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Histidine decarboxylase (HDC) is an enzyme responsible for histamine production in living
cells. Itis of our aim to understand structure-function relationship of this enzyme in order to
manipulate enzymatic activity for clinical usages. Firstly, structural aspects of HDC from variety
of species were compared. Based upon the similarity of amino acid sequences, we presented the
amino acid residues common among HDCs. Secondly, we presented intron-exon relationships
based upon genomic information encoded for the enzyme. The exon information was reflected to
the enzyme structure which was predicted based upon conformational similarity with
3,4-dihydroxyphenylalanine decarboxylase (also called aromatic amino acid decarboxylase, AroDC).
This bioinformatic study should provide insights for evolutionary construction of HDC.
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Histamine is a multifunctional biogenic During the past few years, some advancement
amine and primarily expressed on mast cells, have been made in this field, including the
basophils, and histamine neurons in the brain (1-3).  generation and validation of the first

It has relevant roles in the intercellular three-dimensional model of mammalian histidine
communication, inflammatory processes, and decarboxylase (12); however, its structural and
highly prevalent pathologies (4-9). Histamine functional characteristics still remain to be fully
biosynthesis depends on a single decarboxylation explored.

step, carried out by an HDC activity (10, 11).

*Correspondence author: Phone No.: +81-742-20-3493, Fax No.: +81-742-20-3448, E-mail:
hueno@cc.nara-wu.ac.jp, Abbreviations: AroDC, aromatic amino acid decarboxylase; PLP, pyridoxal
5’-phosphate; HDC, histidine decarboxylase.
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Sandmeier et al. classified PLP (pyridoxal
5’-phosphate)-dependent decarboxylases into four
groups based upon their evolutional origins (13).
They have stated that a comparison of the amino
acid sequences of nine different PLP-dependent
amino acid decarboxylases, subdivided into four
different groups, seems to be evolutionarily
unrelated to each other. Four groups are as
follows: group | is represented by glycine
decarboxylase, a component of a multi-enzyme
system; group Il comprises glutamate, histidine,
tyrosine, and aromatic-L-amino-acid
decarboxylases; group 11, prokaryotic ornithine
and lysine decarboxylases as well as the
prokaryotic biodegradative type of arginine
decarboxylase; group 1V, eukaryotic ornithine and
arginine decarboxylases as well as the prokaryotic
biosynthetic type of arginine decarboxylase and
HDC belongs
to group Il; however, its tertiary structure is still

diaminopimelate decarboxylase.

undetermined.

When protein structures being elucidated,
the relationships between protein structure
modules and genetic segmentation, such as exon
and intron boarder, has been recognized (14, 15).
It is of interests to explore the relationship
between structures of HDC gene and protein.

Materials and Methods

Amino acid sequences - Amino acid
sequences of HDCs from different origin were
obtained from the public databases via internet;
the databases used are PIR and UNIPROT
(Swiss-Prot/ TrEMBL/TrEMBL_new).

Multiple sequence alignment - Multiple
sequence alignment was carried out by using
Clustal W (ver. 1.83) software available to public
through GenomeNet (http://www.genome.jp/).

Exon-intron analysis - Information about

exon and intron were obtained by using Ensemble
Genome Browser (http://www.ensembl.org/).

Motif analysis - A search of homologous
motifs in a block of HDC gene was carried out
with InterPro program (http://www.ebi.ac.uk/
interpro/).

Molecular modeling - Protein structure
coordinate files were obtained from Protein Data
Bank (http://www.rcsb.org). Molecular modeling
study was carried out with MolFeat software (ver.

2.0.1.1, FiatLux Co., Tokyo).

Results and Discussion

Amino acid sequences of HDC from various
species were obtained by searching currently
available databases through internet, including
Swiss-Prot and EMBL.

There are two kinds of HDC enzymes
depending upon co-enzyme requirement: those
that use PLP as a cofactor (13, 16, 17) and those
that contain a covalently bound pyruvoyl residue
(18). In this study, we have only focused on
those require PLP.  The PLP-dependent and
pyruvoyl-dependent enzymes are clearly distinct
in the evolutional tree as they located in different
branches. Table 1 lists 23 HDCs from different
sources, in which the term, number of amino acid,
included the pro-enzyme sequences.

Using CLUSTALW program, an evolutional
tree of HDC was drawn based on multiple
alignments of amino acid sequences (Fig. 1).
Those enzymes from animal, plants, and bacteria
were grouped together, each belongs to different
branches.

In order to examine the structural aspects on
PLP-dependent HDCs, multiple alignments were
performed. It was found that amino acid residues,
as marked asterisk in Fig. 2, were conserved
among 21 different species.  Significant numbers
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Table 1 Lists of HDC found in the databases
Accessin No. of
Species Class ID 9 | amino
number .
acid
1 Drosophila melanogaster (Fruit fly) Insecta sp:DCHS_DROME" Q05733 847
2 Enterobacter aerogenes (Aerobacter Bacteria sp:DCHS_ENTAE P28577 377
aerogenes)
3 Homo sapiens (Human) Mammalia sp:DCHS_HUMAN P19113 662
4 Klebsiella planticola Bacteria sp:DCHS_KLEPL P2g578 | 377
(Raoultella planticola)
5 Lycopersicon esculentum (Tomato) Spermatophyta sp:DCHS_LYCES P54772 413
6 Morganella morganii Bacteria sp:DCHS_MORMO | P05034 | 377
(Proteus morganii)
7 Mus musculus (Mouse) Mammalia sp:DCHS_MOUSE P23738 662
8 Pseudomonas fluorescens. Bacteria sp:DCHS_PSEFL P95477 405
Rattus norvegicus (Rat) Mammalia sp:DCHS_RAT P16453 656
Rhizobium loti . )
10 (Mesorhizobium loti) Bacteria sp:DCHS_RHILO Q98A07 369
11 Vibrio anguillarum Bacteria sp:DCHS_VIBAN Q56581 386
(Listonella anguillarum)
12 Aeropyrum pernix. Archaea tr:Q9YF28? Q9YF28 362
Aplysia californica } )
13 (California sea hare) Metazoa; tr:Q86BW8 Q86BWS 926
Oryza sativa )
14 (japonica cultivar-group) Spermatophyta tr:Q7XHEG6 Q7XHEG6 467
Arabidopsis thaliana )
15 (Mouse-ear cress) Spermatophyta tr:QIMA74 Q9MAT4 482
16 Oryza sativa (Rice) Spermatophyta tr:Q8RV06 Q8RV06 467
Vibrio anguillarum . ]
17 (Listonella anguillarum) Bacteria tr:Q6wW4S7 Q6W4S7 400
18 Photobacterium phosphoreum Bacteria tr:Q846V2 Q846V2 380
19 Gloeobacter violaceus Bacteria tr:Q7NIG4 Q7NIG4 382
20 Clostridium tetani Bacteria tr:Q894Q7 Q894Q7 575
21 Mus musculus (Mouse) Mammalia tr:Q7TMWS5 Q7TMWS5 662
22 Vibrio anguillarum Bacteria trnew:AAR12533" | AAR12533 | 400
(Listonella anguillarum)
23 Vibrio anguillarum Bacteria trnew:AAO92385 | AA092385 | 386
(Listonella anguillarum)

Database: UniProt
Y Sp:SWISS-PROT protein sequence database
2 Tr:-TrEMBL protein sequence database
® Trnew:TrEMBL_new protein sequence database
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of the conserved amino acid residues were found
in the range of 298-319, which number correlates
the human HDC sequence number (19). To
elucidate the significance of the conserved amino
acid residues in the evolutional process, we have
explored exon/intron sequence of the enzyme.
Fig. 2 also shows group of exons based upon
exon/intron searches carried out at genomic DNA
level. Exon 8 of human enzyme has a typical
motif for PLP-dependent decarboxylases, which
contains the active site Lys residue. The g-amino
group of the active site Lys binds to PLP to form
an internal Schiff base.

PLP-dependent decarboxylase motif is also
found in other decarboxylases, such as
3,4-dihydroxyphenylalanine (also called aromatic
amino acid ) decarboxylase (AroDC), glutamate
decarboxylase (GAD), and tyrosine decarboxylase
(YDC).
decarboxylases are grouped as group Il (16, 17,
20).

Because having similar motifs, those

As of now, there is no solved crystal structure
for any PLP-dependent HDC. Obtaining stable

crystals of HDC is still difficult due to the
instability of HDC protein, especially in the highly
purified preparations (21, 22). However,
crystalline structure for pig AroDC was reported
(12, 23).

homology to mammalian HDCs; thus, it is quite

Pig AroDC exhibits high sequence

likely to predict three-dimensional model structure
for human HDC by overlaying the amino acid
sequence of HDC over AroDC (21).

We have employed the method described by
Rodriguez-Caso et al. (21) to predict the human
HDC structure, and result is shown in Fig. 3
(http://wvww-cryst.bioc.cam.ac.uk/~jiye/evoltrace/
evoltrace.html). Each exons as indicated in Fig.
2 are color coded as described in Fig. 2. Itis
apparent that PLP molecule is situated just
adjacent to Exon 8 (pink colored), which is
translated into two helical structures that contain a
typical motif for the active site sequence of group
Il decarboxylases. HDC, as a typical
PLP-dependent enzyme, situates an active site Lys
residue (Lys-305) in the helical region derived

from Exon 8.  This Lys residue forms a covalent

¥ _ A sddfresoinlas
| F Ef st cscralus
O RoffesNorvegicws

I— H_ HowrmoSopisrns

T E Aplystal ald forrica

¥ _Dvrosophiladfelanogaster

Ff ZrderoprrurrnPerrris
2o O losEriditerre Tetogrid

= __ Frierobocternderogernes
<+ _ FRilebsiellialtartticolca
& __Morgaonelladdforgoardd

rE-Photobacteriuw i

£ FPoetedorre o fuons i R Lo e s o evns
F P Filbrtodreguril oerrerrt

' 22 FoebrtodsrrgaciIlloresre

¥ ¥ VLB TioArnngicilLarrent

2.5 FibrioedrgectddaTior e
Fo-RAadrobivwrrel ot

5 _ L ycopersicort®sctalaeriita?rt

FoOrAryabldopsishoaldlorio
1 T SOy =S et s

1y ST =S ad o

ForFicecbacterViclacels

Fig. 1 Evolutionary tree of PLP-dependent HDCs.

correspond to those of Table I.

Numbers indicated
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CLUSTAL W (1.83) multiple sequence alignment was

employed. "*" indicates a fully conserved residue. ":" indicates a residue having

Gonnet Pam250 matrix score > 0.5, 7.e., STA, NEQK, NHQK, NDEQ, QHRK, MILV, MILF, HY,

FYW. *"." indicates the score =< 0.5, 7.e., CSA, ATV, SAG, STNK, STPA, SGND, SNDEQK, NDEQHK,
NEQHRK, FVLIM, HFY.
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----- FLPVD DNFSLRGEAL QKAIEEDKQR
----- FLPVD DNFSLRGEAL QKAIEEDKQQ
----- FLPVD DNFSLRGEAL QKAIEEDKQQ
----- FLPVD DNFSLRGEAL QKAIEEDKQQ
----- LVESQ PDGEMDYDDL INKIRTSGER
----- LVESQ PNGEMDYADL I1KKIKRDNEK
----- VVESQ PNGEIDYDDL MKKIADDKEA
----- LVESL PNGEIDYDDL IAKIKQDDEK
----- AVESL PNGEIDYDDL MAKITADQER
----- KIRSL PSGEIDYQNL VDQIQKDKQK
----- KIRSL PSGEIDYQNL VDQIQKDKQK
----- KIRSL PSGEIDYQNL VDQIQKDKQK
----- KIRSL PSGEIDYQNL VDQIQKDKQK
----- VVRSQ SNGEINYDDL AQKATRYRTR
----- TINTL VNGEIDYEDL QSKLLVNKNK
----- KVDTL MSGEIDCDDL RKKLLANKDK
----- RIATT VSGEMNYADL KSKLQHNTNS
----- RIATT VSGEMNYADL KSKLQHNTNS
----- KVRSQ ASGEMDYAHL AEIVESG- Q
----- FLPSD ENLSLRGSTL QEAVSKDRER
----- YIEAD EDLAMRGKLL REAIEDDIKQ

KGFSINYLDE NGWPFEVPSN NDGSVFIPAL KKLVEAFASK
---------------- LLPT HGGRPRLDLL ERRITPDSVV
- *
[ e H]
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ATLGTTGVCA FDCLSELGP- —----mmmmm —mmmemm IC
ATLGTTGVCA FDRLSELGP- —-----mmmm —mmmmmm IC
ATLGTTGVCA FDRPSELGP- —-----mmmm —oeeemm IC
ATLGTTGVCA FDKLSELGP- —-----mmmm —mmemmm- IC
GTTVRGAVDN TAEIQKRIA- ~---mmmmmm —mmmmmee AL
GTTVRGAIDN TAIIQQSIS- ~--mmmmmmm —mmmmmee EL
GTTVRGAIDD 1AEIQKRLK- ----mmmmmm —mmmmme AA
GTTVRGAIDD ISKIQAMIG- —---mmmmmm —mmmmmee EL
GTTMRGALDN IVTIQQRLQ- ----==mmmm —mmmmmme QA
GTTMRGATDN IQRIQQDLA- —---=mmmmm —mmmmmme S
GTTMRGATDN 1QRIQQDLA- ----==mmmm ——mmmme S
GTTMRGATDN 1QRIQQDLA- ----mmmmmm —mmmmmme S
GTTMRGATDN IQRIQQDLA- ----mmmmmm —mmmmmme S
GTTMKEGKDD TLKIRAVLH- ----mmmmmm —mmmmmee DV
GTTFKGAIDD LDFVIQTLE- ----mmmmmm —mmmmme NC
GTTVKGAVDD LDLVIKTLE- ----mmmmmm —mmmmmme EC
GTTFKGAVDD IDQIISTLE- ----mmmmmm —mmmmmme KC
GTTFKGAVDD IDQIISTLE- ---mmmmmmm —mmmmmme KC
GTTFTGAVDE IGRTVEALT- ----mmmmmm —mmmmme GR
ATLGTTGACA FDNLAEIGP- —----mmmmm —memmm Ve
ATLGTTGSCS FDNLEEIGI- —--mmmmmmm —oeemm Ve
GTTFKGSYDN VEKAIDELVP ILKKYNLYER EITFDKNNKN
QEGLVDPVEE 1AGVAESVG- -----=mmmn ——mmmmmmme

242
GLVPVF--VC
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GYPIFVNFNY
VATVGT---T
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AREG--LWLH
ASEG--LWLH
ASEG--LWLH
AREG--LWLH
GIPREDYYLH
GIERKDYYLH
GIKREDYYLH
GIKREDYYIH
GIARHDYYLH
GLERNDYY IH
GLERNDYY IH
GLERNDYY IH
GLERNDYY IH
GIS--AIYVH
GYSNDNYYIH
GFSHDRFY IH
GFQN-RYYIH
GFQN-RYYIH
GIGLDQVYIH
RSEK--LWLH
AEHH--LWLH
SDTRTGFWFH
------ AAVH

*
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ADAALSGMIL
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ADAALSGMIM
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* *

LCPEFRGFLK
LCPELRGFLE
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PFVEDPQPFT
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GFWVKDKYKL
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VATDFMHWQI PLSRRFRSVK
AATDFMHWQI PLSRRFRSIK
AATDFMHWQI PLSRCFRSIK
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ISGSRN--—- -——- GHTPLM
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ISGSRN--—- -——- GHSALF
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ISGSRN---- ——-- GHSALF
LSGSRN---- —--- AFTPII
ISGSRN---- ———- GFTPIF
IMGSRN--—- -——- GHAPLF
ITGSRN--—- -——- GHAPIF
ITGSRN---= ——-- GHAPIF
IMGSRN---- —--- GHTPLY
AAIDYMHWQI ALSRRFRALK
VAVDFMHWQI PLSRRFRALK
FAGSRN---—- -——- AFSSLI
ILGTRP--—- -——- GGPIVA
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LWFVIRSFGYV KNLQAHVRHG TEMAKYFESL VRND------ PSFEIPAKRH
LWFVIRSFGY KNLQAHVRHG TEMAKYFESL VRSD------ PSFEIPAKRH
LWFVIRSFGY KNLQAHVRHG TEMAKYFESL VRSD------ PSFEIPAKRH
LWFVIRSFGY KNLQAHVRHG TDMAKYFESL VRSD------ PVFEIPAERH
MWAAVRSHTD AEWHRRIGHS LNMAKYAVDR FKAA------ GIDALCHKNS
MWEAIRSHSW EEWRRRIERS LNMAQYAVDR FQSA------ GIDAWRNKNS
LWEAIRSHST EEWKRRITRS LDMAQYAVDR MQKA------ GINAWRNKNS
MWCAVKSHTH EDFKRRINRS LDLAQHAVQR LQSA------ GINAWCNKNS
MWAALRSYSW AEWRHRIKHS LDTAQYAVDR FQAS------ GIDAWRNENS
MWTAIKSHSF VDWQGKVNQC LNMAEYTVQR FQEV------ GINAWRNKNS
MWTAIKSHSF VDWQGKVNQC LNMAEYTVQR FQEV------ GINAWRNKNS
MWTAIKSHSF VDWQGKVNQC LNMAEYTVQR FQEV------ GINAWRNKNS
MWTAIKSHSF VDWQGKVNQC LNMAEYTVQR FQEV------ GINAWRNKNS
LWYAIRSLGI EGIKQTFQQC ERLAAYTADE LNVR------ GVSAWRNPNA
LWYCLSKKGH ARLQQDSITC IENARYLKDR LLEA------ GISVMLNDFS
LWYTLNRKGY KGFQKEVQKC LRNAHYLKDR LREA------ GISAMLNELS
LWYTLSKKGY KGLLKEVHIC MGNARYLEVL LKQV------ GISASCNTLS
LWYTLSKKGY KGLLKEVHIC MGNARYLEVL LKQV------ GISASCNTLS
LWAEIQRR-K STFHLEAEAI VDKARFLHQK LSDQ------ GLPALLNPLS
LWFVLRSFGV SGLQRHIRRG VELAQMFENL VQAD------ LRFEVTAPRW
VWFVLRSYGI KGLQRHIREG VRLAQKFEAL VLAD------ HRFELPAKRH
LWYYIATHSY EDCKNMILDC QDTAKYTVEK LNELSKKLGI DLWVEYSSKS
AWRRVEDLER NPGFPRLASI LMRRLRKTLK ALER----- L GYETPVTPDL
* -
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406 448
LGLVVFRLKG PNCLTE---- --- NVLKEIA KAGRLFLIPA TIQDKLIIRF
LGLVVFRLKG PNCLTE---- --- SVLKEIA KAGQLFLIPA TIQDKLIIRF
LGLVVFRLKG PNCLTE---- --- SVLKEIA KAGQLFLIPA TIQDKLIIRF
LGLVVFRLKG PNCLTE---- --- SVLKEIA KTGQVFLIPA TIQDKLIIRF
ITVWFPKP-S EWWKK---- --- HCLATSG NVAHLITTAH HLDSSRIDAL
ITWFPCP-S EAVWKK---- --- HCLATSG DIAHLIATAH HLDSSKIDAL
ITWFPCP-S ERVWRE---- --- HCLATSG DVAHLITTAH HLDTVQIDKL
ITWFPCP-S EAVWKK---- --- HCLATSG GQAHLITTAH HLDASKVDAL
ITWFPCP-S ERIATK---- --- YCLATSG NSAHLITTPH HHDCSMIDAL
NTVWFPCP-S EPVWRK---- --- HSLANSG SVAHIITMPH LDGPDKLDPL
NTVWFPCP-S EPVWRK---- --- HSLANSG SVAHIITMPH LDGPDKLDPL
NTVVFPCP-S EPVWRK---- --- HSLANSG SVAHIITMPH LDGPDKLDPL
NTVVFPCP-S EPVWRK---- --- HSLANSG SVAHIITMPH LDGPDKLDPL
LTWLPPV-E DSIKTK---- --- WQIAT-Q DVSHLVVTPG TT-KQQADAL
ITWFERPCD HKFIRR---- --- WNLCCLR GMAHWIMPG ITRETIDSFF
STVWFERPKD EEFVRR---- --- WQLACQG DIAHVVVMPS VTIEKLDNFL
NIVVFERPKD ERIVCR---- --- WQLACEG NLAHIVVMPN VTFEKLTVFV
NIVVFERPKD ERIVCR---- --- WQLACEG NLAHIVVMPN VTFEKLTVFV
STVVFPRP-P QPVIAK---- --—- YQLAVQV DQAHAVIMQQ HSYELLEEFA
LGMVVFRLVG PNELTE---- --- ALLKRLN KEGKVHMVPA SLKGKYVIRF
LGLVVFRIRG DNEITE---- --- KLLKRLN HRGNLHCIPS SLKGQYVIRF
LTIRFKEANP DIVFKYSLSG EILYVNGEKR AYSHIYIMPH VTKDLIDKFI
PVACATHPRL GEVLER---- --- LKASGVR VYRCRSPKPC LHVTNYGRLC
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TVTSQFTTRD
TVTSQFTTKE
TVTSQFTTKE
TVTSQFTTKD
IDDVIADLAQ
IDDVIADLKK
IDDVIADFNL
1DDVIKDANG
IDEVVAEAQL
IEDVIYDLLP
IEDVIYDLLP
IEDVIYDLLP
IEDVIYDLLP
IETISNRNR-
KDLMQERNYK
KDLVKHR-LI
EELAEKRKDW
EELAEKRKDW
GVLGTCLG--
TVTSQFTLES
TITSTHTTLD
KDLSKPGAFP
RARLGSSRSP
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DILRDWNLIR DAATLILSQH —-----==== —cccceeeme
DILRDWHLIQ EAANLVLSQH —-----==== =cmeeemm
DILRDWHLIQ EAANLVLSQH —-----m=== =mmmmemm
DILRDWNLIR EAANLVLSQH —----mm=== =mmmeeme

QAA-—mmmmm e e
HAA= === mm e m e e
ETHAA- == == —mmmmmmm mmm e e
NTLRSKRAFT EQTVVERLPA ASFNLRTHY- -------——-
NYNILNVSGQ Nemmmmmmmm mmmmmmmmmm mmmmm oo
NYNILNVSGQ Nemmmmmmmm mmmmmmmmmm mmmmmm e
o —
T o —
WYQDVKALPP CLADDLALNC MCSNKKMHN- —-------—-
WYEDGSQPPC LASEVGTNNC 1CPAHK---= —---—=m--
YQDKGFDIPC LAVDIGKENC YCNLHAKKLR IPKM------
YQDKGFDIPC LAVDIGKENC YCNLHAKKLR IPKM------
DIEKDWITIT DMASKILIEA GEQADESIEE NDEEDDDTSE
DIVKDWMEIR QVASTVLEEM NITISNRVYL KETKEKNEAF
EQVSHLEKDG VNFNSNSHKG 1YVPQIGRGF K---------
RGCLRKPLGA SLGNPGVTGL GL-=-mmmmmmmm e m e
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AETTQMSTNS
GSSLLLSNSP

NKEEPPTLQR VPRKNAARSN GLTNGEAHLC RPRPLPHPLP
LSPKVVNGSF AAIFDADEFL AKTYAG---- ----------
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HAKTASLRRK EFGISLLLSN VPMSPKVVNG SFAALYDDND VGLEQLAGQL
-------------------------------------------- VRIAHQ

479 499

SVGGEFIRLS PRKRGKLSEK DRQRSLDCSF LAYRRDNPIK MKMMGSLDSK
ESPSMRRRVR GILMSGKQFS LDSHMDVVVQ TTLDAGNGAT RTSTTNSYGH
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WACGTSLQSV SGAGDDPVQA RKIIKQPQRV GAGPMKRENG LHLETLLDPV
-TRGLSLESV SEGGDDPAQA RKITKQPGAS LA---RREGG SDLETMPDPF
-TRGLSLESV SEGGDDPAQA RKITKQPGAS LA---RREGG SDLETMPDPF
LTNGLSLESV NEGGDDPVQV RKIFRLP--- --=--=--- G DSLETTMDPF

IDDILEMGSK VAGGGDDSDG ETAEGRKEKD KEEDDRREGK GKVDEEGKEV

TTSAAQANSE RQASIQEDNE ES

PEETELLS LCRTSNVPSP EHAHSLSTPS
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DDCFSEEAPD ATKHKLSSFL FS
DDCFSEEAPN TTKHKLSSFL FS
DDCFSEEAPN TTKHKLSSFL FS
DDCFSEEASD TTKHKLSSFL FS

DQAEEAESNE KSFSEKNWWG AK
RSCSSSSHSL THSLTQSSAR SS

KGRVIEVP AVTKVKVKMS NGGLVKGEGT
PVNQFRHI TLCAVPSQSH LSMPLAMPLP
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NRNVTVSVDS LLNPVTTCNV

610
TVRSLSCNSV PVSAQKPLPT EASVKNGGSS
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KKLIKFYSVP SFPECSSQC- ----------
KKLIKFYSVP SFPECSSQC- ----------
KKLIKFYSVP SFPECSSQCG ----------

KMVLKASKSS ELPTKSKNSV GGSNPDAGGT

MATPTRESPE DPDWPAKTFS QLLLERYSSQ SQSLGNNSST ESSSLSGGAT

Fxon1?2

Fig. 2 (continued)
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------------------------------------------ GLQLPCCP
------------------------------------------ ARQLPCCP
------------------------------------------ ARQLPCCP
—————————————————————————————————————————— TLQLPCCP

GGRYMMELSK AVCSKVKEAL LTLPGSGGGN STPAAMAGDG DGDECCPCCG
PTPTPMSSLD ELVTPLLLSF ASPSQPMLSA HGIGEGQRER GSDSDATVCS
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LQAMV----
LEAMV----
LEAMV----
LQAMV----

RELPSSLLS

TTSSMESL-

Fig. 2 (continued)
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Fig. 3. Three-dimensional orientation of exons
in histidine decarboxylase structure predicted
from AroDC structure (1JS3.pdb (21)). Exon
1-11 are colored as indicated in Fig. 2. Exon
12 is not shown here because HDC has extra
150 amino acids in its C-terminal region as
compared to AroDC and it was not possible to
construct the structure for Exon 12.

link (Schiff base) with an aldehyde group of PLP.
During the catalysis, the active site Lys residue
acts as a base (see page 744 in ref (24)).

We have presented here the convenient way
to apply currently available internet tools for the
structural study on the protein whose
three-dimensional structure is not yet established.
We have also demonstrated the relationship
between exon/intron boarder on the structure of
HDC. We would like to extend our study to
explore the roles of exon/intron boarder on the
structure of HDC in the future study.
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