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SUMMARY. Human and ov ine p i t u i t a r i e s  were found to con ta in  
pep t ides  of  i d e n t i c a l  s i z e ,  compos i t i on  and N- te rm ina l  res idue  
to the c a r b o x y - t e r m i n a l  p o r t i o n  61-91 of  b e t a - l i p o t r o p i n  ( I - 9 1 ) .  
These pep t ides  e x h i b i t  m o r p h i n e - l i k e  a c t i v i t y  in the mouse vas 
deferens b ioassay .  B e t a - l i p o t r o p i n s  from both species have much 
lower potency than the new pept ides  in the same b ioassay .  The 
f i n d i n g s  favo r  the hypo thes i s  t ha t  b e t a - l i p o t r o p i n  is  the 
p recu rso r  of endogenous m o r p h i n e - l i k e  pep t ides  of  p i t u i t a r y  
o r i g i n .  

Hughes et  a l .  ( I )  r e c e n t l y  i s o l a t e d  and desc r ibed  the 

s t r u c t u r e  of  a pen tapep t i de  from pig b ra in  w i th  po ten t  morphine-  

l i k e  a c t i v i t y .  Th is  pen tapep t i de  was g iven the name me th ion ine -  

enkepha l in  (me t -enkepha l i n )  and i t  was a lso observed by Hughes et  

a l .  ( I )  to be s t r u c t u r a l y  i d e n t i c a l  to the 61-65 sequence of  

b e t a - l i p o t r o p i n  (beta-LPH) (2 ) .  In 1967, Chr~ t ien  and Li (3) 

d i scovered  and desc r ibed  another  pep t ide  named gamma- l i po t rop in  

(gamma-LPH). I t  was found t h a t  gamma-LPH sequence is i d e n t i c a l  

to the f i r s t  58 amino ac ids of  beta-LPH. Moreover ,  both beta-LPH 

and gamma-LPH were found to con ta in  in t h e i r  41-58 sequence the 

complete s t r u c t u r e  of  beta-MSH. I t  was t h e r e f o r e  proposed by Chr~ t i e  

and Li ( 3 ) ,  t h a t  beta-LPH is  the prohormone of  beta-MSH, gamma-LPH 

being an i n t e r m e d i a t e .  The d i s cove ry  of  me t -enkepha l i n  r a i sed  the 
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p o s s i b i l i t y  t h a t  beta-LPH could be i t s  p recu rso r  as w e l l .  Li and 

Chung (4) i s o l a t e d  a pep t ide  from camel p i t u i t a r i e s  co r respond ing  

to 61-91 sequence of  beta-LPH. Bradbury et  a l .  (5) found an 

i d e n t i c a l  pep t ide  in e x t r a c t s  from po rc ine  p i t u i t a r i e s .  A l l  these 

pep t ides  e x h i b i t  m o r p h i n e - l i k e  a c t i v i t y .  F i n a l l y ,  Seidah et a l .  

(6,  7) have r e c e n t l y  shown t ha t  the t r y p t i c  f ragments 61-80,  

61-81 and 61-91 of sheep beta-LPH have c o n s i d e r a b l e  m o r p h i n e - l i k e  

a c t i v i t y  wh i le  beta-LPH ( l - 9 1 )  is  much less  a c t i v e .  

The p resen t  r e p o r t  desc r ibes  the i s o l a t i o n  and i d e n - -  

t i f i c a t i o n  of  pep t ides  w i th  m o r p h i n e - l i k e  a c t i v i t y  from both 

human and sheep p i t u i t a r i e s  w i th  amino ac id  compos i t i on  co r respond ing  

to res idues  61-91 of  beta-LPH. 

MATERIAL AND METHODS 

Frozen human and sheep p i t u i t a r i e s  were e x t r a c t e d  
accord ing  to the method of  Li (8) and the e x t r a c t  chromatographed 
on e i t h e r  CM-ce l l u l ose  or CM-sephadex. 

Some of  the human CM-ce l l u l ose  f r a c t i o n s  were f u r t h e r  
p u r i f i e d  by Sephadex G-75 and e lu ted  w i t h  O.Ol M ammonium ace ta te  
pH 4 .6 .  The sheep p i t u i t a r y  e x t r a c t  was chromatographed on 
CM-Sephadex as desc r ibed  by Bradbury et  a l .  (5) p r i o r  t o , t h e  
CM-ce l l u l ose  s tep .  

The m o r p h i n e - l i k e  a c t i v i t y  o f  i s o l a t e d  f r a c t i o n s  was 
assayed on mouse vas deferens as desc r ibed  by Henderson et  a l .  
( 9 ) .  The a c t i v i t y  is  expressed as percentage of  i n h i b i t i o n  of  
e l e c t r i c a l l y  s t i m u l a t e d  c o n t r a c t i o n s  of  mouse vas de ferens  in 
v i t r o .  The maximal response is  u s u a l l y  in the range of  70-80% 
i n h i b i t i o n .  

Amino ac id a n a l y s i s  was c a r r i e d  out  accord ing  to 
Spackman et  a l .  ( lO)  using a Beckman 121C automat ic  a n a l y z e r .  
The N - te rm ina l  r es idue  was i d e n t i f i e d  by the dansyl  procedure 
( l l ) .  Po l yac ry l am ide  gel e l e c t r o p h o r e s i s  was done accord ing  to 
Davis (12) at pH 4 .5 .  

RESULTS 

The CM-ce l l u l ose  chromatography of  human p i t u i t a r y  e x t r a c t  

accord ing  to Li ( 8 ) ,  is  r o u t i n e l y  used f o r  p u r i f i c a t i o n  of  growth 

hormone, ACTH and beta-LPH (13) .  A s l i g h t l y  s lower  g r a d i e n t  revea led  

a new peak ad jacen t  to t h a t  o f  growth hormone; the c o n s t i t u e n t  

possessed m o r p h i n e - l i k e  a c t i v i t y .  Gel f i l t r a t i o n  of  t h i s  f r a c t i o n  
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Figure I :  P u r i f i c a t i o n  of  human f r a c t i o n  e lu ted  from CM- 
c e l l u l o s e  (37.5 mg) possess ing m o r p h i n e - l i k e  a c t i v i t y  on 
a column (2 .5  x 120 cm) of sephadex G-75 s u p e r f i n e ,  using 
0.01 M NH4Ac pH 4.6 as e l u a n t .  Peak D gave the pep t ide  
61-91 of human beta-LPH (see t a b l e  I ) .  
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Figure 2: P u r i f i c a t i o n  of  sheep p i t u i t a r y  e x t r a c t  e lu ted  
from CH-sephadex w i th  1 M NH4Ac on a column (I x 25 cm) of  
C H - c e l l u l o s e ,  us ing a g r a d i e n t  of  NH4Ac from 0 . I  to 1 M. 
Peak I I I ,  upon f u r t h e r  p u r i f i c a t i o n  on sephadex G-25, gave 
the pep t i de  61-91 of  sheep beta-LPN (see t a b l e  I ) .  
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TABLE I 

AMINO ACID ANALYSIS OF HUMAN AND SHEEP 61-91 PEPTIDES 

H y d r o l y s i s  Time 

Human* Sheep* 

Amino Neares t  Neares t  
Ac id  24 h 48 h 72 h I n t e g e r  24 h 48 h 72 h I n t e g e r  

Lys 4.53 5.28 4 .80  5 4 .96  5.34 5 .00 5 
His 0.91 0.91 0.90 1 
Asp 2.08 2.22 2.06 2 2.28 1.93 2.09 2 
Thr 2.71 2.61 2.28 3 2 .98 2.49 2.59 3 
Ser 1.84 1.58 1.32 2 1.94 1.53 1.51 2 
Glu 2 .99 2.76 3.21 3 3.01 2.67 2 .78 3 
Pro 1.20 1.09 1.21 1 1.32 1.23 I . I I  1 
GIy 3.27 3.24 3.01 3 3.00 2 .66 2.75 3 
A la  2 .20  2.06 1.98 2 2 .32 2 .08 2.06 2 
Val 1 .08 0.86 1.06 1 1.18 1.00 1.04 1 
Met 0 .67 0 .40 0.79 1 0.91 0.83 0.73 1 
l l e  1.28 1.34 1.73 2 1.32 1.69 1.82 2 
Leu 2.03 1.80 2.11 2 2.25 2.13 2.15 2 
Tyr  1.86 1.94 1.65 2 0 .94 n.87 0.94 1 
Phe 1.87 1.84 1.85 2 2.16 1.93 1.96 2 

* D a n s y l a t i o n  r e v e a l e d  t h a t  the N - t e r m i n a l  r e s i d u e  o f  both p e p t i d e s  
is  e x c l u s i v e l y  Ty r .  
P r e l i m i n a r y  r e s u l t s  ( S e i d a h ,  N.G. e t  a l . ,  u n p u b l i s h e d  r e s u l t s )  
showed t h a t  the  comple te  sequence o f  both p e p t i d e s  i s  i d e n t i c a l  
to the p o r t i o n  61-91 o f  beta-LPH s t r u c t u r e  (8 ,  14) .  

on Sephadex G-75 i s  shown in F ig .  I .  Peak D was found to c o n t a i n  

most o f  the m o r p h i n e - l i k e  a c t i v i t y .  I t s  am ino -ac id  c o m p o s i t i o n  

co r responds  to t h a t  o f  r e s i d u e s  61-91 o f  human beta-LPH (14) and the 

N - t e r m i n a l  r e s i d u e  i s  e x c l u s i v e l y  t y r o s i n e  (Tab le  I ) .  

The sheep p i t u i t a r y  e x t r a c t  e l u t e d  from CM-Sephadex 25 

by 1 M NH4Ac, was f u r t h e r  p u r i f i e d  on C M - c e l l u l o s e  as shown in  

F ig .  2. R e p u r i f i c a t i o n  o f  the b i o l o g i c a l l y  a c t i v e  f r a c t i o n  y i e l d e d  

a pure m a t e r i a l  w i t h  am ino -ac id  c o m p o s i t i o n  c o r r e s p o n d i n g  to the  

61-91 f ragmen t  o f  sheep beta-LPH and w i t h  t y r o s i n e  as N - t e r m i n a l  

r e s i d u e  (Tab le  I ) .  The p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  at 
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F i g u r e  3: M o r p h i n e - l i k e  a c t i v i t y  assayed on e l e c t r i c a l l y  
s t i m u l a t e d  mouse vas d e f e r e n s .  The a c t i v i t y  is  exp ressed  
as a % of  i n h i b i t i o n  o f  vas d e f e r e n s  c o n t r a c t i o n s .  A l l  the 
p o i n t s  are the  means o f  4 measurements ± SE. Beta-LPH ( o v i n e )  
61-91 and beta-LPH (human) 61-91 mean t h a t  such p e p t i d e s  have 
the same am ino -ac id  c o m p o s i t i o n  and the same N - t e r m i n a l  residLae 
as the i d e n t i f i e d  p o r t i o n  o f  both LPH's .  

pH 4 .5  showed an Rf 0 .64 f o r  human p e p t i d e  and Rf 0 .75 f o r  

sheep p e p t i d e .  

The b i o l o g i c a l  a c t i v i t y  is  shown in F ig .  3 where the 

m o r p h i n e - l i k e  a c t i v i t i e s  o f  both new p e p t i d e s  are compared 

to t h a t  o f  t h e i r  r e s p e c t i v e  beta-LPH ( I - 9 1 )  p e p t i d e s .  

DISCUSSION 

Beta-LPH now appears to be a un ique mo lecu le  c o m p r i s i n g  

the s t r u c t u r e s  o f  two b i o l o g i c a l l y  a c t i v e  p e p t i d e s :  beta-MSH 

and m e t - e n k e p h a l i n .  A l t h o u g h ,  t h e r e  is  no d i r e c t  ev i dence  showing 

t h a t  beta-LPH is  the prohormone or  p r e c u r s o r  o f  both compounds, 

t h e r e  are many i n d i c a t i o n s  which f a v o r  the prohormone t h e o r y  

proposed by C h r ~ t i e n  and Li in  1967 (3 ) .  T h e , e x p e r i m e n t a l  f i n d i n g s  

s u p p o r t i n g  t h i s  t h e o r y  cou ld  be summarized as f o l l o w s :  
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Beta-LPH is  a r e l a t i v e l y  s t a b l e  molecu le  and the i s o -  

l a t e d  beta-LPH f ragments are not  l i k e l y  to be deg rada t i on  produc ts  

due to the i s o l a t i o n  p rocedure ,  as shown by Chr~ t ien  and 

G i la rdeau  (15) .  

Ch r# t i en  et  a l .  ( 16 ) ,  us ing in  v i t r o  p u l s e - l a b e l l i n g  

t echn iques  have a l ready  demonstrated the t r a n s f o r m a t i o n  of 

beta-LPH i n t o  gamma-LPH. Beta-LPH, gamma-LPH and the pep t i de  

(61-91)  of  beta-LPH are c o n s i s t e n t l y  i s o l a t e d  from p i t u i t a r i e s  

of  d i f f e r e n t  spec ies  (2 -5)  (17 -19 ) .  A l so ,  G u i l l e m i n  et  a l .  (20) 

r e c e n t l y  i s o l a t e d  a f ragment  61-76 from po rc ine  neurohypophys is  

and hypo tha lamic  t i s s u e .  Beta-LPH has much lower MSH a c t i v i t y  

than beta-MSH (8) and much lower m o r p h i n e - l i k e  a c t i v i t y  than the 

new p e p t i d e s ,  which would be an analogous s i t u a t i o n  to the 

p r o i n s u l i n  - i n s u l i n  model (21) .  

The d i f f e r e n t  Rf va lues found fo r  the human and sheep 

pep t ides  on p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  at  pH 4.5 could 

be exp la i ned  by the f a c t  t h a t  t y r o s i n e  rep laces  h i s t i d i n e  in  

the human p e p t i d e .  

The b i o l o g i c a l  a c t i v i t y  of both pep t ides  is  compa- 

r a b l e .  Th is  is  not  s u r p r i s i n g  s ince  they both c o n t a i n  

me t -enkepha l i n  pen tapep t i de  wh ich ,  we b e l i e v e  to be the 

a c t i v e  core ( 6 - 7 ) .  

ACKNOWLEDGMENTS. Work suppor ted by the Medical  Research Counci l  
o f  Canada and "Le M i n i s t ~ r e  de l ' E d u c a t i o n  du Quebec" Authors  
thank Mrs F. Rousseau, Mrs O. Th~berge and Hr R. Rou th ie r  f o r  
t e c h n i c a l  a s s i s t a n c e  and Mrs D. r4arc i l  f o r  s e c r e t a r i a l  he lp .  

REFERENCES 

1. Hughes, J . ,  Smi th ,  T.W., K o s t e r l i t z ,  H.W., F o t h e r g i l l ,  L .A . ,  
Morgan, B.A. and M o r r i s ,  H.R. (1975) Nature 258, 
577-579. 

477 



Vol. 72, No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

2. 

3. 

4. 

5. 

6. 

7. 

. 

9, 

I 0 .  

I I .  

12. 
13. 

14. 
15. 

16 

17 

18 

19 

2O 

21 

Chr# t ien ,  M. (1973) In:  Methods in I n v e s t i g a t i v e  and 
D iagnos t i c  Endocr ino logy,  Ed. by S.A. Berson and 
R.S. Yalow, pp. 617-632. 

Chr~ t ien ,  !I. and L i ,  C.H. (1967) Can. J. Biochem. 45, 
1163-1174. 

L i ,  C.H. and Chung, D. (1976) Proc. Nat. Acad. Sc i .  73, 
1145-1148. 

Bradbury, A .F . ,  Smyth, D.G. and Sne l l ,  C.R. (1975) 
In :  Peptides Chemistry ,  S t ruc tu re  and B io logy .  
Ed. R. ~Jalter and J. Meinhofer ,  Ann Arbour Science 
Pub l i she r ,  pp. 609-615. 

Seidah, N.G., L i s ,  M., G ianou lak is ,  C., S c h i l l e r ,  P. 
and Chr~ t ien ,  M. (1976) Lancet ( In Press) .  

Seidah, N.G., L i s ,  M., G ianou lak is ,  C., Benjannet,  S. ,  
Routh ie r ,  R., S c h i l l e r ,  P. and Chr~ t ien ,  M. (1976) 
Manuscr ip t  sent fo r  p u b l i c a t i o n .  

L i ,  C.H.,  Ba rna f i ,  L . ,  Chr# t ien ,  M. and Chung, D. (1966) 
In :  Excerta Medica I n t e r n a t i o n a l  Congress - 
112, 249-255. 

Henderson, G., Hughes, J. and K o s t e r l i t z ,  H.H. (1972) 
B r i t .  J. Pharmacol. 4_6_6, 764-766. 

Spackman, D.H., S te i n ,  W.H. and Moore, B. (1958) Anal.  Chem. 
30, 1190-1206. 

I,Joods,--K.R. and Wang, K.T. (1967) Biochim. Biophys. Acta 
133, 369-370. 

Davis ,  D.J. (1965) Ann. N.Y. Acad. Sc i .  121, 404- . 
Chr~ t ien ,  M., Gi la rdeau,  C., Seidah, N.G. and L i s ,  M 

(1976) Can. J. Biochem. ( In Press) .  
L i ,  C.H. and Chung, D. (1976) Nature 260, 622-624. 
Chr# t ien ,  M. and Gi la rdeau,  C. (1970) Can. J. Biochem. 

4__~8, 511-515. 
Chr~ t ien ,  M., L i s ,  M., G i la rdeau,  C. and Benjannet,  S. (1976) 

Can. J. Biochem. ( In  Press) .  
Lohmar, P. and L i ,  C.H. (1971) Biochim. Biophys. Acta 

147, 381-383. 
G i la rdeau,  C. and Chr# t ien ,  M. (1970) Can. J. Biochem. 48, 

1017-1021. 
Graf,  L . ,  Barat ,  E.,  Cseh, G. and Sajgo, Mo (1971) 

Biochim. Biophys. Acta 229, 276-278. 
Gu i l l em in ,  R., L ing ,  N. and Burgus, R. (1976) C.R. Acad. 

Sc. Par is  282, 783-785. 
S t e i n e r ,  D.F. ,  Kemmler, W., Tager, H.S. and Pe te rs ,n ,  J.D. 

(1974) Fed. Proc. 3__3_3, 2105-2115. 

478 


