
4 7

TIME (mm) at 50#{176}
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FIG. 1. Thermal stability ofdialyzed PNMT u’ith

and u’ithout SAM preincubation

Dialyzed rat adrenal supernatants were prepared

and subjected to thermal denaturation as described in

METHODS. One set of samples was incubated at 50#{176}in

the presence of S-adenosylmethionine at a final con-

centration of 3.53 �.tM. At the conclusion of heating,

residual PNMT activity was determined. Linear

regression analysis was then performed. The following

regression statistics were obtained. For the control (no

SAM) group: k = -0.1757 ± .0094 min’; r2,,, = .977

(p < .0001); tp,..2 = 3.95 mm. For the PNMT plus SAM

group: k = -0.936 ± .0032 min’; r’,, = .991 (p <

.0001); t1,,2= 7.41 mm. The difference between the two

curves is significant at p <<<< .0001. These curves

are typical of those used throughout this report to

investigate the effect of S-adenosylmethionine on the

thermal denaturation of dialyzed PNMT.

a supernatant preparation of PNMT from
hypophysectomized rats was used in the
early experiments. In later experiments
PNMT from normal rats was used after
removing endogenous stabilizing factors by

overnight dialysis. Dialysis reduced the
thermal half-life of PNMT to that seen in
hypophysectomized rats (3), although this

procedure had no effect on the activity of
the enzyme.

The putative stabilizing factors tested in
this series of studies were S-adenosylmeth-
ionine, 5-adenosyihomocysteine and 3’,5’
cyclic AMP. These compounds were added

to tubes containing the enzyme preparation
prior to incubation at 50#{176}.The concentra-
tion ranges employed were: S-adenosyl-
methionine and S-adenosylhomocysteine,
0-4 /�M, and cyclic AMP, 0-40 �M. When
the stabilizing effects of 5-adenosylmethi-
onine were being studied the final concen-
tration of each tube was adjusted to 4 �M

before assaying for PNMT to ensure that
each sample was assayed at a constant 5-
adenosylmethionine concentration. Adjust-
ments in the S-adenosylhomocysteine con-
centration prior to assay were found to be
unnecessary.

Whenever stabilization was observed by

a given compound, an attempt was made to
determine both an EC�,o and a stabilization

constant, Kx, for the compound under in-
vestigation. The EC�o was that concentra-
tion required to produce a half-maximal
degree of stabilization. The stabilization
constant, K�, was determined by plotting 1/
k, the reciprocal rate constant of thermal or

tryptic (see below) denaturation versus the
reciprocal concentration of stabilizing
agent, as described by Borchardt et al. (4).

This was done because, when stabilization
by a given compound was seen, a plot of
the rate constant versus stabilizer concen-
tration gave a rectangular hyperbola with
the appearance of Michaelis-Menten kinet-
ics. Accordingly the analogy was extended

further and double-reciprocal plots of the
Lineweaver-Burke type were made. From
the regression line the kmax, analogous to
Vmax, and the stabilization constant, K�,
analogous to Km were calculated. This pro-
cedure was used to determine K� in both
the thermal and tryptic experiments.

Tryptic stability. Studies on the tryptic
stability of PNMT were performed on
crude rat adrenal supernatants from which
endogenous stabilizing factor(s) had been
removed by dialysis. In the basic design,



TABLE 1

Effect ofS-adenosylmethionine and S-adenosylhomocysteine on PNMT tryptic stability

The tryptic stability of PNMT was determined in the presence of S-adenosylmethionine and S-adenosylho-

mocysteine. The experiments were performed as described in METHODS; different enzyme preparations were

used, and the experiments were carried out on different days. When S-adenosylhomocysteine was present,

residual PNMT activity was measured in the presence of 8 �LM SAM; this was sufficient to overcome competitive

inhibition of the enzyme by SAH.

Stabilizing compound Concentration k t1 ,‘ 2

(tiM) (m’) (miii)

5-Adenosylmethionine 0 -.2983 ± .0343 2.32 ± .27

8 -.2098 ± .0225’ 3.30 ± .35

16 -.1993 ± .0185” 3.48 ± .32

5-Adenosylhomocysteine 0 -.2461 ± .0127 2.82 ± .15

0.5 -.1572 ± .0091” 4.41 ± .26

RAT ADRENAL PHENYLETHANOLAMINE N -METHYLTRANSFERASE 487

a � < .025 greater than control.

S * � < � greater than control.

a a a � < oo� greater than control.

naturation experiments.

Effects ofdialysis on PNMT tryptic sta-

bility. Dialysis of adrenal preparations from
control rats removes endogenous stabilizing
factors which stabilize PNMT against ther-
mal denaturation. To test whether this
same procedure alters the tryptic stability
of PNMT, adrenal preparations from con-
trol rats were dialyzed against 50 nmi Tris
buffer, pH 7.4. Dialysis reduced the tryptic
half-life of PNMT from 16 to 4 minutes,
indicating that the stability of PNMT to
tryptic proteolysis, like the stability of the

enzyme to thermal denaturation could be
reduced by the removal of endogenous sta-
biizing factors. As has been previously re-
ported (2, 3), dialysis had no effect on
PNMT catalytic activity.

Effects of 5-adenosylmethionine on

PNMT tryptic stability. The ability of 5-
adenosylrnethionine to stabilize PNMT

against tryptic proteolysis was examined.
The presence of S-adenosylmethionine
markedly stabilized the enzyme to tryptic

attack (Table 1). Stabilization was observed
as a typical rectangular hyperbola dose-re-
sponse relationship, similar to those seen in
the thermal denaturation experiments.

These and a number of additional experi-
ments were analyzed by the double-recip-
rocal method described earlier. The results

of one such experiment are shown in Fig. 3.
In this experiment, 5-adenosylmethionine

stabilized PNMT about 3.2-fold compared
to control. The stabilization constant, K�,
for 5-adenosylmethionine was estimated to

be 0.49 �tM, very close to that estimated for
5-adenosylmethionine in the thermal de-
naturation system.

Effects of S-adenosylhomocysteine on

PNMT tryptic stability. When S-adenosyl-
homocysteine was tested for its effect on

PNMT tryptic stability (Table 1), it exerted
a significant stabilizing effect which closely

resembled that observed with 5-adenosyl-
methionine. This finding was in marked
contrast to the lack of a stabilizing effect

seen with S-adenosylhomocysteine in the
thermal denaturation system. The ob-

served tryptic stabilization was 1.6-fold at
the rather low 5-adenosythomocysteine
concentration chosen for study. A dose re-
sponse study was conducted in order to
assess the relative binding affinities of 5-
adenosylmethionine and S-adenosylhomo-
cysteine with respect to PNMT tryptic sta-
bilization and the maximal level of stabili-

zation exerted by both compounds (Fig. 4).
It is clear that the maximal levels of stabi-
iization as determined from the Line-
weaver-Burke plot are nearly identical for
the two compounds. The stabilization con-
stants of the two differed somewhat, how-
ever, with S-adenosylhomocysteine having
a greater affinity for PNMT than 5-aden-
osylmethionine. This is not surprising in
view of the work of Deguchi and Barchas
(5), who showed the K1 of S-adenosylho-
mocysteine to be considerably lower than
the Km of S-adenosylmethionine for PNMT
and a variety of other methyltransferases.

Effect of 5-adenosylmethionine on in
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FIG. 3. Lineweaver-Burke plot of SAM dose-re-

sponse curve with respect to PNMT tryptic stability

The tryptic degradation of PNMT follows Michae-

lis-Menten kinetics. Accordingly the effect of varying

concentrations of SAM on PNMT tryptic stability was

tested. The reciprocal rate constant for each tryptic

digestion curve was plotted against reciprocal SAM

concentration, as described in Fig. 4. In the tryptic

system, as in the thermal studies, K,, kma, and tp/2 max

were obtained.

In the study shown here, adrenal glands from con-

trol rats were pooled and homogenized in 5 ml per pair

50 msi Tris buffer, pH 7.4. To remove endogenous

stabilizing factors, the adrenal supernatants were di-

alyzed overnight against 4 1 of 50 mM tris buffer, pH

7.4. To portions of the dialyzed supernatants, SAM in

varying concentrations were added to samples which

were then subjected to tryptic digestion. Linear regres-

sion analysis gave the following: k,,,, 0.0836, t112 max

= 8.28 mm., Ki, SAM = 0.491 �LM. These values are

typical of those seen for SAM with respect to stabii-

zation of PNMT against tryptic degradation.

vivo PNMT levels. The results of the stud-
ies described here all suggested that 5-
adenosylmethionine might play a signifi-

cant role in regulating in vivo PNMT levels.
To test this proposition further, hypophy-
sectomized rats were treated with 5-aden-
osylmethionine or with dexamethasone.
This latter drug is a potent synthetic glu-
cocorticoid which restores PNMT levels in
hypophysectomized rats by inhibiting the
proteolysis of the enzyme (3). The results
of this study (Table 2) showed that 5-aden-

osylmethionine was effective in elevating
PNMT levels in hypophysectomized rats.
The thermal stability of PNMT was deter-

mined at the same time; here too SAM
administration caused a significant increase

in the thermal half-life of the enzyme. Thus
the results we have been obtaining in vitro
are also seen in vivo when SAM is admin-
istered to hypophysectomized rats.

DISCUSSION

This report describes the stabilization of
PNMT against thermal and tryptic dena-

turation by 5-adenosylmethionine and 5-
adenosyihomocysteine. Both compounds
markedly stabilize the enzyme against tryp-

tic proteolysis, while SAM is highly effec-
tive as a stabilizer against thermal denatur-
ation as well.

The significance of these findings is that
they may provide clues as to how PNMT is

-5.0

-70

- 9.0

-‘P.O

- 30

FIG. 4. Lineu’eaver-Burke plot of SAM and SAH

dose-response curves u’ith respect to PNMT tryptic

stability

Dialyzed rat adrenals were prepared as described in

METHODS. To portions of the dialyzed supernatants,

SAM, or SAH was added in varying concentrations;

samples were then subjected to tryptic digestion as

described in METHODS. Residual PNMT activity and

rate constants, k, were determined as described in

METHODS. As shown in Figs. 2 and 3, the data may be

transformed to a Lineweaver-Burke plot. From such

a plot, K,, kma,, and t112 max may be obtained. In this

study the following parameters were determined:

SAH: kmax = -0.0774 m’, K, = 0.257fLM, ti/2max = 8.95

mm. SAM: kmax = -0.0830 m’, K� = 0.52OtLM, tI/2max

= 8.35 mm.



TABLE 2

Effect of SAM administration on PNMT levels and thermal half-life

Group

Hx

PNMT

(units/pr)

0.409 ± .056

Thermal Stability (50#{176})

k t,2

(m’)

-0.2437 ± .0367 3.13 ± .49 mm

Hx + SAM 0.627 ± .047’ -0.1563 ± .0136’ 4.64 ± .50 mm

Hx + DEX 0.950 ± .079” -0.1200 ± .0071” 5.85 ± .39 mm

Control 2.039 ± .134 -0.0979 ± .0078’ 7.30 ± .55 mm
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a � < .02 differs from hypophysectomized (Hx).
S S � < oo� differs from hypophysectomized.

Cl � < .025 differs from hypophysectomized.
b� < �008 differs from hypophysectomized.

Cp < .003 differs from hypophysectomized.

regulated in vivo. Previous studies have
shown the existence of two distinct modes
of regulation of adrenal PNMT: 1) induc-
tion of de novo enzyme synthesis by
splanchnic nerve impulses and 2) inhibition
of enzyme degradation by adrenal glucocor-
ticoids (1, 2), acting, apparently, through an
endogenous stabilizing factor. Our subse-
quent work has been directed at determin-
ing the nature of this stabilizing factor, its
mechanism of in vitro action, whether it
plays a role in in vivo PNMT regulation,
and if more than one “stabilizing factor”
exists.

1. Nature of the stabilizing factor. Im-
munoabsorption chromatography, in which
anti-PNMT antibody was coupled to Seph-
arose 4B (3), was used to isolate the stabi-
lizing factor. Paper chromatography with a
variety of nucleotides, nucleosides and pu-
rine and pyrimidine bases showed the en-

dogenous stabilizing factor ran with cyclic
3’,5’-AMP and with 5-adenosylmethionine.
Of these compounds, only 5-adenosylmeth-
ionine significantly stabilized the enzyme
against thermal denaturation. In an effort
to construct a model system more appro-

priate to in vivo enzyme proteolysis, we
began studying the stabilization properties

of 5-adenosylmethionine against tryptic de-
struction of PNMT. The results were iden-
tical to those seen in the thermal denatur-

ation system, and suggested a potentially
important in vivo regulatory role for 5-
adenosylmethionine in maintenance of in-
tracellular PNMT levels.

2. Mechanism of SAM stabilization of

PNMT. There seemed to be two possible

mechanisms whereby SAM could stabilize

PNMT against in vivo proteolysis. In the
first case binding of SAM to PNMT would
bring about a change in the tertiary confor-
mation of the enzyme, making it a less
vulnerable substrate for intracellular pro-
teolysis. The second possibility involves

formation of a methylated enzyme, and
would be brought about by transfer of the
methyl group from 5-adenosylmethionine
to PNMT, possibly by esterification of free
carboxyl groups (8), again resulting in a
more stable enzyme configuration against

proteolysis.
The experiments with 5-adenosyihomo-

cysteine were undertaken to test these pos-
sibilities. If a methylated enzyme was being
formed, then S-adenosylhomocysteine
would not be expected to be an effective
stabilizing agent. On the other hand, if
binding without enzyme methylation was
the mechanism, S-adenosyihomocysteine

might be an even more effective stabilizer,
since it has a higher affinity for PNMT
than does 5-adenosylmethionine (5). The
results of these experiments showed S-ad-
enosylhomocysteine was a highly effective
stabilizer against tryptic denaturation of
PNMT, but not against thermal denatura-
tion. From these data, then, it seems rea-

sonable to make the following conclusions:
a) both 5-adenosylmethionine and 5-ade-
nosylhomocysteine are effective stabilizers;

b) the mechanism of stabilization probably
does not involve formation of a methylated
enzyme intermediate, and may involve a
conformational change in the enzyme in-
duced by direct binding of the stabilizer; c)
since S-adenosylhomocysteine does not sta-
bilize PNMT against thermal denaturation,
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stabilizers ofPNMT degradation. While it
seems likely that SAM and the stabilizing
factor are identical, additional evidence to
confirm this point is needed. Moreover, we
have not yet established that SAM is the
sole endogenous stabilizing factor. Other

compounds which bind to PNMT and
whose levels fall after hypophysectomy are

also appropriate candidates for considera-
tion. The most logical group of compounds
to test in this capacity are the biogenic

amine substrates of PNMT, and the reac-
tion product, epinephrine. Both the sub-

strates and the product bind to PNMT,
presumably at different sites (9). The levels

of epinephrine, but not norepinephrmne, fall
after hypophysectomy (10).

We have carried out an extensive series
of studies on the role of biogenic amine

substrates in the stabilization of PNMT.
Our results, which are described in the ac-
companying report (11) point to a probable
regulatory role for substrate, but not for
product, as well as for SAM, and indicate

that both substrate and SAM may work
together in regulating PNMT degradation.
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SUMMARY

MASOVER, S. J., D. M. BERENBEIM, AND R. D. CIARANELLO. Regulation of synthesis

and degradation of rat adrenal phenylethanolamine N-methyltransferase. IV. Syn-
ergistic stabilization of the enzyme against thermal and tryptic degradation by 5-

adenosylmethionine and biogenic amine substrates. Mol. Pharmacol. 16: 491-503

(1979).

The effect of several biogenic amines that are substrates for adrenal phenylethanolamine
N-methyltransferase (PNMT) on thermal and tryptic stability of the enzyme is described.
While all substrates tested were somewhat effective in stabilizing the enzyme against

tryptic degradation, only phenylethanolamine, phenylethylamine and octopamine were
effective in stabilizing PNMT against thermal denaturation. Stabilization of PNMT was
maximal when the m andp positions ofthe phenylethylamine nucleus were unsubstituted.
Thus phenylethylamine was the most effective stabilizing compound studied, while
norepinephrine was least effective. Epinephrmne was completely ineffective in stabilizing
the enzyme against proteolytic or thermal breakdown. The interaction of S-adenosyl-

methionine and substrate in protecting PNMT against thermal and tryptic degradation
was also tested. While both substrate and S-adenosylmethionine protect the enzyme

against tryptic proteolysis when present singly, the combination of the two compounds
affords a degree of stabilization that is substantially greater than that seen by either
compound alone. Moreover, the presence of substrate increases the affinity of the enzyme
for S-adenosylmethionine, thus reducing the concentration of S-adenosylmethionine
required for maximal stabilization of the enzyme. 5-adenosylmethionine does not increase
the affinity of PNMT for norepinephrine, nor does it augment the stabilization afforded

by substrate. These results suggest that in vivo PNMT proteolysis is controlled by the
constituents of the PNMT reaction, particularly S-adenosylmethionine. We postulate
that interaction of the transferase with its substrate and with S-adenosylmethionine
alters the spatial conformation of the protein in such a way that proteolytically vulnerable
sites on the molecule are protected.
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steady-state levels of rat adrenal PNMT2

by regulating the rate of in vivo proteolysis
of the enzyme. Further investigation has
disclosed the existence of an endogenous
compound which controls the thermal and
tryptic degradation of PNMT, and whose
levels are decreased or abolished by hypo-
physectomy and restored by glucocorti-
coids. Isolation and characterization of this

compound show it to have properties simi-
lar to those of 5-adenosylmethionine. 5-

adenosylmethionine stabilizes PNMT in

vitro against both thermal and tryptic deg-
radation, while administration of this corn-
pound in vivo to hypophysectomized rats
results in partial restoration of PNMT 1ev-
els.

These results led us to speculate that the
proteolysis of PNMT might be regulated in
vivo by the levels of SAM, which were in
turn regulated by adrenal glucocorticoids.
However, the problem is considerably more

complicated than this simple speculation.
S-adenosylhomocysteine, the demethyl-
ated analogue of SAM, also stabilizes
PNMT to tryptic proteolysis, although not
to thermal denaturation (3). Moreover
other compounds whose levels are altered
by hypophysectomy may also stabilize
PNMT. Any model, then, which attempts
to explain the regulation of PNMT prote-

olysis in vivo must take into account the

effects of hypophysectomy on SAM, on
SAH, and on other compounds which might
stabilize the enzyme.

Among this last group of compounds are
the biogenic amine substrates of PNMT,

and the reaction product, epinephrine. Dur-
ing the course of our studies on S-adeno-
sylmethionine it became apparent that, if

one reaction constituent (SAM), or its
product (SAH), could influence PNMT sta-
bility, then other compounds which were
reaction constituents might function in a

stabilizing role as well. PNMT catalyzes the
formation of epinephrine, a bimolecular re-

action in which SAM and norepinephrine
participate. Each reaction constituent has
a discrete binding site or sites, but epineph-

‘The abbreviations used are: PNMT, phenyletha-

nolamine N-methyltransferase SAM, 5-adenosyl-

methionine; SAH, reaction product of SAM, S-ade-

nosylhomocysteine.

rime, the reaction product, may have a bind-
ing site as well because it is a noncompeti-
tive inhibitor of the PNMT reaction (4).
Thus the possibility existed that one, two
or even three reaction constituents might
play a role in regulating PNMT degrada-

tion in vitro and, by extension, enzyme

proteolysis in vivo.

MATERIALS AND METHODS

Enzyme assays. Phenylethanolamine N-
methyltransferase activity was measured in
supernatant preparations from normal rats,
and in partially purified preparations ob-
tamed from bovine adrenal medullae. When
the rat adrenal enzyme was used, the ani-
mals were killed by cervical dislocation and

the adrenals were removed. The glands
were homogenized in 5 ml per pair 50 mm

Tris-HC1 buffer, pH 7.4. Following centrif-

ugation at 37,000 x g, the supernatants
were dialyzed overnight in the cold against
several changes of homogenizing buffer to
remove endogenous stabilizing factors, as
previously described (2). PNMT activity
was assayed using 100 �tl portions of the
supernatant incubated with 2 nmol [‘4C-
methyfl- or [3-H-methyl]-S-adenosylmethi-
onine, and appropriate amounts of nonra-
dioactive biogenic amine substrate.

Following incubation at 37#{176}for 30-60
mm, the radioactive N-methylated product
was extracted into 5 ml of a suitable organic
solvent system, from which 3 ml portions
were taken for liquid scintillation counting.

To minimize the effects of competitive in-
hibition, the same biogenic amine substrate
being tested for stabilization efficacy was
used to measure the residual PNMT activ-
ity remaining after denaturation (see be-
low). The substrates and the organic sol-
vent systems used to extract methylated

product were: phenylethylamine and phen-

ylethanolamine : toluene-isoamyl alcohol,
97:3; octopamine and noremetanephrine
toluene-isoamyl alcohol, 3:2; norepineph-
rine : NaCl-saturated butanol.

In later experiments PNMT from bovine
adrenal medulla was used as enzyme
source. The enzyme was purified through
the Sephadex G-100 step, as previously de-
scribed (5). Ten microliter portions of the
Sephadex-purified material was diluted
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with 90 ,il of 50 nm’i Tris-HC1 buffer, pH 7.4,

before being added to the assay system.
Thermal and Tryptic Denaturation

Studies. Studies on thermal and tryptic
stability of PNMT were performed on di-
alyzed rat adrenal supernatants, or on the
partially purified bovine enzyme, as previ-
ously described (2, 3). The effects of varying

concentrations of biogenic amine substrate

were tested by adding the compound to the
enzyme mixture prior to heating or to tryp-

tic proteolysis. The concentration ranges
chosen were determined by estimating the
Km of each substrate for PNMT and select-

ing an appropriate range of concentrations
on either side of the Km. At the termination
of heating or of tryptic digestion, residual
PNMT activity was determined by adding
2 nmol radioactive SAM and an appropri-

ate amount of the biogenic amine substrate
so that all tubes were assayed at a constant
substrate concentration. The final concen-
trations of amine substrates were: phenyl-
ethanolamine 1400 /LM, octopamine 9 /ZM,

normetanephrine 600 � norepinephrmne
35 LM. When phenylethylamine and epi-

nephrine were being tested, phenylethanol-
amine at a final concentration of 1400 /.tM

was used as the PNMT substrate.

Isotopes. [‘4C-methylJS-adenosylmethio-
nine, 60 mCi/mMol, or [3H-methyl]S-aden-
osylmethionine was purchased from Amer-

sham-Searle (Des Plaines, Ill.). When triti-
ated S-adenosylmethionine was used, the

specific activity was adjusted to 60 mCi!
mMol by the addition of unlabeled 5-aden-
osylmethionine (Sigma Chemical Co., St.
Louis), which had first been purified by ion-
exchange chromatography (6).

Statistical analysis. The determination

of the rate constants of denaturation in the
thermal and tryptic systems, as well as the
statistical tests used to determine differ-
ences between the regression coefficients,
have been described previously (2).

RESULTS

Comparison of thermal and tryptic sta-
bilities for rat and bovine PNMT. The

earlier studies in this series (1-3) were per-
formed on crude adrenal supernatants from
hypophysectomized rats. Subsequent stud-
ies revealed that dialysis of normal rat ad-

renal preparations removed the endoge-

nous stabilizing factors, yielding a PNMT
preparation with much higher enzyme ac-
tivity but with thermal and tryptic suscep-

tibility identical to that of enzyme from
hypophysectomized rats. Since bovine ad-
renals are an even richer source of the

enzyme, we investigated the thermal and
tryptic characteristics of PNMT purified

from this source. The behavior of bovine
PNMT in the thermal and tryptic denatur-
ation systems was compared to that of

PNMT from dialyzed preparations of nor-
mal rats and to crude preparations from
hypophysectomized rats to ensure that no
artifacts were being introduced by the
change in enzyme sources. Purified bovine
PNMT behaved identically to rat PNMT
with regard to its Km and EC�o for SAM, its
thermal half-life and its stabilization by 5-
adenosylmethionine (Table 1). Accord-
ingly, PNMT from bovine adrenals was

deemed an appropriate source of enzyme

material for use in these studies.

TABLE 1

Comparison ofproperties of rat and botine adrenal

PNMT

Adrenal supernatants from hypophysectomized or

normal rats were prepared as described in METHODS.

PNMT from bovine adrenal medulla was purified as

previously described (5); the purification protocol calls

for dialysis twice during the procedure. For the enzyme

from each preparation, the Km for phenylethanolamine

and for S-adenosylmethionine were determined by the

method of Lineweaver and Burk. The � of SAM

was determined by adding varying concentrations of

SAM to PNMT before heating to 50#{176},as described in

the previous report (3). The EC� was defined as that

molar concentration of SAM required to produce a

half-maximal stabilization of the enzyme against ther-

mal denaturation. The half-life at 50#{176}was determined

by heating the enzyme in the absence of any stabilizing

agents and determining loss of enzyme activity over

time, as described in (2, 3).

Enzyme K,, K,, ECr�,
source SAM phenyl- SAM

ethanol-
amine

‘

ti 2, 50#{176}

4tM) (SM) (SM)

Hypophysec-

tomized rat 2.66 71.4 2.80

Rat, normal

(dialyzed) 2.75 76.9 2.95

Bovine 2.86 67.0 2.71

(mm)

2.83 ± 0.15

2.54 ± 0.23

2.55 ± 0.14
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Michaelis-Menten determinations. Four
biogenic amines known to be PNMT sub-
strates (phenylethanolamine, norepineph-
rine, normetanephrine, octopamine) were
used to test whether these compounds sta-

biized PNMT against in vitro denatura-
tion. Phenylethylamine, a compound with
very limited substrate activity, was also

tested. To determine the concentration

range to be tested for each compound, the
Michaelis-Menten contant was first deter-

mined. Our findings agreed with those al-
ready in the literature, except that in our
hands octopamine has a slightly lower Km

than norepinephrine (usually norepineph-
rine has been reported to have a higher

affinity for the bovine enzyme than octo-

pamine [4]). Phenylethylamine, which is
ordinarily not considered a PNMT sub-

strate, was found to have very limited, but
measurable substrate activity.

Effects of PNMT substrates on enzyme

thermal stability. Each of the above com-
pounds was examined for its efficacy as a
stabilizer of PNMT against thermal dena-
turation (Table 2). The stabilization prop-
erties of 5-adenosylmethionine have al-
ready been described (3), but are included
in Table 2 for reference purposes.

5-adenosylmethionine was the most ef-
fective stabilizer against thermal denatur-

ation of the compounds tested. The maxi-
mal stabilization seen with 5-adenosyl-

methionine was 2.09-fold. The rank order
of stabilization with the amine substrates
was phenylethanolamine > octopamine>
normetanephrine > norepinephrine. It is
doubtful that the degree of stabilization
seen with normetanephrmne is statistically
significant. Norepinephrine, the natural
PNMT substrate, showed no thermal 5th-
biization. Epinephrmne, the product of the
PNMT reaction in vivo, was also ineffective

as a stabilizer against thermal denaturation.
Effect of PNMT substrates on enzyme

tryptic stability. We have observed
throughout these studies a high degree of
congruence between results obtained in the
thermal denaturation system and data from
the tryptic degradation system. However,
a disparity was observed with S-adenosyl-
homocysteine (3), which was ineffective in

protecting PNMT against thermal denatur-

TABLE 2

Effect of various substrates on PNMT thermal

stability

The stabilization constant and maximum stabiiza-

tion of each of the above compounds was tested. Each

compound was incubated over a wide concentration

range with bovine PNMT. Thermal denaturation at

50’ was carried out as previously described. K,, the

stabilization constant, was determined from a plot of

1/k versus 1/5, where k is the first-order rate constant

of thermal denaturation and S is the substrate concen-

tration (see figure 1 and [3]). The method is analogous

to the K,, determination of Lineweaver and Burk. The

maximum stabilization is defined as the maximum

half-life seen in the presence of the stabilizer divided

by the half-life observed in its absence. Thus a 1.00

value means a compound gave no significant degree of

stabilization at any concentration. Numbers in paren-

theses are the times an experiment was performed.

Substrate K, Maximum

stabiliza-
tion (fold)

(jiM) (mean ±
SEM)

S-adenosylmethionine (10) 0.481 2.09 ± 0.06

Phenylethylamine (2) -- 1.00 ± 0.08

Phenylethanolamine (4) 121.000 1.60 ± 0.02

Octopamine (4) 0.51 1.42 ± 0.03

Normetanephrine (2) 50.000’ 1.19 ± 0.02

Norepinephrine (2) -- 1.00 ± 0.08

Epinephrine (8) -- 1.00 ± 0.06

None -- 1.00 ± 0.12

(‘ The degree of stabilization seen with normeta-

nephrine was barely significant. The accuracy of the

K, value obtained, therefore, is suspect. As an addi-

tional control, a mock experiment was carried out in

which five separate thermal denaturation curves for

PNMT were obtained in the absence of any substrate

(“None”). The variation (SEM) in the mean half-life

obtained was ± 12%, thus making it unlikely that

normetanephrine is exerting any meaningful stabii-

zation of the enzyme.

ation but highly effective in inhibiting the
tryptic proteolysis of the enzyme. This sug-

gested that the chemical properties of a

putative stabilizer at 50#{176}might introduce
falsely negative artifacts into our conclu-
sions, and that a given compound should be

tested in both the tryptic and thermal sys-
tems before a judgment was made about its
stabilization efficacy.

Accordingly, the same group of biogenic
amine substrates was tested for stabiliza-
tion of PNMT against tryptic proteolysis.
Once again SAM was included for reference




