
6-PYRUVOYL-TETRAHYDROPTERINREDUCTASES

P.Steinerstauch,W.Leimbacher,H.-Ch.Curtius

DivisionofClinicalChemistry,DepartmentofPediatrics,Universityoi
Zurich,CH-8032Zurich,Switzerland.

B.Wermuth

DivisionofClinicalChemistry,UniversityofBern,
CH-3010Bern,Switzerland

S.Ghisla

DepartmentofBiology,UniversityofKonstanz,
D-7750Konstanz,FRG

Introduction

(';r'

"

Sepiapterinreductasehas·beenprovenbyspecificsuppressionof

theenzymeactivity(1,2)toplayanobligateroleinthebiosynthesisof

tetrahydrobiopterin(BH4).However,thephysiologicalfunctionof6-pyru-

voyltetrahydropterinreductase(PPH4R),whichdirectlycompeteswith~I~
sepiapterinreductasefortheutilizationof6-pyruvoyltetrahydropterin

(PPH4),stillremainstobeclarified(3,4).Thisi~ofparticularinter-

est,since6-lactoyltetrahydropterin,theproductofPPH4R,isreadily

reducedtoBH4bysepiapterinreductase(1,2,4-7).Fromtheviewpointof

itswideoccurrence(8-11),rangingfromthefruitfly(8)tohuman(lI)

tiss.ues,PPH4Rappearstohavebeenconservedduringevolution,which

mightindicateanessentialphysiologicalrole.
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Introduction

Sepiapterin reductase has been proven by specific suppression of

the enzyme activity (1,2) to play an obligate role in the biosynthesis of

tetrahydrobiopterin (BH 4). However, the physiological function of 6-pyru-

voyl tetrahydropterin reductase (PPH4R), which directly competes with ~ ~

sepiapterin reductase for the utilization of 6-pyruvoyl tetrahydropterin

(PPH4), still remains to be clarified (3,4). This i~ of particular inter-

est, since 6-lactoyl tetrahydropterin, the product of PPH4R, is readily

reduced to BH4 by sepiapterin reductase (1,2,4-7). From the viewpoint of

its wide occurrence (8-11), ranging from the fruitfly (8) to human (11)

tiss.ues, PPH4R appears to have been conserved during evolution, which

might indicate an essential physiological role.
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Takingintocons

sepiaterinreductasefor

latter(3,5),wefirstattemptedtoelucidatethecontributionofPPH4R

totheBH4biosynthesis.Duetoalackofadequateinhibitors,we

isolatedthereductasefromhumanliverandpurifiedittoapparent

homogeneityin'ordertoproducemonoclonalantibodiestoPPH4R.

MilstienandKaufman,referringtotheirresultsobtainedfrom

inhibitionstudiesandanalysisoftheaminoacidcomposition,recently

suggestedthatPPH4Rfromratbrainisauniquetypeofketoreductasein

thegroupofaldo-ketoreductases(4).Thisconclusion,however,doesnot

agreewithourresults.
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Results

Duringpurification(12)theenzymewasidentifiedbyitsability

toconverlPPH4to6-lactoyltetrahydropterin,whichcanbeclearly

distinguishedfrom6-(1'-hydroxy-2'-oxopropyl)-tetrabydropterinbyuseof

reversedphaseHPLCwithelectrochemicaldetection(11).

Followingimmun~zation,fusion,andsubcloning,tbreemonoclonal

antibodieswereobtained,whichspecificallyrecognizePPH4RinELISA,

.,immunedotblot,andWesternblot.Cross-reactivitywithhuman

sepiapterinreductasewasnotobserved.Theemploymentofthemonoclonal

antibodiesinfurtherimmunoreactivitytests,however,revealedanunex­

pectedresultaswillbediscussedbelow.Similarphysicaland

~I~biochemicalproperties.ofotheroxidoreductasesdescribedinthe

literatureledtothecompariso,nofPPH4Rwitbbumanbraincarbonyl

reductase(13)andaldosereductase(14),asweIlaswithaldehyde

.reductasefromhumanliver(15).Usingdifferentpolyclonalantiserato

theseoxidoreductases(16)inadotimmuneblotassaywithpositivecon­

trolsandPPH4Rasantigen,structuralsimilaritiesbetweenthelatter

andaldosereductaseweredetected.Theobserved'cross-reactivitywas

furtherconfirmed"bytheresultsobtainedfromaradialdouble-

~
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Results

During purification (12) the enzyme was identified by its ability

to converl PPH4 to 6-lactoyl tetrahydropterin, which can be clearly

distinguished from 6-(1'-hydroxy-2'-oxopropyl)-tetrahydropterin by use of

reversed phase HPLC with electrochemical detection (11).

Following immunization, fusion, and subcloning, three monoclonal

antibodies were obtained, which specifically recognize PPH4R in ELISA,

immuno dot blot, and Western blot. Cross-reactivi ty wi th human

sepiapterin reductase was not observed. The employment of the monoclonal

antibodies in further immunoreactivity tests, however, revealed an unex­

pected result as will be discussed below. Similar physical and

iochemical properties of other oxidoreductases described in the

literature led to the compariso,n of PPH4R with human brain carbonyl

reductase (13) and aldose reductase (14), as weIl as with aldehyde

reductase from human liver (15). Using different polyclonal antisera to

these oxidoreductases (16) in a dot immuno blot assay with positive con­

trols and PPH4R as antigen, structural similari ties between the lat ter

and aldose reductase were detected. The observed cross-reactivi ty was

further confirmed by the results obtained from a radial double-
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immunodiffusionwithanti-aldosereductaseserumandaWesternblot

analysisapplyingthemonoclonal.antibodiestoPPH4R.

StudiesonthesubstratespecificityofPPH4Ralsoyielded

catalyticpropertiesincloseagreementwiththosereportedforaldose

re~uctase,whilethelatterquantitativelyreducesPPH4to6-lactoyl

tetrahydropterin(17).

SofarwehavenotbeenabletodealwiththeblockedN-terminal

aminoacidofPPH4Randtoperformthesequenceanalysis.

T~.~.!..~....l:ComparisonofAldoseReductaseandPPH4Reductase
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Origin

MW
Ip

Coenzyme

H-transfer

Substrates

Immunology

Conclusion

AldoseReductasePPH4Reductase

humanbrainhuaanliver

38'000Da35'000Da

5.95.9

NADPHIfADPB

pro-Rpro-R

aldosesaldoses

PPH4PPH4
othersothers

correspondingimmunoreactivity

~
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Althoughtheda.taoftheaminoacidsequenceofPPH4Rarenot

availableyet,theessentialimmunochemicalandbiochemicalpropertiesof

theenzyme,partlylistedinTab.1andshortlytobepublishedindetail

(17)suggestthatPPH4Rfromhumanliverandaldosereductasefromhuman

brainareidenticalenzymesoratleastisoenzymes.
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immunodiffusion with anti-aldose reductase serum and a Western blot

analysis applying the monoclonal antibodies to PPH4R.

Studies on the substrate specificity of PPH4R also yielded

catalytic properties in close agreement wi th those reported for aldose

reductase, while the latter quantitatively reduces PPH4 to 6-lactoyl

tetrahydropterin (17).

So far we have not been able to deal wi th the blocked N-terminal

amino acid of PPH4R and to perform the sequence analysis.

T~.~.!..~....l: Comparison of Aldose Reductase and PPH4 Reductase

Origin

MW
Ip

Coenzyme

H-transfer

Substrates

Immunology

Conclusion

Aldose Reductase PPH4 Reductase

human brain buaan liver

38'000 Da 35'000 Da

5.9 5.9

NADPH NADPB

pro-R pro-R

aldoses aldoses

PPH4 PPH4
others otbers

corresponding immunoreactivity

Al though the da,ta of the amino acid sequence of PPH4R are not

available yet, the essential immunochemical and biochemical properties of

the enzyme, partly listed in Tab. 1 and shortly to be publisbed in detail

(17) suggest that PPH4R from human liver and aldose reductase from human

brain are identical enzymes or at least isoenzymes.
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