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Mammalian histidine decarboxylases have not been characterized well owing to their
low amounts in tissues and instability. We describe here the first spectroscopic charac-
terization of a mammalian histidine decarboxylase, i.e. a recombinant version of the rat
enzyme purified from transformed Escherichia coli cultures, with similar kinetic con-
stants to those reported for mammalian histidine decarboxylases purified from native
sources. We analyzed the absorption, fluorescence and circular dichroism spectra of the
enzyme and its complexes with the substrate and substrate analogues. The pyridoxal-5'-
phosphate-enzyme internal Schiff base is mainly in an enolimine tautomeric form, sug-
gesting an apolar environment around the coenzyme. Michaelis complex formation
leads to a polarized, ketoenamine form of the Schiff base. After transaldimination, the
coenzyme-substrate Schiff base exists mainly as an unprotonated aldimine, like that
observed for dopa decarboxylase. However, the coenzyme-substrate Schiff base suffers
greater torsion than that observed in other L-amino acid decarboxylases, which may
explain the relatively low catalytic efficiency of this enzyme. The active center is more
resistant to the formation of substituted aldamines than the prokaryotic homologous
enzyme and other L-amino acid decarboxylases. Characterization of the similarities and
differences of mammalian histidine decarboxylase with respect to other homol-ogous
enzymes would open new perspectives for the development of new and more specific
inhibitors with pharmacological potential.
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phate-dependent enzyme.

Mammalian L-amino acid decarboxylases (L-aaDCs) are
mainly PLP-dependent enzymes. Based on their primary
sequence, Sandmeier et al. (1) deduced four different evolu-
tionary groups for L-aaDCs; among them, histidine decar-
boxylase (HDC), dopa decarboxylase (DDC), and glutamate
decarboxylase (GDC) belong to group II, bacterial ornithine
decarboxylase (ODC) to group III, and mammalian ODC to
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group IV. The four different fold types predicted for the
PLP-dependent family of enzymes have been reviewed by
Jansonius (2). HDC, DDC, GDC, and bacterial ODC belong
to fold-type I (aspartate aminotransferase being the proto-
type), whereas mammalian ODC belongs to fold-type III.
The structures of bacterial (3) and mammalian (4, 5) ODCs
and DDC (6) have recently been solved.

In spite of the structural differences between group II/ITT
and group IV L-aaDCs, current knowledge indicates that a
gimilar catalytic mechanism has evolved from two different
fold types (4). In decarboxylases, once the Michaelis com-
plex is formed, transaldimination leads to the external aldi-
mine with orientation of the a-carboxylate perpendicular to
the pyridine ring, followed by the release of CO, and the
formation of a quinonoid intermediate (7). However, some
differences among the different enzymes, such as stere-
ochemistry (4) and the protonation state of the intermedi-
ates, can be revealed when they are analyzed more deeply
from a mechanistic point of view (4, 8-18).

PLP-dependent histidine decarboxylase activities have
been detected in Gramr 1egative bacteria (19) and mam-
mals (20). However, the structure/function relationship and
the catalytic mechanism of mammalian HDC have been
poorly characterized; this is mainly due to the fact that the
mammalian enzymes are very scarce and unstable pro-
teins, and at least in mouse, the enzyme has been shown to
be post-translationally processed to render it active (20-27).
In rat and mouse, the N- and C-termini of the mature sub-
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unit remain unknown, and active enzymes with subunit
molecular weights of 53 kDa to 64 kDa have been observed
in different cell types (20-27).

The product of HDC catalysis, histamine, is a biogenic
amine related to important physiological and pathological
processes: neurotransmission, gastric secretion, anaphylac-
tic reactions, and cell growth. At present, therapies against
undesirable effects of histamine mainly involve the block-
age of histamine receptors by antagonists. Characterization
of the mammalian HDC structure and catalytic mecha-
nism, and the differences with respect to homologous
enzymes, could open new perspectives for the development
of new and more selective inhibitors acting specifically on
the histamine synthesis in different organisms. Similar
strategies have been adopted for other L-amino acid decar-
boxylases; their structural and mechanistic characteriza-
tion has encouraged the development of specific and effec-
tive drugs (5, 6).

In the present study, we used an active recombinant ver-
sion of rat HDC purified from transformed Escherichia coli
cultures in the milligram scale. This allowed us to perform
physicochemical characterization of this mammalian
enzyme. We observed the enzymatic activity, and obtained
absorption, fluorescence and CD spectra of the recombinant
purified protein and its complexes with the substrate and
substrate analogues, and compared the properties of the
enzyme with those of other homologous decarboxylases.

EXPERIMENTAL PROCEDURES

Preparation of a Recombinant Enzyme Cell-Free Ex-
tract—The active versions of rat HDC were generated as
follows. An insert containing the rat HDC ORF fragment
(amino acids 1 to 512) flanked by BamHI restriction sites
was generated by PCR using oligonucleotide 5-CGCGG-
GATTGGATCCCATATGATGGAGCC-3 as a sense primer,
and oligonucleotide H2 and the 1/512 HDC recombinant
plasmid, which were both reported previously (21), as the
other primer and the template, respectively. The PCR prod-
uct was BamHI-digested and ligated to BamHI-digested
pGEX6P-1. The insert was obtained from this plasmid and
subcloned again into BamHI-digested pET-11a (Novagen,
Madison, WI). Recombinant plasmids pGEX6P-1/HDC1/
512 and pET-11a/HDCU1/512 were used to transform the
BI21 and BL21(DE3)pLysS E. coli strains, respectively. In
the former case, 200 ml of culture was used for each purifi-
cation experiment. BL21 cells containing the recombinant
plasmid were grown at 37°C until the ODy,, reached 1.3—
1.5. Induction was carried out for 22-23 h at 10°C with 5
pM IPTG. 1/512 HDC was released from the fusion protein
bound to the affinity chromatography support by digestion
with the Pre-Scission™ protease supplied with the kit. In
the case of the recombinant pET plasmid, the purification
procedure started from 10 liters of a transformed cell cul-
ture. The culture was grown at 37°C until the ODgy,
reached 0.6. Production of HDC was induced at this stage
by the addition of 1 mM IPTG. The culture was switched to
30°C and the bacterial growth was continue for 3 h. Cells
were harvested by centrifugation and stored at —20°C. Bac-
terial pellets were resuspended in 160-180 ml of 20 mM
potassium phosphate (pH 7.0) containing 2 mM EDTA, 5
pM PLP, and 1% PEG-300, and then sonicated.

Enzyme Purification Procedures—The procedure for puri-
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fication of the recombinant HDC was based on the proce-
dures for native HDC from fetal rat liver (20) and re-
combinant DDC from transformed E. coli. (9). The purifica-
tion procedure started with the pET-11a/HDC1/512 trans-
formed BL21(DE3)pLysS cell-free extract. Solid ammonium
sulfate was added to 25% saturation. After centrifugation
to remove the precipitates, the supernatant was loaded
onto a Phenyl-Sepharose CL-4B column (2.5 x 25 cm; Phar-
macia Biotech, Sweden). The column was washed with a
linear gradient from 20 mM potassium phosphate (pH 7.0,
containing 25% saturating ammonium sulfate) to 1 mM
potassium phosphate (pH 7.0). Both buffers contained 0.1
mM DTT and 5 pM PLP as stabilizers. HDC was eluted
with the last buffer supplemented with 1% PEG-300. Frac-
tions containing HDC were concentrated with Amicon
ultrafiltration cells, and then loaded onto a DEAE-Toyope-
arl 650M (Tosoh, Tokyo) column equilibrated with 5 mM
potassium phosphate (pH 7.0), 0.1 mM DTT, 5 uM PLP, 1%
PEG-300 (buffer P). A linear gradient of NaCl, 0 to 0.2 M,
was applied. HDC was eluted approximately at 0.1 M
NaCl. HDC-containing fractions were further purified by
hydroxyapatite chromatography (HTP, BioRad). Adsorption
took place in buffer P, and elution was performed by in-
creasing the buffer potassium phosphate concentration
from 5 to 200 mM. HDC protein in fractions was detected
by SDS/PAGE and Western blotting, using antibodies
raised against a glutathione-S-transferase-1/512-HDC re-
combinant version (Spanish Patent 980019). The HDC pro-
tein concentration was estimated at 280 nm assuming the
molar extinction coefficient calculation described previously
for PLP-dependent enzymes (28). HDC activity was mea-
sured as the release of “CO, from [1-'*C]-labeled histidine
at 37°C, as reported previously (19). To avoid interference
by free PLP with the spectroscopic analysis, the final puri-
fied preparations were always submitted to exclusion gel
chromatography (Sephadex-G25 medium) in 50 mM Pipes
buffer (different pH values, as indicated in the following
sections) just before spectroscopic measurements.

Spectrophotometric Measurements—Absorption and fluo-
rescence spectra were obtained with a Hitachi U-3300 spec-
trophotometer and 850 fluorescence spectrophotometer, re-
spectively. CD spectroscopy was carried out on a Jasco J-
600 spectropolarimeter, as reported previously (8). Ana-
logues were used at a final concentration of 1 mM. The
enzyme concentration used for these experiments was 9
pM. Stopped-flow spectrophotometry was performed with
an Applied Photophysics stopped-flow SF.17TMW spectro-
photometer at 25°C. The dead time for this system was 2.3
ms under the pressure of 600 kPa. L-histidine and L-histi-
dine methyl ester (HisOMe) were purchased from Nacalai
Chemicals (Kyoto).

RESULTS AND DISCUSSION

General Observations on Purified Preparations—After
the four-step purification procedure described under Exper-
imental Procedures for the version encoded by the pET-11a/
HDC1/512 recombinant plasmid, a 59 kDa band was ob-
served as the major signal (more than 95%) on Coomassie
Blue staining of the SDS-PAGE gels and image analysis
(Fig. 1). This size corresponds to the predicted monomer
molecular weight. This band was recognized by polyclonal
antibodies raised against a fusion protein containing resi-
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dues 1-512 of the HDC sequence. The maximum yield
obtained with this procedure was 4 mg of HDC from 10
Liters—of “bacterial culture (30 g wet weight of cells). This
result is gimilar to that obtained for recombinant GDC ex-
pressed in a similar way using a pET-plasmid system (14).
A high degree of purification was also obtained with the re-
combinant pGEX6P-1/HDC1/512 plasmid. However, there
were difficulties in scaling up the protocol. Since some of
the spectroscopic techniques used in this work require high
quantities of highly purified protein, we had to carry out all
spectroscopic measurements with the enzyme obtained by
the former method.

The length of the recombinant polypeptide (from residue
1 to residue 512, 58 kDa) was chosen on the bases of previ-
ous reports indicating that recombinant 54 and 64 kDa ver-
sions of mouse HDC expressed in insect cells exhibit
similar activities and intracellular localization (29). In addi-
tion, using recombinant versions of rat HDC expressed in
transfected COST cells, Fleming and Wang (26) found that
the truncated version showing the highest activity was ob-
tained from a plasmid encoding residues 1-516, suggesting
that it should be very similar to any of the different fully
active polypeptides observed in vivo (25, 27). Both 1-516
and 1-512 have lost the same motifs, the PEST regions and
the endoplasmic reticulum signaling domain present in the
C-terminus (22, 26).

The estimated £, and K of the final 1/512 purified prep-
aration were 0.077 s! and 0.4 mM, respectively, at 37°C;
which are both in the order of the reported values for HDC
purified from fetal rat liver and other mammalian tissues
(20, 24). These results indicate that the recombinant 1/512
version (residues 1-512) must also be very similar to the
mature 54 kDa version detected in vivo, and reinforce the
previous idea that the mammalian enzyme is less efficient
than both rat DDC (20) and HDC from Gram-negative bac-
teria (19), the estimated %, values being 1.67 and 204 s,
respectively.

Structure of the Internal Schiff Base—The absorption
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Fig. 1. Analysis of recombinant 1/512 HDC expression and puri-
fication. Proteins were visualized by Coomassie Brilliant Blue
staining. (A) Protein purified from E. coli cultures transformed with
plasmid pET-11a/HDC1/512. Lane 1, sample collected after Phenyl-
Sepharose chromatography; lane 2, sample collected after DEAE-
Toyopear]l 650M chromatography; lane 3, sample collected after hy-
droxyapatite chromatography. (B) Protein purified from E. coli cul-
tures transformed with plasmid pGEX6P-1/HDC1/512 after excision
from the GST domain. The positions of the standard molecular
weight marker proteins are shown (numbers indicate the molecular
masses of the proteins).
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spectra of PLP-bound L-aaDCs have two maximum peaks
around 335 and 425 nm, which are generally ascribed to
énolimine (A) and ketoenamine (B) tautomers, respectively,
of the Schiff base (aldimine) formed between PLP and a
lysine residue of the protein (8, 9, 14, 18; for the structure,
see Scheme 1). In the case of HDC, the absorption at 335
nm is twice as high as that at 425 nm at both pH 7 (Fig. 2,
solid line) and pH 6 (not shown). A similar absorption spec-
trum was obtained with rat DDC (8, 9). The absorption
band at around 330 nm also arises from the structures of 3-
hydroxypyridine with no conjugated substituent at the 4-
position, such as substituted aldamines. Fluorescence spec-
trometry has often been used to distinguish the two struc-
tures, i.e the substituted aldamine and enolimine tau-
tomers of the Schiff base, the former of which should emit
at around 390 nm and the latter at around 500 nm (30).
When excited at 340 nm, intense emission was observed at
around 400 nm with minor emission at 500 nm (Fig. 3A),
suggesting that the 335-nm absorption band could be the
substituted aldamine structure according to the criteria
described above (30). However, recent studies (37-33) show-
ed that emission at a similar wavelength could be obtained
from the enolimine structure in the excited state (E* in
Scheme 2-1). That is, E* can undergo either proton transfer
from the 3'-OH group to imine N in the singlet excited state
to yield the excited ketoenamine structure (K*) (route 1 in
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Scheme 1. Reaction mechanism of HDC with histidine. The most
abundant tautomeric forms of the Schiff bases deduced from the
present results are shown. Respective absorption maxima are given
below the formulas.

ZT02 ‘62 Jequieides o AISAIUN Pezy JILeS| T /B10'S[euInopioyxo q(j/:dny wouy pepeojumoq


http://jb.oxfordjournals.org/

436

Scheme 2), or radiative decay of the excited state to the
ground state E (route 2 in Scheme 2), depending on the
acidity of the 3"-OH group (32). K* emits at around 500 nm
whereas E*, which has a higher energy level than K*,
emits at around 410 nm (31-33). Additionally, the fluores-
cence excitation spectrum of HDC monitored at the emis-
sion wavelength of 390 nm (Fig. 4) shows that the ab-
gorption band that gives the excited state is seen at 345—
350 nm, which is apparently longer than the wavelength
generally observed for substituted aldamine structures,
330-335 nm (34). Therefore, the 400-nm emission from
HDC can be considered to result from E*, and not from the
substituted aldanine. The shoulder at 500 nm is apparently
due to K* formed from E* via intramolecular proton trans-
fer (8, 33). Comparison of the similar intensity of the 500-
nm emission in Fig. 3, A and B, and the twofold higher
absorption at 335 nm than that at 425 nm (Fig. 2) indicates
that the quantum yield of the 500-nm emission on excita-
tion at 340 nm is about half that on excitation at 425 nm.
This shows that the partition ratio between routes 1 and 2
from E* is nearly 1:1. This partition ratio is the same as
that observed for DDC (8), although there is a significant
difference in the intensity of the 500-nm emission between
HDC and DDC. This indicates that the acidity of the 3-OH

0.10

Absorbance

Wavelength (nm)

Fig. 2. Absorption spectra of HDC in the absence (solid line)
and presence (dotted line) of 1 mM HisOMe. The spectra were
taken in 50 mM PIPES-NaOH buffer, pH 7, at 25°C. The enzyme
concentration was 8 pM.
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group is similar between HDC and DDC. The relatively low
intensity of the emission at 500 nm from HDC on either
340 or 425-nm excitation as compared to the 400-nm emis-
sion on 340-nm excitation is considered to be due to the
quenching of the 500-nm emission in the HDC protein, the
cause of which, however, is not known at present.

For the aldamine structure, it is important to discuss the
possibility of adduct formation of the Schiff base with DTT
(SA in Scheme 2-2 is DTT), which is used for purification of
the enzyme, since this is the case for HDC from Gram-neg-
ative bacteria (19) and eukaryotic ODC (18). However, as
the binding of thiol compounds to the imine is a reversible
reaction (19) and the enzyme is gel-filtrated prior to spec-
troscopic analysis, it is hard to consider that DTT remains
bound to the enzyme. A brief chemical consideration indi-
cates that the substituted aldamine structure would be
completely inactive. Therefore, even if we assume that a
part of the Schiff base forms the aldamine with DTT, the
activity of HDC we have detected must have arisen from
the enzyme with the Schiff base (not the substituted al-
damine) structure. However, the HDC activity was not in-
hibited by increasing DTT concentration; the activity in the
absence of DTT was 1.25 + 0.03 nkat/mg, compared to the
activity observed with 1 mM DTT (1.50 + 0.08 nkat/mg), 2
mM (1.36 + 0.14 nkat/mg), or 5 mM (1.47 = 0.06 nkat/mg).
Therefore, we can consider that, unlike the bacterial HDC,

¥
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~ 400 nm ~ 500 nm ~ 385 nm
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~ 333 m ~ 420 nm ~ 330 nm
E SA

K

Scheme 2. Excitation, transition, and radiation of the different
tautomeric forms of the PLP Schiff base and aldamine. E, eno-
limine form of the Schiff base; K, ketoenamine form of the Schiff
base; SA, substituted aldamine; (1) and (2) are two alternative
routes for E” decay.

Fig. 3. Fluorescence spectra of HDC.
The spectra were measured in 50 mM

PIPES-NaOH buffer, pH 7, at 25°C. The
enzyme concentration was 8 pM. (A) Ex-
citation wavelength of 340 nm. (B) Exci-
tation wavelength of 425 nm.
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the mammalian HDC does not form the aldamine structure
with DTT.

All of these data indicate that the internal Schiff base of
our version of rat HDC is mainly the enolimine tautomer
formed between PLP and the e-amino group of Lys-308
located in an apolar environment, which seems to be more
protected from reaction with external nucleophiles than the
homologous prokaryotic enzyme. The predominance of the
enolimine structure of the internal Schiff base is considered
to reflect the hydrophobic nature of its active site that
accepts aromatic substrates, just like that of DDC (8).

HDC showed only a slight decrease in absorbance at 335
nm, and a simultaneous increase at 425 nm was observed
when the pH was changed from 7 to 6. However, the
change was too small to be considered to reflect protona-
tion/deprotonation that occurs on the Schiff base moiety.
Rather, it should be interpreted as reflecting a slight
change in the environment around the Schiff base that
could be caused by the change in the charged status of dis-
sociation groups of the enzyme protein (33).

Structure of the External Schiff Base—In general cata-
lytic reactions of PLP-dependent enzymes (35), after sub-
strate addition, the lysine residue involved in the internal
Schiff base (Lys-308 in the case of rat HDC) is displaced by
a transaldimination process, which yields a substrate-PLP
Schiff base (the external Schiff base). To characterize the
external Schiff base generated from the Michaelis complex,
we used a substrate analogue, L-histidine methyl ester
(HisOMe), containing an esterified carboxyl group that can-
not undergo decarboxylation, and the catalytic reaction
stops at the step of the external Schiff base. The resultant
structure can be a model for the external Schiff base, which
is suitable for analysis by conventional spectrophotometry.
Figure 2 (dotted line) shows a typical UV/Vis spectrum
recorded after adding 1 mM HisOMe to HDC. Binding of
HisOMe to HDC decreased the absorbance at both 335 and
425 nm, and dramatically increased the absorbance around
388 nm. Similar results have been observed for rat DDC
with DOPA methyl ester as the substrate analogue (8).
This absorption peak (388 nm) is close to the typical values
for the deprotonated Schiff base (360~380 nm), structure C
in Scheme 1; and low absorbance was detected at 425 nm
(the protonated ketoenamine form named D in Scheme 1).
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Fig. 4. Fluorescence excitation spectrum of HDC with emission
at 390 nm. The spectrum was measured in 50 mM PIPES-NaOH
buffer, pH 7, at 25°C. The enzyme concentration was 8 pM.
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The UV/Vis absorption spectra did not change between pH
6 and 7 (results_not shown). = _ . o

Since observation of the Michaelis complex was not pos-
sible using the commercial analogue, we tried to detect it
by following the reaction with L-histidine in a stopped-flow
spectrophotometer (Fig. 5). Upon mixing the enzyme with
histidine, a biphasic spectral change was observed. Thus, in
the first fast phase, a rapid increase in the absorbance at
425 nm with a concomitant decrease in the 335-nm peak
was observed within 50 ms, showing a shift from the eno-
limine form to the ketoenamine form of the Schiff base.
This tautomeric shift is probably due to electrostatic per-
turbation in the local environment of the coenzyme on for-
mation of the Michaelis complex, which is most probably
caused by the interaction of the internal Schiff base and
the substrate c-amino group. These spectral changes are
similar to those observed for the reaction of DDC and
DOPA (8). On the other hand, in a second slower phase, the
absorption at both 425 and 335 nm decreased, and there
was the concomitant emergence of a new absorption band
at around 380 nm within 2.0 s. Unfortunately, the limited
amount of HDC obtained prevented us from performing
further analysis, such as of the dependency on histidine
concentration. However, the emergence of the 380-nm peak
in the second slower phase strongly indicates that the 380-
nm absorbing species of the external Schiff base (identified
in the HisOMe complex) is actually formed in the normal
catalytic process. The apparent rate constant for the emer-
gence of the 380-nm species is around 2 s. This represents
the relaxation process from the Michaelis complex-domi-
nant state to the steady-state that contains both the
Michaelis complex and the external Schiff base as domi-
nant species. This value is about 30 times higher® than the
k. value (0.077 s7!), which indicates that the catalytic

0.20 4
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Absorbance

0.10
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300 350
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Wavelongth (nm)
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Fig. 5. Time-resolved spectra for the reaction of HDC and L-his-
tidine. Enzyme (40 uM) and L-histidine (2 mM) were reacted in 50
mM PIPES-NaOH, pH 7.0, at 25°C. After the addition of L-histidine,
spectra were taken between 26.88 ms (bold line spectrum) and 2024
ms at 25.6-ms intervals. The spectrum at 52.48 ms is shown as a
dashed line. The bold dotted line represents the spectrum of HDC in
the absence of L-histidine. The trends of spectra are indicated by ar-
rows numbered at the beginning: 1, from time 0 to 52.48 ms; 2, from
_5248msto2024 ms.
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step(s) after the external Schiff base, including the decar-
boxylation step, is rate-determining in the entire catalytic
reaction.

Conformational Change of the Schiff Base during Tran-
saldimination—More information on the conformational
changes of the coenzyme occurring after ligand binding can
be obtained by CD spectroscopy. Figure 6 shows CD spectra
of HDC (Fig. 6A) and HDC complexed with 1 mM HisOMe
(Fig. 6B). The CD spectrum of HDC showed a positive Cot-
ton effect at around both 335 and 425 nm, these wave-
lengths fit well to the wavelengths of the absorption peaks.
Upon the addition of HisOMe, the ellipticity of the enzyme
at both 335 and 425 nm disappeared, and a strong negative
Cotton effect was observed at 330 nm. In many PLP en-
zymes, the PLP-lysine Schiff base has a distorted confor-
mation, in which the imine bond is out of the plane of the
pyridine ring, that is, the torsion angle (y) around C4-C4’
is not equal to zero. Torsion angle y is the major determi-
nant of the Cotton effect observed for the Schiff base
absorption band (36). Considering the expected similarity
of the protein folding patterns, and the alignment of the
active-site residues between HDC and aspartate ami-
notransferase (where x > 0), we can expect that the positive
Cotton effect in the unliganded enzyme reflects a positive x
value of the internal Schiff base in HDC, and the strong
negative Cotton effect of the external Schiff base complex
with HisOMe reflects a negative x value. The inversion of
the conformation of the Schiff base is probably caused by
the change in the amino moiety of the Schiff base from the
e-amino group of Lys308 to the a-amino group of the
ligand, these two groups being located on opposite faces of
PLP. In the case of DDC with the dopa methyl ester, al-
though a reduction of the positive Cotton effect was
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Fig. 6. Circular dichroism spectra of HDC. The spectra were
taken in 50 mM PIPES-NaOH buffer, pH 7, at 25°C in the absence
(A) and presence (B) of 1 mM HisOMe.
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observed, no inversion of the Cotton effect was seen (8).
This indicates that the external Schiff base of HDC has a
more distorted structure than that of DDC. This indicates
that the conjugation between the imine and the pyridine is
lowered in the external Schiff base of HDC as compared
with that of DDC. As this conjugation is important for prop-
agation of the electron-withdrawing effect of the pyridine
ring to the C(a)}-C(carboxylate) bond, the larger torsion
angle is expected to lower the catalytic ability of PLP in the
decarboxylation step. In this sense, it is interesting to recall
the observation that the overall rate constant of the steps
after the external Schiff base, which includes the decarbox-
ylation step, is apparently lower for HDC than for DDC
(see above). Thus, we can consider that the distorted confor-
mation of the HDC external Schiff base lowers the rate of
decarboxylation by partially breaking the w-conjugation
between the pyridine ring and the imine.

The recent crystallographic structure of DDC complexed
with carbiDOPA can be a model for the external Schiff base
of fold type I decarboxylases (6). However, the incorporation
of an extra N atom between C(a) and aldimine (in this case
hydrazone) N requires adjustment of the atoms around the
hydrazone. Accordingly, determination of the actual aldi-
mine-pyridine conjugation structure awaits further crystal-
lographic studies on fold type I decarboxylases. For this
purpose, the development of a more efficient expression
system of HDC, in order to obtain a sufficient amount of
the enzyme for further characterization, is anticipated.
This is now underway in our laboratory.

Thanks are due to Dr. H. Mizuguchi for the help during the stay of
MTO at Osaka Medical College, and to Dr. J.L. Urdiales for that
during the preparation of the figures.
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