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ABSTRACT

The enzyme 6-pyruvoyl tetrahydropterin synthase (PTP synthase) is 

the second enzyme in a four - step pathway which leads to the production 

of tetrahydrobiopterin, the cofactor for aromatic amino acid 

hydroxylations. In attempts to develop an assay, PTP synthase was 

characterized in terms of what effect its concentration, substrate 

(dihydroneopterin triphosphate-h^NTP) concentration, incubation time,

and cofactor concentration had on product (sepiapterin) formation. In a 

reaction mixture of 100 pi, sepiapterin production is proportional to 

enzyme amount only up to 10 pi of enzyme. Sepiapterin production is 

linear to substrate concentration up to 60 pM after which, sepiapterin 

production levels off. Sepiapterin production increases linearly for 60 

min and then falls off this course and levels off. The cofactors, Mg++ and 

NADPH had no limiting or inhibiting effects of sepiapterin production at 

the concentrations tested.
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INTRODUCTION

Overview of Sepiapterin Pathway

The enzyme 6-pyruvoyl tetrahydropterin synthase (PTP 

synthase) catalyzes a magnesium dependent reaction which produces 

6-pyruvoyl tetrahydropterin (PTP) from dihydroneopterin 

triphosphate (H2NTP). The substrate for PTP synthase, H2NTP, is

synthesized from guanosine triphosphate (GTP) by GTP 

cyclohydrolase. PTP is then converted to 6-lactoyl tetrahydropterin 

(LTP) via an NADPH dependent reaction catalyzed by 6-lactoyl 

tetrahydropterin synthase (LTP synthase). LTP then undergoes an air 

oxidation to form sepiapterin. LTP may also be converted to 

tetrahydrobiopterin (BH4) in a NADPH dependent reaction by 

sepiapterin reductase. BH4 is the cofactor for aromatic amino acid 

hydroxylations [1] Fig. 1.

The objective of this project is to develop a successful assay 

for PTP synthase, the second enzyme in the aforementioned pathway. 

The most logical way to determine some of the features and 

characteristics of this enzyme is to combine it under the proper 

conditions with H2NTP and the magnesium cofactor and analyze the

product PTP. However, this is not a plausible method due to the fact 

that PTP is not a stable molecule and cannot be isolated. The LTP 

intermediate is stable only under anaerobic conditions [2], which 

were not employed, so it could not be used as an indicator of PTP 

synthase activity either.
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Fluorescence is exhibited by oxidized pteridines and thus many 

quantitative analyses are based on their fluorometric detection [3]. 

Since such techniques were applied as the means to quantitate 

products in the pathway, it is desirable to use a pathway 

intermediate that has strong fluorescent properties. It therefore 

becomes a very feasible alternative to use sepiapterin (a strong 

fluorescent molecule) production as a measure of PTP synthase 

activity. Sepiapterin gives a stronger fluorescent signal than any of 

the more reduced dihydropterins which are intermediates in the 

pathway.

In order to develop a successful assay, it is necessary to 

characterize and recognize features of the enzyme of interest. For 

example, if a given amount of enzyme is reacted with a given 

amount of substrate there should be a certain amount of product 

made. This gives the investigator guidelines by which to evaluate 

the enzyme in future experiments. For instance, if it is desired to 

evaluate some mouse mutants that are deficient in their ability to 

hydroxylate phenylalanine, the assay developed with normal rats or 

mice can be used to determine if that defect is due to a deficiency in 

6-pyruvoyl tetrahydropterin synthase.

One parameter determined with this assay is the effect enzyme 

concentration has on sepiapterin production. Another is the effect 

substrate concentration has on sepiapterin formation. Also, what 

effect does length of incubation have on product formation (this is 

commonly called a time course). Finally, how will variations in the 

concentrations of the cofactors, magnesium and NADPH, affect
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sepiapterin production.

Signal to Noise Ratio

One problem that must be controlled during experimentation is 

the amount of background present in the assay runs. Background in 

this case is all the fluorescence in the final reaction solution not 

due to sepiapterin production, the most probable source of which is 

the crude enzyme extract. The amount of background is taken to be 

the fluorescence present in the control reactions, because those 

have no sepiapterin production at all. Ideally, the ratio of 

sepiapterin fluorescence to background fluorescence (or the signal 

to noise ratio) should be anywhere from 4 to 6. This can obviously 

happen in one of two ways. One is to reduce the background and the 

other is to increase the fluorescence of sepiapterin. We attempted 

the latter by oxidizing sepiapterin and the former by combining the 

enzyme systems from Drosophila melanogaster. and the rat kidney.

Oxidation of Sepiapterin

Sepiapterin was oxidized as an effort to strengthen its 

fluorescent ability. Theoretically, this ability is contingent on the 

oxidation state of sepiapterin. In its oxidized form, there is more 

resonance and more ring delocalization so there should be a stronger 

fluorescent signal.
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Combining Enzyme Systems

If the rat kidney enzyme extract is heated, a majority of the 

background in the extract is destroyed. Although PTP synthase is 

heat stable and would not be affected by the heating, such an act 

would destroy LTP synthase, due to its heat lability [4]. The 

reaction mix could, however, be provided with a source of the LTP 

synthase from a mutant strain of D. melanogaster. This strain is the 

purple mutant, prC4cn/prm2bcn, which lacks or is at least deficient 

in the enzyme of interest, PTP synthase. By combining these two 

systems, the new assay would still be judging sepiapterin 

production based only on a PTP synthase enzyme from the rat kidney 

model.
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LITERATURE REVIEW

Biological Significance

Tetrahydrobiopterin (BH4) is a cofactor for some very important 

aromatic amino acid hydroxylations. For example, tryptophan is 

converted to 5-OH tryptophan via tryptophan hydroxylase using BH4

as a cofactor, and this 5-OH tryptophan is then converted to the 

neurotransmitter serotonin. DOPA, dopamine and norepinephrine are 

also important neurotransmitters that are produced from tyrosine 

via tyrosine hydroxylase again using BH4 as a cofactor [5].

Following the same mechanism is phenylalanine hydroxylase 

which converts phenylalanine to tyrosine. A blockage of this 

pathway results in a build-up of phenylalanine termed 

hyperphenylalaninemia. This condition often manifests itself 

through the disease phenylketonuria or PKU. Classical PKU is a 

consequence of an inherited defect in the enzyme phenylalanine 

hydroxylase, but there have been reported cases of 

hyperphenylalaninemia where a deficiency of BH4 was the cause. In

one Canadian study, approximately 2% of all hyperphenylalaninemic 

babies was due to this cofactor deficiency. Either defective 

synthesis or recycling of BH4 could restrict the hydroxylation of 

phenyalanine to tyrosine [6].
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Biosynthetic Pathway of Tetrahydrobiopterin and 

Sepiapterin

It is generally accepted that the first reaction in the 

biosynthesis of BH4 is catalyzed from guanosine triphosphate (GTP) 

by a single enzyme, GTP cyclohydrolase I (EC 3.5.4.16), the 

enzymatic product being dihydroneopterin triphosphate (H2NTP) [7].

This is then converted to 6-pyruvoyl tetrahydropterin (PTP) from the 

heat stable PTP synthase in the presence of Mg2+. PTP is then 

converted to 6-lactoyl tetrahydropterin (LTP) from the heat labile 

LTP synthase in the presence of NADPH. This LTP has two possible 

fates. In the presence of oxygen it is converted to sepiapterin and in 

the presence of sepiapterin reductase it is converted to 

tetrahydrobiopterin [8]. Earlier reports [9-13] claimed that the 

biosynthetic pathway of BH4 involved sepiapterin as an intermediate 

and that this was converted by sepiapterin reductase (EC1.1.1.153) 

to dihydrobiopterin (BH2). The last reaction in the biosynthetic 

pathway of BH4 was proposed to be the reduction of BH2 to BH4 by 

dihydrofolate reductase (EC 1.5.1.3) [14]. (A diagram showing the 

role of BH4 as cofactor and of its biosynthesis is shown in Fig. 2.)

However, Duch et al. [15] reported as a new important finding, 

that BH4 biosynthisis was not inhibited by methotrexate, a potent 

dihydrofolate reductase inhibitor, and they suggested that BH4

biosynthesis might proceed via tetrahydropterin intermediates [16]. 

Once tetrahydrobiopterin is used in the hydroxylation it forms
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quinonoid dihydrobiopterin which is converted back to BH4 by 

dihydrobiopterin reductase [17].

Medical Relevance

From a study based on 51 hyperphenylalaninemia patients with 

BH4 deficiency, it was shown that at least 53% of the patients were

deficient in either PTP or LTP synthase, 43% were deficient in 

dihydropteridine reductase, and the final 2% deficient in GTP 

cyclohydrolase. The defective hydroxylation of tyrosine and 

tryptophan can eventually cause a shortage of neurotransmitters 

dopamine and serotonin, which does not occur in classical PKU. The 

classical PKU patients can be treated relatively effectively by 

dietary restriction of phenylalanine. In BH4 deficient patients,

dietary control alone does not prevent the neurological damage 

presumably caused by a deficiency of neurotransmitters. Limited 

success in management of these patients has been achieved when 

supplements of BH4 or dl-6-methyl-5,6,7,8-tetrahydropterine

(6MP) are given with or without dietary restriction of phenylalanine 

[18],

Many investigators have explored this BH4 synthesizing pathway

in hopes of elucidating some characteristics of the different 

enzymes in it. Our goal was to study the second enzyme in this 

particular pathway, PTP synthase. Others have investigated the 

same enzyme with slightly different approaches and consequently
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different results. For example, our assay for PTP synthase was 

based on the observation that sepiapterin is produced if H2NTP is

incubated with a PTP synthase containing extract and necessary 

cofactors, and analysis of the sepiapterin product was done 

fluorometrically. Yoshioka et al. based their enzyme activity ckg the 

observation that PTP is degraded to pterin and pyruvic acid under 

acidic conditions [19]. They quantitated products of the pathway by 

high performance liquid chromatography (HPLC). They employed a 

second means of quantitation also. When [U-14C]-H2NTP was used as

the substrate, PTP synthase could be assayed by determining the 

radioactivity of pyruvic acid as its hydrazone [20]. Niederwieser et 

al. used the HPLC method of pterin analysis as well [21].
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MATERIALS AND METHODS

< Enzyme Preparation

The rat kidneys were either obtained fresh or taken from -80° 

C storage. Homogenization was in pH 7.0 potassium phosphate buffer 

(4ml/mg tissue) in a Kontes conical homogenizer. After the 

homogenate was centrifuged for 60 min at 15,000 rpm at 4° C, the 

supernatant was filtered through cheese cloth to remove lipids. The 

supernatant, cooled to 0° C was brought to 35% saturation with 

ammonium sulfate which must be added slowly to ensure an even 

salt distribution. If any one portion of the solution becomes too salt 

concentrated, the desired protein may precipitate out.

This was allowed to stir for 40 min and then centrifuged at 

15,000 rpm for 24 min at 4° C. The supernatant may require a 

second cheese cloth filtration if lipids are still present. The 

recovered supernatant was brought to 55% saturation with 

ammonium sulfate (A.S.). Again the salt was added slowly and this 

was allowed to mix for 30 min. After centrifugation for 24 min at 

15,000 rpm and 4° C, the supernatant was discarded and the 

precipitated enzyme was dissolved in 0.5 to 1.0 ml of 10 mM 

potassium phosphate buffer pH 6.0. This was placed in a dialysis bag 

(previously boiled in a 1 mM EDTA/10 mM potassium phosphate 

buffer pH 6.0) and dialyzed against 3 L of the phosphate buffer for 

at least 12 hr. The extract was then centrifuged (Eppendorf) for 5 

min at 14,000 rpm and the resultant supernatant stored at -80° C. 

All procedures were done on ice.
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H2NTP Preparation

Amicon Ultrafiltration Cell

The production of H2NTP from GTP can be performed

adequately in a 50 ml Amicon ultrafiltration cell with a PM 10 

membrane. To this cell, a reaction mixture consisting of the 

following was added:

TNE - 4 ml (TNE consists of 1 M Tris-HCI pH 8.5, 1 M NaCI and 

0.1 M EDTA pH 7.5)

H2O - 8 ml

GTP-0.1 ml

Bovine serum albumin (BSA) - 9 mg

GTP Cyclohydrolase - (from E. coli) -1 ml

This reaction was thoroughly mixed and incubated at 42° C. Due 

to the susceptibility of pteridines to photooxidation, all operations 

were done in the dark. If the enzyme is fresh, the maximum H2NTP

production is reached in about 3 hr. If the enzyme has been used 

repeatedly, the reaction may not reach a maximum for 22 hr [22]. 

The reaction mix can be made up with twice or three times each 

amount and allowed to run overnight. This will allow for two or 

three times as much H2NTP production.

This reaction is followed with absorbance readings of the 

reaction mix taken periodically at a wavelength of 330 nm.
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Adequate H2NTP production has occurred if the A330 is anywhere

from 0.500 to 1.00 O.D. units. To make an absorbance reading, a 

small aliquot from the Amicon cell was removed with a pasteur 

pipette and placed in a cuvette for reading.

When the reaction has reached a maximum, the Amicon cell was 

attached to a compressed N2 tank and the reaction solution 

containing the newly formed H2NTP was filtered at 25 psi. About

0.5 to 1.0 ml of the reaction solution, containing GTP CHase and BSA, 

was left unfiltered in the Amicon cell. The functional significance 

of the PM 10 membrane is to allow the newly synthesized H2NTP

(along with TNE and unused GTP) to pass but not BSA or GTP CHase. 

This means the same batches of enzyme and BSA can be used 

repeatedly. When one batch of substrate has been filtered out, more 

TNE, water and substrate are added and the reaction can continue. 

When all the desired H2NTP has been produced and removed by

filtration, the BSA and GTP CHase were removed from the Amicon 

cell with a pasteur pipette and stored at -80° C for later use.

The Amicon filtrate was then purified by two successive 

ion-exchange chromatographies.

C-jg Bond Elut

The theory behind this ion-exchange chromatography is that the 

newly formed H2NTP and unused GTP present in the Amicon filtrate, 

will adsorb to the C-|g silica beads in the presence of an ion-pair

• CORETTE LIBRARY 
CARROLL COLLEGE
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buffer, tetrabutyl ammonium hydroxide (0.8 M potassium phosphate I 

0.2 M (Bu)4 N+OH- pH 5.45). The positive charges from the buffer 

attract the negatively charged phosphates from H2NTP and GTP.

Adsorption then occurs between the hydrocarbon chains present on 

the beads and the tetrabutyl groups from the buffer. The Tris, NaCI 

and EDTA should pass through the column, allowing a more purified 

elution of H2NTP and GTP.

Two 1000-mg C-|g Bond Elut cartridges were used in "piggy

back" fashion, one being attached to the other with a rubber stopper. 

These two in series were activated by a series of washes:

95% ethanol - 2 ml 

H2O - 2 ml

Ion-pair buffer - 2 ml (allow a 10-min soak in bed)

H2O - 2 ml

The H2NTP and GTP filtrate from the Amicon was specially

prepared before it was passed over the Bond Elut cartridges. For 

every 20 ml of Amicon filtrate recovered, 58 ml of water and 2.8 ml 

of ion-pair buffer were added. The A26O anc* A33Q of this solution 

were observed. H2NTP and GTP will both absorb at 260 nm but 

H2NTP will absorb at 330 nm only. This new solution containing 

water and the ion-pair buffer was passed over the C-jg cartridges in 

approximately 20 ml doses. After 20 ml had passed through, the
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absorbance of the eluant was read at 260 and 300 nm. If either 

reading was 10% or more of the original, the column was washed 

with 8 ml water and the adsorbed H2NTP and GTP were eluted off

two times with 3 ml 47.5% ethanol. The absorbances of all the 

elutions were noted.

The sample was passed in these small doses to ensure that the 

Cj q beads were not becoming saturated with H2NTP and GTP. When 

the beads become saturated, the H2NTP and GTP cannot bind and

therefore are not bound to the exchange groups of the column. This 

was evident with high absorbance readings of the run through. After 

the elution, the run through is reapplied, and the column is washed 

and eluted as before. The next 20 ml of filtrate was then added to 

the column, and the procedure was repeated. All elution tubes 

showing significant absorbance readings were prepared for the final 

chromatographic purification step utilizing the Silica Sep Pak.

Recovery of H2NTP and GTP with Silica Sep Pak

H2NTP and GTP come off the C-|q Bond Elut cartridges as the

salt of (Bu)4 N+OH‘ - PO4 and because the effect of this on future

assays is not known, it must be removed [23]. This is accomplished 

by adding excess NaCI, since the sodium ion replaces the ion-pair 

buffer from the salt complex. The H2NTP and GTP sodium salts

adsorb to the silica beads and were removed with a water elution. 

The exact procedure is as follows.

1 5



To the pooled samples from the C-|g Bond Elut step was added

0.1 volume of 1 M NaCI and 11 volumes of 95% ethanol. The Silica 

Sep Pak then was activated by adding 2 ml of water two times and 2 

ml of 95% ethanol two times. The sample was then added and 

allowed to run through the cartridge. After the run, the cartridge 

was washed with 3 ml of 95% ethanol and the H2NTP was eluted

with 2 ml of water 3 times. The beads in the Sep Pak cartridge do 

not become easily saturated so the entire sample can be passed 

before elution. Contents of the three elution tubes were pooled, if 

each showed significant absorbance, and the A250 ar|d A33Q were 

determined. The sample was then lyophilized to dryness and stored 

at -80° C. When H2NTP was to be used, the frozen sample was 

dissolved in 2 ml of a 1 mM EDTA I 25 mM Pipes buffer pH 6.8. All 

chromatography procedures, the C^g Bond Elut and the Silica Sep 

Pak, were done with the aid of a vacuum filtration chamber.

Assay Mixture and Procedure

The reaction mixture for the assay contained (unless otherwise 

indicated):

H2NTP - 60 jiM

MgCl2 - 8 mM

Tris-HCI pH 7.4 - 100 mM

acetylserotonin - 0.1 mM (inhibits sepiapterin reactivity) 

enzyme - desired amount

1 6



H2O - enough added to bring assay volume to 100 pi

The reaction, carried out in Eppendorf centrifuge tubes, was 

started by the addition of enzyme. Addition of ammonium sulfate 

(60 % saturation) to the reaction mixture prior to the enzyme served 

as control. The mixture was always incubated in a water bath for 60 

min except for time courses, in which case incubation time was 

varied. The temperature of all assay runs was 37° C, without 

exception. The reaction was terminated by the addition of 150 pi of 

saturated ammonium sulfate (60% final cone.). After the salt 

addition, each sample was centrifuged for 4 min at 14,000 rpm.

To isolate sepiapterin from other assay constituents, the C-| g

Sep Pak chromatography column was used. The column contains 

silica beads which have a strong affinity for the carbonyl groups of 

sepiapterin but little or no affinity for the phosphate and hydroxyl 

groups of H2NTP. These Sep Pak columns were activated prior to

sample addition by washes of methanol (2 ml) and water (5 ml). Two 

hundred pi of supernatant from each centrifuged sample was then 

added to the Sep Pak funnels in 2-ml water dilutions. The easiest 

way to do this is to add the 2 ml of water to the Sep Pak funnel, and 

then add the 200 pi aliquot to that. After all the samples had run 

through, the column was washed twice with 2 ml of water. The 

column was then eluted with 1.4 ml of methanol. All samples were 

then read with a Perkin-Elmer 650-1 OS fluorometer. Optimum 

fluorometric settings were found to be as follows:

1 7



Excitation wavelength - 420 nm 

Emmission wavelength - 520 nm 

Slits - 5 and 20 nm 

Filter - 430 nm

Sepiapterin Recovery From C-jg Sep Pak

To ensure that no unused H2NTP was being recovered along with

the sepiapterin, a pilot experiment was done. Varying 

concentrations of sepiapterin were placed in standard assay 

reaction mixtures both with and without H2NTP. Sep Pak procedures

just as described before were conducted and the elutions in the 

different tubes containing sepiapterin only were compared 

fluorometrically to those containing sepiapterin and H2NTP. The 

amount of fluorescence from both should be the same if there is no 

H2NTP recovery. The concentration of H2NTP in the experiment was

144 pM and 20 pi of 10 mM pH 6.0 enzyme buffer was used in place 

of the actual enzyme. Tris buffer pH 7.4 concentration was 10 mM.

Enzyme Concentration Experiments

A fundamental step in the development of this assay for PTP 

synthase is that which analyzes the effect enzyme concentration has 

on sepiapterin formation. To investigate this, increasing amounts of 

the enzyme extract were added to different Eppendorf tubes
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containing standard reaction mixtures and allowed to incubate as 

described above. All but the last enzyme concentration analysis 

experiment used the 55% ammonium salt fractioned enzyme extract. 

The final enzyme concentration experiment used a 0% - 60% rat 

kidney extract preparation.

Time Course

A 10 times volume of the reaction mix was prepared and 

incubated at 37° C as reported. At the desired time of incubation, a 

100 pi aliquot was removed from the reaction volume and added to 

150 pi of saturated ammonium sulfate, which terminates the 

reaction. This was repeated for all the specific times. The time 

course covered incubation times from 10 to 120 min with samples 

removed at 15-min intervals except for the first 30 min where 10 

min was the interval.

Effect of H2NTP, Mg2+ and NADPH Concentration on 

Sepiapterin Production

To determine the effect substrate concentration has on the 

reaction, varying amounts of H2NTP were run with standard reaction

mixtures following the procedure previously mentioned except that 

reactions without Mg2+ and including EDTA (16 mM) served as 

control. The effects that the cofactors, Mg2+ and NADPH, had on 

sepiapterin production were noted by varying the amounts of each 

and measuring product formation.
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Increasing Signal to Noise Ratio

Oxidation of Sepiapterin

Oxidation of sepiapterin must occur under acidic conditions, so 

enough 1 N HCI (35 pi) was added to tubes containing increasing 

concentrations of sepiapterin (each also contained water giving a 

final volume of 3.05 ml per tube) giving a final pH of 2.0. Two 

hundred pi of an iodine solution, 1% I2 / 2% Kl, was added and

allowed to oxidize at room temperature for 15 min. Excess iodine 

was removed by adding 200 pi of a 20% ascorbate solution. The 

fluorometric readings of the oxidized samples must be done at 

either a neutral or basic pH. A neutral pH was obtained by adding 

150 pi of a 1 M Tris base to the oxidized solution. The alkaline 

solution was prepared by adding NaOH which had a final 

concentration of 0.1 N.

Special Enzyme Preparations: Drosophila melanogaster.

Mutant and Rat Kidney Extracts

Approximately 51.4 g of D. melanogaster strain the prC4 cn I 

prm2b cn were shaken in liquid nitrogen and their heads collected 

with a sieve. The heads, along with unwanted abdominal parts that 

could not be completely removed, were homogenized with 10.8 ml of 

a 10 mM potassium phosphate buffer pH 7.5 I 5 mM mercaptoethanol 

buffer in a Kontes conical homogenizer. This homogenate was 

centrifuged at 15,000 rpm for 20 min and the resulting supernatant

20



fractioned with 60% ammonium sulfate saturation. After 

centrifugation for 15 min at 15,000 rpm, the pellet was dissolved in 

a small amount of the potassium phosphate I mercaptoethanol buffer

and dialyzed (stretched dialysis bag used to give faster dialysis) for 

3.5 hr. The extract was centrifuged for 5 min at 14,000 rpm in the 

Eppendorf centrifuge. The supernatant was stored in 100 pi aliquots 

and stored at -80° C.

The heated rat kidney extract was prepared as follows. Nine 

hundred pi of a previously prepared rat kidney extract (35% - 55% 

ammonium sulfate fractionation) was heated for 3 min at 65° C. 

After centrifugation at 14,000 rpm for 4 min (Eppendorf), the 

supernatant was salt fractionated with 60% ammonium sulfate 

saturation. This was centrifuged for 2 min at 14,000 rpm. The 

resulting pellets were dissolved in 100 pi of a 10 mM potassium 

phosphate buffer pH 7.5. A non-heated 0% - 60% ammonium sulfate

fractionated extract was also prepared as before except that the 

resulting pellets had to be dissolved in 300 pi of buffer.

The salt was removed from these enzyme preparations by Neal - 

Fluorini gel filtration rather than dialysis. After equilibrating 

Sephadex G-25 beads in the potassium phosphate buffer, glass wool 

was placed in the bottom of the tube covering the hole and a 4-ml 

bed of beads was laid over the glass wool. The excess buffer in the 

beds was removed by centrifugation for 10 min at 1,500 rpm. Both 

the heated and non-heated samples were added evenly to separate 

Neal - Fluorini tube beds and centrifuged for 10 min at 1,500 rpm.
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All the extract, now spun to the bottom of the tubes, was removed 

and stored at -80° C.
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RESULTS

Table 1. Activity of PTP synthase from four different
enzyme preparations. Extracts 1,2, and 3 are from the 
rat kidney and preparation 4 is from the D. melanogaster 
mutant heads. All results shown are from experiments 
using 60 min as the incubation time and 37° C as the 
temp.

Enzyme EKtract nmol asp/ml
Specific activity 
nmol so/ml/ma

. 0%-55% A.S. Fract. 2.38 8.6

. 0%-607« A.S. Fract. 
Heated

0 0

. 0%-60% A.S. Fract. 
Unheated

2.95 8.0

k D. melanogaster mutant 1.41 5.9

■sp = sepiapterin
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Effect of Enzyme Concentration on Sepiapterin Prod.
Fl
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Total Enzyme (gl)

Fig. 3. Effect of PTP synthase concentration on 
sepiapterin formation. Assay mixture incu
bated for 60 min. at 37° C. Fluorescence (arbi
trary units) was used as a measure of sepiapterin 
production. Rat kidney is the source of enzyme. 
This graph shows a representative trial run.
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H2NTP conc-45p.M 
H2NTP conc-90gM

Time (min)

Fig. 4. Effect incubation time has on sepiapterin
formation. The assay used rat kidney extract 
as PTP synthase source and the temperature 
of incubation was 37° C. Fluorescence 
(arbitrary units) was used as measure of 
sepiapterin production. This graph shows a 
representative trial run.
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Effect of Substrate Cone, on Sepiapterin Prod.
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Fig. 5. Effect of H2NTP concentration on sepiapterin
formation. The assay was run at 37° C for 60 min 
The rat kidney was the source of PTP synthase 
and fluorescence (arbitrary units) was used as 
a measure of sepiapterin formation. This graph 
shows a typical trial run.
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Effect of the Mg++ Cofactor on Sepiapterin Prod.
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Fig. 6. Effect of the Mg2+ cofactor concentration
on sepiapterin formation. The assay mixture 
was incubated at 37° C for 60 min. The rat 
kidney served as the source for PTP synthase. 
Fluorescence (arbitrary units) was used as 
the measure of sepiapterin formation. This 
graph shows a representative run.
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Effect of NADPH cone, on Sepiapterin Production
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Fig. 7. Effect of NADPH (cofactor for LTP synthase) 
concentration on sepiapterin production. The 
rat kidney was the source of PTP synthase, 
and the assay mixture was incubated for 
60 min at 37° C. This graph shows a repre
sentative run.
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Oxidation of Sepiapterin

-Q- Oxid. sep. 
Non-oxid. sep.

Fig. 8. A comparison between the fluorescent 
ability of oxidized and unoxidized sepia
pterin. Oxidation was done with iodine. 
Fluorescence is in arbitrary units. This 
graph shows a typical trial.
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DISCUSSION and CONCLUSIONS

Table 1 contains a summary of the specific activities of the 

various enzyme preparations, including all the rat kidney 

preparations and the D. melanogaster mutant preparation.

Effect of Enzyme Concentration on Sepiapterin Production

The production of sepiapterin seems to be linear up to10 pi of 

enzyme at which point the production levels off (Fig. 3). This could 

indicate that some type of substrate degradation is occurring. 

Perhaps some phosphatases in the enzyme extract are removing 

phosphates from H2NTP. If this is indeed the case, the substrate

will be disappearing and be unavailable to PTP synthase causing 

product formation to fall off.

Time Course

Information provided by a time course run at two different 

substrate concentrations, 45 pM and 90 pM, does not support the 

possibility that phosphatases, or some other substrate degrading 

enzymes, are responsible for the non-linear relationship between 

PTP syntase concentration and sepiapterin production. If this were 

true, the time course run at the lesser substrate concentration 

would level off sooner. However, sepiapterin production at the two 

concentrations appears to level off at the same time (Fig. 4).
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Effect of H2NTP, NADPH, and Mg2+ Concentrations on 

Sepiapterin Production

Sepiapterin production appears to be linearly dependent on 

H2NTP concentration up to 30 pM. At substrate concentrations 

higher than 60 pM, there is no increase in sepiapterin production 

(Fig. 5).
The effects of the cofactor concentrations, Mg2+ and NADPH, on 

sepiapterin production were found to have neither inhibitory or 

limiting abilities at concentrations ranging from 0.3 mM to 2 mM for 

NADPH and from 3 mM to 30 mM for Mg2+. In future assay trials of 

this nature, the concentration range for NADPH should be expanded to 

include at least a 10-fold difference between the smallest and 

largest concentrations and perhaps even more. There will be a point 

at which the amount of NADPH will become limiting and possibly a 

concentration at which it becomes inhibitory. This is also true for 

Mg2+ and for that reason its concentrations too should be varied 

until both the limiting and inhibiting amounts are found (Figs. 6 and 

7).

Increasing Signal to Noise Ratio

The maximum signal to noise ratio we were able to establish 

without oxidizing sepiapterin or combining enzyme systems varied 

from about 2.0 to 2.3. This is not a sufficient ratio when trying to 

establish a reliable assay because such a small number indicates 

there is sufficient background in the reaction mix to interfere with
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the pathway and perhaps give misleading results.

Oxidation of Sepiapterin

After the oxidation of sepiapterin, its fluorescent signal not 

only was not enhanced, but it was diminished. Optimum fluorometer 

wave- length settings were noted for oxidation conditions 

(excitation-380 nm emission - 500 nm) and the sepiapterin solution 

had the pH raised for an alkaline reading as well, but there still 

appeared no enhancement of the signal (Fig. 8). Reasons for this are 

unclear. Theoretically, the increase in ring delocalization should 

enhance the fluorescent signal but in practice such was not the case. 

A reevaluation of the procedure of sepiapterin oxidation should be 

undertaken.

Combining Enzyme Systems as Method of Background 

Reduction

As mentioned earlier, an attempt was made to increase the 

signal to noise ratio by reducing the background. Results from this 

attempt at background reduction, again, were not successful. All the 

sepiapterin production that resulted from the combination of the 

two enzyme systems came from the limited amount of sepiapterin 

synthesizing ability of the mutant D. melanogaster extract. It seems 

that in the heating process of the rat kidney extract, some 

component (aside from PTP synthase) essential for the production of 

sepiapterin was destroyed.
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