o b i n  and  
p o t a s s i u m  types  (p < 0.05) and  G S H  a n d  h a e m o g l o b i n  
t ypes  (p < 0.01) on red cell 2, 3 - D P G  levels. 
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The  biological  s ignif icance of these  resu l t s  is n o t  read i ly  
a p p a r e n t .  In  man ,  add i t i on  of G S H  in inc reas ing  a m o u n t s  
to  e i t he r  whole  b lood or h a e m o l y s a t e s  resul t s  in  a pro-  
gressive decrease  in t he  oxygen  a f f in i ty  of t he  h a e m o -  
g lobin  13, t h u s  p roduc ing  a n  effect  s imi la r  to  t h a t  p roduced  
b y  2, 3-DPG. W h e t h e r  th i s  same  m e c h a n i s m  exis ts  in  
sheep is no t  known.  However ,  since the  difference in G S H  
c o n c e n t r a t i o n  be tw een  G S H  I~ a n d  G S H  L sheep m a y  be 
3- or  4fold, i t  is possible  t h a t  t he  h igher  levels of 2,3- 
D P G  obse rved  in G S H  L an ima l s  are c o m p e n s a t i n g  in 
some way, as ye t  u n k n o w n ,  for t he  effect  of these  low 
G S H  levels, in  m a i n t a i n i n g  the  pos i t ion  of t he  oxygen  
d issoc ia t ion  curve .  The  d a t a  suggests  a nega t i ve  correla-  
t i o n  b e t w e e n  G S H  and  2 , 3 - D P G  and  in fac t  overa l l  
r = - -0 .44  (p < 0.05). However ,  w i t h i n  G S H  types  th i s  
r e l a t ionsh ip  is no t  cons t an t ,  r = -- 0.47 (p < 0.05) w i t h i n  
G S H  H and  0.09 (NS) in G S H  L an imals .  
Tos t e son  15 r epo r t ed  a n  increased  a c t i v i t y  of sod ium-  
p o t a s s i u m  a c t i v a t e d  adenos ine  t r i p h o s p h a t a s e  (S-ATPase)  
in r ed  blood cell m e m b r a n e s  f rom H K  sheep.  E a t o n  e t  al. TM 

showed t h a t  H K  red blood cells had,  on  average,  31% 
h i g h e r  levels of A T P  t h a n  did  L K  red b lood cells and  

c o m m e n t e d  t h a t ,  w i t h  an  increased  level  of S - A T P a s e  
ac t iv i ty ,  H K  red  cells would  be  expec ted  to  h a v e  less 
A T P  t h a n  L K  cells because  of t he  increased  u t i l i za t ion  
of A T P  for t he  e lec t ro ly te  p u m p .  Our  f ind ing  t h a t  H K  
red  b lood cells h a v e  h igher  levels of ye t  a n o t h e r  i m p o r t a n t  
organic  p h o s p h a t e  c o m p o u n d  raises t he  poss ib i l i ty  t h a t  
2, 3 -DPG m i g h t  also, d i r ec t ly  or indi rec t ly ,  be  assoc ia ted  
w i t h  ion t r a n s p o r t  in t he  sheep red b lood cell. This  sug- 
ges t ion  is s t r e n g t h e n e d  b y  the  obse rva t i ons  of Gardos  1~ 
and  P a r k e r  18 who h a v e  sugges ted  t h a t  in  man ,  2, 3 - D P G  
plays  a role in p o t a s s i u m  t r a n s p o r t ,  poss ib ly  b y  way  of 
2 ,3 -d iphosphog lyce ra t e -phospha t a se ,  t he  e n z y m e  t h a t  
b reaks  down 2, 3-DPG.  F u r t h e r  i n v e s t i g a t i o n  in to  t h e  
role of 2, 3 -DPG in the  sheep red blood cell shou ld  be  of 
significance.  
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A s impl i f ied  a s s a y  for cyclic A M P  us ing  protein kinase  binding 1 
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Summary. The  p r o t e i n  k inase  b i nd i ng  as say  for c A M P  was modif ied  b y  s u b s t i t u t i o n  of a d s o r p t i o n  b y  Q A E  cellulose 
for t h e  m e m b r a n e  f i l t ra t ion .  This  mod i f i ca t ion  obv i a t e s  t h e  v a r i a t i o n  of r ecovery  of c A M P  w i t h  t he  v o l u m e  of buf fe r  
used to  wash  t h e  fi l ter.  T he  assay  is r ep roduc ib le  a n d  t echn ica l l y  s impler  t h a n  those  c u r r e n t l y  employed .  

Introduction. One of the  mos t  sens i t ive  m e t h o d s  for t he  
d e t e r m i n a t i o n  of t he  c o n c e n t r a t i o n  of adenos ine  3 ' , 5 '  
cyclic m o n o p h o s p h a t e  (cAMP) employs  c A M P - d e p e n d e n t  
p ro t e in  k inase  b ind i ng  ~-4. Of all these  me thods ,  t he  
m e t h o d  descr ibed  b y  Gi lman2  is p e r h a p s  the  m o s t  pop-  
ular .  However ,  t he  use of cellulose ace t a t e  m e m b r a n e  
f i l ters  in  th i s  m e t h o d  to s epa ra t e  c A M P  b o u n d  to  p r o t e i n  
k inase  f rom the  free nue leo t ide  p resen t s  severa l  p rob lems .  
M e m b r a n e  f i l t r a t i on  is t i m e  consuming ,  and,  more  im-  
p o r t a n t l y ,  we found  t h a t  the  r ecovery  of b o u n d  c A M P  
va r i ed  w i t h  t he  v o l u m e  of p h o s p h a t e  buf fe r  used for 
wash ing  the  samples .  
Materials and methods. 2 assay  sys t ems  for t he  d e t e r m i n a -  
t ion  of c A M P  b y  t he  p ro t e in  k inase  b i n d i n g  m e t h o d  were 
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Fig. 1. Typical displacement pattern of (3H)-eAMP from protein 
kinase by increasing concentration of unlabelled cAMP. Free cAMP 
was separated from protein kinase bound cAMP by QAE cellulose 
suspension as described in the text. 

employed.  The  f i rs t  was  iden t ica l  to  t h a t  descr ibed  b y  
G i l m a n  ~. Typica l ly ,  d i f f e ren t  a m o u n t s  of c A M P  were 
i n c u b a t e d  w i t h  4 ~zg of c A M P  d e p e n d e n t  p r o t e i n  k inase  
(S igma Chemica l  Co., St. Louis,  Mo.);  28 [zg of p r o t e i n  
k inase  i n h i b i t o r  (S igma Chemica l  Co., St. Louis ,  Mo.);  
2 pmoles  of (aH)-cAMP w i t h  a specific a c t i v i t y  of 27.5 Ci/ 
m m o l e  (New E n g l a n d  Nuclear ,  Bos ton ,  Mass.) a n d  50 m M  
sod ium ace t a t e  buffer ,  p H  4.0 in a t o t a l  vo lume  of 0.1 ml .  
The  assay  m i x t u r e s  were i n c u b a t e d  a t  0 ~ for 60 min .  I n  
t he  or ig ina l  m e t h o d  ~ mi l l ipore  f i l ters  were used to  sepa-  
r a t e  free f rom b o u n d  nuc leo t ide .  Th i s  s tep  was p e r f o r m e d  
exac t ly  as descr ibed,  b u t  t he  v o l u m e  of sod ium p h o s p h a t e  
buf fe r  used to  wash  t he  m e m b r a n e  was var ied .  I n  t h e  
p r e sen t  m e t h o d  a 5% (dry  wt /vol )  Q A E  cellulose (N ,N-  
d i e t h y l - N - 2 - h y d r o x y p r o p y l a m i n o  cellulose;  exchange  ca- 
pac i ty ,  0 .55-0.52 m e q / g ;  Biorad ,  R i c h m o n d ,  Calif.) suspen  - 
s ion in w a t e r  was  a d d e d  to  t h e  a s say  m i x t u r e  to  s e p a r a t e  
free c A M P  f rom c A M P  b o u n d  to p r o t e i n  kinase .  
Since Q A E  cellulose is a s t r o n g l y  basic  ion-exchanger ,  i t  
can  adso rb  va r ious  a n i o n s  inc lud ing  cAMP.  However ,  
ne i t he r  p r o t e i n  k inase  no r  c A M P  b o u n d  to  p ro t e in  k inase  
is adso rbed  b y  t he  cellulose a n d  th i s  p r o p e r t y  of t he  ex- 
change r  ha s  b e e n  exp lo i t ed  to  s epa ra t e  free c A M P  f rom 
b o u n d  cAMP.  Before  use, t h e  Q A E  cellulose was soaked  
in w a t e r  a t  l eas t  for 24 h a t  r o o m  t e m p e r a t u r e .  The  cellu- 
lose suspens ion  (2 ml) was  t h o r o u g h l y  mixed  w i t h  t h e  
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