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Introduction

Pterin-4a-carbinolamine dehydratase/dimer
ization cofactor of hepatocyte nuclear factor-1 a.
(PCD/DCoH) is a bifunctional protein. Its ca
talytic function consists in the dehydration of
pterin-4a-carbinolamine to quinonoid 7,8-dihy
drobiopterin (1); the substrate, pterin-4a-car
binolamine, is the product arising from the pterin
cofactor during the aromatic hydroxylation ca
talyzed by pterin dependent hydroxylases. The
second function consists in the activation, via in
duction of dimerization, of the transcription fac
tor hepatocyte nuclear factor-la. (2). The re
combinant form of hwt-PCD has been purified
and characterized (3,4)and the three-dimensional
structure has been solved (5,6). The aim of our
studies was the identification of the active site of
PCD/DCoH and the elucidation of the catalytic
mechanism. Using site-directed mutagenesis we
have studied the involvement of residues which,
based on the 3D-structure (5,6) (see also Fig. 1),
might be at the presumed active site and might
be involved in catalysis. Details of thedata
presented here have been submitted to EIB for
publication (7).

Materials and Methods

The recombinant protein contains aN-terminal
histidine tag and was purified by affinity chro
matography over a Ni2

+-nitriloacetic acid-agarose
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column as detailed in (7). Subsequently the His
tag was cleaved with thrombin (7). Dehydratase
activity was measured in a so called direct assay us
ing 6-methyl-4a-carbinolamine as substrate
(prepared according to Bailey et al. (8) with slight
modifications (3)). In a sampie cuvette containing
PCD (from 0.1 to 1 JlM) substrate was added
(up to 140 JlM) and the dehydration followed
spectrophotometrically at A=245 nm. Conditions
of the assays are given in the legend of the Table.
The determination of binding constants based on
the quenching of the tryptophane fluorescence of
PCD induced by ligand binding was achieved as
described earlier (3).

Results

The· results obtained from the study of point
mutations in reD are summarized in the Table.
In addition to the residues exchanged earlier (7)
also the Y69A- and H62A,H79A-PCD mutants
have been expressed and purified. H61A-PCD
and H62A-PCD have ~ 10% the activity of hwt
peD, however, mutation of both histidines to
form the double mutant H61A,H62A-PCD leads
to a complete loss of activity. The Km obtained us
ing 6-methyl-4a-carbinolamine as substrate in the
direct assay is about tenfold higher for H61A
PCD compared to that for hwt-PCD. H62A
PCD is the only mutant which shows a· significant
shift of the pK of the observed dehydration rate
(Table), again compared to hwt-PCD. From the
3D-representation (cf. Fig. 1) it can be deduced
that His61 and His62 are in hydrogen bonding
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column as detailed in (7). Subsequenrly the His
tag was cleaved with thrombin (7). Dehydratase
activity was measured in a so called direct assay us
ing 6-nlethyl-4a-carbinolamine as substrate
(prepared according to Bailey et al. (8) with slight
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PCD (from 0.1 to 1 JlM) substrate was added
(up to 140 JlM) and the dehydration followed
spectrophotometrically at A=245 nm. Conditions
of the assays are given in the legend of the Table.
The determination of binding constants based on
the quenching of the tryptophane fluorescence of
PCD induced by ligand binding was achieved as
described earlier (3).

Results

The results obtained from the study of point
mutations in reD are summarized in the Table.
In addition to the residues exchanged earlier (7)
also the Y69A- and H62A,H79A-PCD mutants
have been expressed and purified. H61A-PCD
and H62A-PCD have ~ 10% the activity of hwt
peD, however, mutation of both histidines to
form the double mutant H61A,H62A-PCD leads
to a complete loss of activity. The Km obtained us
ing 6-methyl-4a-carbinolamine as substrate in the
direct assay is about tenfold higher for H61A
PCD compared to that for hwt-PCD. H62A
PCD is the only mutant which shows a significant
shift of the pK of the observed dehydration rate
(Table), again compared to hwt-PCD. From the
3D-representation (cf. Fig. 1) it can be deduced
that His61 and His62 are in hydrogen bonding
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Scheme 1. Proposed catalytic mechanism of the dehy
dration of pterin-4a-carbinolamine to quinonoid 7, 8-dihy
dropterin. His61 is in hydrogen bonding distance to N(5)
H and is able to act as general base catalyst. His79 or a
water molecule can act as general acid catalysts by attack
on the 4a-OH group. Alternatively, His62 could attack
the N(8)-H as dicussed in the text (not shown in the
Scheme).

quinonoid 6,6-dimethyl-7,8-dihydropterin.
The activity of H79A-PCD is reduced to ;::::25%

compared to that of hwt-PCD and the second
double mutant H62A,H79A-PCD also shows no
activity. Interestingly, the Kd for binding of qui
nonoid 6,6-dimethyl-7,8-dihydropterin to this
double mutant is similar to that what was found
for H62A-PCD. A further residue of interest is
Tyr69. It belongs to the neighboring subumt and
lies directly in front of the assumed binding pock
et (Fig. 1). Exchange of Tyr69 leads to ;:::: 40% ac
tivity in the case of Y69F-, Y69A- and Y69T
PCD. The Km's for these mutants are lower com
pared to that for hwt-PCD (Table) suggesting a
less restricted access to the binding pocket. The

quinonoid 7,B-dihydropterintransition statepterin-4a-carbinolarnine

His79

contact with Asp88 and GluS7 (Fig. 1), respec
tively. ~he D88N-PCD forms inclusion bodies,
whereas the ES7A-PCD is the only single mutant
devoid of activity. Most probably mutation of Glu
57 leads to structural rearrangements at the active
center, consistent also with the low affinity for the

Tyr69'

Figure 1. Active site residues of hwt-PCD with a docked
4a(S) - OH -7,8-dihydrobiopterin molecule. The docking
was achieved using the program SETOR [10]. His61 and
His62 are in hydrogen bonding distance to either N(5)-H
or N(8)-H of the substrate and are able to act as depro
tonating bases. They are in hydrogen bond contact with
Asp88 and Glu57, respectively. His79 or a water molecule
can attack the substrate from the opposite face and might
protonate the 4a-OH group acting as a general acid
(adapted from [7]).

-0

Table 1. Catalytic prooperties of hwt-PCD and selected mutants and binding of quinonoid 6,6-dimethyl-7,8-dihy
dropterin to PCD. Kinetic constants were calculated from the dehydration rates of 6-methyl-pterin-4a-carbinolamine
followed at 245 nm in 10 mM Tris-HCI pH 8.5 at 10°C. Enzyme catalyzed assays have been corrected for the spon
taneous decay. pK values were estimated from plots of the activity at varying pH and in the presence of a constant elec
trolyte concentration of 0.1 M KCl. Vmax is expressed as the turnover number, i. e., nmol of substrate dehydrated per
nmol of enzyme subunit per seczond (adapted in part from [7]).

I ~

Enzyme Km (J.1M) Vmax (nmol/sec) (%) pK Kd for binding of product (JlM)a)

hwt-PCD 25 8.6 100 8.2 0.9
E57A 0 0 >165
H61A 220 1 12 8.0 >55
H62A 75 0.9 10 7.15 >65
H79A 10 2.2 25 7.8 5
H79S 12 3.6 40 n.d. 2
H61A, H62A 0 0 >140
H62A, H79A 0 0 >50
Y69F 8 3.5 40 8.3 4.4
Y69A 10 3.9 45 8.2 10
Y69T 7 1.7 20 8.7 3.8

a) Upon excitation at A= 280 nm PCD has an enussion Amax::::::334 nm. Addition of excess quinonoid 6,6-dimethyl-7,8
dihydropterin to 1.1 JlM PCD in 0.1 M Tris-HCI pH 8.4 leads to nearly complete quenching of the protein tluorescence
emission. Kd's were determined by plotting the pterin concentration against the relative fluorescence, which leads to a
monophasic saturation curve.
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behavior of these mutants is also different from
hwt-PCD when activity is monitored at A=24s
nm and at pH ~ 8.5. Thus, while the course of
the reaction is monophasic with hwt-PCD and all
other mutants, the behavior of the Tyr69 mutants
cannot be fitted to a single or biphasic (two-ex
ponential) process. This suggests that specific in
teractions exist, which could affect either binding
or catalysis.

Conclusions

The catalytic properties of the mutants listed in
Table 1 are compatible with the active site being
located in the vicinity of His61, His62 and His79
as shown in Fig. 1 (7). The properties of the in
soluble D88N mutant and of the inactive Es7A
mutant suggest that Asp88 and Glus7 might be
responsible for keeping the two histidines 61 and
62 in the correct orie11tation and ionization. The
two pairs are in H-bonding contact. His61 and
His62 are also in appropriate distance and orien
tation to act as base catalysts by attacking either
N(s)-H or N(8)-H of the pterin-4a-car
binolamine substrate. The residual activity of :::::
10% observed with both single mutants is com
patible with one histidine being able to exert the
function of the other and vice versa. A peculiarity
of PCD is its equal effectiveness in catalyzing the
dehydration of the two possible substrate con
formers at pos. 4a-OH. This is compatible with
the assumption that His79 or His62 (or a water
molecule linked to these residues) can act as gen
eral acid/base catalysts from either side of the ac
tive center to induce dehydration. Based on the
results of Sayer et al. (9), which indicate general
acid/base catalysis as the likely mechanism for the
dehydration of this substrate type, we think that a
mechanisn1 for dehydration of pterin-4a-car
binolamine as depicted in Scheme 1 is tenable.

Pteridines / Vol. 7 / No. 3
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