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Effect of estrogens and gibberellic acid (GAs) on the growth of seedlings and cytokinin activity in extracts from 100 g of pea tissues 

Value in  Control  Es t rone  Es t rad io l  Es t r io l  GAs 

Heigh t  ~ of pea  seedlings (mm) 70.8 99.6 100.4 98.1 98.7 
(%) 100.00 140.67 141,80 138.55 139.40 

Yield of fresh tobacco t issue (g/flask} 0.26 0.55 0.46 0.35 0.28 
(%) 100.00 211.53 176.92 134.61 107.69 

Kinet in  controls (~zg/1) 0-0.12 b 
1-0.35 
5 0.76 

25-3.16 

~96 h after application, byield of fresh tobacco tissue - (g/flask). 

pea  seedl ings d e p r i v e d  of co ty ledons  24, 48, 72 (AbA) a n d  
96 h (cytokinins ,  AbA) a f t e r  appl ica t ion .  

AbA- l ike  subs t ances  were e x t r a c t e d  a n d  I r a c t i o n a t e d  
accord ing  to  t he  m e t h o d  descr ibed  b y  RUDNICK116. TLC 
w i t h  benzene -ace tone -ace t i c  acid (70: 30: 1) as so lven t  
was  used. The  abscis ic  acid zone (Rf 0.35-0.45) was t h e n -  
r e c h r o m a t o g r a p h e d  on  W h a t m a n  No. 3 p a p e r  in  re- 
d is t i l led  water .  The  c o n t e n t  of i n h i b i t o r  was  e s t i m a t e d  b y  
t he  w h e a t  sec t ion  s t r a i g h t  g r o w t h  t e s t  17. G r o w t h  inh ib i -  
t i on  was expressed  in  a c t i v i t y  uni ts .  As a c t i v i t y  u n i t  10% 
g r o w t h  i n h i b i t i o n  of t h e  t e s t  p l a n t s  in r e l a t i on  to  con t ro l  
was  t aken .  Cy tok in ins  were d e t e r m i n e d  accord ing  to 
HEIDE a n d  SKOOa methodlS .  A ca t ion  exchange  c o l u m n  
(250 ml,  Dowex  5 0 W - X 4  H + 50-100 mesh) was used for 
separa t ion .  C y t o k i n i n  a c t i v i t y  was m e a s u r e d  b y  t he  to-  
bacco cal lus bio-assay~9. 

Results and discussion. T he  increase  of 40 % in t he  g r o w t h  
of t he  seedl ings t r e a t e d  w i t h  es t rogens  and  GAs was 
obse rved  96 h a f te r  app l i c a t i on  (Table).  Thus  t h e  two  
k inds  of d i f fe ren t  h o r m o n e s  h a d  a n  iden t ica l  phys io logica l  
effect. Our  resu l t s  (Table,  Figure)  show t h e  pos i t ive  effect  
of es t rogens  on  t he  endogenous  cy tok in ins  c o n t e n t  a n d  the  
lack of t he  in f luence  on t h e  level  of AbA- l ike  subs tance .  
On t he  o t h e r  h a n d ,  however ,  gibberel l ic  acid, whi le  
showing  t i le  same  f ina l  phys io logica l  effect, lowered t i le  
A b A  a m o u n t s  a n d  d id  no t  change  t h e  cy tok in ins  con ten t .  
So i t  seems poss ible  t h a t  es t rogens  and  g ibbere l l ins  effect  
t he  p l a n t  m e t a b o l i s m  ill va r ious  ways.  The  resul t s  o b t a i n e d  
con f i rm  also a r e l a t i onsh ip  b e t w e e n  es t rogens  and  o the r  
p l a n t  h o r m o n e s  in r egu la t ing  t h e  g r o w t h  a n d  develop-  
m e n t  processes  in  p lan t s .  T he  p rev ious  i~, 13 a n d  t h e  p r e sen t  
pape r s  show t h a t  es t rogenic  h o r m o n e s  in f luence  t he  
c o n t e n t  of auxins ,  g ibbere l l ins  a n d  cy tok in ins  in  p l a n t  

tissues_ Th i s  m a y  be  t h e  cause  of m a n y  i m p o r t a n t  
me tabo l i c  react ions .  The  inves t iga t ions  of t he  in te r re la -  
t ions  be tween  s te ro ida l  h o r m o n e s  a n d  o the r  groups  of 
ac t ive  s u b s t a n c e  were car r ied  ou t  in  order  to  de t ec t  t h e  
s t r i c t  con t ro l  of g r o w t h  and  d e v e l o p m e n t  processes  which  
m a y  ex is t  in p l a n t s  t h r o u g h  t he  c o m b i n e d  ac t ion  of severa l  
r egu la to ry  subs tances .  

Zusamrnenfassung. Die m i t  Oes t rogenen  (0.1 ~zg pro  
Pf lanze)  und  Gibbere l l ins~ure  (GA s, 0,001 ~g pro  Pf lanze)  
b e h a n d e l t e n  E r b s e n k e i m l i n g e  ze ig ten  n a c h  96 h e in  u m  
40% st / i rkeres L ~ n g e n w a c h s t u m  als die Kon t ro l lp f l anzen .  
Die Oes t rogene  e r h 6 h t e n  ill den  K e i m l i n g e n  den  Geha l t  an  
Cy tok in inen ,  i ib t en  j edoch  k e i n e n  Einf lnss  au f  den  
Abscisins~Lure-Gehalt  aus. Die Gibbere l l ins~ure  andere r -  
sei ts  se tz te  den  G e h a l t  an  Absc is insgure  herab ,  ohne  die 
K o n z e n t r a t i o n  der  Cy tok in ine  zu ve r~nde rn .  
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S T U D I O R U M  P R O G R E S S U S  

A Generalized Homology  Correlation for Various Hormones  and Proteins 

An i m p o r t a n t  a r c h e t y p a l  connec t ion  b e t w e e n  g lucagon  
and  secre t in  has  been  d e m o n s t r a t e d  and,  in  v iew of t he  
d i spar i t i es  in  b o t h  func t i on  a n d  . fo rmat ion  si te  for these  
two  hormones ,  i t  was  sugges ted  t h a t  a search  be  i n s t i g a t e d  
for  other ,  less obv ious  genet ic  a n d  biological  r e la t ion-  
ships  1. Along  the se  lines, a c o m p u t e r  a l i g n m e n t  was  t h e n  
m a d e  be tween  t he  a b o v e  pa i r  a n d  p i t u i t a r y  a n d  p l acen t a l  
l ac togen  h o r m o n e s  2. The  resu l t s  were in te res t ing ,  b u t  
inconclusive,  s ince t h e  comple t e  sequences  of t he  l a t t e r  
p ro t e in s  were n o t  k n o w n  a t  t he  t ime .  Recen t ly ,  a d i f f e ren t  
approach ,  based  on g l a n d u l a r  origin,  was  used to r a n k  

va r ious  en te rosec re to ry  p ro t e ins  3. Here  t he  or iginal  
g lucagon-secre t in  cor re la t ion  was e x t e n d e d  t o  inc lude  
po r t i ons  of two  g r o w t h  hormones .  The  re l a t ionsh ips  
seemed p robab le ,  ye t  suffered f rom the  use ot e r roneous  
p r i m a r y  sequences  a n d  t h e  r e s t r i c t ion  of h o m o l o g y  to 
shor t ,  se lected regions.  I n  v iew of c o n t i n u a l  i n t e r e s t  in  
th i s  area,  a new t r e a t m e n t  d i f fer ing in var ious  detai ls ,  
pos i t i on ing  points ,  a n d  a rea  of coverage  is now p re sen t ed  
in t he  Table .  

Some c o m m e n t s  are necessa ry  on  t h e  specif ic  p r i m a r y  
s t ruc tu re s  selected for t h e  va r ious  compounds .  I n  r o u g h  



1518 Specialia EXPERIENTIA 28/12 

[GRO 

OLAC 
pPSN 

BPSN 

BREN 

HCAL 

PCAL 

SCAL 

PCTP 

gNGF 

HPIN 

PPIN 

BPIN 

RPItI-I 

RPIN-2 

AFIN 

BPlll 

OGRO 
BGRO 

PGRO 

HGRO 

HPLA 

ggTa 

HCGT-a 

HLUT-a 

HCGT-B 

BLUT-g 

PLUT-~ 

BTTB 

PCPZ 

FeRN 

CGAS 

PGAS 
OGAS 

HGAS 

PMOT 

PVIP 

PSEC 

PGLU 

PGIP 

1 B lO 15 20 25 
Leu Lys Cys Arg Ile Val Tyr Asp Asn Cys Set 

Thr Pro Val Cys Pro Ash Gly Pro Gly Asp Cys Gin Val Set Leu Arg Asp Leu Phe Asp Arg Ala Val Met Val 

Leu Val Lys Val Pro Leu Val Arg Lys Lys Ser Leu Arg Gin Ash Leu 

Set Val Lys Leu Ile Pro Val Val Lys Lys Lys Ser Leu Arg Gin ASh Leu 

Ala Glu Ile Thr Arg lle Pro Leu Tyr Lys Gly Lys Ser Leu Arg Lys Ala Leu 

Ser Ser Thr 

Phe Val Asp Gln 

Phe Val Asn Gin 

Phe Val Asn Gln 

Phe Val Lys Gin 

Phe" Val Lys Gin 
Val Ala Pro Ala Gin 

Ala Val Ser Glu lle Gin Phe .Met 
Ala Phe Pro Ala Met Set Leu Ser Gly Leu Phe Ala Asn Ala 

Ala Phe Pro A1a Met Set Leu Ser Gly Leu Phe Ala Asn Ala 
Phe Pr(~ Ala :Met Pro Leu 

Phe Pro Thr lle Pro Leu Ser Arg Leu Phe Asp Ash A!a 

Val Gin Thr Val Pro Leu Ser Arg Leu Phe Asp His Ala 

Set Ills Tyr lle His. 

lle Lys Asp Gly Lys 

lle Glu Ash Gly Lys 

Lys Glx His Gly Leu 

Cys Gly Asn Leu Ser Thr. 
Cys Ser Ash Leu Set Thr 

Cys Ser Asn Leu Ser Thr 

Ser Tyr Ser Met Glu His Phe Arg 

His Pro Val Phe His b~et Gly 

His Leu Cys Gly Ser His Leu Val 

His Leu Cys G1y Ser His Leu Val 

His Leu Cys Gly Set His Leu Val 

His Leu Cys Gly Set His Leu Val 
His Leu Cys G1y Set His Leu Val 
His Leu Cys Gly Ser His Leu Val 

His Ash Leu Gly Lys His Leu Ser 
Val Leu Arg Ala Gin His Leu His 

Val Leu Arg A1a Gln His Leu His 

:,~et Leu Arg AIa His Arg Leu His 

Met Leu Gln Ala His Arg Ala His 
Ass 

Phe Pro ?,sp Gly 

Set Lys Glx Pro Leu Arg Pro Arg Cys Arg Pro lle Asn gia Thr Leu 

Set Arg Gly Pro Leu Arg Pro Leu Cys Glu Pro Ile Ash Ala Thr Leu 

Set Arg Gly Pro Leu Arg Pro Leu Cys Glx Pro lle Asn Ala Thr Leu Arg 

Phe Cys lle Pro Thr Glu Tyr I, le~ i,let 

Lys Ala Pro Ser Gly Arg Val Ser Fiat lie Lys Asn Leu 

Phe Val Pro lle Phe Thr 

His Ser Phe Arg 

His Ser Asp Gly Thr Phe Thr Ser Glu Leu Ser Arg Leu Arg Asp Set Ala Arg Leu Gin Arg Leu Leu Gin Gly 

His Set Gin Gly Thr Phe Thr Set Asp Tyr Set Lys Tyr Leu Asp Set Arg Arg Ala Gin Asp Phe Val Gin Trp 

Tyr Ala Glu Gly Thr Pha lle Set Asp Tyr Ser Ile Ala Met Asp Lys Ile Arg Gin Gln Asp Phe Val Ash Trp 

order, t he  d a t a  for equ ine  g rowth  h o r m o n e  (EGRO)  4, 
ovine Iac togen (OLAC) 5, porc ine  peps inogen  (PPSN)  6, 7, 
bov ine  peps inogen  (BPSN)  s, b o v i n e  r e n n i n  ( B R E N )  9, i0, 
human ,  porcine,  and  sa lmon  ca lc i ton in  (HCAL, PCAL,  
SCAL) 11-15, porc ine  /3-cort icotropin (PCTP) 16, mouse  
ne rve  g rowth  fac tor  (MNGF)1~, h u m a n ,  porcine,  bovine ,  
and  r a t  p ro insu l in  (HPIN,  P P I N ,  B P I N ,  R P I N - 1 ,  R P I N -  
2) ls-~3, angler  f ish insu l in  ( A F I N ) ~ ,  bov ine  p a r a t h y r o i d  
h o r m o n e  (BPTH)35, ovine,  bovine ,  porcine,  a n d  h u m a n  
g rowth  h o r m o n e  (OGRO, B G R O ,  P G R O ,  H G R O )  ~-3s, 
h u m a n  p lacen ta l  l ac togen  (HPLA)39, bov ine  e- and  /~- 
t h y r o t r o p i n  (BTTe,  BTT/3)40, ov ine  e- and  r 
ho rmone~l  ,9, h u m a n  e- and /~-chorionic g o n a d o t r o p i n  
(HCGT-~ and  -/3) ~,  h u m a n  e- lu te in iz ing  h o r m o n e  
(HLUT-e)  45, 4~, bovine/~- lu te in iz ing  h o r m o n e  (BLUT-/7) ~8, 
porc ine  c h o l e c y s t o k i n i n - p a n c r e o z y m i n  (PCPZ) 49, frog 
caerule in  (FCRN)50, canine,  porcine,  ovine,  a n d  h u m a n  
gas t r in  (CGAS, PGAS,  OGAS,  H G A S )  al-5~, porc ine  
mot i l in  (PMOT)55, ~6, porc ine  vasoac t ive  i n t e s t i na l  poly-  
pep t ide  (PVIP)  ~7, porc ine  secre t in  (PSEC) 59, porc ine  
glucagon (PGLU)  so, a n d  porc ine  gas t r ic  i n h i b i t o r y  pep t ide  
(PGIP)  60 are  t a k e n  f rom t he  l i t e ra ture .  

Bov ine  p ro lac t in  differs f rom ovine  p ro l ac t i n  b y  h a v i n g  
a l an ine  a t  pos i t ion  112 and  a t y ros ine  a t  151 9~,6~, whi le  
b o v i n e  g rowth  h o r m o n e  is k n o w n  to  possess a leueine-  
va l ine  i n t e r change  a t  14163, 84. Bov ine  e - lu te in iz ing  hor-  
mone  is a p p a r e n t l y  iden t i ca l  to  b o v i n e  e - t h y r o t r o p i n  95, 6~ 
and  a s imi l a r i t y  has  been  discussed for t he  ov ine  corn- 

pound ,  too  6v. The  ov ine  h o r m o n e  differs  on ly  a t  res idue  3 ; 
however ,  ev idence  ha s  been  p re sen t ed  for some allele 
s u b s t i t u t i o n s  in  t he  b o v i n e  h o r m o n e  p r e sen t  a t  a m i n o  
acids 106, 109, a n d  115 6s, ~9. Bov ine  ]~-luteinizing h o r m o n e  
seems t h e  same  as t h e  ov ine  ho rmone ,  ye t  a few res idues  
r e m a i n  u n c e r t a i n  a t  t h e  p r e sen t  t ime .  A n o t h e r  i n t e r e s t i ng  
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31 35 

OLAC Ash Leu Set Set Glu 

PPSN Leu Lys Asp Phe Leu 
BPSN Leu Lys G]u Phe Leu 

BREN Leu Glu Asp Phe Leu 
HCAL Cys Met Leu Gly Thr 
PeAL Cys Val Leu Ser Ala 

SCAL Cys Val Leu Gly Lys 

PCTP Trp Gly Lys Pro Val 

MNGF Glu Phe Set 
HPIN Glu Ala Leu Tyr Leu 
PPIN Glu Ala Leu Tyr Leu 
BPIN Glu Ala Leu Tyr Leu 
RPIN-I Glu Ala Leu Tyr Leu 
RPIN-2 GIo Ala Leu Tyr Leu 

AFIN Asp Ala teu Tyr Leu 
BPTH Ser Met Glu Arg Val 

OGRO Gin Leu Ala Ala Asp 
BGRO Gin Leu Ala Ala Asp 
HGRO Gln Leu Ala Phe Asp 

HPLA Gin Leu Ala lle Asp 
BTTa Glu Phe Thr Pet Gln 
HCGT-a Ala Pro Asx Val Glx 
HLUT-a Val Gln 

NCGT-8 Ala Val Glx Lys Glx 

BLUT-B Ala Ala Glu Lys Glu 
PLUT-B Ala Ala Glx Asx Glx 

BBTB His Val Glu Arg Lys 
PCPZ Gin Set Leu Asp Pro 
FeRN 

CGAS Glu Gly Pro 
PGAS Glu Gly Pro 

OGAS Glu Gly Pro 
HGAS Glu Gly Pro 
PMOT Tyr Gly Glu Leu Gin 

PVIP Leu 
PSEC Leu Val 

PGLU Leu Met 

PGIP Leu Leu 

40 

Met Phe As. G1u Phe Asp Lys Arg Tyr 

Lys Thr His Lys His Ash Pro Ala 
Lys Thr His Lys Val Arg Ash Met Gly 

Lys 
Tyr Thr Gin Asp Phe ASh Lys Phe His 

Tyr ?rp Arg Asn Leu Ash Ash Phe His 

Leu Set Gin Glu Leu His Lys Leu 'Gin 

Gly Lys Lys Arg Arg Pro Val Lys Va] 
Val Cys Asp Ser Val Set Val Trp Val 

Val Cys Gly Glu Arg Gly Phe Phe Tyr 
Val Cys Gly Glu Arg Gly Phe Phe Tyr 
Val Cys Gly Glu Arg Gly Phe Phe Tyr 
Val Cys Gly Glu Arg Gly Phe Phe Tyr 
Val Cys Gly Glu Arg Gly Phe Phe Tyr 

Val Cys Gly Asp Arg Gly Phe Phe Tyr 
Glu Trp Leu Arg Lys Lys Leu Gin Asp 

Thr Phe Lys Glu Phe Glu Arg Thr Tyr 

Thr Phe Lys Glu Phe Glu Arg Thr Tyr 
Thr Tyr Gin Glu Phe Glu Glu Ala Tyr 

Thr Tyr Gln Glu Phe Glu Glu Thr Tyr 

Gly Cys Pro Gin Cys Lys Leu Lys Glu 
Asx Cys Pro 81x Cys Thr Leu Glx Glx 
Asp Cys Pro Glu Cys Thr Leu Gin Glu 

G]y Cys Pro Va] Cys Ile Asn 

45 50 55 60 

Ala Gin Gly Ly$ Gly Phe l le Thr Met Ala Leu Ash Ser 

Set Lys Tyr Phe Pro Ala Glu l le GIy Asp Glu Pro Leu Glu 

Set Lys Tyr Leu l le Arg Glu Ala Ala Thr Leu Set Val 

Gly Glu Val Ala Ser Val Pro Leu Thr 

Thr Phe Pro Gin Thr Ala l le Gly Val Gly Ala Pro 

Arg Phe Set Gly Met Gly Phe Gly Pro Glu Thr Pro 

Thr Tyr Pro Arg Thr Asn Thr Gly Set Gly Thr Pro 

Tyr Pro Asn Gly Ala Glu Asp Glu Leu Ala Glu Ala Phe Pro Leu G1u 

Gly Asp Lys Thr Thr Ala Thr Asn l le Lys Gly Lys Glu Val Thr Val 

Thr Pro Lys Thr Arg Arg Glu Ala Glu Asp Leu Gln Val Gly Gln Val 
Thr Pro Lys Ala Arg Arg Glu Val Glu Gly Pro Gln Val Gly Ala Leu 

Thr Pro Lys Ala Arg Arg Glu Ala Glu Asn Pro Gln Ala Gly Ala Leu 

Thr Pro Lys Set Arg Arg Glu Val Glu Asp Pro Gin Val Pro Gln Leu 

Thr Pro Met Set Arg Arg Glu Val Glu Asp Pro Gin Val Ala Gin Leu 

Asn Pro Lys 
Val His Ash Phe Val Ala Leu Gly Ala Set Ile Ala Tyr Arg Asp Gly 

lle Pro Glu Gly Gin Ar9 Tyr Ser lle Gin Asn Thr Gin Val Ala 
lle Pro Glu Gly Gin Arg Tyr Set lle Gin Asp Thr Gin Val Ala 
lle Pro Lys Glu Gin Lys Tyr Set Phe Leu Gin Asp Pro Glu Thr Ser 

lle Pro Lys Asp Gin Lys lyr Set Phe Leu His Asp Ser Glx lhr Ser 
Ash Lys Tyr Phe Ser Lys Pro Asp Ala Pro lle Tyr Gln Cys Met Gly 

Asx Pro Phe Phe Ser Glx Pro Gly Ala Pro lle Leu Glx Cys Met Gly 
Ash Pro Phe Phe Set Gin Pro Gly Ala Pro lle Leu Gln Cys Met Gly 

- Val Thr Thr lie Cys Ala Gly Tyr Cys Pro Thr 14et Thr 
Ala Cys Pro Val Cys Ile Thr . . . .  Phe Thr Thr Set lle Cys Ala Gly Tyr Cys Pro Set Met Lys 

Ala Cys Pro Val Cys lle Thr . . . .  Phe Thr Thr Ser lle Cys Ala Gly Tyr Cys Pro Ser Met Arg 

Glu Cys Ala Tyr Cys Leu Thr . . . .  Ile Ash Thr Thr Val Cys Ala Gly Tyr Cys Met Thr hrg Asx 
Set His Arg lle Ser Asp Arg Asp Tyr Met Gly Trp Met Asp Phe 

<Glu Gin Asp Tyr Thr Gly Trp Met Asp Phe 
Trp Met Glu Glu Ala Glu Glu Ala Tyr Gly Trp Met Asp Phe 

Trp Met Glu 61u Glu GIU Glu Ala Tyr Gly Trp Met Asp Phe 

Trp Val Glu Glu Glu Glu Ala Ala Tyr Gly Trp Met Asp Phe 
Trp Leu Glu G1u Glu Glu Glu Ala Tyr Gly Trp Met Asp Phe 

Arg Met Glu Glu Lys Glu Arg Ash Lys Gly Gin 

ASh Thr 

Ala GIn Gin Lys Gly Lys Lys Set Asp Trp Lys His Asn lle Thr Gin 
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OLAC Cys His 

PPSN Asn Tyr teu 

BREN Asn Tyr Leu 
PCTP Phe 

NNGF Leu Ala Glu 

HPIN Glu keu Gly 

PPIN Glu Leu G]y 

8PIN Glu Leu Ala 
RP[N-I Glu Leu Gly 

RPIN-2 Glu Leu Gly 
AFIN 
BPII~ Ser Ser Gln 

OGRO Phe Cys Phe 

BGRO Phe Cys Phe 
HGRO Leu Cys Phe 

HPLA Phe Cys Phe 
BBTa Cys Cys Phe 

HCGT-~ Cys Cys Phe 

HLUT-a Cys Cys Phe 

HCGT-B Arg Val Leu 

8LUT-8 Arg Val Leu 

PLUT-B Arg Val Leu 
BBTB Val Asx Gly 

65 70 75 80 85 90 

Thr Ser Set Leu Pro Thr Pro Glu Asp Lye Glu Gin Ala Gin Gln Thr His His Glu Va] Leu Net Ser Leu lle Leu Gly 
Asx Thr Glu Tyr Phe 

Asx Set Glx Tyr Phe Sly Lys Ile Thr 

Val Asn lle Asn Asn Ser Val Phe Arg Gin Tyr Phe Phe 

Gly Gly Pro Gly Ala Gly Set Leu G]n Pro Leu Ala Leu 
Gly Gly Leu Gly Gly Leu gln Ala Leu Ala Leu 
Gly Gly Pro Gly Ala Gly Gly . . . . .  Leu 

Gly Gly Pro Glu Ala Asp gly Leu Gln Thr Leu Ala Leu 
Gly Gly Pro Gly Ala Asp Gly Leu Gin Thr Leu Ala Leu 

Arg Pro Arg Lys Lys Glu Asp ASh Va] Leu Val Glu Ser 

Ser Glu Thr lle PrD Ala Pro Thr Gly Lye Asn Glu Ala 

Set Glu Thr lle Pro Ala Pro Thr Gly Lys Ash Glu Ala 
Set Glu Ser lle Pro Thr Pro Ser Asn Arg Glu Glu Thr 

Set Asx Ser Thr Pro Thr Pro Ser Asx Met Glx Glx Thr 
Ser Arg Ala Tyr Pro Thr Pro Ala Arg Set Lye Lys Thr 

Set Arg Ala Tyr Pro Thr Pro Leu Arg Ser Lye Lys Thr 

Ser Arg Ala Tyr Pro Thr Pro Leu Arg Ser Lye Lys Thr 

Glx Gly Val Leu Pro Ala Leu Pro Glx Leu Val 

Pro Val lle Leu Pro Pro Met Pro Glx Arg Val 

Pro Ala Ala Leu Pro Pro Val Pro Glx Pro Val 
Lys Leu Phe Leu Pro Lye Tyr Ala Leu Ser Gin Asp Val 

GIu Thr Lys Cys Arg Ala Ser ASh Pro Val Glu Ser Gly Cys 

Glu Gly Ser Leu Gin Lys Arg Gly lle Val Gly Gln Cys Cys 
Glu Gly Pro Pro Gin Lys Arg Gly ile Val Glu Gln Cys Cys 

Glu Gly Pro Pro Gln Lys Arg Gly lle Val Glu Gin Cys Cys 
GIL~ Val Ala Arg Gln Lys Arg Gly lle Val Asp Gin Cys Cys 
Glu Val Ala Arg Gln Lys Arg Gly lle Val Asp Gln Cys Cys 

G!y lle Val Glu Gin Cys Cys 
His Gln Lys Set Leu Gly Glu Ala Asp Lys Ala Asp Val Asp 

Gin Gin Ly2 Ser Asp Leu Glu Leu Leu Arg lle Ser Leu Leu 

Gin GIu Ly~ Ser Asp keu Glu Leu Leu Arg l}e Set Leu Leu 
Gin kys Set Asn Leu Gin Leu Leu Arg Ile Ser Leu Leu 

Glx kys Ser Asx Leu Glx Leu Leu Arg lle Ser Leu Leu 
Met Leu Val Pro Lys Asn lle Thr Ser Glu Ala Thr Cys Cys 

Met Leu Val Glx Lys Ash Val Thr Ser G1x Set Thr Cys Cys 

.Net Leu Val Gin Lys Asn Val Thr Ser Glx Ser Thr Cys Cys 

Cys Asx Tyr Arg Asx Val Arg Phe Glx Set Ile Arg Leu Pro 

Cys Thr Tyr His Glu Leu Arg Phe Ala Set Val Arg Leu Pro 

Cys Thr Tyr Arg Glu . Leu lle Phe Ala Set Ser Arg Leu Pro 
Cys Thr Tyr Arg Asp Phe Net Tyr Lys Thr Ala Giu lie Pro 

r e t en t ion  of sequence occurs wi th  glucagon, where  the  
bovine  and h u m a n  forms are the  same as the  porcine 
mate r iaU ~ The di f ferent  he terogenet ic  modif ica t ions  
are no ted  in the  a l ignment  f ramework ,  bu t  t he  various 
dupl ica te  sequences  have  been o m i t t e d  a t  th is  t ime.  The 
use of gaps was held  to  a m i n i m u m  be tween  comple te ly  
d i f ferent  pro te ins ;  however,  the  device was employed  
j udiciously wi th in  s imilar  groups. 

The homology  p a t t e r n  for the  p lacenta l  and  g rowth  
hormones ,  such as EGRO,  OLAC, O G R e ,  EGRO,  PGRO,  
HGRO,  and  H P L A ,  is ve ry  obvious  and has been  discussed 
in pa r t  by  o ther  workers  ~2-~. A t t e n t i o n  is d rawn  to  the  
po in t  t h a t  the  p resen t  Table  is the  f i rs t  to  include d a t a  
f rom all of these  compounds .  Subsequent ly ,  several  
i m p r o v e m e n t s  are appa ren t  a t  th is  t ime,  which includes 
the  de tec t ion  of possible  sequenc.ing errors located a t  
posi t ions  93-94, 139-140, and  194-195 in the  various 
g rowth  compounds .  One mus t  note  t h a t  the  re la t ionship  
of OLAC to th is  group of hormones  in the  110-160 region 
is poor  and  m a y  ref lect  ma jo r  p l acemen t  errors or even an 
incorrect  p r ima ry  sequence.  However ,  t he  sequence of 
HCGT-a  in th is  area is ve ry  helpful  in par t ia l ly  locat ing a 
re la t ionship  wi th  OLAC. In  any  event ,  it  seems OLAC and 
E G R O  represen t  older, more  intact ,  p ro te ins  based on 
b o t h  the i r  longer N- te rmina l  sect ions and the  h igh  degree 
of individual  residue changes.  Indeed,  the  p resen t  
resemblance  be tween  the  two  prote ins  a t  t he  N- t e rmina l  
region suggests  E G R O  m a y  be the  equiva len t  ELAC, 
ra the r  t h a n  the  p re sumed  horse  g rowth  hormone.  Of 
in teres t  is t he  degree of c o m m o n a l i t y  d isplayed in the  
12-25 region be tween  HGRO,  P V I P ,  PSEC,  PGLU,  and 
P G I P ,  which implies  a s t rong  familial  re la t ionship.  The 
comple t ion  of the  sequence work  on P G R O  would no 
d o u b t  serve to  conf i rm these  assumpt ions .  

The gas t r ins  are a wel l -known group of hormones  and 
presen t  no p rob lems  in t e rms  of homology.  The very  
recent  disclosure of a s t ruc ture  for cholecystokinin-  
panc reozymin  pe rmi t s  one to  locate caerulein and  the  
gas t r ins  a t  the  C- terminal  sequence of PCPZ.  The  
s imi lar i ty  a t  the  38-44 sect ion for H G R O - H P L A  and  the  
var ious  gas t r ins  serves as a second reference p o i n t  and  
t ies t h e m  into  the  various growth  hormones .  Based on 
these a rguments ,  a r a the r  in teres t ing  fact  emerges ; namely ,  
secret in t e rmina te s  a t  pos i t ion 32, vasoac t ive  in tes t ina l  

pep t ide  s tops  a t  pos i t ion 33, and  glucagon ends  a t  posi-  
t ion  34, while  the  gastr ins  appear  to co mmen ce  in t he  
same region. Such a break suggests  t he  possible  exis tence 
of a c o m m o n  zymogen,  e i ther  pas t  or present ,  which  upon  
ac t iva t ion  yields th is  fami ly  of biologically act ive her -  
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OLAC Leu Arg Ser 

MNGF Arg Gly Ile Asp 
HPIN Thr Set lle Cys 

PPIN Thr Set lle Cys 
BPIN Ala Set Val Cys 

RPIN-I Thr Set lle Cys 
RPIN-2 Thr Set l le Cys 
AFIN His Arg Pro Cys 
BPTH Val Leu Ile Lys 

OGRO Leu lle Gln Ser 

BGRO Leu lle Set Glu 

HGRO Leu Ile Gin Set 

HPLA Leu lle GIx Set Trp 

BTTa Val Ala Lys Ala Phe 
HCGT-a Va] Ala Lys Ser Tyr 
HLUT-m Val Ala Lys Set Tyr 

HCGT-B Gly Cys Pro Arg Gly 

BLUT-B Gly Cys Pro Pro Gly 
PLUT-B Gly Cys Pro Pro Gly 

BBTB Gly Cys Pro Arg His 

121 ]25 
OLAC lie Glu lle Glu Glu 
MNGF Ala Trp Arg Phe l l e  

OGRO . . . .  l l e  

BGRO . . . .  Glu 

PGRO 

HGRO . . . .  Asp 

HPLA . . . .  His 
BTTa Lys Ser 

HCGT-a Lys Ser 
HLUT-a Lys Ser 

HCGT-B Thr Thr Asx Cys Gly 

BLUT-B Ser Thr Asp Cys Gly 

PLUT-B Ser Ser Asx Cys Gly 

BBTB Tyr Ser Asx Cys lle 

15l 155 

OLAC Tyr Pro Val Trp Ser 

OGRO l l e  Leu Lys Gln Thr 

BGRO l l e  Leu Lys Gln Thr 

PGRO l l e  Leu Lys Gln Thr 

HGRO l l e  Phe kys Gln Thr 

HPLA l l e  Leu Lys Glx Thr 

HCGT-B Leu Pro Set Pro Set 

95 " 

Trp'Asn Asp Pro 
Ser Lys His 

Ser Leu Tyr Gin 

Ser Leu Tyr Gin 
Ser Leu Tyr gln 

Ser Leu Tyr Gin 
Ser Leu Tyr Gin 
Ash Ile Phe Asp 

Ala Lys Pro Gln 
Trp Leu Gly Pro 

Trp Leu Glx Pro 
Trp Leu Glu Pro 

Leu Glx Pro 

Thr Lys Ala 

Asx Arg Val 
Asn Arg Val 
Val Asx Pro 

Val Asx Pro 
Val Asx Pro 
Val Thr Pro 

Glu Ash Lys 

Arg lie Ash 
Lys Leu Lys 

Lys Leu Lys 

Leu Leu Lys 

Leu Leu Lys 

I00 

Leu Tyr 

Trp Ash 

Leu Glu 

Leu Glu 
�9 Leu Glu 
Leu Glu 

Leu Glu 
Leu Gin 

Leu Gin 

Gly 

Val Gin 

Val Arg 

Thr Val 

Thr Val 
Thr Val 
Val Val 

Met Val 
Thr Val 
Tyr Phe 

130 
Arg Leu 
Thr Ala 
Asp Leu 

Asp Leu 

Asp Leu 

Asx Leu 

Gly Pro Lys Asx His 
Pro Gly Arg Thr Glu 

Pro Gly Arg Ala GIx 

His Glu Ala Ile Lys 

His Leu Val Thr 

Set Tyr Cys Thr 

Ash Tyr Cys Ash 

Asn Tyr Cys Ash 
Asn Tyr Cys Asn 

Ash Tyr Cys Asn 

Ash Tyr Cys Asn 
Ash Tyr Cys Asn 

Phe Leu Set Arg 

Phe Leu Arg 

Phe Leu Arg Ser 

Phe Leu Arg Ser 

Met Gly Asn Val 
Met G1y Gly Phe 
Met Gly Gly Phe 

Ser Tyr Ala Val 

Ser Phe Pro Val 
Ser Phe Pro Val 
Ser Tyr Pro Val 

Leu Glu Gly Net 
Cys Val Cys Val 
lle lle Gly lle 

Glu Glu Gly lle 

Glu Glu Gly lle 

Glx Glx Gly lle 

105 I I0 115 120 

GIu Val Arg Gly Met Lys Gly Val Pro Asp Ale lle Leu Set Arg Ala 

Thr Thr His Thr Phe Val Lys Ala Leu Thr Thr Asp Glu Lys Gin Ala 

Val Phe Thr Asp Ser Leu Va] Phe Gly Thr Set Asp Arg Val Tyr 

Val Phe Thr Asn Ser Leu Val Phe gly Thr Ser Asp Arg Val Tyr 

Val Phe Ala Asn Ser Leu Val Tyr Gly Ala Ser Mn Ser Asp Val Tyr 

Met Phe Ala Asx Asx Leu Val Tyr Asx Thr Set Asx Asx Asx Set Tyr 

Arg Val Glx Ash His Thr Glu Cys His Cys Set Thr Cys Tyr .Tyr His 

Lys Val G~x Asn His Thr Ala Cys ~is Cys Set Thr Cys Tyr Tyr His 

Lys Val Glx Asn His Thr Ala Cys His Cys Set 7hr Cys Tyr Tyr His 

Ala . . . .  Leu . . . . . .  Cys Arg Set 

Ala . . . .  Leu Ser Cys His Cys Gly Pro Cys At9 Leu Ser 

Ala . . . .  Leu Set Cys His Cys Gly Pro Cys Arg Leu Ser 

Ala . . . .  l l e  Ser Cys Lys Cys. Gly Lys Cys Asx Thr Asx 

135 

Glu Met l l e  Phe Gly 

Leu Set Arg Lys Ala 

Leu Ala Leu Met Arg 

Ala Leu Met Arg 

Met Arg 

Glu Thr Leu Met Gly 

Glx Thr Leu Met Gly 

Pro Leu Thr Cys Asx Asx Pro Arg Phe 

Pro Leu Ala Cys Asp His Pro Pro Leu 
Pro Leu Ala Cys Asx Arg Pro Pro Leu 

Thr Asn Tyr Cys Thr Lys Pro Gin Lys 

360 165 
Gly Leu Pro Ser Leu Gin Thr Lys Asp Glu Asp Ala 
Tyr Asp Lys Phe Asp rhr Asn Met Arg Set Asp Asp Ala 

Tyr Asp Lys Phe Asp Thr Ass Met Arg Set Asp Asp Ala 

Tyr Asp Lys Phe Asp Thr Ash Leu Arg Set Asp Asp Ala 
Tyr Set Lys Phe Asp Thr Asn Ser His ASh Asp - Asp Ala 

Tyr Set Lys Phe Asx Thr Asx Ser His Asx Asx His Asx Ala 
Arg Leu Pro Gly Pro Pro Asx Thr Pro lle Leu Pro Glx Ser 

140 145 150 

Gin VM l l e  Pro Gly Ala Lys Glu Thr Glu Pro 

Thr Arg 

Glu Leu Glu Asp Val Thr Pro Arg Ala Gly gln 

Glu ~ Glu Asp Gly Tbr Pro Arg Ala Gly Gin 

Glu Leu Glu Asp Giy Ser Pro Arg Ala Gly Gln 

Arg Leu G]u Asp Gly Set Pro Arg Thr Gly Gin 

Arg Leu Glx Asp Gly Set Arg Arg Thr Gly Glx 

Glx Asx Set Set Set Lys Ala Pro Pro Pro Ser 
Pro Asp lle Leu 
Pro Gly Leu Leu 

Ser Tyr Met 

170 175" 180 
Arg ~{[ Ser Ala Phe Tyr Asn Leu Leu His Cys 

Leu Leu Lys Asn Tyr Gly Leu Leu Ser Cys 
Leu Leu Lys ASh Tyr Gly Leu Leu Set Cys 

Leu Leu Lys Asn Tyr Gly Leu Leu Ser Cys 
Leu Leu Lys Asn Tyr Gly Leu Leu Tyr Cys 

Leu Leu Lys Asx Tyr Gly Leu Leu Tyr Cys 
Leu Pro 

181 185 190 
EGRO 

OLAC Leu Arg Arg Asp Set Set Lys lle Asp Thr 
OGRO Phe Arg Lys Asp Leu His Lys Thr Glu Thr 

BGRO Phe Arg Lys Asp Leu His Ly~ Thr Glu Thr 
HGRO Phe Arg Lys Asp Met Asp Lys Val Glu Thr 

BPLA Phe Arg Lys Asx F~t Asx Lys Val Glx Thr 

195 
Arg Val Met Lys Cys Arg Arg 

Tyr Leu Lys Leu Leu Asn Cys Arg lle 
Tyr Leu Arg Val get Lys Cys Arg Arg 

Tyr Leu Arg Val Met Lys Cys Arg Arg 

Phe Leu Arg lle Val Gln Cys Arg - 

Phe Leu Arg Met Val Gin Cys Arg 

200 205 

Phe Val Glu Ser Ser Cys Ala Phe 
Ile Tyr Asn Asn Asn Cys 
Phe Gly Glu Ala Set Cys Ala Phe 

Phe Gly Glu Ala Ser Cys Ala Phe 

Ser Va] Glu Gly Set Cys Gly Phe 

Ser Val Glu Gly Ser Cys Gly Phe 

The amino acid sequences of equine growth hormone (EGRO), ovine lactogen (OLAC), porcine pepsinogen (PPSN), bovine pepsinogen (BPSN), 
bovine rennin (BREN), human ealcitonin (HCAL), porcine calcitonin (PCAL), salmon ealcitonin (SCAL), porcine fl-eortieotropin (PCTP), 
mouse nerve growth factor (MNGF), human proinsulin (HPIN), porcine proinsulin (PPIN), bovine proinsulin (BPIN), rat proinsulin-1 
and -2 (RPIN-1 and -2), angler fish insulin (AFIN), bovine parathyroid hormone (BPTH), ovine growth hormone (OGRO), bovine growth 
hormone (BGRO), porcine growth hormone (PGRO), human growth hormone (HGRO), human placental lactogen (HPLA), bovine 0~-thyro- 
tropin (BTT0r human c~-luteinizing hormone (HLUT-c~), human chorionie gonadotropin-cr and -fl (HGCT-cr and -ill bovine fl-luteinizing 
hormone (BLUT-~}, porcine ~-luteinizing hormone (PLUTfl), bovine ~?-thyrotropin (BTT/~), porcine cholecystokinin-pancreozymin (PCPZ), 
frog eaerulein (FCRN), canine gastrin (CGAS), porcine gastrin (PGAS), ovine gastrin (OGAS), human gastrin (HGAS), porcine motilin 
(PMOT), porcine vasoactive intestinal polypeptide (PVIP), porcine secretin (PSEC), porcine glucagon (PGLU), and porcine gastric inhibitory 
polypeptide (PGIP) aligned for maximum external correspondence. DeIetions are indicated with a dash. 

mones. The  name  'prosecgast r in '  is assigned at  this t ime  
to the  hypo the t i ca l  parent .  Suppor t  for this  l a t t e r  proposal  
has a l ready come f rom a dif ferent  corner;  namely ,  the  
detect ion of 'Big Gastr in ' ,  a po lypep t ide  wi th  a molecular  
weight  of about  7, 0 0 0 and possessing the  same physiological  
propert ies  as gastr in ~5. Here,  on digest ion wi th  trypsin,  a 
smaller  gastr in-l ike pept ide  is released in the  gut ;  thus, the  

larger molecule m a y  be the  actual  precursor  prote in .  The 
recen t  r epor t  of a 'Big, Big Gast r in '  lends fu r ther  we igh t  
to  th is  p roposa l~ .  

75 R. S. YALOW and S. A. BERSON, Gastroenterology 60, 215 (1971). 
76 R. S. YALOW and S. A. BERSON, Bioehem. biophys. Res. Commun. 

48, 391 (1972). 
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A t t e n t i o n  is n e x t  pa id  to the  two bov ine  t h y r o t r o p i n s ,  
as well  as t h e  va r ious  gonado t rop in s  a n d  lu te in iz ing  hor-  
mones.  These  p ro te ins  are re la ted  t h r o u g h  var ious  c o m m o n  
sequences  77, ~s and  are f i t t ed  to p l a c e n t a l  l ac togen  a t  posi- 
t ions  61-63 and  68-70.  I t  is recognized t h a t  these  com- 
p o u n d s  h a v e  a larger  n u m b e r  of differences  w i t h  t he  
g r o w t h  h o r m o n e s  a n d  are  p r o b a b l y  on ly  d i s t a n t l y  re la ted  
a t  th i s  t ime.  The  p l a c e m e n t  of BLUT-f l  and  BTT/~ w i t h  
respec t  to  B T T a  is based  on c o m m o n  res idues  found  a t  
pos i t ions  112-117, ye t  can  s t a n d  i m p r o v e m e n t  in t he  
in i t ia l  N - t e r m i n a l  sect ion.  On t u r n i n g  to t he  var ious  
proil lsul ins,  wh ich  includes  ne rve  g rowth  fac to r  a n d  
p r o b a b l y  p a r a t h y r o i d  h o r m o n e  a n d  /3-corticotropin, 
a l i g n m e n t s  are easi ly found,  especial ly  w i t h  t he  cys te ines  
loca ted  a t  pos i t ions  37, 62, a n d  89-90. Angle r  f ish insul in  
is inc luded  now since i t  con ta ins  b o t h  an  add i t i ona l  
res idue and  var ious  changes  in t he  N - t e r m i n u s  of t he  
/3-chain. The  homology  be tween  these  groups  d i sappear s  
r a t h e r  r ap id ly  a f te r  the  44-47 area,  poss ib ly  as a conse- 
quence  of t he  i n i t i a t i on  of t he  connec t ing  pep t ide  sequence  
found  in t he  insulins,  or of t he  need  to in t roduce  gap  areas  
in order  to  m a i n t a i n  t he  a l ignments .  The  recen t  de tec t ion  
of a p r o p a r a t h y r o i d  h o r m o n e  is of m u c h  in te res t  7~,s~ 
since i t  possesses 15-20 a d d i t i o n a l  residues,  wh ich  p re sum-  
ab ly  m u s t  lie to  t he  lef t  a n d  r i g h t  of t he  p re sen t  para -  
t h y r o i d  sequence  a n d  should  s u p p o r t  t h e  p r e s e n t  assign- 
men t s .  The  inclus ion of porc ine  peps inogen,  bov ine  
peps inogen,  and  b o v i n e  r e n n i n  a t  t h i s  t i m e  is based  on  
t h e i r  r e semblance  to t h e  in i t ia l  sect ions  of g lucagon  and  
secret in,  as well  as s imi la r  regions  in t he  var ious  g r o w t h  
hormones .  F ina l ly ,  t he  th ree  ca lc i ton ins  a p p e a r  to  be 
genera l ly  r e l a t ed  to  b o t h  OLAC and  the  proinsul ins .  

The  c o m p o u n d s  discussed here  m u s t  h a v e  ar isen  f rom a 
series of ances t r a l  h o m o t y p e s  t h a t  evo lved  b y  t he  genera l  
m e c h a n i s m  of gene dupl ica t ion .  T he  or ig ina l  p a r e n t  was 
p r o b a b l y  p r e sen t  in t he  d iges t ive  t r a c t  and  in t i m e  was  
modif ied  to f i t  va r ious  roles t h r o u g h  changes  occurr ing  in 
t he  gu t  a n d  accessory  regions.  I t  is l ike ly  t h a t  t he  com- 
m o n a l i t y  in  t he  f i rs t  30 res idues  for m a n y  of these  com- 
p o u n d s  m a y  be  a resu l t  of t h e  cons e r va t i on  of b i n d i n g  
to  a specific recep tor  site, fol lowed b y  t h e  a c t i v a t i o n  of 
the  a d e n y l a t e  cyclase sys tem,  or b y  t he  release of in- 
organic  ions sl, t r a n s m i t t e r  subs tances ,  and  b y  se rv ing  a t  
t he  level  of t r a n s c r i p t i o n  s2. T he  empi r ica l  r e l a t ionsh ips  
e s t ab l i shed  here  c lear ly  show t h a t  t he  va r ious  gas t r ic  
ho rmones  c o n s t i t u t e  a homologous  b lock  of compounds ,  
wh ich  served in t i m e  to deve lop  t he  insul ins,  and,  ul t i -  

m a t e l y  t he  g r o w t h  a n d  tu te in iz ing  hormones .  On these  
grounds ,  one can  f ind r edup l i ca t ed  sect ions  beg inn ing  a t  
pos i t ions  51, 91, and  131, sugges t ive  of i n t e r n a l  gene 
doub l ing  pa t t e rn s .  C o m p u t e r  t e c h n i q u e s  t h a t  h a v e  been  
proposed  for t he  t e s t i ng  of h o m o l o g y  sa-s6 will  be  used in 
t h e  nea r  fu tu re  in  an  a t t e m p t  to  con f i rm  these  assign-  
men t s .  E v e n  now ind i ca t i ons  ex i s t  t h a t  t h r o m b i n  is a 
m e m b e r  of th i s  large fami ly .  In  s u m m a r y ,  a t t e n t i o n  is 
called to  t he  old folk p r o v e r b  t h a t  m a i n t a i n s ,  ' t h e  way  
to  a m a n ' s  h e a r t  is t h r o u g h  his  s t o m a c h ' .  Th i s  s t a t e m e n t  
is u n d o u b t e d l y  t r ue  and  p r o b a b l y  should  be  modif ied  to 
i nc lude  o the r  organs  as wellSL 

Rdsumd. La  calc i tonine,  la chol4cys tokin ine ,  la mot i l in ,  
la panc reozymine ,  le pep t i de  i n h i b i t e u r  gas t r ique ,  le 
pep t ide  Vasoactif,  la gas t r ine ,  le g lucagon,  et  la secre t ine  
sont  compa rab l e s  pa r  leur  compos i t i on  en a m i n o  acides a 
l ' h o r m o n e  de croissance,  s l ' h o r m o n e  luteinig&ne, la 
gonado t rop ine ,  au f ac teu r  de croissance ne rveux ,  
l ' h o r m o n e  p a r a t h y r o i d i e n n e ,  au lactog~ne du  p lacen ta ,  
la proinsul ine ,  s la r6nine  et  s la t h y r o t r o p i n e .  Ces pep t ides  
p r o v i e n n e n t  p r o b a b l e m e n t  d ' u n  g6no type  d o n t  l 'o r ig ine  
se t r o u v e  dans  le sys t~me digestif .  

B. WEINSTEIN 

Department o~ Chemistry, University o~ Washington, 
Seattle (Washington 98795, USA), 9 June 7972. 

77 j .  E. PIERCE, T.-H. LIFO, S. M. HOWARI), B. SHO•E and J. S. COR- 
NELL, Recent Prog. I-form. Res. 27, 165 (1971). 

78 G. HENNE, I. KLUH and G. MAGHUIN-ROGISTER, FEBS Lett. 79, 
207 (1971). 

79 B. KERNPER, J. F. HABENER, J. Z. POTTS, JR., and A. RICH, Proc. 
natn. Acad. Sci., USA 69, 643 (1972). 

so D. V. COHN, R. R. MACGREGOR, L. L. H. Cttu, J. R. KIMMED and 
J. W. HAMILTON, Proc. natn. Acad. Sci., USA 69, 1521 (1972). 

Sl C. S. ANAST, J. M. 1KOHS, S. L. KAPLAN and T. W. BURNS, Science 
777, 606 (1972). 

s2 j .  L. R. CANDELA and A. NIETO, Nature, New BioL 85, 237 (1972). 
s~ S. NEEDLE~-AN and C. WU~SCH, J. molec. Biol. d8, 443 (1970). 
s4 j .  E. HABER and D. E. KOSHLAND, Jm, J. molec. Biol. 50, 617 (1970). 
sa A. D. McLAcHLAN, J. molec. Biol. 67,409 (1971). 
s6 H. B. WHITE III, t3. E. LAUX and D. DENNIS, Science 775, 1264 

{1972). 
s~ Supported by the National Institutes of Health under grant No. 

AM 12241. 

PRO EXPERIMENTIS 

The Purification of Peptic Antibody Fragments  from Rabbit Immunoglobul in  G 

U n i v a l e n t  a n t i b o d y  f r a g m e n t s  of t he  t y p e  F a b '  are 
o b t a i n e d  b y  sequen t i a l  t r e a t m e n t  of i m m u n o g l o b u l i n s  w i t h  
peps in  a n d  th io l  c o m p o u n d s  1 However ,  exper ience  in our  
l a b o r a t o r y  ha s  shown  t h a t  pub l i shed  m e t h o d s  do no t  
p roduce  phys ica l ly  hom ogeneous  pro te ins .  Therefore ,  we 
h a v e  devised  a scheme  t h a t  ef fect ively  uses gel pe rmea-  
t ion  c h r o m a t o g r a p h y  for  pur i f ica t ion3.  

To 1 v o l u m e  of r a b b i t  s e rum was  added  s a t u r a t e d  
(NH4) ~ SO 4 to  40 % s a t u r a t i o n  a. T he  p r e c i p i t a t e d  g lobul ins  
were recovered  b y  cen t r i f uga t i on  (2,500 g for 10 min) ,  
d issolved in 1 v o l u m e  water ,  a n d  twice  r ep rec ip i t a t ed  as 
before.  The  f ina l  p r ec ip i t a t e  was  t a k e n  up  in 1/6 v o l u m e  
w a t e r  a n d  ex tens ive ly  d ia lyzed  aga i n s t  15 m M  p o t a s s i u m  
p h o s p h a t e ,  p H  8.0. In so lub le  m a t e r i a l  was  r e m o v e d  b y  

centrifugation (8,000 g for 10 min). The supernatant was 
chromatographed on diethylaminoethyl (DEAE)-cellu- 
lose ~ using the same buffer. The immunoglobulin C- (IgG) 
peak emerging in the void volume was dialyzed against 
0.1M sodium acetate, pH 4.5, and the contents of the 
dialysis bag were concentrated with Ficoll 5 to 15 mg/ml 
Amg/ml 1.29). 
~280 nm, 

To 500-750 m g  IgG  was added  peps in  G a t  a peps in - to -  
g lobul in  r a t io  of 1 : 50. The  m i x t u r e  was gen t ly  a g i t a t e d  a t  
37 ~ for 8 h. The  r eac t ion  was s topped  b y  ra i s ing  t h e  p H  
of t h e  so lu t ion  to  7.6 and  b y  chil l ing.  Inso lub le  m a t e r i a l  
was  r e m o v e d  b y  cen t r i f uga t i on  (24,000 g for 10 rain).  
Af te r  c o n c e n t r a t i o n  t he  s u p e r n a t a n t  was  appl ied  to  a 
column (2.8X45 cm) of Sephadex O-150 superfine 5, 


