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SUMMARY A radioimmunoassay for y-melanotropin (T-MSH) was designed with an 
antiserum obtained in a rabbit immunized with synthetic 73-MSH. The antiserum 
cross - reac t s  with synthetic 71-MSH and T2-MSH and slightly with fl-lipotropin, but 
not with ~-MSH, /~-MSH, ACTH, and fi-endorphin. Using this radioimmunoassay, 
7-MSH-like immunoreactivity (y-MLI) was detected in bovine and human pituitary 
glands. Gel chromatographic studies on Bio-Gel P-60 revealed a single component 
of 7-MLI in the bovine and human anterior pituitary, whereas an additional peak of 
small 7-MLI was observed in the bovine intermediate lobe. 

ACTH and fl-lipotropin (fl-LPH) are known to be derived from an ACTH-fi-LPH 

common precursor  protein (1-3). Nakanishi et al (4) have recently determined the 

primary structure of the precursor  protein based on the nucleotide sequence of 

complementary DNA for the bovine precursor,  utilizing a newly developed recombi- 

nant DNA technique. This sequence demonstrates the existence of a melanotropin- 

like peptide containing the amino acid sequence of His-Phe-Arg-Trp in the cryptic 

N-terminal portion of the precursor  protein, which has been termed 7-melanotropin 

(T-MSH). The y-MSH is located between pairs of consecutive basic amino acids, 

Arg-57-Lys -56 and Arg-43-Arg -42 or  Lys-28-Arg -27, all possible sites of 

enzymatic cleavage. Because the termini of tMs proposed hormone are not defini- 

tive, Ling et al synthesized four possible y-MSH peptides by solid phase method- 

ology (5). These peptides, especially Y3-MSH, hadweak skin darkening and 

steroidogenic activities (5, 6). The present study was an attempt to demonstrate the 

Abbreviations used in this paper: fi-EP, fi-endorphin; fi-LPH, ~-lipotropin; 
7-MLI, Y-melanotropin-like immunoreaetivity; MSH, melanotropin. 
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exis tence  of T-MSH-l ike  immunoreac t iv i ty  (~-MLI) in the p i tu i t a ry  g lands ,  u t i l iz ing  

a r a d i o i m m u n o a s s a y  for  y-MSH. 

MATERIALS AND METHODS 

l)ept ides .  71-MSH ( T y r - 5 5 - V a l - M e t - G l y - H i s - P h e - A r g - T r p - A s p - A r g - l ) h e - 4 5 - N H 2 ) ,  
Y2-MSH ( T y r - 5 5 - V a l - M e t - G l y - H i s - p p h e - A r g - T r p - A s p - A r g - l D h e - G l y - 4 4 - O H ) ,  and 
Y3-MSH ( T y r -  55-Val -Met -  G ly -His -  p p h e - A r g - T r p - A s p - A r g - l ) h e -  G l y - A r g - A r g - A s n  - 
G l y - S e r - S e r - S e r - S e r - G l y - V a l - G l y - G l y - A l a - A l a - G l n - 2 9 - O H )  were  gif ts  f rom Ling 
and Guil lemin.  
An t i se rum.  The an t i se rum (JNFT 911) was produced  in a r abb i t  immunized  with 
synthet ic  T3-MSH conjugated with bovine s e r u m  albumin (Sigma Chemica l  Company) 
(7). 
Iodinat ion of T3-MSH. T3-MSH was l abe l l ed  with Na125I (The Rad iochemica l  
Center)  us ing the eh lo ramine  T (Kanto Chemical  Co. Inc . ,  Tokyo, Japan) method of 
Hunter  and Greenwood (8). The labe l led  y3-MSH was pur i f ied  by adsorb ing  to 
s i l i c i c  acid  (100 mesh,  Mal inckrodt  Inc. ) (9). The speci f ic  ac t iv i ty  was ca lcu la ted  
to be 120 #Ci//zg. 
Rad io immunoassay  fo r  T3-MSH. Rad io immunoassay  was p e r f o r m e d  by the method 
of Be r son  and Yalow (9). Unlabel led T3-MSH as s t andard  o r  unknown sa mp le s  were  
incubated with the an t i s e rum di luted to 1/100, 000 fo r  1 day at  4°C. Labe l led  Y3- 
MSH was then added and the mix tu re  was incubated fu r the r  for  2 days  at  4°C (10). 
The sepa ra t ion  of ant ibody-bound from f ree  l abe l led  pept ide  was effected by a d s o r b -  
ing the f ree  f rac t ions  to 50 mg of ta lc .  T-MLI was e x p r e s s e d  as  weight of 73-MSH. 
P r e p a r a t i o n  of s amples .  Th ree  bovine p i t u i t a r i e s  obtained at  the t ime  of s l augh te r  
were  p rompt ly  s e p a r a t e d  into the a n t e r i o r  and i n t e r m e d i a t e - p o s t e r i o r  lobes .  Each 
lobe was homogenized in a s i l i eonized  g lass  tube in 25 volumes of 0. 2 N HC1. The 
homogenate  was cent r i fuged at  10, 000 x g, fo r  30 minutes  at  4°C and the superna te  
was s to red  at -20°C. P ro t e in  concent ra t ions  were  de t e rmined  on an aliquot of un-  
spun homogenate  (11). Human p i tu i t a ry  was obtained f rom a pa t ien t  with hepa toma 
2 h r  a f t e r  death and f rozen  at -70°C. This  p r e p a r a t i o n  was subjec ted  to the s ame  
ex t rac t ion  p r o c e d u r e  as ment ioned above. The samples  were  neu t ra l i zed  with 0. 1 
N NaOH immed ia t e ly  before  a s say .  F o r  chromatography ,  the p i tu i t a ry  ex t r ac t s  
were  lyophi l ized  and recons t i tu ted  in 1 N ace t ic  acid  p rehea t ed  to 95°C. Af t e r  10 
rain in the t~ot bath, the s amp le s  were  chi l led in ice  and di luted with 0. 05 M phos-  
phate  buffer ,  pH 7.4,  containing 0. 5 % human s e r u m  albumin (F rac t ion  V, ICN 
Ppharmaceuticals ,  Inc. ), 500 ka l l i k r e in  inac t iva to r  u n i t s / m l  of T r a s y l o l  (Delbay 
l )ha rmaceu t i ca l s ,  Inc . ,  Div. Seher ing Corp. ), and 0.4  % 2-mercap toe thano l  
(Nakarai  Chemica ls ,  L td . ,  Kyoto,Japan) (s tandard  diluent).  The r e c o v e r y  of 
synthet ic  T3-MSH was 80 % dur ing the ex t rac t ion  p roc e du re .  
Gel f i l t ra t ion .  Gel f i l t r a t ion  was p e r f o r m e d  on a Bio-Gel  1~-60 (Bio-Rad Labo-  
r a to r i e s )  column {0. 7 x 52 cm) equi l ib ra ted  and eluted with the s t anda rd  di luent  at 
a flow ra t e  of 2. 8 m l / h r .  The f rac t ion  volume was 0. 72 ml.  Recove ry  of 1251- 
T3-MSH in gel  ch romatography  was 85 %. M a r k e r s  used  were  blue dext ran  for  void 
volume, human fl-LPPH, 125I-human f i -endorphin ( f i - E P ) f o r  H-El),  Y3-MSH, and 
125I for  the sa l t  peak.  
Rad io immunoassays  for  #l-E1 ) and ACTH. H-El) was r a d i o i m m u n o a s s a y e d  as  de -  
s c r i bed  p rev ious ly  (12), with an an t i se rum which has  the s ame  affinity for  human 
H-El) and human fi-Ll)H, on a m o l a r  bas i s .  ACTH was de t e rmined  by the method of 
Be r son  and Yalow (9), u t i l iz ing  an an t i s e rum (West) d i r ec t ed  towards  the midpor t ion  
of the ACTH molecule .  
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RESULTS 

A typical  s tandard curve  with 73-MSH is shown in Fig. 1. Significant inhibit ion 

of the binding of 1251-73-MSH to antibody was evident with as l i t t le  as 5 pg of 73- 

MSH. This  an t i se rum showed a c r o s s - r e a c t i v i t y  with synthetic 71-MSH (21%), 72- 

MSH (10 %), and human fi-LPH (0.1%),  whereas  it  was not react ive  with ~-MSH, 

porcine  fi-MSH, ACTH, and human fl-EP, even when quanti t ies  as large as 10 ng 

were added. The i n t r a -  and i n t e r - a s s a y  coefficients of var ia t ion  were 7.0 %, and 

10.5 %, respect ively.  The pa ra l l e l i sm  of d isplacement  curves  with extracts  of 

bovine an te r io r  pi tui tary,  i n t e rmed ia t e -pos t e r io r  pi tui tary,  and human pi tui tary is 

depicted in Fig. 2A. 

Gel chromatographic pat terns  of extracts  of bovine an te r io r  p i tu i tary  and human 

pi tui tary  contained only one peak of 7-MLI, emerging nea r  the elution posi t ion of 

/3-LPH (Fig. 3A and Fig. 3C). On the other hand, gel chromatography of an extract  

of bovine in t e rmed ia t e -pos t e r io r  p i tu i tary  revealed two peaks of ~/-MLI (Fig. 3B) 

with the f i r s t  peak eluting nea r  the elution posit ion of/3-LPH, and the second peak 

emerg ing  nea r  the elution posi t ion of/3-EP.  There  was no peak of ~/-MLI at the 

posit ion of synthetic ~3-MSH. Serial  dilutions of the f ract ion number  15 (the f i r s t  

BIF I 
0.6 ACT H, ~-MSH, I3-MSH, 13-EP 

O.4 

O.3 

02 

0.1 

o ib s'o idoo 10000 
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Fig. 1. Specificity of anti-T3-MSH antiserum. The standard curve with synthetic 
73-MSH shows that 5 to 100 pg/tube of 73-MSH are measurable with this 
antiserum. 71-MSH, T2-MSH, and/3-LPH cross-react 21%, 10 %, and 
0. 1%, respectively, whereas ACTH, ~-MSH, /3-MSH, and fi-EP are not 
reactive. 
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A: Dilution curves  of ex t rac t s  of bovine an te r io r  p i tu i ta ry  (A a ), 
i n t e rmed ia t e -pos t e r i o r  pi tui tary ( ~ ~ ), and human pi tui tary  
(O O ), exhibiting para l le l  inhibit ion with tha t  of the s tandard 73-MSH 
¢ O - - - - - - ~  ). 
B: Dilution curves  of f rac t ion No. 15 and 23 obtained by gel f i l t ra t ion  of the 
ext rac t  of bovine i n t e r m e d i a t e - p o s t e r i o r  p i ~ i t a r y ,  exhibit ing para l le l  in-  
hibifion with that  of the s tandard 73-MSH. 

peak)  and  n u m b e r  23 (the s e c o n d  peak)  o b t a i n e d  f r o m  ge l  f i l t r a t i o n  of a n  e x t r a c t  of  

b o v i n e  i n t e r m e d i a t e - p o s t e r i o r  p i t u i t a r y  g a v e  p a r a l l e l  c u r v e s  to  the  s t a n d a r d  c u r v e  

of  7 3 - M S H  a s  s h o w n  i n  Fig .  2B. T h e  c o n t e n t s  of  7 - M S H - l i k e ,  f l - e n d o r p h i n - l i k e ,  and  

A C T H - l i k e  i m m u n o r e a c t i v i t i e s  in  b o v i n e  a n t e r i o r  p i t u i t a r i e s ,  i n t e r m e d i a t e - p o s t e r i o r  

p i t u i t a r i e s ,  and  h u m a n  p i t u i t a r y  a r e  s h o w n  i n  T a b l e  1. 

Fig. 3. 
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Gel f i l t ra t ion prof i les  on a Bio-Gel P-60 column, (0. 7 x 52 cm) of the 
ex t rac t s  of bovine pi tu i tary  and human pi tui tary.  
A: Bovine an te r io r  pi tui tary.  
B: Bovine i n t e r m ed i a t e - pos t e r i o r  pi tui tary.  
C: Human pi tui tary.  Arrows:  I, void volume (blue dextran),  ~, fl-LPH; 
BI, f l -EP;  IV, T3-MSH; V, Iodine. 
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TABLE i. 

T-MSH-like, ~-endorphin-like, and ACTH-like immunoreactivities 
in bovine and human pituitaries 

No. 
T-MSH-like 

immunoreactivity* 
ng/100 pg protein 

/3-endorphin-like 
immunoreaetivity 
ng/100 #g protein 

ACTH-like 
immunoreactivity 
ng/100 gg protein 

Bovine Pituitary 
Ant. 3 93+ 24.4 463+ 86.0 712+ 139.1 
Int. -Post. 3 560 + 86. 4 1041 + 287. 9 204 + 12. 1 

Huma~ Pituitary 1 135 2250 1920 

mean+ S. E. 

*T-MSH-like immunoreactivity is expressed as ng of 73-MSH/100 gg protein. 

DISCUSSION 

Using synthetic T3-MSH, we were  able to obtain a sens i t ive  an t i se rum and to set  

up a rad io immunoassay  for  7-MSH. The absence of c r o s s - r e a c t i v i t y  with ~-MSH, 

porc ine  fi-MSH, and ACTH is of s ignif icance,  s ince  these  peptides share  the t e t r a -  

peptide sequence.  A sl ight  c r o s s - r e a c t i o n  (0.1%) of f l -LPH may r ep re sen t  e i the r  

an actual c r o s s - r e a c t i o n  o r  a contaminat ion of 7-MLI in the native f i-LPH prepa -  

ra t ion used.  

The p a r a l l e l i s m  of dilution curves  obtained with ~3-MSH and with ext rac ts  of 

bovine an te r io r  pi tui tary,  i n t e r m e d i a t e - p o s t e r i o r  pi tui tary,  and human pi tui tary 

suggests  the exis tence  of a substance(s) immunologica i ly  indist inguishable f rom 73- 

MSH. This T-MLI in these  ex t rac t s  cannot be explained by c r o s s - r e a c t i o n  of/3- 

LPH, even when native f l -LPH is assumed to actually c r o s s - r e a c t  with T-MSH 

ant iserum.  

The 7-MSH concentra t ion is  7. 7 t imes  and 14 t imes  lower  than ACTH in bovine 

an te r io r  pi tui tary  and human pi tui tary,  r espec t ive ly ,  whereas  it is 2. 7 t imes  h igher  

than ACTH and 1.9 t imes  lower  than f l -EP in bovine i n t e r m e d i a t e - p o s t e r i o r  pi tui -  

tary,  when compared  on a weight bas is .  The unexpectedly low ~/-MLI content in the 
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bovine a n t e r i o r  and human p i tu i t a r i e s  can be explained by low c r o s s - r e a c t i v i t y  of 

y -MLI  in the a n t e r i o r  p i tu i ta ry .  In fact ,  gel  ch romatograph ic  study on Bio-Gel  P-60 

of the a n t e r i o r  p i tu i t a ry  ex t rac t  fa i led to demons t r a t e  any peak  co r respond ing  to 

Y3-MSH, but r evea led  a peak n e a r  the elution pos i t ion  of f i -LPH. This  big ~-MLI is 

a s sumed  to co r r e spond  to the comple te  o r  a lmos t  comple te  amino acid  sequence of 

the N - t e r m i n a l  por t ion  of the p r e c u r s o r  based  on the m o l e c u l a r  weight a s s e s s e d  

f rom gel  f i l t r a t i on  study. However,  our  unpublished obse rva t ion  sugges ts  that  7 -MLI  

contains  ca rbohydra t e  mo ie t i e s  and, the re fo re ,  the exact  s i ze  of the big y -MLI  

r e m a i n s  uncer ta in .  

On the o the r  hand, gel  ch romatography  of a bovine i n t e r m e d i a t e - p o s t e r i o r  

p i t u i t a ry  which contained r e l a t i ve ly  h igher  concent ra t ions  of T-MLI than bovine 

a n t e r i o r  p i t u i t a ry  showed one addit ional  peak  which e me rge d  n e a r  the elution 

pos i t ion  of f i -EP,  although i t  did not co -e lu t e  with synthet ic  T3-MSH. F u r t h e r  

s tudies  to c h a r a c t e r i z e  the y -MLI  in the p i tu i t a ry  gland a re  ongoing in our  l abora to ry .  

In conclusion,  the p r e s e n c e  of pep t ides  immunolog iea l ly  indis t inguishable  f rom 

synthet ic  Y3-MSH, a pept ide  whose p r e s e n c e  i s  p r ed i c t ed  f rom the nucleot ide 

sequence of cDNA de te rmined  by Nakanishi  et al (4), has been demons t r a t ed  by 

r a d i o i m m u n o a s s a y  in bovine and human p i tu i t a r i e s .  Size he te rogene i ty  of y -MLI  

has been obse rved  only in the i n t e rmed ia t e  lobe. 
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