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Chemica l  reac t i v i t y  o f  a m a c r o m o l e c u l e  as a funct ion of  |ts age 

T h a t  hemog lob in  molecules  are a l t e red  on ag ing  has  been  sugges t ed  b y  KUNKEL AgD 
BEAR~ 1 a n d  b y  RosA, DREYFL'S A.XD SCHAPIRA ~ who  found  t h a t  t he  speed  of m i g r a t i o n  
on e lec t rophores i s  of hemoglob in  increased  as it  aged.  EDWARDS et al. z r e p o r t e d  t h a t  
t he  d ia lyzed  m a c r o m o l e c u l a r  f rac t ions  de r ived  f rom y o u n g  or old e r y t h r o c y t e s  h a v e  
a d i f ferent  o x y h e m o g l o b i n  s a t u r a t i o n .  

T h e  d e v e l o p m e n t  of cen t r i fuga l  and  hemoly t i c  t e c h n i q u e s  for the  s epa ra t i on  of 
y o u n g  a n d  old er3~throcytes or  of the i r  !vsates  4-6 has  led to  a p rob ing  of t he  e n z y m o -  
logical  a n d  morpho log ica l  differences of these  cells~, s. Us ing  a serial  o smot i c -hemolys i s  
p rocedure  e, we h a v e  r ecen t ly  shown 9 t h a t  y o u n g  e r y t h r o c 3 t e s  are  p re fe ren t ia l ly  
labe led  w i th  ~lCr. Is  th i s  p re fe ren t ia l  label ing  a func t ion  of a tgreater p e r m e a b i l i t y  
to  51Cr b y  t h e  y o u n g e r  cells, of the  different  size of red  cells of di f ferent  ages, of y o u n g  
red  cells'  g r e a t e r  me tabo l i c  ac t iv i ty ,  or is it d e p e n d e n t  on changes  caused  b y  aging  
in t h e  hemog lob in  molecule?  

R a t s w e r e  chosen  for these  e x p e r i m e n t s  because  of the  ease wi th  which  the i r  
h e m o g l o b i n  can  be  recrys ta l l ized.  A n i m a l s  of t he  S p r a g u e - D a w l e y  s t r a in  weighing  
b e t w e e n  30o a n d  4oo g were in jec ted  i n t r a v e n o u s l y  v ia  t he  femora l  vein wi th  a b o u t  
IO gC of ~ F e  in the  f o r m  of ferrous c i t r a t e  a n d  t h e  b lood  was  col lec ted in hepa r in  
or  a c i d - c i t r a t e - d e x t r o s e  so lu t ion  2 days  later .  T h e  red  cells were  w a s h e d  5 t imes  
a t  r o o m  t e m p e r a t u r e  w i t h  i sotonic  sal ine a n d  the  serial  o smot i c -hemolys i s  procedure. 
of SIMON AND TOPPER 6 was  used  to  ob ta in  s epa ra t e ly  lysa te s  e n r i c h e d  w i t h  respec t  
to  y o u n g  or old  cells. Since lysa tes  c o r r e s p o n d i n g  t o  y o u n g e r  cells h a v e  h igher  specific 
ac t iv i t ies ,  t he  age of cells could  be verif ied by  d e t e r m i n i n g  the  specific a c t i v i t y  ,,f 
t h e  h e m o l y s a t e  (i.e., t h e  n u m b e r  of ~*Fe c o u n t s / m i n / a b s o r b a n c y  u n i t  a t  54 ° m/~). 
The  h e m o g l o b i n  in t h e  t u b e s  c o n t a i n i n g  the  m o s t  c o n c e n t r a t e d  lysa te  of the  y o u n g e r  
cells or  of t h e  o lder  cells was rec lys ta l l i zed  f rom w a t e r - a c e t o n e  using the  m e t h o d  of 
MUIR, ~EUBERGER AND PERRONE 11. I t  was  found t h a t  t he  bes t  r ec rys tMl iza t ions  wert- 
o b t a i n e d  when  the  hemog lob in  c o n c e n t r a t i o n  was  no t  less t h a n  5 a b s o r b a n c y  un i t s  
(at 54o m #  on the  B e c k m a n  D U  S p e c t r o p h o t o m e t e r ) .  T h e  rec rys ta l l i zed  hemog lob in  
was  red i sso lved  in w a t e r  s a t u r a t e d  wi th  C02. So lu t ions  c o n t a i n i n g  ident ica l  a m o u n t s  
of y o u n g e r  or  older  hemog lob in  were  d i l u t e d  to  equa l  v o l u m e s  a n d  the  hemog lob in  
labe led  b y  s t a n d a r d  m e t h o d s  w i th  s imi lar  a m o u n t s  of 51Cr (abou t  o.oz t~C/absorbancy 
unit} a n d  then  t r e a t e d  w i t h  sod ium ascorba te .  H e m o g l o b i n  was p r e c i p i t a t e d  by  a d d i n g  
solid a m m o n i u m  sulfa te  to  t h e  s a t u r a t i o n  ~-° po in t  a n d  a l lowed  Co s t a n d  in t h e  cold 
for 2 h ;  it  wan cen t r i fuged ,  d issolved in w a t e r  a n d  d ia lyzed  ove rn igh t .  The  specific 
a c t i v i t y  of hemog lob in  w i t h  respect  to  SlCr was  d e t e r m i n e d  us ing  a sc in t i l la t ion  well- 
c o u n t e r  w i th  a B a i r d - A t o m i c  pu l se -he igh t  ana lyze r  a n d  the  a b o v e - m c n t i o n e d  spect ro-  
p h o t o m e t e r .  

As  m a y  be seen in Tab le  I the  y o u n g e r  hemog lob in  is f ound  to  be p re fe ren t i a l ly  
labeled.  MEIJF-RXXG A.~D HUISMA~ 1° h a v e  shown t h a t  d i f ferent  hemog lob ins  b ind  ~*Cr 
to  differ ing ex ten t s .  I t  appears ,  therefore ,  t h a t - c e r t a i n  s t r u c t u r a l  r e q u i r e m e n t s  for 
c h r o m i u m  bin t , ing  are  n o t  m e t  by  all hemoglobins .  I t  m a y  be t h a t  ag ing  so modif ies  
t h e  r a t  hemog lob in  t h a t  it can no longer  b ind  the  c h r o m i u m  to  the  s a m e  e x t e n t  a.~ 
in i ts  y o u t h .  A l t h o u g h  cons iderab le  work  has  been  done  on the  n a t u r e  of t h e  hemo-  
g l o b i n - c h r o m i u m  in t e rac t ion  v', no defini te  conclusions  h a v e  a.s ye t  been  reached.  

T h e  la rger  ra t io  of ~ F e  specific a c t i v i t y  of y o u n g e r / o l d e r  hemog lob in  as c o m p a r e d  
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S p e c i f i c  a c t i v i t i e s  g i v e n  a r e  c o u n t s / r a i n  o f  t h e 4 s ~ e d x q q ~ e o D T p e r  ~ t b s o r b a n c y  u n i t  ( a t  540  r a p ) .  
S e e  t e x t , ~ r i ~  

: ; a N a S t o f 6 ~ l ~ d  ~ , Ratio of ) t C r  

~ ~ F c -sltnmifit.tm~t~ ~ :" C r specific activity, 
Rat Age of lib .Spe~if~activity ,of~t~idi~crHpevtl i~a~i~ity  of younger~older 

itI~Ii, Hb* 
. . . . . . . . . . . . . . . . . . . . . .  

No.  3 Y o u n g e r  .5-~7 2~,~ 
O l d e r  x x I ,W..~z4 7,~ - .  8 0  

N o .  4 Y o u n g e r  5 6 9  - '3z  
O l d e r  ~ 78  ~ .~a , ,  ~ ~ ,  z .o7  

No .  7 Y o u n g e r  726 3 o 2  
O l d e r  ~ 15 ,, ~y,_~ ~ - o 0  t . 4 7  

N o .  8 Y o u n g e r  107 - '74 
O l d e r  ~4 : aa )9  z S r  t . o 9  

" A v e r a g e  o f  t h i s  r a t i o  f o r  t h e  ~ 7 r a t s  i n v ~ d m t ~ , . ~ e t a ~ m m ~ m  e x p e r i m e n t s  w a s  1 . 4 - .  

to the ~lCr ratio in each rat  (see Table~]t)i .4sidueto(~b. labeling only the younger  
hemoglobin while ~xCr labels all hemoglobins~tlflttttht3-otmger molecules being labeled 
to a greater  extent .  

I t  might  be ment ioned tha t  t h e ~ s p e u i f i c ~ u a ~ ~ , o f >  all hemoglobin fractions 
(young or old) with  respect to ~gFe remain:o~mt~ma~ _d~_" g~the recrystadlization pro- 
cedure a l though a portion of the hemogl0hini~-T.gnmall~_ lost in this step. This in- 
dicates tha t  hemoglobin of all ages behaves~iairfl~tn _k~omreerystallization. 

I t  appears  t ha t  our previous resuttggmroklmeto~d/ttimmces in the chemical  re- 
ac t iv i ty  of young and old hemoglobin,  l q ; h i s ~ g s ~ q ~ p o r t s  the suggestion t ha t  
s t ruc tura l  a l terat ions on m a c r o m o l e c u l a r ~ ~ a k h ~ p t M e e :  
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