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INTRODUCTI ON 

Reduction of 6-pyruvoyl tetrahydropterin (PPH4) during 
biosynthesis of BH4 can be accomplished by two distinctly 
different enzymes requiring NADPH. One is sepiapterin 
reductase (SR) which catalyzes the reduction of both keto 
functions in the side chain of PPH4 (4,9,12). However, it 
seems as if the l'-keto function is preferentially reduced 
since 6-lactoyl tetrahydropterin was never observed to be a 
product of SR (7,9). The second enzyme is 6-pyruvoyl tetra
hydropterin reductase (PPH4R) which is specific for the 
2 '-carbonyl function (2,6,7,9,13,14). This brings up two 
important questions: Are both enzymes required for effi
cient formation of BH4? If so, which is the reduction 
sequence of the two functi ons, i.e., are 6-1 actoyl or the 
isomeric 6-(1'-hydroxy-2'-keto)-propyl tetrahydropterin 
intermediates? Or, alternatively, are both pathways possi
ble? 

In an earlier report (2) we described the preliminary 
purification and some of the PPH4R properties. In the mean
time we refined the procedure for the purification of this 
enzyme, investigated several of its properties and obtained 
polyclonal antibodies. With the present contribution we 
report on some unpub1i shed studi es with PPH4R. A full re
port on the subject will be submitted shortly (10). 

RESULTS AND DISCUSSION 

For obtaining information on the questions outlined 
above, the determination of the kinetic parameters of PPH4R 
and comparison with those of SR are of great importance. A 
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main problem in this context is the assay procedure. Smith 
(8,9) devised assays involving the use of purified PPH4' 
The instability of the latter has prompted us to investi
gate the use of a combined assay involving production of 
PPH4 from dihydroneopterin triphosphate (NH2TP) in the 
presence of pyruvoyl tetrahydropteri n synthase (PPH4S) in 
situ. Thus 10 ~M NH2TP in 25 ~l phosphate buffer, pH 7.0, 
containing 8 mM MgC12, were incubated anaerobically at 37°C 
with 10 mU PPH4S, as detailed in the legend to Figure l. 
The fonnation of PPH4 was detennined at time intervals by
adding 20 ~l of a 0.2 MEOTA solution, and subsequent HPLC 
analysis (electrochemical detection (1)). 
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Fi gure 1: 

Time dependent PPH4 fonnati on - and its consumpti on 
by PPH4R. 1 nmole NHZTP was preincubated with 10 mU of 
PPH4S (salmon liver (3)) in the presence of 0.1 Mphosphate 
buffer, pH 7.0, 8 mM MgC12, 0.25 mM DTE, 10 mM glucose,
12 U glucose oxidase, 4800 U catalase, and 2 mM NADPH, in a 
total volume of 100 ~l. After different incubation times as 
indicated, 20 ~l of a 0.2 M EOTA solution were added to 
stop the reaction. The decrease of PPH4 (produced within 1 
minI was measured after further incubation with -14 ~U of 
PPH4R. The fonnation of 6-lactoyl tetrahydropterin was 
stopped after 1 min, 4 min, 9 min, and 14 min, using 20 ~l 

of a 0.25 MNaF solution containing 50 mM OTE. 
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We found, that under these conditi ons maximal forma
tion of PPH4 is observed after 1-2 min (Fig. I), and that 
the concentrati on of the product subsequently decreases 
with a hal f time of ~ 10 min. In our hands this method pro
duces reproducibly PPH4 of a defined concentration devia
ting -10 t from the expected value. When PPH4R is added at 
this point in the presence of NADPH, 6-lactoyl tetrahydro
pteri n is formed. After stoppi ng the reducti on wi th 20 III 
of a 0.25 M NaF solution the remaining PPH4 was determined 
by the use of HPLC and electrochemical detection (1). 

Wi th the hel p of these methods and by systemati c 
variation of the respective substrate concentrations, the 
Km and V values shown in Table 1 were estimatedmax 
and compared with corresponding values obtained by Smith 
(9) and Sueoka et al. (11) for SR. 

Table 1: Selection of kinetic parameters estimated for 
PPH4R and comparison with SR 

PPH4R SR 

Km 
Km 

(PPH4) 
(NADPH) 

(IIM) 
(jJM) 

1.8 
5.5 

2.0 a) 
1. 7 c) 

Vmax 
Vmax 

(PPH4)
(NADPH) 

(jJmol/min/mg) 
(jJmol/min/mg) 

1.1 
0.8 

1.0 b) 
21. 7 c) 

a,b) data for the kinetic parameters of SR from rat ery
throcytes wi th PPH4 as substrate were taken from (9); 
b) Vp1 a lS (PPH4) is referred to by Smi th as 
"Vrel' .(9); c) kinetic data for NADPH (11) were 
determined using sepiapterin as substrate. The values shown 
for PPH4R were estimated using an in situ assay as detailed 
in the text. 

The values listed in Table 1 indicate that PPH4 is 
reduced wi th simi 1ar effi ci ency by both enzymes. However. 
the above values should be taken with due caution since the 
parameters available for SR refer to the enzyme of sources 
different from human liver. Furthermore, Km and 

147

We found, that under these conditi ons maximal forma
tion of PPH4 is observed after 1-2 min (Fig. I), and that
the concentrati on of the product subsequently decreases
with a hal f time of ~ 10 min. In our hands this method pro
duces reproducibly PPH4 of a defined concentration devia
ting -10 t from the expected value. When PPH4R is added at
this point in the presence of NADPH, 6-lactoyl tetrahydro
pteri n is formed. After stoppi ng the reducti on wi th 20 III
of a 0.25 M NaF solution the remaining PPH4 was determined
by the use of HPLC and electrochemical detection (1).

Wi th the hel p of these methods and by systemati c
variation of the respective substrate concentrations, the
Km and Vmax values shown in Table 1 were estimated
and compared with corresponding values obtained by Smith
(9) and Sueoka et al. (11) for SR.

Table 1: Selection of kinetic parameters estimated for
PPH4R and comparison with SR

PPH4R SR

Km (PPH4) (IIM) 1.8 2.0 a)
Km (NADPH) (jJM) 5.5 1. 7 c)
Vmax (PPH4) (jJmol/min/mg) 1.1 1.0 b)
Vmax (NADPH) (jJmol/min/mg) 0.8 21. 7 c)

a,b) data for the kinetic parameters of SR from rat ery
throcytes wi th PPH4 as substrate were taken from (9);
b) Vp1 a lS (PPH4) is referred to by Smi th as
"Vrel' .(9); c) kinetic data for NADPH (11) were
determined using sepiapterin as substrate. The values shown
for PPH4R were estimated using an in situ assay as detailed
in the text.

The values listed in Table 1 indicate that PPH4 is
reduced wi th simi 1ar effi ci ency by both enzymes. However.
the above values should be taken with due caution since the
parameters available for SR refer to the enzyme of sources
different from human liver. Furthermore, Km and



148 Sleinerstaucll et al. 

Ymax values for NADPH and SR were determined using
sepiapterin as substrate. 

Due to the high instability of SR our attempts to 
isolate and study human liver enzyme have so far been very
disappointing (Zagalak et al., unpublished experiments). It 
should also be pointed out that the above values might not 
be relevant for the in vivo system, i.e., in the liver, 
where compartmentationoTtlie di fferent enzymes and sub
strates cannot be excluded, and where the concentration of 
the 1atter mi ght vary as a consequence of the metabol i c 
processes. In order to gain as much insight as possible
into the in vivo conditions, a limited number 01 selected 
experiments were carried out usi ng crude extracts of human 
aver. However, we employed 15 J.lM PPH4 and 2 ~ NADPH, 
which should be more than sufficient to saturate both SR 
and PPH4R. 

Under these conditions the relative activity for SR 
was 138 mU/g 1iver (production of 6-(l'-hydroxy-2'-keto)
propyl tetrahydro.pterin) and 41 mU/g 1iver for PPH4R (pro
ducti on of 6-1 actoyl tetrahydropterin). These val ues al so 
support the tentative conclusion arising from the kinetic 
results that the two enzymes might equally well use PPH4 as 
a substrate, i.e., that the biosynthesis might proceed
indiscriminately via the two alternative and possibly
equivalent ways mentioned in the introduction. 

In this context the question whether SR catalyzed
isomerization (5) might play a role under in vivo condi
ti ons and thus el imi nate the need for PPA4R,-cannot be 
answered by the experiments reported here and might be hard 
to tackle. The question which intermediate, 6-lactoyl or 
6- (l'-hydroxy-2' -keto) -propyl tetrahydropteri n mi ght be 
more efficiently reduced by SR in the last step of the BH4 
biosynthesis is also of importance.

A preliminary characterization of the polyclonal anti
serum obtained from BALB/c mice against PPH4R showed speci
fi ci ty for the protei n band correspondi ng to PPH4R at a 
working dilution of 1:2000 on Western blot. Immunoprecipi
tation experiments using pure PPH4R as well as liver homog
enates are in progress and will be pUblished elsewhere. 
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