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Theensyma,D-e~ydnxleopterintriphcsphate synthetase fromrat 
brainwascbs~tohave a significantlylcwerspecificactivitythanthat 
frcmliverdus totheirdegreeofdephcephorylationduringpre~ation. The 
brain enzyme couldbe phosphorylatea invitro in presence of[3P>ATP andpro- 
teinkinase, resulting inanincrease~~cactivity. Isolaticmofbrain 
ensyma inpresenoaof 0.8MNaF allowedrecc~ryofthe enzynephcephorylated 
at residre 67 (serine) as determined by a new assay for phosphate. This enzyma 
is present in synaptoscmes andits stateofphosphorylationmayregulate the 
rate atwhichdihydrcbicpterin, the precursorof the hydroxylase cofactor 
(tetrahydrobioptirin, BH4), is synthesizedby synaptosomas. 

ExperimantaLevidencerecentlyprovided insightintothepathwayofbio- 

synthesis of tetrahydr&iopterin (BH4)(1,2), the cofactor for a nLPnber of 

nmcoxygenases . The emyms responsible for ths synthesis of quinonoid-l 

erythrodihydrabiqpterin (q-BH2) frcmGI'P arewidelydistributed inmasnmlian 

tissues (3). Oneofthe enzynes,D-e~ydrcmeopterin triphcepha& 

synthetase converts 2-amino-6(5'-triphosphoribosyl)-amino-5- or -6-forsemido- 

6-hydroxypyrtidine (FPyd-P3) into quincnoid-D-erythrcdihydxmecpterin tri- 

phosphate (q-Wm2-P3) (4). Tkishitherto~escribedenzyme,abasicprotein 

of 9177 daltons, was recently isolated from brain and liver and purified to 

homzgeneitywhichenabledits sequencing for its primary structure (5,6). It 

was noted that the specific activity of the pure enzyme isolated from liver 

was about five tines greater than that of the enzyme frombrain tissue. This 

divergencewas not due to any difference in their primary structureor in 

their imrnmological response to rabbit antisera against the "brain" enzyme (5). 

Itwas therefore assundthatthis basicprtiinwas aphosphoproteininits 
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m&active fonnand servedas asubstrate forthepmteinkinasewhichthen 

selectivelyphosphorylated serineorthzemineresidues of D-e- 

xxq3teriI-1 tripMspha~ synthetase. Evidenceispresentedhere forthepre- 

sence, the enzymic siteofphosphateand therelevauceofthisphosphoqlatim 

tothecantrolofthe~toBH4pathwayinvi~. -- 

Thepureen~,D-erythrodihydroneopteriniphosphate~~tasewas 

isolated frm bovine, rat brain aud rat liver (3) and stored at -8OOC. 

[y32]-ATp was prepard (7) with a specific activity of 260 rrCi/mmle. Pim- 

tein kinase was isolated frcm rabbit muscle (8). 

Prior to experiments an phosphorylation with [v~~]-ATP, 30 F(9 sanples 

of the enzym fran rat brain and liver were hydrolyzed in 3 ml of 6 N IX1 for 

21 h at 105OC to denmstrate the presence of phosphate (Pi). The hydrolysate 

was appliedtoa lxl.3 cm~x50(-x8) colon andwashedwith 5mlwater. The 

eluate andwaterwashwere cmbined andlyophilized. Overall recovery of Pi 

was 88.2%. 

Lyophilized sazpleswere dissolved in100 ulofwater andwere spotted 

ontoa 200 1-1 celluloseTICplate (Fastrren) anddevelopedfor 2+~hours in 

set-butanol:fom&c acid:water (20:5:8 v/v/v). Pi has a Rf value of 0.5, sul- 

phati stays at the origin. Afterdryingovernight, alxl anarea arouudRf 

0.5 was spotted with 45 C&l2 (carrier-free) at a molar ratio of 4:l (4 rml 

CaC12/1nolPi~), arid air-dried. Theplatewas thendevelopedthma 

tin-es inethanoltoadistauceofatleasttwicethe distance oftheRfof 

Piinozder tortme themreacted 45 &Cl2 to the ethanol front. Alxl cm 

square belm, at and above the Rf of Pi was then cut out, placed in Wnophase 

40 and counted. In all cases, the lxl anarea in frontof thePiwas used 

as the "blank". All "sample" readings were corrected by the blank. The 

values obtained by this new &chn.ique for quantificaticm of Pi were linear 

between 0.5-24 moles with a 1.8% stmdard error of estimate. 

The enzym prepared fmmbrainpossessed sate salient differences inits 

kinetic properties frcan that of liver (Table 1). Difference in the phosphate 
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TABLE 1: SOME CHARACTERISTICS OF D-ERYTHRODIHYDRONEOPTERIN TRIPHOSPHATE SYNTHETASE 

Parameters Source of Enzyme 
Brain Brain* Liver 

';M (for FPyd-P3) 1.4x10+j M 8.9x10+ M 6.5~10-~ M 

V bmol/mg/h) 10.0 max 93.5 68.0 

Phosphate 0.008 0.93 0.88 
(mol/mol enzyme) 

*NaF (0.8 M) was present throughout the purification of the enzyme. 

contentwas particularlymarked. Itwas assmed, tbarefoze,thatupondis- 

rx@onofbraintissua, acti~de@msphorylationofpro~inshas takenplace. 

Presence of fluoride im, (NaF 0.8M) akncwninhibitirofphosphatases, 

throughout the purification of the enzyne (3,5) fran brain resulted in isola- 

tion of pure vydroneopterin triphosphate syntbetase of high specific 

activity (Table 1). 

To amfinnthatthehigh specific activity of theemynewas related to 

thepresenceofphcsphate, inthreeexperinents saqles of thecexebralenzyms 

of low specific activity (9.96kO.37 ml/q/h) were phosphorylated in vitro. 

The enzyrfe fran brain (13 ug) in 0.3 ml of 0.05 M Tris acetate buffer (pH 7.5) 

was phosphorylated with protein kinase (1 ug) for 10 minutes at 38OC in 

presenceofMg++ (5 xtw and cy321-m (100 IN). Theenzymawasseparatedfmn 

protein kinase, P32 ard [v~~]-ATP cm a 0.4x23 can Se@mxyl S-200 colmm (3) 

with water as eluant. The catalyticactivities of tlx phosphorylated andncn- 

phcsphorylated sarrples were assayed for the armmt of NPIH2-P3 synthesized (3). 

Thereapweda comeqent increase in the specific activity to 80.5+1.91 

rml/nq/h an-d covalent1y bouud P32 0.89 ml/ml euzyne. P32 labelled enzyne 

was recovered franSephacryl S-200 colmnandan aliqmtwasdigestedwith 

trypsin (0.1% solution) in 0.05 M Tris acetate pH 8.0 at a ratio of 1:5 for 60 

n6nutes at 38OC (5). Txyptichydrolysis ofthephosphoqlatedenzym andthe 

subsquentseparaticmof the12peptides by two-dimansional andme-dimn- 
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sionalTICwereexemted asdescribedelsewhere (5). One an'spots comespmd- 

ingto thevariouspeptideswe.re cutoutandplaoadinvials ContainingWxm- 

phase 40. The ankxmt of P 32 was assayed by scintillation cmmting. 

Previous1yv.e have reported (3) thattheenzyne cmtains fourserine aud 

onetkeonmeresidue. Having recently established the SieqmlWoftbaenzyne 

(5,6), of the twelve tryptic peptides T2, T6, T8 and T10 contain& serine re- 

sidues andT4 theonlythreonim residoaoftba enzyme. Of tk trypticpep- 

tides, T6 @rg.Val.Ser.Glu.Val) carried the radioactive phosphate. Peptide T6 

contained 10.4% of the P 32 by two-dimansional TIC since chloroform:mthanol: 

34% arm~nium hydroxide (2:2:1 v/v/v) (Solvent I) hydrolyzed 80% of the organic 

phosphate to Pi, 83% of P32 was in T6 by one-dinensional TIC in butanol:acetic 

acid:water (4:l:l v/v/v) (Solvent II). The results of tryptic digestion and 

TLI= thus establishedthatthe serinecorrespondingtoresidue 66 of the 

enzyme molecule is phosphorylated. Theenzynefromratbrainhasanaddi- 

tional aspartic acid (residue 7)(3,5). Cons~ntly, it is serine (67) of the 

noleculewhichis phosphorylated. Thisobservationfurtbersupportsthem- 

cept that proximity of arginine to serine is the specific deteminaut to 

phosphorylationtose.rinebyproteinkinaseg. lo-20 ug sanples of P32- 

labelled mzym?proteinwe~ also subjected to 10% polyacxylamide disc elec- 

trophoresis pH 4.3. Segmnts corresponding to a stained duplicate wxe cut 

across the length of thegelandcomted. Of the total radioactivity 

(24,000 dpm) applied to gel, 90% (21,670 dpm) was associatea with the single 

band represenlzdbythe enzyneprotein. Phosphozylaticmof the ensyma from 

rat brain did not alter its Rm (0.47). 

The evidence thatD-eryWmxUydrmeopterint.riphosphate synthetase cau 

be specifically phosphoxylated signifies a new avenus to the understanding Of 

the controlsin thebiosynthesis ofvydroneopkrin triphosphate 

inthe mmreliau tissue which as a precm sor plays an ixportant role in the 

regulation of the synthesis of q-L-ery+Arcdihydr&iopterin (E3H2) (4). In turn, 

thecellularlevels ofq-RH2 audits rateofreductionbydihydropteridine 
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reductase aredeteminantfactors in the availability ofE3H4 form&of the 

mnoo~s involved inneurotransmittersynthesis. 

The estimated rate of synthesis of NPTH2-P3 in vivoL was 0.64 ml/k&h 

at 6 pg D-e@zhm%hydroneopterin triphosphate/g wet wzight of rat brain. 

Consequently, the calculated specific activity of ~ydroneopterin 

triphosphate synthetase reaches lOlnnol/mg/h invivo as cmpared to its 

optimal specific activity of ca. 93 nnol/m$h in vitro. It is apparent, 

therefore, that D-e@hmdihydrmpterin triphosphate synthetaseis present 

in the tissueswallnigh inaxtpletely@msphorylated form. Hcxvever,dynamic 

statemyexistbetweenitsnon-phosphorylated units synthesizedde nova and -- 

its phcsphorylatea ones. Phosphorylationof this enzyne assums particular 

significance in thebrain sincepreviously itwas revealed that the enzymic 

pathwaywhich subserves the oonversionof GIP to BH;!is operant in the synap- 

to-s. Interm ofenzyns activity,thesynaptosoml fracticm in presence 

of NaF is capable of synthesizing about 2.4 nml/mg/h NPIH2-P3 from FPyd-P3 if 

prepared by Ficoll (lo), and 0.1 ml/n&h by sucrose (11) density gradient. 

The mechanism for phosphorylation aud dephos&orylation of D-ery&odihydm- 

neopterin triphosphate synthetaseis available in the synapticrmkraz since 

the latter is geared to the formation aud degradation of cyclic nucleotides. 

Certain proteins intk synaptosateswere reporlzdtobephosphorylatedoon- 

sequent to stimulaticm of c-AMP synthesis (12). It is likely that phosphoxy- 

lationof txyptophanandtyrosinehydroxylases alsooccuratthe synaptoscxnal 

level, which wxld result in decreased G for EB4 (13). This phosphorylation 

invivomayrequireATPandMg* onlyorcouldbec-AMPmediated. One could 

make a casethatthephosphorylationofhydroxylases couldserve as a feedback 

effect in regulatim of the synthesis of q-M2 and perhaps in the contxol of 

q-dihydrobicpterinreductase activity. Atanyevent, thephcsphorylationof 

D-e@hrodihydronx@&ntri@osphate synthetase significantlyalteredits 

YlElX- Thephosphorylationofthisen~ on the pathway franGI'P tiq-BH2may 

not be the only one. It is ccmceivable that activity of Mry&xdihydro- 
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biopterin synthetase~~yalsoberegulatedbyp~p~~lation. This problem 

andothermz~ amplexcnes like phosphoqlatiopI atsynaptoscmllevelis 

currently tier s-t&y. 
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