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Abstract—A new method was developed to study the tyrosine hydroxylase (TH) system in rat adrenal
slices by high-performance liquid chromatography (HPLC) with electrochemical detection (ED). TH
activity was measured by determining DOPA, formed in adrenal slices containing all of the components
of the TH system in the presence of an inhibitor of aromatic L-amino acid decarboxylase (NSD-1055),
using a new and highly sensitive HPLC-ED method. The properties of the TH system in the slices were
also examined. High K* (52 mM) stimulated the formation of DOPA in the slices; this stimulation was
not observed in Ca’*-free medium. Furthermore, the addition of ethyleneglycol bis (f-
aminoethylether)-N,N'-tetraacetic acid (EGTA) to a Ca’*-free medium not only abolished the stimu-
lation by high K* but also significantly inhibited the conversion of L-tyrosine to DOPA. This suggests
that intracellular Ca®* may regulate TH activity in the adrenal medulla. The enzyme in homogenates
of normal adrenal slices had two different K, values for the tetrahydropterin cofactor. Alteration of
enzyme kinetics using homogenates of adrenal slices that had been treated in various ways suggests that
changes in the proportions of the two forms of TH produced by intracellular Ca’* may regulate the
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activity of this enzyme in the adrenal medulla.

Tyrosine hydroxylase (TH,t EC 1.14.16.2) is a
monooxygenase that catalyzes the formation of
DOPA from L-tyrosine in peripheral and central
catecholaminergic neurons and chromaffin cells of
the adrenal medulla [1]. Regulation of TH activity
has been studied extensively in dopaminergic and
adrenergic tissues, and multiple mechanisms of TH
regulation in these tissues have been proposed [2].

In most procedures for measuring TH activity, a
tissue extract is made and saturating amounts of a
reduced pterin cofactor with a chemical or enzymatic
tetrahydropterin-regenerating system and tyrosine
are added to the reaction mixture, so that the rate
of formation of DOPA equals the Vi, and is pro-
portional to the amount of TH present. However,
to study the physiological regulation of the TH sys-
tem, it would be necessary to determine the rate of
conversion of tyrosine to DOPA in a relatively intact
tissue preparation such as tissue slices, in which all
of the components of the enzyme system may be
present at physiological levels. Using such an assay
system of TH, the effects of various pharmacological
and physiological interventions on the hydroxylating
system could be assessed. For this purpose we have
applied the recently developed high-performance
liquid chromatography (HPLC) with electrochemical
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+ Abbreviations: TH, tyrosine hydroxylase; HPLC,
high-performance liquid chromatography; ED, electro-
chemical detection; and 6MPH,, 6-methyl-5,6,7,8-
tetrahydropterin.
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detection (ED) to measure enzymatically formed
DOPA in tissue slices. HPLC-ED has enabled us
to determine femtomole levels of endogenous bio-
genic monoamines [3-8]. This HPLC-ED method
was applied to the assay of TH [9] and offers attrac-
tive features for routine use. By using this HPLC-
ED assay for TH [9] we have estimated the DOPA
formed in adrenal slices and studied the in situ regu-
latory mechanism of TH.

Stimulus—secretion coupling in chromaffin cells
and in adrenergic neurons is accompanied by an
acute increase in the rate of catecholamine synthesis
[10-14]. It has been demonstrated that Ca** is a
requirement for secretion to occur from chromaffin
cells [15, 16]. Furthermore, it has been proposed
that the release of Ca’* from some intracellular store
could activate the TH in rat pheochromocytoma cells
[17]. These results suggest that intracellular Ca**
may be one of the factors that regulate the TH
activity.

In the present paper, we describe the development
of a simple HPLC-ED method for measuring the
activity of TH in adrenal slices. Some of the proper-
ties of the TH assay system in adrenal slices and the
role of intracellular Ca’* in TH regulation are also
examined.

MATERIALS AND METHODS

Materials. Male Wistar rats weighing 220-280 g
were used for all experiments. Rats were housed five
per cage, at 24°, with ad lib. food and water and a
12 hr light—dark cycle.
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L-lyrosine, D-tyrosine, 2-mercaptoethanol and
alumina oxide were obtained from the Wako Pure
Chemical Co. (Osaka, Japan); 6-methyl-5,6,7,8-
tetrahydropterin (6MPH,4) from the Calbiochem-
Behring Corp. (Los Angeles, CA, U.S.A.); DL-a-
methyl-DOPA, pL-a~-methyl-p-tyrosine and EGTA
[ethyleneglycol  bis  (B-aminoethylether)-N,N'-
tetraacetic acid] from the Sigma Chemical Co. (St.
Louis, MO, U.S.A.); and catalase from the Boeh-
ringer Mannheim Corp. (Mannheim, West Ger-
many) NSD-1055 (brocresine; 4-bromo-3-hydroxy-
benzyloxyamine hydrochloride) was a gift from the
Sankyo Co., (Tokyo, Japan). All other chemicals
used were of analytical grade.

Krebs-bicarbonate solution was composed of
118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl,, 25 mM
NaHCO;, 0.1 mM MgSO,, 1.4 mM KH,PO, and
8 mM glucose. Incubation solution was continuously
bubbled with 95% O;5% CO,. The pH of the
medium was 7.2 following equilibration with 95%
0:-5% CO;. In some experiments, Krebs-bicarbon-
ate medium in which CaCl, was omitted or replaced
by 1 mM EGTA was used.

Measurement of DOPA formation in adrenal slices.
Rats were decapitated and the adrenal glands were
quickly removed and placed in cold Krebs-bicar-
bonate solution. The whole adrenals were blotted
carefully, weighed, and sliced with a razor blade
(thickness: 0.5 mm). The slices were then placed in
20ml of Krebs-bicarbonate solution maintained at
37° and bubbled with 95% Or5% CO,. After 30 min
of equilibration, 1 ml of the incubation medium,
containing 1 mM NSD-1055, an inhibitor of aromatic
L-amino acid decarboxylase, and 0.1 mM L-tyrosine,
was renewed, and the slices were further incubated
at 37°. After incubation, the slices and the medium
were homogenized with ethanol for the estimation
of DOPA as described below.

Kinetic studies of tyrosine hydroxylase. The
adrenal slices, incubated at 37° for 30 min in various
conditions were separated from the medium and
rinsed prior to homogenization. They were hom-
ogenized with 9vol. of 0.25 M sucrose, and the
homogenates were quickly used for kinetic studies
of TH. The final concentration of catecholamines in
the incubation mixture for the TH assay ir vitro was
about 107*M. At this concentration of catechol-
amine, the kinetic values for TH were not affected.
Enzyme activity was assayed according to a modi-
fication of the method of Nagatsu er al. [9]. The
standard incubation mixture consisted of the follow-
ing components in a total volume of 500 ul (final
concentrations in parentheses) 50 ul of 1 M potas-
sium phosphate buffer, pH 6.34 (100 mM), 100 ul of
1 mM L-tyrosine in 0.01 M HCI (200 uM or at various
concentrations for kinetic studies), 50 yl of 10 mM
6-methyl-5,6,7,8-tetrahydropterin (6MPH,, 1 mM or
at various concentrations for kinetics) in 1 M 2-mer-
captoethanol (100 mM), 20 ul of 2 mg/ml catalase
(40 pug/500 ply, 20 pl of 0.25 M sucrose (10 mM) con-
taining enzyme, and water. For the blank incubation,
D-tyrosine was used as a substrate instead of L-tyro-
sine, and 3-iodotyrosine (0.2 mM) was added to
avoid the enzymatic formation of DOPA from the
L-tyrosine that was present in the D-tyrosine in small
amounts as a contaminant. DOPA (1 nmole or
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500 pmoles) was added to another blank incubation
as an internal standard. Incubation was at 30° for
10 min, and DOPA that formed was assayed by
HPLC-ED as described below. With this assay
method, the reaction proceeded linearly with time
for 15 min at 30° and the reaction rate was linear up
to 2 mg of tissue.

Estimation of DOPA. For the estimation of DOPA
in both slices and homogenates, the reaction was
stopped in an ice bath with 4.5 ml of ethanol solution
containing 1nmole or 500 pmoles of a-methyl-
DOPA as an internal standard and 100 ¢l of 0.2 M
EDTA; the mixture was homogenized in a glass
Potter homogenizer and centrifuged at 3000 rpm for
30 min at 4°. To the supernatant fraction was added
500 ul of 2.5M Tris-HCI buffer (pH 8.6) to adjust
the pH to 8.0-8.5 and, then, 500 mg of acid-washed
alumina. The mixture was shaken for 2.5 min to
absorb DOPA. The supernatant fraction was dis-
carded, and the alumina was twice washed with 5 ml
of distilled water. After washing the alumina, 1ml
of 0.5 M HCI was added and DOPA was eluted for
1 min with shaking. The recovery of DOPA from
alumina was 60%, the same as that of a~-methyl-
DOPA. A 50-ul aliquot of the eluate was injected
into the high-performance liquid chromatograph
(Yanaco L-2000) with an Yanaco VMD-100 electro-
chemical detector and a column (25 cm x 0.4 cm
i.d.) packed with Yanapak ODS-T (particle size
10 um) (Yanagimoto Manufacturing Co., Fushimi-
ku, Kyoto, Japan). The mobile phase was 0.1 M
phosphate and methanol (100:6.5, v/v) with a flow
rate of 0.7 ml/min. The detector potential was set at
0.8V above the Ag/AgCl electrode. Under these
conditions the retention times were: solvent front,
2.2min; DOPA, 7.2min; and a-methyl-DOPA,
17.8 min.

RESULTS

To estimate TH activity in adrenal slices by
measuring the conversion of L-tyrosine to DOPA,
slices were incubated with or without exogenous L-
tyrosine and with NSD-1055, an inhibitor of aromatic
L-amino acid decarboxylase, in a Krebs-bicarbonate
solution after equilibration for 30 min in the absence
of exogenous tyrosine and NSD-1055. Figure 1 illus-
trates the effects of increasing concentrations of
NSD-1055 on the rate of DOPA formation in adrenal
slices. The formation of DOPA increased almost
linearly between the concentrations of 10™° and
1077 M NSD-1055 and reached a plateau at about
0.5 mM. In the absence of NSD-1055, 4.6 pmoles of
DOPA per 30 min was formed in the adrenal slices
under these conditions. The effects of increasing
concentrations of L-tyrosine on the rates of DOPA
formation are shown in Fig. 2. The rate of hydroxy-
lation of tyrosine in adrenal slices was linear with
respect to the concentration of exogenous L-tyrosine;
160 pmoles of DOPA was formed from endogenous
tyrosine. Usually, 1mM NSD-1055 and 100 uM
exogenous L-tyrosine were used in the slice experi-
ments. The effect of a-methyl-p-tyrosine, an inhib-
itor of TH, on the formation of DOPA from t-
tyrosine is shown in Fig. 3. a-Methyl-p-tyrosine (0.25
to 1 mM) depressed the formation of DOPA dose-
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Fig. 1. DOPA formation in rat adrenal slices in the presence
of NSD-1055. After equilibration at 37° for 30 min in a
Krebs-bicarbonate solution, adrenal slices were incubated
for 30 min at 37° in the presence of the indicated concen-
tration of NSD-1055 and 100 uM L-tyrosine. DOPA formed
is expressed as picomoles per one adrenal. The numbers
in parentheses indicate the numbers of individual experi-
ments. Data are plotted as the means, and vertical bars
illustrate the S.E.M.

dependently, and a complete inhibition was observed
at 1 mM a-methyl-p-tyrosine.

Figure 4 shows that DOPA formation was linear
for 60 min. The adrenal slices were equilibrated for
30 min with Krebs-bicarbonate solution containing
the normal low concentration of K*, 4.7 mM.

When the slices were depolarized for 30 min in a
Krebs-bicarbonate solution containing 52mM K*
and then transferred to the normal, low [K'],
Krebs-bicarbonate solution containing L-tyrosine
and NSD-1055, there was a significant increase in
DOPA formation. As can be seen in Fig. 4, when
slices were incubated for 15 min with L-tyrosine and
NSD-1055 following 30 min of K*-depolarization,
there was a 76.9% increase in the formation of
DOPA compared to non-depolarized control slices.
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Fig. 2. Effect of L-tyrosine on DOPA formation in rat
adrenal slices. After equilibration at 37° for 30 min in a
Krebs-bicarbonate solution, adrenal slices were incubated
for 60 min at 37° in the presence of the indicated concen-
tration of L-tyrosine and 1 mM NSD-1055. DOPA formed
is expressed as picomoles per one adrenal. The numbers
in parentheses indicate the numbers of individual experi-
ments. Data are plotted as the means, and vertical bars
illustrate the S.E.M. Key: (*) statistical difference between
the activity without exogenous tyrosine and that with
exogenous tyrosine (P <0.05), calculated according to
Student’s t-test.
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After prior incubation with 52 mM K*, adrenaline
and noradrenaline contents were 40.7 + 3.6 and
14.3 + 4.5 nmoles/adrenal, respectively, and we did
not observe significant differences in catecholamine
contents between 0 and 15 min. When the high K*
medium was maintained throughout the 60 min of
incubation with tyrosine and NSD-1055, TH activity
was stimulated about 4-fold. As shown in Fig. 4,
high K* stimulated significantly the TH activity only
during the first 15-min period. It is, therefore, specu-
lated that the TH activated by prior incubation with
high K* remained an active form only for 15 min
and that, thereafter, may have been converted to a
less active form.

The ability of K*-depolarization to increase the
rate of formation of DOPA from L-tyrosine was
examined in a Ca’*-free medium. The results in
Table 1 show that, when Ca?* was omitted from the
control incubation medium, stimulation by high K*
was not observed, although a slight, but not stat-
istically significant, activation of TH in the Ca**-free
medium was observed. In many studies, when Ca*
was introduced into medium which had been Ca**-
free, a brisk uptake of Ca?* appeared to take place,
associated with exocytotic release of neurotransmit-
ter. This slight activation may have been due to brisk
uptake of Ca**. Furthermore, the addition of a Ca®*
chelator, EGTA, to a Ca?"-free incubation medium
not only abolished the stimulation by high K* but
also significantly inhibited the conversion of L-tyro-
sine to DOPA.

To assess whether the effect of the EGTA was a
reversible phenomenon or not, the adrenal slice was
washed with normal Krebs-bicarbonate solution for
30 min after the incubation in high-EGTA, Ca®*-free
medium. After washing, 92.1% of the TH activity
was recovered. This result indicated that, in the
high-EGTA, Ca?*-free medium, TH was neither
irreversibly inactivated nor denatured.

The kinetic parameters of TH were determined
using homogenates of adrenal slices equilibrated for
30 min in normal medium, high K* medium, or
high-EGTA, Ca®'-free medium. The adrenal
enzyme, following the equilibration in the normal
Krebs-bicarbonate solution, did not obey normal
Michaelis-Menten kinetics toward 6MPH,. As
shown in Fig. 5A, two different K, values were
obtained depending on whether the concentrations
of 6MPH, were lower or higher than 100 uM. At
concentrations lower than 100 uM, a relatively low
K., value of about 100 uM was observed, whereas
at concentrations higher than 100 uM the K, value
was about 350 uM. In the adrenal enzyme of slices
equilibrated with high-EGTA, Ca®*'-free Krebs-
bicarbonate solution for 30 min, such deviation from
Michaelis-Menten kinetics was more pronounced.
In contrast, the enzyme activated in high K* gave
a single low K, value of about 100 uM. The apparent
K, values, for tyrosine, of adrenal enzyme in hom-
ogenates of slices incubated under the three different
conditions were similar and were about 20 uM,
respectively, when the TH assay was performed in
the presence of 1 mM 6MPH,. As shown in Fig. 5B,
the Lineweaver-Burk plots for tyrosine gave straight
lines, suggesting that the enzyme obeyed
Michaelis-Menten kinetics.
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Table 1. Effect of Ca** removal on K*-induced activation of DOPA formation in rat
adrenal slices™

DOPA formed (pmole/adrenal)

Incubation

condition 4.7mM K~ 52mM K* (%)

Normal 572+ 7.8(7) 101.2 = 4.7(4) 176.9%
Ca** free 68.7 = 16.6(5) 91.9 +28.1(5) 133.8

Ca’* free + EGTA 109 = 0.6(3) 11.9= 0.8(3) 109.2

* After equilibration in a normal K*, or high K*, Krebs-bicarbonate solution under
the indicated conditions for 30 min at 37°, adrenal slices were incubated for 15 min at
37° in a Krebs-bicarbonate solution containing 1 mM NSD-1055 and 100 uM tyrosine.
DOPA formed was expressed as picomoles per one adrenal. Values in parentheses
indicate the numbers of individual experiments. Results are means = S.E.M. In the
right-hand column, the DOPA formed in the presence of 52 mM K™ is expressed as a

percentage of that from samples incubated in the presence of 4.7 mM K*.
1 Statistical difference between the response of normal medium and that of high K*

medium (P < 0.05).
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Fig. 3. Typical HPLC-ED pattern of endogenous DOPA formed from L-tyrosine in rat adrenal slices.
(A) After equilibration at 37° for 30 min in a Krebs-bicarbonate solution, adrenal slices were incubated
with 100 uM L-tyrosine and 1 mM NSD-10355 for 30 min at 37°. (B) After equilibration with 1 mM o~
methyl-p-tyrosine in a Krebs-bicarbonate solution for 30 min at 37°, adrenal slices were incubated with
1mM a-methyl-p-tyrosine, 100 uM L-tyrosine and 1 mM NSD-1055 at 37° for 30 min. The downward
arrow indicates the time when samples were injected. Solvent front contained the peaks of noradrenaline
and adrenaline. One nanomole of a-methyl-DOPA (a-M-DOPA) was added to each sample after the
incubation, as an internal standard. The experimental conditions are described in Materials and
Methods.

DISCUSSION

We developed a new method of TH assay in rat
adrenal slices using HPLC-ED. All of the compo-
nents of the TH system, i.e. the tetrahydropterin
cofactor (probably tetrahydrobiopterin), dihydrop-
teridine reductase, tyrosine, and the hydroxylase
itself, are present under conditions which should be
representative of the actual physiological state of the
animal. By employing an inhibitor of aromatic L-
amino acid decarboxylase, we were able to measure
TH activity by determining the DOPA formed from
tyrosine in rat adrenal slices. As shown in Fig. 1,
the optimal concentration of NSD-1055 to estimate

the hydroxylase system in adrenal slices was 1 mM.
An HPLC-ED method for the TH assay [8] has
many advantages. For example, the method is highly
sensitive, simple and rapid, and economical since
radioactively labeled substrate and a liquid scintil-
lation spectrometer are not needed. We applied the
HPLC-ED method to the determination of endogen-
ous DOPA formed from tyrosine in rat adrenal slices.
As shown in Fig. 3, the DOPA peak detected by
HPLC-ED was completely abolished in the incu-
bation with 1 mM a-methyl-p-tyrosine, a potent TH
inhibitor. This indicates that DOPA formation from
tyrosine in adrenal slices depends upon TH activity.
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Fig. 4. Time course of DOPA formation in rat adrenal
slices in normal or high K* medium. After equilibration
with normal K* (@) or high K* (O) Krebs-bicarbonate
solution at 37° for 30 min, adrenal slices were incubated
for various periods of time in a Krebs-bicarbonate solution
containing 1 mM NSD-1055 and 100 uM L-tyrosine at 37°.
DOPA formed was expressed as picomoles per one adrenal.
The numbers in parentheses indicate the numbers of indi-
vidual experiments. Data are plotted as the means, and
vertical bars illustrate the S.E.M. Key: (*) statistical dif-
ference between control and treated groups (P <0.05),
calculated according to Student’s t-test.

The experimental system developed in this study
to measure TH activity in adrenal slices consisted of
two stages. Adrenal slices were first equilibrated with
test or control medium and then transferred to fresh
medium containing NSD-1055 and L-tyrosine for the
TH assay incubation. In this way, the activity of TH
in adrenal slices, manipulated under various circum-
stances, always could be measured under the same
conditions.

Incubation of adrenal slices in medium containing
high K* resulted in stimulation of DOPA formation.
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The action of high K* was dependent upon the
presence of extracellular Ca®*. In contrast, the
addition of EGTA to a Ca?*-free medium signifi-
cantly inhibited the conversion of L-tyrosine to
DOPA. The striking effect of Ca>*-free medium plus
EGTA versus Ca?*-free medium is considered to be
due to inhibition of TH. However, alternative pos-
sibilities are also probable. First, prior incubation
with EGTA may inhibit the uptake of tyrosine, and
the formation of DOPA could then be reduced
because of reduced substrate availability. However,
since the tissue concentration of tyrosine was as high
as about 100 uM, the reduced uptake, if any, may
not have affected the DOPA formation so markedly.
Second, prior incubation with EGTA may inhibit
the uptake of NSD-1055, and therefore DOPA
would be converted to catecholamine which would
not be detected in the assay employed. However,
EGTA was only included in the prior incubation
mixture and not during the incubation with NSD-
1055. Thus, the uptake of NSD-1055 may not have
been affected. Third, EGTA may produce a per-
sistent effect on the membrane, allowing newly
formed DOPA to leak out of slices into the medium.
However, since our assay method measured DOPA
in both the slices and the medium, such a change
would not have affected our assay of enzymatically
formed DOPA. It is concluded, therefore, that the
effect observed may have been directly on the
enzyme.

The experiments indicate that decrease of intra-
cellular Ca®* concentration reduced the TH activity
in adrenal slices. It is well known that an increase
in the frequency of nerve cell impulses cause an
increase in the frequency of depolarization of the
neuronal terminals, with a consequent increase in
the influx of Ca?*. It seems likely, therefore, that
the effects of high K* on DOPA formation may have
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Fig. 5. Lineweaver-Burk plots illustrating the effect of 6-methyl-tetrahydropterin (A) or tyrosine (B)
on the rate of DOPA formation by TH in homogenates of rat adrenal gland slices. TH activity was
measured in homogenates of slices that had been equilibrated with normal (O}, high K* (@) or high-
EGTA, Ca’*-free () medium for 30 min. The values shown are means from three experiments
+ S.E.M. (A) Concentration of tyrosine, 2 X 10~*M. (B) Concentration of 6-methyl-5,6,7 8-tetra-
hydropterin, 1 x 107> M. The K, values and maximum velocities were determined from Lineweaver—
Burk plots. Key: (*) statistical difference between control and treated groups (P < 0.05), calculated
according to Student’s r-test.
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been mediated by uptake of Ca®* into the cells.
Morgenroth et al. [18] reported that addition of Ca®*
to a crude TH preparation of noradrenergic regions
of the brain produced a marked activation of TH.
In pheochromocytoma cells, the activation of TH by
lasalocid, a Ca** ionophore, is not dependent upon
the presence of extracellular Ca®* {17]. Our results,
together with the above-mentioned reports, suggest
that intracellular Ca** may regulate TH activity in
the adrenal gland.

In the present studies, the kinetic parameters of
TH in adrenal slices homogenates were found to be
considerably modified when adrenal slices were
incubated prior to enzyme assay in vitro. The hom-
ogenates prepared from normal adrenal slices had
two different K,, values for the tetrahydropterin
cofactor, depending upon its concentrations. This
result suggests that the enzyme may exist in two
forms, a less active form with a relatively low affinity
for pterin cofactor and a more active form in which
the affinity for pterin cofactor is enhanced. In con-
trast, homogenates of adrenal slices depolarized by
high K* had a single, low K, value for pterin cofactor
with classical Michaelis—-Menten kinetics. This acti-
vation of TH was also associated with an increase
in the V. of the enzyme for its pterin cofactor.
Very similar kinetic alterations of TH of the rat
adrenal medulla after the application of acute stress
have been reported by Masserano and Weiner [19].
They indicated that the kinetic change of adrenal
TH is essentially similar to the effect of acute stress
on the cyclic AMP-dependent protein kinase system.
In recent years, there have been a number of studies
which have shown that direct enzyme phosphoryl-
ation [20] causes activation of TH associated with
kinetic changes. Joh et al. [21] have reported that
activation by phosphorylation increases the V. of
TH without changing the K, of the enzyme for pterin
cofactor. On the other hand, it was reported that
the K., for pterin cofactor is decreased by phos-
phorylation, with no change in Vmax [22, 23].

In summary, the observations reported here indi-
cate that incubation of adrenal slices in a high K*
medium brings about an increase in the activity, as
well as changes in the kinetic properties, of TH. This
activation in the enzyme did not occur in Ca®*-free
medium, and it seemed to be dependent on Ca®*
uptake in chromaffin cells. In addition, the inacti-
vation of the enzyme observed in high-EGTA,
Ca?*-free medium suggests that TH activity may be
affected by changes of intracellular Ca®* concentra-
tion. On the basis of this evidence, we speculate that

A. ToGARl, T. KaTo and T. NAGATSU

TH activity may be regulated through a Ca**-depen-
dent event which is influenced by changes in intra-
cellular Ca’* concentration. Further experiments on
the physiological significance of the two forms of TH
with different K, values for the pterin cofactor
should be helpful in elucidating the details of the
mechanism involved in TH activation.
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