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The alteration of the functional properties of human haemoglobin by spectrin 
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S u m m a r y .  Kinet ic  inves t iga t ion  b y  means  of s topped  flow techn iques  showed the  ra te  of deoxygena t ion  of haemoglobin  
to be slower in the  presence  of spectr in .  At  p H  7.15, the  kinet ic  co n s t an t  was 27.2 sec -1 in presence  of spect r in  ins tead 
of 34.3 sec -1 for haemoglob in  alone. Also, equi l ibr ium studies  have  revealed t h a t  the  oxygen  pressure  for ha l f - sa tu ra ted  
haemoglob in  decreased when  spect r in  was added  to the  react ion medium.  At  p H  7.35, the  log(pO,)l/2 was 0.88 for 
haemoglob in  in presence  of spect r in  ins tead  of 0.93 for haemoglob in  alone. F r o m  these  results ,  an in te rac t ion  be tween  
spec t r in  and  haemoglob in  m a y  be suspected.  

Spec t r in  is a ma jor  c o m p o n e n t  of the  e ry th rocy te  mem-  
b r a n e s .  Pur i f ied  spect r in  gives raise to 2 major  bands  on 
sodium dodecyl -su l fa te  gel e lectrophoresis ,  cor responding  
to  a p p a r e n t  mol. w t  of a b o u t  220,000 and 200,000 a. I t  m a y  
be considered as a 'per iphera l '  m e m b r a n e  prote in ,  since 
it is easily ex t r ac t ed  f rom m e m b r a n e  by  means  of low 
ionic s t r eng th  aqueous  so lvents  a. The locat ion of spect r in  
a t  t he  inner  surface of the  red blood cell m e m b r a n e  with ,  
as a consequence,  a poss ib i l i ty  of con tac t  wi th  haemo-  
globin, p r o m p t e d  us to  inves t iga te  the  effect  of spect r in  
on the  func t iona l  p roper t ies  of the  haemopro te in .  
Mater ia l  and  methods�9 1. P r e p a r a t i o n  of spec t r in  and  
haemoglobin .  H u m a n  spect r in  was ex t r ac t ed  according to  
Marchesi4. I t  was fu r the r  pur i f ied by  means  of gel f i l tra-  
t ion on sephadex  G-200 using 25 mM Tris-HC1, 0.1 NaC1, 
1 mM E D T A  and  5 mM m e r c a p t o e t h a n o l  a t  p H  8.5 as the  
eluant .  650 mg of pure  spect r in  per  li ter of blood were 
rou t ine ly  ob ta ined .  The p u r i t y  of spect r in  for each pre-  
para t ion ,  checked  using SDS po lyacry lamide  gel 5, was 
found  to be a t  least  equ iva len t  to those  cu r ren t ly  used in 
o the r  laborator ies .  
H u m a n  haemoglob in  was isolated af ter  red cell lysis, 
according to  wel l -known procedurese .  Pro te in  concent ra -  
t ion were d e t e r m i n e d  spec t rophotomet r ica l ly ,  using a 
Zeiss PMQ II  spec t ropho tome te r .  For  a 1% solut ion of 
spectr in ,  when  measured  a t  280 nm,  an absorbance  value 
of 10.7 was used 7. For  oxyhaemoglob in ,  the  molar  ex- 
t inc t ion  coeff icient  a t  540 n m  was t aken  as 1.37 • 10 +4 
M-1 cm-1 (AntoniniS). 
2. Binding  of oxygen  to haemoglob in :  t onomet r i c  mea-  
surements .  S pec t ropho tome t r i c  m e a s u r e m e n t s  a t  b o t h  
560 and  575 nm, using e i ther  a Cary 15 M or a Zeiss PMQ II  
spec t ropho tome te r ,  al lowed us to  de te rmine  the  af f in i ty  
of haemoglob in  for oxygen  according to  Rossi  e t  al.9. 
Before each exper iment ,  haemoglob in  and spect r in  solu- 
t ions  were d ia lyzed for 4 h a t  4~ aga ins t  0.1 Tris-HC1 
buffer  a t  p H  7.3, con ta in ing  10 mM KC1, 10 mM MgC12 
and  5 mM mercap toe thano l .  The pro te in  concen t ra t ions  
w e r e  ad jus t ed  to  1.3 • 10 .5 M for haemoglob in  and  7.7 • 
10 -e M for spectr in ,  respect ively .  
3. Deoxygena t i on  of haemoglob in :  kinet ic  measurements .  
The kinet ics  of deoxygena t i on  of haemoglob in  were s tud-  
ied by  means  of the  s topped  flow technique .  The me- 
chanical  module  of the  s t opped  flow appa ra tu s  was  ob- 
t a ined  by  cour tesy  of Prof.  H. Gu t f r eund ;  it  is charac te r -  
ized by  a dead  t ime  of 3 msec. The spl i t  beam,  di f ferent ia l  
s p e c t r o p h o t o m e t e r  is equ ipped  wi th  a Foci  m o n o c h r o m a -  
tor .  2 EMI  9601B pho tomul t ip l i e r s  are used for the  
obse rva t ion  b e a m  and  for the  reference beam respect ively .  
Their  d i f ferent ia l  potent ia l ,  which  is p ropor t iona l  to the  
difference in absorbance  be tween  the  2 beams,  is s tored  
b y  means  of a D a t a l a b  t r ans i en t  recorder  ( type D L  905). 
The resul t ing  t ime  curves  are d isp layed  e i ther  on a 
Tek t ron ix  oscilloscope ( type D 13) or on a X Y  Bry an s  
recorder  ( type 29000 A4). 

The deoxygena t ion  process  was s t a r t ed  by  rap id ly  mixing  
oxyhaemoglob in  wi th  a 0.2% sodium d i th ion i te  solut ion 
p repared  in d e o x y g e n a t e d  buffer  1~ All solut ions were 
p repa red  like t h o s e  used in equi l ibr ium exper iments .  
Kine t ic  runs  were carr ied out  a t  25 ~ the  deoxygena t ion  
reac t ion  being fol lowed by  observing the  change  in 
absorbance  a t  475 nm.  
Results  and discussion. A. Equi l ib r ium studies.  In  table  1 
are l isted the  Hil l 's  coeff icient  (n) and  the  logar i thm of 
oxygen  par t ia l  pressure  a t  ha l f - sa tu ra t ion  (log(pO~)lh) 
character iz ing the  in te rac t ion  of oxygen  wi th  haemoglobin .  
W h e n  the  values  of Hil l ' s  coeff icient  in the  absence and 
in the  presence  of spec t r in  are compared ,  the  hypo thes i s  
t h a t  haemoglob in  dissociates  f rom t e t r a m e r  to d imer  un- 
der  the  inf luence of spec t r in  can be ruled out.  Indeed,  
Hil l 's  coeff icient  c lear ly suggests  t h a t  t he  h a e m - h a e m  
in te rac t ions  r emain  prac t ica l ly  unaf fec ted  by  the  pres- 
ence of spectr in .  If, on the  o ther  hand ,  the  oxygen  pressure  
a t  ha l f - sa tu ra t ion  is considered,  each individual  experi-  
m e n t  has  revealed a smal l  bu t  s ignif icant  decrease in the  

Table 1. Tonometric investigation of the equilibrium between haemo- 
globin and oxygen 

Haemoglobin alone Haemoglobin (1.3 • 10 -5 M) 
(1.3 • 10 .5 M) plus spectrin (7.7 x 10 -* M) 

n 2.97 =E 0.2 2.90 :~ 0.3 
(log(PO2)lh) 0.93 • 0.02 0.88 -4- 0.02 

For experimental conditions, see  t e x t .  Each value is the average of 
10 separate experiments. :t: SD. 
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Table 2. Kinetic investigation of the release of oxygen from haemoglobin 

EXPERIENTIA 33/11 

(A) Haemoglobin (2-8 [zM) (B) Haemoglobin plus speetrin (B)/(A) Haemoglobin plus lysozyme 

pH = 6.2 (unbuffered) 47.9 see -1 
pH 7.15 (0.1 M phosphate) 34.3 see -1 
pH 7.3 (0.1 M Tris/HC1) 31.5 sec i 

37.5 sec -1 0.78 - 
27.2 see -1 0.79 34.7 sec -1 
27.7 sec -1 0.88 31.5 sec -z 

The results are calculated as first-order velocity constants, each value is the average of 5 separate experiments; the standard deviation is close 
to 1 sec -1 in each case. For experimental conditions, see text. The molar ratio of spectrin to haemoglobin was 0.3 at pH 6.2, 1.1 at pH 7.15 
and 0.9 at pH 7.3; the molar ratio of lysozyme to haemoglobin was 0.9. 

va lue  of log (pO2),/, w h e n  spec t r in  was p resen t .  Therefore  
i t  appea r s  t h a t ,  a t  a n y  g iven  oxygen  pressure ,  a s l ight ly  
g r ea t e r  p r o p o r t i o n  of o x y h a e m o g l o b i n  is fo rmed  as a 
r e su l t  of t he  presence  of spect r in .  
]3. K ine t i c  inves t iga t ions .  C o m p a r a t i v e  m e a s u r e m e n t s  
h a v e  been  car r ied  ou t  in  which  h a e m o g l o b i n  was deoxy-  
g e n a t e d  e i the r  alone,  or in the  presence  of spectr in ,  or 
a n o t h e r  p ro te in ,  lysozyme.  The  m e a s u r e m e n t s  were re- 
p e a t e d  a t  d i f fe ren t  p H  va lues  in  the  r ange  6-7.5.  In  our  
e x p e r i m e n t a l  condi t ions ,  t he  k ine t ics  were pseudof i r s t  
order .  (See also S a l h a n y  e t  a1.11.) 
F r o m  inspec t ion  of t a b l e  2, i t  will be  a p p a r e n t  t h a t ,  a t  
a n y  of t he  3 p H  inves t iga t ed ,  t he  presence  of spec t r in  

slows down  the  speed of t he  deoXygena t ion  process of 
h a e m o g l o b i n  (while a n o t h e r  p ro te in ,  lysozyme,  does not) .  
I n  conclusion,  k ine t ic  as well  as equ i l i b r i um s tudies  lead 
one to a d m i t  t h a t  t he  presence  of spec t r in  favours ,  to  a 
m e a s u r a b l e  ex t en t ,  t h e  o x y g e n a t e d  form of haemoglob in .  
These  e x p e r i m e n t a l  resu l t s  sugges t  t h a t  a n  i n t e r ac t i on  
be tween  spec t r in  and  h a e m o g l o b i n  can  be  awai ted .  Such  
an  i n t e r a c t i o n  is now be ing  i n v e s t i g a t e d  in our  l abo ra to ry .  

11 J.M. Salhany, R. S. Eliot and H. Mizukami, Biochem. biophys. 
Res. Commun. 39, 1052 (1970). 
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Summary. P r e v e n t i o n  of h igh  b lood  pressure  in un ineph rec tomized ,  DOCA-sal ine  t r e a t e d  r a t s  was  obse rved  a f t e r  
t r e a t m e n t  w i t h  cen t r a l  t y r a m i n e  precursors .  W e  sugges t  t h a t  the  h i g h  b lood pressure  is e i t he r  due  to re la t ive  lack of 
tyros ine ,  wh ich  m i g h t  be caused  b y  the  h y p e r a c t i v i t y  of ty ros ine  hyd roxy la se ,  or to  h y p o a c t i v i t y  of the  deca rboxy lase  : 
in b o t h  cases t he  resu l t  is d imin i shed  t y r a m i n e  synthes is .  

T h e  r a t e - l im i t i ng  s tep  of c a t e c h o l a m i n e  syn thes i s  is t he  
f o r m a t i o n  of L - D O P A  f rom ty ros ine  b y  ty ros ine  h y d r o x -  
ylase  (TH).  The  be s t  k n o w n  inh ib i to r s  for T H  are a lpha -  
m e t h y l  t y ros ine  3, P y r a t r i o n e  4 a n d  O u d e n o n  5. All these  
agen t s  decrease  or p r e v e n t  h i g h  b lood  pressure .  The  
f o r m a t i o n  of n o r a d r e n a l i n e  f rom d o p a m i n e  is m e d i a t e d  
b y  d o p a m i n e  b e t a  h y d r o x y l a s e  (DBH) .  I n h i b i t o r s  of 
t h i s  enzyme,  such  as Dopas t ineS,  d i s u l f i r a m  (Antabuse )e  
and  fusar ic  acid ~, also decrease  or p r e v e n t  h i g h  b lood  
pressure .  D e s t r u c t i o n  of c en t r a l  adrenerg ic  neu r ons  b y  
i n t r a v e n t r i c u l a r  6 - h y d r o x y d o p a m i n e  p r e v e n t s  t he  in-  
d u c t i o n  of h y p e r t e n s i o n  8. F u r t h e r m o r e ,  N a g a t s u  e t  a12 
found  t h a t  NaC1 a d m i n i s t r a t i o n  to S H  r a t s  caused  a n  
increase  in T H  a c t i v i t y  in severa l  o rgans  in add i t i on  
to  t he  congen i t a l ly  e l eva t ed  h y p o t h a l a m i c  one 10. R y l e t t  
e t  al. n showed  t h a t  t r e a t m e n t  w i t h  DOCA increased  
ty ros ine  h y d r o x y l a s e  a c t i v i t y  and  the re fo re  increased  
t he  a m o u n t  of t y ro s ine  w h i c h  en te r s  t he  p a t h w a y  
of n o r a d r e n a l i n e  syn thes i s .  One m i g h t  the re fo re  conc lude  
t h a t  t he  i n h i b i t i o n  of n o r a d r e n a l i n e  syn thes i s  is re-  
spons ib le  for  t he  a n t i h y p e r t e n s i v e  effect.  Pa radox ica l ly ,  
however ,  L a v o r i t  a n d  V a l e t t e  12 found  t h a t  a d m i n i s t r a t i o n  
of t y ros ine  to  DOCA-sa l ine  t r e a t e d  r a t s  a lso p r e v e n t s  
t he  e l eva t ion  of b lood  pressure  and  specu la t ed  on  t h e  
i m p o r t a n c e  of c en t r a l  no rad rene rg i c  h y p o t e n s i v e  centres .  
To e l imina te  t he  incons is tenc ies  we h y p o t h e s i z e d  t h a t  
p r e v e n t i n g  t he  e l eva t i on  of b lood  pressure  is due  to a 
ty ros ine  metab01i te  n o t  in  t he  p a t h w a y  of c a t echo l amines '  
synthes is ,  s ince excess d i e t a r y  ty ros ine  in r a t s  does n o t  
c h a n g e  t h e  c a t e c h o l a m i n e  c o n c e n t r a t i o n  in t he  b r a i n  la, 
b u t  sti l l  decrease  t he  b lood  pressure .  

Materials and methods. I n  th i s  work,  u n i n e p h r e c t o m i z e d  
male  r a t s  we igh ing  180-200 g were  used. Desoxycor t i -  
cos te rone  ace t a t e  (DOCA) 10 m g / k g  was in jec ted  3 t i m e s  
a week  s.c. Food  a n d  sal ine (0.9% NaC1) were g iven  ad  
l ib i tum.  Blood pressure  was m e a s u r e d  u n d e r  l igh t  e t h e r  
a n a e s t h e s i a  b y  a ta i l  m ic rophon i c  m e t h o d  14. Fo r  s t a t i s t i ca l  
ana lys i s  t he  S t u d e n t  t - t e s t  was  used. 
Results and discussion. F r o m  t a b l e  1 we can  see t h a t  L- 
ty r0s ine  500 m g / k g  t o t a l l y  p r e v e n t s  t h e  e leva t ion  of 
b lood pressure .  The  same  is t r u e  for ~ -me thy l ty ros ine ,  
an  i n h i b i t o r  of ty ros ine  hyd roxy l a se .  Tab le  2 shows t h a t  
L- ty ros ine  is also able  to  d i m i n i s h  ex is t ing  h igh  b lood  
pressure .  The  e x p e r i m e n t a l  d a t a  in  t a b l e  1 p o i n t  to  
t y r a m i n e  as t h e  cen t r a l  h y p o t e n s i v e  agent .  Th i s  is 
sugges ted  b y  t h e  t y r a m i n e  e x p e r i m e n t  as welt  as b y  t h e  
synerg i sm of an  ineffec t ive  dose of ty ros ine  w i t h  Vit .  B e - 
t he  cofac tor  of a m i n o  acid deca rboxy lase ,  a n d  t he  syner -  
gism of t he  same  ineffec t ive  dose w i t h  c a r b i d o p a  - a 
pe r iphe ra l  deca rboxy la se  inh ib i to r .  The  f inal  proof  is, 
however ,  t he  h igh  eff ic iency of D, L - ty ros ine  as c o m p a r e d  
w i t h  L - ty ros ine  2s exp la ined  b y  t he  fac t  t h a t  T H  is specific 
for t he  L form, b u t  d e a m i n a t i o n  shows no  such  specific- 
i ty  16 F ina l ly ,  n e i t h e r  D no r  L p h e n y l a i a n i n e  bad  a n y  ef- 
fect, i n d i c a t i n g  lack of effect  of p h e n y l e t h y l a m i n e .  L- 
t r y p t o p h a n  is also ineffect ive:  
Le t  us  see h o w  o t h e r  o b s e r v a t i o n s  f i t  ou r  hypo thes i s .  
Raese  e t  al. is showed  t h a t  p r e s y n a p t i c  t y ros ine  h y d r o x -  
ylase is a c t i v a t e d  b y  c-AMP.  D o p a m i n e  inh ib i t s  t h a t  
ac t iva t ion ,  the re fo re  e l eva t ion  of d o p a m i n e  level, for 
example ,  b y  g iv ing  a p recurso r  or i n h i b i t i n g  its m e t a b o -  
lism, will  i n h i b i t  t y ros ine  hyd roxy la se .  D O P A  indeed  is 


