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S U M M A R Y  : The  p r i m a r y  s t r u c t u r e  of  the  t r y p t o p h a n  c o n t a i n i n g  t r y p t i c  
f r a g m e n t  o b t a i n e d  f r o m  b o v i n e  g r o w t h  h o r m o n e  has  b e e n  d e t e r m i n e d .  T h i s  
s e q u e n c e  was  found to be i d e n t i c a l  w i th  tha t  of  the  c o r r e s p o n d i n g  p o r t i o n  of  
s h e e p  g r o w t h  h o r m o n e .  T o g e t h e r  w i th  o t h e r  da ta ,  the c o r r e c t e d  s t r u c t u r e  
of  b o v i n e  g r o w t h  h o r m o n e  is  p r o p o s e d  h e r e i n .  

E x t e n s i v e  s t u d i e s  (1,2,  3, 4) on the  p r i m a r y  s t r u c t u r e  of  b o v i n e  g r o w t h  

h o r m o n e  (BGH) 1 h a v e  not  ye t  l ed  to an u n a m b i g u o u s  r e s u l t .  F r o m  p r e v i o u s  

c o m p a r a t i v e  s t r u c t u r a l  s t u d i e s  o n S G H  (5) and BGH (3), only  a s i n g l e  s e q u e n c e  

2 
d i f f e r e n c e  - a V a l / G l y  i n t e r c h a n g e  at s e q u e n c e  p o s i t i o n  130 has  b e e n  

a p p a r e n t  (2 ,6 ) .  In c o n t r a s t  wi th  th i s  o b s e r v a t i o n ,  the  p r o p o s e d  s e q u e n c e s  of 

SGH (5) and BGH (3, 4) show m a n y  m o r e  d i f f e r e n c e s  than  th i s  s i n g l e  V a l / G l y  

T h e s e  a r e  as  f o l l o w s :  

69 84 85 88 90 91 94 99 
SGH: Gln Gln S e r  GIy L e u  Gln S e r  A s p  

BGH: Glu S e r  Gln  Gln  - Gly  - A s n  

e x c h a n g e .  

1 
A b b r e v i a t i o n s  : BGH, bovine pituitary growth hormone; SGH, sheep 

pituitary growth hormone; NBS, N-bromosuccinimide. 

2 Al l  the  r e s i d u e  n u m b e r s  i n d i c a t e d  in  th i s  p a p e r  c o r r e s p o n d  to the SGH 
structure (5). 

Copyright © 1974 by Academic Press, Inc. 
All rights of  reproduction in any form reserved. 
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It is remarkable that, with the exception of residues 69 and 99, all 

these differences are located in the tryptophan containing tryptic peptide, 

residues 78-95 of SGH. Therefore, we decided to prepare the corresponding 

fragment of BGH and re-examine its sequence. This paper reports the 

results of these studies. In addition, we propose the corrected amino acid 

sequence of the BGH molecule. 

MATERIALS AND METHODS 

BOHwas prepared by the  method previously described (7), except 

that this product was further purified by gel filtration on Sephadex G-I00 (8). 

Trypsin, chymotrypsin, carboxypeptidase A, and aminopeptidase M were 

obtained from Calbiochem, Worthington, and Rghrn-l-laas, respectively. 

NBS was an Aldrich product. 

Tryptic digestion of BGH was carried out in 0.01 M NH4HCO 3 buffer 

of pH 9.0 with an enzyme to protein ratio of 1 : 50 (w/w) for four hours at 

37 ° C. The tryptophan containing fragment was purified by gel filtration on 

Sephadex G-100 and partition chromatography on a column of Sephadex G-25 

(9) with a solvent system of n-butanol-pyridine-0. I~ aqueous acetic acid 

(40 : Z4 : 96 by volume). 

NBS cleavage of the tryptophanyl bond was carried out in 70~ 

acetic acid with an approximate 5 molar excess of NBS over Trp content 

of peptide(s) for 30 minutes. To separate the cleavage products, the NBS 

reaction mixture was subjected to high voltage paper electrophoresis on 

V~hatman 3MM paper in formic acid-acetic acid buffer of pH 2. 1 for 60 

minutes at 2000 V. Guide strips of the dried paper were developed with 

ninhydrin. The desired peptide bands were excised, eluted with 50~ acetic 

acid, and evaporated. 
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Figure i: 

Figure 2: 
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Upper: Chromatography of 400 mg oftryptic digest of BGH 
on a column (3.0 crn x 60 cm) of Sephadex G-100 in 0.01 M, 

pH 9.0, NH4HCO 3 buffer. Tube volume was 5 ml. The yield 
of peak 1 was 29 rag. 
Lower: Partition chromatography of 25 mg of peak i on a 
column (Z. 0 cmx 58 cm) of Sephadex G-25. Tube volume 
was 3 ml. The yield of peak I-i was 8 rag. 

High voltage paper electrophoresis of NBS treated peak l-1 
at pH 2. i. 

The homogeneity of the fragments obtained was examined by NH 2- 

terminal residue analysis (i0). Amino acid analysis was carried out in an 

automatic amino acid analyzer (Model 120, Beckman Instruments). The 

amino acid sequence of the isolated peptides was determined by the dansyl- 

Edman method (i0) as previously described (Ii). To distinguish the Glu/Gln 

residues in the sequence, a mixed enzymic digest of the peptide was analysed 

in the amino acid analyzer. This digestion was carried out with a mixture of 
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N H  Z - A 1  a - P h e  - P r  o - A l a  - M e t  - S e  r - b e u  - S e r - G 1  y - L e  u - P h e  - A l a  - A s  n -  A l a  - V a l  - L e  u -  A r  g - A l a  - G 1  n - H i s  - 

1 I0 20 

Leu-His -Gln-Leu- Ala- Ala- Asp-Thr-Phe -Lys -Gh-Phe -G1u-Arg -Thr-Tyr-lle-Pro -G1u-G1y- 

3 0  4 0  

Gin -Arg -Tyr -Ser- lle - Gin -Ash - Thr -Gin - Val -Ala- Phe - Cys- Phe- Ser- Glu - Thr -lle -Pro -Ala - 

50 6 0  

Pro -Thr -Gly-Lys -Asn-Glu-Ala-Gln-Gln-Lys -Ser -Asp-Leu-Glu-Leu-Leu-Arg-lie -Ser-Leu - 

70 80 

Leu - Leu- lle - Gln -Se r - Trp - Leu - Ol y - Pro - Leu - Gln - Phe - Leu - Ser -Arg -Val - Phe - Thr -As n -Ser - 

90 I00 

Leu - Val - Phe - G1F - Thr -Se r -As p- Arg - Val - Tyr - Glu - Lys - Leu - Lys -As p - Leu - Glu - Glu - GIy - lle - 

110 120 

Val 
Leu - Ala - Le u - Met - Arg - Glu - Leu - Glu - As p - GIy - Thr - Pro - Ar g - Ala - GIF - Gln - lle - Le u - LFs - G1 n - 

130 140 

Thr-Tyr -Asp-Lys-Phe-Asp-Thr-Asn-Met-Arg-Ser-Asp-Asp-Ala-Leu-Leu-Lys -Asn -Tyr-GIy- 

150 160 

Leu -Leu -Ser - Cys -Phe -Arg -LFs -Asp- Leu -His -Lys -Thr - Glu- Thr -Tyr -Leu - Arg - Val -Met-Lys - 

170 180 

Cys -Arg -Arg -Phe -GIv - Glu- Ala -$er - Cys -Ala -Phe -OH 

190 

Figure 3: The amino acid sequence of bovine pituitary growth hormone. 

c h y m o t r y p s i n  [ 1 : 5 0  (w/w) enzyme  to peptide r a t i o ] ,  aminopep t idase  M 

[ 1 : 2 0  (w/w) enzyme  to pepfide r a t i o ] ,  and ca rboxypep t idase  A [ 1 : 2 0  (w/w) 

enzyme  to peptide r a t i o ]  in 0. 1 M NaHCO 3 for  five hours  at 37 ° C. 

I%ES UL TS 

The tryptic digest of BGH was chromatographed on Sephadex G-i00 

as shown in Figure I. Sequence studies on SGH (5) have shown that the Trp 

containing tryptic peptide is at least partly eluted with the void volume of the 
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Sephadex G-100 column. The p r e s e n c e  of t ryptophan could be detec ted  in 

peak 1 (Figure  1) by s p e c t r o p h o t o m e t r i c  method and by Ehr l i ch  reagent .  

The NH2- t e rmina l  res idue  ana lys i s  of this f r ac t ion  r evea led  Ile,  Tyr ,  Phe ,  

Ala,  and Asx,  indicat ing that it contains at l eas t  t h ree  t ryp t i c  f r agmen t s .  

In addition, a p r e l i m i n a r y  amino acid ana lys is  of this peptide mix tu re  s t rong ly  

sugges ted  that  peak 1 (Figure  1) is composed  of the Trp  containing t ryp t i c  

f r agmen t  ( res idues  78-95,  N H z - t e r m i n a l  Ile),  the N H z - t e r m i n a l  t r yp t i c  f r agmen t  

( res idues  1-17, N H z - t e r m i n a l  Phe and Ala), and a disulfide containing t ryp t i c  

peptide ( res idues  43-64 and 158-166, NHg- t e rmina l  Tyr  and Asn). The s t rong  

hydrophobic  c h a r a c t e r  of these  f r agmen t s  m a y  explain the na ture  of the i r  

i n t e r ac t ions ,  which r e su l t  in the fo rma t ion  of a mixed  aggrega te  eluted in 

peak 1 of F igu re  1. 

In an a t tempt  to abol ish  these  in t e rac t ions ,  peak 1 (Figure  1) was 

subjec ted  to par t i t ion  c h r o m a t o g r a p h y  as shown in the lower  f igure  of F igu re  1; 

peak 1- 1 appea red  with an Rf value of 0 .95,  which c l ea r l y  d e m o n s t r a t e s  the 

s t rong  hydrophobic  c h a r a c t e r  of the peptide(s)  eluted. N H z - t e r m i n a l  end 

res idue  and amino acid ana lyses  showed that peak 1-1 contained the NH Z- 

t e r m i n a l  t ryp t i c  f r agment ,  toge ther  with the Trp  containing t ryp t i c  f r agmen t ,  

while the disulfide containing peptide of peak 1 was concen t ra ted  in peak 1-2 

of F igu re  1. 

The m a t e r i a l  of peak 1-1 (Figure  l) r ema ined  at the o r ig in  when high 

voltage pape r  e l e c t r o p h o r e s i s  at pH 6.5  or  Z. 1, and paper  c h r o m a t o g r a p h y  

in d i f ferent  solvent  s y s t e m s  were  used in an a t tempt  to s epa ra t e  these  two 

components .  Since it was not poss ib le  to pur i fy  the Trp  containing peptide in 

homogeneous  f o r m ,  peak 1-1 was t r ea t ed  d i r ec t ly  with NBS and subsequent ly  

subjected  to high voltage paper  e l e c t r o p h o r e s i s  at pH Z. 1. This p r o c e d u r e  

r e su l t ed  in the appea rance  of a peptide f r agmen t  with high e l e c t r o p h o r e t i c  
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m o b i l i t y ,  d e s i g n a t e d  as C in  F i g u r e  2. In  a d d i t i o n  to pe p t i de  C, bo th  the 

d i f fu se  band  B and  the m a t e r i a l  r e m a i n i n g  at the o r i g i n  (band A in  F i g u r e  2) 

w e r e  e lu t ed  and  a n a l y s e d  fo r  N H 2 - t e r m i n a l  r e s i d u e s .  The  a n a l y s i s  r e v e a l e d  

a s i n g l e  N H z - t e r m i n a l  L e u  for  pep t i de  C, and  a s i n g l e  N H z - t e r m i n a l  He for  

pep t i de  A. On the o t h e r  hand ,  band  B was  found to c o n t a i n  p e p t i d e s  wi th  L e u ,  

P h e ,  and  Ala  as  N H z - t e r m i n a l  r e s i d u e s .  The a m i n o  ac id  c o m p o s i t i o n  of 

p e p t i d e s  A and  C a r e  shown in  Tab l e  I. It  is e v i d e n t  f r o m  T a b l e  I t ha t  

peptide C represents the COOH-terminal portion of the Trp containing tryptic 

fragment (residues 87-95) released by NBS cleavage of the Trp-Leu bond 

(positions 86-87). Thus, the uncleared but NBS-oxidized Trp containing 

tryptic peptide alone has remained at the origin during the high voltage 

paper electrophoresis at pH 2. I. 

The results of the dansyl-Edman sequence determination of peptides 3 

A and C were as follows: 

peptide A: Ile -Ser - Leu- Leu- Leu-Ile -Glx -Ser - Trp -Leu- 

peptide C: Leu- GIy - Pro- Leu - Glx - Phe- Leu-Ser- Arg 

The NH - t e r m i n a l  s e q u e n c e  of pep t i de  A is  i d e n t i c a l  wi th  the  s e q u e n c e  of SGH 
2 

b e t w e e n  r e s i d u e s  7 8 - 8 7 ,  and  the s e q u e n c e  of pep t ide  C is  i d e n t i c a l  wi th  

r e s i d u e s  87-95  of the SGH s e q u e n c e  (5). F r o m  the a m i n o  a c i d  a n a l y s i s  of a 

m i x e d  e n z y m i c  h y d r o l y s a t e  of pep t ide  A, i t  was  a p p a r e n t  t ha t  bo th  g h t a m i c  

a c i d s  w e r e  a m i d a t e d .  B a s e d  on  the above  da t a ,  the  a m i n o  ac id  s e q u e n c e  of 

the  T r p  c o n t a i n i n g  t r y p t i c  pep t i de  o b t a i n e d  f r o m  BGH is as  fo l lows:  

I l e -  S e r -  L e u -  L e u -  L e u -  I l e -  G l n -  S e r -  T r p -  L e u -  GIy-  P r o -  L e u -  G ln -  P h e -  L e u - S e r - A r  g 
78 80 85 90 95 

3 
I n s t e a d  of T r p ,  b r e a k d o w n  p r o d u c t s  w e r e  d e t e c t e d  by  the d a n s y l m e t h o d .  
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Table I 

Amino Acid Composition ~ of Peptides A and C from Figure Z 

Amino Acid 
Exp. 

Peptide A Peptide C 

Theo. (78-95)** Exp. Theo. (87-95)** 

Arg i. 2 1 0.9 1 

Ser 2.8 3 0.7 1 

Glx 2.3 2 i. 0 1 

Pro 0. g i 0.9 I 

GIy i. 3 1 i. 0 1 

lle i. 7 2 

Leu 6.0 6 2. 8 3 

Phe i. 2 1 i. 0 1 

Compositions in m o l a r  r a t i o .  

Res idue  n u m b e r s  in the SGH s t r u c t u r e  (5), 

DISCUSSION 

The unusua l  b e h a v i o r  of the  T r p  conta in ing  t r y p t i c  f r a g m e n t  in BGH 

dur ing  the p r e p a r a t i o n  d e s e r v e s  f u r t h e r  c o m m e n t .  The s t rong  h y d r o p h o b i c  

i n t e r a c t i o n  of th is  pep t ide  with o t h e r s ,  in p a r t i c u l a r  with the N H 2 - t e r m i n a l  

t r y p t i c  f r a g m e n t ,  has  m a d e  the sequence  a n a l y s i s  d i f f i cu l t .  This  i n t e r a c t i o n  

could be d e s t r o y e d  by t r e a t i n g  the pep t ide  m i x t u r e  ob ta ined  f r o m  peak  1- 1 

of F i g u r e  1 wi th  NBS. 

From the above sequence data, it is evident that the structures of 

SGH and BGH between residues 78-95 are identical and correspond to the 
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sequence reported for SGH (5) rather than to the one proposed for BGH (2, 3). 

O u r  s t r u c t u r a l  i n v e s t i g a t i o n s  (12) on  a s m a l l  p l a s m i c  f r a g m e n t  of BGH 

o r i g i n a t e d  f r o m  r e s i d u e s  6 5 - 7 0  of the s t r u c t u r e  gave e v i d e n c e  tha t  the  l o c a t i o n  

of the  a m i d e  g r o u p s  w i t h i n  th i s  pep t ide  is the s a m e  as  in  the c o r r e s p o n d i n g  

p o r t i o n  of the  SGH s t r u c t u r e  (5) : 

Ash- Glu - Ala - Gln- Gln- Lys 

65 70 

In a d d i t i o n ,  we r e c e n t l y  r e i n v e s t i g a t e d  (13) the  s e q u e n c e  of a l a r g e  t r y p t i c  

f r a g m e n t  of BGH, r e s i d u e s  96-133, f i r s t  i s o l a t e d  and  e x a m i n e d  by Y a m a s a k i  

et  a l .  (14, 15). The r e s u l t  of ou r  s e q u e n c e  d e t e r m i n a t i o n  is i d e n t i c a l  to 

t ha t  r e p o r t e d  by Y a m a s a k i  et a l .  (15), excep t  tha t  o u r  s e q u e n c e  c o n t a i n s  an  

e x t r a  l e u c i n e  a t  p o s i t i o n  121. T h u s ,  the  c o r r e c t e d  a m i n o  a c i d  s e q u e n c e  of 

BGH 4 is  shown  in  F i g u r e  3. 
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