Analysis of DPYD Gene Using Bioinformatics Tools
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Abstract

Ozet

Objective: TheDPYD gene, which encodes for the dihydropyrimic
dehydrogenase (DPD), is responsible for the pyimeic¢ataboli
pathway, and degrades more than 80% of the admiatschemo-
therapeutic drug 5-fluorouracil (5-FU). This stugiyned to inves-
tigateln silico the structure of thBPYD gene and its products.

Material and Methods: We investigated the homology, conser
domain, promoter and expression profiles of hurb&YD gent
in various species using bioinformatics tools, such as INldBst
EBI ClustalW, DigiNorthern, Mega3, and Genomatirgmams.

Results: Our results revealed that DPD proteing@veonserved amo
all organisms investigated. They hhdee conserved domains (Gl
DHPD_FMN, and COG1146), some of which had full &mdcatec
sub-domains. We noted that the huni2HPD_FMN and COG11-
domains were more conserved among the investigateies tha
the human GItD domain. With the multiple alignmstrategy, pro-
tein and GItD domain sequencesXahopus tropicalis (X. tropicalis)
was predicted to have a truncation. The comparatixeeimg of the
promoters demonstrated that DPYD genesndidseem to have a
common conserved transcription factor binding sites

Conclusion: This study demonstrated that the DPD molecule:
various species, exceanio rerio (D. rerio), were well con-
served throughout evolution. Comparative screemhghe pro-
moter sequences of the humBPYD gene and its homologu
found in the NCBI database revealed that there neaany com-
mon transcription factor binding sites.

Key Words: Dihydrouracil dehydrogenase (NADP),

genomics, evolution, promategions
(Genetics), gene expression

Turkiye Klinikleri J Med Sci 2007, 27:829-837

Amag: DPYD geni, kemoterapik bir ila¢ olan 5-fluorouracil FJ)'in
%80'den fazlasini pargalayan ve pirimidin katabglidunda si-
nirlayici olan dihidropirimidin dhidrogenaz (DPD)'1 kodlar. E
calisma, caitli ttrlerdeki DPYD genini biyoinformatik olarak a-
rastirmayl amaglamaktadir.

Gere¢ ve Yontemler: NCBI Blast, EBI ClustalW, DigiNorther
Mega3 ve Genomatix gibi biyoinformatik araclar lemarak in-
sanDPYD geninin homolojisini, korunan alanlarini, promotor
ekspresyon profillerini ggtli tirlerde inceledik.

Bulgular: Sonuglarimiz, DPD protein dizisinin incelenen tingas
nizmalar arasinda korungunu gésterdiinsan DPD proteini, 3
korunan bdlge ailesi (GItDOHPD_FMN ve COG1146) vardir
bunlardan bazilarinin tam ve kesikli alt korunatgkge sahip ol-
duklari belirlendi.incelenen tiirler arasinda, insatiPD_FMN
ve COG1146 bolgeleri, insan GItD bélgesinden dazafkorun-
dugu gorulmtur. Coklu siraya dizme stratejisi ilEenopus
tropicalis (X. tropicalis)’'in tum protein ve GItD korunan dizileri-
nin eksik oldgu gérulmtur. Promotorlarin kaslastirmal ola-
rak taranmasi il®©PYD geninin genel olarak herhangi bir koru-
nan traskripsiyon faktor igama alanlarinin olmagh belirlendi.

Sonuglar: Bu galsma,Danio rerio (D. rerio) disindaki¢ssitli tirlerde
DPD proteinlerinin evrimsel siire¢ boyunca koruguthwu goster-
di. NCBI bilgi bankasinda bulunan ins&PYD geni ve onu
homologlarinin kanlastirmali taranmasi,herhangi bir orta
transkripsiyon faktor Glama bolgesinin olmagini gésterdi.

Anahtar Kelimeler: Dihidrourasil dehidrogenaz (NADP),
genomik, evripnpmotor bélgeleri, gen
ekspresyonu

he human DPYD gene, also known as least 950 kb in length. It encodes a DHPD of ap-
(DPI) gene, is a single copy gene on chro- proximately 111-kDa* DHPD protein shows
mosome 1p22; consisting of 23 exons, at cytoplasmic localization and is more sensitiveto 5
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FU used in the treatment of cancér.

The cDNAs coding for human, pig and bovine
DHPDs have been isolated and sequefdddm-
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malian DHPD appears to be relatively conserved
throughout evolution, since a comparison of the

Copyright © 2007 by Tiirkiye Klinikleri deduced amino acid sequences of bovine DHPD
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with that of pig and human DHPD shows 93% and were downloaded and aligned using the ClustalW
92% homology, respectivefy. program. Then common TFBs were searched for

Comparative analysis of the uracil and with the Dialign TF program in the Genomatix
NADPH binding sites in mammals and inverte- Software for all DPYD promoters present in the
brates demonstrated 100% amino acid identitydatabase.
between mammals ardrosophila melanogaster. Evolutionary Analysis
Caen.orha'bdi"[is elegans Qemonstrgted 89% and We used amino acid sequences of GItD,
88% identity in these domains (Uracil and NADPH oy EvN, and COG1146 domains to construct
binding sites), respectivefy. phylogenetic trees using the neighbor-joining

DHPD enzyme activity shows high variation method (NJ) with Jones-Taylor-Thomton (JTT)
in the analyzed population and is correlated with distances. NJ searches were conducted by using
DPYD mRNA expression.** The expression lev-  MEGA3 and 500 bootstrap replicates were as-
els of DPYD gene may be useful indicators of 5- sessed for the reliability of internal branchesessi

FU activity in Iung cancel** DHPD activity was with gaps were ignored in this ana|y%qS.
significantly higher in breast cancer tissues timn

adjacent normal breast tissieReports indicated o
that there were two regulatory elements in the  1he DigiNorthern database was used to ana-
DPYD promoter'® lyze the expression of DPYD mRNAs based on

EST dat&" The DigiNorthern collects all ESTs for

a query gene and categorizes those ESTs based on
the types of tissues and their histological status.
Pair wise comparisons of relative values were per-
formed with the Fisher's exact test using SPSS
11.0 for Windows.

In Silico Expression Analysis

In this study, we aimed to analyze the DPYD
genes in different specids silico, specifically,
their GItD and DHPD_FMN domains, the tran-
scription factor binding sites (TFBs) on their pro-
moters, the tissue expression profile, homology
level and phylogenetic tree among vertebrate
DPYD genes, using bioinformatics tools.

Results
Material and Methods Homology Search
Homology Search BLASTDp results revealed that DHPD molecule

The search for homologous protein sequencewas conserved in various species (Table 1). The
to human DHPD was carried out using the homology search indicated that the DHPD se-
BLASTp program at NCBI  quences oPan troglodytes (P. troglodytes) (99%),
(http://www.ncbi.nlm.nih.gov)  using human and Macaca mulatta (M. mulatta) (98%), had the
DHPD amino acid sequence (Gl: 4503373) ashighest homology to that of human. In contrast, the
query against the SwissProt protein databdsés. one with the lowest homology to human DHPD
Full protein, NADPH-dependent glutamate syn- protein was that oD. rerio (76%) (Table 1 and
thase beta chain and related oxidoreductasesigure 1).

(GItD), dihydropyrimidine dehydrogenase (DHPD) Clustalw alignment elucidated the presence of

FMN-binding domain (DHPD_FMN), and Ferre- .
. - I d three d : GItD, DHPD_FMN,
doxin (COG1146) sequences of human and otherW el consetved three domains m

species were downloaded and then aligned usin and COG1146 domains, which were well con-
P g SN orved especially in some localized areas (Figure
the Clustal W program at the EBI site

(http://www. ebi.ac.uk}? 1). “RTTYGGVSG”, “IRPIALRAV”, “IARALP”,
) “FPILATGGIDSAESGLQFLH" “GASVLQVCSA”,
Promoter Analysis and “QNQDFT” motifs in the DHPD_FMN do-
We used Genomatix software (http://www. mains and “EMCINCGKCYMTCNDSGYQAI",
genomatix.de) for analysis of DPYD gene promot- “ETHL” and “CTGCTLCLSVCPI” in the
ers in various species. These nucleotide sequences0G1146 were well conserved in all investigated
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Table 1. BLASTp results of vertebrateHPD molecules and their homolc.

Species Common name Acession no  Length (amino acid) % Identity with human DPD
Homo sapiens Human NP000101 1025 100
Pan troglodytes Chimpanzee XP513583 1219 99
Macaca mulatta Rhesus monkey XP001106007 1025 98
Sus scrofa Pig NP999209 1025 92
Bos taurus Cow NP776466 1025 92
Mus musculus Mouse NP740748 1025 89
Rattus norvegicus Rat NP112289 1025 89
Gallus gallus Chicken XP426639 1178 82
Xenopus tropicalis Frog CAJ82653 275 78
Danio rerio Zebrafish NP998058 1022 76

species (Figure 1). These regions are most probabHOD_DHPD_FMN (Dihydroorotate dehydro-
bly functionally important and any mutations in genase), oxidored FMN (NADPH-dependent
them are deleterious, as implicated by their evolu-flavin oxidoreductase dehydrogenase (DHPD)
tionary conservation. FMN binding domain), PyrD (Dihydroorotate
Multiple alignment results of human DHPD dehydrogenase), and DHO_dh (Dihydroorotate
and its homologous revealed that this moleculedehydrogenase).
was well conserved in the investigated species. The  Fyrthermore, we also detected some partial
finding that DHPD molecules @. troglodytesand  sypdomains in the three conserved domain fami-
Gallus gallus (G. gallus) were longer than those of |ies which were truncated at the N- and C-termini.

other species (an extra 394 and 360 amino acids afhey were ignored in analysis due to the inconsis-
the N-termini, respectively) was the main differ- tency and truncation.

ence. The remaining molecules of other species

displayed a very similar pattern. Promoter Analysis

We determined three conserved domain fami- ~ Analyzing the promoters present in the data-
lies: GItD. DHPD EMN. and COG1146 domains base of Genomatix software, we failed to detect
GItD is NADPH-dependent glutamate synthase &MV common TFBs in the DPYD promoterstf
beta chain and related oxidoreductases, whileg_ip'ens’ M. mulatta, Rattus norvegicus (R. norve-
DHPD_FMN is a DHPD FMN-binding domain, gicus), Mus musculus (M. musculus) apdg. ga]lus.
which catalyzes the first step in pyrimidine deg- However, we observed that .the §|mllar|ty .(valu.e
radation and it contains two EAD. two EMN. and 1.000) and the percentage of identical nucleicsacid
eight [4Fe_4S] clusters and COG1146 is ferre- (in short sequence segments) was 69% between the
doxin domain, which regulates energy production DPYD promoters oftHomo sapiens (H. sapiens)

: . andM. mulatta for each pairwise alignment.
and conversion. In addition, we observed some
sub-domains within these domains. For example  Evolutionary Analysis
GItD domain harbored overlapping Pyr-redox From the phylogenetic trees constructed by
(pyridine nucleotide disulphide oxidoreductase), MEGA3, we found that the GItD, DHPD_FMN,
TrxB (thioredoxin reductase), Lpd (pyruvate/2- and COG1146 domains of DPYD genes were con-
oxoglutarate dehydrogenase complex), and Ndhserved among all organisms investigated. We
(NADH dehydrogenase, FAD-containing subunit) showed that the GItD, DHPD_FMN, and COG
domains, while DHPD_FMN harbored 1146 domains oH. sapiens, P.troglodytesand
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M. muscul us
R norvegi cus
H sapi ens
P. trogl odytes
M nulatta
S. scrofa
B. taur us
G gallus
X tropicalis --
D.rerio --
M nuscul us MAGVL SRDAPDI ESI LALNPRVQAHATLRSTAAKKL DKKHAKRNT DKNCF
R norvegi cus MAGVL SRDAPDI ESI LALNPRI QAHAT LRSTMAKKL DKKHAKRNT DKNCF
H. sapi ens - MAPVL SKDSADI ESI LALNPRTQTHATLCSTSAKKL DKKHAKRNPDKNCF
P. trogl odytes LRLPCLAREPQDRERSPAPGAL PPRARSAPASPALVQA.FSTRAPAAVTW. SGRSLRTQGGFVTGRLETVGTAMAPVL SKDSADI ESI LALNPRTQTHAT LRST SAKKL DKKHAKRNPDKNCF
Ml atta -- - MAPVL SKDSADI ESI LALNPRTQTHATLRST SAKKL DKKHAKRNPDKNCF
S.scrofa - MAPVL SKDVADI ESI LALNPRTQSHAALHSTLAKKL DKKHAKRNPDKNCF
B. taurus - MAPVL SKDVADI ES| LALNPRTQSRATLRSTLAKKL DKKHAKRNPDKNCF
G gal lus RCSSSLRDLEVNPLAGRPRPLPSGRPVRRAALPGG?PPTGALQ:’&RAPPPPASAPLRSOGEPGEGGC{EADSMARI\/LSRDPVDI ENLLSLNPRTQTYATLHSTVTKKQVKKHAKRNSDKSCS
D S ] TN | I - R e e e e
T e e MATM_SKEL QDI ESI LALNPRVKSHANVHST ASKKNEKKHAKRNPERSCD
d t D DOVAI N
M nmuscul us KHTTLGERGALREAVRCL KCADAPCQKSCPTSLDI KSFI TSI ANKNYYGAAKLI FSDNPLGLTCGWCPTSDL CVGGCNLHAAEEGPI NI GAL QQFATEVFKAMNI
R norvegi cus KHTTLGERGALREAVRCL KCADAPCQKSCPTSLDI KSFI TSI ANKNYYGAAKLI FSDNPLGLTOGWCPTSDL CVGGCNLHATEEGP! NI GAL QQFATEVFKAMNI
H. sapi ens KHTTLGERGALREANMRCL KCADAPCQKSCPTNLDI KSFI TSI ANKNYYGAAKM FSDNPLGLTOGWCPTSDL CVGGCNL YATEEGP! NI GGAL QQFATEVFKANSBI
P. trogl odytes KHTTLGERGALREANMRCL KCADAPCQKSCPTNLDI KSFI TSI ANKNYYGAAKM FSDNPLGLTOGWCPTSDL CVGGCNL YATEEGP! NI GGAL QQFATEVFKANSBI
Ml atta KHTTLGERGALREANMRCL KCADAPCQKSCPTNLDI KSFI TSI ANKNYYGAAKM FSDNPLGLTOGWCPTSDL CVGGCNLYATEEGP! NI GGAL QQFATEVFKANSBI
S.scrofa [[GIHIL GERGAL REANMRCL KCADAPQQKSCPTHLDI KSFI TSI SNKNYYGAAKM FSDNPLGLTCGWCPTSDL CVGECNL YATEEGSI NI GGAL QQFASEVFKAMNI
B. taurus KHTTLGERGALREANMRCL KCADAPCQKSCPTNLDI KSFI TSI SNKNYYGAAKM FSDNPLGLTOGWCPTSDL CVGGCNLYATEEGP! NI GGAL QQYATEVFKAMNI
G gal l us KHTTLSERGALREANVRCL KCADAPCQKSCPTNLDI KSFI TSI ANKNYYGAAKM FSDNPLGLTOGWCPTSDL CVGGCNL YATEEGPI NI GGAL QQFATEVEKAMNI
X tropicalis
D.rerio
M nmuscul us TI FEKQEYVGGE.STSEI PQFRLPYDWNFEI ELMKDLGVKI | CGKSL STDEMTLSSL KENGYRAAFI
R norvegi cus TI FEKQEYVGGELSTSEI PQFRLPYDWNFEI ELMKDLGVKI | CGKSI STDEMILSTLKENGYKAAFI
H. sapi ens Tl FEKQEYVGGELSTSEI PQFRLPYDWNFEI ELMKDLGVKI | CGKSL SVNEMTLSTL KEKGYKAAFI
P. trogl odytes Tl FEKQEYVGGELSTSEI PQFRLPYDWNFEI ELMKDLGVKI | CGKSL SVNEMTLSTL KEKGYKAAFI
Ml atta Tl FEKQEYVGGELSTSEI PQFRLPYDWNFEI EL MKDLGVKI | CCGKSL SVNEMTLSTL KEKGYKAAFI
S.scrofa Tl FEKQEYVGGELSTSEI PQFRLPYDWNFEI ELMKDLGVKI | CGKSLSENEI TLNTLKEEGYKAAFI
B. taurus TI FEKQEYVGA STSEI PQFRLPYDWNFEI ELMKDLGVKI | CGKSLSVNDI TLSTLKEEGYKAAFI
G gal lus Tl FEKQEYVGGE. SASEI PQFRL PYDVWNFEAEL MKDLGVKI | YSKGLAVDGMILRTL KEDGYEAVFI
X tropicalis
D.rerio
M nmuscul us [QGL TQVQGFYTSKDFL PLVAKSSKTGMCACHSPL PSI RGAVI VL GAGDTAFDCATSAL RCGALRVFI VFRKGFWNI RAVPEEMEL AKEEKCEFL PFL SPRKVI
R norvegi cus [QGL TQVQGF YTSKDFL PL VAKGSKPGMCACHSPL PSVRGAVI VL GAGDTAFDCATSAL RCGARRVFI VFRKGFANI RAVPEEMEL AKEEKCEFL PFL SPRKVI
H. sapi ens [QGL TQDQGFYTSKDFL PL VAKGSKAGMCACHSPL PSI RGVWI VL GAGDTAFDCATSAL RCGARRVFI VFRKGFWNI RAVPEEMEL AKEEKCEFL PFL SPRKVI
P. trogl odytes [QGL TQDQGFYTSKDFL PL VAKGSKAGMCACHSPL PSI RGVWI VL GAGDTAFDCATSAL RCGARRVFI VFRKGFWNI RAVPEEMEL AKEEKCEFL PFL SPRKVI
Ml atta [QGL TRDQGF Y TSKDFL PL VAKGSKAGMCACHSPL PSI RGVWI VL GAGDTAFDCATSAL RCGARRVFI VFRKGFWNI RAVPEEMEL AKEEKCEFL PFL SPRKVI
S.scrofa [QGL TQDQGFYTSKDFL PL VAKSSKAGMCACHSPL PSI RGAVI VL GAGDTAFDCATSAL RCGARRVFL VFRKGFWNI RAVPEEVEL AKEEKCEFL PFL SPRKVI
B. taurus [QGL TQDQGFYTSKDFL PL VAKSSKAGMCACHSPL LSI RGTVI VL GAGDTAFDCATSAL RCGARRVFI VFRKGFWNI RAVPEEVEL AREEKCEFL PFL SPRKVI
G gal l us [QGL RVDQGF YTSKDFL PL VAVASKPGMCACQSPL PSI HGTVI VL GAGDTAFDCATSAL RCGARRVFVVFRKGFTNI RAVPEEVKL KKQKQT NKQKLL X- -
X tropicalis
D.rerio
M nmuscul us [GNW/EDEEQT VRLKADWI SAFGSVL EDPKVKEAL SPI
R norvegi cus IGNW/EDEEQ VRLKADWI SPFGSVL DDPKVI EALSPI
H sapi ens
P. trogl odytes
M nulatta
S. scrofa
B. taurus [GKWNEDGDQ ACLKADWI SAFGSVL SDPKVKEALSPI
G gal l us [GNWKEDEDQVVRLKADWI SAFGSVL SDSKVI EAMTPI
X tropicalis
Drerio [GIW VDEEQT VHLKADFI | SAFGSM-NDPAVTKALDPI KLNRWGTPEVINSET MIT TEPWFAGGDL AG-ANT TVESVNDGRQASWH HKY Re SRR ENIICAT ISRl SyEV
DHPD _FMN DOVAI N
M nuscul us [GL RFPNPFGLASATPATSTPM RRAFEAGAGFAL TKTFSLDKDI | RGTTSGPLYGPGQSSFLNI ELI SEKTAAYWCHSVTELKADFPDNI LI ASI
R norvegi cus [GL RFPNPFGLASATPATSTPM RRAFEAGAGFAL TKTFSLDKDI | RGTTSGPLYGPGQSSFLNI ELI SEKTAAYWCHSVTELKADFPDNI LI ASI
H. sapi ens [GLKFI NPFGLASATPATSTSM RRAFEAGAGFAL TKTFSLDKDI | RGTTSGPMYGPGQSSFLNI ELI SEKTAAYWOCQSVTELKADFPDNI VI ASI
P. trogl odytes [GLKFI NPFGLASATPATSTSM RRAFEAGAGFAL TKTFSLDKDI | RGTTSGPMYGPGQSSFLNI ELI SEKTAAYWOQSVTELKADFPDNI VI ASI
Ml atta [GLKFI NPFGLASATPATSTSM RRAFEAGAGFAL TKTFSLDKDI | RGTTSGPMYGPGQSSFLNI ELI SEKTAAYWOCQSVTELKADFPDNI VI ASI
S.scrofa RRAFEAGAGFAL TKTFSLDKDI VRGTTSGPMYGPGQSSFLNI ELI SEKTAAYWOQSVTELKADFPDNI VI ASI
B. taurus RRAFEAGMFAL TKTFSL DKDI | RGTTSGPMYGPGQSSFLNI ELI SEKTAAYWCQSVTELKADFPDNI VI ASI
G gal l us RRAFEAGAGFAVTKTFESL DKDI VRGVTSGPI YGPGQGSFLNI ELI SEKTAAYWCKSI TELKSDFPKQI LI ASI
X tropicalis
D.rerio
M nmuscul us CRWRQAVRVPFFAKL TPNVTDI VSI ARAAKEGGADGVTATNTVSGL MELKADGT PWPAVGE GRRTT YGGVSGTAI
R norvegi cus CRWRQSVRVPFFAKLTPNVTDI VSI ARAAKEGGADGVTATNTVSGL MELKADGSPWPSVGSGKRTT YGGVSGT T
H. sapi ens CRWRQAVQ PFFAKLTPNVTDI VSI ARAAKEGGANGVTATNTVSGL MELKSDGT PWPAVGI AKRTT YGGVSGTAI
P. trogl odytes CRWRQAVQ PFFAKLTPNVTDI VSI ARAAKEGGANGVTATNTVSGL MELKSDATPWPAVGI AKRTT YGGVSGTAI
Ml atta CRWRQAVQ PFFAKLTPNVTDI VSI ARAAKEGGADGVTATNTVSGL MELKSDGT PWPAVGI AKRTT YGGVSGTAI
S.scrofa CRWRQAVQ PFFAKLTPNVTDI VSI ARAAKEGGADGVTATNTVSGL MELKADGT PWPAVGAGKRTT YGGVSGTAI
B. taurus CRWRQAVRI PFFAKLTPNVTDI VSI ARAAKEGGANGVTATNTVSGL MELKADGT PWPAVGREKRTT YGGVSGTAI
G gal l us CRWRQAVQ PFFAKLTPNVTDI VNI AVAAQEGGADGVTATNTVSGL MELKADGT PWPAVGAGL RTT YGGVSGNAI
X. tropicalis ZavesesSyppieevSe\]
D.rerio
M nmuscul us [PA=SeNe SNESENSVRe VoS Ne Vo B S s S {eifeRKAL L YL KSI EEL ADWDGQSPPI | SHQKGKPVPRVAEL MGQKLPSFGPYLEQRKKI | AASKI ROKDQNTAC
R norvegi cus [s7=Se Mo Sl Sle\S VKo VesTNe Ne» S pVR= D deifeRKAL L YL KSI EEL SDWDGQSPPTMSHQKGKPVPHI AEL MGQKL PSFGPYL ERRKKI LAASKI RENDQNRAC
H. sapi ens [pS7=Se Mo S My Sle\S VKo VoS Ne Ve » S aV RS ndeife RKAL L YL KSI EEL CDWDGQSPATVSHQKGKPVPRI AEL MDKKLPSFGPYLEQRKKI | AENKI RLKEQNVAF
P. trogl odytes [pS7=Se Mo S My S(e\S VKo VoSt Ne Ve » S aV RS ndeile RKAL L YL KSI EEL CDWDGQSPATVSHQKGKPVPRI AEL MDKKLPSFGPYLEQRKKI | AENKI RLKEQNVAF
Ml atta [ps7=Se Mo Sl (e NS \VKe VesT\Ne Vo » S pVR=ndeifeRKAL L YL KSI EEL CDWDGQSPATVSHQKGKPVPRI AEL MDKKLPSFGPYL EQRKKI | AENKI RLKEQNAAF
S.scrofa [pS7=Se Mo S My S(e NSV Ko VesT\Ve Ve » S aVNe ndeie RKAL L YL KSI EEL QGNDGQEPGTESHQKGKPVPRI AEL MGKKLPNFGPYL EQRKKI | AEEKVRL KEQNAAF
B. taurus [ps7=SeNe Sl e e XSV e VesNe Nen S RNe D deeR<KALL YL KSI EEL CDWDGQSPATKSHQKGKPVPCI AEL VGKKLPSFGPYL EKCKKI | AEEKL RLKKENVTV
G gal lus [ps7=Se Mo S My Se\S VKo VoS NRe Nen S aVEv B {eife BRRAL L YL KSI EEL EDWNGQSPT TMRHQKGKPVSGI ADL I GKKLPSFGPYLEQRKKI | AENKVKLKEQGTAA
X. tropicalis [ps7=Se Mo S My S(eSVe VesT\Ve Ve 5 pV R =D deife RKAL L YL KSI DEL CDWDGQSPPTI RHQKGKPVPTI AEI KGEKLPSFGPYLEKRKRI LAENKI NDLTCNTSP
D rerio ESAESGLQ:LHAGQSVLQ\/CSAVQ\QDFT\/I =B {eMeRKALL YL KSI EEL HDWDGQSPPTI RHQ(G(PVPHVSELI GKSLPSFG:’YLQTKTQALAKYKKDASG DV M
T T = A EEn TR TI T EE
COG1146 DONAI N
M nmuscul us SPLORKHFNSCKPI PAI KDVI GKSLQYL GTFGEMSI MEQVVAL] NCGKCYMICNDSGYQAI QFDPETHLPTVSDTCTGCTLCL SVCPI MDCl RMYSIEZN IS (e o/ NS e WL WAV SV o}
R norvegi cus SPLORKHFNSCKPI PAI KDVI GKSLQYLGTFGELNI MEQVVAL [iis==VeRNeeNaqY feN bl oo oo o= )s o avSis) oi e of fRe RS Ve LBV » o 2V SRAT PYEPKRGA. PLAVKPVC
H. sapi ens SPLKRNCFI PKRPI PTI KDVI GKALQYL GTFGEL SNVEQVVAMERS=VeRNeeNaq feNbledeNo oo o= ys Boj iy iv) o e of fRe RSV e L/ RVe o R WV VERI T PYEPKRG/PL SVNPVC
P. trogl odytes SPLKRNCFI PKRPI PTI KDVI GKALQYL GTFGEL SNVEQVVAMERS=VeRNeeNadl feNbsledeiNo oo L )s Boji v foife o Re RSV e L RVe o R VS NITPYEPKRG/PL SVNPVC
Ml atta SPLKRNCFI PKWPVPTVKDVI GKALQYL GT FGEL SNVEQVVAMERS=VeRNeeNaqV feNbledo Nl oo L= ys Boj i iv) foi e of | Re RSV e L/ RVe o RV VS I TPYEPKRG/PL SVDPVC
S.scrofa PPLERKPFI PKKPI PAI KDVI GKALQYL GTFGEL SNI EQVVAY s ==V eRNee@qY feNsier{ei\No Sv =) NoypVasfoife o) [Ro RS Vo LR N o BRIV VSN T PYEPKRA. PLAVNPVC
B. taurus LPLERNHFI PKKPI PSVKDVI GKALQYL GT YGEL NNTEQVVAY s 2=V elNee oY feNssle{eINo Sv L= Ry pvapmfeife ol [Re RS Ve L0 o (VSR TPYEPKRA. PLAVNPVS
G gal l us VLPEKKHFI PKKPI PAI KDVI GKALQY! GTYGELCNTEQVVAL s =s=VeRNeeadV feNpsiex{ei\Neo Sni\= ) Ry pVagsSlojfe o [ Re RSV oL | | DCI L M/PRTTPYEPRRA.PLALSPLC
X tropicalis VTKEKTHFVPNKPI PSVKDVI GRALQYI GSYSQLNI QEQVVAL s ==VeRNeeadVifeNpsie{e\N=3o L1 REaviisSleife o Ro RSV o L NEVENN\/ARTTPYVPKRA. PLTVNPVC
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Figure 1. Multiple alignments of vertebrate DHPD proteinseTaItD, DHPD_FMN, and COG1146 domains are highlighted
black background. The conserved amino acid residieshown by an asterisk and amino acids withlaimproperties are sho
by a semi-colon under the alignment.
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M. mulatta were more closely grouped (scale file was compared and the significance in its ex-
length 0.02, 0.01, and 0.001, respectively) (Figurepression pattern was assessed with the Fisher’s
2A, B, and C). In contrast, we observed that theseexact test (p value 0.05) (Table 2). Human DPYD
domains ofD. rerio showed the lowest similarity gene was expressed at low or high levels in some
to those of humans. When we constructed the phylissues, but was not expressed in others. Theetissu
logenetic tree, we ignored domain sequences ofdistribution and differential expression pattern in
GItD of X. tropicalis due to its high diversity hormal and cancerous human tissues displayed
caused by possible truncation (Figure 1). somehow different values. The expression of
DPYD gene in some normal human tissues, such
as bone marrow, cartilage, cervix, colon, gastroin-
The distribution of human DPYD ESTs in the testinal tract, genitourinary, lymphoreticular, and
cDNA library database (all ESTs) was analyzed ovary, was not detected. In contrast, its expressio
using the DigiNorthern program. In columns 2 and seems to be lost in some cancerous tissues, such as
3 of Table 2, relative values of DPYD ESTs in the adipose, bone, brain, eye, lung, mammary gland,
cDNA libraries from normal and tumor tissues muscle, nervous, pancreatic islet, placenta, and
respectively are shown both as absolute numbergrostate. Compared to normal tissues, its
as well as normalized values per® TIDNAs. Its expression was significantly decreased (p=0.003)
normal as well as cancerous tissue expression proin cancerous bone marrow tissues (Table 2).

In Silico Expression Analysis

A) d tD Conserved domain B) DHPD_FMN Conserved donai n
Homo sapiens
100 | Homo sapiens 494| Macaca mulatta
Pan troglodytes 43 Pan troglodytes
Macaca mulatta
a1 _|7 Sus scrofa
Sus scrofa 61 Bos taurus
100
88 Bos taurus Rattus nornvegicus
— Mus musculus Mus musculus
100l— Rattus nonegicus ——————— Gallus gallus
Gallus gallus 76 ,— Xenopus tropicalis
Danio rerio 90 Danio rerio
A —

0.02 0.01

C) COGL146 Conserved domain

69 | Mus musculus
26 Rattus norvegicus
48} sus scrofa

46 Bos taurus

Macaca mulatta

30 _| Homo sapiens
491 Pan troglodytes

_|— Gallus gallus
33

Xenopus tropicalis

Danio rerio

P
0.01

Figure 2. Phylogenetic tree of GItDA), DHPD_FMN 8), and COG1146C) domains of vertebrate I®*D. Phylogenetic tre
were constructed using the MEGA3 program. Specases are indicated on the figure. Branch lengthicate evolutionar
relationship.
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Absolute numbers and the relative values as Discussion
normalized per 10 cDNAs (in parenthesis) in Human DHPD is a pyrimidine catabolic en-
normal and cancerous tissues are shown; p-valuegyme (1025 amino acids) with a calculated mo-
are for comparison of relative values of DPYD lecular weight of 111 kDa. It catalyzes the initial
ESTs in normal versus tumor tissues, using theand rate-limiting step in the pathway of uracil and
Fisher's exact test (last column). The data for tis thymidine catabolism and also in the pathway lead-
sues with significant or suggestive significant ing to the formation of 5-fluorodeoxyuridine

higher or lower value of DPYD ESTs in the tumor triphosphate (5'-FdUTP), then to 5-fluorodeoxyu-
and normal tissues are shown in bold. ridine monophosphate (5’-FdUMP) inside the cell.

Table 2. Comparison of relative values of human DPYD cDNACDNA library database from specific
normal and tumor tissues.

Number of ESTs

Tissue/organ type Normal Cancer p-value
Adipose 1/11923 (84) 0/1740 (0) 1.000
Bone 3/7929 (38) 0/45730 (0) 0.003
Bone marrow 0/21187 (0) 1/29586 (34) 1.000
Brain 2/257019 (8) 0/201219 (0) 0.507
Cartilage 0/13369 (0) 2/39893 (50) 1.000
Cervix 0/1157 (0) 1/44671 (22) 1.000
Colon 0/28085 (0) 1/220946 (5) 1.000
Eye 1/85966 (12) 0/49827 (0) 1.000
Gastrointestinal tract 0/796 (0) 2/14690 (136) 0.00
Genitourinary 0/1687 (0) 1/39698 (25) 1.000
Head and neck 1/55508 (18) 4/107902 (37) 0.668
Kidney 3/74917 (40) 1/96375 (10) 0.325
Liver 8/73021 (110) 3/81780 (37) 0.130
Lung 3/129822 (23) 0/207630 (0) 0.057
Lymph node 2/97096 (21) 5/54341 (92) 0.106
Lymphoreticular 0/15679 (0) 1/56791 (18) 1.000
Mammary gland 1/71315 (14) 0/124006 (0) 0.365
Muscle 4/90941 (44) 0/45799 (0) 0.308
Nervous 1/15506 (64) 0/63270 (0) 0.197
Ovary 0/11587 (0) 4/109344 (37) 1.000
Pancreatic islet 3/95891 (31) 0/0 (0) 1.000
Peripheral nervous system 2/30154 (66) 0/1220 (0) .ooa
Placenta 5/248276 (13) 0/43818 (0) 1.000
Pooled tissue 6/373366 (16) 2/55060 (36) 0.275
Prostate 3/82545 (36) 0/81283 (0) 0.250
Skin 1/49729 (20) 2/137037 (15) 1.000
Stem cell 1/184378 (5) 0/0 (0) 1.000
Stomach 0/26066 (0) 1/140405 (7) 1.000
Testis 3/122158 (25) 1/44649 (22) 1.000
Thymus 0/5359 (0) 0/201 (0) 1.000
Uncharacterized tissue 1/88784 (11) 1/105216 (10) .0oa
Uterus 0/36080 (0) 11/163186 (67) 0.233
Vascular 4/31425 (127) 0/0 (0) 1.000
Whole body 1/73648 (14) 0/0 (0) 1.000
Total No. of ESTs Found 60/2512369 (24) 44/2407318) 0.202
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The latter metabolite inhibits the enzyme thymidy- Cysteine (C) on the motifs “CINCGKCYMTCN”

late synthetase, which is essential for the syighes and “CTGCTL CLSVCP™® “EMCINCGKCYMT

of thymidine, one of the four nucleotides from CNDSGYQAI" and “CTGCT LCLSVCPI" motifs

which DNA is constructedl. in COG1146 included the “CINCGKCYMTCN”
Our BLASTp results indicate that DHPD mole- and “CTGCTL CLSVCP". The importance of these

cule is present in various species of vertebratels a and other motif sequences need to be experimentally
these molecules have 76-99% conservation degreg€fined.

in the total amino acid sequences (Table 1). The  The expression of human DPYD gene in dif-
human DHPD molecule has the highest homologyferent tissues was analyzed using the DigiNorthern
to those ofP. troglodytes (99%) and lowest homol- program (Table 2). Its expression patterns in nor-
ogy to that oD. rerio (76%). So, these results indi- mal and cancer tissues displayed somehow differ-
cate that the DPYD gene has been evolutionary wellent values in human. In some tissues, such as bone
conserved (Table 1). Recently, it was shown that th marrow, cartilage, cervix, ovary, thymus, and
bovine DPYD was homologous to those of humanuterus, its expressions seemed to be at a very low
(92%) and pig (93%). In this way, mammalian level or not at all. In cancerous adipose, mammary
DPYD gene appears to be relatively conservedgland and placenta its expression was not observed
throughout evolutiod.We also examined the phy- while it was decreased in cancerous bone tissue. In
logenetic trees of GItD, DPHD_FMN, and contrast, its expression was significantly decréase
COG1146 domains of DHPD in different species in cancerous muscle tissues (p=0.003) (Table 2).
using MEGA3 program. We observed that humanWe consider that the change in DPYD expression
GItD, DPHD_FMN, and COG1146 domain proteins pattern in different tissues may have a role in
showed the closest homology to thosdofroglo- pathogenesis of some sporadic cancers. The avail-
dytes and M. mulatta, but not to those ob. rerio ability of comprehensive data generated by high-
(Figure 2A, B, and C). These domains are very im-throughput functional genomic approaches, mainly
portant for their functions. We did not phylogeneti expressed sequence tag (EST) and serial analysis
cally analyze the GItD domain of tropicalis due  of gene expression (SAGE), provides the feasibil-
to its incomplete sequence. Recently, a comparisority to study gene expression analySisliyoshi et
study on the uracil and NADPH binding sites in al demonstrated that DHPD protein expression
mammals and invertebrates demonstrated 100%evels significantly correlated with histological
amino acid identity between the DHPDs of mam- grade and tumor size. They analyzed mRNA ex-
mals andDrosophila melanogaster. This compara-  pression of DPYDgene by quantitative reverse
tive analysis identified conserved regions which transcriptase-polymerase chain reaction (qRT-
may be critical for enzyme structure and/or func- PCR) and found that DPYD expression level in
tion.® When we compared the conserved poorly differentiated prostate cancer was signifi-
DHPD_FMN and COG1146 domains among differ- cantly lower than that in prostate cancer with more
ent species, we found that “RTTYG-GVSG”, “IR- favorable well or moderately differentiated-
PIALRAV”, “IARALP”, “FPILAT-GGIDSAES- histopathology? Likewise, the expression levels
GLQ FLH”, “GASVLQVCSA”, and “QNQDFT” of DPYD gene were suggested to be a useful indi-
motifs in the DHPD_FMN domains and “EM- cator of 5-FU activity in lung cancét. DHPD
CINCGKCYMTC-NDSGYQAI”, “ETHL” and protein was reported to directly catabolize 5-FU to
“CTGCTLCLSVCPI” in the COG1146 were well adenine. This suggests that this DHPD activity
conserved in all investigated species (Figure 1).may provide a target for 5-FU use in cancer ther-
“EMCINCGKCY MTCNDSGYQAI” and apy?

“CTGCTLCLSVCPI” motifs in COG1146 (ferre- We used Dialign TF program in Genomatix

doxin) coordinated '8 and 4' Fe-S motifs. It was  gofare for predicting TFBs (transcriptional ele-
shown that the Iron-sulphurs (Fe-S) was focused tonens) of all orthologous DPYD promoters present
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in the database. Dialign TF results revealed thatd.
DPYD orthologous promoters had no common
conserved transcriptional elements. The conservay
tion of transcriptional elements in promoter se-
guences may provide further evidence in support
of functional conservatiofi>®> However, the ele-
ment in the promoters or their vicinity may be
more mobile than the genes themselves. Our re-
sults indicate that the binding sites of different
transcription factors might have located on differ-
ent parts of the promoter or promoter vicinity in
various species.

8.

These findings provide the foundation for fu-
ture investigations of the molecular mechanisms
underlying the heterogeneity of DHPD activity in
humans. Basic bioinformatics techniques are pow-
erful tools in terms of leading to the discoveries
and analysis of novel gerf&sRecently, we identi-
fied and further characterized two novel genes
using bioinformatics tool§:?® Even though the
results from bioinformatics studies are very hdlpfu
in directing and designing the experiments, they
need to be supported and confirmed by further
experimental data.
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