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10 ml  de saccharose 1,6 M e t  centrifug6s pendan t  30 rain 
& 75000 g, une bu t t e  de 2 ml  de saccharose 1 M  s e r v a n t  
d ' in term~diai re  entre  les deux couches, p e r m e t t a n t  ainsi 
une meil leur r6cup6ration de la f ract ion darts une concen- 
t ra t ion  de saccharose connue. Les membranes  endoplas-  
miques,  recueillies darts le saccharose :t M ,  sont  amen~es & 
une concent ra t ion  en saccharose 0,24M. Cet te  derni~re 
suspension est centrifug~e pendan t  75 min, ~ 20000 t /m ,  
contre  un gradient  lin~aire de saccharose O,2921f-O,73M 
(en t a m p o n  Tris-HC1 0,05M, p H  7), dans le ro tor  SW 
25-1 d 'une  ul t racentr i fugeuse  Spinco. On recueille des 
fract ions al iquotes,  dont  on appr6cie l ' ac t iv i t6  glycosyl- 
transf6rase en syst~me acellulaire in vi tro.  Pour  chaque 
fract ion 6tudi6e, les syst~mes acellulaires de biosynthbse 
comprennen t :  400 [xl de la suspension de membranes  
endoplasmiques  con tenan t  de 40 & 120 ~g/ml de prot6ines. 
10 [~1 de MnCI~ (concentrat ion finale 5.10-~M). 10 F1 d 'une  
solution de pr6curseur radioact i f  contenant ,  selon l 'act i -  
vi t6 glycosyl-transf6rase 6tudi6e: soft 2,5 ~Ci d ' U D P -  
galactose~H (NEN Corporat ion) ;  soft 2 FCi de GDP-  
mannose  ~*C (NEN Corporat ion) ;  soft 1 ~xCi d ' U D P - N -  
ac6tyl-glucosamine ~C (NEN Corporation).  

Les incubat ions  sont  r6alis6es & 30~ pendan t  30 min. 
Au te rme  du temps  de biosynth~se, les macromol6cules  
glycoprot6iniques sont  pr6cipit6es sur filtres W a t m a n  et la 
radioact iv i t6  est 6valu6e en scint i l lat ion liquide, dans des 
condit ions pr4c6demment  d6crites ~, ~. 

La  figure rend compte  des r6sultats  obtenus.  El le  me t  
en 6vidence une h6t6rog6n6it6 de r6par t i t ion  des act ivi t6s 
glycosyl-transf6rases,  ~ par t i r  des tormes coenzymat iques  

act ives  des oses ou osamines,  sur des accepteurs  prot6i- 
niques endoggnes : galactosyl-transf6rase,  mannosyl-  
transf6rase et N-ac6tyl-glucosaminyl- t ransf6rase.  On 
localise dans la f ract ion lourde des membranes  endoplas- 
miques  (fond de gradient)  une double act ivi t6  de t ransfer t :  
mannosyl- t ransf6rase  et N-ac6tyl-glucosaminyl- t ransf6-  
rase. Dans la f ract ion de densit6 moyenne,  on re t rouve  
pr inc ipa lement  les act ivi t6s  de t ransfer t  du mannose  et 
du galactose. Dans  la zone des s t ructures  membranai res  
16g~res, on re t rouve  ~galement  la mannosyl- t ransf6rase 
et la galactosyl-transf6rase,  mais pas d 'ac t iv i t6  N-ac6tyl-  
glucosaminyl-transf6rase.  

I1 appara i t  ainsi que  les diff~rents syst~mes enzyma-  
t iques  membranai res  de t ransfer t  des oses ou d6riv6s 
d'oses oceupent  des z6nes variables  dans la s t ruc ture  des 
membranes  endoplasmiques.  Ceci pourra i t  6ventue l lement  
~tre utilis6 comme un a rgument  favorable  ~ l 'organisat ion 
s6quentielle des enzymes  dans les membranes  propos6e par  
SPIRO 80U SCHACHTER ~. E n  fait, la m6thode  utilis6e ne 
pe rmet  de s6parer, sur le crit~re de densit6, que des 
s t ructures  pr6f6rentielles de localisation. Ces r6sultats 
sont  p lu t6 t  en faveur  d 'une  dispersion de groupes de 
glycosyl-transf6rases dans l ' ensemble  du re t icu lum endo- 
p lasmique  et de ce fait,  peuven t  s ' int6ger dans le cadre 
de la th6orie <(de l 'espace vitab> 6raise par  l 'un  d 'en t re  
nous ~, selon laquelle l 'organisa t ion t r idimensionnel le  de 
la prot4ine condi t ionne & elle seule, grace aux espaces 
disponibles qu 'e l le  tol~re entre les r6sidus amino-acyls,  la 
f ixat ion secondaire des 616ments glucidiques,  gr&ce k des 
syst~mes enzymat iques  & r6par t i t ion ubiqui taire .  

"~ 10 �84 

x 

z . ~  

i .... . . . . . .  . , .  

: -..~__..,i , I ~" 
0 0 

033/7 concsnlr~ion en sacchaFOSe 0.29/'/ 

z.s 

Z.D o~ x:J 

c o  

1.0 = ~- 

X ~  

3.5 

R6partition des activit6s glyeosyl-transf6rases dans les membranes 
du retieulum endoplasmique, sur des aeeepteurs prot6iniques endo- 
genes h partir des formes coenzymatiques aetives des oses ou osamine. 
M, mannosyl-transferase; G, galaetosyl-transferase; N, N-aeetyl- 
glueosaminyl-transferase. Gradient de saceharose O,29M-O,73M. 

Summary .  In  smooth  endoplasmic membranes  of ra t  
splenic cells, glycosyl- t ransferase act ivi t ies  are located in 
var ious  structures.  These s t ructures  are separated by  
sucrose densi ty  gradient  centr i fugat ion.  At  the  bo t tom 
are mannosyl-  and N-acetyl -glucosaminyl- t ransferases ;  
in the  med ium are mannosyl -  and galactosyl- transferases;  
a t  the  top  are also mannosyl-  and galactosyl- t ransfe-  
rases, bu t  no N-acetyl-glueosaminyl- t ransferase .  
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G u a i a c o l - O - M e t h y l t r a n s f e r a s e :  A M a m m a l i a n  E n z y m e  C a p a b l e  of  F o r m i n g  D i - O - m e t h y l  C a t e c h o -  
l a m i n e  D e r i v a t i v e s  z 

We have  repor ted  prev ious ly  tha t  N-ace ty l -3-hydroxy-  
4 -me thoxyphene thy l amine  ( i so -N-ace ty lmethoxytyrami-  
ne, referred to as i -NAMT in this  report)  can be conver ted  
to N-acetyl-3,  4 -d ime thoxyphene thy lamine  (NADMPEA)  
by  m a m m a l i a n  tissues 3. The  methy l  donor for this reac- 
t ion was shown to be S-adenosyl-methionine.  The  p roduc t  

of the  reaction,  N A D M P E A ,  is biologically act ive 3 and 
the  substrate ,  i -NAMT, has been shown to be a dopamine  
metabol i te  ~. In  this  repor t  evidence is presented t h a t  this 
react ion is ca ta lyzed  by  a previous ly  undescribed methyl -  
t ransferase which is ac t ive  against  various guaiacol  deri- 
vat ives ,  pr incipal ly  3-hydroxy,  4 -methoxy  subst i tu ted 
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acidic a n d  n e u t r a l  m e t a b o l i t e s  of c a t e c h o l a m i n e s .  Th i s  en- 
z y m e  wil l  be  r e f e r r ed  to  as  g u a i a c o l - O - m e t h y l t r a n s f e r a s e  
(GOMT).  

De t a i l s  of t h e  e n z y m e  a s s a y  h a v e  b e e n  r e p o r t e d  p re -  
v i o u s l y  ~. I n  t h e  a s s a y  a 100,000 •  1 h s u p e r n a t a n t  f rac-  
t i o n  of  l ive r  or  b r a i n  f r o m  W i s t a r  r a t s  w a s  p r e p a r e d  in 
p H  9.0 tris-HCl buf fe r ,  a n d  ca re fu l ly  d ia lyzed .  P r o t e i n  
c o n c e n t r a t i o n  w a s  d e t e r m i n e d  b y  t h e  m e t h o d  of LOWRY 5. 
A t y p i c a l  a s s a y  for  t h e  f i r s t  s u b s t r a t e  t r ied ,  i -NAMT,  con-  
t a i n e d  5 m g  p ro t e in ,  0.48 vm o l e s  i -N A MT ,  9.6 ~moles  
C 14 S - a d e n o s y l m e t h i o n i n e  (S.A. 52.5 m C / m m o l e ) ,  10 
~moles  MgC1 v T h e  r e a c t i o n  w a s  ca r r i ed  o u t  in 0.1 M tris- 
HC1 buf fe r ,  p H  9.0 a t  37~ for  30 ra in  in a f ina l  v o l u m e  
of  1 ml.  T h e  p r o d u c t  w a s  r e c o v e r e d  f r o m  t h e  i n c u b a t i o n  
m i x t u r e  b y  CHC1, e x t r a c t i o n  a t  p H  2. T h e  c o n c e n t r a t e d  
e x t r a c t  w a s  m i x e d  w i t h  200 vg a u t h e n t i c ,  un labe l l ed  
N A D M P E A ,  app l i ed  to  si l ica gel on  f ibe rg la s s  p l a t e s  (Gel- 
m a n  I n s t .  Co.) a n d  d e v e l o p e d  f i r s t  in  b e n z e n e - h e p t a n e -  
d i e t h y l a m i u e ,  10 : 5 : 1, a n d  t h e n  in t o l u e n e - m e t h a n o l - w a t e r ,  
750:35  :l.  T h e  a rea  of t h e  c h r o m a t o g r a m  c o r r e s p o n d i n g  to  
N A D M P E A  w a s  c u t  ou t .  R a d i o a c t i v i t y  a s s o c i a t e d  w i t h  
t h e  p r o d u c t  w a s  d e t e r m i n e d  in a l i qu id  sc in t i l l a t ion  coun-  
ter .  T h e  i d e n t i t y  of t h e  p r o d u c t  w a s  p r o v e d  b y  c h r o m a -  
t o g r a p h y  in  v a r i o u s  s o l v e n t  s y s t e m s ,  co -c rys t a l l i z a t i on  to  
c o n s t a n t  specific a c t i v i t y  w i t h  a u t h e n t i c  N A D M P E A  a n d  
b y  t h e  p r e p a r a t i o n  a n d  i den t i f i c a t i on  of  3 de r iva t ives ,  

e ach  of wh ich ,  a f t e r  r ec rys t a l l i z a t i on ,  r e t a i n e d  r a d i o a c t i v -  
i t y  a s soc i a t ed  o r ig ina l ly  w i t h  N A D M P E A  ~. T h e  a s s a y  
w a s  mod i f i e d  for  o t h e r  s u b s t r a t e s  u sed  s u b s e q u e n t l y  (see 
T a b l e  III). 

R e s u l t s  of  i n c u b a t i o n s  of i - N A M T  w i t h  so lub le  l iver  
f r a c t i on  are  r e p o r t e d  in T a b l e  I.  T h e  Km a g a i n s t  i - N A M T  
is 4.8 • 10-4M. T h e  e n z y m e  is s t r o n g l y  Mg++ d e p e n d e n t ,  
m a x i m a l  a c t i v i t y  h a v i n g  been  f o u n d  w i t h  10-1M Mg ++ 
(Table II). T h e  p H  o p t i m u m  is a p p r o x i m a t e l y  9. I n  add i -  
t i on  to  t h e  s t ud i e s  w i t h  C14-methyl -SAM a n d  un labe l l ed  i- 
N A M T  r e p o r t e d  in  T a b l e  I, s t u d i e s  h a v e  b e e n  ca r r i ed  
o u t  w i t h  (C 14 ace ty l )  i - N A M T  a n d  u n l a b e l l e d  SAM. R e s u l t s  
of b o t h  a p p r o a c h e s  h a v e  y ie lded  iden t i ca l  r esu l t s .  
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Table 1. Rate of conversion of i-NAMT to NADMPEA by rat liver 

Experiment Sample No. Incubation system Concentration i-NAMT nmoles NADMPEA 
- (M) formed/h/100 mg protein 

A 

B 

1 Complete but  denatured enzyme 1.5 • 10 _3 0.008 
2 Complete 1.5 • 10 -3 9.9 

1 Minus substrate 0 0.006 
2 Complete 0.1 • 10-* 0.150 
3 Complete 0.5 X 10 -4 0.766 
4 Complete 1.0 • 10 -4 1.44 
5 Complete 2.5 • 10 -4 3.02 
6 Complete 5.0 • 10 -4 5.59 
7 Complete 1.5 • 10 -3 10.00 

Table 11. Comparison of GOMT, COMT, HIOMT, POMT and 1POMT 

Experimental condition Relative activity 
GOMT COMT HIOMT POMT IPOMT 

pH 6.0-6.8 <0.001 -- -- -- 100 
pH 7.9 L1 100 0 100 -- 
pH 9.0 100 6.3 0 -- -- 

Mg ++ (1.0 M) 26 10.9 -- --  -- 
(10-~M) 100 86.3 -- --  -- 
(10-~M) 88 100.0 -- --  -- 
(10-3M) 65 63.8 -- --  -- 
(10-4M) 28 12.7 -- --  -- 
(10-SM) 14 -- -- - 
0 19 6.8 -- 100 100 

EDTA (10-3M) 0 1.3 -- 100 100 

EDTA (10-SM) plus Mg++ (10-1M) 104 93.9 -- --  -- 

Substrates used were : i-NAMT 4.8 • 10-4M for GOMT, N-acetyl-dopamine 4.8 • 10-4M for COMT, N-acetylserotonin 4.8 • 10-4M for HIOMT. 
Methyl donor in each case was SAM. Data for POMT are from AXELROD and DALY s and for IPOMT from TOMITA et al. ~ Other data are 
fronl experiments carried out in our laboratory, pH studies were carried out with 100,000 g • 1 h soluble fraction of liver. Mg ++ studies were 
carried out with 30-50% saturated (NH4)2SO 4 precipitate of the soluble fraction. Precipitate was dialyzed prior to incubation and reaction was 
carried out at pH 9.0 for GOMT, and 7.9 for COMT. Relative activity refers only to comparisons within a column. 
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Table III. O-Methylation of various compounds by GOMT 
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Substrate Relative activity Expected product 

iso-HomovaniUic acid" 100 Dimethoxyphenylacetie acid 
Homovanillic acid 9 Dimethoxyphenylacetic acid 

iso-N-acetylmethoxytyramine b 45 NADMPEA 
N-aeetylmethoxytyramine b 11 NADMPEA 

iso-Vanillylalcohol 23 Dimethoxybenzyl alcohol 
Vanillyl alcohol 6 Dimethoxybenzyl alcohol 

iso-Methoxytyramine 5 DMPEA 
Methoxytyramine 3 DMPEA 

iso-Vanillin 1 Dimethoxybenzaldehyde 
Vaninin 2 Dimethoxybenzaldehyde 

3-Methoxy-4-hydroxyphenethanol 11 Dimethoxyphenethanol 

p-Tyramine 1 p-Methoxyphenethylamine 

p-Hydroxyamphetamine 1 p-Methoxyamphetamine 

Normetanephrine 0.5 Dimethoxyphenethanolamine 

N-acetylserotonin 0 Melatonin 

Incubates: 8 mg protein (100,000 • gl h dialyzed rat liver supernatant) 0.5 [~mole substrate, 5 ~mole MgC12, 0.2 ~C C14-methyl SAM, S.A. 
52.5 mC/mmole and 20 ~mole pH 9.0 tris-HC1 buffer, final volume 0.5 ml. Samples incubated for ~ h at 37 ~ Acidic and neutral products 
extracted at pH 2, basic products at pH 13 with 90:10 toluene-isoamyl alcohol. Portion evaporated, chromatographed and C 14 corresponding 
to product counted in liquid scintillation counter. In addition, after chromatography, the methylated product of the 3 substrates marked �9 or 
b were crystallized to constant specific activity with appropriate carrier, 3,4-dimethoxyphenylacetic acid a or NADMPEA b. For other proofs 
of identity of product see text. 

Other  enzymes  which  could conce ivably  ca ta lyze  th is  
reac t ion  are ca t echo l -0 -me thy l t r ans f e r a se  (COMT) S, 
hyd roxy indo le -O-me thy l t r ans fe r a se  (HIOMT) 7, pheno l -0 -  
me thy l t r an s f e r a se  (POMT) s and  iodophenol -O-methy l -  
t r ans fe rase  (IPOMT)9. COMT has  been  shown to  require  
an ad j acen t  free h y d r o x y l  group in order  for O-methyla-  
t ion  to  t ake  place. This r equ i r emen t  is no t  m e t  by  i -NAMT 
or o ther  subs t r a t e s  for GOMT. H I O M T  has been  shown to 
be p re sen t  a lmos t  exclusively in pineal  and is no t  ac t ive  
aga ins t  p h e n e t h y l a m i n e  der ivat ives .  The ac t iv i ty  of 
POMT is res t r ic ted  to  the  pa r t i cu la t e  f rac t ion  while 95% 
of the  ac t iv i ty  of GOMT is found in the  soluble fract ion,  
as is mos t  of the  COMT and IPOMT.  The five enzymes  
are fu r the r  com pa red  in Table n .  F r o m  these  d a t a  i t  can 
be seen t h a t  GOMT is abou t  90 t imes  more  act ive  a t  p H  
9.0 t h a n  i t  is a t  7.9, while COMT is a b o u t  15 t imes  more  
ac t ive  a t  p H  7.9 t h a n  i t  is a t  9.0. No ac t iv i ty  of H I O M T  
could be d e m o n s t r a t e d  in soluble l iver  p repa ra t ions  using 
N-ace ty l se ro ton in  as subs t r a t e  (Table n). B o t h  GOMT 
and  COMT have  a high r equ i r emen t  for Mg ++ and  are com- 
p le te ly  inh ib i t ed  by  EDTA.  POMT, on the  o the r  hand,  is 
i nh ib i t ed  by  Mg++. Bo th  POMT and  I P O M T  have  no 
known  meta l  ion r equ i r emen t  and are unaf fec ted  by  EDTA.  

The  Table  I I I  is a s u m m a r y  of d a t a  ob ta ined  wi th  a 
series of r e l evan t  subs t ra tes .  All ac t ive  subs t ra tes  s tud ied  
con ta ined  a guaiacol  group. As can be seen, several  of t he  
bes t  subs t r a t e s  for th is  enzyme are m o n o - O - m e t h y l a t e d  
neu t ra l  and  acidic metabo l i t es  of ca techolamines .  F u r t h e r  
m e t h y l a t i o n  of these  subs t ra tes  by  GOMT resul ts  in the  
fo rma t ion  of d i -O-methy l  ca techo lamine  der ivat ives .  

F ina l  proof  t h a t  these  d i m e t h o x y  compounds  are form- 
ed v ia  t he  ac t ion  of a previous ly  undescr ibed  enzyme 

awai ts  pur i f ica t ion  of GOMT away  f rom o ther  m e t h y l a t i n g  
enzymes.  However ,  t he  difference in subs t r a t e  specifici t ies 
and o the r  charac ter i s t ics  cons t i tu tes  s t rong p r e s u m p t i v e  
evidence t h a t  GOMT is a d i f ferent  enzyme  f rom the  o thers  
discussed.  

I t  is n o t  known a t  p re sen t  whe the r  the  ac t ion  of this 
enzyme  has  physiological  significance. However ,  the  de- 
d e m o n s t r a t i o n  t h a t  m a m m a l i a n  t issues can form d imeth -  
oxy  c o m p o u n d s  is of obvious  in te res t  in the  s t u d y  of psy-  
c h o t i c  d isorders  since a t  least  some of these  compounds  
have  mescal ine-l ike effects  s. 

Rdsumd. On a ex t ra i t  et  character is6 une enzyme  capable  
de t ransf6rer  aux ca t6cholamines  4-O-m6thyles le group 
m6thyle  p r o v e n a n t  de l 'S -ad6nosy lm6th ion ine  e t  produi re  
des subs tances  d im6thoxyques .  Cette  enzyme  est  ac t ive  
dans  diff6rents  t issus  de Mammif6res.  
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