
15. V. 1966 Specialia 309 

t h a t  our  expe r imen ta l  results  are in correla t ion wi th  the  
shi f t ing  of equi l ibr ium be tween  synthes is  and b reakdown  
of adenyly l  2, 3-DPGA, discovered by  HASHIMOTO et al ~~ 
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Fig. 3. Effect of NaHSOa on the K + transport of human blood in the 
presence of 10-3M IAA + 10-~M adenosine at 37 ~ For NaHSO~ 

concentrations, see Figure 2. 

Zusammen/assung. Der 2, 3 -Diphosphoglyzera t -S tof f -  
wechsel  menschl icher  ro te r  B lu tk6rpe rchen  bed ing t  die 
Geschwindigkei t  des infolge von ATP-Mangels  au f t re ten-  
den K+-Aust r i t t s .  Der  rasche K+-Aus t r i t t  der  E r y t h r o -  
cy ten  kann  d a n n  auf t re ten ,  wenn  die Zellen kein 2,3- 
Diphosphog lyzera t  mehr  en tha l ten .  
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D e m o n s t r a t i o n  of  a N e g a t i v e  B i n d i n g  Effect  of 
B o v i n e  G r o w t h  H o r m o n e  T o w a r d  P o t a s s i u m  

Studies  wi th  enzymat ica l ly  modif ied bovine g rowth  
ho rmone  (BGH) p repara t ions  revealed t h a t  some of these  
f r agment s  re ta ined  large amoun t s  of inorganic residue 
despi te  dialysis or Sephadex  gel exclusion ch romato -  
graphy.  The same phenomenon ,  bu t  to  a lesser ex ten t ,  
was found to apply  to undegraded  B G H  1. The bulk  of 
th is  inorganic  mater ia l  consis ted of Na  +, Mg++, Ca++, 
AI+§ and SiO3--.  These results  suggested t h a t  some of 
the  ions were quite  in t ima te ly  bound  by  the  hormone .  
Several  mono-  and  d iva len t  cat ions were, therefore,  added  
s ingly a t  various concen t ra t ions  to B G H  solut ions on the  
premise  t h a t  d i f ferent  ex te rna l  concen t ra t ions  of these  
ions migh t  induce specific conformat iona l  changes  of the  
p ro te in  chain, which in t u rn  migh t  allow for op t ima l  ion 
binding.  

Reac t ion  mix tures  were p repa red  as 3 ml al iquots  con- 
ta in ing  1% BGH. Cations added  s ingly to the  ho rmone  
solut ions  were Mg++, Ca++, Na +, or K+, all as the i r  
chloride salts. The ions were t e s t ed  over  concen t ra t ions  
ranging  f rom 0.005-0.03M. The BGH-Mg++ and the  
BGH-Ca++ solut ions were p repa red  in 0 .05M acetic acid 
to  avoid prec ip i ta t ion  of the  ho rmone  since addi t ion  of 
these  d iva len t  ions to basic solut ions caused an immedia te  
p rec ip i ta t ion  of the  protein .  Na+ and K+ were added  to 
the  ho rmone  in 0.05 M N H  a solutions.  These t es t  solut ions 
were passed over  Sephadex  G-25 gel co lumns  (3.14 cm 2 
by  40 cm) to effect  separa t ion  of the  ho rmone  plus ion 
complexes  f rom the  unbound  ions. E lu t ion  was done wi th  
deionized H20. Studies  by  GELOTTE ~ have  shown t h a t  
small  inorganic cations,  in par t i cu la r  Na+ and K+, were 
re ta ined  to ex t en t s  up  to twice the  to ta l  volume of 
Sephadex  G-25 co lumns  due to the  presence  of negat ive  
charges  in the  gel. Surprisingly,  the  ho rmone  emerged 
f rom the  columns in the  form of 2-3 usual ly poor ly  re- 
solved peaks as exemplif ied in Figure 1 for the  BGH-  
Mg ++ tes t  solution. Only in the  case of the  B G H - K +  

solut ion was a fair resolut ion in to  two peaks  obta ined .  
All the  p ro te in -con ta in ing  tubes  were pooled to  give one 
fract ion.  These solut ions were reduced  to  d ryness  by  
lyophil izat ion.  

Control  solut ions conta in ing  1% hormone  in 0.1 and  
0.05$I  N H  a emerged  as one a symmet r i ca l  peak  in the  
first  case and  as 2 symmet r i ca l  peaks  in t he  la t t e r  case. 
H o r m o n e  solut ions in 0.05AI acetic  acid yie lded one sym-  
metr ica l  peak  which emerged wi th  the  void vo lume of the  
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Fig. 1. BGH + 0.02M MgC12 solution passed over Sephadex G-25. 
The solution contained per 1ii1:10 mg BGH, 0.05 mM NH3, 0.02 mM 
MgC1 v Eluted with deionized H20 at room temperature. Flow rate 

was 1 ml/min. 
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column. The asymmet r i ca l  or mul t ip le  peak  elut ion pa t -  
terns obta ined  wi th  B G H  plus ion solutions, therefore,  
appear  to be the  result  of some hormone- ion  interact ions.  

All the  lyophil ized powders  der ived f rom the  BGH- ion  
complexes  were assayed for to ta l  n i t rogen and a m o u n t  of 
the  par t icu lar  cat ion added and re ta ined by  the  hormone.  
Ion  contents  were de te rmined  by  a tomic  absorpt ion,  
Specific b inding of the  ions b y  B G H  was then  defined by  
the  relat ion % ion in sample /% N in sample. The obta ined  
da t a  were assembled in Figure  2, Significant  amounts  of 
Mg++, Ca++, and Na + were complexed by  the  hormone,  
Mg++ was bound in largest  amount s  bu t  in an unspecific 
manner ,  inasmuch as an increase in Mg ++ concent ra t ion  
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Fig. 2. Specific binding of Mg ++ (upper left), Ca ++ (lower right), Na + 
(lower left) and Ir (upper right) by BGH. 

caused a propor t ional  increase in specific binding. Specific 
binding of Ca ++ reached a pla teau extending  f rom 0.01 
to 0 .02M Ca++, thus indicat ing a possible change in the  
conformat ion  of the prote in  chain when exposed to dif- 
ferent  concentra t ions  of Ca++. Na+ was also bound sig- 
n i f icant ly  by  the  hormone.  A clear o p t i m u m  for specific 
binding appeared  ev iden t  at  a concent ra t ion  of 0.02M. 
This  indicates  t h a t  a 0.02 mola r i ty  in respect to Na+ 
causes the  prote in  chain to assume a par t icular  molecular  
conformat ion  which is op t imal  for Na+ binding. The most  
remarkable  results  were obta ined  wi th  K+. Some K+ was 
bound when present  in concent ra t ions  below 0.02M. 
However ,  a t  this  mola r i ty  and above, v i r tua l ly  none was 
bound by  the  hormone.  Thus a d ramat ic  d iscr iminatory  
effect of B G H  against  complexing of this  cat ion became 
apparent .  

Ashes of these samples were also subjected to semi- 
quan t i t a t i ve  emission spectrographic  analyses. These indi- 
ca ted  tha t  the  main  bulk of the  inorganic residues consisted 
of Na +, Ca ++, Mg ++, A1 +++, and SiO3--,  regardless of the  
par t icular  ion added. K + was only de tec ted  when added 
in small  amounts ,  thus  corrobora t ing  the  results obta ined  
wi th  the  a tomic  absorpt ion method.  These results indi- 
ca ted  tha t  the  ions present  in the  s tar t ing mater ia l  were 
only replaced to a l imi ted ex ten t  by  the  par t icular  ion 
added to the  solution. 

Zusammen/assung. Hochgereinigtes  Rinderwachs tums-  
hormon besi tz t  ein ziemlich gutes Bindungsverm6gen  ftir 
Mg++-, Ca++- und Na+-Ionen.  Anderersei ts  wird K+ je 
nach Konzen t ra t ion  t iberhaupt  nicht,  oder nur in Spuren 
gebunden.  
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Fract ionat ion of Highly  Purif ied Bovine  Growth  
H o r m o n e  on S e p h a d e x  G-25 Gel 

In  an earl ier  paper,  evidence was presented which sug- 
gested some inhomogene i ty  among  h ighly  purified bovine  
g rowth  hormone  (BGH) prepara t ions  1. These inhomo- 
geneit ies were observed dur ing e lect rophoret ic  studies on 
po lyac ry lamide  gel columns and showed the resolution of 
BGI-I into five immunologica l ly  ac t ive  bands. 

This  p re l iminary  repor t  describes the  resolut ion of B G H  
homogeneous  by  such cri teria as s tarch gel electrophoresis  
and N- t e rmina l  amino acid analysis into two subtract ions 
by  Sephadex  gel exclusion chromatography .  

The  prepara t ion  of BGH,  po lyacry lamide  gel electro- 
phoresis, and Ouchter lony  immunoassay  techniques  were 
as described previous ly  i. 

30 mg of pure  B G H  were dissolved in 3 ml  0 .05M NH3, 
appl ied to a Sephadex  G-25 co lumn (3.14 cm ~ by  40 mm) 

and eluted wi th  deionized H20. Typica l  e lut ion results  are 
given in the  Figure.  These da t a  show t h a t  a pro te in  peak  
emerged wi th  the  void vo lume  of the column. However ,  a 
substant ia l  a m o u n t  of mater ia l  was re ta ined s l ight ly  by  
the  gel and emerged as a second peak. Bo th  of these frac- 
tions were recovered and concent ra ted  by  lyophil ization.  
The d ry  weight  rat io be tween  fract ions 1 and 2 was 3:1 
(recovery 80%). Reruns  wi th  e i ther  f ract ion resul ted in 
the re format ion  of both  peaks. Sephadex  G-25 gel has an 
exclusion barr ier  around 5000 and should general ly re ta in  
uncharged molecules w i th  a molecular  weight  less than  
this value.  Ear l i e r  invest igators  gave a value  of 45,000 
for the  molecular  weight  of ]3GH ~,a. If  this va lue  were 
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