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USE OF TRANSFERRED NUCLEAR OVERHAUSER EFFECTS TO DETERMINE THE
CONFORMATION OF 1-(3,4-DICHLOROPHENYL)-2-AMINOPROPANE WHEN BOUND TO THE
ACTIVE SITE OF PHENYLETHANOLAMINE N-METHYLTRANSFERASE (PNMT)
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Abstract: Transferred two dimensional nuclear Overhauser effect spectroscopy (transferred NOESY) was
used to show that the side chain of 1-(3,4-dichlorophenyl)-2-aminopropane (1) exists when bound at the active
site of PNMT in an extended conformation (1, = 167 - 180°) with the aromatic ring rotated out of the plane of
the ethylamine side chain (1, = 29 - 45°).

The role played by epinephrine (Epi) in the central nervous system remains unclear. Epi has been
shown to play a role in the regulation of o,-adrenergic receptors,? the release and inhibition of release of pitui-
tary hormones,? and the regulation of both blood pressure? and body temperature.5 Epi is synthesized by
PNMT (EC 2.1.1.28) from norepinephrine (NE).¢ In order to design a potent and selective inhibitor for PNMT,
it would be useful to know the binding requirements for both substrates and inhibitors. We have previously
assessed the conformational requirements of ligands at the active site of PNMT by using conformationally-
restricted and conformationally-defined analogues.” These studies have led to the conclusion that 2-phenyl-
ethylamines prefer an extended conformation about the side chain C-C bond (t, = 180°) with the aromatic ring
somewhat out of the plane of the side chain (1, = 10-35°). However, in the conformationally-defined
analogues in which the values of 1, and 1, were fixed, there was additional steric bulk present which did not
allow optimal binding at the active site of PNMT. The reduced affinity of these compounds for the enzyme
thus made the conformation-activity relationship somewhat ambiguous. We describe here our use of trans-
ferred NOESY for a determination of the conformation of 1-(3,4-dichlorophenyl)-2-aminopropane (1), a good
inhibitor® of PNMT (K, = 6.7 £ 0.3 pM), when bound at the active site of the enzyme.

The bovine adrenal PNMT used for these studies was isolated?
and purified!® as previously described. Inhibitor 1 was synthesized from
3,4-dichlorobenzaldehyde.f Because PNMT shows a low enantioselectiv-
ity toward 1-phenyl-2-aminopropanes,!! these nmr studies were done
using racemic 1. The transferred nuclear Overhauser effect (TRNOE)

technique'?1? has been previously described and used to study the con-
formation of small molecules bound to macromolecules. The TRNOE
technique has been performed in both one!? and two' dimensions.

All NMR experiments were carried out on a Bruker AM-500 operating at 500.139 MHz for protons.
The spectra were recorded nonspinning at 297 °K using a proton-only probe optinized for water suppression. In a
typical experiment, in S00 pl of degassed 0.1 M (pH 7.25) phosphate buffer in D,0 were dissolved 2.5 mg of
protein (=0.15 uM) and 0.56 mg of 1 (=54M). A phase sensitive (TPPI) NOESY spectrum was recorded using a
2 second delay during which the residual HDO peak was suppressed by presaturation, 4 dummy scans and
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Figure 1. NOESY spectrum of 1 and PNMT. Note the NOEs between the CH; of 1 and each of the three
aromatic protons. There are also NOEs between the methylene and methine protons with the ortho aromatic
protons (H2 and Hé6) These characteristic NOEs are absent in the NOESY spectrum of 1 with mactive PNMT
(data not shown),
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48 accumulations per block and 512 t, increments. This was repeated for mixing times of 50, 150, 300, 500, 700
and 1000 ms. The data sets were processed on a Bruker Aspect 3000 or 1000 computer and phase corrected in
both dimensions. The NOESY spectrum of 1 and PNMT recorded at 300 ms mixing time is shown in Figure 1.
For the various mixing times, diagonal and cross peak intensities were extracted from integrals of the appro-
priate matrix rows and columns.!¥ The distances between H5 and H6, H6 and H2, H8 and H10 (methyl) were
considered as fixed and used as reference distances. The distances between aliphatic and aromatic protons
were estimated based on the two-spin approximation!2 and classified as strong (< 3 A), medium (3 - 4 A) or
weak (4 - 5 A) depending on the size of the NOE observed. Once the range of distances was defined, they
were used as distance constraints in the SYBYL conformational search program.1

Figure 2 shows the range of bound conformations of 1 that satisfy the distance constraints noted above.
Torsion angle 1, ranges from 29 - 45° and 1, from 167 - 180°. Thus, the TRNOE method used here defines,
within a narrow range, the conformation for the side chain of 1 at the active site of PNMT. The bound con-
formation is clearly a fully extended one (1, near 180°) with the aromatic ring slightly twisted out of the plane
of the ethylamine side chain. That this is consistent with our previous results obtained with conformationally-
defined analogues of 1-phenyl-2-aminopropane (amphetamine) supports the validity of the published conclu-

sions made from those results.”
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Figure 2. The range of conformations of the propylamine side chain in 1 that are consistent with the NOESY
data.
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