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m e t r i c  d i s t r i b u t i o n  of auxin*.  T h e  p r e s en t  resu l t s  a p p e a r  
to  suggest  t h a t ,  fo l lowing t r e a t m e n t  w i t h  e thre l ,  a n  a sym-  
me t r i c  d i s t r i b u t i o n  of a u x i n  m i g h t  occur  wh ich  resu l t s  in  
local  surp lus  of a u x i n  on  one side of t h e  root .  This,  in t u rn ,  
causes  i n h i b i t i o n  of cell  e longa t ion  on  t h a t  side whi le  the 
other side con t inues  to  e longa te  t h e r e b y  caus ing  t he  coil- 
ing of t he  root .  As a m a t t e r  of fac t  e t h y l e n e  is k n o w n  to  
i n h i b i t  l a t e ra l  a u x i n  m o v e m e n t  a n d  also to  check  t h e  ca- 
p a c i t y  of t h e  po la r  a u x i n  t r a n s p o r t  s y s t e m  1 I n  add i t i on ,  
the t r e a t e d  seedl ings  usua l ly  deve loped  m u c h  g r ea t e r  
a n t h o c y a n i n  in  t he  hypoco ty l s .  However ,  a t  t h e  s a m e  t i m e  
a r e d u c t i o n  in  t h e  s y n t h e s i s  of chloroph2clls in  t h e  coty le-  
dons  was  also e q u a l l y  e v i d e n t  (Table).  T I B A  i n h i b i t e d  
e l o n g a t i o n  of roo t  as well  as  h y p o c o t y l ,  a n d  d ra s t i ca l l y  
a f fec ted  t h e  p r o d u c t i o n  of l a t e r a l  roo t s  (Figure  C). 

Since roo t  c u r v a t u r e s  ar ise  b y  t h e  d i f f e ren t i a l  e x p a n -  
s ion of t h e  two sides t h r o u g h  a l a t e ra l  m i g r a t i o n  of a u x i n  
i n s t ead  of t h e  n o r m a l  s y m m e t i c a l  a n d  s t r i c t l y  po l a r  flow ~ 
i t  s eemed  of i n t e r e s t  to  s t u d y  i n t e r a c t i o n  b e t w e e n  e th re l  a n d  
2, 3, 5 - t r i - iodobenzoic  acid.  T he  l a t t e r  s u b s t a n c e  is an  ex- 
t r e m e l y  ac t ive  s y n t h e t i c  a n t i a u x i n  a n d  is k n o w n  to  in te r -  
fere w i t h  n o r m a l  a u x i n  t r a n s p o r t  6. Tile resu l t s  p r e s e n t e d  
in t he  T a b l e  are  i n d i c a t i v e  of the  f ac t  t h a t  T I B A  s t r o n g l y  
an t agon izes  t h e  ef fec t  of e th re l  a t  roo t  level.  Therefore ,  the 
seedl ings  r ea red  in T I B A - e t h r e l  c o m b i n a t i o n  d id  n o t  ind i -  

care  a n y  coi l ing (Figure  D). However ,  t he  poss ib i l i ty  of 
T I B A  ac t ing  as c o m p e t i t i v e  i n h i b i t o r  of e t h y l e n e  is ru led  
out ,  because  t he  f o r m e r  chemica l  d id  no t  reverse  t he  effect  
of C E P A  on ch lo rophy l l  syn thes i s  in  co ty l edons  a n d  seed- 
l ing  g rowth .  T h e  exac t  m e c h a n i s m  b y  w h i c h  T I B A  affec ts  
decoi l ing  of roo ts  in  e th re l  t r e a t e d  seedl ings  r e m a i n s  to  be  
explored .  However ,  s ince  root -co i l ing  is assoc ia ted  w i t h  al-  
t e red  a u x i n  m e t a b o l i s m ,  more  spec ia l ly  t he  a l t e red  t r a n s -  
verse  t r a n s p o r t ,  i t  wou ld  a p p e a r  t h a t  T I B A  b r ings  a b o u t  
decoi l ing  b y  in f luenc ing  a u x i n  t r a n s p o r t .  This ,  however ,  
needs  f u r t h e r  con f i rma t ion .  

Rdsumd. L ' 6 t h r e t  p r o v o q u e  l ' e n r o u l e m e n t  des  r ac ines  du  
j e n n e  Ipomoea pentaphyl la.  Cet  effe t  es t  c o m p I ~ t e m e n t  
a n n u l 6  p a r  l ' a d j o n c t i o n  de  T I B A .  
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S T U D I O R U M  P R O G R E S S U S  

S e q u e n c e  C o m p a r i s o n  of  H u m a n  P i t u i t a r y  G r o w t h  H o r m o n e ,  H u m a n  C h o r i o n i c  S o m a t o m a m m o -  
t r o p i n  a n d  O v i n e  P i t u i t a r y  L a c t o g e n i c  H o r m o n e  

H u m a n  g r o w t h  h o r m o n e  (HGH)  a n d  ov ine  lac togenic  
h o r m o n e  (LTH),  secre ted  b y  t h e  p i t u a r y  g land,  a n d  h u m a n  
chor ion ic  s o m a t o m a m m o t r o p i n  (HCS),  sec re ted  b y  the 
h u m a n  t r o p h o b l a s t  d u r i n g  p r e g n a n c y ,  are  al l  p o t e n t  lac to-  
gene t ic  h o r m o n e s  1-~. W h i l e  L T H  possesses no  g r o w t h  
p r o m o t i n g  ac t iv i ty ,  H C S  has  been  s h o w n  in the  r a t  t i b i a  
tes t ,  to  be  1 0 - 1 5 %  as p o t e n t  as H G H  in  t h i s  r e g a r d  s. 
HCS  has  also been  shown  to closely r e semble  H G H  in 
a m i n o  acid compos i t i on  4 a n d  i m m u n o c h e m i c a l  b e h a v i o r  ~. 
L i m i t e d  sequence  s tudies ,  cyr r ied  ou t  in  c o n j u n c t i o n  w i t h  
these ear ly  i nves t i ga t i ons  on  I-tCS, a l r e a d y  showed  simil-  
a r i t i es  to  H G H  in  b o t h  t he  a m i n o  3, 5 a n d  c a r b o x y l  s, s t e r -  
m i n a l  reg ions  of t he  molecule .  

The r e c e n t  p u b l i c a t i o n  of t h e  comple t e  p r i m a r y  s t ruc-  
t u r e  ~ of t-ICS a n d  a revised  s t r u c t u r e  s for  H G H  has  
p r o m p t e d  * us to  r e e v a l u a t e  our  ear l ie r  n c o m p a r i s i o n  of 
the H G H  s t r u c t u r e  w i t h  t h a t  of L T H ,  a n d  to  e x t e n d  t h i s  
to  inc lude  t h e  newly  ava i l ab l e  H C S  s t ruc tu re .  I n  the 
fol lowing discussion,  we shal l  use t he  t e r m  h o m o l o g y  to  
refer  to  i n s t a n c e s  whe re  e q u i v a l e n t  pos i t i ons  in  t w o  or 
more  sequences  a re  occupied  e i t h e r  b y  i den t i ca l  a m i n o  
acids,  or  b y  two  d i f fe ren t  a m i n o  ac ids  w h i c h  a re  j u d g e d  to  
b e  a c c e p t a b l e  r e p l a c e m e n t s  for  each  o ther .  B y  s t a t i s t i c a l  
ana lys i s i s  of a large  n u m b e r  of sequences  f rom severa l  
t y p e s  of r e l a t ed  pro te ins ,  DAYHOFF 12 h a s  c h a r a c t e r i z e d  the 
degree  of h o m o l o g y  b e t w e e n  all  poss ible  a m i n o  acid pa i r s  
a cco rd ing  to  t h e  r e i a t i ve  r a t e s  of a c c e p t a n c e  of e i t h e r  
m e m b e r  of t h e  pa i r  i n to  t he  same  res idue  pos i t ion  in  a g iven  
t y p e  of p o l y p e p t i d e  chain .  As m i g h t  be  expec ted ,  the 
h i g h e s t  degrees  of h o m o l o g y  are  found  b e t w e e n  t h e  a m i n o  
acids  showing  t he  g r ea t e s t  degrees  of chemica l  s imi la r i ty ,  
c o r r e s p o n d i n g  to  t h e  ' c o n s e r v a t i v e  r e p l a c e m e n t s '  des- 
c r ibed  b y  PERUTZ et  al. 13. O t h e r  pairs,  in  w h i c h  the chemi- 

cal  s imi l a r i t y  is n o t  i m m e d i a t e l y  obvious ,  h a v e  also b e e n  
cons idered  as  homologous  or a c c e p t a b l e  r e p l a c e m e n t s  12. 
W e  sha l l  des igna te  as  ' h i gh ly  a c c e p t a b l e '  t hose  replace-  
mer i t s  h a v i n g  a c c e p t a n c e  r a t e s  1~ equa l  to  or  g rea te r  t h a n  
40 t i m e s  t h a t  p r e d i c t e d  b y  chance ,  a n d  as ' a c c e p t a b l e '  
those w i t h  a c c e p t a n c e  r a t e s  f rom 21 to  39. I n  our  ana lys is ,  
a m i n o  acid pa i r s  r e p r e s e n t i n g  r e p l a c e m e n t s  w i t h  accept -  
ance  r a t e s  f rom 0 to  20 will  no t  be  cons idered  homologous .  

To e x a m i n e  the  s t r u c t u e s  for  a reas  of homolgy ,  we h a v e  
a l igned  the three sequences  acco rd ing  to  t he  b e s t  poss ib le  
f i t  of c e r t a i n  re ference  res idues.  Cyste ine ,  t r y p t o p h a n ,  ty ro -  
sine, h i s t id ine  a n d  pro l ine  were  used as re ferences  because  
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oI t h e i r  l im i t ed  c o n t e n t  in  these  p r o t e i n s  a n d  t h e i r  low re- 
l a t i v e  m u t a b i l i t y  x2. Occasional ly ,  t he  i n t r o d u c t i o n  of a gap  
i n to  one  or t h e  o t h e r  sequence  was r equ i r ed  to  o b t a i n  t he  
be s t  a l i g n m e n t .  The  homology  b e t w e e n  a n y  two sequences  
or  p o r t i o n s  thereof ,  is t h e n  d e t e r m i n e d  accord ing  to  t h e  
c r i t e r i a  ou t l i ned  above .  A l t h o u g h  t h e  inc lus ion  of accep t -  
ab le  r e p l a c e m e n t s  is c e r t a i n l y  necessa ry  in a n y  e v a l u a t i o n  
of homology ,  i t  m u s t  be  k e p t  in  m i n d  t h a t  t he  h i g h e s t  em-  
phas i s  shou ld  be  g iven  to  t h e  n u m b e r  of i den t i ca l  resi-  
dues.  

Comparison o/HGH and HCS. B o t h  H G H  a n d  I-ICS are  
s ingle  c h a i n  p o l y p e p t i d e s  ~,s of 190 res idues  c o n t a i n i n g  2 
d isu l f ide  bonds .  The  a l i g n m e n t  of these  2 sequences  pre-  
s en t s  no  p r o b l e m  s ince t he  s t r u c t u r e  of e i t h e r  m a y  be  
p laced  in a one - to -one  co r r e spondence  w i t h  t he  o t h e r  w i th -  
o u t  t he  i n t r o d u c t i o n  of gaps.  T h e  severa l  gaps  a p p e a r i n g  
in t h e  2 sequences  as dep ic t ed  in t he  F igure  are  r equ i red  
on ly  for  c o n c u r r e n t  a l i g n m e n t  w i t h  t he  L T H  s t ruc tu re .  
O u t  of t he  190 res idue  pos i t ions  in these  2 pro te ins ,  160 
(849'o) are occupied  b y  iden t i ca l  a m i n o  acids.  T he  30 posi-  
t i ons  showing  differences,  c o n t a i n  19 h igh ly  accep tab l e  
r ep l acemen t s ,  a n d  4 a c c e p t a b l e  r e p l a c e m e n t s  w i t h  on ly  7 
pos i t ions  be ing  occupied  b y  n o n - h o m o l o g o u s  a m i n o  acids. 
Thus ,  t h e r e  are  a t o t a l  of 183 homologous  pos i t ions  in 
c o m p a r i n g  H G H  a n d  HCS,  a m o u n t i n g  to  96% of e i t he r  
p e p t i d e  cha in .  The  a m i n o  t e r m i n a l  p o r t i o n  a p p e a r s  to  
c o n t a i n  m o s t  of t he  differences,  w i t h  26 changes  occur r ing  
in  t h e  f i rs t  111 res idue  pos i t ions ,  a n d  on ly  4 changes  oc- 
cu r r i ng  in t h e  r e m a i n i n g  79. T h r e e  s h o r t  regions,  e ach  w i t h  
less t h a n  50% i d e n t i t y  a p p e a r  to  be  on ly  a reas  in  w h i c h  
a m i n o  acid d i f ferences  a re  c o n c e n t r a t e d  to  a n y  e x t e n t .  
These  reg ions  e n c o m p a s s  res idue  pos i t ions  1-4, 4 6 - 5 6  a n d  
103-111,  c o n t a i n i n g  a t o t a l  of 14 changes  w i t h i n  24 posi-  
t ions .  T h e  19 h i g h l y  a c c e p t a b l e  r e p l a c e m e n t s  m a y  be  fur-  
t h e r  d iv ided  i n to  15 pa i r s  in  w h i c h  one  or  b o t h  of t h e  
m e m b e r s  is a po la r  or  cha r ged  res idue,  a n d  on ly  4 pa i r s  in  
which  b o t h  a m i n o  acids are  h y d r o p h o b i c  in  n a t u r e .  B y  
a n a l o g y  w i t h  t h e  resu l t s  on  h e m o g l o b i n  ~ i t  m i g h t  be  pre-  
d ic t ed  t h a t  m o s t  of t he  15 po la r  pos i t ions  occur  on t he  sur-  
face of t h e  molecules  where  t h e y  are  in  c o n t a c t  w i t h  t he  
e x t e r n a l  aqueous  so lvent .  I n  t h i s  s ame  regard,  i t  m a y  be 
s ign i f i can t  t h a t  al l  b u t  one of t h e  11 r e p l a c e m e n t s  in t he  
two  regions  b o u n d e d  b y  pos i t ions  46-56  a n d  103-111,  
w h i c h  were m e n t i o n e d  a b o v e  as two  of the  areas  in wh ich  
t he re  a p p e a r e d  to  be  a c o n c e n t r a t i o n  of differences,  invo lve  
changes  b e t w e e n  h y d r o p h i l i c  a m i n o  acids.  

T h e r e  a p p e a r s  to  be a n  u n u s u a l  c o n s e r v a t i o n  of t he  po-  
s i t ion  of ser ine res idues  b e t w e e n  these  two s t ruc tu res .  As 
p o i n t e d  ou t  b y  DAYHOFF 1~, ser ine  is t h e  m o s t  r ep laceab le  
of al l  t h e  a m i n o  acids. H G H  a n d  H C S  b o t h  c o n t a i n  18 
ser ine  residues,  16 of wh ich  are  in iden t ica l  pos i t ions  in t h e  
2 molecules,  a m o u n t i n g  to  90% i d e n t i t y  in  t h e  pos i t i on  of 
t h i s  a m i n o  acid.  Th i s  va lue  m a y  be  c o m p a r e d  w i t h  t h a t  for 
m e t h i o n i n e  (70% iden t i ty )  a n d  a s p a r a g i n e  (75% iden t i ty ) ,  
w h i c h  DAYHOFF lists  as  t he  n e x t  2 m o s t  r ep laceab le  resi-  
dues ,  a n d  also w i t h  t h a t  of leucine ( 9 6 % i n d e n t i t y )  or  glyci-  
ne  (93% iden t i ty )  wh ich  a re  l i s ted  as r e l a t ive ly  i r rep lacea-  
b le  a m i n o  acids.  All of t he  lysine,  ty ros ine ,  cys te ine  a n d  
t r y p t o p h a n  res idues  are  in  iden t i ca l  pos i t i tons ,  in good 
agree  m e n t  w i t h  t h e  ve ry  low r a t e s  of r e p l a c e a b l i t y  of 
t he se  res idues.  

T h e  v e r y  h i g h  degree  of h o m o l o g y  b e t w e e n  these  two 
p r o t e i n  h o r m o n e s  m a y  also be  seen f rom a cons ide ra t i on  of 
t h e  m i n i m u m  n u m b e r  of nuc leo t ide  base  d i f ferences  in 
t h e i r  genet ic  codes.  All b u t  one of t h e  30 r e p l a c e m e n t s  can  
be  exp l a ined  b y  t h e  change  of a s ingle base  in t he  codon  
t r i p l e t  for  t h a t  pos i t ion .  The  r e p l a c e m e n t  of Leu20 in H G H  
for Ala20 in H C S  is t he  on ly  one t h a t  requi res  a m i n i m u m  
of 2 base  changes .  Th i s  gives a t o t a l  of on ly  31 base  differ- 
ences  in  t h e  570 nuc leo t ides  w h i c h  code for these  2 pro-  
teins.  W e  m u s t  emphas i ze  of course,  t h a t  th i s  is t he  min i -  
m u m  n u m b e r  of base  changes  t h a t  would  exp la in  t h e  
d i f ferences  in  t h e  2 p r i m a r y  s tuc tures .  Because  of t h e  de-  
genera te  n a t u r e  of t he  gene t ic  code,  t h e  a c t u a l  n u m b e r  
of nuc leo t ide  d i f ferences  could  be  c o n s i d e r a b l y  h i g h e r  
t h a n  this .  A s u m m a r y  of t he  h o m o l o g y  b e t w e e n  the se  2 
p ro t e in s  is s h o w n  in  t h e  Table .  

Comparison o/HGH with L TH. T h e  F igu re  a lso shows 
t h e  regions  of h o m o l o g y  b e t w e e n  H G H  a n d  L T H .  I t  h a s  
been  necessa ry  to  i n t r o d u c e  severa l  gaps  i n to  t h e  v a r i o u s  
sequences  in  o rde r  to  get  t he  be s t  a l i g n m e n t .  3 m a j o r  a reas  
of r e a s o n a b l e  homology  m a y  be  seen. S t a r t i n g  f rom the  
a m i n o  t e r m i n a l  end,  we h a v e  a l igned  t he  t e t r a - p e p t i d e  
P r o s - P r o  8 in L T H  w i t h  t he  t e t r a - p e p t i d e  P r o ~ - P r o  5 in 
H G H .  If  we n e x t  a l ign  Leu~s of L T H  w i t h  Leu8 of H G H ,  
t he  fol lowing 27 res idue  pos i t ions  ( inc luding 2 gaps),  en-  
d ing  w i t h  Phe~0 of L T H  a n d  Phea~ of H G H  c o n t a i n  a t o t a l  
of 19 homologous  a m i n o  acids w i t h  on ly  7 u n a c c e p t a b l e  re- 
p l acemen t s .  The  en t i r e  region f rom Pro~-Phe3~ of H G H  
c o n t a i n i n g  a t o t a l  of 31 posi t ions ,  has  13 ident ica l ,  7 h igh ly  
accep tab le ,  2 accep tab le  a n d  8 u n a c c e p t a b l e  res idue pairs ,  
for a t o t a l  h o m o l o g y  of 71%.  A second m a j o r  region m a y  

Homology between primary structures of human growth hormone (HGH), human chorionic somatomammotropin (HCS) and ovine laetogenic 
hormone (LTH) 

Residue positions Identical Highly acceptable Acceptable Residue positions 
encompassed • pairs replacements replacements (including gaps) 

HGH: 1 ---->- 190 160 19 4 190 
HCS: 1--+ 190 
HGH: 2---~ 31 13 7 2 31 
LTH: 2--+ 5 + 15 -+ 40 
HGH: 39-+ 89 17 20 7 52 
LTH: 41-+45  + 50-+94 
HGH: 148.+ 188 14 14 7 45 
LTH: 156.+-+ 198 
HGH: 110-+ 116 2 1 2 7 
LTH: 95--~101 
HGH: 126-+ 131 3 1 1 6 
LTH : 124 .+  129 
HGH: 135.+ 138 2 2 0 4 
LTH: 134-+ 137 

*Residue position numbers are taken from references; 8 (HGH), 7 (HCS) and 16 (LTH). 
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2 5 15 20 29 
LTH: -Pro-Val-Cys-Pro L~u-Arg-Asp-L~u-Phe-Asp-Arg-A]a-Val-Mez-Val-{ }-Ser-H'~s-Tyr- Ile- 

1 " X I I X X t t 1 X I X t - X .: 1 X " 
HGH: NH;*-Phe-Pro-Thr- [lc-Pro-Leu-Ser-Arg-Leu-Phe-Asp-Asn-Ale-{ )-Met-Leu-Arg.A/a-His.ArgiLeu- 

X I :" I 1 I I 1 I I .: I I I i I I 1 X 
HCS: N H2- Val -Gin - Thr- Val - Pro- Leu-Se r -Arg- Leu- Phe- Asp- His -Ala -( )-Met- Leu-Gln -A/a-His -Arg-Ala - 

I IO 20 

LTH: 

HGH: 

HCS: 

30 40 41 

- H ~  - A ~ . -  L ~ -  S~ ~ - S ~ r - ~ - M ~ t -  ~ -  A~ ~ -  a~  ~ - ~ o -  - A~ ~ - L ~  - 
I ~ i ~ X : X : : I I 

- H i s - G l n - L e u - A l a - P h e - A s p - T h r - T y r - a { n - G l u - P h e - G l u . G l u - A / ~ . T y r .  I l e - P r o - L y s - G l u - G l n -  

I I I 1 .: 1 I 1 1 1 I 1 I : 1 I 1 I ~ I 
- His -Gln - Leu-Ala - Ile -Asp- Thr- TFt-GIn -Glu -Ph¢- Glu -Glu - Thr- Tyr- I/e I Pr o - Lys-Asp-Gln - 

SO 4~ 

LTH: 

HG H: 

HCS: 

45 5O 60 65 

:- I ": I :. . X ~ X " I X I X : • I ~ I l 

I I I I I i " " I I I I I .: I I I I 
-Lys-Tyr-Ser-Phe-Leu-His-Asp-Ser-G[u-Thr-Ser-Phe-Cys-Phe-Ser-Asp-Ser- I t e - P r o - T h r -  

LTH: 

HGH: 

HCS: 

70 80 84 
-Pro-Glu-Asp-Lys-Glu-Gln-Ala-Gln-Gln-Thr-His-His-Olu-Val-L~u-( )-Met-Ser-L~u- I/e- 

Io L . . :  :" 1 : : t . .: " X " • t X :- t l " 
- r -S IAsn'Arg-Glu'Glu-Thr-Gln-Lys-Ser-Asn-Leu-Gi~-Leu-Leu-Arg - ile-Ser-Le~-Leu- 

i i I ~ I I i I I I I I " I I I I i I I 
-Pro-Set-Asn-Met-Glu-Glu ~Thr-Gln-Lys-Ser-Asn-Leu-Glu- Leu-Leu-Arg- I/e-Set- Leu-Leu- 

7O SO 

LTH: 

HGH: 

HCS: 

85 9O 
- L ~ u - G l v  - L e u -  A r g - S e  r - T r p - A s n - A s p -  P r o -  L e u -  

1 x :. • I I x :- I • 

1 / ": / / / / t I " I I I I :" I I I .: I 
-Leu-( )- lle-Glu-Ser-Trp-Leu-Glu-Pro-Val-Arg-Phe-Leu-Arg-Ser- Met-Phe-Ala -Asn-Asn-Lcui 

90 100 

LTH: 

HGH: 

HCS: 

95 100 
= T y r -  H i s  - L e u -  V a l  - T h r -  GIu  - V a l  - 

I x I • X : • 
-Val-Tyr- GIy-AIa -Set- Ash-Set -Asp- Val - Tyr-Asp- Lcu- Leu-Lys-Asp- Leu-Glu-Glu-GZy. De- 

I I X .: I .: I I X 1 X t I 1 I I I I I I 
-Val-Tyr-Asp-Thr-Ser-Asp-Ser-Asp-Asp-Tyr-His ~Leu-Leu-Lys-Asp-LeuiGlu-Glu-Cdy- I/e- 

ll0 Im 

LTH: 

HGH. 

HCS: 

125 135 
- A;g- L ~ -  L~- Ol. - ~y- M ~ -  - a~y- GT. - wl - n~ - 

1 I x  " I • 1 I ~ • 
-Gln-Thr-Leu-Met-Gly-Arg-Leu-Glu-Asp-GIy-Ser-Pro-Arg-Thr-GIy-Gln- lle-Phe-Lys-Gln- 

I I J J I I I I I I I X I I I J 1 . I I 
-Gin -Thr- Leu- Met-GIy -Arg- Leu- Glu -Asp-Gly -Ser -Arg-Arg- Thr - GIy -Gln - lle - Leu- Lys- GIn - 

LTH: 

HGH: 

HCS: 

160 169 
- GIn - Thr- Lys- Asp- Glu -As p- A~a -Arg- Hi s -Se r -Ala - Phe- T~r -Asn- 

: : X : ~ I I X X • • X l 
-Thr-Tyr-Ser-Lys-Phe-Asp-Thr-A~n-S~r -His -Asn-Asp-Asp-Ala-Leu-Leu-Lys-Asn-( i-Tyr-GLy- 

J J i I J I I I I r I × I I I I I I I I 
~ Thr- Tyr-Ser - Lys- Phe- Asp- Thr-As n-Set -His -Ash- His -Asp- A/a - Leu- Leu- Lys-Asn- ( )- Tyr- GIy - 

150 160 

LTH: 

HG H: 

HGS: 

170 150 185 

I I X I • I ~ I • ~ i :" .: 1 " I ~ ": • .: 
- Leu- Leu- Tyr - Cys- Phe- Ar g- Lys-Asp- Met- Asp- Ly$- V~tl - Glu- Thr - Phe- Leu- Ar g- Ile -val-Gln- 

I I l I J I I I I l I I l I I I I " I i 
- Leu- Leu- Tyr- Cys-Phe-Arg- Lys- Asp- Met-Asp- Lys- Val -Glu - Thr-Phe- Leu-Arg-Met- Val -Gln - 

110 180 

L T H :  

HGH; 

HCS: 

190 19l 
-C~s-Arg- lle- lle-Tyr-Asn-Asn-Asn-C~s-COOH 

I I × ~ X x ~ I 
- C y s - A r g - S c  r - V a l  - (  - G l u  - G I y  - S e  r - C y s - G l y  - P h e -  C O O H  

1 I I t I I I I I 
- C y s -  A r g -  S e t  - V a 1 - 1  )- G l u  - G I F  - S e t  - C y s - G 1 y -  P h e -  C O O H  

lS0 
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be  seen b y  a l ign ing  Asp ,  1 of L T H  w i t h  Glu3, of H G H  a n d  
e x t e n d i n g  t h e  L T H  sequence  for 5 res idues  to  Ala4s. 4 resi-  
dues  are  t h e n  d r o p p e d  f rom t h e  L T H  sequence  a n d  t he  
a l i g n e m e n t  is c o n t i n u e d  b y  pa i r ing  Ph%0 of L T H  w i t h  
Phe44 of H G H .  B y  inc lud ing  3 gaps,  th i s  a l i g n m e n t  m a y  be  
e x t e n d e d  to  Leu94 of L T H  a n d  Vals9 of H G H .  This  en t i r e  
reg ion  (52 posi t ions)  c o n t a i n s  17 ident ica l ,  20 h igh ly  ac- 
cep tab le ,  7 a c c e p t a b l e  a n d  8 u n a c c e p t a b l e  r ep lacement s ,  
t h e  t o t a l  degree  of h o m o l o g y  be ing  85%.  T he  t h i r d  m a j o r  
reg ion  is in  t h e  c a r b o x y l  t e r m i n a l  a r ea  of t h e  molecules  
w i t h  t he  a l i g n e m e n t  b e g i n n i n g  a t  Gln156 of L T H  a n d  Ash14 s 
of  H G H  a n d  e x t e n d i n g  45 res idue  pos i t ions  ( inc lud ing  2 
gaps)  to  t h e  c a r b o x y l  t e r m i n a l  Cyst9 s of L T H  a n d  t h e  n o n -  
t e r m i n a l  Cysls s of H G H .  These  45 pos i t ions  inc lude  14 iden-  
t ical ,  14 h i g h l y  a c c e p t a b l e  a n d  8 u n a c c e p t a b l e  replace-  
m e n t s ,  w i t h  a t o t a l  degree  of h o m o l o g y  of 78%.  

T h e  a rea  of t h e  H G H  sequence  b o u n d e d  b y  pos i t ions  
91-147 shows on ly  3 s h o r t  sect ions  w i t h  h o m o l o g y  to  L T H .  
These  3 regions,  t a b u l a t e d  s e p a r a t e l y  in  t h e  Table ,  con-  
t a i n  a t o t a l  of 17 posi t ions ,  w i t h  7 ident ica l ,  4 h igh ly  ac- 
cep tab le ,  3 a c c e p t a b l e  a n d  3 u n a c c e p t a b l e  r ep l acemen t s .  

The  t o t a l  of all  t h e  a l i g n m e n t s  b e t w e e n  H G H  a n d  L T H  
s h o w n  in t he  F igure  is: 51 iden t i ca l  residues,  46 h igh ly  ac- 
cep tab le ,  18 accep tab le  a n d  29 u n a c c e p t a b l e  r ep l acemen t s .  
Thus ,  t he re  are 115 homologous  pos i t ions  or a b o u t  60% of 
e i t he r  p o l y p e p t i d e  cha in .  A c o m p a r i s o n  b e t w e e n  H CS  a n d  
L T H  gives v e r y  s imi la r  resul ts ,  i nc lud ing  53 iden t i ca l  re- 
sidues,  42 h i g h l y  accep tab le ,  18 a c c e p t a b l e  a n d  30 un-  
a c c e p t a b l e  r ep lacemen t s ,  w i t h  a t o t a l  h o m o l o g y  of 113 
pos i t ions  or  a g a i n  a b o u t  60% of e i t h e r  cha in .  

Residue positions common to all 3 hormones. I n  t h e  F igu re  
a n  a s t e r i sk  h a s  been  p laced  a b o v e  those  res idue  pos i t ions  
w h i c h  c o n t a i n  t h e  s a m e  a m i n o  acid  in  a l l  3 s t ruc tu res .  T h e r e  
a re  50 such  pos i t ions .  These  c o m m o n  pos i t ions  would  seem 
t o  be  m o r e  or  less r a n d o m l y  d i s t r i b u t e d ,  t h e r e  be ing  no  
p a r t i c u l a r  area(s)  in  w h i c h  t h e y  a re  c lea r ly  c o n c e n t r a t e d .  
T h e y  are  also a b o u t  equa l ly  d i s t r i b u t e d  b e t w e e n  h y d r o -  
phi l ic  a n d  h y d r o p h o b i c  residues.  Howeve r ,  in  t e r m s  of t h e  
t o t a l  c o n t e n t  in  al l  3 p ro te ins ,  some res idue  t y p e s  a p p e a r  in  
t h e  c o m m o n  pos i t ions  m u c h  more  t h a n  o thers .  F o r  exam-  
ple, w i t h  t he  excep t ion  of t he  smal l  d isul f ide  r ing  nea r  t h e  
a m i n o  t e r m i n a l  of L T H ,  each  ha l f -cys te ine  res idue  is ho-  
mologous  w i t h  a co r r e spond ing  ha l f -cys te ine  in t he  o t h e r  
2 molecules.  Thus ,  12 of t he  14 cys te ine  residues,  or 86% 
of t h e  t o t a l  cys te ine  c o n t e n t  appea r s  in  one  or  a n o t h e r  
homologous  pos i t ion  in t h e  3 ho rmones .  Similar ly ,  75% of 
t he  t r y p t o p h a n  res idues  (1 in  each  sequence,  or  3 ou t  of a 
t o t a l  c o n t e n t  of 4) a p p e a r  in  a single homologous  posi t ion .  
O t h e r  res idues  whose  pos i t ions  a p p e a r  to  be  conse rved  b y  
i d e n t i t y  a re :  prol ine,  50% ; leucine,  45% ; ty ros ine ,  39% ; 
h is t id ine ,  3 3 % ;  p h e n y l a l a n i n e ,  3 0 % ;  a l an ine  a n d  argi-  
n ine ,  2 7 % ;  serine,  a spa r t i c  acid a n d  glycine,  e ach  24%.  
A l t h o u g h  g l u t a m i c  acid,  m e t h i on i ne ,  t h r e o n i n e ,  g l u t a m i n e  
a n d  lys ine  also occur  in  c o m m o n  pos i t ions  in  all  3 sequen-  
ces, t he  p e r c e n t a g e s  of t h e i r  t o t a l  c o n t e n t s ,  conse rved  in  
t h i s  f a sh ion  a re  wel l  be low 25%.  

Concluding remarks. W h i l e  t h e  s imi la r i t i es  in t he  phys io -  
logical  a n d  i m m u n o c h e m i c a l  p rope r t i e s  of H G H  a n d  H C S  
are  en t i r e ly  c o n s i s t e n t  w i t h  t h e  r e m a r k a b l e  degree  of ho-  
m o l o g y  in  t h e i r  2 p r i m a r y  s t ruc tu res ,  t h e  f ac t  t h a t  t h e r e  
axe so few di f ferences  b e t w e e n  t h e  two  shou ld  he lp  to  ]oca- 

lize t he  source  of t h e i r  d i s p a r i t y  in  g r o w t h  p r o m o t i n g  ac-  
t iv i ty ,  to  a r e l a t ive ly  few b u t  i m p o r t a n t  res idue  posi t ions .  
I n  t h e  nea r  fu ture ,  a d d i t i o n a l  compa r i sons  w i t h  g r o w t h  
h o r m o n e s  f rom o t h e r  species will u n d o u b t e d l y  f u r t h e r  re- 
solve  th i s  po in t .  I t  m i g h t  also be expec t ed  t h a t  those  
a reas  of H G H  a n d  H C S  which  show good h o m o l o g y  w i t h  
L T H  c o n t a i n  one  or  more  s t r u c t u r a l  f ea tu res  w h i c h  a re  
in t r in s i ca l ly  r equ i r ed  for l ac togenic  ac t iv i ty .  Of course,  
some  or  a l l  of t he se  s a m e  fea tu res  m a y  also be  r equ i r ed  for  
g r o w t h  h o r m o n e  ac t iv i ty ,  a n d  we are  n o t  p ropos ing  t h a t  
t he se  2 ac t iv i t i e s  necessar i ly  res ide in m u t u a l l y  exc lus ive  
p o r t i o n s  of t h e  molecules .  

R e c e n t  c o m p a r i s o n s  of t he se  3 p ro t e in s  b y  m e a n s  of 
c i rcu la r  d i c h r o i s m  s tud ies  14,15 i n d i c a t e  t h a t  t h e i r  second-  
c r y  s t r u c t u r e s  are  al l  v e r y  s imi lar ,  w i t h  a n  ~¢-helix c o n t e n t  
of a b o u t  50%.  These  resu l t s  a re  also in comple t e  accord  
w i t h  t h e  homologies  desc r ibed  here in .  Dif ferences  in  t he  
c i rcu la r  d i ch ro i sm spec t r a  of these  molecules  in  t he  region 
of side cha in  abso rp t ion ,  however ,  c a n n o t  bc  ful ly  ex- 
p la ined  b y  t h e  one d i m e n s i o n a l  s imi la r i t i es  seen in t h e i r  
sequences .  More de ta i l ed  knowledge  of t h e  t h r e e  d imen-  
s ional  s t ruc tu re ,  p a r t i c u l a r l y  a r o u n d  t h e  t r y p t o p h a n  a n d  
ty ros ine  res idues  will  be  r equ i red  to  a n s w e r  th i s  ques t ion .  

F ina l ly ,  we would  l ike to  r e m a r k  on  t he  genera l  useful-  
ness  of th i s  k i n d  of i n v e s t i g a t i o n  as a n  a d j u n c t  to  se- 
quence  work.  I n  our  or ig ina l  c o m p a r i s o n  n of the  sequen-  
ces of H G H  a n d  L T H ,  a po r t i on  of t he  H G H  sequence,  
c o n t a i n i n g  13 a m i n o  acids (plus 1 gap) h a d  to  be  re-posi-  
t i oned  in o rder  to  d e m o n s t r a t e  t he  h o m o l o g y  b e t w e e n  t h e  
s ingle  t r y p t o p h a n  in H G H  w i t h  Trpo 0 of L T H .  A r e c e n t  r e -  
i n v e s t i g a t i o n  of t h e  H G H  sequence  showed  t h a t  a se- 
q u e n c e  of  15 a m i n o  acids,  i nc lud ing  these  s ame  13 res idues  
p lus  a d ipep t i de  (Leu-Arg),  no t  a p p e a r i n g  in  t h e  o r ig ina l  
H G H  sequence  h a d  indeed  b e e n  misp laced .  I n  t h e  rev i sed  
H G H  sequence  8, these  13 res idues  a re  f o u n d  in prec ise ly  
t h e  pos i t ions  i n d i c a t e d  in ou r  ear l ie r  s t u d y  n of t h e  se- 
q u e n c e  h o m o l o g y  of t he se  2 h o r m o n e s l L  

Zusammen/assung. E i n  Verg le ich  de r  Aminos l iu rese-  
q u e n z e n  yon  m e n s c h l i c h e n  W a c h s t u m s h o r m o n e n  u n d  
m e n s c h l i c h e m  C h o r i o n - S o m a t o m a m m o t r o p i n  m i t  den je -  
n igen  yon  P r o l a c t i n  zeigt,  dass  26% des  R i i c k s t a n d e s  in 
a l len  dre i  Moleki i len die gleiche Pos i t ion  h a t t e n  m i t  zu- 
sAtzl ichen 34% als m6g l i chen  Ersa tz .  Alle drei  H o r m o n e  
sche inen  e inen  gle ichen U r s p r u n g  zu h a b e n .  
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Comparison of the structures of HGH, HCS and LTH. The residue position numbem for HGH and HCS are the same, and appear below 
the HCS sequence. The residue position numbers for LTH appear above the LTH sequence. Homology is indicated by: identical pairs, 
vertical bar; highly acceptable replacements, 3 dots, and acceptable replacements, single dot. Unacceptable replacements are indicated by 
X. An asterisk has been placed over those residues which are commonto all 3 proteins. 


