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INTRODUCTION

A pyriraidodiazepine was discovered in Drosophila head extracts (it was

called "quench spot") (1), was shown to be deficient in the purple eye color

mutant (2), was produced enzymatically from dihydroneopterin triphosphate in

crude extracts (3) and by a partially purified preparation from Drosophila that

uses glutathione as cofactor (A), was identified as 6-acetyldihydrohomopterin

(Ahp) (5,6), has recently been synthesized by chemical procedures (7), and is

related to pteridine biosynthesis as shown in Figure 1.

The first enzyme in pteridine biosynthesis, GTP cyclohydrolase I, is a

likely site for regulation of pteridine biosynthesis to occur. Of particular

interest was the report th&t rat liver GTP cyclohydrolase I was strongly

inhibited by 0.2 nM sepiapterin (8). Other reasons to focus on GTP

cyclohydrolase I is that it responded to hormonal treatment (9) and was altered

in amount in a variety of mice with genetically based neurological and

immunological disorders (10). Genetic loci can greatly modify the activity of

GTP cyclohydrolase: Punch mutant in Drosophila (11) hph-1 in mouse (12) and

atypical phenylketonuria in human (13).

This report examines the ability of Ahp and sepiapterin to alter the

activity of GTP cyclohydrolase I from mouse liver, rat liver and Drosophila

head. It also confirms the low GTP cyclohydrolase activity in the mouse mutant

hph-1.
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MATERIALS AND METHODS

House livers were obtained from C3H, C57BL/6 x CBA F]/s and hph-1 males

(4-6 months old); the latter two were generous gifts from V. Bode and T. D.

McDonald at Kansas State University. Rat livers were from Wistar strain, age 6

months. Drosophila heads were obtained from the Oregon-R wild type strain, 0-2

days old (14).

Sepiapterin was obtained from £. Shirks Laboratories and Ahp was purified

from Drosophila heads (5).

Partial purification of GTP cyclohydrolase I followed the procedure of

Bellahsene et al. (8) and involved ammonium sulfate precipitation followed by

molecular sieve chromatography on Sepharose 6B. In some cases the liver

horaogenate was heated briefly to 60°C prior to fractionation. GTP

cyclohydrolase I activity was assayed by measuring the fluorescence of

dihydroneopterin triphosphate and related products after oxidation with I2 (15)

or by measuring the release of C-8 from [S-^CJGTP (16). In the fluorescent

procedure the assay solution for the liver enzyme contained 50 mM potassium

phosphate pH 8.0 and 0.67 mM EDTA (8); in the assay of the Drosophila enzyme

100 (M potassium phosphate pH 7.5. and 10 mM EDTA (17); 200 pM GTP was used for

quantitation and 100 /xM for scudies on sepiapterin and Ahp. Incubation

occurred in the dark; for the liver it was at 37° for 60 min and for the

Drosophila it was at 42° for 30 min. The reaction was terminated by addition

of HC1 and I2/KI, followed after 15 min by ascorbate. The pH was adjusted to 8

and fluorescence was determined by 356 run excitation and 454 run emission. A

standard curve for neopterin was used for quantiation.

The release of C-8 from [8-^C]GTP was measured by terminating the

reaction with 0.5M formic acid and 5% trichloroacetic acid. The supernatant



was mixed with acid-washed charcoal and the non-adsorbed material measured in a

scintillation counter (16).

RESULTS AND DISCUSSION

A marked discrepancy was found between the two assay procedures.

Relatative to the rate of neopterin formation we found that the rate of C-8

release from [8-*-4C]GTP was 4-14 times greater, depending on the treatment of

the liver extract (Table I). When [8-14C]GMP or [8-14C]guanine replaced GTP

the neopterin production was negligible, as expected, but the C-8 release was

substantial. If allopurinol was present the C-8 release was inhibited in the

case of the unheaued enzyme.

Table I
Comparison of Neopterin Production and C-8 Release

by Mouse Liver Enzyme Preparations

Substrate

A.
[8-14C)GTP

[8-14C]GMP

[8-14C]guanine

B.
[8-14C]GTP

Enzyme
Source

unhea£ed
heated

unheated

heated
heated

unheated

Assay

Neopterin
Production

2.6 /iM/rag
5.25 pM/mg

0 nmoles/ml

0.2 nmoles/ml
0.2 nmoles/ml

-

unheated +
100 /xM allopurinol

heated -

heated +
100 fiVL allopurinol

Procedure

C-8 Release

36.4 /iM/mg
19.7 /iM/mg

84 nmoles/ml

200 nmoles/ral
109 nmoles/ml

80 nmoles/ml

33 nmoles/ml

34 nmoles/ml

32 nraoles/ml

Ratio

C-8/neopteri:

14
4

A. The mouse liver enzyme was prepared in the standard manner that used tne
heated or unheated extract and chroniatography on Sepharose 6B.
B. The mouse liver enzyme was the 15,000 xg supernatant prepared from heated
or unheated extracts.
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These results indicate that other enzymes are metabolizing the guanine

ring at a greater rate than GTP cyclohydrolase I produces neopterin

triphosphate. Since allopurinol is known to inhibit xanthine oxidase and since

GMP and guanine are better substrates for C-8 release than GTP we suggest the

following pathway is used for much of the so-called C-8 release: the

phosphates of GTP are removed by enzymatic hydrolysis, the guanosine is

converted to guanine and ribose-1-phosphate by a liver nucleoside

phosphorylase and the guanine is oxidized to allantoin which does not adsorb to

charcoal. One or more of the postulated enzymes are heat labile and are

inactivated at 60°.

If indeed the C-8 release assay is measuring production of allantoin, as

well as formate, this assay is inappropriate for analysis of GTP cyclohydrolase

I in mouse liver preparations. Even after ammonium sulfate precipitation and

molecular seive chromatography on Sepharose 6-B, as described by Bellahsene et

al. (8), the C-8 release was 14X neopterin production when no heating step was

employed. After heating and the above steps the ratio of C-8 release/neopterin

production was 4. In the case of Drosophila head GTP .cyclohydrolase I

(unheated), also fractionated by salt precipitation and Sepharose 6B

chromatography, the ratio of C-8 release/neopterin production was ~2.5.

The GTP concentration vs velocity curve for the Drosophila head GTP

cyclohydrolase I was sigmoid and gave a Hill coefficient of 2, in agreement

with Weisburg and O'Donnel (17). The GTP concentration vs velocity curve for

the mouse liver enzyme was not sigmoid but neither was it hyperbolic. For the

enzyme from both organisms 100 pM GTP was limiting and was employed for the

experiments related to effects by Ahp and sepiapterin. Non-hyperbolic
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substrate concencration curves are often associated with enzymes that are

subject to feedback regulation.

The effects of Ahp and sepiapterin, summarized in Table II, were

determined using enzyme preparations that had been precipitated by ammonium

sulfate, dialyzed and chromatographcd on Sepharose 6B. In the case of the

unheated mouse liver two main chromatographic peaks were obtained regularly and

each peak was pooled and tested. The heated mouse liver and unheated

Orosophila head enzymes g3ve single symmetrical peaks which were each pooled

and tested. Neither Ahp nor sepiapterin inhibited the Drosophila enzyme but

stimulation did result at 1 /JM sepiapterin (Table II). Ahp caused inhibition

of the three mouse liver peaks examined, the heated form was more sensitive

than either unheated form. Due to background fluorescence 50 pM Ahp was the

highest concentration that could be tested. Sepiapterin was somewhat more

inhibitory than Ahp in the heated mousa liver GTP cyclohydrolase I and it also

was inhibitory preferentially on one of the unheated peaks. Background

fluorescence prevented studies above 15 pM sepiapterin. A modest stimulation

was seen for both pterins:sepiapterin at 2 pM stimulated one of the unheated

peaks to 111% and Ahp at 2 pM stimulated the heated enzyme to 118%.

Table II

Summary of Effects of 6-Acetyldehydrohomopterin and Sepiapterin
on GTP Cyclohydrolase I's

Enzyme Inhibition

Ahp Sp

_

Mouse

Rat -

- heated
- unheated I
- unheated II
heated

41 /iM
>50
>50
30-40

11.4
11.5
>15
<6.2
>0.2

Drosophila - unheated »50
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The possibility chat regulation by some effector can occur is indicated by

the non-hyperbolic substrate concentration curves for the Drosophila and mouse

enzyme. Further indications that some metabolic product can regulate the liver

GTP cyclohydrolase I comes from the inhibition by micromolar concentrations of

sepiapterin. Inhibition by sepiapterin was greater than for Ahp but the latter

gave a clear cut inhibition in two out of the three types of mouse liver

preparations. This offers encouragement for a irore detailed study of the

effects of these and other pterins in the case of the mouse liver GTP

cyclohydrolase I. The lack of effect by either sepiapterin or Ahp on

Drosophila GTP cyclohydrolase I is in marked contrast to the mammalian enzyme.

It is also significant that Ahp caused both inhibition and stimulation of the

mouse liver enzyme since Ahp is not known to occur in mammals. Since Ahp and

sepiapterin have structural analogy (18), they might be expected to have

similar effects. How«ver this seems not to be the case always since the

pattern of stimulation and inhibition (Table II) was not the same for the two

pterins.

Since the results with mouse liver were so different from those expected

from Bellahsene et al. (8) rat liver GTP cyclohydrolase I (heated) was also

purified through Sepharose 6B chroraatography and the pooled peak was examined

for response to 6-acetyldihydrohomopterin and sepiapterin. Up to 1 /iM of

either pterin there was no consistent inhibition; at 15 fill Ahp we found 20%

inhibition whereas 6 pM sepiapterin caused 100% inhibition.

To summarize these studies it was found that neither sepiap'cerin nor 6-

acetyldihydrohomopterin at <1 fM concentration caused significant inhibition

of GTP cyclohydrolase I from rat liver, mouse liver or Drosophila head. In the

case of mouse liver some enzyme preparations gave I50 of 11 pM sepiapterin and
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71 pM 6-acetyldihydrohoraopterin. In Drosophila head the I50 is higher but

could not be measured with this assay procedure. In the rat liver enzyme we

did not confirm the report that nanoraolar concentration of sepiapterin

inhibited but did show that 6 pM did. We also report that the C-8 release

assay is probably also measuring the conversion of GTP to allantoin and makes

it impossible to measure formate production by GTP cyclohydrolase I with the

charcoal adsorption assay. The results of Bellahsene et al. (8) that indicate

0.2 nH sepiapterin is a potent inhibitor may need reexamination. Shen and Alam

(19) examined a number of oxidized and reduced pterins for their ability to

inhibit rat liver GTP cyclohydrolase I; 50% inhibition was obtained by 2-15 fiH

in the most potent group of pterins, which included sepiapterin. Thus at

micromolar concentrations sepiapterin and other pterins do inhibit GTP

cyclohydrolase I and their role in regulation of this activity should be

explored.

The hph-1 Mouse Mutant

While the above study was underway we were fortunate to receive the new

hph-1 mutant from McDonald and Bode (12). We report here that the low GTP

cyclohydrolase I level that they reported (20) is confirmed. We found <2% of

normal activity in preparations obtained from Sepharose 6B from 4-5 month old

mice of the hph-1 as compared to the C57BL/6 X CBA background. Furthermore the

rate of phenylalanine clearance following injection of 1.25 g L-phenylalanine

per kilogram body weight remained very slow (>3 hrs) over the age range from 4

weeks to 6 months for the hph-1 strain. This mutant should provide a useful

model for atypical phenylketonuria which is due to a deficiency in GTP

cyclohydrolase I (13); the absence of obvious neurological defects in hph-1 is

an interesting contrast to the human mutant.
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