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Biopterin Cofactor Biosynthesis: Independent Regulation of
GTP Cyclohydrolase in Adrenal Medulla and Cortex

Abstract. Guanosine triphosphate cyclohydrolase, the enzyme that is apparently
rate-limiting in biopterin biosynthesis, is increased in adrenal cortex and medulla of
rats treated with insulin or reserpine. Denervation and hypophysectomy block the
increase in medullary and cortical enzyme activity, respectively, whereas cyclohexi-
mide prevents the increase in both tissues. These results provide evidence for
induction and regulation of guanosine triphosphate cyclohydrolase.

L-Erythro-5,6,7,8-tetrahydrobiopterin
(BH,) is the putative cofactor for mixed
function oxygenases participating in the
synthesis of tyrosine, catecholamines,
and serotonin (/) and in lipid metabolism
(2). The low concentration of tissue BH,
(3) relative to the Michaelis constants
(Ky's) of tyrosine, tryptophan, and
phenylalanine hydroxylases for BHy4 (/)
indicates that availability of this cofactor
could regulate the activity of these en-
zymes. Recently, large increases in the
BH, content of rat adrenal medulla and
cortex were observed after the adminis-
tration of insulin and reserpine, and
these increases were blocked by cyclo-
heximide (4). These results suggested
that the increase in cofactor concentra-
tion might be due to the induction of
synthesis of one or more of the enzymes
in the biopterin biosynthetic pathway.
Reserpine and insulin have already been
shown to induce the synthesis of adreno-
medullary tyrosine hydroxylase and do-
pamine B-hydroxylase (5, 6).

Reserpine acts on the adrenal medulla
by blocking the uptake of catechol-
amines into the storage vesicles and
indirectly, like insulin, by increasing
splanchnic nerve discharge (5). Both
drugs are also known to stimulate the
adrenal cortex by enhancing the secre-
tion of adrenocorticotropic hormone
(ACTH) from the pituitary (7).

These observations led to the exami-
nation of the effect of these drugs in
adrenal medullary and cortical guanosine
triphosphate (GTP) cyclohydrolase ac-
tivity (E.C. 3.5.4.16; p-erythrodihydro-
neopterin triphosphate synthetase), the
first, and probably the rate-limiting, en-
zyme in the pathway leading from GTP
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to BH, (8). In this report, we describe a
cycloheximide-sensitive increase in GTP
cyclohydrolase activity of adrenal me-
dulla and cortex following insulin or re-
serpine administration.

The specific activity of GTP cyclohy-
drolase is sixfold higher in the adrenal
medulla than in the cortex (Table 1).
Because of the larger mass of the cortex,
the total enzyme activity is approximate-
ly the same in the two tissues. Significant
increase in the activity of the enzyme in
both tissues occurred 12 hours after ad-
ministration of reserpine (Table 1) or 20
hours after administration of insulin (Fig.
1), the times at which maximum in-

creases in BH, in medulla and cortex
were observed (4). Reserpine treatment
did not modify the apparent K,,’s of the
cortical or medullary enzyme for GTP.
To test whether the increase in maxi-
mum velocity (V,ax) after reserpine ad-
ministration was due to induction of syn-
thesis of the enzyme, we injected reser-
pine simultaneously with cycloheximide
at doses previously shown to block the
induction of synthesis of tyrosine hy-
droxylase and opioid peptides in the ad-
renal medulla (5, 6, 9). The protein syn-
thesis inhibitor did not significantly af-
fect the tissue mass of cortex or medulla
but it decreased the specific activity of
GTP cyclohydrolase in the medulla. Fur-
thermore, cycloheximide completely
prevented the reserpine-mediated in-
crease in enzyme activity in both tissues.
Reserpine and insulin are known to en-
hance secretion of ACTH from the pitu-

“itary (7), and hypophysectomy suppress-

es the increase in cortical, but not in
medullary, BH, produced by these drugs
(4). To determine if the increase in GTP
cyclohydrolase was also hormonally me-
diated, we administered reserpine to hy-
pophysectomized animals. The adrenal
medulla showed no change, whereas the
cortex showed an apparent increase in
the specific activity of GTP cyclohydro-
lase after removal of the pituitary, pre-
sumably resulting from a faster loss of
total tissue mass than loss of the activity
of this enzyme (Table 1). Although reser-
pine produced its usual effect on the
medulla of hypophysectomized animals,
there was no effect on the cortex.

Both insulin-induced hypoglycemia

Fig. 1. Effect of denervation
on the response of adrenal
medullary and cortical GTP
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poglycemia. Increased splanch-
nic activation was obtained by
injection of 10 units of insulin
subcutaneously to fasted rats.
After 4 hours the hypoglyce-
mic shock was interrupted by
administration of 1.0 ml of 40
percent sucrose by means of
gastric tube and free access to
food. The animals were killed
20 hours later. Splanchnic
nerves were transected bilat-
erally between the diaphragm
and coeliac ganglia 14 days
before the experiment. En-
zyme activity was measured
as indicated in Table 1. Values
are means * standard error;

U,

-1150

i
Y
o
o
cyclohydrolase

{pmole/hour-mg protein)

1
o
o

Cortical GTP-

Denerv-
ation

Control Insulin

Denerv-
ation

Lok
insulin

N =5 except for the group
indicated by denervation plus
insulin, where N =3,
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when compared to denerva-
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and reserpine treatment indirectly in-
crease splanchnic nerve discharge to the
adrenal medulla (5). Splanchnic transec-
tion, which blocks the increase in medul-
lary but not in cortical BH,; (4), de-
creased the basal enzyme activity and
prevented the effect of insulin in the
adrenal medulla (Fig. 1). Adrenal dener-
vation produced a decrease in cortical
GTP cyclohydrolase but did not modify
the magnitude of the response to insulin.
The selective effects of hypophysectomy
and adrenal denervation indicate a differ-
ential control of the GTP cyclohydrolase
induction in the adrenal cortex and me-
dulla.

These results provide, to our knowl-
edge, the first demonstration of regula-
tion of GTP cyclohydrolase in vivo.
Although other interpretations are pos-
sible, the cycloheximide-sensitive in-
crease in enzyme activity with no change
in affinity for GTP support the sugges-
tion that there is induction of enzyme
synthesis, The differential control of
GTP cyclohydrolase by transsynaptic
stimulation of the medulla and through
the effect of the pituitary hormones on
the cortex indicates that these increases
are probably associated with the specific
synthetic and secretory function of these
two tissues, rather than being a nonspe-
cific response to pharmacological stress.
The activity of medullary and cortical
dihydrofolate reductase and dihydro-
pteridine reductase, two other enzymes
apparently involved in the synthesis and
maintenance of the cofactor in reduced

form, was also examined. Neither en-
zyme showed an increase in activity 24
hours after reserpine administration.
These results suggest a causal relation
between the increases in the biopterin
cofactor concentration (¢) and the regu-
lation of the enzyme. In the medulla, the
increase in GTP cyclohydrolase and its
final product BH, (4¢) probably contrib-
utes to the enhanced tyrosine hydroxyl-
ation that follows the drug-induced in-
crease in splanchnic nerve discharge
(10). The induction in GTP cyclohydro-
lase would thereby provide for an in-
creased turnover of the reduced cofactor
and allow tyrosine hydroxylase to func-
tion under more optimal conditions of
elevated cofactor concentration. It is
noteworthy that the increased splanch-
nic discharge or depletion of the vesicu-
lar catecholamine pool initiates a com-
plex series of mutually complementary
regulatory events in the adrenal medulla:
induction of tyrosine hydroxylase, dopa-
mine PB-hydroxylase, opiate peptides,
and chromaffin vesicle synthesis, along
with increased uptake and storage of
catecholamines (5, 6, 9) and increased
levels of BH, (4) and GTP cyclohydro-
lase. All of these changes are the expres-
sion of the ability of the chromaffin cell
to adapt biochemically to increased func-
tional demands (/7). The function of BH,
in the adrenal cortex and the reason for
this regulatory mechanism to control
GTP cyclohydrolase are unknown. The
dependence of the increases in cortical
GTP cyclohydrolase and BH, on the

Table 1. The activity of GTP cyclohydrolase in adrenal medulla and cortex. Groups of five male
Sprague-Dawley rats (175 to 200 g; Charles River) were injected intraperitoneally with reserpine
(5 mg/kg), cycloheximide (1 mg/kg), or both, 12 hours before they were killed. Hypophysecto-

my was done 12 days before the experiments.

Medullas were separated from cortices under a

dissecting microscope and the tissues homogenized in 0.5 ml of incubation buffer (0.1 tris-
HCI, pH 7.8, 0.3M KCIl, 2.5 mM EDTA, and 10 percent glycerol). After centrifugation, the
supernatant was applied to a small Sephadex G-25 column to separate the enzyme from small
molecular weight material. Portions of the void volume eluate (200 ul) were incubated in the
dark for 90 minutes with 2 mM GTP (the GTP concentration is at least 250 times higher than
the apparent K., of the medullary or cortical enzyme). The reaction was stopped and the
resulting reduced pteridines oxidized by the addition of 25 ul of 1 percent I, and 2 percent Kl in
1IN HCI. Protein precipitates were removed by centrifugation and 25 pl of ascorbic acid added
to the supernatant. After neutralization with NaOH the reaction product, neopterin triphos-
phate, was dephosphorylated by incubation with alkaline phosphatase (1 unit per incubation).
The resulting neopterin was separated and quantified fluorometrically as described (3). Values
are means * standard error; for the statistical analysis we used Student’s #-test.

Medulla (pmole/hour)

Cortex (pmole/hour)

Treatment Per milligram Per gland Per milligram Per gland
of protein of protein
Control 313 = 17 50+ 4 50+ 8 KX =)
Reserpine 722 = 67% 124 = 15* 147 = 26* 137 = 29*
Cycloheximide 207 £ 37* 32 £ 6% 45 = 8 50 = 16
Reserpine plus 255 £ 35 8+ 6 63 £ 15 48 = 13
cycloheximide
Hypophysectomy 385 = 88 20 £ 5% 86 = 8* 24 = 3
Hypophysectomy 646 * 86*T 33 £ 6* 92 + 17* 3412

plus reserpine

*P < 05 compared to control group.
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1P < .05 compared to hypophysectomy alone.

presence of the hypophysis suggest a
relation with the synthesis and secretion
of corticosteroids.

While BH, appears to be the essential
cofactor for phenylalanine, tyrosine, and
tryptophan hydroxylases and for the O-
alkyl-glycerolipid cleavage enzyme (/,
2), its widespread tissue distribution sug-
gests a participation in other, unknown
biochemical reactions. Thus, regulation
of GTP cyclohydrolase under situations
of increased demand for BH; may not be
limited to the adrenal medulla and cortex
but may also occur in other nonneuronal
tissues as well as in peripheral and cen-
tral catecholamine- and serotonin-con-
taining neurons.
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