
Rat liver ~~-acet~ltransfera~: inhibiti~ by me~tonin 

Mammalian liver ,V-ucctyltransfcmse (EC 2.3.1.5.) has 
been studied extensively in rabbits. rats, monkeys and man 
[I, 21. This enzyme (or family of enzymes) is responsible 
for the acetylatton of various drugs, including isoniazid. 
sulfadiazine and other aromatic amines: it may also par- 
ticipate in the metabolism of endogenous serotonin [3--51. 
Weher and Cohen [6] have reported that an acetylated 
end-product (N-4-acetylsulfametlhazine) competitively in- 
hibits N-acetyltransferase activity; others have observed in- 
hibition by various psychotropic drugs. such as reserpine, 
iproniazid and harmine [S]. We now report that melatonin 
(N-acetyl-5-methytryptamine) and IV-acetylserotonin are 
also potent inhtbttors of rat liver A’-acetyltransferase ac- 
tivity. 

Rat liver N-acetyltransferase was prepared by the 
method of Saavedra et LI/. [7], which involves precipitation 
of the enzyme in a 4~6~‘~,-~dtu~~te~ NH,SO, fraction, 
and then dialysis. The enzyme assay was a modi~c~~tion 
of that used by Deguchi and Axelrod [8]: this method 
consisted of adding tryptamine or serotonin (final concen- 

tration IO--’ 10 ‘M) and [“Cl or [“H]AcCoA (1 -10 x 
IO- ’ M. at 60 mCi.‘m-mole and 0.74 mCi!m-mole. respect- 
ively; New England Nuclear Co., Boston. Mass.) to the 
enzyme (0.5~2.0&. and incubating for IO&30 min at 37” 
in 0. I M phosph~lt~ buffer (pH 7.9. the enzyme’s optimtlm). 
in a final incubation vol. of 50 $. The reactton was stopped 
with 0.5 ml of 0.5 M borate buffer (pH 10.0) and the prod- 
uct extracted with 5 ml of isoamyl alcohol toluene. 3:97 
(for acetyltryptamine). or with 5 ml of pure isoamyl alcohol 
(for acetylserotonin). Four milliliters of the organic phase 
were removed and evaporated to dryness in a scmtillation 
vial: IO ml of toluenc Huor were then added for counting. 

Rat pineal N-acetqltrausferase was similarlv measured 
(incubation time, IOmin: pH 6.5, its optimum)‘in a homo- 
genate of rat pine&, which had been collected at night 
in the dark and quick-frozen. We also studied a bovine 
pineal N-acetyltransferase, in a dialyzed 35-65”,, NH,SOJ 
fraction prepared according to Saavedra er al. [7] (incuba- 
tion time, 10-60 min: pH 5.5-9.0. enzyme optimum about 
6.5). Bovine pine& were ‘mixed butcher run’ from Pel- 
Freez (Rogers. Ark.). The activities of the rat liver and 
bovine pineal enzymes were linear for at least 30 min: 
that of the rat pineal enzyme was linear for only 10 min. 

Rat liver N-acetyltransferase was found to have an 
apparent K, for tryptamine of 6 x 10-j M and a K, for 
melatonin of I x IO-‘M at an AcCoA concentration of 
3.5 x 10-s M (Fie. la. lb). When the: tryptamine concen- 
tration was near s~ltu~ltlon (IO ‘M). [‘~CJ~l~~t~ltrypta- 
mine was formed at a rate of about 3pmoles,‘mm1mg of 
liver. The inhibition by meiatonin of jV-acetyhransferase 
activity was competitive with tryptamine and noncompeti- 
tive with AcCoA. Acetylserotonin was equipotent with 
mclatonin in competitively inhibiting the enzyme. The liver 
enqme acetylated serotonm at a lower rate than it did 
tryp~mine. and mclatonin was a correspondingly better 
inhibitor: 50 per cent inIlibition of a~etylation was 
obtained with long (43 pmole) of melatonin with trypta- 
mine as substrate. compared to 5 ng (22 pmole) with sero- 
tonin as substrate (Fig. 2). 

Rat pineal N-acetyltransferasc, assayed at pH 6.5 with 
3.5 X IO ’ M AcCoA. had an apparent K,,) for tryptamine 
of6 x 10mlM. Concentrations of mclatonin up to 1O-J M 

did not significantly inhibit this enzyme. With tryptamine 
as substrate, in a concentration near saturation (10 -’ M), 
the rate of [‘~C]acetyltryptamine formation was about 
60 pmole.min/mg of pineal. The N-acetyltransferase found 
in the bovine pineal extract (assayed at pH 6.5, with 
3.5 x 10~~’ M AcCoA) exhibited a K, for tryptamine of 
IO-’ M. Melatonin and acetylserotonin competitively inhi- 
bited this enzyme (K, ca. 10m6 M). The activity of the 
bovine pineal enzyme with tryptamine concentration near 
s~ttur~~tion (10e4 M) was about 0.03 pmole~min~rn~ of 
pinedi. 
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Fig. I. Lineweaver-Burke (a) and Dixon-Webb (h) plots 
showing that melatonin competitively Inhibits tryptamine 
acetylation by rat liver N-acetyltransferase. Samples con- 
taining [‘4C]AcCoA in a concentration of 3.5 x 10.“ M 
were incubated for 10 min; I/v represents l/cpm x 104. 
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Fig: 2. Inhibition of rat liver N-acetyltransferase by 
\iirious c(~ncentratio~s of meiatonin, using tryptamine or 
serotonin as substrates. Incubation time was 30 min: 
j’ltlAcCoA concentration was 1.4 x IO-’ M: tryptamine 
(0) and serotonin (0) concentrations were 10mh M. All 
samples were run in triplicate: tryptamine controls gave 
1995 + 120 (S.E.M.) cpm, with blanks of 280 f 20cpm; 
serotonin controls gave 1200 + 95cpm, with blanks of 
690 k 40cpm. Results are plotted as per cent of control: 
bari show S.E.M.: asterisks indicate statistical ~igni~~ancc 
(I’ < 0.051. 1 x lo-’ M melatonin = 1.15 ng in 50 id. 

These studies demonstrate that rat liver N-acetyltrans- 
ferase and a bovine pineal N-acetyltransferase are quite 
sensitive to inhibition by melatonin and acetylserotonin: 
in contrast, the N-acetyltransferase activity in pineals of 
rats killed at night appears to be insensitive to these in- 
doles. (We were unable to examine the effect of melatonin 
on homogenates of pineals obtained from animals killed 
during the day. because the basal enzyme activity was too 
low.) The fact that melatonin and N-acetylserotonin can 
inhibit the li\er enzyme does not. of course, pro\e that 
these indoles normally do affect N-acetyltransferase ac- 
tivity in ri~.o. The concentrations of these compounds in 
blood are probably very low: their concentrations in the 
li\er are unknown. Liver N-acetyltransferase activities vary 
widely in animal and human populations [l, 91; it is thus 
possible that inhibition of this enzyme by melatonin or 
N-acetylserotonin might he significant in the low-acetyla- 
tor phenotype. or in conditions associated with elevated 
levels of melatonin or acetylserotonin (e.g.. after L-DOPA 
~~d~ninistration [IO]. or. possibly. in patients with pineal or 
carcinctid tumors). 

The stable, low-activity bovine pineal enzyme differs 
from the high-activity, highly labile rat pineal enzyme [I 11, 
and is not necessarily the same enzyme that catalyzes most 
of the acetylserotonin synthesis in bovine pineals. Its 
properties seem more like those of the N-acetyltransferase 
recently observed in rat brain tissue [12, 131. Since mela- 
tonin may be present in the brain [14,15], its effects on 
{his latter enzyme would be worthy of investigation. 

Rat pineal melatonin levels exhibit a daily rhythm, aver- 
aging less than 1 ngipineal (ca. 5 x 10eh M) during the 
day and about 6ng;pineal (ca. 3 x lo-’ M) at night [16]. 
These concentrations failed, in the present study, to affect 
rat pineal N-acetyltransferase activity. Melatonin was simi- 
larly without effect on the conversion of FZ4f]tryptophan 
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to serotonin or melatonin by cultured rat pineal organs 
[Ii’]. Melatonin could theoretically suppress its own syn- 
the\ih by acting on hydroxyindoie O-methyltransferase 
[is]: however. the concentr~ltion necessary to cause signifi- 
cant inhibition of this enzyme may be beyond that present 
in mammalian pinedls. 

The inhibition of rat liver N-acetyltransferase by mela- 
tonin makes possible an enzyme-inhlbition assay for mela- 
tonin with a sensititity of less than 2ng. Although more 
sensitive assays are available [19, 201, these involve bioas- 
say or immunochemical technique>. Hence, an assay based 
on enzyme inhibition might have use where facilities for 
bioassay or immunoassay are unavailable. 
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