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Biosynthesis of melatonin: 
enzymic conversion of serotonin to N-acetylserotonin 

Recently LERNER and coworkers 1 isolated melatonin (5-methoxy-N-acetyltrypt- 
amine), a derivative ot N-acetylserotonin, from beef pineal glands. Preyious studies 
from our laboratory have described an enzyme in pineal extracts which transfers a 
methyl  group from S-adenosylmethionine to N-acetylserotonin to form melatonin 2, 3. 
I t  was suggested that  the biosynthesis of melatonin involved first the acetylation 
of serotonin, followed by methylation of N-acetylserotonin. MCISAAC AND PAGE 4 
have reported the conversion of serotonin to N-acetylserotonin in vivo. We wish to 
report the presence of an enzyme in rat  liver and beef pineal gland which can acetylate 
serotonin in the presence of an AcCoA-generating system. 

N-Acetylserotonin, formed enzymicalty, was assayed as follows: aliquots of 
the incubation mixture were diluted with IO vol. water and placed in a boiling-water 
bath  for I rain. The precipitated material was removed by centrifugation and the 
supernatant fluid passed over a small Permuti t  column to remove the substrate, 
serotonin. The N-acetylserotonin was then assayed fluorometrically with excitation 
wavelength, 295 m~; fuorescence wavelength, 360 m~. 

As shown in Table I a soluble supematant  fraction of rat liver was able to 
acetylate serotonin in the presence of an AcCoA-generating system. The N-acetyl- 
serotonin formed in this manner was further identified by paper chromatography, as 
well as by enzymic conversion to melatonin with a purified hydroxyindole-O-methyl 
transferase from beef pineal glands 2, 3 

T A B L E  I 

ACETYLATION OF SEROTONIN BY RAT LIVER 

N-acetylse~otonin 
fcrraed 
O,g/h) 

C o m p l e t e  s y s t e m  5.8 
M i n u s  Liver  < 0.3 
M i n u s  AcCoA-gene ra t i ng  s y s t e m  o 

Livers  f rom ra ts ,  p r e t r ea t ed  wi th  ip roniaz id  to  inh ib i t  m o n o a m i n e  oxidase ,  were homogen ized  in 
3 vol.  of  ice-cold wa t e r  and  cen t r i fuged  a t  78,ooo × g to  ob t a in  a soluble  s u p e r n a t a n t  f ract ion.  
The  comple t e  i n c u b a t i o n  s y s t e m  con t a i ned  o. 3 ml  of soluble  s u p e r n a t a n t ,  o . 3 4 / , m o l e  serotonin ,  
5 o / , m o l e s  Tr is  buffer,  p H  8.0, 1 5 / , m o l e s  E D T A ,  o. 5 /~mole  CoA, I2 .5 /~moles  ace ty l  phospha t e ,  
p h o s p h o t r a n s a c e t y l a s e *  (o.04 m g  protein) ,  and  wa t e r  to  a t o t a l  v o l u m e  of 1.5 ml .  I n c u b a t i o n s  
were car r ied  ou t  a t  37 ° . 

Soluble supernatant fractions obtained from rat  brain and beef pineal glands 
were also shown to acetylate serotonin. However, the serotonin-acetylating system 
in the brain and pineal gland was less active and more labile than that  in the liver. 
Since beef pineal extracts also contain hydroxyindole-O-methyl transferase it was 
possible to show the over-all conversion of serotonin to melatonin using a partially 

Abbrev i a t i ons  : CoA, c o e n z y m e  A ; AcCoA, ace ty l - coenzyme  A ; AMe, S -adenosy lme th ion ine ;  
Tris ,  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e ;  E D T A ,  e t h y l e n e d i a m i n e t e t r a a c e t i c  acid. 

* A c rude  p r e p a r a t i o n  of p h o s p h o t r a n s a c e t y l a s e  was  k ind ly  supp l ied  by  Dr.  RoY YAGELOS, 
N a t i o n a l  H e a r t  I n s t i t u t e .  
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T A B L E  II  

F O R M A T I O N  OF M E L A T O N I N  FROM S E R O T O N I N  B Y  B E E F  P I N E A L  E X T R A C T S  

Melatonin formed 
(re~h) 

C ompl e t e  s y s t e m  0. 7 
Minus  AM e o.o 
Minus  AcCoA-gene ra t i ng  s y s t e m  o.o 

A soluble  s u p e r n a t a n t  f rac t ion  ob ta ined  f rom beef  p inea l  g lands  was  f rac t iona ted  wi th  a m m o n i u m  
su l fa te  and  t he  p ro t e in  t h a t  p r ec ip i t a t ed  be t ween  3 3 - 6 0 %  sa tn .  was  dissolved in wa te r  and  used 
as  t he  source  of t he  e n z y m e s .  The  compl e t e  i n c u b a t i o n  m i x t u r e  con ta ined  a m m o n i u m  sul fa te  
f rac t ion  (9.5 m g  protein) ,  I / ,mole  AMe, 0 . 3 4 / , m o l e  sero tonin ,  5 ° # m o l e s  Tris  buffer, p H  8.0, 
15/~moles  E D T A ,  0. 5 /~mole  CoA, 12.5 # m o l e s  ace ty l  phospha t e ,  p h o s p h o t r a n s a c e t y l a s e  and  
wa t e r  to  a t o t a l  v o l u m e  of 1. 5 ml .  M e l a t o n i n  was  a s sayed  by  a procedure  descr ibed e lsewhere  5. 

purified preparation from beef pineal glands, an AcCoA-generating system and 
AMe (Table II). 

The experiments described here and elsewhere show that the biosynthesis of 
melatonin proceeds from serotonin as follows: 

Sero ton in  AcCoA --~ N-ace ty l s e ro ton in  AMe -~ Mela tonin  

Further studies are now in progress on the purification and properties of this 
enzyme system. 
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A comparison of the thermal dissociation of 
two polynucleotide helices in H20  and D20 

In studies of the infrared spectra of nucleic acid derivatives it is desirable to work 
in aqueous solution, since this eliminates the necessity of assumptions about possible 
changes in spectra or tautomeric form in going from the usual infrared solvents to 
the biologically important solvent, water. D20 has the advantage over water of 
possessing a window in the region of double bond absorption, and spectra of alkylated 
model compounds 1, nucleotides 1, 2, polynucleotides 1, and of nucleic acids s have been 
studied in this solvent. In the use of D20 there is the implicit assumption (though a 
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