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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 

1 F. REUSSER, Archs Biochem. Biophys.  106, 410 (1964). 
C. H. LI and  D. CHUNG, J.  Biol. Chem. 218, 33 (1956). 

3 A. J.  PARCELLS, Nature  192, 971 (1961). 
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c o r r e c t  a n d  m o l e c u l a r  s ize  we re  t h e  o n l y  f a c t o r ,  t h e  h o r -  
m o n e  s h o u l d  n o t  be  r e t a i n e d  b y  t h e  S e p h a d e x  G-25  gel,  

P o l y a c r y l a m i d e  ge l  e l e c t r o p h e r o g r a m s  p r e p a r e d  w i t h  
m a t e r i a l  f r o m  b o t h  f r a c t i o n s  (F igure )  were  e s s e n t i a l l y  Sample 
i d e n t i c a l  in  r e s p e c t  to  e a c h  o t h e r  a n d  t h e  u n f r a c t i o n a t e d  
h o r m o n e .  I n  a l l  c a s e s  a d i s t i n c t  p a t t e r n  of  f ive  b a n d s  w a s  
f o r m e d  as  d e s c r i b e d  ea r l i e r  for  t h e  u n f r a c t i o n a t e d  h o r -  
m o n e  1. 

I m m u n o a s s a y s  b y  t h e  O u c h t e r l o n y  t e c h n i q u e  s h o w e d  
t h a t  b o t h  f r a c t i o n s  r e a c t e d  p o s i t i v e l y  w i t h  B G H - a n t i -  
s e r u m .  A s ing l e  p r e c i p i t a t i o n  b a n d  w a s  o b t a i n e d  in  e a c h  
case .  T h e s e  b a n d s  a n d  t h e  one  f o r m e d  b y  s t a n d a r d  g r o w t h  
h o r m o n e  we re  c o n f l u e n t .  H o w e v e r ,  t h e  b a n d  f o r m e d  b y  
f r a c t i o n  1 m a t e r i a l  (F igu re )  w a s  q u i t e  w e a k  a n d  v e r y  
i n d i s c r e t e  in  s h a p e .  

B i o a s s a y s  b y  t h e  r a t  t i b i a  a s s a y  4 s h o w e d  t h a t  b o t h  
f r a c t i o n s  p o s s e s s e d  s o m a t o t r o p i c  a c t i v i t y  as  s h o w n  in  
T a b l e  I. 

T h e  d e t e r m i n a t i o n  of t h e  r e l a t i v e  a m i n o  ac i d  c o m p o s i -  
t i o n  6 in  22 h h y d r o l y s a t e s  y i e l d e d  t h e  r e s u l t s  s h o w n  in  
T a b l e  I I .  T h e s e  d a t a  we re  n o t  c o r r e c t e d  for  h y d r o l y s a t i o n  
losses .  T h e s e  r e s u l t s  s h o w  n o  s i g n i f i c a n t  d i f f e r e n c e s  
b e t w e e n  e i t h e r  o f  t h e  f r a c t i o n s  a n d  t h e  u n f r a c t i o n a t e d  
h o r m o n e  in  r e s p e c t  t o  a m i n o  ac id  c o m p o s i t i o n .  A s p e c t r e -  
p h o t o m e t r i c  t r y p t o p h a n  d e t e r m i n a t i o n  ~ d o n e  o n  t h e  
u n f r a c t i o n a t e d  h o r m o n e  i n d i c a t e d  t h a t  o u r  h o r m o n e  
p r e p a r a t i o n  w a s  d e v o i d  of t r y p t o p h a n .  T h i s  is in  c o n t r a s t  
t o  t h e  f i n d i n g s  o f  LI  a n d  CHUNG 2 w h o  f o u n d  a v a l u e  of  
t h r e e  r e s i d u e s  of  t r y p t o p h a n  b a s e d  on  a m o l e c u l a r  w e i g h t  
of  45,000.  H o w e v e r ,  t h e i r  r e s u l t s  we re  p u b l i s h e d  n e a r l y  
10 y e a r s  ago  a n d  c o n s e q u e n t l y  we re  o b t a i n e d  w i t h  
m a t e r i a l s  p r e p a r e d  b y  less  a d v a n c e d  p r o t e i n  p u r i f i c a t i o n  
t e c h n i q u e s  t h a n  a r e  a v a i l a b l e  t o d a y .  B G H  w o u l d  t h e r e -  
fo re  r e p r e s e n t  t h e  s e c o n d  g r o w t h  h o r m o n e  d e s c r i b e d  
l a c k i n g  t r y p t o p h a n ,  s i nce  r a t  g r o w t h  h o r m o n e  a lso  w a s  
f o u n d  to  c o n t a i n  n o n e  v. 

S e d i m e n t a t i o n  v e l o c i t y  s t u d i e s  in  t h e  S p i n c o  M o d e l  E 
u l t r a c e n t r i f u g e  w i t h  t h e  u n f r a c t i o n a t e d  h o r m o n e  a n d  t h e  
m a t e r i a l s  d e r i v e d  f r o m  t h e  t w o  p e a k s  in  t h e  F i g u r e  Sample 
s h o w e d  e v i d e n c e  of a t  l e a s t  t w o  c o m p o n e n t s  w i t h i n  e a c h  
p r e p a r a t i o n  (Tab l e  I I i ) .  U n d e r  t h e  c o n d i t i o n  o f  a n a l y s i s ,  
a s m a l l  a m o u n t  of  a s l o w - m o v i n g  c o n l p o n e n t  w a s  p r e s e n t  
in  al l  t h e  s a m p l e s  w i t h  a m i n i m u m  m o l e c u l a r  w e i g h t  cor -  
r e s p o n d i n g  to  a p p r o x i m a t e l y  6000. T h e  p r e d o m i n a n t  Unfrae- 
p o r t i o n  of  e a c h  p r e p a r a t i o n  h a d  s e d i m e n t a t i o n  c o e f f i c i e n t s  tionated 
c o r r e s p o n d i n g  to  m i n i m a l  m o l e c u l a r  w e i g h t s  g r e a t e r  t h a n  
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1% BGH solution in 0.053/ NH a run over Sephadex G-25. F-1 and 
F-2 = recovered fractions. Flow rate, 1 ml/min; eluted at roonl 

temperature; eluant, deionized H20. 

Table 1. Growth hormone assay of 13GH fractions obtained by 
Sephadex gel exclusion ehronlatography (see the Figure) 

No. of Dose/rat Tibia width 
rats (pg) (micra) 

Control 7 none 159 • 2.59 * 
Fraction 1 7 160 309 ~ 3.26 
Fraction 2 7 160 265 --  11.0 

Standard error of average. 

Table II. Amino acid composition of fractions 1 and 2 (see the Figure) 
expressed in residues per 31 residues of alanine 

Amino acid Fraction 1 Fraction 2 BGH un- 
fractionated 

Lysine 22.9 22.7 20.9 
Histidine 7.2 8.5 7.7 
Arginine 22.0 21.2 19.0 
Aspartic acid 33.7 32.5 32.9 
Threonine 24.6 23.3 23.9 
Serine 25.0 24.7 24.6 
Glutamie acid 46.0 43.4 45.0 
Proline 15.8 14.9 14.7 
Glycine 22.0 22.0 21.8 
Alanine 31.0 31.0 31.0 
Valine 14.5 14.5 14.8 
Methionine 8.3 7.4 8.0 
Isoleueine 12.0 10.9 11.1 
Leucine 48.2 46.1 46.5 
Tyrosine 12.9 11.9 11.8 
Phenylalanine 25.8 24.0 24.5 
Tryptophan none 

Table III. Sedimentation analysis of BGH fractions shown in the 
Figure 

Sedilnenting $20 , w ~' Apparent mini- 
component (95% confidence m u m  ~ MW 
(% of total) limits) (95% confi- 

dence limits) 

BGH 

Fraction 1 

Fraction 2 

Slow (18~ 

Fast (82%) 

Stow (8%) 

Fast (92%) 

Slow (• 10%) 

Fast  1 ( >  80%) 

Fast 2 (% 10%) 

(1.17 • 0.48)S 7,100 
(3,200-11,900) 

(2.74 :t: 0.04)S 25,400 
(24,900-26,000) 

(1.12 i 0.40)S 6,600 
(3,400-10,500) 

(2.99 • 0.07)S 29,000 
(28,000-30,000) 

1S present but  not well enough 
resolved 
(3.15 • 0.15)S 31,400 

(29,000-33,600) 

3S present but  not well enough 
resolved 

Assumption of an unsolvated, spherical particle (f/f0 = 1). u Values 
corresponding to 1% protein concentration. Samples were run  as 
1% solutions in 0.05M NH a containing 0.1M KCl. 

4 F. S. GREENSPAN, C. H. LI, M. E. SIMPSON, and H. M. EVANS, 
Endocrinology d5, 455 (1949). 

5 D. H. SPACKMAN, W. H. STEIN, and S. MOOR~, Analyt. Chem. 30, 
1190 (1958). 

6 W. L. BENCZE and K. SCHMIO, Analyt. Chem. 2g, 1194 (1957). 
7 R. A. REISFELD, A. S. MUCCILLI, D. E. WILLIAMS, and S. L. 

STEELMAN, Nature 201, 821 (1964). 
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25,000. These  l a t t e r  coeff ic ients  differ  f rom each  o t h e r  
b u t  are w i t h i n  t he  r ange  of s e d i m e n t a t i o n  coeff ic ients  
r epo r t ed  b y  LI and  PEDERSON 8 for B G H  w h e n  m e a s u r e d  
in buffer  so lu t ions  of d i f fe ren t  p H  values.  The  f r ac t ion  2 
m a t e r i a l  c o n t a i n e d  a t r ace  of a f a s t - m o v i n g  c o m p o n e n t  
w i t h  a n  $20 , w > 3.15. 

B G H  dissolved in low ionic s t r e n g t h  aqueous  so lu t ions  
of a m m o n i a  was r e p r o d u c i b l y  resolved in to  two f rac t ions  
of iden t i ca l  amino  acid compos i t i on  b y  exclusion chro-  
m a t o g r a p h y  on  S e p h a d e x  G-25 gel. These  resu l t s  were 
u n e x p e c t e d  since t he  molecu la r  we igh t  r epo r t ed  for th i s  
h o r m o n e  shou ld  exceed t h e  exclus ion b a r r i e r  of t he  gel 
for  u n c h a r g e d  molecules  b y  a fac to r  of a t  leas t  9. I n h o m o -  
gene i ty  w i t h i n  our  B G H  p r e p a r a t i o n  was also i nd i ca t ed  
b y  e lec t rophore t i c  t e c h n i q u e s  and  u l t r a c e n t r i f u g a t i o n a l  
s tudies .  Such  mic ro - inhomogene i t i e s  a m o n g  h igh ly  pur i -  
fied p ro t e inaceous  h o r m o n e s  are no t  u n c o m m o n  9,1~ b u t  
were n e v e r  a c c o u n t e d  for in  a s a t i s f ac to ry  m a n n e r .  Two 
i n t e r p r e t a t i o n s  as app l icab le  to  our  o b s e r v a t i o n s  w i t h  
B G H  are cons idered  in t he  fol lowing:  a causa t ive  fac to r  
m i g h t  be  t he  ex is tence  of severa l  c o n f o r m a t i o n a l  fo rms  
of t he  h o r m o n e  di f fer ing in t h e i r  mode  of p r o t e i n  cha in  
folding.  These  s t r u c t u r e s  m i g h t  r ep re sen t  d i f fe rent  hor-  
m o n a l  sa l t  forms.  R e t a r d a t i o n  of t he  h o r m o n e  on  t h e  gel 
co lumns  m i g h t  also occur  b y  m e a n s  of t he  weak  ion  ex- 
change  p rope r t i e s  of S e p h a d e x  G-25. Two m a j o r  fo rms  of 
B G H  molecules  would  t h e n  be  p r e s en t  w i t h  each  h a v i n g  
d i f fe ren t  aff ini t ies  for t he  charges  o n  S e p h a d e x  gel b u t  
w i t h  s imi la r  molecu la r  weights .  On the  o t h e r  h a n d ,  we 
m i g h t  also a s sume  t h a t  aggrega t iona l  p h e n o m e n a  are  
respons ib le  for these  obse rva t ions .  A molecu la r  we igh t  of 
45,000 for B G H  could  conce i vab l y  r e p r e s e n t  t h e  va lue  of 
a s t ab le  p o l y m e r  of t he  ho rmone .  The  size of the  mono-  
mer ic  basic  u n i t  would  t h e n  be cons ide rab ly  smaller .  The  

e x p e r i m e n t a l  cond i t ions  chosen  for  S e p h a d e x  G-25 gel 
exclus ion c h r o m a t o g r a p h y  m i g h t  f avor  t he  t e m p o r a r y  
f o r m a t i o n  of t he  m o n o m e r i c  a n d  poss ib ly  some in te r -  
m e d i a r y  forms  of the  h o r m o n e  whi le  r u n n i n g  t h r o u g h  t h e  
c o l u m n  bed.  These  forms  would  be  v e r y  labi le  a n d  sub jec t  
to  i m m e d i a t e  r eaggrega t ion  to h i g h e r  molecu la r  we igh t  
complexes  a f t e r  e lu t ion  a n d  lyophi l i za t ion .  The  s ame  
a r g u m e n t  m i g h t  exp la in  t he  d i sc repanc ies  in  we igh t  d is t r i -  
b u t i o n  obse rved  be tween  t he  s e d i m e n t a t i o n  and  chro-  
m a t o g r a p h i c  s tud ies  11. 

Zusammen]assung. Hochge re in ig t e s  R i n d e r w a c h s t u m s -  
h o r m o n  wurde  d u r c h  S e p h a d e x  G-25 Ge l -Chromato -  
g raph ie  in  zwei K o m p o n e n t e n  zerlegt .  13eide F r a k t i o n e n  
wie a n c h  das  u n f r a k t i o n i e r t e  P r X p a r a t  erwiesen sich in 
bezug  auf  A m i n o s ~ u r e n z u s a m m e n s e t z u n g ,  E l e k t r o p h o -  
rese und  biologische Akt iv i tAt  ident i sch .  
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Culture of Macrophages under Homogeneous 
Static Magnetic Field 

The  n u m b e r  of m a c r o p h a g e s  k e p t  in  v i t ro  decays  d u r i n g  
t he  f i rs t  hou r s  a n d  l a t e r  s t a r t s  to  increase.  W e  h a v e  used 
m a c r o p h a g e s  o b t a i n e d  f rom the  gu inea-p ig  pe r i t onea l  
cav i ty ,  c u l t u r i n g  t h e m  in gu inea-p ig  s e rum w i t h  H a n k s  
solut ion.  

I n  a p r e l i m i n a r y  g roup  of expe r imen t s ,  series of t u b e s  
were k e p t  in  a n  i n c u b a t o r  and  o the r  series were p laced  in 
t he  gap  of a n  e l ec t romagne t .  E v e r y  h o u r  for  4 h we 
s amp led  one t u b e  f rom each  series a n d  proceeded  to c o u n t  
t he  n u m b e r  of m a c r o p h a g e s  in a N e u b a u e r  chamber .  I n  
each  case the  t u b e s  wh ich  h a d  been  in the  magne t i c  field 
gave  a g rea t e r  n u m b e r  of m a c r o p h a g e s  t h a n  t he  t u b e s  
wh ich  h a d  been  in t he  i n c u b a t o r .  The  m a g n e t i c  field in- 
t e n s i t y  was e i t he r  4200 oers teds  or 5650 oers teds ,  a n d  t h e  
t e m p e r a t u r e  was e i t he r  c o n s t a n t  (a round  27~ 30~ 
37 ~ etc.) or increas ing  (i.e. f rom 20-32 ~ A l t h o u g h  a 
se t  of 6 p rac t i ca l ly  h o m o g e n e o u s  e x p e r i m e n t s  f rom th i s  
g roup  showed  t h a t  d i f ferences  f rom 2 7 - 3 3 %  in the  n u m -  
be r  of m a c r o p h a g e s  were on ly  s t a t i s t i ca l ly  s ign i f ican t  a t  a 
p r o b a b i l i t y  level  r a n g i n g  f rom 10-30%,  the  fac t  t h a t  t he  
di f ferences  in  th i s  p r e l i m i n a r y  g roup  were a lways  in t he  
same  d i rec t ion  sugges ted  t h a t  i t  would  be  des i rab le  to  
ca r ry  o u t  more  expe r i m en t s .  

A n o t h e r  g roup  of e x p e r i m e n t s  was  car r ied  ou t  sub jec t -  
ing t he  cu l tu res  to  f ield in t ens i t i e s  of 2000, 4000, 6000, 

a n d  8000 oersteds.  The  n u m b e r  of m a c r o p h a g e s  was com- 
pa red  to t h a t  g iven  b y  t u b e s  m a i n t a i n e d  in t he  pole gap,  
b u t  w i t h o u t  m a g n e t i c  field. The  t e m p e r a t u r e  was a lways  
a r o u n d  25~ Pos i t ive  differences  of 36, 46, 55, a n d  
5 6 % ;  7 4 % ;  23, 30, 31, a n d  8 4 % ;  21 a n d  4 7 % ;  and  
17, 20, a n d  50% were s ign i f ican t  a t  p r o b a b i l i t y  levels 1, 
2, 5, 10, a n d  20% for t he  r e spec t ive  groups.  A p l o t t i n g  
of the  n u m b e r  of m a c r o p h a g e s  aga in s t  field i n t e n s i t y  
showed  t h a t  t he  differences are g rea t e s t  a r o u n d  4000 
oersteds.  

We  d r a w  the  conc lus ion  t h a t  t he re  is a m a g n e t i c  effect  
in  cu l tu res  of m a c r o p h a g e s  m a n i f e s t e d  b y  a larger  n u m -  
be r  of v iab le  cells, and  t h a t  t he  effect  is s t ronges t  a t  ap-  
p r o x i m a t e l y  4000 oersteds.  These  resu l t s  sugges t  t h a t  t he  
magne t i c  field a l t e r s  t he  m e t a b o l i s m  of the  mac rophages  
a n d  t h a t  t he  cu l tu re  d y n a m i c s  is changed .  

Rdsumd. E n  c u l t i v a n t  des m a c r o p h a g e s  dans  des c h a m p s  
magn6 t iques  s t a t i ques  e t  homogSnes ,  on  cons t a t e  que le 
n o m b r e  de m a c r o p h a g e s  es t  le p lus  g r a n d  sous l 'effet  de 
c h a m p s  de 2000 A 8000 oers teds ,  avec  u n  m a x i m u m  k 4000 
envi ron .  
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