
EXTRAPINEAL AMINE N-ACETYLATION 
IN RAT BRAIN 

REGIONAL AND SUBCELLULAR DISTRIBUTION 
AND ENZYME KINETICS 

Abstract Analysis hy thin-layer chromato~raphc sho\lcd that [‘l(‘]~~-acct!ltr\iI~taminc and [‘4C]:V- 
;icet) I-/Gphcn~ Icthqlaminc ;Irc formed from the incubatton of [‘“C’]acctyl-Co.4 with tryptaminc or 
/~-phen!lcth\lamine. respccti\cl>. in the prcscncc of rat bt-ain extracts. The spccilic activity of the .V- 
acet?Itransfer~lsc in liftccn dlwetc ~reg~ona 01‘ rat (‘NS I-anged from I63 k 0~05 nmoles of product 
fol-mcd mg ol’ pt-otein hr in ccl-chcIILIm to 0.57 i_ O~Ot; nmolc in occipital cortex with tqptatnine as 
suhstratc. and from 2.SO 2 O..?O nmolcs in ccrchellum to 091 i 0.13 nmolc in cervical cord with 
/i-phcn! lcthylvmlnc ;IS suhstratc. Comparison of the rcgiomil specific acti\itlcs in the presence of the 
respccti\c wb\tratcs yielded ii corrclntion coetlicicnl of 0 S3 (I’ i O-01). In cerebellum ,Y-acetyltransfcr- 
;ISC acts\ ~tk appca~-\ c\clusi\cl~ 111 c) tosol. .A1 t\ro stages of pwilicatlon (i.e. ;&cr Bio-Gel fractiomrtion 
;IS ucll ;I\ after- ammonium strlliltc prcclpit;ltion). the cw)mc cxhihited biphusic hinetics with respect 
10 ;Icctyl-CoA in the prcscnce of lrkptaminc or /~-phcn~lcth~I:lminc and \rith respect to either substrate 
in the presence of acct>l-Co.4 

N-acetylalion of endogenous or exogenous com- 

pounds by means of the hcpatic enzyme acetyl-CoA 
arylamine .~-acetyltr~lnsferase (EC 2.3. I .5) has been 
documented as a significant systemic detoxification 
process [l -61. The finding of aromatic amine IV-ace- 
tylating activity in brain outside the pincal 
gland 17-1 I] and occasional reports of N-acetylated 
metabolites of several endogenous and exogenous 
amines in peripheral and or CNS tissue [ 1 Z-&l 71 ha\,e 
prompted us to continue our inbcs@tion of cxtra- 
pineal N-acetylation of aromatic amines in rat brain. 

We have reported that rat brain extract catalyzed 
the production of !V-acetyltryptamine from acetyl- 
CoA and tryptamine at a pH optimum of 79. and 

that the reaction was linear with incubation time for 
as long as 60min and with protein concentration up 
to 0.5 mg. We also determined the relative specific 
activities of progressively purified enzyme prep- 
arations in the presence 01 various amines [l 11. Now 
we have examined the specific activity of N-acetJ l- 
transferase (NAT) in fifteen discrete regions of rat 
CNS as well as in six standard subcellular fractions 
from cerebellum. the region of highest NAT activity. 

In addition. we have studied the kinetics of the 
enzyme with regard to acetyl-CoA in the presence 
of either tryptamine or /(-phenqlethylamine (/I@EA) 
as well as with rcpard to each substrate. 

himtrls trrztl rntr~oir~l.s. Adult male Sprague -Dawley 
rats (150-200 g each) were obtained from Carworth 
Farms, Portage. Mich. [‘JC]acetyl-CoA (3.7 or 
58 mCi.‘m-mole) \vas obtained from Amersham Searlc. 
Arlington Heights. III. Acetyl-CoA and [I@EA were 
obtained from Sigma Chemical Co.. St. Louis. Mo.: 

tryptamine from Regis Chemical Co., Morton Grove. 
111. Acetic anhydride was purchased from Mallinck- 
rodt Chemical Works. Los Angeles, Calif. Bio-Gel 
A-1.5 m was purchased from Bio Rad Co.. Richmond, 
Calif.. and Silica gel F-254 thin-layer chromato- 
graphic (t.1.c.) sheets were purchased from EM 
Laboratories, Elmsford, N.Y. Other chemicals. of 
optimal purity. were obtained from standard sources. 

Standard ,V-acetyltryptamine and N-acetyl-p@EA 
were synthesized in our laboratory by N-acetylation 
of tryptamine and /j@EA, respectively, with acetic an- 
hydride in alkaline ethanol solution [1X]. The prod- 
ucts were extracted into dichlorom&hane, and in each 
case the solLent was subsequently evaporated under 
nitrogen atmosphere. On t.1.c.. I\‘-acetyltryptamine 
showed a single spot under shortwave LLV. light. with 
K, values of 0.81 when developed in butanol-l N ace- 
tic acid water (4: 1: I) and 0.56 when developed in 
chloroform methanol-l N acetic acid (97:3: I); stan- 
dard tryptamine showed R, values of 0.38 and 0~00 
with the respective solvent systems. n’-acetyl-P@EA 
showed a single spot with Rr values of 0.78 when 
developed in hutanol~ 1 N acetic acid \\atcr (4: I : I) 
and (PSI when dcbcloped in lsopropanol I N 
ammonium hydroxide~\vater (8: 1 :l): standard /?@EA 
showed R, values of 0.40 and 0.23 in the respective 
solvent systems. 

Ell:j,rlfr Prrptrrrrfiorl ,fiw protlwf rrmr/~~.si.s irrd kine/ic 

.stot/ie.t. Rats were decapitated. and their brains were 
quickly removed, special care being taken to remove 
the pineal gland from the sample. Then the brains 

\+crc homogenized in 5 vol of ice-cold double-dis- 
tilled water and centrifuged at lOO.OOO~g for 40 min. 
A portion of the supernatant was dialyzed against 

](I0 Sol 01‘ 045 M potassium phosphate bulrer 
(pII ??)I for I hr. and the dialyzed fraction was used 



IO min. and the supcrnatant \\:I\ sl3i111 at 11.000 (1 101 

20 min to y icld the crude mitochondrial pcllct. ‘Phc 

remaining supcrnatant \+a\ ccntrifugcci at ItX).OtH) C, 

for I hr to yield the microsomal pdlrt d the wlublc 

cqtosol fraction. The crude mitochondri~ll pcllct K;I\ 

I+ ashccl once \\ ith 0.33 M wcrow. ~uspcndetl in 5 ml 
wcrost’. layxtxi o\c’i- the ni~~dili~d wcrow gr;idient 

(I 7.0 ml of 1.2 M : X ml of 0.X M : 7 ml of 04 Vl : 2 1111 
of 04 M) and centrifuged at I ot).OOOq I’oI- 45 mill. 

Mylin uas tahcn from the Intcrfacc betwen the 
layers of 04 and 04 M suci-osc and centr~fugcd ;I( 
100,000 g for 40 min to J ield ;i pellet. The \! napt~~>- 

mal fraction wa\ obtained from the interface hetwwn 
the taycrs of 0.X and I.2 M xucroe. diluted \iith 2 
\ol. of cold 0~001 M potassium phosphate hull& 
(pli 7.Y 1. and centrifuged at 100.000 $1 for 10 min 10 

yield ;I pellet. The mitochondrial pellet at the hottcwi 
of the gradient M;IS rinsed with 0.32 M \ucro\c. ,211 
thr rinsed pellets wre resuspended iii minimal 
amount5 of 0.32 M sucrcw III 04(iI kl pc>ta\ium 
phosphate butkr. and NAT acti\it! R;IS aw~!ccl In 
a11 fractions ;I\; ciescribcd abo\c. 

Kcy/lwkr/ fixlc,lio~l /““,/‘“‘.“/ic,r~. Brain rcgionb \~crc 
disscctcd frcch:md o\c’r ice ininicdi~it~l~ alter the r;kt\ 
14ci-c sacriticcd. according to (~rokgi~~~ \~,rr,.ocori,/c~,r~~ 
o/ fllc, litrt L’]. as li~llo\42. Kcprcscntati\c v,et \\cight\ 
arc gi\cn in parenthesc~. <jenttc pulling apart 01‘ the 
cerebral corticcs \tretchcd the ccvpu\ c~lllowlll 
(3 m!l L\ hich. after being kascd ana) from it\ Iatct-;(I 
inzcrttonh. KIS pinched away from the hippoampu~. 
ml\ w:l\ matter being edudcd. The wrpu\ \trtatum 
(X(j ii&l: including mo4t of the CaLldatc and the 

putamen xnd some globus pallidus. \\ as u~c~xxi from 
the cortice\. Both the lateral md medial qxal nucki 
I20 nig) \\crc cut free in one piecc. After the cinylatc 
rrgioti ( 100 mgl \~;ix taken. the frontal cortt3 t 1 X0 mg) 
was cpxated from the parietal cortex 17X nigl. Sim- 
Iarl\. the occipital cortex (60 mg) \\;I\ tahen after the 
~ntc~rhinal and posterioi cingulxtc had been do\- 

car&xi. The dorsal hippocamp t IOU mg) \\crc cp;tr- 
atcd at the midline and cut to include onI\ cioi-wl 

hippocampus proper anti dentate g! riik I.bcecerchel- 

luni (2X0 mg) M;IS remwed intact. ‘The nicdL~lla 

(I 30 mf) extended from the &\a Lip to the caiidal 

border of the trapwod bodg 7‘11~ pw\ tt-apc~od 

(60 mgl \+;I\ borcicrcti roztrall! b> the caudal abpccts 
of the interp~dun~ular fossa and the inferior culliculi. 

‘The midbrain piax (I.30 mgl cxtendcd rostrall~ up to 
the mamillx\ bodies and included the corpcva qtu& 

rigemini. The hqpothalamLi~ (30 iiis1) v.;ib cietined \cn- 

trnll> h! the outlint of the tLtbcr cincrcum and doi-- 

salI! b) the top of the third \enti-iclc. l-or diwxtion 
of the wr\ ial zpinal cord and lumbosacral cord. ;I 
doraI incision I\as made I;xxard fironi the tail. 
exposing the vertcbrac. Tht: musculature \\;I\ then ~II\- 
sccted ;iwa\ from the point of ciccapitation bad to 
the sc\enth vcrtcbra md from the tirst lumbx \a- 
tebra to the fourth hacral \crtcbra. 'The cctn ic;lI ws- 
ment \~a\ cLit from the ~aIebra1 column at the xpacc 

bctueen the scvznth cervical \crtcbra and tir\t tho~-:~- 

tic vertebra ;I+ cicfined b\ I(\; rclatlondiip tr) tk tall 

spine c>f the third thorxic wrtehra. The ILinibosacraI 

segment ~+,a se\cred anterior to the tir\t lunibai- \c‘I.- 
tebra and posterior to the fourth sxraI \crtebra. The 
vcrtcbrd segment\ wci-c opcncd \\ ith sciswi-\. and tbc 

cord was rcmo\ed Ivith forwp5. 



Extrapineal amine N-acet!lation m rat brain 

Fig. I. T.1.c. identification of reactjon product. A = \tan- 
dard N-acetyltryptamine. T = tryptamine. The numbera 
are the cpm m the bands. On the left the solvent system 
was chloroform-methanol- 1 N acetic acid (Y7:3:l). On the 
right the solvent system was butanol 1 N acetic acid-Mater 

(4:l:l). 

Like regions from four to eight rats were pooled. 
homogenized in 5-7,s vol of double-distilled water 
at 4 . and centrifuged at ICQOOO~q for 40 min. The 
supernatants were dialyzed for 2 hr against 200 vol. 
of 0.05 M potassium phosphate buffer (pH 7-9). and 
the NAT activity was assayed as described above. Re- 
gardless of region, boiled enzyme blanks yielded ap- 
proximately 1125 cpm: counts in each regional 
sample were at least twice those in the corresponding 
boiled enzyme blank. 

RESULTS 

Product.s. The radioactive product resulting from 
the reaction between tryptamine and [‘4C]acetyl- 
CoA was isographic with standard N-acetyltrypta- 
mine on TLC chromatograms developed in two dif- 

Table 1. Regional NAT actilitj in dialyzed soluble frac- 
tions from rat brain* 

Specific activity 
(nmoles product ,mg protein ,hr) 

Sample Tryptamine /I@EA 

Cerebellum 
Whole brain 
Corpus cdllosum 

Frontal cortex 
Hippocampus 
Parietal cortex 
Pons;trapezoid 
Remainder of brain 
Cingulate cortex 
Medulla 
Midbram 
Septal nuclei 
Lumbosacral cord 
Hypothalamus 
Corpus striatum 
Cervical cord 
Occipital cortex 

1.64 f 0.05 
1.15 +_ 0.14 
lJJ4 * 0.08 
1.02 & 0.08 
0.97 +_ 0.03 
0.91 F 0.10 
0.89 k 0.08 
0.88 * 0.07 
OX6 * @05 
082 & 0.06 
0.76 i 0.09 
074 +- 0.06 
0.72 _+ OG6 
0.6’) f 0.10 
0.63 _+ 0.06 
059 k 0.06 
0.57 * 0.05 

2.x0 + 0.30 
1.98 * 0.13 
l.Y6 +_ 0.1 I 
1.40 + 0.15 
I.60 i 0.16 
1.29 * 0.13 
I.34 + 0.13 
1.43 & 0.12 
I.91 * 0.17 
1.57 +_ 0.16 
I.47 & 0.11 
I.03 * OGY 
1.6Y _+ 0.08 
I.18 _+ 0.11 
I.32 * 0.0x 
0.91 f 0.13 
I.46 _+ 0.14 

* Values are the means of four to six independent deter- 
minations i S. E. M. Protein concentrations were between 
O,lS and 0.25 mg/0,2ml of reaction volume. Regional 
supernatants from 100.000 q ccntrifugation. dialyzed fol 
2 hr. were incubated for @5 hr with 0.1 mM [‘JC]acetyl- 
CoA and 2.5 mM tryptamine or /j@EA in 0.05 M potas- 
sium phosphate butl’er (pH 7.9). 
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Fig. 2. NAT actl\it! as a function of acetjl-CoA m the 
presence of tryptaminc or /i@EA. Combined Blo-Gel frac- 
tions were the enzyme source. The incubation mixtures 
contained 0.1’) mg protein, _ ‘.5 mM of tither bubstratc. and 
various amounts of [‘JC]acetyl-CoA in a total volume of 
0.30 ml of 095 M potassium phosphate hutTcr IpH 7.9). 
Reaction velocity is cxpre\sed as IO- x prnoles of N-acc- 

tylated amme produced mg of protein hr. Each point rep- 
resent5 the mean of duplicate determinations. u,, = Hill 

SIOPS. 

ferent sohent systems (Fig. I ). The radioactive prod- 
uct from the reaction between /I@EA and [“C]acetyl- 
CoA was isographic with ~f-acetyl-/i@EA after devel- 
opment in the two solvent systems described in 
Materials and Methods. Over 80 per cent of the 
radioactivity applied to the t.1.c. plates was rrco\ered 
from all the bands measured. and almost all of such 
radioacti\,ity was localized in the IV-acetylated prod- 
uct bands. No other bands with appreciable radioacti- 
vitj were obser\,ed. 

.%hr~,//~r/rrr loc~li~tio~ With t~y~taminc as sub- 
strate. we assayed the enzyme actl\tty in subcellulal 
fractions from cerebellum because preliminary 
regional studies had shown that NAT activity was 
relaticely high in that region. In the ccrcbellum NAT 
activity appeared cxclusi\elq in the cytosol: the speci- 
fic activity was 1.05 2 0.06 nmoles of :L’-acqtxltrypta- 
mine formed mg of protein hr. No actlttty \\as 
detected in the nuclear. microsomal. m!elin, qnapto- 
somal or mitochondrial fractions. 

Rr(gioru// rli.strihr~ior7. As shown in Table 1. N-ace- 
tyltryptamine formation is not uniformly distributed 
in rat brain. Specific activities in fractions from fifteen 
discrete regions of the CNS plus the remainder of 
the brain ranged from 1.64 + (I.05 nmolcs of ,I;-acetyl- 
tryptamine formed mg of protein hr in cerebellum to 
0.57 + 0.05 nmolc in occipital cortex. Regional distri- 
bution of ,Y-acetyl-/l@EA formation was only slightIS 
more uniformly distributed. l\ith ;I range of 
2.80 + 0.30nmoles of product formed mg of pro- 
tein’% in cerebellum to 0.91 2 0.13 nmole formed in 
cervical cord. When UC performed ;I statistical com- 

parison of the regional NAT activity in the presence 
of these two substrates, wsc obtained ;I correlation 
cocffcient of 0.83 (P < 0~01). 

Ki/lc,fic /vcqv’rtic’.\ o/ /wrrirr//j, /jrfr!fic,t/ .\ -1 7: Linc- 

weaver Burk douhlo reciprocal plots of the reactions 
incorporating Bio-Gel fractions as the enryme source 
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Extrapmeal xmine N-acetylation m rat brain x I i) 

for the 1020 per cent protein content of brain tissue, 
Ellison PI u/. [7] found activity comparable to that 
reported by Yang and Neff[lO]. Although Yang and 
Nell’[ I O] do not specify the pH of their assay. Eltison 
of ol. [7] used pH 6% WC found that at pH 6.5. 40 
per cent of the [“Clacetyl-CoA decomposed in a 
0.5-hr incubation. Such a loss could decrease the rate 
of the ,Y-acetytation reaction. yielding tower enzymic 
specific acti\it>. 

The ens! mc 15 appal-cntl! rclati+~, unstable too. 
III wr assays Ibr regional enzyme activity. thr solubtc 
fractions wcrc diatyrcd for 2 hr. which \vas only half 
the dialysis time of our cartier assays. [I I] and the 
shorter dialysis time nearly doubled the mcasurabtc 
cnrymatic acti\ ity. 

In the regional and subcellular experiments. our 
concentration of acetyl-CoA was 0.1 mM. which 
turned out to be between the two apparent K,, values 
in reactions bvith either substrate. In the presence of 
tryptamine, the LL,,, \,alues were 0.28 mM (low affinity 
for acctyt-CoA) and 10QjtM (high affinity for acetyl 
Co-Al: with /I@EA they were 3.2 mM and 4.6 I’M re- 
spectivcty (Fig. 2). With regard to substrate concent- 
rations. it turned OLII that our concentration of trypta- 
mine (3.5 mM) was adequate to elicit enzymatic ac- 
tivltl with both high and low affinity for substrate, 
lvhereas our concentration of P@EA (2.5 mM) fell 
between the apparent K,,, values in reactions with that 
substrate (Fig. 3). Hence. NAT specific activity in 
brain regions misht bc different if higher or lower 
concentrations ol acetyl-CoA or /j@EA were to be 
used. It seems that only the high-affinity enzyme ac- 
tkities were being measured under our assay condi- 
tions: the dil?erential distributions of high- and low- 
affinity NAT acti\itics in the brain remain to be 
determined. However. the biphasic kinetics at two 
stages of purification suggest that the enzyme may 
be polymorphic or that II may include non-identical 
peptide chains that ha1.e active sites with different 
binding constants as isorymes do [37]. 

The cxtrapincal presence of both Smethosytryp- 
tamine [3X 391 and Smethox> -.V-acet\ ltryptaminc 
(mclatonin) [i9) has been reported. Our ‘finding [ 1 I]. 
also reported bq others 17. IO]. that the brain-is in- 
drcd capable of .2’-acetylating biogcnic amines raises 
the possibility that extrapineal melatonin is in fact 
synthcsi7ed in the brain itself rather than transported 
from the pineal gland or from other structures in the 
region of the lamina intcrcalaris [39,40]. Moreover. 
we ha\e some preliminary data showing that after 
intraventricular infusion of labeled tryptamine or 
labeled /MEA. the corresponding N-acet),tated prod- 
ucts are present in rat brain. 

.lCk,KN /C~I(/L’/II“iIf \ This sork is supported h) USPHS 
Grants MH- 11360-07 and DA-00265-03. Mark Crissey ;Ind 
Jach Mueller provided able technical assistnncc through- 
out. Some of these data were presented by Dr. Hsu at 
the Aprd 1975 meeting of the Federation of American 
So&tie\ for Experimental Biology. 
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