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plasma and the addition of toxic doses of salicylatc to 
hu~mm serum altered the binding 01 Me’l‘Hb ( I‘able I ). It 
is possible. however. that, if a larger number of experiments 
had been performed. the binding of added (-+)MeTHF to 
frozen serum or to serum at 33 or to serum to which pro- 
bcnccid was added might have differed significantly from 
that of controls. Similar effects of salicglate on the bmding 
of other weak carboxylic acids has been reported [7]. 

This study. however. documents only the binding 01 
added MeTHF to normal fasting serum and the binding of 
cndogenous rotate when measured by the competitive bind- 
ing method with ~~-l~ic~o~lohuii~~ [I 11. The explanation for 
the different values obtained for folate binding bq these two 
methods is not clear. Moreover. extrapolation of these 
results to folate-dcplcted patients ma) not be warranted 
[I I< 141. 

In conclusion. added MeTHF is 60 70 per cent bound to 
fresh strum of normal men after an overntght fast. Albumin 
could account for the maior portion of the bindinr and the 
binding did not appear to be stereospecific. Drug~~n~luding 
di~henylhy~nto~n. prober&d and salicylatc have oniy :I 
mirumal, if an). effect on added MeTHF binding at thera- 
peutic dosages (Table I). Moreover, incrcasiug the con- 
ccntration of MeTHF in serum by over a thousand times 
did not alter the percentage of McTHF bound. 
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Substrate and inhibitor kinetics of bovine phenylethanolamine-~-methyltransfera~ 

(Rwriwd I3 April 1974; accrpt~~rl 12 Ju/j, 1974) 

The rnethylation ofnorepinephrine, the final step in the syn- 
thesis of epinephrine, is catalyzed by phenyletlianolamine- 
N-methyltrailsferase (PNMT). This enzyme was partially 
purified from monkey adrenal gland [l] and was found to 
have an exclusive specificity for both ring-substituted and 
unsubstituted phenylethanolamines. Subsequent studies [2] 
also pointed out that p-hydroxyphenylethylamines (pheny- 
leth,anolamines) are much better substrates than the unsub- 
stituted phenylcthylamine derivatives f > 100: 1). although 
the latter are tnethylated to a limited extent. Using PNMT 
isolated from the rahbit. Fuller rrui. 1-11 showed that /I-kero 
dopamine (arterenone) and 3,4-dichloro-~-amino-phenyl- 
ethanolamine are also suitable substrates, suggesting that 
nuclcophilic groups other than hydroxyl can interact with 
the enzyme. Recently. Laduron [4] reported the methyla- 
tlon of dopamine by PNMT. This paper will report on the 
suhstrate specificity and the inhibitor kinetics of PNMT 
using a purer enzyme preparation than other studies have 
utilized. 

Bovine PNMT was purified by a modification of the 
method of Connett and Kirshner [S]. as described by Ciar- 
an&o and Axetrod [6]. Briefly, protein from adrenal medul- 
lae that precipitates at an anlmonium sulfate concentration 
of 3&60’:,, was taken up in 50 mM potassium phosphate 
buffer, pH 7.2. and made 0.5 mM in dithiothreitol. After di- 
alysis agamst the same buffer. the protein solution was 
ad,justed to pH 5 and centrifuged. The pH of the superna- 
tant was then brought up to 7. and the material was agam 
dialyzed as before. Afterwards. the solution was applied to 
a GllOO Sephadex column. The peak. correspon&ng to a 
molecular weight of 40,000 was applied to a DEAE- 
Sephadex A-SO-ion-exchange column: When the peak frac- 
tions from this column were pooled. concentrated and sub- 
jected to sodium dodccyl sulfate-acrylamidc clectrophore- 
sis 161. a single staining hand was observed. PNMT was 
assayed as previously described [l]. Each reaction tube 
contained 5 Itmoles potassium phosphate butfer. pH 7.9, 25 
jig protein, 2 nmoles ‘~C-S-adenosyiinethioninc (52.3 mCi: 
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Table I. Michaelis-Menten constants for phenylethanolamine-lzi’-methyltransferase* 

K, + S.D. vn,.,, f S.D. 
(PM) (nmoles!min) 

/I-Hydroxy analogues 
L-Norepinephrinc 
L-Octopanline 
Phen~letha~lol~~min~ 
t-Epinephrine 
L-Normctanephrine 

64 I_ 1.0 1.9 + 0.1 
t 1.4 2 0.1 16 f 0.0 

82 + 6 2.7 * 0.1 
‘36 + 7.2 0.15 & 0.01 
3X2 + 38 1.4 + 0.1 

Substituted phenylethylamincs 
Dopamine 
Tyramine 
Phen~leth~-larnin~ 
Epinine 
3-Methoxytyraminet 

* Michaelis-Menten constants and IV,,,,, values were determined by a computer program on a Wang 700B calculator. 
Product yields have not been corrected for recovery from the organic solvents used in the extraction process, The product 
yields usually obtained in this laboratory are: L-epinephrine (from acid-butanol), L-synephrine and r_-metanephrine (from 
toluene-isoamyl alcohol, 3:2) SO-90 per cent: ~-methyl~~~~nylethanoiamine (from toluene-isoamyl alcohol, 97:3) 85--95 
per cent [I]. 

* No detectable activity was seen with this compound. 

m-mole. New England Nuclear Corp.) and substrate in a 
final volume of 2 IO ~1. 

The substrate kinetics for several p)~enylethylan~i~~es and 
phenylethanolalnin~s are shown in Table 1. Substitlltion of 
4-OH or 3,4-OH on the ring increases affinity of the enzyme 
for phenylethanolamines. 3Gmethylation a step in cate- 
cholamine metabolism. decreases the alhnity of the sub- 
strate. While phenylethanolamines are clearly the preferred 
substrates, phenylethylamine, tyramine and dopamine are 
also substrates for PNMT. The physiologically occurring 
substrate with the lowest K,, is generally considered to be 
the natural substrate for the enzyme. The data indicate the 
order of preference for the adrenal cutecholamines to be: 
norepinephrine > rpinephrine % dopamine. The observa- 
tion that dopamine is a substrate for PNMT has led to the 
proposal that conversion of dopamine to epinine. followed 
by /i-hydroxylation, is the principal route of epinephrine 
biosynthesis irk rick [4]. The kinetic analysis performed here 
has made this conclusion unlikely for the following masons: 
(a) norepi~lephrin~ has a much higher { 1 Xfold) aflinity for 

Table 2. Inhibitor constants for phenylethanolamine-!V- 
methyltransferase* 

Type of apparent 
inhibition 

L-Octopamine 
t_-Norepinephrine 
Phenylethylarnine 
Tyramine 
3-Methoxvtvraminc 

64 
59 

3600 
6100 

Mixed 
Non-competitive 

Compctitivc 
Competitive 

No inhibition 

PNMT than does dopamine; (b) norepinephrine is !V-meth- 
plated at a rate at least six times faster than dopamine; and 
(c) adrenal dopamine concentration is extremely low rela- 
tive to the norepinephrine content [7]. 

to )NOREPINEPHRINE AS INHIBITOR 
0 Normatafwphrine 
a NwmstOnephrine*22pM 

norepinophrine 

/ 

fbl E~NE~RINE AS INHIBITOR 
0 ~tanaphri~ 

I Normetonephrina+ 170 pM 

I5 
spinaphrine 

/ 

0.010 0020 

IIS (@1~4es Nwmstonephrins f’ 

Dopamine . 8000 Competitive Fig. 1. Inhibition of PNMT by norepinephrine and 
epinephrine. LineweaverBurk plot of the inhibitory ctfect 

* K, values were determined g~dphi~lly by the method of 
Lineweaver-Burk or by- the method of Dixon and 

of: (a) norepiIlephrine. and (b) epinephrine on the ?r’-methy- 
lation of normetdnephrine. Units are nmoles of product:‘hr. 

Webb [93, Phcnylethanolamine was used as the substrate These plots indicate that norepinephrinc appears to inhibit 
for Ki determinations at saturating concentrations (0.15 competitively, while epinephrine appears to inhibit 
mM). non-competitively. 
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in Table 2. however, demonstrate that K, values for pheny- 
lethanolamines are 1000 times lower than the K, values for 
phenylethylamines. With the exception of dopamine. the K, 1. 
values for these amines are approximately equal to their K, 2. 
values. PNMT. therefore, exhibits both substrate (nore- 3. 
pinephrine) and product (epinephrine) inhibition. Dopa- 
mine. an earlier compound in the metabolic pathway of 4. 
epinephrine synthesis, has no appreciable inhibitory effect 
on PNMT. 5. 

When normetanephrine is used as a substrate for PNMT, 
norepinephrine acts as a competitive inhibitor, while 6. 
epinephrine is a non-competitive inhibitor (Fig. 1). Fuller 
and Hunt [lo] also reported that epinephrine inhibits nore- 7. 
pinephrine in a non-competitive manner. These observa- 
tions indicate that epinephrine and norepinephrine might 8. 
have separate binding sites on the PNMT molecule, 
although both can be methylated using S-adenosylmeth- 9. 
ionine as the methyl donor. 

10. 
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