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T A B L E  I 

THE SUIAFHYDRYL CONTENT OF DIFFERENT HUMAN HAEMOGLOBINS 

(The va lues  are g iven as ha l f -cys t ine  res idues  per  mole haemoglobin ,  mol.  wt.  = 68,000) 

Chemical mahod 

n* Found A ssumed 

A mpa, omttric titration method 

with with HgClj alter different denaturation times 

AgNOa o" 2" 6" zo' 6o" 

Hb-A 15 8.28 + o . z 7 * *  8 7 .6 5.4 6.2 6.7 7.6 7.6 
H b - B  8 8.30 4-o.18 8 8.z 7.0 6.8 7.2 
Hb-C 15 8.38 + o.z 7 8 7.7 6.o 6. 5 6.1 6.2 
H b - F  15 5.67 i o.15 6 4.o 4.8 3-6 2.8 
H b  f rom cord 
blood 9 1 %  H b - F  4.8 

* n = n u m b e r  of analyses.  
** S t a n d a r d  devia t ions  of the  means .  

a m o u n t  was  slowly increased and  reached the  s a m e  value  found wi th  the  AgNO z t i t ra t ion.  
S tudy ing  the  haemoglob ins  B and  C different  n u m b e r s  of t i t r a tab le  - S H  groups  were es tabl ished,  
which  were not  influenced by  the  alkali dena t u r a t i on  procedure.  The  resu l t s  wi th  foetal  haemo-  
globin agree qu i te  well wi th  those  obta ined  wi th  the  AgNO a t i t ra t ion.  After  longer  periods of 
alkali dena tu ra t ion ,  however ,  the  a m o u n t  of t i t r a tab le  - S H  groups  decreased.  The  differences 
be tween the  resul ts  ob ta ined  wi th  the  HgC12 and  AgNO z t i t r a t ions  m a y  be expla ined  by  a steric 
hand icap  of the  m u t u a l  - S H  groups.  This  h indrance  m a y  be decreased (Hb-A), no t  al tered (Hb-B 
and  Hb-C), or increased (Hb-F) dur ing  t he  d e n a t u r a t i o n  wi th  alkali. 
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Effects of monovalent cations on the incorporation 
of amino acids into protein* 

I t  h a s  been d e m o n s t r a t e d  ra the r  clearly t h a t  m a g n e s i u m  ions p romote  the  incorpora t ion of amino  
acids into prote in  in a var ie ty  of expe r imen ta l  s y s t e m s  1~, while o ther  d iva len t  ca t ions  are 
general ly  inhibi tory *,6. I n  cont ras t ,  l i t t le in fo rmat ion  is avai lable  on t he  effects of m o n o v a l e n t  
cat ions.  Several  observat ions ,  however ,  suppo r t  the  possibi l i ty t h a t  m o n o v a l e n t  ca t ions  influence 
pro te in  synthes is .  Thus ,  STEWARD AND PRESTON 7 showed t h a t  p o t a s s i u m  ions increase the  ra te  
of pro te in  syn thes i s  by  po ta to  slices. CANNON et al. 8 noted  t h a t  ut i l izat ion of amino  acid mix tu r e s  
for pro te in  syn thes i s  by  s t a rved  ra t s  depends  on t he  s i m u l t a n e o u s  admin i s t r a t i on  of po t a s s ium 

* Suppor ted  in pa r t  by  t he  Charles  F.  Ke t t e r ing  Founda t ion .  
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ions. LANDMAN AND SPIEGELMAN 9 have  repor ted t h a t  f l-galactosidase syn thes i s  in pro toplas t s  ol 
Bacillus megaterium is p romoted  by  po t a s s ium ions, b u t  no t  sod ium ions. I t  is, therefore,  of 
considerable  in teres t  to de te rmine  whe t he r  m o n o v a l e n t  cat ions,  especially po tass ium,  exer t  a 
direct  effect on the  incorporat ion of ami no  acids in to  protein.  

I t  has  been shownS, 1° t h a t  a conven ien t  s y s t e m  for the  m e a s u r e m e n t  of amino  acid incorpo- 
ra t ion  into protein  can  be derived f rom cell-free ex t r ac t s  of rapid ly-growing pea  roots. In  this  
sys t em,  incorporat ion of any  ami no  acid into protein  is enhanced  by  adenosine  t r iphospha te ,  
m a g n e s i u m  ions, an  d by  a m i x t u r e  of the  o ther  a m i n o  acids c o m m o n l y  found in protein  s. Incorpo-  
ra t ion is inhibi ted by  adenosine d iphosphate ,  var ious  amino  acid analogues,  and  by  r ibonu-  
cleaseS, 1°. In  the  p resen t  exper iments ,  3-day-old pea  roots  were washed  in 5 % sod ium hypo-  
chlorite,  and  g round  a t  i ° C wi th  an equal  weight  of o . 5 M  sucrose-o.ol  M t r i s - (hydroxymethy l ) -  
a m i n o m e t h a n e  of p H  7.5. Cellular debris  was  r emoved  by  cent r i fuga t ion  for 15 miD at  15oo × g, 
and  t he  act ive mater ia l  was s ed imen ted  a t  4o,ooo × g for 60 miD. The  sed imen t  was suspended  
in one - t en th  vo lume  of o. 5 M sucrose-o.oi  M t r i s - ( h y d r o x y m e t h y l ) - a m i n o m e t h a n e  (pH 7.5), and  
incuba ted  for one hour  a t  380 C wi th :  O .o lM glutamate-2-14C, o . o o l M  of each of 16 amino  acids s, 
o.oi M MgC1 v o.oi M adenosine t r iphospha te ,  and  o.oi M of the  chlorides of each of the  mono-  
va len t  ca t ions  listed in Table  I. As say  for rad ioac t ive  g l u t a m a t e  incorpora ted  into prote in  was 
per formed as described previous ly  5,10. 

T A B L E  I 

EFFECT OF MONOVALENT CATIONS ON GLUTAMATE INCORPORATION INTO PROTEIN 

I, moles glutamate incorporated 
Ion added to system per protein per h 

None 1.57 
P o t a s s i u m  2.38 
Sodium 1.5 ° 
L i t h i u m  i .48 
A m m o n i u m  1.45 
R u b i d i u m  0.75 

Table  I p resen t s  the  effects of a series of m o n o v a l e n t  ca t ions  on the  incorporat ion of gluta-  
mate-2-14C into the  prote in  of the  pa r t i cu la te  prepara t ion .  I t  is appa ren t  t h a t  when  sodium, 
a m m o n i u m ,  or l i th ium ions are t he  only m o n o v a l e n t  ca t ions  present ,  s l ight  inhibi t ions  of amino  
acid incorpora t ion occur. In  contras t ,  po t a s s i um ions m a r k e d l y  enhance  incorporat ion,  while 
r u b i d i u m  ions are  s t rong ly  inhibi tory.  

These  resul ts  indicate  t h a t  cer ta in  m o n o v a l e n t  ca t ions  exer t  ma rked  effects on amino  acid 
incorporat ion into protein.  The  m e c h a n i s m  by  which po t a s s ium p romotes  and  rub id ium inhibi ts  
such  incorpora t ion  is as ye t  unknown ,  bu t  it is no t ewor t hy  t h a t  po t a s s ium ions are necessary  
for the  b iosyn thes i s  of the  pept idic  l inkages of g l u t a t h i onen ,  12 and  pan to then ic  acid 18. I t  m a y  
be t h a t  the  p romot ion  of ami no  acid incorporat ion into pro te in  by  po t a s s ium ions is due, a t  least  
in par t ,  to a necess i ty  of this  ion for t he  fo rma t ion  of the  pept ide  bonds  in the  prote in  molecule. 
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