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Dihydropteridine reductase (DHPR) is widely distributed in the cells of different vital

mammalian organs. It plays an important role in the chemistry of our body. DHPR is

involved in the biosynthesis of tetrahydrobiopterin (BH.*) inside the body by salvage or

de novo mechanisms BHi is a cofactor of the enzymes taking part in the biosynthesis

of neurotransmitlers. Both high and low levels of neurotransmitters cause neurological

disorders, i.e. Parkinson’s disease, senile dementia of Alzheimer type (SDAT) and

Down's syndrome Sky Dragger syndrome, Steel Richardson syndrome and mental

retardation, etc., have also been reported due to alteration of DHPR activity.

Thus, DHPR plays a key role in maintaining the balance of the nervous system of our

body. It was therefore considered necessary to isolate, purify and characterize this

enzyme and to study the effect of a variety of factors on its activity.

A study of the two forms of DHPR as well as the levels of BH4 was undertaken. Kinetic

studies on DHPR were followed by a study of the effect of the various metals and

organic compounds on the activity of DHPR. The effects of' DHPR inhibitors on the

levels of dihydrobioptein (BH2) and tetrahydrobiopterin (BH4) were also measured in

the in vivo system. All the experimental work was done using standard procedures.

These studies shell contribute in understanding the biochemical principles involved in

neuronal functions and many of the associated malfunctions.
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: SUMMARY

Dihydropteridine reductase (DHPR) was isolated from rat liver by affinity

chromatography using sodium-1, 2-naphthaquinone-4-sulphonate as a ligand. The

enzyme was isolated in two forms; monomeric and dimeric-DHPR. The percentage

recoveries of the activities of monomeric and dimeric forms of DHPR were 19.9 and

43.8%, respectively. Dimethyl tetrahydropterin (DMPH4) and reduced nicotinamide

adenine dinucleotide (NADH) were found to be substrates. The monomeric-DHPR had

Km values of 7.0 x 10 5M and 8.3 x 10‘5 M for DMPH4and NADH. The dimeric-DHPR

had Km values of 1.1 x 10'5 M and 2.8 x 10'5 M of for DMPH4and NADH. The

molecular weights of the monomeric and the dimeric enzymes were found to be 26,000

and 52,000 respectively. Ca++ bound to the monomeric DHPR was eluted by passing

through a sephadex G-15 column.

DHPR activities in both the forms were inhibited by the metal ions Al44 4, Sc4 4 4, Ga4'4 .
Bi4,f , Pb'4 , Mn44 and Cd44. The inhibition effect of these metals was generally more

pronounced on the dimeric DHPR. Ca'4 and Mg44 activated the monomeric-DHPR.

Calcium was bound to the monomeric form of DHPR and converted it into the dimeric

form.

The order of inhibition of dimeric-DHPR by various organic compounds was

adrenochrome > 1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine (MPTP) > 6-OH-DOPA

> 6-OH-dopamine > triamterene. Tamoxifen did not inhibit DHPR activity.

Triamterene was found to be competitive inhibitor for both the monomeric and

dimeric-DHPR for DMPH4 while mixed type inhibitor was observed for NADH.

Adrenochrome was a mixed inhibitor for NADH and competitive inhibitor for DMPH4 for

both the forms of DHPR. 6-OH-DOPA was found to be a mixed inhibitor for both
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monomeric and dimeric-DHPR with both substrates. 6-OH-dopamine was found to be

a mixed inhibitor for both monomeric and dimeric-DHPR with respect to DMPH4 and

non-competitive inhibitor for both the monomeric-and dimeric-DHPR for NADH. MPTP

showed competitive inhibition with respect to NADH and mixed inhibition respect to

DMPt U for both forms of DHPR.

Presence of different levels of dopamine in the assay mixtures of both monomeric and

dimeric-DHPR gave sigmoid velocity versus substrate concentration curves for both

DMPH4 and NADH as substrates.

Tetrahydrobiopterin (Bl l4) levels in the rat brain were determined using reverse phase

high performance liquid chromatography. It was found that the level of dihydrobiopterin

(Bl l2) increased significantly and that of BH4 was reduced by the metal ions- Pb‘\
Al**\ Sc*'* and Ga*** and the neurotoxic compounds 6-hydroxydopa and MPTP.

Inhibition of the DHPR activity by these reagents lowered the levels of BH4 in brain

cells.

Human subjects with normal activity of DHPR may therefore display mild mental

retardation and other neurological disorders when exposed to large amount of these

toxic metals and neurotoxic compounds. Human subjects with low activity of DHPR

may have slightly reduced I.Q. scores.
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PUOl’EKT'IKS or 1)111VDROITER1U1NE REDUCTASE

Dihydropteridine reductase (DHPR, E C. 1.6.99.7) is widely distributed in mammalian

tissues. It reduces quinonoid dihydrobiopterin (q. BH2) to active tetrahydrobiopterin

(BH4) in living body tissues including liver, spleen, kidney, breast, brain, lungs, heart,

etc. (Craine, el al'., 1972, Brown, 1981, Morar, el al., 1984, Eggar, 1984, Salihi, 1985

and Cutler, 1988). DHPR therefore contributes in maintaining the level of BH4 in the

body. BH4 is a cofactor for the enzymes phenylalanine hydroxylase, tyrosine

hydroxylase and tryptophan hydroxylase (Kaufmann and Fisher, 1970, Kaufmann,

1973 and Kaufmann, 1987). These enzymes are involved in the biosynthesis of

neurotransmitters dopamine, adrenaline, noradrenline, serotonin, etc., from amino

acids (Kaufmann, 1979). The conversion of q. BH2 back to BH4 ensures that the

hydroxylase reactions can proceed (Craine, el al., 1972). If q. BH2 is not converted to

BH4, it undergoes a non-enzymatic tautomerization into 7,8-dihydrobiopterin that is

not a substrate for DHPR. Therefore it cannot be converted to active cofactor by this

route. 7,8-Dihydrobiopterin then builds up in the cell, moves out into serum and then

excreted through urine (Leeming, el al., 1983). BH4 levels within the cell are

maintained by a combination of de novo biosynthesis from guanosine triphosphate

via dihydroneopterin triphosphate (Brown, 1979) and a salvage pathway in which the

q. BH2 is reduced by DHPR to BH4. BH4 level will be lowered by a reduced activity of

either of the pathways. Low activity of DHPR would decrease the levels of BH4 which

affects the biosynthesis of neurotransmitters and causes non-classical neurological

diseases like Parkinson’s disease, Sky Drager syndrome (Williams, el al., 1979,

Nagatsu, el al., 1984) and senile dementia of Alzheimer type (Leeming, el al., 1981,

Kaufmann, 1987 and Nagatsu, el al., 1981). The enzyme DHPR has therefore an

important role in the biochemistry.
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DIMETHYL* TEIRAHYDRO-
PTERIN (DMPH«)

OXIDIZED PYRIDINE
NUC"LEOT

(NAD)
TIDF

°2
7.8-DlMErHYL DIHYDRP fERIOlN (DMPH,)D1HYDRPIERIDINE

REDUCTASE (DHPR)
MlRSE RADUSH
PEROXIDASE

(HRP)t
DIMETHYLE OU1NONOK*
OIHYDROPTERIN(Q DMPH,)REOUCED PYRI01NE

NUCLEOHDE (NADH) HO

l:ij* I Ilorserasdish peroxidase catalyses the oxidation of DMPH* with H202 to q. DMPI l2 wliicli is reduced to

DMPII.I by dihydrupluriilinc rcduclasec with NADU. (Crainc, el. «/., 1972).

DHPR, is itself a dimer form and consist of two sub units or two monomer units.

Molecular weight of sheep liver DHPR is about 50,000 is composed of two subunits

of half that molecular Weight. Two subunits have identical charge, size and N-

terminal amino acid residue (Cheema, et. at., 1973) Each subunit has identical

crystalographic structure in human liver DHPR, (Hamon, and Robertson, 1956) binds

with one molecule of NADH and makes binary complex with dimer DHPR in

Escherichia coli (Varughese et al. 1992). The Vmax values of dimer are much higher

than those of the monomer whereas the Km values of monomer are higher than

those of dimer, with respect to two substrates DMPH4 and NADH separately.

Ca++ and Mg+h show an activator effect only on monomer which convert it into dimer

by polymerization.

The percentage inhibition and activition of dimer by chemical compounds is higher

than that of monomer. Above 50% inhibition shows l5o (Order of potence inhibition).

Each form was assayed with respect to variable substrates DMPH4 and NADH by

using horseradish peroxidase and hydrogen peroxide (Craine, et al., 1972 and

Brown, 1981).

2



PTERIDINE AND ITS DERIVATIVES

Pteridine (pyrimidopyrazine) is a hetrocyclic compound and is a fused form of

pyrimidine and pyrazine (Brown, S. E. 1979). It has been shown by X-ray analysis,

that the pteridine molecule is almost coplanar and asymmetrical (Hamon and

Robertson, 1956).

NN
N N

k-iN NN

PyrazinePyrimidinePteridine (Pyrimidopyrazine)

Fig. 1-a. Structure of pteridine.

Naturally occurring derivatives of pteridine are called pterins. Pteridines, including

pterins are widely distributed in the animal kingdom. In 1889, Hopkins isolated

pigments from butterfly wings. Since then other derivatives including leucoplerin,

xanthopterin, biopterin, neopterin and sepiapterin have been isolated from different

animal tissues.

DETECTION AND ASSAY OF PTERINS

Pterins can be identified by using several techniques including thin layer, paper,

column, gas and high performance liquid chromatoghraphy with flourescent detection

(Fukushima and Nixon, 1980). Different spectrophotometric methods, like UV

(Blakely, 1969 and Rembold, 1971), fluorescence emission, mass (Blair and Foxall,

1969, Haug, 1970, Lloyd, el al., 1971), and nuclear magnetic resonance have also

been employed.
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Fig. 2. Naturally occurring derivatives of pteridines.

The reduced forms of biopferin that occur naturally are 7,8 dihydrobiopterin (BH2) and

5,6,7,0-tetrahydrobioplerin (BH4) (Barlholome and Bryd, 1975). Their structures are

given below.

o

-K
Ho
bN cII— CM--CH, OlICH OH CH,

IIIN IIN
-IIOH OH

N

II
-H

H,NH?N >HNN

HH

7.8 Uiliyiliobioplciin 5,6.7,8-Telrahydiobioplerin

Fig. 3. Reduced forms of biopterin.

Both total and reduced forms of biopterin can be assayed by oxidation of the sample

with iodine. Under acidic conditions both BH2 and BH4 will be converted to biopterin

giving a measure of total biopterin.
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»2/H+
-*• BBH4 + BH2

Oxidation with iodine under alkaline conditions will convert BH2 only to biopterin. The

assay is suitable for large screening as it is simple and rapid (Nagatsu, et al., 1981).

I2/OH-
BBH2

Another assay method of BH4 is through determining the activity of phenylalanine

hydroxylase which requires BH4 for activity (Guroff, et al., 1967 and Rembold, et al.,

1971).

Ph-hydroxylase/BH4

Phenylalanine Tyrosine

An extensively used microbiological assay involves, Crithedia faseculata, a

protozoan, which has a specific growth requirement for pterins (Ayser, 1981).

However, the method most commonly used is HPLC in which the pterins are

separated chromatographically followed by fluorescent detection. When used with

iodine under acidic or alkaline conditions it is very selective and can distinguish the

various reduced forms of pterins. It is relatively quick and requires only small

amounts of samples for analysis (Fukushima and Nixon, 1980). A comparison of

microbiological method and HPLC suggests that both assays have advantages over

each other. Firstly the high sensitivity of Crithedia, means it can be used to estimate

the levels of biopterin derivatives from Guthrie cards (Arai and Narisawa, 1982 and

Dhondt, 1984) thus providing a means for mass screening in young children. 7he

Crithedia assay is, however, less specific and consistently indicates lower levels due

to breakdown of BH4 to inactive forms at pH 4.5 during the four days incubation at

25°C (Ayser, 1981). The two assays seem to be complementary.
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There are several other methods available for quantitative determination of biopterin

derivatives. One of them, which is sensitive and specific, is gas chromatography/

mass spectrometry For this method the pterins must be converted to their trimethyl

silyl derivatives to increase their volatility for separation (Rother and Karobath, 1976,

Miller, el a/., 1982). Another method is a radioimmunological, which is claimed to

specific for natural L-erythrobiopterin and this method can distinguish between the

stereochemical isomers of biopterin. Its specificity is dependent on the preparation of

antibodies for a specific pterin and the specificity can be changed by changing the

antibody (Nagatsu, el al., 1981). The assay can be used to determine both total and

reduced forms of biopterin by oxidation of the sample using iodine under acidic or

alkaline conditions (Morar, 1984, Bartholome, el al., 1904).

STEREOCHEMISTRY OF TETRAHYDROBIOPTERIN

When biopterin is reduced to its tetrahydro derivative, a chiral centre is introduced at

position C6 on the pteridine ring. This gives two diastereoisomers of the naturally

occurring cofaclor (Fig. 4). These have been reported to be separated by high

performance liquid chromatography (Bailey and Ayling, 1978), but other workers

have been unable to repeat this work (Kato, el al., 1980).

OH-CH

Z'%xx HjN

BH„ NATURAL BH„

R = CH-OH-CH-OH-CH,
RISING OUT OF PLANE OF PAPER
GOING INTO THE PLANE OF PAPER

Fig 4. Diastereoisomers of tetrahydrobiopterin
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The dihydroxypropyl side chain on BH* has Iwo chiral centres at C* and C2 and

consequently four optical isomers are designated (Fig. 5). Their naming is derived

partly from the spatial arrangement of the hydroxyls Ci and C2, vis threo, where the

hydroxyls are diagonally opposed, and erythro, where they are adjacent and by

absolute configuration at C2 these are related to glyceraldehyde (D&L). An

examination of the cofactor activity of the four tetrahydro isomers with tyrosine

hydroxylase showed that the L-erylhro isomer exhibited the greatest cofactor activity

(Kato, ef al., 1980). They also found the L-erythro and D-threo exhibiting similar and

more active characteristic functions as compared with D-erythro (a) and L-threo (d)

isomers, as L-erythro (b) and D-threo (c) have the same configuration at Ci. They

also concluded that Ihe Km values for tyrosine are controlled mostly by the

configuration at Ci of the side chain (Fig. 5).

.-I, I,

l
II,H-

.«!. I, ,
C-c-CJI J

tl r lylhroIHrahydfO

,i. T,
1 iO Thieofehahydro-

bbplerjn
0*1

W

OH H

,.l. I,
c -CH,c-

I TIvrolMrahyrto-

>1 l
OH

- bonds rising Irom.....bonds going Into ihe pi

- bonds In ihe plane ol V

the plane of Iho paper

are of the paper
ie paper

Fig. 5. Stereochemistry of the tetrahydrobiopterin side chain.
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DE- NOVO BIOSYNTHESIS OF TETRAHYDROBIOPTERIN

The biosynthesis of BFL, has been studied in the various tissues of different mammals

and other eucaryotes. These investigations have been done involving different

tissues including rat brain, kidney and liver and hamster brain (Lee, et a/., 1978,

Fukushima, et ai, 1975, Kapatos, ef a/., 1982), cell cultures of rat lungs, ovary and

neuroblastoma clones (Fukushima, et ai, 1975), the cerebral tissues (Gal, et ai,

1978.) and human and rat liver (Blau and Niederwieser, 1983). In the first half of the

1980's it became apparent that the BFU biosynthesis pathway that had been

published previously was incorrect (Nichol. et ai, 1985, Heintel, et ai, 1987). The

pathway does not involve dihydrofolate reductase (DIHFR), and all the pterin

intermediates beyond neopterin triphosphate were tetrahydropterins rather than

dihydropterins (Duch and Smith, 1991).

Ihe mechanism originally postulated for the biosynthetic pathway fiotn yuanosine

triphosphate to tetradihydrobiopterin is shown in Fig. 6. Firstly, the opening of the

imidazole ring between C0 and N9 is followed by the removal of C8 as formic acid.

The ribose moiety of the intermediate then undergoes an Amadori rearrangement to

form a deoxypentulose derivative. This compound ring closes to form D-erythro-7,8-

dihydroneopterin triphosphate. By the removal of triphosphate group and reduction

with sepiapterin reductase, L-erythro-7,8-dihydrosepiapterin is formed. Only one

enzyme is responsible for catalyzing all these reactions (Shiota and Palumbo, 1965,

Cone and Meek, 1974, Kapatos, el at., 1982, Blau and Niederwieser, 1983). This

enzyme was named guanosine triphosphate cyclohydrolase (GTP-CFI). Brown, G. M.

et ai, (1979) and Gal and co-workers, (1978) have claimed to isolate two enzymes

from the rat brain, one of which catalyses the hydrolysis of guonosine triphosphate to

fornramidopyrimidine ribotide and the second enzyme, o-erythro-7,8-dihydroneopterin
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triphosphate synthetase which converts the formamidopyrimidine ribotide (FMPR) to

D-erythro-7,8-dihydroneopterin triphosphate {Duch and Smith, 1991).
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Fig. 6. De-novo biosynthesis pathways for telrahydrobioplerin.

NADPFI and Mg” are required to convert D-erythro 7,8-dihydroneopterin triphosphate

to L-erythro-7,8 dihydrobiopterin. L-erythro 7,8-dihydrobiopterin can be converted to

5,6,7,8-tetrahydrobiopterin by the enzyme dihydrofolate reductase, which has been
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isolated from rabbit and rat brain, and that requires NADPH (Abelson, et a/., 1978,

Armarego, 1980, Nichol, et a/., 1985, Levine, et at., 1980, Levine and Ghisla, 1983

and Brown, G. M. 1986).

The above mechanism differs markedly from the ones proposed later (Tanaka, e( a/.,

1989). These workers suggest that sepiapterin is an essential intermediate in BH-t

biosynthesis. They differ from each other in their approach to the conversion of the D-

erythro side chain of the dihydroneopterin triphosphate (NI I2P3) to the L-erythro form

of biopterin. The mechanisms are summarised in Fig. 7.

Support for the involvement of sepiapterin in the biosynthesis of L-erythro-

dihydrobioplerin comes from a report by Niederwieser et at. (1987), of a patient with

defective dihydrobioplerin biosynthesis. The patient was unable to convert

dihydroneopterin triphosphate to dihydrobioplerin and this led to elevated urinary

excretion of 3-hydroxysepiapterin. The blockage was suggested as being prior to L-

sepiapterin synthesis.

Suggestions of dihydtofolale reductase (DHFR) being responsible for the conversion

of BH2 to BN* are also unrealistic since maintenance of active cofactor levels in the

brain would be feasible as brain DHPF are too low (Makulu, et at., 1973).

Heintel, et at. (1987) proposed BH4 intermediates being formed immediately after

dihydroneopterin triphosphate synthesis. These workers suggest that sepiapterin,

dihydrobiopterin and DHFR are now involved in BH* biosynthesis in vivo. These

findings are supported by Switchenko, et at. (1984) and Smith and Nichol (1984) who

also reported the observation of intermediates that give rise to BHj. However, Smith

and Nichol (1984) found that removal of sepiapterin reductase caused accumulation

of .an intermediate without BH4 formation.
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SALVAGE PATHWAY FOR TETRAHYDROBIOPTERIN SYNTHESIS

The evidence todale suggests that BH4 synthesized within the cell does not pass

through the cell wall readily. It donates hydrogen atoms for the hydroxylation of

phenylalanine to tyrosine (Kaufman, 1958a and 1958b), tyrosine to DOPA (Nagatsu,

II



el al.. 1964) and tryptophan to 5-hydroxytryptophan (Hosoda and Glick 1966).

Further, it is the rate-limiting determinant in tyrosine hydroxylation (Kettler, et al.,

1974) and therefore in dopamine synthesis. In the above hydroxylations, quinonoid

dihydrobiopterin is formed which is reduced to 5,6,7,8-tetrahydrobiopterin by

dihydropteridine reductase. In the absence of dihydropteridine reductase activity, the

unstable quinonoid form of dihydrobiopterin ends itself through non-enzymatic

tautomerizalion to 7,8-dihydrobiopterin which passes out of the cell to appear in the

serum and urine or in the presence of DHFR, is converted again to BH4 (Armarego,

1980) (Fig. 8). Thus two mechanism are involved to maintain BH4 level in the cell, the

de novo biosynthesis mechanisms and the salvage mechanism.

BIOSYNTHESIS OF NEUROTRANSMITTERS

It is well accepted that tetrahydropbiopterin is an essential cofactor for the enzymatic

reactions involving phenylalanine, tyrosine and tryptophan hydroxylases. The latter

two enzymes are involved in the biosynthesis of catecholamines and 5-

hydroxytryptamine, respectively. The pathway for the synthesis of catecholamines

from phenylalanine is shown in Fig. 9.

The Km of the brain enzyme (DHPR) with respect to tetrahydrobiopterin is ZÿxIO'ÿM

(Kaufman and Fisher 1974). The actual brain concentration of the cofactor has been

estimated at 1 x 10 6 M by the same author. The evidence that BH4 levels are rate

limiting to biogenic amine synthesis is given by Cote et al. 1975. Addition of biopterin

to sympathetic nerve tissue cultures results in increased conversion of tyrosine to

catecholamines, and dihydropteridine reducatase inhibitors abolish noradrenaline

fluorescence in neuronal processes.
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Tyrosine hydroxylase can also use phenylalanine as a substrate in the presence of

telrahydrobioplerin. However, Ihe preference of this enzyme to phenylalanine

hydroxylase has yet to be established. Tyrosine hydroxylase is also inhibited by

excess substrate (both tyrosine and oxygen) and by product L-dopa (Kaufman,

1973).

In addition, cAMP has been shown to mediate activation of tyrosine hydroxylase in

vitro by reducing the Km of the enzyme for Ihe pterin cofaclor (Lovenberg, et ai,

1979). The mechanism may involve a direct phosphorylation of tyrosine hydroxylase

M



by a cyclic-AMP-dependent protein kinase, which would alter affinity of the enzyme

for pterin cofactor.

Tryptophan hydroxylase (EC 1.14.16.4) is another neurotransmitter generating

enzyme, which has a requirement for tetrahydrobiopterin (Nakamura, et al., 1965).

The enzyme catalyse the conversion of tryptophan to 5-hydroxytryptophan in the

biosynthesis of 5-hydroxytryptamine (Fig. 10).
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Fig. 10. Biosynthesis of serotonin.

Despite, the concentration of brain tetrahydrobiopterin (1 x 10 s M) being less than

the Km of the enzyme with respect to tetrahydrobiopterin (3.5 to 5 x 10'5 M), it is

suggested that the cofactor level is not rate-limiting for the enzyme (Gal, 1981). This

has been supported by the evidence of substantial induced elevation of brain

tetrahydrobiopterin, which does not produce comparative increase in the brain
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catecholamine levels. However, Kettler, et al. (1974) suggested brain cofactor levels

to be rate-limiting.

In general the pterin-dependent hydroxylases appear to be Under the influence of

many agents which may act in a modulatory capacity to regulate biosynthesis of

neurotransmitters, or which may inhibit the enzyme to the detriment of neuronal

homeostasis. A number of modulatory effects are mediated through alteration in the

affinity of BH4 cofactor for the enzyme.

No amino acid residue has yet been identified in vitro for catalysis in DHPR

dependent reduction of quinonoid dihydropterin. The reaction involves direct hydride

transfer from NADH ring to the q.dihydropterin. Armarego (1983a) has shown that

hydride transfer occurs from the B face of NADH whereas it transfers from the A face

of NADPH (Pastore and Friedkin, 1962). N-3 or N-5 accepts the hydride ion from

NADH, and in the non-enzymatic reaction, hydride ion is delivered to N-5, and N-3

may be the proton acceptor from NADH and it might also be the active site of pterin

(Armarego and Waring 1983). These mechanisms are shown in Figs. 11 and 12.
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In vivo, Hie reaction is catalyzed by the aromatic amino acid hydroxylase, a

tetrahydrobiopterin derived intermediate is formed which can be a 4u-hydroxy adduct

(Kaufman, S. et al., 1975). This adduct is quickly dehydrated to q. BH2, substrate for

DHPR. According to Armarego and Waring (1983), DHPR reduces q.BH2 using a

hydride ion (H ) and proton (H*) one of which adds to N-5 (as BH4 is formed), whilst

the other ion may add to the extracyclic N-3. They suggested that the hydride ion

from NADH is transfered to N-5 whilst the proton adds to N-3 of q. BH2. BH4 donates

an electron to activate oxygen for hydroxylation of amino acids. After intermediate

products (II, III), tyrosine is formed, whereas BH4 itself is oxidized after adduct of BH2

(VI), q.BH2 is formed (Fig. 13). Then q.BH2 is tautomerized to 7,8-BH2 (VII) which

appear in the serum. The structure of these various intermediates are thus a source

of active research with the increasing ability to produce more stable substitutes of

BH4 (Bailey and Ayling, 1983). In the absence of DHPR, q. BH2 is converted to BH2

(Fig. 14).

ISOLATION AND CHARACTERIZATION OF DIHYDROPTERIDINE REDUCTASE

Dihydropteridine reductase has been obtained from different sources and isolated by

a variety of methods. A method has been used for the extraction of sheep liver

involving ammonium sulphate, zinc-ethanol and alkaline ammonium sulphate

fractionations, followed by absorption and elution from calcium phosphate gel and
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then by chromatography on DEAE cellulose and Sephadex G-100 (Craine, et ai,

1972). This method was modified by additional chromatography steps for the

isolation of the enzyme from bovine liver (Korri, ef a/., 1977). A simple method of
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chloroform/ethanol and ammonium sulphate fractionation was followed by

chromatography on DEAE-Sephadex A-50 column. Hydroxylapatite and CM-

Sephadex C-50 was used for dihydropteridine reductase isolation from bovine liver.

The enzyme prepared in this way was crystallized both as free dihydropteridine

reductase and as a reductase-NADH complex (Hasegawa, 1977).

Affinity chromatography methods have been used to isolate dihydropteridine

reductase as these are simpler to perform. The enzyme was isolated from bovine

kidney extracts by using columns of immobilized Cibacron Blue (Blue Dextran-

Agarose) to which the dihydropteridine reductase bound by its dinucleotide (NADH)

domain (Chauvin. et al. 1979, Scringeour, et al. 1978). Another method utilizing the

reductase’s NADH binding domain involved chromatography on 5-AMP-Sepharose-

4B and was used to isolate the enzyme from bovine liver and bovine adrenal medulla

giving 16% and 17% yields, respectively (Aksnes. et al., 1979). These methods are

not very specific for dihydropteridine reductase as many enzymes have NADH

binding domains and so still involve many other steps to aid the purification. An

alternative method used an affinity chromatographic step involving binding to an

inhibitor of the enzyme. Methotrexate Aminohexane-Sepharose was used to give

27% yield and 148-fold purification of dihydropteridine reductase from rat liver and

sheep liver (Webber, ef al. 1978). As methotrexate is also a potent inhibitor of

dihydropteridine reductase (Brown, S. E. 1981) this method is likely to co-purify this

enzyme. Human liver dihydropteridine reductase was isolated by an affinity

chromatography method and gave 700-fold purification (Firgaira, et al. 1981). Human

brain dihydropteridine reductase was isolated using naphthaquinone AH-Sepharose

column as described before and gave 52% recovery with 880 activity units per mg

protein (Armarego and Waring ,1983). This was a single step method and the
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sodium-1,2-naphthaquinone-4-sulphonate was believed to be effective because of

structural similarities to the quinonoid substrate (Cotton and Jennings, 1978).

Dihydropteridine reductase exists as a dimer consisting of two identical sub-units

(Craine, et a/., 1972, Cheema, et al., 1973, Webber and Whiteley, 1978). Molecular

weight of dihydropteridine reductase (dimeric-DHPR) was found to range from

41,000 to 55,000 Molecular weight of each sub-unit of dihydropteridine reductase as

obtained from different mammalian tissues ranged from 23,000 to 26,000, (Craine, et

al. 1972, Cheema, et at. 1973, Williams et at. 1976, Hasegawa, 1977, Korri, et at.

1977, Webber, et al. 1978, Aksnes, et al. 1979, Figaira, et al. 1981, Nakanisi, et al.

1982; Armarego and Waring, 1983).
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Fig. 15. Three dimensional structure of Dihydropteridine reductase

(Nar, el. al., 1995)
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Fig 1 5-a. Amino acids sequence ofliuman liver Dihydropteridine reductase (Su, el al 1993).

The structure of binary complex of human DHPR has been determined by X-ray

crystallography (Varughehe, et. Al., 1992). DHPR is an a/fi proteins with a central

twisted f)-sheet flanked on each side by a layer of a-helices. The |3 sheet has seven

parallel strands and a single antiparallel strand at one edge leading to the C-terminal

of the protein. Connections between individual p strands involve a - helices.

Exceptionally, p2 and p3 are joined by a short stretch of polypeptide in random-coil

conformation. The overall enzyme dimensions are 34 A0 x 50 A0 x 73 A0. The

topology of the backbone folding of DHPR is quite distinct from that of dihydrofolate

reductase DHFR, although the first six strands of the central p - sheet in DHPR has

the same overall topological connectivity as is found for the coenzyme binding
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domains of sevoinl other NAPP dependent dehydrogenases. Whereas Human

Dl IPR contains only two bound NADH molecules per dimer. Fig. 1-b (Su, el al 1993).

It has been repotted that some specific amino acid residues may be involved in the

inhibition and the activation of dihydropteridine reductase. This was based on studies

which used the reagents which bind with a high degree of specificity to amino acid

side-chains and observing their effects on the enzyme activity Evidence for the thiol

group involvement was strongly implied in sheep liver, rat liver and human liver

dihydiopleridine reductases (Cheema, el al., 1973, Webber and Whilely, 1978,

Webber and Whitely, 1981, Firgaira. el al., 1981). Firgaira, el al. 1981. suggested

that human liver dihydropteridine reductase activity is dependent upon accessibility of

the thiol group. Inhibition of rat and bovine liver dihydropteridine reductase was,

however, reported by thiol blocking reagents (Craine, et al. 1972). Aksnes, el a/.,

(1979) suggested that cystine is not a part of the active site but another amino acid

residue which may play an important role in human liver dihydropteridine reductase

activity, is arginine (Firgaira, et al.. 1981). Using the arginine specific reagent butane-

2. 3-dione, they observed a 90% inhibition of enzyme activity at a concentration of

lOmM.

Further experimentation showed that preincubation of the enzyme with NADH

completely protected the enzyme from inactivation suggesting a role for arginine in

the NADFI binding site.

This is in general agreement with reports that several dehydrogenases have arginine

in the nucleotide binding sites (Langenbeck el al., 1978). Much of the work on the

amino acid residues of Dl IPR from various species has shown that the number of

different amino acid residues present in the monomeric-DHPR from different species

are similar to one another.
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TETRAMYDR0B10PTERINE AND DIHYDROPTERID1NE REDUCTASE IN
NEUROLOGICAL DISEASES

A variety of neurological disease states, including Parkinson’s disease, Alzheimer's

disease, dystonia, and depression are associated with decreased levels of BH4 in

brain tissue and cerebro spinal fluid (Nichol, el al. 1985, Levine, 1988, Le Witt and

Miller, 1987, Lewilt, el al. 1988 and Hamon and Blair, 1987). Loss of dopamine

producing neurons is responsible for some of the symptoms of Parkinson's disease.

Because BFL is produced in the same cells that produce dopamine, it is reasonable

to expect that loss of dopamine-containing cells should produce decreased levels of

BH4 levels in the central nervous system. BK, in the crebrospinal fluid (CSF) is

depleted over 50% in some dystonic patients (Hamon and Blair, 1987, Le Wittet et al.

1988, Fink, el al. 1988, Ishida, et al 1988 and Fink, et al. 1989) but not in

Parkinson’s disease as the pathology of BIL depletion is unknown (Le Witt and Miller,

1987).

Biopterin levels in CSF and certain brain regions of patients with Alzheimer's disease

are approximately half of those for normal individuals whereas levels in other regions

are unchanged (Levine, 1988, Kay, et al. 1986 and Sawada, el al. 1987). Some

patients suffering from depression have decreased CSF BN* levels (Nichol, el al.,

1985, Curtius, et al., 1983). Deficiencies in DHPR activity result in inefficient recycling

of quinonoid Bl I? to 7,8-BH3 leading to an accumulation of oxidized forms of biopterin

(Kaufman, 1987, Dhondt, 1987, Blau, 1988, Niederwieser and Curtius, 1987). Low

activity of DHPR thus decreases the levels of BH4 that effects the biosynthesis of

neurotransmitters. Non-classical deficiency of DHPR (atypical phenylketonuria)

maintains the normal levels of tetrahydrofolate which in turn maintains the levels of

neurotransmilters in Ihe brain. Many DHPR deficient patients show low levels of

folate (Kaufman. 1991).
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Low levels of bioplerins due to the lesser activity of DHPR causes neurological

diseases (Kaufman, 1076) like Parkinson’s disease (Blair, e/a/. 1984, Williams, e/a/.,

1979, Fujishiio, el a/.. 1990), Sky Drager Dystonia (Williams, ef a/.. 1979, Nagalsu. et

a/. 1981) and SDAI (Leeming, el al. 1901. Morar, 1904, Kaufman, 1987 and

Dedman, el al., 1992). Neonatal hyperphenylalaninemia is caused due to the

deficiency of DHPR and guanosine triphosphate cyclohydrolase (Dhondt, el al.,

1985). Phenylketonuria is caused due to the deficiency of BH4 and BHPR results in

deficiency of phenylalanine hydroxylase cofactor of BH4 (Scriver, el al., 1994).

The DHPR deficiency reduced the levels of dopamine and caused irreversible

parkinsonism in ral. human and primates (Blair, et al., 1984a). Patients with DHPR

deficiency accumulate dihydrobiopterin and develop secondary dihydrofolale

reductase deficiency which occurs in the patients with defective 5,10 dimethyl

letrahydrofolate. Hie latter disorder is also associated with parkinsonism and

defective amine and pterin turnover in the central nervous system and a

demyelinating illness occuis in both disorders (Kaufman. 1985, 1987). Congenital

folate malabsoiption and methotrexate toxicity may develop due to the deficiency of

Dl IPR in ral liver tissues (Brown, S. 1979).

DHPR deficiency is genetically heterogeneous and results from at least two types of

DHPR mutations. An antibody to the normal enzyme has been used to demonstrate

the complete absence of cross-reactive material in some patients and the presence

of catalytically inactive DHPR in others (Ponzone, et al., 1988).

Mutation causing DHPR deficiency in a patient in whom there was an acid

transcription pattern detected by polymerization chain reaction of DHPR cDNA The

mutation was located as a single nucleotide at position 570/571 of the DHPR cDNA-

sequence and results in a frame shift and premature termination after the addition of
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six amino acids. Mutation is present in homozygous state in the patients and in a

heterozygous slate in both parents (Smooker, el al., 1993 and 1995).

Spectrum mutation in the structure of DHPR resulting in substitution and insertion of

amino acids. Description of further two mutations showed odd link with DHPR

transcription. These molecular structural mutation reduced the activity of DHPR. In

one case, the specific mutation was characterized as the insertion of an extra

threonine codon (Howells, el al., 1990 and Dianzani, et al., 1993).

The characterization of the DHPR cDNA revealed five mutations within the protein

coding regions of the cDNA which were proposed to be causative for DHPR

deficiency (Dahl, et al., 1987, Blau, et al., 1992).

DHPR has two substrates, the quinonoid dihydrobiopterin which it reduces to the

letrahydrobioptrine and the electron-donating cofactor NADH, a mutation previously

identified in one patient (Gly23-Asp) alters a highly conserved residue in a region

proposed comprise pail of the NADH binding domain (Dianzani, et al., 1993,

Eisenberg, et at., 1992). It might be possible that the mutant enzyme fails to bind/or

oxidize the NADH cofactor. Another mutation in the region (Typ36- Arg) has been

reported by Matsubara, et al., (1992).

Chemotherapy for acute lymphoblastic leukemia can induce signs reminiscent of

DHPR deficiency, that is, hyperphenylalaninemia decreased levels of CSF-5-

hydroxyindolacetic acid and a higher than normal biopterin to neopterin ratio. BH*

administration can reverse the hyperphenylalaninemia in these patients (Blau, ef al.,

1989).

Accute or subacule neurologic disorder can be observed in the patient receiving high

dose of methotrexate therapy for lymphoblastic leukemia/malignant tumour.
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Impairment of biopterin metabolism leading to decrease availability of monoamine

neurolransmilters has been suggested to explain methatraxate neurotoxicity. The

increase of total biopterin mimicking that observed in inherited dihydropteridine

rectase deficiencies suggests that methatrexate inhibits the regenerated system of

biopterin in the brain of patients under going high dose of methotrexate thearapy

(Millet, et a/.. 1995).

Atypical phenylketonuria (PKU), hyperphenylalaninemia due to BH4 deficiency results

from deficiency in the phenylalanine hydroxylase cofactor BH4 (Nichol, et al., 1985,

Kaufman, 1987, Dhondt, 1987, Blau, 1988, Niederwieser and Curtius, 1987). Since

BH4 is also a cofactor for tyrosine hydroxylase and tryptophan hydroxylase cofactor,

in most cases atypical phenylketonure (PKU) symptoms include severe neurological

defects. The incidence of the metabolic disease (or more properly diseases) is

approximately 5% of the total PKU population (Niederwieser and Curtius, 1987). The

disease is manifested in two main categories: those patients lacking BH4 synthesis

and those lacking DHPR, the BH4 recycling enzyme. A subclass of the BH4

biosynthesis deficiency has been found in which the patient demonstrates

hyperphenylalaninemia but does not present with the typical neurological defects of

atypical PKU (Niederwieser and Curtius, 1987). This subclass has been referred to

as "peripheral" BH4 deficiency because there appears to be adequate BH4 for

neurotransmitter synthesis but not for normal phenylalanine hydroxylation in liver

(Niederwieser, e( al., 1987). Prenatal diagnosis is available for all types of atypical

PKU (Bartholome, et al., 1977, Duch, D. S., et al., 1986).

Deficiencies in biosynthesis of Bl l4 are characterized by decreases in either GTP-CH

or Pteridine triphosphate synthase (Dhondt, et al., 1985, Blau, et al. 1985 and

Shintaku, et al. 1988). Both deficiencies display low urinary bioprotein levels. PTP
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synthesis deficiency presents with abnormally high neopterin while GTP-CH

deficiency presents with low or no neoplerin (Nicliol, et a/., 1985, Kaufman, 1987,

Dhondt, 1987, Blau, 1988). The peripheral form of BH4 biosynthesis deficiency has

been reported to be a result of a partial PTP synthase deficit (Niederwieser, et al.

1987).

Phenylketonuria is caused due to the deficiency of BH4 and BHPR results in

deficiency of phenylalanine hydroxylase cofactor of BH4 (Caine, 1983).

Patient with a typical PKU due to absent of DHPR/low level of BH4 shows low plasma

level L DOPA, DOPAC and DHPG which decreased catecholamine synthesis

(Goldstein, el al., 1995).

Heterozygotes for both GTP-CH and PTP synthase deficiency have been detected

deficit (Blau, et al., 1985, Scriver, el ai 1987 and Shintaku, et al., 1988) Atypical

PKU due to SR deficiency has not been reported. However, unclassified cases of

BH4 deficiency have been reported.

Two animal models of BH4 biosynthesis deficiency have been reported (Cotton,

1986a, McDonald, et. al., 1988). The GTP-CH inhibitor 2,4-diamino-6-

hydroxypyrimidine has been shown to produce a functional peripheral BH4 deficiency

and metabolic defect of the hph-1 mutant mouse is due to a decrease in GTP-CH.

i-erythro-5,6,7.8 tetrahydrobiopterin (BH4) is the obligatory cofactor for mammalian

phenylalanine, tyrosine and tryptophan hydroxylases and indoleamine-2,3-

dioxygenase (Nicliol, et al. 1987 and Nishimi, 1975). The levels of BH4 were

reported to be greatly reduced in the serum and liver of patients with an atypical form

of phenylketonuria (Blair, 1984c, Cotton, 1986a, Dhondt, el. al. 1990).
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Guanosine triphosphate (GTP) cyclohydrolase 1, the rate limiting enzyme in the

biosynthesis of I3I I4 is subject to feed back inhibition by Bl U. a cofactor for

phenylalanine hydroxylase (Harada, et al., 1993). Inhibition was found to depend

specifically on BR and the presence of other protein (P35). The inhibition occurred

through BHt-dependent complex formation between (P35) protein and GTP

cyclohydrolase 1. The BR levels are high in phenylketonuria which occurred due to

the high levels of phenylalanine (Dhondt and Farriaux, 1982b, and Lovenberg, 1985).

Low levels of BR cofactor are found in the cerebrospinal fluid of the patients

suffering from Parkinson’s disease (Lovenberg, ei al., 1979). But High level of

tetetrahydrobiopterin, cofactor is found in Human neoplastic tissues which is due to

the high activity of DHPR (Eggar, et al., 1983). The low levels of BR are found in

variety of other neurologial diseases including the Shy Drager and Steel Richardson

syndromes, adull-onset-focal dystonia, essential tremor, Huntington's disease and

Senile dementia of the Alzheimer type (SDAT) (Williams, et al., 1980, Aziz, et al.,

1983 and Sawada, et al, 1987). Low levels of biopterin have been repoited in

temporal lobe biopsy sample from the patients with SDAT (Barford, et at., 1984).

While BR does not cross the blood brain barrier well (Nichol, et al., 1985, Levine,

and Galloway, 1987, Levine, 1988, LeWitt and Miller, 1987 and Hamon and Blair,

1987). BHÿ replacement therapy for atypical PKU due to a defect in de novo BR

biosynthesis can be effective if treatment is started early (Kaufman, 1987, Dhondt,

1987, Blau, 1988, Niederwieser and Curtius, 1987). In contrast, DHPR deficiency

does not appear to be amendable to BR replacement therapy presumably because

there is a stoichiometric requirement for the cofactor in the absence of the recycling

enzyme.
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INHIBITORS OF DIHYDROBIOPTERIDINE REDUCTASE

Deficiency of DHPR may occur due lo the presence of neurotoxic metals and organic

compounds, high production of neurotransmitters or genetic effects (Brown, S. 1979).

The decreased activity of DHPR by neurotoxic metals, i.e. aluminum, cadmium,

copper, lead, mercury, manganese and some non-metal compounds like

phenylpyruvale, methotrexate and folic acid have been measured in rat liver (Purdy

andBlair, 1980, Purdy, S 1981).

Inhibition of DHPR by neurotransmitters like dopamine, adrenaline and noradrenaline

has been studied in rat liver (Brown, 1981). The inhibition effects of manganese,

dopamine and adienochrome were also measured in the bovine liver (Firgaira, el al.,

1981 and Armarego, el al., 1983). Lower level of BIH4 has been reported to result due

to the inhibited activity of DHPR by some metals, aluminum, copper, lead, and

manganese as measured in the whole rat brain (Morar, 1984). Comparison of the

concentrations of ferritin, aluminum and iron in the parietal cortex from normal and

Alzheimer's disease patients showed that aluminum has not showed higher levels as

compared to both ferritin and iron in the patients of Alzheimer's type disease

(Dedman, ef a/., 1992).

A number of DHPR deficiency heterozygotes (parents of DHPR deficiency

homozygotes) are known and are apparently normal. Examination of DHPR

deficiency homozygotes show homozygotes to have zero DHPR in the whole blood

and the DHPR deficiency heterozygotes to have DHPR activity about half that of a

group of normals (Blair, 1984c). Serum biopterins in DHPR deficiency heterozygotes

are reported within normal values.
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The foregoing review of the characteristics and the role of DHPR in the maintenance

of normal levels of neurotransmitters through generating BN* in the cells emphasize

its importance in maintaining healthy functioning of nervous system. However, in

order to understand the role of the enzyme DHPR further studies to determine the

effect of different inorganic and organic compounds in vitro on the activity of DHPR

was considered necessary. In addition to these, the effect of DHPR inhibition was

related to the levels of BH,, in the rat brain.
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MATERIALS AND METHODS



CHEMICALS AND REAGENTS

Reduced nicotinamide adenine dinucleotide (NADIH), 6,7-dimethyl-5,6,7,8-

telrahydroplerin (DMPH4), carbodiiniide, dithiothreitol (DTT), dichlorophenol

horseradish peroxidase, hydrogen peroxide,(DiCPiP),indophenol

(trihydroxymethyl)aminomethane (TRIS), trichloroacetic acid (TCA), ascorbic acid,

hydroxyphenylalanine (6-hydroxy-DOPA), 6-hydroxydopamine, 1-methyl 4-phenyl-

1,2,5,6-tetrahydropyridine (MPTP), adrenochrome, melanin, triamterene were

purchased tiom the Sigma Chemical Company, Poole, Dorset, U K. AH-Sepharose-

4B, Sephadex G-150, Sephadex G-75, Sephadex G-15, blue dextran 200,000,

ovalbumin, bovine serum albumin, and chymotrypsinogen A, ribonuclease A were

purchased from Pharmacia Fine Chemicals. Sodium-1,2-naphthaquinone-4-

sulphonate was purchased from Cambrian Chemicals Limited. Scandium chloride

and gallium nitrate were obtained from Aldrich Chemical Company. Biopterin,

neopterin and pterin were obtained from Dr. B. Schirks, Wettswill, Switzerland.

Radioactive calcium (Ca*5) was from Amersham International Limited. EDTA and all

other chemicals used were of analytical reagent grade from BDH Chemicals Limited.

PREPARATION OF TISSUE EXTRACT

A male Wistar rat starved overnight was sacrified and its liver quickly taken out into a

pre-weighed iced cold beaker. The liver was weighed and a 20% homogenate was

prepared in Tris-HC1 (pH 7.6) and then centrifuged at 45,000 rpm for 45 minutes at

4°C in a MSF. Superspeed 50 centrifuge. The supernatant was filtered through muslin

to remove lipids. The protein contents of the supernatant were estimated using the

Biuret’s method (Layne, 1957).
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GEL FILTRATION

Sephadex G-150 was slowly added lo an excess volume, equal to three times the

expected volume of the swollen gel of the buffer 0.05M Tris-HC1 (pH 7.6) and left the

gel lo swell overnight. Fine particles were removed by decantation. The gel was

washed through a glass funnel fitted with Whatman No. 3 filter paper and then

degassed. A chromatography column (2 cm x 60 cm) (Wright Scientific limited.

Surrey, U.K.) was carefully packed with degassed gel and equilibrated with the

degassed Tris buffer. 5 ml rat liver supernatant was applied to the column. The

elution was done with 0.05M Tris/HC1 (pH 7.6) containing 0.1M NaCI at 4°C. 5 ml

fractions were collected and DHPR activity and protein were determined in each

fraction with a Pye Unicam PU 1700 spectrophotometer linked to a variable recorder

and constant temperature water bath. The active fractions were pooled and this

sample was used for affinity chromatography.

PREPARATION OF THE AFFINITY ADSORBENT

Cold, dried and powdered AH-Sepharose-4B (7.5g) was allowed to swell in an

excess of 0.5M NaCI at 4°C overnight. The gel was then washed on a Whatman filter

paper No. 1 with 1500 ml of 0.05M NaCI to remove lactase and dextran and then with

1500 ml of distilled water to remove NaCI. 0.375g Sodium-1,2-naphthaquinone-4-

sulphonate was dissolved in a small quantity of distilled water. This ligand solution

was added to the gel and the pH of the mixture was adjusted between 4.5 - 6.0. This

slurry was stirred gently at room temperature in the dark for one hour. 1.86g

Carbodiimide was dissolved in a small amount of distilled water and this was added

32



drop wise to the slurry with gentle stirring maintaining the pH at 4.5 - 6.0 for one hour.

This mixture was then shaken in the dark for 24 hours. The adsorbent was washed

with of 0.1M sodium acetate buffer (pH 4 0) containing 1M NaCI, then distilled water

and finally with of 0.05 Tris-HC1 buffer (pH 7.6) containing 0.2M NaCI. The adsorbent

was degassed and stored in the dark at 4°C.

AFFINITY CHROMATOGRAPHY

The affinity adsorbent (10 ml) was packed into a column (15 x 0.5cm) ml,

equilibrated with 0.05 M Tris-HC1 buffer pH 7.6, containing 0.8M NaCI, 0.1mM EDTA

and 20% glycerol at 4°C. 5 ml of the supernatant or 5 ml active fraction obtained

after gel filtration was then eluted with different buffer solutions in the order as given

below. Firstly the elution was done with 30 ml 0.05M Tris-HCI buffer (pH 7.6)

containing 0.0M NaCI, 0.1mM EDTA, 20% glycerol (makes the elution solution

denser and more viscous) and 0.1 mM NADII (buffer I). Then with 15 ml of 0.1M

Na2C03-NaOH (pH 10.9) containing 1M NaCI and 0.1mM NADH (buffer II). This was

followed by elution with 10 ml of the buffer I but without NADH (buffer III) and finally

with 15 ml of the buffer II but without NADH (buffer IV). Fractions, 3 ml each, were

collected and pH of each fraction was adjusted to 7.6 using 1 M HCI. The protein

contents of each fraction were estimated by Lowry's method (Lowry ef a/., 1951).

DHPR activity was measured by the method used by Craine, et a!., (1972). Fractions

were stored at -20°C in 2mM DTT and 0.02mM NADH. The affinity adsorbent was

regenerated by washing the column with 15 ml of 0.1 M sodium acetate buffer (pH

4.0) containing 1M NaCI and then with 15 ml of buffer III. The column was
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regenerated after every four runs by washing it with buffer II containing 2mM DTT for

16 hours followed by washing with buffer II only until the original red color

reappeared. The adsorbent was always stored in buffer in the dark at 4°C.

ASSAY OF DIHYDRQPTERIDINE REDUCTASE

Assay of DHPR was done by the method of Craine ef al. (1972) by adding the

various components of the assay mixture directly to the sample cuvette. The assay

mixture consisted of 0.1 ml 0.05 M Tris-HCI (pH 7.6), 0.1 ml 2.5 x 10'4M NaN3 0.1

ml 10~3M H202, 0.1 ml of 8 units (0.8|ig) horse radish peroxidase, 0.1 ml 10‘5m

DMPH4 0.1 ml lO-ÿM NADH and 0.02 ml DHPR enzyme sample. The volume was

made to a total of 1 ml by adding 0.38 ml distilled water. The control cuvette

contained all the components of assay system with the exception of the enzyme

sample. DMPH4 was added and mixed at the end to initiate the reaction. The

reagent was allowed to equilibrate at 37°C for 90 seconds in a PYE UNICAM SP

1700/ SP 8800 spectrophotometer linked to a variable recorder and constant

temperature water bath. The rate of reaction was measured by following decrease in

optical density at 340nm due to the disappearance of NADH. Reading of decrease in

optical density against time was measured directly from the chart recorder.

One unit of the enzyme activity was defined as the amount of the enzyme that

oxidized one pinoles of NADH per minute.
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MOLECULAR WEIGHT DETERMINATION OF DIHYDROPTER1DINE
REDUCTASE

Molecular weight of the purified enzyme was determined by the method of Andrews,

(1965). 1% solution of each standard protein of known molecular weight

(ribonuclease, 13700, chymotrypsinogen A 25,000, ovalbumin 43,000, albumin

67,000, and blue dextran 200,000) was prepared. Then each of the solutions was

separately run through Sephadex G-75 by using Tris-I ICI buffer pH 7.6.

The values of Kav (the distribution co-efficient) were determined by using the

following formula:

Ve - Vo

Kav =
Vt- Ve

Ve is elution volume of the protein, V0is the void volume and V| the total bed volume.

The V0 was determined using blue detran. A graph was plotted between the log of

molecular weights of the standard proteins and their Kav. The molecular weight of the

purified enzyme was determined by reading from the standard graph.

EFFECT OF METALS RADIOACTIVE METALS AND OTHER REAGENTS ON
DIHYDROPTERIDINE REDUCTASE ACTIVITY

Km and Vmax values for DHPR were determined with respect to NADH and

6,7,dimethyl-5,6,7,0-tetrahydropterin (DMPH4). When the concentration of DMPH4

was varied that of NADH was kept constant, and then DMPH4 concentration was

kept constant with various concentrations of NADH.
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To study the effect of (he various metals on DHPR activity, manganese chloride,

cadmium chloride, bismuth nitrate, lead acetate, aluminum sulphate, scandium

chloride, gallium nitrate, calcium chloride and magnesium, chloride were added

-7 2
directly to the assay mixture at final concentrations ranging from 10 M - 10 M. The

assays were then done as described before. Also the enzyme was preincubated with

the above-mentioned metal ions at concentrations of 10 7M 10 7M for 30 minutes at

37°C and then assayed as described above. Percentage inhibition or activation was

calculated in each case.

The binding nature of radioactive bound metal to DHPR, after incubation for 30

minutes at 37°C. can be deteremined by dialysis witli buffer, 0.05 M Tris-HCI (pH

7.6) containing EDTA ( ionic impurities ligand ). The dps of radioactive metal with

enzyme was determined by measuring (he counts with the |f-counter. The percentage

of recoveries of radioactive sample was deteremined by running through Sephadex

G-75 and G-15 columns (Me Fadden and Koshland, 1992) it was also measured

before and after passing the mixture through the affinity column.

Inhibition studies were also performed at least with varying concentrations of the

reagents including adrenochrome, triamterene, MPTP, 6-hydroxy-DOPA and 6-

hydroxy-dopamine. The compounds were added directly to the assay mixture just

before incubation. Ihe values of Ki with respect to UMPIIÿ and NAUM witli inhibitors

of DHPR were determined.
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Fig. Structures of compounds used for inhibition studies of dihydropteridine reductase.

Percentage inhibitions of each potential inhibitor were determined in neutral and in

alkaline media (Tris/MCI pH 7.6) for monomer-DHPR as well as for dimer-DHPR

Effect of the above mentioned compounds on DHPR activity was also determined by

first preincubating the inhibitor at a concentration range of 10'7 - lO'ÿM with the

enzyme at 37°C for 30 minutes and the percentage inhibition was measured. After

preincubating the enzyme samples with the reagent mixture was dialysed for 48

hours with the twelve changes of the buffer 0.05M Tris/HC1 at pH 7.6 with and

without 10-4 EDTA. The enzyme sample was then assayed in order to determine the

nature of binding of the inhibitor/activator to the enzyme.
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ESTIMATION OF BIOPTERIN IN THE RAT BRAIN TISSUES

Male Wistar rats (weight 0.1-0.15Kg) were kept at 21°C in room having a fixed 12

hours dark and 12 hours light cycles and they were allowed access to feed

(Breeding diet, Heygates Ltd ). Rats were dosed by stomach inoculation, using

specially prepared olive tipped needle, with Pb(CH3C00)2.3H20 (150 pmoles/rat),

AI2(S04)36H20, SCCI3 and Ga(N03)3 (150 pmoles/rat). The salts were dissolved in

0.05M Tris/I ICI (pH 7.6) containing 0.1M NaCI at a concentration to contain the

required dose in 0.3 ml. The dose solution of 6-hydroxy DOPA / MPTP was prepared

in distilled water and the dosed volume was 0.3 ml. The rats were dosed under light

anaesthesia. Prior to sacrifying, the starved rats were allowed water but not food for

overnight. The dosed rats were killed at varying time intervals by ether anaesthesia

and cervical dislocation and brain was quickly removed into pre weighed ice-cooled

watch glass for each animal. A 2.0% homogenate (w/v) was prepared in 20%

trichloroacetic acid and centrifuged for 1 to 2 minutes to obtain supernatant. 50 pi

supernatant was directly injected into the HPLC system (Morar, C., 1984).

The HPLC system used was a Spherisorb HPLC analytical column (25 cm x 4.6 mm)

octadecylsilane S:5 ODS1 tube (Phase-sep-Ltd.) in series with a Spheiisorb 50S2

pre column with similar packings with isocratic solvent (5% methanol in 95% distilled

water) and a Constametric model III pump. It was set with flow rate 1.0 ml/min at

2000-3000 psi and samples were automatically carried by a Water Intelligent Sample

Processor 710-B auto injector (Water Associates Co.) with injection volume of 50 pi

and running time 30 minutes. Duplicate injections were made for each sample.

Relative fluorescence was measured at 360nm excitation wavelength and 450nm

emission wavelength by a speclrofluorometer (model SFM 23, KONTRON)
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connected to a chart recorder with dual pen (J.J. Lloyd Instruments Limited,

Southampton) (Hyland, 1985). The fractions were identified by comparing the

retention time and absorbance ratio at 360/450ntn with standard compounds.

Concentrations were measured by integration of peak area (0.5 x base x peak height)

using standard curves of biopterin and neopterin (Blau and Niederwieser 1983).

The percentage levels of biopterin, dihydrobiopterin and tetrahydrobiopterin in total

rat brain were determined by the method of Kapatos, 1990. This method involves the

selective oxidation of reduced biopterin by iodine l2 in acid and in alkali to give

fluorescent products. Any biopterin in the supernatant before oxidation was

measured by direct injection of the supernatant. Oxidation of reduced biopterin in

acid converts both BH2 and BH4 to biopterin and in alkali BH2 to B and BH4 to

pterin. Then B and BH2 and BH4 can be estimated.

0.5 ml supernatant was put into a graduated centrifuge tube. 1-2 drops of iodine acid

solution (2% l2 4%, Kl in 1N HCI) was mixed with constant shaking until red

colouration appeared. After standing the mixture for 60 minutes, it was neutralized

with 1M NaOH, and excess iodine was reduced by the addition of 5% ascorbic acid.

Final volume was noted to determine dilution factor. After filtration through Sartorius

mini filter 50pl was injected into HPLC system. For alkali oxidation to 0.5 ml sample,

0.6 ml 1N NaOH, a few drops of 0.001% EDTA, 1-2 drops of iodine alkaline solution

(2% l2 4%, Kl in NaOH) were taken. Excess iodine in solution was checked by starch

paper test in acid solution. The mixture was left for 60 minutes to complete oxidation.

5% ascorbic acid was added to stop the reaction. It was then neutralized by 0.5M

HCI. Final volume was checked and filtered. Then 50pl of the reaction mixture was

injected into the IIPLC System.
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RESULTS



PURIFICATION OF RAT LIVER DIHYDRQPTER1DINE REDUCTASE

Rat liver was isolated and weighed in a pre-weighed ice cold china dish. 20%

homogenate was prepared in Tris HCI buffer (pH 7.6). This homogenate was

centrifuged at 45,000 rpm for 45 minutes at 4°C in MSE superspeed 50 centrifuge.

After centrifugation the supernatant layer of homogenate was collected and filtered

through muslin DHPR activity and protein content of tire supernatant was measured.

5.0 ml supernatant was run through an affinity column prepared as described before.

Fig. 16 shows the elution of DHPR supernatant through the affinity chromatography

column packed with AH-Sepharose-4H with sodium-1, 2-napthaquinone-4-

sulphonate as a ligand The DHPR supernatant was eluted through this column with

four types of buffer solutions.

The elution was first done with 30 ml buffer containing 0.05 M Tris/HCI (pH 7.6)

containing 0.8 M NaCI, 0.1 mM EDTA, 20% glycerol and 0.1 mM NADH. Although a

big fraction of proteins was eluted with this buffer but there was very little activity of

DHPR associated with this fraction.

The elution was then continued with 15 ml of the second buffer containing 0.1 M

Na2C03/Na0H (pH 10.9), 1M NaCI and 0.1mM NADH. This resulted in the elution of

DHPR activity in a single peak. The most active fraction of this peak contained 2.32

EA/ml DHPR activity and a protein concentration of 0.124 mg/ml.

Elution was then continued with 10 ml of a third buffer, which was the same as the

first buffer but without NADH. The protein concentration in the eluted fractions

remained low The enzyme activity first dropped and then started to rise. The elution

was finally done to completion with the above-mentioned second buffer but without
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NADH. This resulted in elution of a second fraction of DHPR activity in the form of a

single peak, which was bigger as compared to the first peak. The second peak

combined fractions contained 3.30 EA/ml DHPR activity and concentration of protein

was 0.044 mg/ml. Thus as a result of the affinity chromatography, two DHPR

fractions were obtained. The second fraction contained higher amount of activity as

compared to the first one.
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Affinity chromatography of rat liver extract through a column containing AH-
Sepharose-4E3 with sodium-1, 2 napthaquinone-4-sulphonate attached as a
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1. 0.05 M Tris/IICI buffer pH7,6 containing 0.8M NaCI. o 1 mM EDTA, 20% glycerol and

0 1 mM NADII,
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4 Buffer 2 without 0.1 mM NADH

Fig. 16.
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Table 1 shows summary of purification data obtained when rat liver crude extract

was subjected to affinity chromatography. 5.0 ml of the crude extract contained a

total of 105 unils of DIIPR activity and 1,310 mg total proteins. This sample was

used for loading onto affinity chromatography column. The most active fractions of

the two DHPR activity peaks obtained after affinity chromatography were pooled into

two fractions. The enzyme activity and the protein contents in both the fractions were

determined. The first fraction thus contained 20.9 DHPR activity units and total of

1.116 mg protein. The specific activity of this sample was therefore 18.73. This

represents 234-fold purification with recovery of 19.9%. The second fraction

contained 46.1 units of DHPR activity and a total of 0.616mg protein. The specific

activity of this fraction was therefore 74.67. A 933-fold purification, with a percentage

recovery of 43.8 for this fraction, was obtained.

Table. 1. Summary of purification of rat liver dihydropteridine reductase by affinity
chromatography.

Pat Liver
Dl IPR

Volume Enzyme
Activity
Unil/ml

Specific Purification
Aclivily (fold)
Unil/ing

Recoveryfolal
Enzyme
Aclivily
Unils

Protein
mgfml

Total
Proleinml %

mg

105 262 1.310 0.08Tissue
extract

5.0 21 1 100.0

DHPR
fraction 1

90 20.9 0.124 1.116 18.732.32 234 19.9

DHPR
fraction 2

14.0 3.30 46.1 0.044 0.616 74.67 933 43.8

The rat liver crude extract was dialyzed before subjecting the sample to affinity

chromatography in order to see whether this resulted in improved purification.
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Table. 2. summarizes the results obtained when the tissue extract was used after

dialysis. 5 ml of the dialyzed extract contained a total of 98.0 units of DHPR activity

and a total of 1,225 mg protein. Specific activity of this sample was 0.08.

Table 2. Summary of purification of rat liver dihydropteridine reductase by affinity
chromatography after dialysis of the tissue extract.

Enzyme
Activity
Unit/ml

Total
Enzyme
Activity
Units

Protein
mg/ml

Total
Protein

Specific
Activity
Unllfmg
protein

Purification RecoveryRat Liver
DHPR

Total
Volume fold %

ml mg

245 1225 008 1 100Dialyzed tissue
extract

50 19.6 98

DIIPR
traction I

8.5 17.3 0.120 1.02 16 96 212 17,6Affinity 2.2

Column
41.47 0.036 0.522 79.44 993 42.3DHPR

fraction 2
14,5 286

When the sample, obtained after dialysis, was resolved by affinity chromatography,

two distinct peaks were obtained as previously. The fraction from first peak contained

17.3 units of DHPR activity and it had a specific activity of 16.96. A 212-fold

purification with recovery of 17.6% was obtained. The pooled fraction 2 contained

41.47 units of DHPR activity with specific activity of 79.44. A 993-fold purification and

42.3% recovery of the enzyme was obtained. The combined recovery of DHPR

activities from fraction 1 and 2 was 59.9% and 63.7% and obtained in the case when

the rat liver supernatant was loaded directly to the affinity column.

Table 3 summarizes the results obtained when the rat liver extract was used after

partial purification by G-150. Tissue extract contained a total of 90 units of DHPR

activity and a total of 1250 mg proteins. Specific activity of this sample was 0.072.

The sample was fractionated to give a single activity peak. 6 ml of the most active

fractions of this peak contained a total of 48 units of DHPR activity and 12 mg

proteins. Specific activity of the sample was thus 4.0-unit/mg. 55-fold purification and
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53% recovery of the enzyme was obtained. The partially purified sample was then

resolved by affinity chromatography. One distinct activity peak was obtained. Active

fractions from this peak were combined to obtain the sample, which contained a total

of 27 units of DHPR activity and a total of 0.54 mg of proteins with a specific activity

of 50. A 694-fold purification with a recovery of 30% was obtained. One of the peaks

of active fractions did not appear which seemed to have been lost during partial

purification of the sample by Sephadex G-150 chromatography.

Table. 3. Summary of purificalion by affinity chromatography of rat liver dihydropleridine
reductase after partial purification of the tissue extract by Sephadex G-150
chromatography.

PurificalionRat Liver
DHPR

Total
Volume ml

Enzyme
Activity

Total
Enzyme
Activity
Unlls_

Proleln
mg/ml

Total
Protein

Specific
Activity
Unit/mg
proleln

Recovery
told %

itymtUni mg

T issue
Extract

5 0 18.0 90 250 1250 0 072 10 "ioo

G-150 6.0 48 '2.0 12.08 0 4.0 55 '53

90Affinity

__
Column__ 3.0 27 0.06 0 54 50 694 30

MOLECULAR WEIGHTS OF THE TWO D1HYROPTER1DINE REDUCTASE FRACTIONS

Each of ihe two fractions obtained from (he affinity chromatography column was

assayed for DHPR activity. Molecular size of the protein contained in each of the two

fractions obtained after the affinity chromatography was determined by the method of

Andrews (1965) The column was calibrated by determining (he elution volume for

each of (he molecular weight used. Elulion was done with 0.05 M Tris/Hcl buffer (pH

7.6). A standard graph was obtained by plotting dissociation coefficient (Kav) against

the log of Ihe molecular weight of each protein (Pig. 17).
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Finch of (he two DHPR fractions oblained from affinity chromatographic column was

eluted from the Sephadex G-75 column separately under the same conditions. By

plotting the Kav in the standard graph and extrapolating the molecular weights were

determined.

The molecular size for DHPR of fraction 1 obtained from affinity chromatography was

found to be 24,500, while that of the fraction 2 was 48,600.

0.30 -Ribotiudeasc (13.700)

0.20

V DHPR Iradion 1 <M. Wl = 24.500)
7\Chymolrypslnogon A (25,000)Kav

0.10 Ovalbumin (43,500)
DHPR Iradlon 2 (48,600)

V- Albumin (67.000)

4.2 4.4 4 6 4.8 60
Log ol molecular woight

Fig. 17. Graph between log of molecular weight of protein and their distribution coefficient
(Kav) in the Sephadex G-75 column.

EFFECTS OF DMPH4 AND NADH CONCENTRATIONS ON MONOMERIC AND
DIMERIC DIHYDROPTERIDINE RETUCTASE ACTIVITY

The effect of substrate concentration on the activities of both monomeric and

dimeric-DHPR was determined. The data was oblained by varying the concentrations

of one of the two substrates, DMPH4 and NADH at a time and keeping that of the

other constant in the assay mixtures.
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Reciprocal of pmole of one of the substrates converted per ml was plotted against

the reciprocal of the other substrate concentration in each case. For monomeric-

DHPR, the plot between the reciprocals of the varying concentration of DMPH4

versus the reciprocals of the rate of NADH oxidized is shown in Fig. 18. A Km value

of 80.0 pmoles DMPH4 and Vmax of 8.3 NADH pmoles /min oxidized were

determined.

0.8 -i

0.6 -1
I

5

5
0.4 -2

s
I

0.2 -£

- -I''' 1 1 1
-0.01 0.01!0 0.02 0.03

pmoles/l
(S) DMPH<

Fig. 18. Lineweaver-burke plot between the rate of oxidation of NADH by monomeric-DHPR
and DMPH4

The effect of substrate concentration on the activity of monomeric-DHPR was also

determined by varying the concentration of NADH with a constant concentration of

DMPH4. Fig. 19 shows the plot between the reciprocal of the varying concentration

of NADH versus the reciprocal of the rate of NADH oxidized. Km value of 8.3 pmoles

NADH and Vmax of 8.0 pmoles/min NADH oxidized were determined.
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The effect of substrate concentrations on the activity of dimeric-DHPR was

determined by varying the concentrations of one of the two substrates DMPH4 and

NADH, and keeping the concentration of the other constant.

0.8 -i

I
S 0.6-

1
5
< 0.4-

8
O

11
0.2-

£

— i ii
-0.01 0 0.01 0.03

pmoles/L
(S) NADH

Fig. 19. Lineweaver-Burke plot between the rate of production of q.DMPH2 by monomeric-
DHPR and NADH.

Reciprocal of the pmoles of the substrate converted per minute was plotted against

the reciprocal of the substrate concentration in each case. Fig 20 shows the plot

between the reciprocal of the varying concentrations of DMPH4 versus the reciprocal

of the rate of NADH oxidized. Km value of 12 pmoles DMPH-, and Vmax of 25 12

pmoles/min NADH oxidized were determined.
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Fig. 20. Lineweaver-Burk plot between the rate of oxidation of NADH by dimeric-DHPR and

DMPHi
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Fig. 21. Lineweaver-Burk plot between the rate of production of q DMPH2 by dimeric-
DHPR and NADH.
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Fig. 21. shows the plot between the reciprocal of the varying concentration of NADH

versus the reciprocal of the rate of NADH oxidized. Km value of 14 pmoles DMPH4

and Vmax of 24 8 pmoles/min NADH oxidized was determined.

Table 4 shows kinetic data of monomeric-DHPR and dimeric-DHPR with respect to

variable concentrations of the substrates DMPFU and NADH. For monomeric-DHPR,

Km and Vmax values with respect to variable substrate DMPH4 were 80.0 pmols and

8.30 pmoles/min, respectively (Fig. 18) and with respect to variable substrate NADH

83 pmoles and 8.0 pmoles/min, respectively (Fig. 19). For dimeric-DHPR, Km and

Vmax values with respect to variable substrate DMPH4 were 12.0 pmoles and 25

pmoles/min, respectively (Fig. 20), and with respect to variable substrate NADH, 14.0

pmoles and 24.8 pmoles/min, respectively (Fig. 21).

Table 4. Kinetic data of monomeric- and dimeric dihydropteridine reductase with respect to
DMPI lH and NADII by using 11202 and horseradish peroxidase.

Substrate Apparent Km
(pmoles/L)

Apparent Vmax
(pmoles/min)

Enzyme

DMPH4 80.0 8.3Monomeric-DHPR

NADH 83.0 8.0

DMPH4 12.0 25.0Dimeric-DHPR

NADH 14.0 248

It shows that Km values of monomeric-DHPR with respect to variable substrate

DMPFh were lower than the Km values of monomeric-DHPR with respect to variable

substrate NADH. Vmax values for monomeric-DHPR with respect to variable

substrate DMPH4 were greater than Vmax values with respect to variable NADH.
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Similarly, llie Km values for dimeric-DHPR with respect to variable substrate DMPI I4

were lower than Km value with respect to variable substrate NADU. Vmax values for

dimeric-DHPR with respect to variable substrate DMPH* were greater than the Vmax

values with respect to variable substrate NADH (Table 5).

Table. 5. Kinetic data of monomeric and dimeric dihydropteridine reductase with respect to
variable concentrations of the substrates DMPH4 and NADH using DiCPiP instead
of H2Op and horseradish peroxidase.

Substrates with
varying concentration

Apparent Km
(pmoles/L)

Apparent Vmax
(pmolesfmln)

Enzyme

DMPH4 88.0 8.1inonomeric-DHPR

NADH 90.0 7.8

DMPH4 16.0 24 0dimeric-DHPR

NADH 19.0 23.4

Apparent Km and Vmax values of monomeric-DHPR with respect to varying

concentration of DMPH4 were determined to be 88.0 pmoles and 8.1 pmoles/min.

respectively. The Km and Vmax values of monomeric-DHPR with respect to variable

concentration of the substrate NADH were 90.0 pmoles and 7.8 pmoles/min,

respectively. Apparent Km and Vmax values of dimeric-DHPR with respect to

substrate DMPH4 were 16.0 pmoles and 24 pmoles/min, respectively The Km and

Vmax values of dimeric-DHPR with respect to NADH, were 19.0 prnoles and 23 4

pmoles/min, respectively. Kinetic data of monomeric and dimeric DHPR with respect

to variable concentrations of both the substrate DMPH4 and NADH show that lower

Km and higher Vmax values were obtained when H2O2 and horse radish peroxidase

were used as compared to when DiCPiP was used as an oxidizing agent.
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SEPHADEX G-75 CHROMATOGRAPHY OF 45Ca TREATED DIHYDROPTERIDINE
REDUCTASE

In order lo sludy the interaction of 45Ca with the monomeric and dimeric forms of

DHPR, 3 ml of each enzyme sample containing 1.82 units and 0 66 units was

incubated separately with 10'4 M of Caf* and 45Ca for 30 minutes at 37°C. The

mixture of each was then passed through Sephadex G-75 column and G-15. The

elution profiles of the enzyme with 45Ca are shown in Figs. 22 and 23. The

monomeric-DUPR activity with 45Ca eluted together from the Sephadex G-75 column

(Fig. 22). Similar results were obtained for the dimeric-DHPR as the dps of 45Ca were

proportional to the enzyme activity in the various fractions collected. 45Ca seems to

be too tightly bound to the enzymes to be separated by Sephadex G-75.
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Fig. 22. Elution profile of monomeric-DHPR activity when A5Ca treated enzyme was passed
through G-75 column.
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Fig. 23. Elulion profile of dirneric-DHPR activity and when 45Ca treated enzyme was passed
through G-75 column.

DHPR activity dps Of
45

Ca

SEPHADEX G-15 CHROMATOGRAPHY OF 45Ca TREATED DIHYDROPTERIDINE

REDUCTASE

Monomer treated with 45Ca gave 9495836 dps before dialysis while after dialysis the

counts of the sample were left 5507504 dps and recovery of radioactivity therefore of

45Ca was 58%. The monomer sample however when treated with 45Ca was passed

through the sephadex G-75, gave 5864630 dps with the recovery of radioactivity of

45Ca was 62%.

When the sephadex G-75 elution of 45ca enzyme was passed through the

sephadex G-15 column, 5783928 dps were recovered 98% of the sample loaded on

the column.

The elution profile of the enzyme activity and the dps of 45Ca are shown on the fig

24. Both the protein and 45Ca were eluted from the column as a single peak. The dps

of 45Ca in each fraction was proportional to the enzyme activity. The 45Ca didn't seem
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lo be dissociated, t herefore it was not retained by Sephadex G-15. No further peak

of dps was appeared after 15 fraction from G-15.
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Fig. 24. Elution profile of dimeric-DHPR activity and when "ÿCa treated enzyme was passed

through Sephadex G-15 column.DHPR activity dps. of ‘,5Ca

EFFECT OF PREINCUBATION ON RAT LIVER DtHYDROPTERIDINE
REDUCTASE ACTIVITY

Stability of monomeric-DHPR and dimeric-DHPR as obtained after affinity

chromatography of rat liver extract was determined by preincubation of the enzyme

samples at 37°C, the assay temperature for the enzymes, for a period up to 30

minutes.

Table 6 shows the enzyme activities after varying periods of time up to 30 minutes.

Activity of monomeric-DHPR showed a slight increase of 8.7% after 5 minutes. After

that there was a gradual decrease in activity and after 30 minutes only 59.1% activity

was left.
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In the case of dimeric-DHPR, after a significant initial increase (10.5%) in the dimeric

DHPR activity, a gradual decrease took place and then after 30 minutes only 53.4%

activity was left behind. For all the subsequent assays therefore the enzyme samples

were preincubated at 37°C for 5 minutes and then added to the assay mixture.

Table. 6. Effect of incubation at 37°C on the activities of dihydropteridine reductase.

Preincubation time (minutes)-
Monomeric-DHPR

DHPR activity units Percentage activity

1.15 100.0
108.7

Control
1.255
1.12 97.410

15 0.94 81.7
0,87 75.620

25 0.80 69.6
0.68 59.130

Dimeric-DHPR
4.76 100Control
5.23 110.8

104.2
101.9

5
4 9610

15 4.85
4 30 90.320

71425 340
2.54 53.430

EFFECT OF CALCIUM ON DIHYDROPTERIDINE REDUCTASE ACTIVITY

Aliquots of samples of monomeiic-DHPR and dimeric-DHPR containing 1.60 and

2.91 units of activity, respectively were incubated separately with CaCI2 at various

concentrations ranging from 105 M to 10'? M, at 30°C for 30 minutes. After the

incubation the enzyme activities were assayed.

Table 7 shows the variations in the activities of the monomeric-DHPR and dimeric-

DHPR on treatment with different concentrations ol Ca*\ The activity of monomeric-

DHPR showed an increase with increase in the concentration of CaCI2 up to the level

of 10'3 M at which an increase of 26% took place. Further increase in the

concentration of CaCI2 did not show a significant increase in the activity.
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The effect of CaCb on the activity of dimeric-DHPR did not show any pronounce

effect at any of the concentrations used. The little change in activity in the presence

of different concentrations of Ca44 seemed to be only due to experimental error.

Table. 7. Effect of Ca+t on the activity of monomeric and dimeric dihydropteridine reductase.

Concentration of CaCl2 DHPR activity units Percentage activity

Monomeric-DHPR

Control

10 'M
10 '’ M
10 3 M

10
7

M

Dimeric-DHPR

Conlrol

10

10" M

10'3M
10

J
M

1.60 100

1.09 118

1.90 119

1262.02

2.05 128

2.91 100

2.87 98.3

293 99 3

2.81 966

2.89 99.3

The effect of dialysis on the Ca44 treated monotneric-DHPR was studied by dialyzing

aliquots of the enzyme for a period of 48 hours at 4°C, The activity of the Ca‘

treated enzyme was compared with the activity of the control enzyme exposed to the

same conditions.The results obtained are shown in Table 8.

*

The untreated

monomeric-DHPR showed only a slight increase in the activity after dialysis for 48

hours. Ca44 heated monomeric-DHPR the activity increased slightly from an initial

value of 2.05 units to 2.18 units. The untreated monomeric-DHPR increased its

activity by 5.63% while the Ca44 treated monomeric-DHPR increased its activity by

6.34% after undergoing dialysis for 48 hoursA
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Table. 8 Elfect of dialysis on Ihe activity of Ca** treated monomeric dihydropteridine
reductase.

Calcium-treated monomeric-DHPR
Hours

Control

DHPR activity units Percentage activity DHPR activity units Percentage activity

128.13100 00 2.050 1 60

2.05 128.13

126.54

126.38

125.61

126.22

127.27

128.14

128 99

1 60 100 001

2,051.62 101.25

101 88

102.50

102.50

103.13

104.38

105.63

2

2.064 1.63

2.066 1.64

2.078 1 64

1 65 2.1012

24 1.67 2.14

1.69 2.1848

The results also show that the proportions between the activities of the untreated

sample and the Ca**-treated monomeric-DHPR after various periods of dialysis

remained almost unchanged. Any increase in the activity of the Ca**-treated

monomeric-DHPR was common with the untreated enzyme sample. The results

therefore show that the bound CaM was not removed on dialysis for the period up to

48 hours. The effect of CaM was studied on any change of the size of monomeric-

DHPR. 3 ml of the enzyme sample containing 1.82 units’ activity was incubated with

10
4

M CaCI2 under the previously defined conditions. This enzyme sample then was

used to determine its molecular weight by the previously described method.

The molecular weight of the Ca** treated monomeric-DHPR was determined to be

48,000. This clearly shows that under Ca** treatment, the monomeric form of DHPR

was converted to a dimeric form of DHPR.

EFFECT OF MAGNESIUM ON DIHYROPTERIDINE REDUCTASE ACTIVITY

Aliquots of monomeric-DHPR and dimeric-DHPR containing 1.55 and 2.86 units of

activity, respectively, was incubated separately with MgCI2 at various concentrations
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ranging from 10 s M to 10'2 M at 37°C for 30 minutes. After the incubation, the

enzyme activities were assayed.

Table. 9 shows the variations in the activities of the monomeric-DHPR and dimeric-

DHPR with the treatment of different concentrations of Mg**. The activity of

monomeric-DHPR showed an increase with increasing concentrations of MgCh up to

the levels 10 2 M at which an increase of about 36% took place. Further increase in

concentration Mg*‘ showed only a little increase in the enzyme activity. MgCI2,

however, showed only a little effect on the activity of dimeric-DHPR at any of the

concentrations used.

The effect of dialysis on the Mg** treated monomeric-DHPR was studied by dialysing

Table. 9. Effect of Mg'* concentration on the activity of monomeric and dimeric
dihydropleridine reductase

Concentration of MgCi2
Monomeric-DHPR

Conlrol

10r,M

10 * M

103M
10 7 M

1.5x 10 7M

DHPR activity units Percentage activity

1.55 100

1.77 1M2

123.21.91

1 98 127.7

135.5

136.8

2.10

2.12

Dlmerlc-DHPR

Conlrol

10 5 M

IOMM
10

3 M

107M

2.86 100

2.89 101.4

2.85 99.9

2.86 100

2 88 100.7

aliquots of the samples for a period of 48 hours at 4°C. The enzyme activity of the

Mg** treated enzyme was compared with the activity of the control enzyme exposed

to the same conditions. The results given in table 10 show that untreated
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monomeric-DI IPR showed a slight (8.4%) increase in the activity after dialysis for 48

hours wheieas for Mg“ treated DIIPR the activity gradually increased to 2.28 units

from an initial values of 2.10 units. Comparison of these two increases show that the

Mg“ treated monomeric-DHPR increased its activity by 0.23% after dialysis for 48

hours when compared with the DHPR.

The effect of Mgtf was studied on any change in the molecular size of the

monomeric-DHPR. 3 ml of the enzyme sample containing 1 55 units’ activity was

incubated wih 10* M MgCI2 under the previously defined conditions. The enzyme

sample was used to determine its molecular weight according to the previously

described method.

Table. 10 Effect of Dialysis on the activity of Mg“ treated monomeric dihydropteridine
reductase.

Dialysis time

Hours

Control Magnesium-treated monomeric-DHPR

DHPR activity units

r.55

Percentage activity

Too.o~
101.3

101.3

103.2

103.9

105.2

106.5

DHPR activity units

T.To

Percentage activity

"135.48

133 76

133.12

131.88

131 68

131.29

132.12

0

1 I 57 2.10

2 1.57 2.10

4 1 GO 2.11

6 I.G1 2.12

8 1.63 2.14

12 1.65 2 18

24 1 68 108.4 2.25 133.93

48* 1.68 1084 2.28 135.71

The molecular weight of the Mg+4 treated monomeric-DHPR was determined to be

48,000. This clearly shows that Mg44 treated monomeric form of DHPR was

converted to the dimeric form of DHPR.
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EFFECT OF CADMIUM ON D1HYDROPTERID1NE REDUCTASE ACTIVITY

Aliquots of the monomeric-DMPR and dimeric-DHPR containing 2.00 and 4.10 units

of activity, respectively were incubated separately with CdCI2 at various

concentrations ranging from 10’5 M to 10 2 M, at 37°C for 30 minutes. After the

incubation the enzyme activities were assayed.

Table 11 shows the variations in the activities of monomeric-DHPR and dimeric-

DHPR on treatment with different concentrations of Cd**. The activity of Cd** treated

monomeric-DHPR as well as dimeric-DHPR decreased with the increase in the

concentration of CdCI2 up to 10 2 M.

Activity of Cd“ treated monomeric-DHPR was gradually reduced to 82.5% with

increase in Cd" concentration to 1 x 10'2M. In the case of Cd*+ treated dimeric-

DHPR however, the drop in activity was more pronounced. At a concentration of 5 x

10-3M CdCI2 the activity was reduced to 51.22%.

Effect of dialysis on the Cd'* treated monomeric-DIIPR as well as dimeric-DHPR

was studied by dialyzing aliquots of the enzyme for a period of 48 hours at 4°C. The

activity of the Cd‘* treated enzyme was compared with the activity of the control

enzyme exposed to the same conditions.
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Table. 11. Effect of Cd‘*concentration on the activity of monomeric and dimeric
diliydropteridine reductase

OHPR activity units Percentage activityConcentration of CdCl2
Monomeric-DPHR

100.00

100.05

100.01

2.00Control

1 x 10 SM
5 x 10

5 M

1 x 10
4

M

5 x 10" M

1 x 10
3 M

5 x 103 M

1 x 10 2 M

1 x 10 ' M

Dimeric—DHPR

Control

1 x 106 M

5 x lO'6 M

1 x IOr’M

5 x 10
5

M

1 x 10 M

5 x 10
4

M

1 x 10 3 M

5 x 103 M

1 x 102 M

2.05

2.01

85.001.70

84.50

64.00

83.00

82.50

82.50

1 69

1.68

1.66

1.65

1.65

100.004 100

100.20

100.10

4.110

4.120

94.00

87.40

70.00

3.854

3 583

2.070

2.214 54 00

53.17

51 22

51 46

2.180

2.100

2 110

The result in Table 12 show that untreated monomeric-DHPR had a slight (1 25%)

increase in the activity after dialysis for 48 hours from an initial activity of 2 00 units.

Similarly for Cd"+ treated monomeric-DHPR there was no significant change in the

activity on dialysis.
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Table. 12. Effect of dialysis on the concentraion of Cd'4 treated monomeric and dimeric
dihydropteridine reductase

Cadmium treated sampleControl - without Cadmium treatmentDialysis Time
Percent activity DHPR activity units Percent activityHours DHPR activity units

Monomeric-DHPR

100.00

100.50

100.05

100.75

100.80

1.760

1.760

1.760

1.761

1.762

00.00

B7.57

07.27

87.40

Conlrol 2.000

2.010

2.017

1

2

4 2.015

2.016 87.40

87.19

87.19

87.16

07.05

6

101.05

101.05

1.7628 2.021

1.762

1.762

1.763

12 2.021

2.022

2.025

101.10

101.25

24

40

Dimeric—DHPR

4.100 100 00

100.00

100.12

100.09

100.22

100.49

101.46

101.71

102.44

2.870

2.871

2.870

2.987

2.969

2.875

2.B80

2.8B4

2.910

70.00Conlrol

1 4 100 70.02

69.91

72.70

72.73

69.78

69.23

69.16

69.29

2 4.105

4.104

4.109

4.120

4.160

4.170

4 200

4

6

8

12

24

48

Effect of dialysis on the Cd44 treated dimeric-DHPR was studied by dialysis of

aliquots of the enzyme for period of 48 hours at 4°C. The enzyme activity of the Cd44

treated enzyme was compared with the activity of the control enzyme exposed to the

same conditions. The results in the Table 11 show that untreated dimeric-DHPR

showed only a slight increase (2.44%) in the activity after dialysis for 48 hours,

whereas for Cd44 treated dimeric-DHPR there was hardly any change in activity.

The effect of Cd'4 on any change in the size of monomeric-DHPR was studied. 3 ml

of monomeric-DHPR sample containing 2.00 units activity and 3 ml dimeric-DHPR

sample containing 4.100 units, were treated at 1 x 10"4 M concentration of CdCI2 for
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30 minutes at 37°C under the previously defined conditions. Then both enzymes

were used to determine the molecular weight separately with their control sample

solutions, which were free from Cd44. The control molecular weight of monomeric-

DHPR, was found to be 25,000 and molecular weight of dimeric-DHPR, was

determined to be 50,000. This shows that Cd44 did not effect the molecular weight of

any of the forms of DHPR.

EFFECT OF BISMUTH ON RAT LIVER DIHYDROPTERiDINE REDUCTASE
ACTIVITY

Aliquots of the enzyme of monomeric-DHPR and dimeric-DHPR containing 1.00 and

3.80 units of activity, respectively were incubated separately with Bi(N03)3 at various

concentrations ranging from 1CT6 M to 5 x 10
2 M, at 37°C for 30 minutes. After the

incubation the enzyme activities were assayed.

Table 13 shows the variations in the activities of monomeric-DHPR and dimeric-

DHPR on the treatment with different concentrations of Bi444. The activity of Bi444

treated monomeric-DHPR as well as with dimeric-DHPR decreased with increase in

concentration of BifNOshup to 5 x 10 2 M.

Activity of the monomeric-DHPR was reduced to only 84% when the concentration of

Bi444 increased to 1 x 10'2M. With further increase in the concentration of Bi444 there

was no further decrease in the activity. In the case of dimeric-DHPR the activity was

reduced to 54% when incubated along with 1 x 10 2M Bi444.

Effect of dialysis on the Bi444 treated monomeric-DHPR as well as dimeric-DHPR

was studied by dialyzing aliquots of the enzyme for a period of 48 hours at 4°C. The

enzyme of Bi44 4

treated enzyme compared with the activity of the control enzyme
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Table. 13. Effect of Bi“' concentration on the activity of monomeric and dimeric
dihydropteridine reductase.

_Percentage activityDHPR activity unitsConcentration of BI(NOj)j

Monomeric- DHPR

1.000

0.940

0.970

0.930

0.920

0.900

100 00

94 00

97.00

93.00

92.00

Control

1 x 10*M
5 x 10G M

1 x 105M

5 x 10 5 M

1 x 10
11

M

5x 10" M

1 x 10° M

5 x 103M
1 X 107M
5 x 107M

90.00

88.00

89.00

86.00

84.00

84.00

0.880

0.890

0.860

0 840

0.840

Dimeric- DHPR

3.800

3.700

3.590

100.00

97.40

94.50

Control

1 x 10B M

5x 10* M

1 x I0SM
5 x 10* M

1 x lO'M

5 x I04 M

1 x 103M
5 x 10

3
M

1 x 107 M

5 x 10’M

3.340

3.010

88.00

79.00

2.710

2660

71 30

70.00

2.430

2.350

2.052

2.054

63.90

6200

54.00

54.01

used under the same conditions. The results in Table 14 show the untreated

monomeric-DHPR increased its activity by 2.1% and Bi**+ treatment monomeric-

DHPR decreased its activity by 1.85% after 48 hours dialysis.

Effect of dialysis on the Bi+** treated dimeric-DHPR showed that there was a

negligible change in the activity of the untreated as well as Bi+++ treated DHPR. This

negligible difference shows that Bi++t can not be dissociated from DHPR easily.
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Table. 14. Effect of dialysis on Ihe acfivily of Bi“* treated monomeric and dimeric
dihydropteridine reductase.

Dialysis Tims
Hours

Control Bismuth-treated monomerlc-DHPR
DHPR activity units Percent activity DHPR activity units Percent activity

Monomeric - DHPR

Control 1.000

1.005

1.006

1.008

100 00

. 100.50

100.60

100.80

101.11

0 900 90 00

1 0.896 89.55

2 0.895 89.46

0.893

0.891

89.29

89.01

4

1.0116

1.011

1.013

1.013

1,021

101.10

101.30

101.30

102.10

0.890

0,889

0.889

89.028

12 88.85

24 88.85

88.1548 0.882

Dimeric- - DHPR

100.00 2.710Control 3.800 71.32

1 3.800 100.00 2.700 71.05

3.811 100.29

100.53

2.710 71.112

4 3.820 2.692 70.42

3.8136 100.34 2.714 71 07

71.02

7093

70 89

8 3.830 100.79

100.92

101.71

101.95

2.723

2.722

2.735

2.720

12 3.835

3865

3874

24

48 7002

EFFECT OF MANGANESE ON RAT LIVER DIHYDROPTERIDINE REDUCTASE
ACTIVITY

Aliquots of the enzyme of monomeric-DHPR and dimeric-DHPR containing 1.55 and

4.50 units of activity respectively were incubated separately with MnCÿ at various

concentrations ranging from 10'6 M to 10'2 M, at 37°C for 30 minutes. After the

incubation the enzyme activities were assayed.
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Table. 15. Effect of Mn“ concentration on the activity of monomeric and dimeric
dihydropteridine reductase.

DHPR activity UnitsConcentration of MnCI;2HiQ Percentage activity

Monomeric- DHPR

100.00

91.61

89.68

85.16

84.00

Control

1 x lOÿM

5 x 106 M

1 x 10
5 M

5 x 10
s M

1 x lOÿM

5 x 10
4 M

1 x 10 5 M

5 x 10’M

1 x 107M

1.550

1.420

1.390

1.320

1.302

1.302 84 00

1.300

1.301

83 87

8394

80.391.246

1 236 79.74

Dimeric- DHPR

Conlrol

1 x 10G M

5 x 10
6 M

1 x 10r’M
5 x 10

5 M

1 x 10'1 M

5 x 10 "M
1 x 10

1
M

5 x 10 M

1 x 107 M

5 x 10 7 M

4.500

3.960

100 00

88.00

3.860

3.640

85.78

80 89

76.00

65 11

58.00

55.11

50.00

48.77

46.78

3.420

2.930

2.610

2.480

2.250

2 060

2.061

Table 15 shows the variations in the activities of monomeric-DHPR and diineric-

DHPR on treatment with different concentrations of Mn*\ The activity of Mn++ treated

monomeric-DHPR as well as dimeric-DHPR decrease with the increase of

concentration of MnCI2 up to 1 x 10'2 M

Activity of the monomeric-DHPR was reduced to 79.74% at Mn*+ concentration of 1 x

10 ?M. In the case of dimeric-DHPR the activity dropped to 46.78% at a MnM

concentration of 5 x 10'2M.
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Table. 16. Effect of dialysis on the activity of Mn" treated monomeric and dimeric
dihydropteridine reductase.

Manganese treated monomerlc-DHPRControlDialysis Time
Hours Percent activity DHPR activity units Percent activityDHPR activity units

Monomeric- DHPR

86.18

83.87

84.68

84.80

85.71

84 80

1.230 100.00

100.81

100.01

101.03

102.44

1.060

1.040

1.050

1.060

1.080

Cotrol

I 1 240

1.240

1.250

1.260

1.250

2

4

6

101.63

104.88

105.69

104.07

1.060

1.000

8

1.290 83.72

82.31

84.38

12

1.070

1 080

24 1.300

1 28048

Dlmeric-DHPR

4.500

4.510

4.480

100.00

100.22

99.56

100.44

2.920

2.910

2.900

2.922

64.89

64.52

64.73

Control

1

2

4 4.520 64.65

100.00

100.44

100.09

100.89

101.33

2.940

2.930

2.931

2.950

2.940

65.33

64 82

64.56

64 98

64.47

6 4.500

4.520

4.540

4.540

4.560

8

12

24

48

Effect of dialysis on the Mn" treated monomeric-DHPR as well as dimeric-DHPR

was studied by dialyzing aliquots of the enzyme for a period of 48 hours at 4°C. The

activity of Mn" treated enzyme was compared with the activity of the control enzyme

exposed to the same conditions.

The results in Table 16 show that untreated monomeric-DHPR had a slight increase

4.07% in the activity after dialysis for 48 hours, whereas activity of the Mn++ treated

monomeric-DHPR decreased slightly 1.8% after dialysis for 48 hours.

Effect of dialysis on dimeric-DHPR with or without Mn++ treatment showed very little

change in activity, showing that Mn" did not dissociate from DHPR on dialysis.
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EFFECT OF LEAD ON RAT LIVER DIHYDROPTERIDINE REDUCTASE ACTIVITY

The effect of Pb44 on the activities of rat liver monomeric-DHPR and dimeric-DHPR

was studied,by incubating the enzymes with various concentrations of Pb44 ranging

from 10 6 M to 10
4

M at 37°C for 30 minutes. The remaining enzyme activities, after

the incubation were assayed.

Table 17 shows that the control sample without the addition of Pb44, had 1.35 units

of the enzyme activity. The enzyme samples on incubation with Pb44 showed

inactivation, which increased with the increase in concentration of Pb44. The

percentage loss of the monomeric-DHPR activities due to Pb44 inactivation reached

19.3% at Pb'4 concentration of 1 x 10
4 M.

67



Table. 17. Effect of PbM concentration on the activity of monomeric and dimeric
dihydropteridine reductase.

DHPR activity units Percentage activityConcentration of Pb

___
(CHjCOOh

Monoinorlc-DIIPR

Control

1 x 10'6 M

5 x 10'6 M

1 x 10 5 M

5 x 10'5M
1 x tO'4 M

5 x 10 4 M

1 x 10'3M

1.350

1.249

100.0

92.59

1.213 89.91

1.152 85 30

1.150 05.20

1.090 00.70

1.090

1.077

80 70

79.78

Dlmorlc--DHPR

Conlrol

1 x 10'6 M

5 x 10'6 M

1 x 10'5M
5 x 10'5M
1 x 10'4 M

5 x 10"4 M

1 x 103 M

4.76 100.0

82 80

74.60

3.94

3.55

3.04 64.00

2.77 58.20

2.31 48 60

2.37 49.80

2.37 49.80

Pb*+ inactivation rates were more pronounced in the case of dimeric-DHPR. At Pb**

concentration of 1 x 10
4

M, the percentage inactivation reached 51.4%.

Both monomeric-DHPR and dimeric-DHPR were treated with Pb** at a concentration

of 10 4 M for 30 minutes. The mixture was then dialyzed at various times of 48 hours.

The enzyme satnples without treatment of Pb** was also dialyzed as a control. The

enzyme activities were determined after each dialysis period and the percentage

activity of the Pb** treatment sample was calculated by comparing with the activities

of the enzyme free from Pb** treatment and dialyzed for the same period.

Table 18 shows that dialysis of the untreated enzyme sample produced a slight

increase in its activity. However, only a little variation occurred in the activity of Pbf*
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Table. 18. Effect of dialysis on the activity of Pb" treated monomeric and dimeric
dihydropteridine reductase.

Lead-treated Enzyme

DHPR activity units Percent activity

ControlDialysis time

(Hours)

Monomertc-DI IPR

DHPR activity units Percent activity

1 09 8074

83.33

81 48

79.41

79.56

81.48

7986

71.63

78.57

1.35 100 00

1.10132 97.81

100.0

100.7

101.5

100.0

103.0

104.4

103.7

1.101.352

1.081.364

1.091.376

1.101.358

12 1.39 1.11

1.41 1.0124

1.40 1.1048

Dimeric -DHPR

4.76 1000

100 2

100.4

100.8

101.1

100.8

101.3

102.9

105.3

2.31 48.53

40.40

48 74

48.30

48.44

48 30

48 55

47.14

46.30

0

477 2.311

478 2.332

4 2.324 80

2.336 4 81

2.328 4 80

12 4.82 2.34

24 4.90 2.31

48 5.01 2.32

treated samples on dialysis, for both monomeric-DHPR and dimeric-DHPR. The

inactivation of both monomeric-DHPR and dimeric-DHPR due to Pb" treatment

could therefore not be reversed on dialysis for 48 hours.

EFFECT OF ALUMINUM ON RAT LIVER DIHYDROPTERIDINE REDUCTASE
ACTIVITY

The effect of Al"+ on the activities of rat liver monomeric-DHPR and dimeric-DHPR

was studied by incubating the enzymes with various concentrations of Al+++ ranging

from 10'6 M to 10
1

M at 37°C for 30 minutes. The enzyme activities remaining after

the incubation were assayed.
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Table. 19. Effect of Al'" concentration on the activity of monomeric and
dimeric dihydropteridine reductase.

Concentration of AI;(SO 4)3 DHPR activity units Percentage activity

Monomerlc-DHPR

Control

1 x 10'6M
5 x 10'6M
1 x 105M
5 x 10‘5M

1 x nr4 M

5 x 104 M

1 x 10‘3M
5 x 10’3M
1 x 10’2 M

5 x 10‘2 M

1 x 10-1 M

5 x t0‘1 M

1.22 100.00

99.001.21

1.21 92.06

1.13 96.70

1.10 90 18

1.05 86.52

1.02 03.70

1.02 03.70

0.90 80.12

00.120.98

0.97 80.00

0.97 00.12

0.97 00.12

Olmerlc-DHPR

Control

1 x 106M
5 x 10'8M
1 x 105M

5 x 10 5 M

1 x 10‘4 M

5 x 10‘4M

1 x 10‘3 M

5 x 10‘3M
1 x tO 2 M

5 x 102 M

1 x 10"1 M

5 x IQ’1 M

4.11 100.00

91.903.78

3.62 88 30

81.103.33

3.21 78 30

2.09 70.40

2,72 66.40

2.45 5980

2.29 55.90

1.99 4060

1.99 40.60

2.00 40.66

48662.00

Table 19 shows that the control sample without the addition of Al444, had 1.22 units

of enzyme activity. The enzyme samples on incubation with Al444 showed increased

inactivation with increase in the concentration of Al444. The percentage loss of the

monomeric-DHPR activity reached nearly 20% at AI444concentrations of 5x10'3M.
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The inactivation rates of dimeric-DHPR were more pronounced. At Al+f+

concentration 1 x 10'2 M the percentage inactivation levels reached more than 50%.

No further losses in activities were observed beyond the Al+++ concentration

mentioned above

Both monomeric-DHPR and dimeric-DHPR were treated with Al*>+ at the

concentration of 10
4

M for 30 minutes. The enzyme samples were then dialyzed at

various periods for 48 hours. The enzyme samples without treatment AIM* were also

dialyzed. The enzyme activity were determined after each incubation period and

percentage activity of the Al’" treated sample was calculated by comparing with the

activities of the enzyme sample incubated without AI+‘\ for the same periods.

Table. 20. Effect of dialysis on the activity of Al"* treated monomeric and dimeric
dihydropteridine reductase.

Dialysis time
Hours

Control
DHPR
units

Aluminum-treated Enzyme

Percent activityactivity Percent activity DHPR activity
units

Monomeric-DHPR
Control 1 22 100 0

100.0
100.8
101.6
100.0

1 037
I o:i'j

1 040
1.041
1 040
1.042
1.041
1.038
1 040

85.0
1 1 22 04 0

2 1.23 85.8
4 1.24 839
6 1.22 852
8 1.20 98.4 86.8

1.2412 101.6
103.3
102.5

83.9
24 1.26 82 4
48 1.25 832
Dimeric-DHPR
Control 4 11 1000

100.0
099 8
100.2

2.87 69 8
1 4.11 2.86 69.6

4.102 2.91 71.0
4.124 2.90 70 4
4.16 100.16 2.88 69.2

8 4 18 101.7
102 4
102.2
104.1

2 92 69.0
12 4.21 2.81 66.7
24 4 20 2 89 68 8
48 4 28 2.89 67.5

Table 20 shows that dialysis of the untreated enzyme sample produced a slight

increase in its activity. However, little variations occurred in the activity of Al*+ treated
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sample on dialysis. For both monomeric- and dimeric-DHPR inactivation of the

enzymes due to Al" treatment could therefore not be reversed, as in the case of

Pb44 treatment.

EFFECT OF SCANDIUM ON RAT LIVER DIHYDROPTERIDINE REDUCTASE
ACTIVITY

The effect of Sc4" on the activities of rat liver monomeric-DHPR and dimeric-DHPR

was studied. Aliquots of the enzymes were incubated with various concentrations of

Sc444 ranging from 10
6 M to 10'3 M at 37°C for 30 minutes. The enzyme activities left

after the incubation were assayed.

Table. 21. Effect of Sc’*’ concentration on the activity of monomeric and
dimeric dihydropteridine reductase.

Concentration of Sc|CI)3 DHPR activity units Percentage activity

Monomerlc-DHPR
1.400
1.394

1.359

1.336

1.299

1.274

Conlrol

5 x 10‘6M
1 x 10-5 M

5 x 10’5M
1 x 104 M

5x 10‘4 M

1 x 10‘3 M

5x 10 3 M

100.0
99.64

97.14

95.45

92.79

91.00

07.95

07.90

1.231

1.231

Dimeric—QHPR
Control

1 x 10-6 M

5 x 10 6 M

1 x 10 5 M

5 x 10 5 M

1 x 10-4 M

5x 10 4 M

1 x 10‘3M
5 x 1Q-3M

4 48 100
4.48 100

4 48 100

4.004

3.700

09.39

82.70

70.00

70.60

66.00

66 00

3.49

3.16

2.95

2.95

Table 21 shows that as compared to 1.40 units of enzyme activity in the control

sample, on incubation with Sc444 a gradual inactivation of the enzymes took place.
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Inactivation increased with increase in the concentration of Sc04. Percentage loss of

the monomeric-DHPR activity reached 12.1% at Sc*** concentrations 5 x 10'3 M.

Sc444 inactivation rates were greater in the case of dimeric-DHPR. At Sc444

concentrations of 1 x 10 3 M, the percentage inactivation level reached 34%.

Dimeric-DHPR was treated with Sc4'4 at the concentration of 10
4

M for 30 minutes.

The treated samples were then dialyzed for different periods upto 48 hours. The

enzyme activities were determined after each incubation period and percentage

activity of the Sc444 treated sample was calculated by comparing with the activities of

the enzyme sample without Sc444 treatment when dialyzed for the same periods.

Table 22 shows that the Sc444 treated dimeric-DHPR on dialysis for 48 hours showed

significant decrease in the activity. The decrease of 21.9% occurred after correcting

for the slight increase in the untreated enzyme activity at that stage.

Table. 22. Effect of dialysis on the activity of Sc*“ treated dimeric dihydropteridine reductase

Dialysis time

llouis
Control

Control Scandium -treated enzyme
Ot IPR activity units

3.53
Dl IPR activity units Percent activity

100.00
Percent activity

79.94.42

1 4.41 99.8 3.54 80.3

2 4.42 100.0 3.54 80.1

4.43 100.24 3.52 79.5

6 4 46 100 9 3.50 78.5

8 4.48 101.4 349 77.9

12 4.46 100.9 3 48 77.9

24 4.48 101 4 3 48 78 1

48 4.68 105.9 3.47 78.1
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EFFECT OF GALIUM ON RAT LIVER DIHYDROPTERIDINE REDUCTASE

ACTIVITY

The effect of Ga444 on the activities of dimeric-DHPR was studied by incubating the

enzymes with various concentrations of Ga'M, ranging from 1 x 10 8 M to 1 x 10'2 M

at 37°C for 30 minutes. The enzyme activities left after the incubation were assayed.

Table 23 shows that the enzyme samples after incubation with Ga* 4 ‘produced

inactivation, which increased with the increase in the concentration of Ga444. The

percentage losses in the dimeric-DHPR activities reached to 37.6% at Ga444

concentrations of 1 x 10'2 M.

Table. 23. Effect of Ga’“ concentration on the activity of dimeric- dihydropteridine
reductase.

Concentration of Ga(No3)j
mole

DHPR activity units Percentage activity

Control 5.44 100.0

1 x 10 6 M

5 x 106M

1 x 10 5 M

5 x 10 r’ M

1 x 10'4 M

5 x 10 4 M

1 x 10 3 M

5 x 10"3 M

1 x 10'2 M

5.42 996

5.17 95.10

4.99 91.80

4.64 85.30

4.44 81.80

4.15 78 20

3.96 72.90

3.59 66.00

3.39 62.45

INHIBITION OF MONOMERIC AND DIMERIC DIHYDROPTERIDINE REDUCTASE
ACTIVITY BY DIFFERENT METALS

The data on the inhibition of dimeric-DHPR at different concentrations of Pb44, Al444,

Sc444 and Ga44+ is summarized in Fig. 25. it is clear that in vilm Pb444 caused 50%

inhibition on dimeric-DHPR activity at the low concentration (1 x 10
4

M). Al444 caused

50% inhibition the dimeric-DHPR activity at higher concentrations (5x1O'3 M). Sc444

74



caused 50% inhibition of dimeric-DHPR activity at a much higher concentration (5 x

10‘2 M) than Pb444 and Al444 whereas Ga444 was not found to attain a level of 50%

inhibition at any concentration used fig. 25.
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Fig. 25. The percentage decrease in the activity of dimeric dihydropteridine reductase by
different metal inhibitors.— Pb‘* ~B— Al*“ — Sc*“ -O- Ga*“
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Fig. 26 shows the comparison inhibition levels of monomeric-DHPR at different

concentrations of Pb+f, AI*+\ and Scf++. With lead the Inhibition level of monomeric-

DHPR was greater than 20% at the concentrations used.
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Fig. 26. The percentage decrease in activity of monomeric dihydropteridine reductase by
different metal inhibitors. -4- Pb*f -M- Al

M# —Ar- Sc"f
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Fig. 27. shows the order of inhibition potency of DHPR activity (monomeric and

dimeric-DHPR) by the metal studied was found to be PbM> Al'4’> ScM4 > and Ga44 4.
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o
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r—r t 1-1— i-1-r J t r
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Fig. 27. Order of inhibition potency of Pb*\ Al“‘, ScM* and Ga'** on the activity of
monomeric- and dimeric-DHPR.-O- Pb*'-A- Al"* —X- Sc*‘* -Q-
Ga*“ monomeric DHPR (2), dimeric DHPR (1).
Inhibition.

linear regression
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EFFECT OF LEAD ON DIHYDROBIOPTERIN AND TETRAHYDROBIOPTERIN
LEVELS IN RAT BRAIN TISSUES

Eighteen rats were given 0.3 ml solution containing 150 pmoles Pb(CH3COO)2

as described previously. A group of three rats was sacrificed 1, 2, 3, 4, 5, and 6

hours after administering the dose. The brain tissues were removed immediately

and processed to obtain the supernatant from a 20% (wet weight/volume)

homogenate. Aliquot of the sample solutions was used to determine B, BH2 and

BH4 according to the previously described methods. The results obtained were

the average of readings from three animal tissues.

Amounts of BH2 were obtained on the basis of B produced on alkaline hydrolysis,

as determined by HPLC. The amounts of BH4 were obtained on the basis of B

produced on acid hydrolysis, as determined by HPLC. The amount of fully

oxidized B was also determined in each case. These amounts were negligible

and these were thus ignored. These results are shown in Table 24.

Table. 24. The levels of diliydrobioplerin and letrahydrobiopterin In the rat brain tissues
after administering 0.3 ml containing 150 pmoles Pb“ for different time
periods.

Amount of BH2/
rat brain
pmoles

BHj/ml

brain extract
Bf-Vml

brain extract
pmoles

Amount of BfV
rat brain
pmoles

BH2/BH4Dose Period
(hours)

pmoles

1.77 15.91 50.23 452.07 0.035Control

56.61 59.34 504.39 0.1121 6.66

54.64 491.76 0.1357.36 66.242

11.92 101 32 48.28 410 38 0.2473

12.80 10245 47.00 376.00 0.2724

12.98 0.282103.84 46.02 368.105

0.291106.72 45.86 366.886 13 34
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was therefore only 0.035. One hour after administering Pb” the levels of BH2

increased to 56.60 pmoles/whole rat brain. The amount of BH4 per whole rat brain

also increased to 504.39 pmoles .

The ratio between BH2 and BH4 showed a significant increase to 0.112 with

increasing periods after Pb** administration. The levels of BH2 in the rat brain

increased whereas the levels of BH4 showed a gradual decrease. The proportion

between the levels of BH2 and BH4 increased gradually. These proportions were

0.135, 0.247, 0.272, 0.282 and 0.291 at 2,3,4,5 and 6 hours after administering lead,

respectively.

EFFECT OF ALUMINUM ON DIHYDROBtOPTERIN AND TETRAHYDOBIOPTERIN
LEVELS IN RAT BRAIN TISSUES

The effect of Al”'on the levels of BH2 and BH4 in rat brain tissues were studied. The

process used for this study was the same as in the case of Pb”.

Table 25 shows the results obtained on the levels of BH2 and BH4 in the rat brain at

different periods after administering 0.3 ml solution containing 150 pmoles AI+,\

After one hour the level of BH2 started up to 87.23 pmoles BH2 per whole rat brain as

compared to only 15.93 pmoles in the control. The levels of BH4 on the other hand

showed a significant decrease to 296.02 pmoles as compared to 452.07

pmoles/whole rat brain in the control. The proportion between the levels of BH2 and

BH4 accordingly reached 0.295. With longer periods of exposure to Al”+ the

proportion between levels of BH2 and BH4 kept on increasing so that after 6 hours

from administering Al’” the levels of BH2 and BH4 were nearly equal.
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Table. 25. Levels of dihydrobiopterin and tetrahydrobiopterin in the rat brain tissues after
administering 0.3 ml containing 150 pmoles At*** for different time periods.

BH7/ml
brain extract

pmoles

BfVml
brain extract

pmoles

Amount of BlV
whole rat brain

pmoles

BHj/BHiAmount of BIV
whole rat brain

pmoles

Dose Period

0.03515.93 50.23 452.07Control 1.77
296.02 0.29587.23 39.471 11.63

18.78 0.64229.22 219.22140.772
26.48 198.15155.85 0.7863 20.78

22 18 171.89 24.08 186.15 09234
165.00 23.60 177.00 09325 22.00

22.37 22.82 171,22 0.980167.776

EFFECT OF SCANDIUM ON DIHYDROBIOPTERIN AND TETRAHYORO-
BIOPTERIN LEVELS IN RAT BRAIN TISSUES

The effect of administering 0.3ml solution containing 150 pmoles Sc**+ on the levels

of BH2 and BH4 in the rat brain tissues was determined at different intervals after

dose administration. The results are shown in Table 26.

As compared to the control the levels of BH2 increased gradually after administration

of Sc+4+ whereas there were decreases in the levels of BH4. However these changes

were not as pronounced as in the case of AT+*.

Thus, the proportion of the levels between BH2 and BH4 were 0.078, 0.136, 0.168,

0.197, and 0.219 at 1,2,3,4, and 5 hours after administration of the Sc+*+ dose.

There were no further increase in this proportion after 5 hours of Sc+* administration.
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EFFECT OF GALIUM ON DIHYDROBIOPTERIN AND TETRAHYDROBIOPTERIN
LEVELS IN RAT BRAIN TISSUES

The effects of Ga*** like other elements were studied on the levels of BH2 and BH4 in

the rat brain tissues at different time interval after administering 150 pmoles of Ga44*.

The results are shown in Table 27.

Table. 26. Levels of dihydrobiopterin and tetrahydrobiopterin in the rat brain tissue after
administering 0.3 ml containing 150 pinoles Sc*** for different time periods.

Amount ot Bl-y

whole rat brain
pmoles _

Dose Period BH7/ml
brain extract

pmoles

Amount of BH2/
whole ral brain

pmoles

BH</ml
brain extract

pmoles

BHj/BH,

44.08 374.68 0.053Control 2.32 19.72
30.60 46.40 394.40 0.0781 3.60

0.136
0.168

52.02 44.88 381.822 6.12
7.30 62.11 43.60 370.543

68.00 40.52 344.42 0.1978.004
78.60 42.84 359.86 0.2195 938
68.64 40.68 335.666 8.32 0.204

The results showed that the effect of Ga444 on the proportions between the levels of

BH2 and BH4 did not change as significantly as in the other cases. After one hour

administration of Ga444 there was no change in the proportion in the level between

BH2 and BH4 in the rat brain tissue. Thereafter, there was a slight increase in these

values. After 6 hours the proportion between the levels of BH2 and BH4 remained

only 0.130. Although the level of BH2 showed gradual increase with time after Ca44

administration, there was hardly any change in the level of BH4.
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Table 27. The levels of dihydrobioplerin and tetrahydrobiojjterin in the rat brain tissues
after administering 0.3 ml containing 150 gmoies Ga“* for different time periods.

Amount of BH2/
whole rat brain

pmoles

Dose Period BH2/ml
brain extract

pmoles

BfVml
brain extract

pmolea

44.08

Amount of BHV
whole ral brain

pmolea

374682.32 19.72Control 0.053

1 2.80 24.50 53.20 465.50 0.053

2 4.20 37.80 50.80 457.20 0.083

447.6751.225.18 45.333 0.101

4 5.56 48.65 44.44 388.85 0.125

5 45.155.16 44.44 388.85 0.116

6 5.72 48.62 44.08 374.68 0.130
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EFFECT OF 6-HYDROXYDOPAMINE ON DIHYDROPTERIDINE REDUCTASE

ACTIVITY

The enzyme DHPR is involved in the synthesis of neurotransmitters like

dopamine by salvage pathway. 6-hydroxydopamine, a derivative of dopamine

was used to study the effect on the activity of monomeric-DHPR and dimeric-

DHPR.

The concentration range of 6-hydroxydopamine used, was 1 x 10 6 M to 1 x 10 4

M. The inhibition effect was studied both at pH 7.6 and 7.0. pH 7.6 is the

optimum for the activity of DHPR, but there was more tendency of 6-

hydroxydopamine to oxidize in the solution of pH 7.6 than in pH 7.0 .

Table 28 shows the inhibition of monomeric-DHPR and dimeric-DHPR activities

at different concentrations of 6-hydroxydopamine at pH 7.6 and 7.0.

Table. 28. Effect of 6-hydroxydopamine concentration on the activity of monomeric and
dimeric dihydropteridine reductase at different pH’s.

Concentration of
6-hydroxydopainiite

DHPR activity units
(Pil 7.6)

Percentage activity DHPR activity units
(pH 7,0)

Percentage
activity

Monomeric-DHPR
Control 1.010

1 010

0 808

0.752

0.730

0.687

0.687

100 1.010
1.010

0.828

0.787

0.757

0.707

0.707

100
1001 x 10 6 M

5 x 10'6 M

1 x 10-5 M

5 x 10-5 M

1 x 104 M

5x 10'4 M

Dimeric-DHPR
Control

1 x 10 6 M

5 x 10 6 M

1 x 10 5 M

5x 10-5 M

1 x 10'4 M

5 X 104 M

100

800 82.0

75.0 77.7

73.0 75.0

68.0 70.0

68.0 70.0

2.160

1.797

1.483

1.296

1.024

0.775

0,516

100 2.161

1.980

1.520

1.180

1.120

0.907

0.775

100

832 91.7

68.9 70 0

60.0 55.0

474 52.0

36.0 42.0

24.0 36.4
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On incubation at 37°C for 30 minutes with increase in the concentration of 6-

hydroxydopamine, the rate of inhibition Increased. At 5 x 10
4 M only 68%

activity of monomeric-DHPR was left at pH 7.6, whereas 70% activity was left at

pH 7.0.

In the case of dimeric-DHPR the effects of 6-hydroxydopamine were more

pronounced. At the concentration of 5 x 10
4

M, only 24% of dimeric-DHPR

activity was left at pH 7.6. At pH 7.0, however, the percentage loss of dimeric-

DHPR activity was lower (63.6% as compared to 76% at pH 7.6).

Rat liver monomeric-DHPR and dimeric-DHPR after incubating with 10 4 M 6-

hydroxydopamine at 37°C for 30 minutes were, dialyzed at 4°C for different

periods up to 48 hours with frequent change of buffer.

As shown in Table 29 treatment of the enzyme with 6-hydroxydopamine

produced 31.98% inhibition. After 48 hour dialysis of the treated enzyme

inhibition was reduced to 26.41%. This shows reversible inhibition of monomeric-

DHPR activity with 6-hydroxydopamine.

The reversible inhibition on dialysis was more significant in the case of dimeric-

DHPR. From the percentage loss of 64.12%, in the undialyzed sample the loss

of activity on dialysis for 48 hours was reduced to only 38.8%.

EFFECT OF 6-HYDRQXYDOPA ON DIHYDRQPTERIDINE REDUCTASE
ACTIVITY

The effect of 6-hydroxydopa, derivative of dopa, which is an intermediate in the

synthesis of dopamine, on the activity of monomeric and dimeric-DHPR was
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Table. 29. Effect of dialysis on the activity of 6-hydroxydopamine-treated monomeric
and dimeric dihydropteridine reductase

Dialysis 1ime
(Hours)

Control 0 hydioxydopamlno-trootod PI IPR
DHPR-activity

units
Percentage

activity
DHPR activity

units
Percentage activity

Monomeric-DHPR

Control 0687

0.686

0.698

0.699

0.701

0.709

0.716
0.724

0.769

68.02

68.46

69.11

69.21

68 26

67.98

69.18

69.35

73.59

1.010

1.002

1.010

1.010

1.027

1.043

1.035

1 044

1.045

100.00

99.21

100.00

100.00

101.68

103.27

102.48

103.37

103.47

1

2

4

6

8

12

24

48

Dimerlc-OHPR
Control 35.88

37.69

38.65
40.20

40.98

4268

46 56

59.67

61.20

100.00

100.00

99.77

100.42

100.65

100.88

101.71
103.43

105.83

0.775

0.814

0.833

0.872
0.891

0.930

1.023

1.333
1 399

2.160

2.160

2.155
2.169

2.174
2.179

2.197

2.234

2.286

1

2

4

6

8

12

24

48

studied. The enzyme samples were incubated with 6-hydroxydopa ranging in

concentrations from 1 x 10
6

M to 1 x 10
4

M at 37°C for 30 minutes, at pH 7 6

and pH 7.0. The results obtained are shown in Table 30.

The activity of monomeric-DHPR was inhibited and the inhibition increased with

the concentration of 6-hydroxydopa. So that at the concentration of 1 x 10'4 M

the percentage loss of activity was 32% at pH 7.6. At pH 7.0, the percentage loss

of activity was slightly lesser (26%).

The percentage inhibition in the activity of dimeric-DHPR was greater when

exposed to 6-hydroxydopa. From a loss of 23.2% at a concentration of 1x10‘6M,

the loss of activities increased to 58% at a concentration of 1 x 10
4

M. The
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overall pattern of inhibition of dimeric activity at pH 7.0 was similar, although the

losses of activity were slightly lesser.

Table. 30. Effect of 6-hydroxydopa concentration on the activity of monomeric and

dimeric dihydropteridine reductase at different pH’s.

Concentration of
0-l>ydioxytlopa

DHPR activity units
(pf t 7.6)

Percentage activity DHPR activity units
(pH 7.0)

Percentage
activity

Monomeric-DHPR

Control

1 x 10'6M
5 x 10 6M
1 x 10'5M
5x 10'5M
1 x 10'4M

Dimerlc-DHPR

Control

1 x 10'6M
5 x 10'6M
1 x 10'5M
5 x 10'5M
1 x 104M

1.010

1.010

0.909

0.858

0.757

0.745

1001.010

0 999

0808

0.747

0.710

0.697

100

10092.0

80.0 900

74.0 88 5

75.070.0

74.068.0

2.160

1.840

1.404

1.187

1.095

1.000

1002.160

1.650

1.410

1.750

0.954

0.907

100

76.8 85.0

65.1 650

54.4 55.0

44.2 51.0

42.0 46.4

After treatment with 1 x 10'5 M of 6-hydroxydopa at 37°C for 30 minutes at pH

7.6, monomeric-DHPR and dimeric-DHPR were dialyzed at different periods upto

48 hours. Dialysis was done at 4°C with frequent changes of buffer. The results

are shown in Table 31.

The percentage inhibition of 6-hydroxydopa treated monomeric- and dimeric-

DHPR was reversed, but not as significantly as in the case of 6-

hydroxydopamine treated enzyme sample. In the case of monomeric-DHPR from

the percentage loss of about 40% in activity, decreased to 25.37% on dialysis for

48 hours. From the percentage loss of about 58% 6-hydroxydopa treated
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dimeric-DHPR activity, the percentage loss of activity was reduced to about

50.07% after dialysis for 48 hours.

Table.31. Effect of dialysis on the activity of 6-hydroxydopa-treated monomeric and
dimeric dihydropteridine reductase

6-liydroxydopa-lreated DHPRDialysis Time
(Hours)

Conlrol
DHPR activity units Percentage

activity
DHPR activity

units
Percentage

activity

Monomeric-

DHPR
100.00

97 33

98.51
100.79

100.00

100.79

101.49

102.28

101.49

Control 1.010

0983

0.995
1.018

1.010
1.018
1.025

1.033

1.025

0697

0.697

0.701
0.706

0.708

0.711
0.717

0.726

0.765

69,01

70.91

70.45

69.35
70.10

69.84

6995

70.28

74.63

1

2
4

6
8

12

24

48

Dimeric-DHPR

Conlrol 2.160

2.166

2 173
2 198

2.211

2.230

2.281

2.300

2.293

100.00

100.28

100.60

101.76

102.36

103.24

105.60

106.48

106.16

0.907

0.907

0.912
0.971
0.980

0.999

1.026

1.044

1.145

41.99

41 99

41 97

44.18

44 32

44.80

44 98

45.39

49.93

1

2

4

6

8

12

24

48

EFFECT OF TRIAMTERENE ON DIHYDROPTERIDINE REDUCTASE
ACTIVITY

The effect of triamterene, which has a structure similar to biopterins, was studied

on the activities of monomeric- and dimeric-DHPR at different levels of

concentration. The percentage inhibition of monomeric- and dimeric-DHPR

activities at concentration of 1 x 10'4 M were 25% and 52%, respectively at pH

7.6. At pH 7.0 the losses of activities under similar conditions were 20% and 50%
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of monomeric-DHPR and dimeric-DHPR. At concentration 1 x 10'4 M of

triamterine the percentages losses at both pH 7.6 and pH 7.0 were about 50%.

Table. 32. Effect of triamterene concentration on the activity of monomeric and dimeric
dihydropteridine reductase at different pH’s.

Concentration of
Triamterene

DHPR activity units
(pH 7.0)

Percentage activityDHPR activity units
(pH 7.6)

Percentage activity

100 1 000

0.913

0.876

0.833

0.814

0.790

100Control

1 x 10 6 M

5 x 10 6 M

1 x 10‘5 M

5 x 10 5 M

1 x 10'4 M

Dimerlc-DHPR

1.003

0.950

0.890

91.3950

890 87 6

83.382.00 820

0.814

0.750

80.0 82.3

75.0 80.0

2.181

1.962

1.642

100 2.180

2.000

100Control

1 x 10'6 M

5 x 10'6M
1 x 10‘5M

5 x 10'5M
1 x 10'4 M

90.0 92.0

75.30 1.744 80.0

1 417 65.0 1.547

1.099

1.090

71.0

51.0 54.01.111

1.100 48.0 500

Both the monomeric-DHPR and dimeric-DHPR samples alter tieatment with 1 x

10
4 M triamterine at 37°C for 30 minutes at pH 7.6 were dialyzed at different

periods for 48 hours. The changes in the activities of the enzyme on dialysis are

shown in Table 33.

There was some increase in the activity of both monomeric-DHPR and dimeric-

DHPR, but the increase was not much significant from the undialyzed sample. It

was reduced to 14.76%. In the case of dimeric-DHPR, the inhibition was slightly

reversed on dialysis for 24 hours. At this stage, the percentage activity was

55.97% as compared to 50.23% of the control sample before dialysis.
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Table. 33. Effect of dialysis on the activity of triamterene-treated monomeric and

dimeric dihydropteridine reductase

Triamterene-treated DHPRControlDialysis Time

(Hours)

Monomeric-DHPR

Control

DHPR activity units Percentage activityPercentage activityDHPR activity units

100.0

100.0

100.0

101.0
102.0
101.0

102.0

103.0

103.0

0.750

0.759

0.701

0.772

0.780

0.700

0.780

0.816

0.870

75.00

75.90

76.10

7644

76.47

77.22

76.47
79.22

8524

1.00

1.001

2 1.00

4 1.01

1.026

1.018

1.0212

1.0324

1.0340

Dlmerlc-DHPR

100.0
100.5

100.5

100.9

103.2

1.100

1.106

1.109

1.113
1.191

50.23

50.27
50.41

50.36
52.70

52.68

55.13
55.97

55.77

Control 2.19

2.201

2.202

2.214

2.266

1.201104.18 2 20

1059

106.4
100.7

1 279

1.304

1.305

2 3212

2.3324

2.3448

EFFECT OF ADRENOCHROME ON DIHYDROPTERIDINE REDUCTASE
ACTIVITY

As in the previous cases, the effects of different concentrations of adrenochroine

ranging from 1 x 10 6 M to 1 x 10'4 M on the activity of monomeric-DHPR and

dimeric-DHPR were studied. This experiment was done on both pH 7.6 and pH

7.0. A little change was found in the activity of monomeric-DHPR at

concentration of 1 x 10'6 M. The activity of monomeric-DHPR depended on the

concentration of adrenochrome, at 1 x 10'4 M only 64% and 70% activity was left

at pH 7.6 and pH 7.0, respectively. The results are shown in Table 34.
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Table. 34. Effect of adrenochrome concentration on the activity of monomeric and
dimeric dihydropteridine reductase at different pH's.

DHPR activity units
(pH 7.0)

Percentage activity Percentage activityConcentration of
Adrenochrome

DHPR activity units
(pH 7.6)

Monomeric-DHPR
Control

5x tO'7 M

1 x 10-6 M

5 x 10'6 M

1 x 10'5M
5 x 10-5 M

1 x 10'4 M

Dimeric-DHPR

0.941

0941

0 941

0.740

0.705

0.658

0.648

1000.940

0.040

0.941

0.743

0.723

0.648

0.601

100

100100

100 100

79.0 80.0

77.0 75.0

70.0690

70.064.0

100 4.060

3 250

2.400

2.192

1.786

1.441

1.332

100Control

5x 10'7 M

1 x 10'6M
5 x 10'6 M

1 x 10'5M
5 x 10'5M
1 x 10'4 M

4.000

2.890

2.440

2.006

1 680

1.344

0.936

72.3 80.0

617 60.0

54.052 4

42.0 44 0

33.6 36.0

33.323.4

The loss of activity of dimeric-DHPR was much greater as compared to that of

monomeric-DHPR at all concentrations of adrenochrome studied. At the

concentration of 1 x 10 G M only 61.7% activity was left and on further increase in

concentration of adrenochrome up to 1 x 10
4

M only 23.4% activity was left at

pH 7.6. At pH 7.0 the percentage losses in the activity of dimeric-DHPR was

slightly lesser than those at pH 7.6.

Monomeric-DHPR and dimeric-DHPR from rat liver, after treatment with

adrenochrome concentration of 1 x 10'4 M were subjected to dialysis as

described previously. Table 35 shows the pattern of reversal of adrenochrome-

treated monomeric-DHPR and dimeric-DHPR on dialysis. In the case of
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monomeric-DHPR from 64% activity in the undialyzed sample was increased to

77% on dialysis for 48 hours at 4nC.

Table. 35. Effect of dialysis on the activity of adrenochrome-treated monomeric and
dimeric dihydropterldine reductase

Adrenochrome-lreated DHPRControlDialysis Time
__ (Hours)

Monomeric-DHPR
Control

DHPR activity units DHPR activity units Percentage activityPercentage activily

100 0.601

0.600

0.601

0.601

0002
0.600
0.628

0 714

0.747

63.94

63.10

63.20

63.53
03.17

62.89

65.28

74.30

77.01

0.940

0.950

0.951
0.940

0.953

0.954
0.962

0.961

0.970

101.1

101.2
100.0

101.4
101.5
102.3

102.2

103 2

1

2

4

0
8

12

24

48

Dimeric-DHPR

Control 4.00 0.936

0.928

0.938
0,949

0.986

1.060
1.166

1 802

1.852

100 23.40

23 14

23.57

23.49
24 29

25.92

28.16

43.11

44.10

1 4.01 100.25

99.50

101.00

101.50

102 25

103.50
104 50

105.00

2 3.98

4 4.04

4.066

8 4.09

4.1412

24 4.18

48 4.20

In the case of dimeric-DHPR, the inhibition of the activity on exposure to

adrenochrome was much higher. In reversal of inhibition on dialysis also it was

more pronounced. Thus, a percentage inhibition of 76.6 of adrenochrome at 1 x

10
4

M, was reduced to 55.90% on dialysis for 48 hours at 4°C.
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EFFECT OF 1-METHYL-4-PHENYL-1, 2. 5. 6-TETRAHYDRQPYRlDINE ON

DIHYDRQPTERiDINE REDUCTASE ACTIVITY

The effects of different concentrations ranging from 1 x 10‘7 M to 1 x 10'4 M of

MPTP on the activity of monomeric-DHPR and dimeric-DHPR were studied by

the methods described before. As in the previous cases these reading were

recorded at pH 7.6 and pH 7.0. The inhibition patterns are shown in Table 36.

Table. 36. Effect of 1-Methyl-4-phenyl-1,2,5,6-tetrahydropyridine concentration on the
activity of monomeric and dimeric dihydropteridine reductase at different
pH’s.

'DHPR activity
unltB (pH 7,0)

Concanlraiion of
MPTP

DHPR activity units
_ (pH 7.6)

Percentage
activity

Percentage
activity

Monomeric- DI-IPR

Control 1.000
0 885

0860

0828

0.788

0778

100 1.000

0.920

0.900

0.860

0.810

0800

100

1 x 10'7M
5 x 10-7 M

I x 10 6 M

5 x 10'6 M

1 x 10'5M
1 x 10'4 M

Dimeiic-DI IPR

Control

1 x 10-7 M

5 x lO-7 M

1 x 10'6 M

5 x 10‘6 M

1 x 10'5M
5* 10"* M

1 x 10
4
M

88.5 92.0

866 90 0

82 8 86.0

78 8 8 1 0

77.8 80.0

75.80.750 0800 800

2.380
1.919

100 2 380

1.880

1.785

1.642

1.547

1.237

1.237

1.137

100
81 0 79.0

1.830

1.597

77 0 75.0

67.1 69.0

1 419 600 650

500 52.01.190

0940

1.000

39.5 52.0

43.4 48.0

The inhibition patterns were in general similar to those in the case of the other

organic inhibitors studied. The percentage loss of activity was lower, in the case

of monomeric-DHPR at all the concentration of inhibitors as compared to the

losses of dimeric-DHPR.
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24.2% activity was lost at 1 x 10'4 M of MPTP in the case of monomeric-DHPR,

the percentage loss of dimeric-DHPR activity at the same concentration of MPTP

was 43.4%. The percentage losses of the activities at pH 7.0 was slightly less

than the corresponding loss of activity at pH 7.6.

ORDER OF INHIBITION POTENCY WITH I™ VALUE OF DIMERIC-
DIHYDROPTERIDINE REDUCTASE

The concentrations of inhibitor compounds, producing 50% reduction in the

activity of dimeric-DHPR from the rat liver, are shown in Table 37. The

concentrations at I50 for the various compounds were in the order: adrenochrome

> MPTP > 6-OH-DOPA > 6-OH-dopamine > triamterene.

Table. 37. Inhibition potency of the compounds on the activity of dimeric-
dihydropteridine reductase.

Inhibitory Compounds Concentration of Compound at 50% Inhibition

Andrenochrome

Methyl phenyl tetrahydropyridlne

6-OH-DOPA

6-OM-dopamine

Triamlerene

6.5 x 10eM

1 x 10 5 M

2.3 x 10
5 M

3.5 x 10 s M

5 x 10 5 M
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Fig. 28. Inhibition of dimeric- dihydropteridine reductase by different organic inhibitors.
MPTP —X" 6-hydroxydopa —& 6-hydroxydopamineadrenochrome

triamtrene

KINETICS OF DIHYDROPTERIDINE REDUCTASE INHIBITION BY ORGANIC
COMPOUNDS

Triamterene was found to be a competitive inhibitor for DHPR with respect to

substrate DMPH4 and a mixed inhibitor with respect to NADH. The apparent Ki

values were of 4.5 x 10'4 M and 6.5 x 10'4 M with respect to DMPH4 and NADH

respectively for monomeric-DHPR and 3.5 x 10'5 M, for DMPH4 as variable

substrate and 1.2 x 10'5 M and 3.3 x 10'4 M with respect to NADH for dimeric-

DHPR (Table 38). Adrenochrome was found to be a competitive inhibitor for

DHPR with respect to DMPH4 substrate and a mixed inhibitor with respect to

NADH. It had apparent Ki values of 1.5 x 10‘4 M and 8.9 x 10'3 M with respect to

NADH and DMPH4 respectively for monomeric-DHPR. Apparent Ki values were

5.2 x 10'6 M and 31.2 x 10 6 M, 88.4 x 1CT6 M with respect to NADH and DMPH4,

respectively for dimeric-DHPR (Table 38).
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6-hydroxydopamine was found to be a mixed inhibitor for DHPR monomeric,

dimeric-DHPR with respect to DMPH4l but non-competitive with respect to

NADH. So the apparent Ki values with respect to NADH was 8.9 x 10"3M and

with DMPH4 as variable substrate were 7.2 x 10'3 M and 8.5 x 10
3 M for

monomeric-DHPR. For dimeric-DHPR these values were 5.2 x 10 5 M, for NADH

as variable substrate and 5.6 x 10'5 M and 20.5 x 10
5

M DMPH4..

MPTP showed competitive inhibition with respect to NADH and mixed inhibition

to pterin. It had apparent Ki values 32.2 x 10'4 M & 12.5 x 10'4 M with respect to

NADH and DMPH4l respectively for monomeric-DHPR and 2.0 x 10'5 M with

respect to NADH and 4.6 x 10 5 M with respect to DMPH4 for dimeric-DHPR

(Table 38).

6-OH-DOPA was found to be a mixed inhibitor both for monomeric-DHPR and

dimeric-DHPR. For monomeric DHPR apparent Ki with respect to the DMPH4as

well as with respect to NADH and of 9.2x 10 3 M and 8.9 x 10'3 M, For dimeric

DHPR apparent Ki values were 8.4 x 10 5M with respect to DMPH4 and 3.8 x 10 5

M and 12.5 x 10
5 M with respect to NADH as shown in Table 38. Dopamine was

found allosteric inhibitor with respect to DMPH4 and NADH for monomeric-DHPR

as well as for dimeric-DHPR as shown in Figures29-32.

Tomaxifen had no effect with respect to DMPH4 and NADH for monomeric-

DHPR and as well as for dimeric-DHPR. Ki values of melanine with respect to

both substrates for both monomeric and dimeric forms of DHPR could not be

determined, being water insoluble-compound.
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Table. 38. Ki values of inhibitor-treated monomeric and dimeric dihydropteridine
reductase with NADH and DMPH4as substrates

Apparent type of inhibition
at constant substrate

(NADH)

Apparent type of inhibition
at constant substrate

(DMPH4)
Ki ValuesInhibitors

Monomeric-DHPR
Triamterene 4.5X10‘4M

6.5 x 10 3 M

Competitive

Mixed

Competitive 1.5 x 104 M

8.9 x 10 3 M

Adrenochrome

Mixed

None Competitive 8.9x 10’3M
7.2 x 10'3M
8.5 x IQ'3 M

6-OH-Dopamine

Mixed

MixedMPTP 32.2 x 10 4 M

12.6 x 1Q-4 MCompetitive

Mixed 9.2 x 10’3M
8.9 x 10'3M

6-OH-DOPA

Mixed

Dimeric DHPR

Triamterene

Competitive 3.5 x 10-5 M

1.2 x 10'5M
3.3 x 10~4 M

Mixed

Adrenochrome Competitive 5.2 x 10"6 M

31.2 x 10'® M

88.4 x 10-6 M

Mixed

None Competitive6-OH-Dopamine 5.2 x 10'5 M

5.6 x 10'5M
20.5 x 10"5 M

2.0 x 10 5 M

4.6 x 10-5 M

0.4 x 10 5 M

3.8 x 10 s M

12.5 x 10'5M

Mixed

MPTP Mixed

Competitive

Mixed6-OI l-UOPA

Mixed

These results showed a marked inhibition of dihydropteridine reductase

EFFECT OF DOPAMINE ON DIHYDROPTERIDINE REDUCTASE ACTIVITY

Dopamine when added to the reaction mixtures gave sigmoid curve when the

enzyme reaction rates were plotted against substrates concentrations, both for

DMPH4 and NADH. The results obtained were similar for monomeric and

dimeric DHPR at all the concentrations of dopamine used.
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A plot of initial velocity of monomeric DHPR reaction rate versus various

concentration of variable substrate DMPH/-. produced a hyperbolic curve in the

absence of dopamine (Fig. 29). However, in the presence of dopamine the rate

of initial velocity of the enzyme with variable substrates DMPH4 gave sigmoid

shaped curve. Similar results were obtained monomeric-DHPR when the

concentration of NADI-1 was varied as a substrate (Fig.30).

Pattern of results obtained in the case of dimeric DHPR was similar as shown in

Fig. 31 and 32. Dopamine when used at a concentration of 1 x 104M showed

greater inhibition of both the form of DHPR at all the concentration of both the

substrates used as compared to a concentration of 5x10-5M. The sigmoid

pattern of the curves, however, remained quite the same.

This shows that dopamine is an allosteric inhibitor for monomeric and dimeric

DHPR with variable substrates DMPH* and NADH.

These sigmoid curves prompted of Hill plots (Saroff and Minton 1972) to see if

the enzyme, which was known to be a sub unit enzyme demonstrated

cooperative effects on dopamine (Fig. 33 and 34). The hill plot within fact

demonstrate a positive cooperative effect.

Hill plots were drawn between log (S) and log (Ys /1-ys), where Ys=Ys/nE, Sb =

concentration of bond DMPH4 or NADH with dopamine, E=DHPR concentration,

1-ys=unoccupied binding sites of the enzyme, and n=number of binding sites for

substrates per molecule of enzyme = 1.

A marked inhibition of dihydropteridine reductase activity by dopamine suggest a

possible role of dopamine in regulations of its activity.
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Fig. 29. Plots showing the effect of dopamine on the activity of monomer
dihydropteridine reductase versus DMPH4

—•— Without dopamine —A— 5 x 10'5 M dopamine —0— 5 x 10’4 M dopamine

20

1
i
I
E
< 1.0

!
o

3-

?
I

s
> l

2 4 8 1060

(S) NADH pmoles/L

Fig. 30. Plots showing the effect of dopamine on the activity of monomer
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Fig. 31. Plots showing the effect of dopamine on the activity of dimer dihydropteridine
reductase versus DMPH*
Without dopamine —A— 5 x 10'5 M dopamine —0— 5 x 10 * M dopamine

Reaction rate between the enzyme and the variable substate is effected by

theconcentration of dopamine which is cleared from hyperbolic curve (—•—).
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Fig. 32. Plots showing the effect of dopamine on the activity of dimer
dihydropteridine reductase versus NADH
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EFFECT OF 1-METHYL-4-PHENYL-1,2.5,6-TETRAHYDROPYRIDINE ON THE
LEVELS OF DIHYDROBIOPTERIN AND TETRAHYDROBIOPTERIN IN THE
RAT BRAIN TISSUES

Eighteen rats were given 0.3 ml solution containing 60 pmoles MPTP as

described previously. A group of three rats was sacrificed 1, 2, 3, 4, 5, and 6 hrs

after administering the dose. The brain tissues were removed immediately and

processed to obtain the supernatant from a 20% (wet weight/volume)

homogenate. Aliquots of these samples were used to determine B, BH2 and BH4

accordingly to the previously described methods. The results obtained were the

average of readings from three animal tissues.

Amounts of BH?. were obtained on the basis of B produced on alkaline

hydrolysis as determined by HPLC. The amounts of BH4 were obtained on the

bases of B produced on acid hydrolysis as determined by HPLC. The complete

oxidized amount of B was also determined in each case. These amounts were

negligible and thus ignored. These results are shown in Table 39.

Table. 39. The levels of dihydrobiopterin and letrahydrobiopterin in the rat brain tissues
after administering 0.3 ml containing 60 pmoles 1-Methyl-4-phenyl-1,2,5,6-
tetrahydropyridine for different time periods.

Post-dose
Period hrs

BH2/*nl
brain extract

pmole

Amount of BH2/
whole rat brain

BHVml
brain extract

pmole

Amount of BH*/
whole rat brain BH7/BH4

pmole pmole
Control 5.00 34.99 43.18 302.27 0.116

1 9.65 62.71 41.68 270 89 0.232
39.342 8.65 60.55 275.39 0.220

3 9.65 63.19 45.40 297.37 0.213
4 10.45 67,93 49 19 319.74 0.212
5 10.00 70.00 46.00 322.00 0.217

The animals, which had not been given any dose of MPTP were found to contain

34.99 pmol of BH2 and 302.27 pmol of BH4/kgs of whole rat brain. The
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proportion of BH2 and BH4 was therefore only 0.116. One hour after

administering MPTP the levels of BH2 were found to increase up to 62.00

pmole/whole rat brain. Tfie levels of BH4 per whole rat brain were also decreased

to 270.89 pmole.

The proportion between the levels of BH2 and BH4 increased to 0.232, 0.220,

0.213, 0.212 and 0.217 at 1,2,3,4, and 5 hours after administration of MPTP,

respectively. All of these ratios are nearly constant.

EFFECT OF 6-HYDROXYDOPA ON THE LEVELS OF D1HYDROBIOPTERIN
AND TETRAHYDROBIOPTERIN IN THE RAT BRAIN TISSUES

Eighteen rats were given 0.3 ml solution containing 120 pmole 6-hydroxydopa as

described previously. A group of three rats was sacrificed 1,2,3,4,5, and 6 hrs

after administering the dose. The brain tissues were removed immediately and

processed to obtain the supernatant from a 20% (wet weight/volume)

homogenate. Aliquots of these samples were used to determine B, BH2 and BH4

accordingly to Ihe previously described methods. The results obtained were the

average of readings from three animal tissues. These results are shown in Table

40.

The animals, which had not been given any dose of 6-hydroxydopa were found

to contain 17 5 pmole of BH2 and 291.7 pmole of BH4/whole rat brain. The

proportion of BH2 and BH4 was therefore only 0.060. One hour after

administering 6-hydroxydopa the levels of BH2 were found to increase up to

111.80 pmole/whole rat brain. The levels of BH4 per whole rat brain also

increased up to 297.70 pmole. The ratio between BH2 and BH4 showed a
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significant increase to 0.376 after one hour of 6-hydroxydopa administration. The

proportions between the levels of BH2 and BH4 were 0.376, 0.338, 0.261, 0.288,

0.267 and 0.280 at 1,2,3,4,5 and 6 hours after administering 6-hydroxydopa

respectively. At two hours after administering 6-hydroxydopa, the ratio between

the levels of the two biopterins became nearly constant as shown in Table 40.

Table. 40. The levels of dihydropterin and tetrahydropterin in the rat brain tissues after
administering 0.3 ml containing 120 pmoles 6-hydroxydopa for different time
periods.

Dose Period Amount of BH?/
whole rat brain

pmole

ervmi
brain extract

pmole

Amount of BhW
whole rat brain

pmole

BH»ml
brain extract

pmole

BHj/BH*

Control 2.50 17.50 45.70 291.70 0.060

1 17.20 111 80 45.80 297.70 0.376

41.102 13.90 97.30 287.70 0.338

3 12.85 83.53 49.25 320.12 0.261

4 13.41 87.17 46 59 302.83 0.288

02.205 13.70 51.30 307.80 0 267

6 12.38 8596 4382 306 74 0.280
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Dihydropterdine reductase DHPR (E.C.1.6.99.7) is a key enzyme required for the

hydroxylation of the aromatic amino acids, phenylalanine, tyrosine and tryptophan

to produce L-dopa and 5-hydroxytryptophan, which are precursors of the

neurotransmitters, dopamine, adrenaline, noradrenaline and serotonin (Kaufman

1987, Scriver, et ai, 1989, and Kaufman, 1991). Tetrahydrobiopterin (BH4) and the

folate coenzymes can reciprocally interact in the ways which would be useful to the

metabolic pathways subserved by the enzymes DHPR and dihydrofolate reductase

(DHFR) (Brown, 1986, Kaufman, 1991). Neurological disorders occur due to

deficiency of DHPR which leads to impairment in the biosynthesis of the

neurotransmitters.

The aim of this project was to study the effects of neurotoxic metals, drugs,

neurotransmitters and their metabolites on the rat liver DHPR in vitro and the

effects of these materials on BH4 metabolism in the rat brain in vivo. The effects of

these factors on DHPR would be simpler to interpret and correlate with clinical

studies if the two forms of DHPR (dimeric and monomeric forms) are studied in

isolation. The two forms of the enzyme were thus isolated from rat liver in a

relatively pure form, so the results obtained of one form of monomeric DHPR could

not to be contaminated by the other dimeric form of DHPR. Enzyme DHPR was

isolated from rat liver.The two forms of DHPR monomeric and dimeric were

obtained by affinity chromatographic technique, the purified folds of monomer and

dimer were calculated separately. Enzyme activity of each form was measured by

the assay of Craine, et ai, (1972). Molecular weight of each form was determined

by the method of Andrews, (1965) DHPR exists as a dimer of molecular 50,000 -

41000 with its subunit, monomer with molecular weight 24,000-20,000 (Craine, et
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al., 1972) and Cheema, et al., 1973). It means molecular weight of monomer is half

of the molecular weight of dimer, so monomer is subunit of dimer DHPR.

Chemical and kinetic study of each form of DHPR was done separately. The

subunits of the sheep liver DHPR has identical charge, size and N-terminal amino

acid residue. Cheema et al. (1973), has full activity with DPNH which is better

substrate than TPNH (Crain, et al., 1972) DMPH4 is preferred substrate for both

dimer and monomer to NADH which in turn prefer to NADPH for the kinetic studies

Brown, 1981. Effects of inhibition and activator of (metals and nonmetals) has been

measured in vitro system. The percentage of inhibitors and activators bound

monomer and dimer and the dialysis effects of each form was determined

separately.

An affinity chromatography method using the ligand sodium-1,2-naphthaquinone-4-

sulphonate, which has structural similarity to the quinonoid substrate, was

employed for the isolation and purification of rat liver DHPR. The tissue extract

samples were applied directly to the affinity column these were first dialysed or

partially purified by Sephadex G-150 chromatography. Affinity chromatography of

the tissue extract gave yielded two active fractions. The first active fraction

contained 19.6% activity of the original sample with a 234x fold purification. The

second fraction carried 43.8% activity with 933xfold purification, The dialyzed tissue

extract also yielded two active fractions after affinity chromatography. The first

active fraction contained 13.9% activity with 227xfold purification, while the second

active fraction contained 30% activity with 9578xfold purification. However the

sample obtained after Sephadex G-150 chromatography gave only the second

active fraction which contained 30% activity with 694xfold purification. The first
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active fraction seemed to have been retained in the Sephadex G-150 column.

Dialysis or Sephadex G-150 chromatography which was performed to eliminate any

possible enzyme inhibitors, however, did not show any improvement in results. The

combined recovery of DHPR activities was highest at 63.7% when the rat liver

supernatant was loaded directly to the affinity chromatography. Therefore, the

enzyme was subsequently purified by affinity chromatography directly from the

supernatant.

Molecular weight of DHPR, as determined by Sephadex G-75 chromatography, in

the first fraction as estimated to be 24,500d and that of the second fraction to be

48,600 d (Fig. 17) Molecular weight of the enzyme in the first fraction was similar to

the molecular weight of sub unit DHPR of sheep liver and that of the rat liver DHPR

(Webber, et al., 1978, Nakanisi, el at., 1982) Molecular weight of DHPR activity of

the second fraction was similar to the molecular weight of dimeric-DHPR of sheep

liver (Craine, et al., 1972), sheep brain beef adrenal glands (Cheema, et al., 1973),

bovine liver, and human liver DHPR (Hasegawa, 1977 and Firgaira, 1981) and of

rat liver DHPR (Brown, 1980). These results indicated that the first fraction

contained the monomeric form of DHPR and the second fraction contained the

dimeric form of DHPR.

The purification results from dimeric-DHPR compared favorably with Brown, (1981),

who showed 25% yield with 918-fold of purification of DHPR from rat liver. Our

results are better than the results obtained from human liver DHPR which gave

700-fold purification (Figaira, et al., 1981), whereas Armarego and Waring, (1983)

showed 52% yield and 880-fold of purification from human brain DHPR The result

of purification folds and percentage yield of DHPR were better than those were
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obtained by Brown, 1981, Firgaira, 1981, and Armarego, 1983. It might be the

reason that DHPR supernatant was dialysed before to run through the affinity

column. The second reason was the good method of packing material of the

column. The apparent Km values were determined by varying the concentration of

one substrate while saturating the concentration of the other substrate. For the

monomeric-DHPR the Km values of DMPFU and NADH were 80.0 and 83.0 p

moles/ and Vmax were 8.3 and 8.0 pmoles/min substrate oxidised per minute,

respectively. Good Kinetic data depends on the high purified x fold of the enzyme,

DHPR.

For the dimeric-DHPR, however, the Km values for DMPH4 and NADH were 12.0

and 14.0 pmoles and Vmax were 25.0 and 24.8 pmoles substrate oxidised per

minute, respectively. This shows much higher substrate affinity and higher reaction

rates in the case of dimeric enzyme. Slightly lower apparent Km values and higher

Vmax values of DMPH4 than for those of NADH with monomeric as well as for

dimeric-DHPR, suggested that the enzymes have preference to DMPH4 than

NADH.

DiCPiP was also used to generate the quinonoid dihydropterin substrate from

tetrahydropterin in place of hydrogen peroxide and horesradish peroxidase. The

apparent Km and Vmax values suggest that hydrogen peroxide is a better oxidizing

agent than DiCPiP. The results with DiCPiP were obtained by Brown, 1981 and

Eggar, 1984 are compatible to our results. They also preferred HRP and H2C>2 to

DiCPiP, and found HRP is better oxidizing agent than DiCPiP for both the forms of

enzyme (mono and dimeric DHPR) whereas no new work has been done on

monomeric-DHPR, therefore, no comparison study could be made. But Cheema,
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et al., 1973 shows that monomer is a subunit of sheep liver DHPR has half of the

molecular weight of DHPR. This proves that monomer is subunit of sheep liver

DHPR. As DHPR itself is dimer enzyme consists of two identical subunits. Each

subunit, monomer having same charge size and same N-terminal residue like

dimer DHPR Cheema, et al., (1973). However, the results of dimeric DHPR were

compatible to the results obtained by Brown, et al., (1981) who indicated Km values

of 19.0 pmoles with DMPH4 and 21.0 pmoles with NADH, and Vmax of 23.0 p

moles/min with DMPH4 and 22.1 pmoles/min with NADH. Our results are in contrast

to the results obtained by Nakanisi and his co-workers, (1982) who reported and

gave preference to NADH over DMPH4

No effect of calcium and magnesium was found on the activity of dimeric-DHPR

whereas these metals enhanced the activity of monomeric-DHPR, reaching nearly

to the level of dimeric-DHPR (Table 7). Chromatographic analysis through

Sephadex G-75 column showed than the monomeric form of the enzyme, in the

presence of calcium, was converted into the dimeric form of DHPR which might be

due to chelation in the presence of 45Ca and Ca++ (Me Fadden and Koshland,

1992). Fig. 22 and 23 show the binding capacity of 45Ca with dimerized dimer form

of DHPR from monomer DHPR. The dps radioactive units depend upon enzyme

activity. No dps unit of 45Ca has been counted before the 2nd first and after the 2nd

last fractions of the peak. So no further peak of dps concentration was appeared

and these fractions are also free from the activity of DHPR. Recovery yield of the

dialysed sample was about 59% and of the total fractions from G-75 and G-15 was

60% and 62% separately with respect to total dps from the precoloumn sample

solution. This shows that calcium has a great binding affinity to the enzyme. Apart
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from DHPR this binding affinity of calcium was also shown from the results obtained

by Ducker, et at: (1971). 10'4 M of Ca44 is more then enough concentration to

check the binding capacity of Ca44 with DHPR. So dialysis, G-75 and G-15

techniques had been applied to find out the binding capacity of Ca44 with enzyme.

Magnesium gave the results similar to those obtained with calcium. Activity of

monomeric-DHPR increased in the presence of magnesium (Table 9). Monomeric-

DHPR treated with magnesium was dimerised by chelation with Mg44as the

molecular weight of monomeric DHPR bound with magnesium was nearly equal to

the molecular weight of dimeric-DHPR. No change appeared in the molecular

weight of dimeric-DHPR treated with magnesium. The change in the molecular

weight as well as in the activity of the Ca44 and Mg++bound dimer-DHPH still has

not been shown in the results obtained by (Eggar, 1984 and Salihi, 1985).

Magnesium also plays an important role in the synthesis of neurotransmitters,

because Mg24 with NADPH are required to convert D-erythro-7, 8-dihydroneopterin

triphosphate to L-erythro-7, 8-dihydrobioperin in BH4 biosynthetic pathway. Our

results of Mg24 bound dimer DHPR were also compatible to the results obtainedby

Abelson, et at., 1978. Kaufman 1978, Levine and Ghisla, 1983 and Brown, 1986.

Who showed no increase in enzyme activity and molecular weight of Mg24 bound

dimer DHPR. When purified dimeric-DHPR was pre-incubated with lead at a

concentration range of 1x10 6M-1x10'3M, there was an immediate inhibition of the

enzyme activity, which depends upon the concentration of lead and the length of

incubation period. The inhibition of 17.2% of the enzyme in the presence of lead at

reached to 51.4% at 1x10'4M lead after pre-incubation for 30

minutes(Table 17). Monomeric-DHPR on preincubated with lead at (10 8M -10'2M)

1 x 10‘6M was
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was also started to show immediate inhibition. The inhibition of monomeric-DHPR

was nearly 50% greater than that of the dimeric-DHPR (Table 16).

Only a little variation occurred in the activity of Pb** treated samples on dialysis for

both the forms of DHPR. This change in activity of Pb treated DHPR was shown by

Brown, 1981. The inhibition of both monomeric-DPR and dimeric-DHPR due to

Pb4* was irreversible and did not change by the prolong period of dialysis of 48

hours (Table 18). This was also shown by co-chromatography of the enzyme

activity. These observations are nearly similar to the results obtained by Morar, et

al., (1983) and Blair, et ai, (1984).

Normally 15,91 p moles of BH2 and 452.07 pmoles of BH4 were present in the

whole rat brain separately, showing a proportion of BH2/BH4 to be only 0.035.

However, one hour after an oral dose of 150 pmoles of Pb44 to 0.15 kg body weight

of rat (1000 pmoles of Pb*+ /kg body weight of rat) of the levels of BH2 and BH,

were found to increase to 56.6 and 504.39 pmoles per whole rat brain, with the

BH2/ BH4 ratio increasing to 0.112. The proportions between the levels of BH2 and

BH4 increased gradually to 0.135, 0.247, 0.272, 0.282 and 0.291 at 2,3,4,5, and 6

hours after administering lead, respectively (Table 24). This showed a consistent

inhibition of activity of DHPR treated lead. These results are compatible to the

results obtained by Morar, (1984) and Cutler, (1988).

Our results are also supported by Blair, et al., (1984c) who reported a reduction in

the level of DHPR activity in the blood samples was taken from the workers in the

lead industry and DHPR activity was shown to decrease as blood level increased

(Salihi, 1985).
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We found that there was a significant reduction in the levels of BH4 with the

elevated levels of dihydrobiopterin and biopterin in the whole rat brain under the

influence of lead in vivo system (Table 24) or through the inhibition of DHPR in vitro

system (Table 17). Our results were compatible to the result obtained by Blair, et

a!., (1984 c) who show that the effect of lead decreases the level of biosynthesis of

BH4 in CSF of dementia whereas Blakley, (1969) showed pteridine levels increased

still with the low concentration of lead in the rat brain.

Our results, however, do not agree with the results of Martinez-Fong, et at. (1990)

who reported that chronic exposure (for 3 months) to lead, increased both BFU

content and q.DHPR activity, which did not effect the GTP cyclohydrolase activity

and the dihydrobiopterin content. They suggested that lead intoxication could

enhance dopamine metabolism by increasing BH4 content, regulating cofactor of

tyrosine hydroxylase activity in rat neostriatum.

Significant inhibition of dimeric DHPR (18.9%) occurred in the presence of 1x10 5M

Al"* and it reached to a level of 51.4% in the presence of 150 pmoles Al*** (Table

19). Monomeric-DHPR was inhibited by 13.5% and 19.9% at aluminum

concentrations of 1x10'4M and 5x10'3M, respectively (Table 19).

After 48 hours dialysis of the Al+++ treated dimeric DHPR 67.5% activity was found

in the sample as compared to 69.8% of the control (Table 20). On dialysis of Af++

treated monomeric-DHPR for the same period 83.2% activity was retained as

compared to 85% activity was found in the control sample. The slight loss of activity

with Af++ treatment was therefore irreversible as in the case of lead inhibition.

These results are similar to the result obtained by Cutler 1988.

in



After administering 150 |tmoles Al*** to 0.15 kg body weight of rat (1000 pmoles

Al***/ kg body weight of rat) in vivo and effects on the levels of BH2 and BH4 were

determined at different periods. After one hour the level of BH2 increased to 87.23

pmoles of the rat brain from 15.93 pmoles in the control (Table 25). On the other

hand the levels of BhUshowed a significant decrease to 296.02 pmoles of the rat

brain from 452.07 pmoles in the control. The proportion between the levels of BH2

and BH4 reached to 0.295 from the control 0.035. With the longer exposure period

of Al*++ the proportion between the levels of BH2 and BH4 increased further,

becoming nearly constant after four hours. A significant rise in the levels of

dihydrobiopterin, biopterin and pterin with fall in the percentage levels of BH4

seemed due to the inhibition of DHPR in the presence of aluminum. The low level

of BH4 in the patients of Alzheimer's type disease due to the effects of aluminum

have been reported (Morar, et al., 1983; and Blair, et al., 1984b). Our results also

agreed with the results obtained by Cowburn, (1989) who investigated that

aluminum inhibits human brain BH4 synthesis in vitro and produces an

"Alzheimeresque" pattern of abnormalities in rats, chronically exposed to the

acetate salt of Al*** in drinking water. Bolla, et al., (1991) also found significant

reduction in BH4 by the effect of Al*** in CSF of rat. However Dedman, et al., (1992)

found that there was no significant difference between the aluminum concentration

in the parental cortex in Alzheimer's disease patients and age-matched normal

individual. The comparison among the concentration of ferritin, aluminmum and iron

in the parietal cortex from normal and Alzheimer's disease patients showed that the

concentration of aluminum was not increased, but both ferritin and iron were

significantly increased in Alzheimer's disease patients. There are other arguments
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dismissing the possibility of any relationship between Al"4 levels and DHPR activity

and that the Al4*4 did not inhibit in vitro DHPR activity (Milstien, 1989 and Kaufman,

1991). Excess amount of aluminum salt produces intoxication effect on the

metabolism of carbohydrate in our body. Kortus, (1967).

Scandium, chemically similar to aluminum, gave 22% and 33% inhibition of dimeric-

DHPR at concentrations of 10 4M and 10'3M, respectively (Table 21). Monomeric-

DHPR showed inhibition of 7.3 and 12.1% at concentrations of 10'4M and 5x10'

3M , respectively. Sc444 treated dimeric-DHPR on dialysis for 48 hours showed

slight decrease in the activity (Table 22). The decrease of 5.9% occurred after

correcting a slight change in the untreated enzyme activity at that stage.Sc444

therefore like Pb *4, and Al444 , did not show a significant irreversible character of

inhibition.

After oral administration of Sc+++ dose of 150 pmoles to the rat of 0.157 kg body

weight (955.4 p moles Sc444/ kg body weight of rat.), the level of BH2 increased,

whereas the levels of BH4 gradually decreased These changes were, however, not

as pronounced as in the case of Al444. Proportion between BH2 and BH4 increased

from 0.078 at one hour preadministration to 0.219, five hour after administration

(Table 26).

Gallium also inhibited the activity of DHPR. Table 23 shows that dimeric-DHPR was

inhibited by 24.8% and 37.55% at concentrations of 5 x 10'4M and 1 x 10'2M,

respectively. Results on the effects of scandium and gallium on dimeric-DHPR

agreed with the results of Cutler, (1988). Low levels of BH4 synthesis by the effect

scandium and gallium were also studied by Kaufman, 1993.
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After the administration of an oral dose of 150p moles Ga+++ per rat of 0.159 kg

body weight (943..5 p moles Ga+++/body weight of rat) it was found that the

proportions between the levels of BH2 and BH4 did not change as significantly as in

cases of Pb *\ Alf++ and Sc*++. The proportion between BH2 and BH4 levels slowly

increased from 0.053 to 0.130 up to six hours after administration (Table 27). As

compared to over 10 x fold increase in the level of B H2 in the rat brain six hours

after the administeration 150p moles Alt+\ the increase in of Sc+f* and Ga*+* were

only 3.48 and 2.46 under same condition. After oral administration of aluminum,

gallium and scandium, similar tissue distributions patterns were observed within

bone, spleen, heart and muscle. In all cases reduced absorption was observed in

the fed rat compared to the fasting. The in vitro intestinal absorption of aluminium,

gallium and scandium showed similar characteristics of passive energy-

independent transport. These trends were also repeated with gallium in vivo

perfusion system (Farar, 1988) and these t rends were repeated with scandium in

viva system by Mource, 1993, showed that levels of BH4 is decreased with the

increasing levels of BH2 and Al++*’ Pb++\ Sc+++ and Ca+++ shows inhibition effect on

DHPR enzyme of q. BH2, precursour of BH.4 .But Salihi showed different results of

DHPR by the effect of Ga+++ and Scf++ Because Salihi studied these inhibitors in

pH 7.0 that's why it might be the reasons that his results were not compatible to our

results.

Bismuth produced significant inhibition of dimeric-DHPR (21%) at a concentration

of 5x10‘5M which increased to 46% at a concentration of 1x10'2M. For monomeric-

DHPR inhibition increased from 10% at a concentration of 1x 10'4M to 16% at a

concentration of 5 x 10'2M. Manganese inhibited activity of dimeric-DHPR by
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24.0% at 5 x 10'5M concentration, and it increased to 53.22% at 5x10'2M

concentration. Inhibition of monomeric-DHPR was 16% at 1x 10 4M concentration

and 20.3% at 1x10'2M concentration of manganese. Cadmium showed12.5% and

48.5% inhibition of dimeric-DHPR at 5x10'5M and 5x10'2M concentration,

respectively. For monomeric-DHPR inhibition of 15% and 17.5% were observed at

1x104M and 1x10'2M concentration, respectively (Table 11, 13 and 15). Little

change was found in the activities of bismuth, manganese and cadmium treated

dimeric-and monomeric-DHPR on dialysis for 48 hours (Tables 12,14,16). This

suggests that these metals bind to the enzymes rather strongly. The results on the

inhibition of dimeric-DHPR agree with the results of Cutler, (1988), but not with the

results obtained by Salihi, (1985).

A comparative study of the inhibitory effects of lead, aluminum, scandium,

manganese, bismuth, cadmium and gallium showed that lead was the most potent

inhibitor on the activity of DHPR. The inhibitory effects of these metals are in the

order Pb++> Alw+> Mn** >Bi**v >Cd** >Sc+++ >Ga*+*. The inhibitory effect of Pb** is

greater than Al*’* and Cd*+ has been shown in the results obtained by Purdy

(1981a) Inhibition by these metals was likely to be caused by their binding to the

thiol group Aksnes, et al., (1979), Salihi, (1985) and Werner-Felmayer, (1993).

6-hydroxydopamine caused inhibition of the enzymes which increased with the

increasing concentration of the inhibitor. At a concentration of 1x10'4M only 68%

activity of monomeric-DHPR was left at pH 7.6 (Table 28). At pH 7.0 the inhibition

pattern was nearly similar at the various concentrations of inhibitor. Further

increase in the concentration of hydroxydopamine did not show further loss of the

enzyme activity. In the case of dimeric-DHPR the effects of 6-hydroxydopamine
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were more pronounced. At a concentration of 5x10'4M, only 24% and 36.4% of

dimeric-DHPR activity was left at pH 7.6 and 7.0, respectively.

Dialysis of the 6-hydroxydopamine treated enzyme solution did not revive the

activity of the monomeric enzyme appreciably. However, the activity of the dimeric

form of the enzyme increased significantly on dialysis, showing that the inhibitor

binds loosely to the enzyme.

6-hydroxydopamine was found to be a mixed inhibitor for both monomeric and

dimeric-DHPR with respect to DMPH4 having the apparent Ki values of 5.6 x 10'5M,

and 20.5x10'5M for dimeric-DHPR, 7.2 x 10'3M and 8.5x 10'3M for monomeric

DHPR. However, it was a noncompetitive inhibitor with respect to NADH with Ki

value of 5.2x 10‘5M for dimeric-DHPR and 8.9x 10‘3M for monomeric-DHPR (Table

38). Our results hydroxy dopamine were not compatible to the results obtained by

ponzone, et al., (1993) who showed the elevation level in BH4 by the inhibition

effect of hydroxy dopamine on DHPR. 6-Hydroxydopamine being a mixed inhibition

for DHPR with respect to substrate DMPH4 has been also reported by Armarego,

(1983a)

Dopamine gave sigmoid velocity versus substrate concentration curves in the cases

of both dimeric-DHPR and monomeric-DHPR for DMPH4 and NADH as substrate

(Figs. 29-32). This suggested that DHPR exhibit positive co-operativity possibly due

to the binding of a substrate molecule to one of the sub units of the enzyme that

induced a conformational change in the enzyme and made the other sub unit to

bind substrate molecules more readily. Our results agreed to the results obtained

by Brown, (1981) who also showed positive cooperative effect due to the binding of

the dopamine substrate which gives sigmoid curve. The same results of dopamine
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with DHPR by using the same variable substrates, DMPH4 and NADH has been

obtained by Tanaka, et a!., (1989 ). He also plotted a sigmoid curve which Is

indication of positive cooperative effect on DHPR. Hill Plots figs. 33 and 34 show

that appearance of sigmoud slope at the low cone. (Slope-1) and at the high

concentration of dopamine (Slope-ll) with DMPH4 and NADH is the results of

positive cooperative effect of dopamine on the activity of DHPR It gives the prove

of dopamine acts on allisteric comparative inhibitor DHPR which was also proved

by the results of Brown, 1981 who showed that positive cooperative effect is due to

the binding of the dopamine substrate. The results of Hornykiewicz and Kish,

(1986) were compatible to our result who showed that loss of neurosis could not

maintain the levels of dopamine and also found that DHPR deficiency resulted in

the progressive loss of dopaminergic neurons in the patients of Parkinson's

disease. Low level of dopamine was shown in defective biosynthesis of BH4 Blair,

(1982a). But our results did not agree to the results obtained by Armarego, et a!.,

(1984) who showed that dopaminne in buffer PH 7.6 dopachrome, oxidised

product, which inhibits DHPR as an inhibitor it means inhibition is due to

dpochrome , but not due to dopamine. He also explained that dopamine did not

effect on DHPR in the buffer 7.0. So this step did not agree to our results obtained

in pH 7.0 because he says that inhibition is due the oxidation product of

dopamine whereas our results shows that inhibition is due to dopamine.

The activities of monomeric- and dimeric-DHPR decreased with the increase in

concentration of 6-hydroxydopa. At a concentration of 1x10'4M of 6-hydroxydopa

inhibition of monomeric- and dimeric-DHPR activities were 32% and 58%,

respectively at pH 7.6, whereas at pH 7.0 inhibition levels at the same
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concentration of 6-hydroxydopa were 26% and 53.6% for monomeric- and dimeric-

DHPR, respectively (Table 30). Inhibition was probably due to the formation of

oxidized products of 6-hydroxydopa and the rate of formation of this product would

be faster in pH 7.6. The inhibition with 6-hydroxydopa did not seem to be

significantly reversible as there were only a little increase in the activities of both the

forms of DHPR with dialysis (Table 31).

6-hydroxydopa seems to be a mixed inhibitor of DHPR with respect to both the

substrates DMPH4 and NADH. Apparent Ki values of 8.4 x 10‘5M, and 3.8 x 10'5M

with DMPH4 and 12.5 x 10'5M with NADH were obtained for dimeric-DHPR. For the

monomeric-DHPR values of 9.2 x 1CT3M, 8.9 x lOÿM with DMPH4 and with NADH

were obtained separately (Table 38). 6-hydroxydopa is a derivative of DOPA, a

precursor of neurotransmitter dopamine. Too low or too high levels of this precursor

would effect the levels of dopamine, which is reported to be the cause of

pathological states like Parkinson’s disease (Blair et al., 1984 a) and of

Schizophrenia (Morar, et al., 1983). Low level of hydroxy DOPA has been

measured by Armarigo, (1984) in dystonia.

Oral administration of 120 pmoles of 6-hydroxydopa given to 0.1kg of body weight

of rat (1200n moles/kg of body weight of rat) changed the proportion BH2/BH4 from

0.06 to 0.376 within one hour of administration. Thereafter this proportion did not

change significantly (Table 40). The percentage inhibitions of monomeric-and

dimeric-DHPR when treated with triamterene (a pterin derivative) at 1x10'4M

concentration were 25% and 52% separately at pH 7.6, whereas at pH 7.0 the

losses of activity under similar conditions were slightly lesser. 48hours dialysis of
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triamterene treated monomer-DHPR and dimeric-DHPR showed that there was

only a slight increase in the activity of the two forms of the enzyme.

Triamterene was found to be a mixed inhibitor with respect to NADH and its

apparent Ki values were 1.2 x 10"5M and 3.3 x 10"4M for the dimeric- and 6.5 x 10'

3M for monomeric-DHPR, respectively. It was found to be a competitive inhibitor

with respect to DMPH4 with apparent Ki values 3.5x10'5M for dimeric and 4.5x10'4M

for monomeric form (Table 38). Triamterene , a water insoluble compound,

decreased the activity of rat liver DHPR and percentage inhibition depended on the

concentration of triamterene. But triamterene is known to induce DHFR after initial

inhibition. After the rats received dose of triamterene a significant decrease in

scotopic-a and |i-wave of electro retinal gram shows that it is a mediator of

neuronal adaptation mechanisms of the retina (Krause, et at., 1993). But these

properties of triamterene may be quite different by the work of Krause, et at., 1993

who explained that triamterene is derivative of pterin, increase the activity of DHPR

initially, but after that inhibits DHFR and high levels of dopamine indication of high

levels of BH4 which shows that triampeterene is an activator for DHPR.

The loss of activity of dimeric-DHPR was much grater as compared to monomeric-

DHPR at different concentrations of adrenochrome. At a concentration of 10'6M

only 61.7% of the activity of dimeric-DHPR was left (Table 34). On further increase

in the concentration of adrenochrome up to 1 x 10'4M only 23.4% activity was left at

pH 7.6. At pH 7.0 the percentage loss in the activity of dimeric-DHPR was slightly

lesser at the same concentration of adrenochrome (Table 34). The adrenochrome

inhibition has been reported to be due to the formation of its oxidation product
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aminochrome (Armarego et al. 1983) because the formation of amino chrome is

faster in pH 7.6 as compared to that in pH 7.0

Partly reversible inhibitory character of adrenochrome treated monomeric and

dimeric-DHPR appeared on dialysis. The percentage activity of monomeric-DHPR

increased from 64% to 77% on dialysis for 48 hours at 4°C. In case of dimeric-

DHPR, the adrenochrome inhibition of the activity was reversed to a greater extent

on dialysis.

Adrenochorme was a competitive inhibitor with respect to, DMPH4 having apparent

Ki values of 5.2 x lOÿM for dimeric and 1.5 x 10'4M for monomeric forms of DHPR

(Table- 38). It showed mixed inhibition with respect to NADH having Ki values 31.2

x 10'6M, and 88 4 x 10'6M for the dimeric and 8.9 x 10'3M for monomeric forms of

DHPR (Table 38). These results are similar to those reported by Shen, (1983), but

not compatible with Grahame-Smith, (1992).

The percentage loss of activity of MPTP treated monomeric-DHPR was significantly

lower as compared to that of MPTP treated dimeric-DHPR. At a concentration of

1x10‘4M MPTP treated dimeric-DHPR. At a concentration of 1x10'4M MPTP 24.2%

and 56.6% losses of the monomeric and the dimeric enzymes respectively,

occurred. The percentage losses of the activity at pH 7.0 were slightly lower than

the corresponding losses at pH 7.6 (Table 36).

Kinetic study showed that MPTP was a competitive inhibitor with respect to NADH

with its apparent Ki values of 4.6 x 105M and 12.6 x10'4M for dimeric and

monomeric-DHPR, respectively. It was found to be a mixed inhibitor with respect to

DMPH4 where the apparent Ki values were found to be2.0 x 10'5M and 32.2x1OÿM

for dimeric-and monomeric-DHPR, respectively (Table 38). These results agreed

with the results reported for the human brain DHPR by Caine and Langston, (1983).
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These results also agreed with the results of rat liver DHPR, obtained by Blair, et

a/., (1984c). After oral dose administration of 60 nmoles of MPTP was given to rat

of body weight 0.1 kg (600 nmoles/ body weight of rat).

From a proportion of 0.116 between BH2/BH4 in the rat brain without administration

of MPTP, it increased to 0.232 after one hour of MPTP administration. After this

period it remained nearly constant (Table 39). MPTP is a neurotoxin specifically

causing symptoms of Parkinson’s disease in man (Caine and Langston, 1983) and

in rat liver (Blair, et at., 1983a). From these studies we found that out of the various

organic inhibitors adrenochrome is the most potent inhibitor for both the

monomeric-and dimeric-DHPR and this effect was followed by MPTP, dopamine, 6-

OH-dopamine, triamterene and 6-OH-DOPA (Fig. 28, Table 37). The inhibition of

DHPR by these neurotoxics would produce decreasing effects on the cofactor

levels that may be responsible for a reduction in neurotransmitter levels which have

a role in their causation of neurological disease (Greeves, 1990. Duch, et at., 1991

and Heintel, et at., 1987)

It is clear that BH4 concentration must be sufficient to maintain the biosynthesis of

neurotransmitters As the biosynthetic pathway for BH4 production is intact in DHPR

deficiency, BH4 biosynthesis should occur at normal rates. Dihydrofolate reductase,

DHPR deficiency, BH4 biosynthesis should occur at normal rates. Dihydrofolate

reductase, DHPR acting on dihydrobiopterin and quinonoid dihydrobiopterin may

also accomplish the salvage of BH4, respectively. These two processes may be

sufficient to maintain BH4 concentrations for the biosynthesis of neurotransmitters

(Greeves, 1990).

The results obtained from this research should be useful in undertaking further work

for the elucidation of mechanisms involved in the neurological disorders and finding

possible treatments.
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