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Rec( 'nt  i nves t iga t ions  h a v e  disclosed some in t e r e s t i ng  s imi lar i t ies  b e t w e e n  g r o w t h  

1,~rmones isolat t 'd  in pure  form f rom h u m a n  and  m o n k e y  p i t u i t a r y  g l ands l ;  t h e  cor-  

n , s l / . nd in  ~ bov ine  l lo rmnne ,  however ,  differs s ign i f i can t ly  w i t h  respec t  to a m i n o  ac id  
coml ,~s i t ion ,  mo lecu l a r  we igh t ,  and  the  n u m b e r  of p e p t i d e  cha ins  2. Since it appea r s  

~l¢,siral/l¢' to e x t e n d  the  compar i son ,  we wish to repor t  on some aspec t s  of t he  gross  

m, l t , cu la r  conf igura t ion  of the  th ree  pro te ins ,  based  upon  the i r  e l ec t ro s t a t i c  a a n d  

hx'<h~)(hnamic ~ proper t ies .  
Sim:~, c o m p l e t e  t i t r a t i o n  cu rves  could  no t  be secured,  owing  to t he  l im i t ed  solu- 

l~ilit v of th(, bov ine  m a t e r i a l  and  to t he  sca rc i ty  of p r i m a t e  p r epa ra t i ons ,  t he  e lec t ro -  

sl  a l  it" ])aralneters  were e s t i m a t e d  f rom a s t u d y  of the  ion iza t ion  p rope r t i e s  of t y ro s ine  
n,~idncs ~)nlx. Abso rp t i on  spec t r a  of the  g r o w t h - h o r m o n e  so lu t ions  in o.1 N KC1 were  

r u c . r d c d  at 25 in the  r ange  of 28o--3oo m/x, t he  p H  be ing  v a r i e d  b e t w e e n  9 and  I3 .5 ;  
a l lowance  was m a d e  for b a c k g r o u n d  abso rbancy ,  e x t r a p o l a t e d  f rom the  reg ion  of 
33 o 37 ° m/~ as d iscussed b y  IIE.XVI;N _\NI) H()I.II).XY s. T h e  ty ros ine  c o n t e n t  of each  
hormone '  was r eca l cu l a t ed  f rom these  m e a s u r e m e n t s  (Table  I). S p e c t r o p h o t o m e t r i c  
va lues  were a lways  g rea t e r  t h a n  the  ear l ier  va lues  o b t a i n e d  by  m e a n s  of t he  pape r -  
d i n i t r o p h e n y l a t i o n  methodS,G; t he  fo rmer  va lues  a p p e a r  to be t he  m o r e  re l iable ,  how-  

ever ,  since the  l a t t e r  p rocedure  has  well  k n o w n  l i m i t a t i o n s  w i t h  respec t  to the  ana lys i s  
of tv ros ine .  Spec t ra l  changes  assoc ia ted  wi th  v a r i a t i o n  of t h e  p H  were  r eve r s ib l e ;  
l huv  \w'n '  a]~o i n s t a n t a n e o u s ,  excep t  at  p H  13. 5 where  a s l ight  increase  in a b s o r b a n c y  

was ~l)~urx('d (l~'~s than  5 %) ( l in ing  a per iod ()f 5 hours .  The  v a r i a t i o n  in m o l a r  

* This work was supt)orted in part by a grant from the American Cancer Society. 
** Ftdbright Grantee ~ 955 57, on leave of absence from the University of Brussels, Belgium. 
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TABLE I 

COMPARISON AMONG GROWTH HORMONES FROM B E E F ,  HUMAN AND MONKEY PITUITARY GLANDS 

Bee/ Human Monleey 

Assumed molecular weight 
(from amino acid compo- 
position) 46,ooo (ref. e) 28,ooo (ref. 1) 28,ooo (ref. 1) 

Tyrosine residues per mole: 
Spectrophotometric 
method i2 q- I 9 + I IO ± 

Paper-DNP method i i (ref. 6) 5 (ref.1) 7 (ref.1) 
Change in molar extinction 

at 295 m/, (per tyrosine 
residue) 2,400 2,250 2,400 

Amide groups per mole 34 29 3 ° 
Calculated isoionic pH 7.o 5.1 5.8 
Observed isoelectric pH 6.85 {ref3) 4.9 (ref.9) 5.5 (ref.I) 
Mid-point of tyrosine 

ionization curve I 1.2 Io. 7 io.75 
pK, of tyrosine (range, and 

most probable value) IO.45-Io.6(IO.45 ) 9.65-9.8(9.8 ) io.2-io.3(io.25) 
Electrostatic factor w 

(range, and most 
probable value)* o.o317-o.o33o(o.o33) 0.o53-0.055(o.055) o.o38-o.o41 (o.o41 ) 

Radius of anhydrous sphere 23.8 ]k 20.2 /~ 20.2 /~ 
Radius of equivalent 

electrostatic sphere 
Impenetrable by ions 
(ref. 8, eqn. I )  3 ° A 22 /~ 26 
Permeable to ions 
(ref. 3, eqn. 15) 27 /~k 21.5 /~ 23.5 /~ 

Axial ratio of the equivalent 
hydrodynamic ellipsoid 
(prolate) 6.2 4-8 6.o** 

Intrinsic viscosity (ml/g) 6.1 5-7 - -  

* Values of 0.034 for beef, o.o5I for human, and 0.040 for monkey are obtained when calculation 
is based upon the buffer value at the mid-point of the ionization curve (K. LINDERSTROM-LANG, 
Co,mpt. rend. tray. lab. Carlsberg, 15 (1924) No. 7)- 

From sedimentation and diffusion data alone, assuming a hydration of o. 3 g/g protein. 

e x t i n c t i o n  per  t y ros ine  res idue  a t  295 m/~, going f rom n e u t r a l  to h igh ly  a lka l ine  solu-  
t ions ,  was  of the  order  of 2,400, in  comple t e  a g r e e m e n t  w i th  s imi la r  d a t a  for free 
t y ro s ine  (2,3oo), r i bonuc lease  (2,630), a n d  s e r u m  a l b u m i n  (2,430) 7. Accord ing ly ,  spec- 
t r a l  changes  could  be  used  as a m e a s u r e  of the  degree of i on i za t ion  (a) of the  ty ros ine  
res idues  in  the  th ree  hormones .  

Ca lcu la t ion  of the  in t r in s i c  p K  (pK,) a n d  of the  e lec t ros ta t i c  fac tor  (w) f rom the  
u s u a l  r e l a t i onsh ip  3 p H -  log ( a / I -  a) ~ p K i -  o.868wZ requi res  a knowledge  of 
t he  ne t  charge  (Z) car r ied  b y  the  p ro te in  ; in  the  absence  of a comple t e  t i t r a t i o n  curve ,  
th is  q u a n t i t y  was e s t i m a t e d  as follows. Th e  isoionic p H  was first c o m p u t e d  f rom a 
sepa ra t e  d e t e r m i n a t i o n  of the  a m i d e  c o n t e n t  of the  p ro te in ,  f rom the  k n o w n  a m i n o  
acid  composi t ion1,  6, a n d  f rom c u r r e n t l y  accep ted  p K ,  va lues  for carboxyl ic ,  iminazo le  
a n d  a - a m i n o  groups  s. Th i s  ca l cu la t ed  isoionic pH,  be ing  p rac t i ca l l y  iden t i ca l  w i th  the  
e x p e r i m e n t a l  isoelectr ic  p H  1,3,9, was t a k e n  as the  or igin  of the  Z axis. The  v a r i a t i o n  
of ne t  charge  in  the  p H  range  of f rom 9 to 12 was t h e n  ascr ibed  to the  i on i za t ion  of 
t y ros ine  a n d  e -amino  groups  only .  A series of plots  of (pH - -  log a / I  - -  a) v e r s u s  Z 
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was accordingly made, the pK, for e-NH 2 being varied within the "normal" limits of 
IO.O to lO.6 (c/.S). The most probable value for the pK, of tyrosine was finally obtained 
by minimizing, with respect to the pK, of e-NH 2, the square of the deviations in those 
plots (Fig. I). 

The value pK, z 9.8 for human growth hormone appears quite reasonable v, in 
spite of the assumptions made during calculations for the purpose of simplification. 
In contrast, the high value obtained for the bovine hormone seemed to indicate that 
in this case some factor was actually depressing ionization. The tyrosyl-carboxylate 
ion hydrogen bonding discussed by SCHER:\GA 10 indeed seems to occur in the bovine 
hormone, since the expected differential spectrum is obtained between p H I  and pH 5 
(Fig. 2); this spectrum is very similar to spectra recorded with insulin, ribonuclease, 

_A II.C 
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Fig. i. Electrostatic interactions in growth 
hormones  from three species. (Appropriate  
values for the  pK,  of e-amino groups are: IO.O 
for the  beef hormone,  and lO.6 for the p r imate  

hormones.)  
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Fig. 2. Differential ultraviolet spectrum of 
bovine growth hormone, 1.9 m/ml, between 
pH 1.2 and pH 5.1. (Corrected for difference 
in solvent composition; readings were taken 
1-2 hours after adjusting the pH, some time 

effect being observed,) 

and lysozyme, although the main peak A is shifted by 3-4 m/z towards longer wave 
length. By comparison with ribonuclease, where the change in molar extinction at 
peak A has been evaluated 1°, it would appear that I I - I  3 tyrosine residues are hy- 
drogen-bonded in bovine growth hormone; this is entirely consistent with evidence, 
derived from the titration between pH 9 and 12, that  all 12 tyrosines in this hormone 
behave in an identical manner. As expected, no significant differential spectrum was 
obtained with the human hormone (less than 2 hydrogen-bonded tyrosines out of 9). 
The differential spectrum of the monkey hormone will be worth investigating also~ 
when more material becomes available, since its pKi value seems to locate it in a 
position intermediate between the human and bovine compounds. 

It  is also of interest to compare, in connection with the three hormones, tile radius 
of the anhydrous molecule, calculated from the values for molecular weight and partial 
specific volume, with the radius of the equivalent electrostatic sphere ('Fable I); tile 
latter information can be derived front the electrostatic parameter w, assuming a 
suitable model 3, The assumption that the growth-hormone molecules are impervious 
to ions from the solvent (equation I in ref. 3) results in unexpectedly large radii for the 
equivalent electrostatic sphere ; if hydration is considered responsible for the increases 
over the radius of the anhydrous molecule, values up to 0.8 g solvent/g protein are 

R e / e r e n c e s  p .  5 2 3  . 
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o b t a i n e d .  T h i s  m o d e l  is c l e a r l y  i n a d e q u a t e ,  as  was  o f t e n  f o u n d  to  b e  t h e  case  w i t h  

o t h e r  p r o t e i n s  (see t h e  d i s c u s s i o n  in  ref.~). T h e  a s s u m p t i o n  of a m o d e l  w h i c h  a l lows  

for  p e r m e a b i l i t y  o n  t h e  p a r t  of t h e  m o l e c u l e  to  ions* ,  o n  t h e  o t h e r  h a n d ,  l e a d s  to  m u c h  

m o r e  r e a s o n a b l e  v a l u e s  for  s o l v a t i o n  f a c t o r s  (o.15 to  0 .4  g /g  p r o t e i n )  a n d  for  t h e  r ad i i  

of t h e  e q u i v a l e n t  pa r t i c l e s .  

W h e n  t h e  h u m a n  a n d  m o n k e y  h o r m o n e s  a re  c o m p a r e d ,  i t  b e c o m e s  o b v i o u s  t h a t  

t h e  e l e c t r o s t a t i c  p a r a m e t e r  w does  n o t  n e c e s s a r i l y  p a r a l l e l  t h e  size p a r a m e t e r  m e a s u r e d  

b y  t h e  m o l e c u l a r  w e i g h t .  A l t h o u g h  t h i s  effect  m i g h t  p o s s i b l y  ref lec t  s o m e  r ea l  d i f fer -  

ence  in s o l v a t i o n  b e t w e e n  t h e s e  t w o  h o r m o n e s ,  i t  c o u l d  e q u a l l y  wel l  a r i se  f r o m  a 

d i f f e r e n t  d e p a r t u r e  f r o m  s p h e r i c a l  s y m m e t r y .  I n  o r d e r  t o  s e t t l e  t h i s  p o i n t ,  s e p a r a t e  

d e t e r m i n a t i o n s  of i n t r i n s i c  v i s c o s i t y  we re  c a r r i e d  o u t  a n d  t h e  r e s u l t s  we re  c o m b i n e d  

w i t h  a v a i l a b l e  s e d i m e n t a t i o n  a n d  d i f fus ion  d a t a  in  o r d e r  to  e s t i m a t e  t h e  a x i a l  r a t i o  

of a n  h y d r o d y n a m i c  e l l ipso id  e q u i v a l e n t  to  t h e  m o l e c u l e  4. I t  wi l l  b e  s een  f r o m  T a b l e  I 

t h a t  t h e  m o n k e y  h o r m o n e  does  i n d e e d  r e s e m b l e  t h e  b o v i n e  h o r m o n e  w i t h  r e s p e c t  to  

m o l e c u l a r  a s y m m e t r y ,  a l t h o u g h  w i t h  r e s p e c t  to  m o l e c u l a r  w e i g h t  i t  b e l o n g s  t o  t h e  

s a m e  class  as  t h e  h u m a n  h o r m o n e ;  t h e  r e l a t i v e  v a l u e s  of t h e  w p a r a m e t e r  a r e  t h u s  

r e a d i l y  e x p l a i n e d  o n  t h i s  bas i s .  F i n a l l y ,  i t  s eems  w o r t h  m e n t i o n i n g  t h a t  in  t h e  t h r e e  

p r o t e i n s  a s t r i k i n g  p a r a l l e l i s m  is o b s e r v e d  b e t w e e n  m o l e c u l a r  a s y m m e t r y  a n d  c y s t i n e  

c o n t e n t .  

SUMMARY 

The electrostatic and hydrodynamic properties of growth hormones isolated from bovine, monkey 
and human  pituitaries have been investigated. I t  was noted t h a t  these three hormones differ with 
respect to the radii of their  electrostatic spheres and the dissociation constants  of their tyrosine 
phenolic groups. From the  amide content  determined herein and previous data  on amino acid 
composition, isoionic points for bovine, monkey and human  growth hormones have been computed 
to be 7.0, 5.1, and 5.8, respectively; these values are in fair agreement with the experimentally 
determined isoelectric points. 

The differential ul traviolet  spectrum of bovine growth hormone indicated the existence of 
a tyrosyl-carboxylate-ion hydrogen bonding. However, no significant differential spectrum was 
obtained with the h u m a n  hormone. 
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* Two slightly different models have been t reated by  TANFORD, one where the net  charge of 
the  protein is located entirely on the  surface of the  equivalent sphere (equations 14 and 17, in 
ref.3), and one where the net  charge is distr ibuted over the solvation shell (equation 15 in ref.~). 
The lat ter  seemed preferable since the relationship between w and the radius is less dependent  on 
the  value assumed for the dielectric constant ;  this was taken as the dielectric constant  of the 
solvent, al though it is realized tha t  a significant fraction of the interactions might actually be 
t ransmi t ted  through the protein itself. 


