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REMARKABLE SUBSTRATE-INHIBITOR PROPERTIES OF
NICOTINE ENANTIOMERS TOWARDS A GUINEA PIG LUNG
AROMATIC AZAHETEROCYCLE N-METHYLTRANSFERASE
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The kinetics of nicotine methylation by guinea pig lung homogenates
has been investigated. An interesting stereospecificity has been
observed for nicotine enantiomers. R-(+)-Nicotine is a substrate
K,=1.42 x 10™M for an SAM~-dependent guinea pig lung aromatic aza-
heterocycle N-methyltransferase, whereas S-(-)-nicotine acts as a
competitive inhibitor (K;=6.25 x 107M) of the N-methylation of

its antipode. © 1985 Academic Press, Inc.

The in vivo N-methylation of nicotine to N-methylnicotinium ion was first
demonstrated by McKennis (1), in the dog. 1In vitro studies (2) have shown that
this biotransformation is catalyzed by an S-adenosylmethionine (SAM)-dependent
aromatic azaheterocycle N-methyltransferase which is widely distributed in
tissues. Recent studies from this laboratory (3,4) have demonstrated that in
&ivo methylation of nicotine in the guinea pig is stereospecific for the R-(+)-
enantiomer. This communication reports on the substrate properties of S-(-)-
and R-(+)-nicotine enantiomers against guinea pig lung aromatic azaheterocycle

N-methyltransferase.

MATERIALS AND METHODS

[3H—NCH3]—S—(—)—Nicotine (specific activity 68.6 Ci/mmole) and [3H—NCH ]~
R-(+)-nicotine (specific activity 76.5 Ci/mmol) were obtained from New England
Nuclear, Boston, MA). The optical purity of these radionuclides was demonstrated
to be better than 99% (5). R-(+)-Nicotine was prepared from S-(-)-nicotine
by the method of Bowman et al. (6); S-(-)-nicotine was obtained from Aldrich
(Milwaukee, WI). Both nicotine samples were vacuum distilled prior to experi-
mentation.

Dialyzed guinea pig lung homogenates were prepared as previously described
(2). Protein content was determined by the method of Lowry et al. (7).
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Fig. 1 Time course of in vitro N-methylation of R-(+)-nicotine by
dialyzed guinea pig lung homogenate (See Materials and Methods
for experimental details). Each point is the mean of three
determinations * S5.D.

Kinetic experiments. All experiments were carried out in triplicate. Nico-
tine methylation was demonstrated to be linear over the time course chosen for
the assay (see Fig. 1), and was linear with respect to protein concentration over
the range 4.9-19.6 mg/ml (see Fig. 2). [3H—NCH3]—R—(+)—Nicotine (3 uCi) was di-
luted with unlabelled R-~(+)-nicotine to afford concentrations ranging from 1.25
UM to 1.24 mM. Incubation mixtures were prepared containing the following in a
total volume of 250 ul; homogenate (125 ul 10 mg/ml protein), SAM (125 nmol),
substrate solution (60 ul) and 0.1M phosphate buffer, pH 7.4 (to 250 ul). Appro-
priate controls were prepared for each substrate concentration, in which homog-
enate was boiled for 2 minutes prior to use. All samples were pre-incubated at
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Fig. 2 Linearity of R-(+)-nicotine N-methylation after fifteen minutes
incubation at 37°. The abscissa indicates the protein concentration
in individual incubates; the ordinate indicates the percent methyl-

ation observed expressed as pmoles of product formed per mg. protein.
Each point is the mean of three observations * S.D.
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37°C for 10 minutes before additon of substrate solutions. Incubation was then
continued at 37°C for 15 minutes. After this time, the samples were immediately
frozen at -20°C prior to analysis.

Individual incubates were analysed directly by high performance cation~
exchange liquid radiochromatography, as described previously (8), and the initial

velocities of nicotine N-methylation (nmoles/mg protein/hr) determined. These

values were then used in the calculation of apparent Km and Vmax for R-(+)-nico-

tine. An identical experiment was performed using [3 H-NCH3]-S-(-)-nicotine and
unlabelled S-(-)-nicotine in place of the corresponding R-(4+)-enantiomeric material

The effect of S-(-)-nicotine on the methylation of the R-(+)-enantiomer was
examined by the following procedure. [ H—NCH3]—R—(+)—Nlcot1ne (3 puCi) was diluted
with unlabelled R-(+)-nicotine to give concentrations ranging from 1.25 uM to 1.25
mM, Unlabelled S-(~)-nicotine was added to each of the substrate solutions to
give 30 UM S-(~)-nicotine. Incubation mixtures were prepared which contained the
following in a total volume of 250 ul; homogenate : (125 pl), SAM (125 nmol), sub~
strate-inhibitor solution (60 ul) and 0.1 M phosphate buffer, pH 7.4 (to 250 ul).
Appropriate controls were prepared in which homogenate was boiled for 2 minutes
prior to use.

An identical experiment was performed in which the S-(-)-nicotine concentra-
tion was 60 pM. All samples were pre-incubated for 10 minutes at 37°C prior to

addition of substrate/inhibitor solutions. Incubation was continued for 15
minutes at 37°C, and incubates then treated as described above.

RESULTS

Fig. 3 illustrates the Lineweaver-Burke plot obtained from the methylation of
R-{+)-nicotine to N-methylnicotinium ion by guinea pig lung aromatic azahetero-
cycle N-methyltransferase, using SAM as co-factor. R-(+)-Nicotine exhibited an
apparent K_ of 14.2 yM, with Voax = 1.85 nmoles/mg/hr. Under similar conditionms,
S-(-)-nicotine was not a substrate for the above N-methyltransferase. However,
the S-(-)-enantiomer did inhibit the N-methylation of its optical antipode in a
competitive manner, exhibiting a Ki of 62.5 UM (see Fig. 4).

Other characteristics of the N-methyltransferase enzyme are given in
Table 1. S-Adenosyl-L-homocysteine (SAH), a reaction product, was a potent
competitive inrhibitor of R-(+)-nicotine methylation. The endogenous pyridine
analogue, micotinamide was not a substrate for the above enzyme, but was a

weak competitive inhibitor of R-(+)-nicotine methylation.

DISCUSSION

The results from this study demonstrate a remarkable substrate specificity
in the N-methylation of nicotine by a guinea pig lung N-methyltransferase, and
also provides an interesting example of diametrically opposing activities of

enantiomers towards a specific enzymic system. The product inhibition exhibited
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Fig. 3 Lineweaver-Burk plot for the determination of Km for R-(+)-
nicotine methylation using guinea pig lung homogenate (see
(Materials and Methods for details). Each data point represents
the mean of 3 determinations.

Fig. 4 Lineweaver-Burk plot showing inhibition of R-(+)-nicotine

methylation by S-(~)-nicotine (see Materials and Methods for

details). Each data point represents the mean of 3

determinations. (@), OuM; (A)30 M and (M)60uM S-(-)-nicotine.
by SAH, and the apparant Km value for SAM, both confirm that the enzyme involved
in the N-methylation of R-(+)-nicotine is an S-adenosylmethionine-dependent
N-methyltransferase. The inability of nicotinamide to act as a substrate rules
out the identity of the enzyme being nicotinamide-N-methyltransferase. Thus,
an endogenous substrate for the above methyltransferase remains to be
established,

It is of interest to note here that although the S-(-)-enantiomer is the

natural isomer of nicotine, and consequently the form present in tobacco products,

it has been observed that significant racemization of S-(-~)-nicotine can occur

in the pyrrolysis event during the smoking of a cigarette. Thus, the above

TABLE 1

Substrate and Inhibitor Properties of Guinea Pig Lung
Aromatic Azaheterocycle N-Methyltransferase

Compound Substrate (Km) Inhibitor (Ki)
R-(+)-nicotine 14.2 uM -
S-(-)-nicotine - 62.5 yM
S-Adenosyl-L-methionine 13.2 uM -
S-Adenosyl-L-homocysteine - 32.2 uM
Nicotinamide - 417.8 UM
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findings may be of relevence in providing further information on the toxicology

of nicotine in tobacco products.
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