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Abstract Individual phenotypes with respect to drug re-
sponse or toxicity often result from genetic variations that
alter drug metabolism. We have been focusing on genomic
loci that encode various enzymes and transporters involved
in the metabolism of drugs, and have described more than
1200 single-nucleotide polymorphisms (SNPs) and other
variations. Regarding the carbohydrate sulfotransferase
(CHST) gene family, we have already constructed high-
density SNP maps of three genomic segments that included
CHST2, CHST4, and CHSTYS, providing a total of 28 SNPs
for those loci. In the present study, we screened DNA from
48 healthy Japanese volunteers for SNPs at the CHSTI and
CHST3 gene loci, by means of direct sequencing combined
with a polymerase chain reaction method for amplify-
ing genomic DNA, and characterized 77 SNPs and four
insertion—deletion polymorphisms. The collection of human
variations presented here adds to the archive of tools now
available for investigating complex genetic diseases, popu-
lation migration patterns, and a variety of pharmacogenetic
possibilities.
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Introduction

Sulfotransferases constitute a large family of enzymes
that catalyze transfer of the sulfonate group from 3’
phosphoadenosine 5’ phosphosulfate to a suitable hydroxyl
group or other moiety on an acceptor substrate to form
either a sulfate ester or a sulfamate (Falany and Wilborn
1994). In general, two classes of sulfotransferases are
recognized, cytosolic sulfotransferases and carbohydrate
sulfotransferases (CHSTs), which are distinct both struc-
turally and with respect to biological function. Sulfo-
transferases in the cytosol play important roles in the
biotransformation, detoxification, or elimination of many
compounds, including hormones, neurotransmitters, bile
acids, and catabolic end products of drugs. In contrast,
CHSTs are resident transmembrane enzymes of the Golgi
network that recognize glycans attached to lipids and pro-
teins passing through the secretory pathway (see reviews
by Bowman and Bertozzi 1999; Habuchi 2000; Hemmerich
and Rosen 2000). CHSTs are known to play a fundamental
role in extracellular signaling and adhesion by generating
unique ligands from a carbohydrate scaffold. In this sense,
these enzymes might be similar in function to the tyrosine
sulfotransferase, also resident in Golgi compartments, that
modulates the activity of both secreted and membrane-
associated proteins by sulfating tyrosine.

Human CHST1 was originally isolated as the homolog of
chick chondroitin 6-sulfotransferase (C6ST) that catalyzes
sulfation of chondroitin, keratan sulfate, and sialyl N-
acetyllactosamine oligosaccharides (Fukuta et al. 1997,
Mazany et al. 1998; Li and Tedder 1999). CHST1 shows
34% homology with chick C6ST on the amino acid level
and may function to reconstitute the high endothelial
cell ligand for L-selectin (Bistrup et al. 1999). Human
CHST3 encodes a type II transmembrane protein that
shares 74 % and 36% identity, respectively, with chick C6ST
and human CHST1 (Fukuta et al. 1998; Tsutsumi et al.
1998). Recombinant human CHST3 displays C6ST activity
with a marked specificity for a GlcA-GalNAc sequence. In
addition, CHST3 catalyzes sulfation of position 6 of the Gal



residue of keratan sulfate, as do chick C6ST and human
CHST1.

In this study, we provide high-resolution maps of the
human CHSTI and CHST3 gene loci, in which we detected
a total of 77 single-nucleotide polymorphisms (SNPs) and
four insertion—deletion polymorphisms among 96 chromo-
somes from a representative Japanese population sample.

Subjects and methods

Blood samples were obtained with written informed con-
sent from 48 healthy Japanese volunteers for this study,
which was approved by the ethical committee of the
RIKEN SNP Research Center. On the basis of genomic
sequences from the GenBank database (accession num-
bers CHSTI NT-008982.3, CHST3 AC073370.3, and
AC022392.4), we designed primers to amplify each gene in
its entirety, as well as 2kb upstream of the first exon and
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downstream of the last exon. However, most regions corre-
sponding to repetitive sequences were excluded. Protocols
for polymerase chain reaction experiments and DNA
sequencing are available from our worldwide website
(http://snp.ims.u-tokyo.ac.jp/). The gene symbols CHSTI
and CHST3 conform to official nomenclatures set
out by HUGO/GDB Nomenclature Committees (http://
www.gene.ucl.ac.uk/nomenclature/) and by Li and Tedder
(1999).

Results and discussion

A total of 77 SNPs were identified within the CHST! and
CHST3 gene loci among 48 Japanese volunteers. The exonic
organization of each gene and locations of identified SNPs
are illustrated schematically in Fig. 1; detailed information is
given in Table 1. After comparing our data with SNPs de-
posited in the dbSNP database in the National Center for
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Fig. 1. Genomic organization and localization of single-nucleotide
polymorphisms (SNPs) in the carbohydrate sulfotransferase 1
(CHSTI) and carbohydrate sulfotransferase 3 (CHST3) genes. Exons
and introns are represented by vertical rectangles and horizontal lines,

respectively. The SNPs are indicated above each gene (designations
correspond to the ones in the left-most column on Table 1). Locations
of other types of variations are indicated below each gene



16

obb3o3eeeDD0OD6338307 [3%e) 153030006e033060DEH 82Z¥S L uosj 6-C1SHO-!

06630000663666636366 v/o Bobeoeoninebbibobobe $GES L uosuj 8-€1SHO-!

bBinbieebeoebiebeber oN 310066e83030330333300 00€S |, uoJj L-€1SHD!

+ 1006362000380 33663D 119 20®363330380023630666 or0S | uosuj 9-€1SHO-!

bbbiabeebboebbeooebs 9/9 eoeoebbbbebenbioeon) GO6¥ 1 uosuj G-€1SHO!

Henend3300e000630007 o Baobeodobivenbebiebth £G8Y | uodjuj P-€1SHO!

eb3bbebobbennbenbesb [5%6) obebenbbbbirebeebebe 19V | uodj €-€1SHO!

bbboheebebbbRb53330® 73] eDDBEOBDbObOE6RDD 606 96 | uoJj Z-€1SHO!

B0D3DDD3eDD3IDD506RDH 910 felelelS)erele)-stele) ok te)5) ctolo kel 62— uoibas paje|suenun .S L-C1SHD-!

(ELSHD) € aseiajsuenoyns ajespAyoqued

+ bbbboebebeifbeliiebb s-2i(]) e30663D0eDRDIDHIDEDRD 6¥E-GEE uoibas Bupjueld ¢ 61-L1SHD-!

3333e03008D38033338D op/L 30063300633000033335 ¥.82 L uosjuy 81-LLSHO-!

eebebeobbioede101636 2/9 Joe13366eDR1B6IORR R 292 uoibai Bupjueld & LL-LLISHD-!

oo3dbeniybizabieebbe o 0b366663003eRRI66RD 818 € uosuj 9L-L1SHO-!

B3b66663003eRR3166EDE 10 D3b30benbooizobbeber 96/ € uoduj SL-L1SHD-!

oobobbbioeebebbiooed v/D ebbebeeebbebeoebbebe 219 € uosu| #1-LLSHDA

1666633e6666e0306300 /1 10016666e06303663000 625 € uosuj €L-LLSHO-!

baobeaybbeniaabebaaan Yo ©33310e0036630003063e 19621 | uosui ZL-LISHD-!

eiebebioeenibioeeeed v/9 obb31306666eebE6RD6 R [elelZAN | uosuj LL-L1SHD-!

obaedeebbebbbbreedbe \/%e) ebeooebbeoeoniebeoee FAA 4! | uosuj 0L-LLSHD-!

bbeboeioebbboebiebob oN obedejeebinijeebeddd 1026 | uoduj 6-11SHD-!

oobjeeebedebbbobibbe Yo oobbeojebeoeddbinbob €16 } uodj 8-11SHO-!

ed36ebeniboeinbbioba /9 e33ebbbbbieoijeoeeee €96/ | uosuj 2-L1ISHO-!

610210Zs4:Al INSAP 333e063e333363063300 A7) oeeeeebeeb6e33001333 L6 L uonyj 9-LLSHO-!
6¢.568s)-Ql INSAP mmuouomummmmmmmumomu o/ obaneaenbbiabibibade veSL 1 uou G- L1SHO!
1633b6363300666630e0E 19 bEBaobebbebeODDDD30D 0259 1 uosj -1 1SHO!

1300006eD030006606137 9/0 ebeDOD3DeDDDDDH630006 006€ 1 uoaj €-L1SHO-!

£€/668S):al ANSAp D3b6ejoooe3zoniebeln vI0 ed3pbleDbeRDDDDIDRRR 2192 1 uosu Z-LLSHO-!
¥€/66851:al ANSAP + eb3633633e0beyebnoe VIO ooeoeejeeeebebbieeey S1¥T L uonu L-LLSHO-

(LLSHD) | aseiaysueajoyins ajesphAyoqie)
dNSAp 01 f33uap) ,eousnbes aAnnedoy J8ouenbes Bunjuey ,(.£ 03 ,6) uoneuep asuenbas Bupjuel4 uoisod :o_mwm ai

100] QuaS £7SHD PUe [[SHD Ul SUONEBLIBA JO UONRZLIOJORIRY)) °I JqEL



17

ee]1310633e3bebeebbs10 i) obB6e3300300330R663D VAVKA uoifas pajejsuenun £ ZV-€1SHO-!
B3befepeibeeebbebeed 910 b6be1bbb6303eD30D06e 6952 uoibai pajejsuenun £ LP-€1SHOD-!
13e33ebbeibiijedeena \"/ie) babionbebbebeoidooeoe 2022 uoibai pajejsuenun £ OF-€LSHO-!
B630333eDRRIORIRERRD oN bejibbeeesibinbenelnd [elo74 Z uony| 6€-CLSHD"!
1£8612251:Al INSAP ebbbeebbb3033e063306 o/L B6563330eb1/00036ebD 6Lz8e | Uosuy 8E-€LSHO!
edb3306) /1666633300 1/ oD3bebobiebeinizeonhb 8028€ | uoau| LE-€LSHD!
DD3D3DDDDEBDIIIIONHID [37/e) eoboooeb] /Dood3d06edhb veL1E 1 uonu| 9€-€1SHD-!
33233006309 /Dedboooeb uo oop3DbedLBoRDDLRIBOE G2llE 1 uoqu| GE-C1SHD!
bbbeebbioooibeieeebe i eeeeR33IDRERDHRDRREBID 209.¢ | uosy| YE-C1SHO!
0S¥1S.82Al ANSAP oeeeenebbinbibebenby N 3een3530633363663030 1959¢ } uonu| €€-€LSHO"!
bebbbooben 1006663636 v/9 Bbeobeoobbebbbb36366 ¥619¢€ } uo| ZE-CLSHD!
ebbeobeebbbeoobeebbe 1/9 J00bbbiobbebeebRlRDD 0519¢ | uoqu| LE-€1SHD!
313030033033333330063 /1 eedbebbieibienioednd 9EYSE 1 uosqu| 0€-CLSHD!
Booenbo33663e0065366 o/L 1benenonb533336veb363 oveSE 1 uosqu| 62-€LSHD!
03006630063306666106 o/L Jj0ed300beeboobeebbbe SPLSE | uonu| 8Z-€1SHD-!
G890881S.4:al ANSApP 20D30b0ben13366636eD v/o 00033306ebbyeDRDRDER 069¥€ | uonu| LZ-€1SHD-!
$E£0€281:al ANSAp eejedbbeoipeoooobeoe 19 00002306363 beeRbRRDbR 8/8€¢ | uoqu| 9Z-€1SHD-!
0363e3036633030R63RD 2/9 BB313003B0eODHHB330eH 8€9€€ | uoqu| GZ-€1SHO-!
bbbered31333336303330 N ©D131666363e060333R) G8E9L | uoqu| Y- LSHOD-!
ooeodeDERERI33DIREE63) v/o D03b633e0bbed316h30b3eS 19191 | uosu| €2-C1SHD-!
ebbibbbiebbbee33nobh iTe) 10666313366be3161563e66 608¥1L | uoJu| Z2-S1SHO-!
bbbeeobbieobbben1bhbhb 209 16306666306e00006016 2,92} | uonu| 12-€1SHD-!
30600063006e00006000 219 bb63eebyenbeoedRdOOR L¥S2ZL | uonu| 02-€LSHO-!
baeobeoooeiieoioebab Y/9 ob30eDd3006b6eRb6300D 16G1L1 | uosu| 6L-CLSHD!
363232302306630e0360063 170 313e033e630330e063306 ZivilL | uosnu| 8L-C1SHD!
J00eb1630006630363eH6 /1 bebooooenonoeebbeoeb 1961 | uosu| LL-€LSHD-!
ebbenpobibobelbbbb5a i¥e) ob3bbe3babb303enb330 oLeL } uoauj 91L-€1SHD-!
6ioeebeebiebbebedoed 0 oeoalbibeobeeboedibed 661L | uoaqu| GL-€1SHD-!
Beoobiooeebeiojeeebe o/1 eebeboooobbebeeb3nib 1912 | uosu| ¥1-€LSHO!
oobbebeeb30316363e637 o/1 b6e0630036300666063D (XA WA | uosu| €1-€1SHD!
DedeiloebIbIOROHODDDY Y/O oooooedobbbioenedeRR 0669 1 uody| ZL-€1SHD!
0336333063003366301317 /9 Beebb10631000666635e6 GGS9 | uonu| LL-€1SHD
2691.28s1:al ANSAP 33b66eb30en3e3330RRbh oN 30006663000330663630 129S | uo| 0L-€1SHD-!
dNSap o3 finuap ,00uanbas aannaday 40ouenbas Bunjuely (. 01 ,5) uoneuep @ouenbas Bupjue)4 uonisod uoiboy al

panunuod °f AqeL



18

9ouanbas 9anIadal B Yim pajedo[ SI UOTIRLIBA dU) SJBIIPUI +
101391 Tended Aq UMOUS SI UOTJBLIBA ,
SI9119] [[RWS AQ PIJOUSP S8 UOIBLIBA [oBS 01 dduanbas Sunuey € 01 6,
(000C SIeIRUOIUY pUB UdUUN(] USP) 2INJB[OUIWOU UOTIBINW Y} 0} SUIPIOIE ST JULIOQUINU dPIIOJINN],
wisiydrowAjod opnogonu-of3urs ‘gNS ‘wsiydiowAjod uonaop ‘[op

313300630 /Leenbebbieab 19p/LY D10eDDbEDRDIDDIRDIDD  HZYGE—EZYSE | uoju| 29-C1SHD-!
jobbebeeeebeeberieed 1op/Y eeeeereeeebbeobebbbD G652 | uoJju| 19-C1SHD-!
3JoDeEDDDIEDIB63DD6166 i) obebijzeibeeeijoiooe 166 uoibas Bupjued & 09-€1SHD-!

+ Byebbbbioobbbb6en 166 1/0 Beoobbb331636ebbeoebe 182 uolbas Bunjued ¢ 66-C1SHD-!
81¥21s1:Al ANSAP B3e3bbienobioeoeent VIO oed33DDDDeDRERY/DOR] €2¢9 uoibai pajejsuenun g 8G-€1SHO!
e0bY/HorD3IDDDORDORDE Y9 oe3bbienbinabieniage 8029 uolbal paje(suenun £ 1G-€1SHO!
02.0€484:a1 ANSAp obeloobbeoedio03ed0b 110 BHaedebRORIOBbRRDDI] 126G uoibals pajejsuenun g 9G-€1SHO-!
Z6p1L.81s1:Al INSAP Jebeeooiobebeeninlba . v/L oep33oeedbp/pijeebed 0485 uoibas pajejsuenun € GG-ELSHO
22.,0€.81:al ANSAP ©030363y/10ed330eedb 219 3jeebeobeeeneobeeeed 6585 uoiBai pajejsuenun £ yS-€LSHO!
£201€251:Ql INSAP 1obbbred3DIRbRDObEES o/L Beeebeobeeenooijend S¥SS uoibal pajesuenun & €5-€LSHO!
LS¥L/81s1al INSAP + ebEE366ee0DL5ebE6633 119 edbeooojeeibiooeseny 0L€S uoibai pajesuesun & 2S-€LSHO!
0SPL.81s1dl ANSAP 13ebiabbeebeono3300] vi9 BebBeobenijobebbeebb €225 uoibay pajejsueun & LS-€LSHO"!
oedbyenejeenbyniion) VIO 321330Bbe333eRRDbRRR]Y £66¥ uoibas pajejsuenun g 0G-€1LSHD-!
edbodedeledeD3b3INID] Yo eodbeebeienbibiebeod GL6V uoibal pajejsuenun £ 6Y-C1SHD-!
3303300300D38333006 /1 beoebbibieeinb300066 098¢ uoifias pajejsuenun g 8p-C1SHD-!
bBbbebbE630eb66306666 oN bboabbebBi63e00002116 /8/€ uoifias pajeisuenun . Ly-€1SHD-!
333e0b30BbbebendorEeR o/l B33ed00b66oe3ebRD363D 12¢¢ uoibai pajejsuenun £ 9p-€1SHO-!
33eedEb53PD3335663033 12 £3030bed00b30866R600 £82¢ uoibas pajejsueuUN € GHELSHO
33330623333363630663e i¥e) 33363303330363663306 0082 uoibai paje[suenun £ PP-€LSHO-!
©3333066603336333363 /O b63106363ebbenboerlan €512 uoibal pajejsuenun £ €P-€1SHO-!

dNSAp 03 Aynuapi ,00uanbas aAnnaday [0ouanbas Bupjue|y (. 01,G) uoneuep @suenbas Bupjuely uonsod uoibay ai

panunuo) °f AqeL



Biotechnology Information, we considered 61 of the 77
SNPs (79%) to be novel as of the middle of July 2001. The
extent of each genomic sequence we screened for SNPs in
this study was 15.3kb for the CHSTI gene locus and 26.6kb
for CHST3 gene locus. Distributions of SNPs at the CHST1
and CHST3 gene loci averaged 1 per 900bp and 443 bp,
respectively, but distribution was uneven along both tran-
scription units, as Fig. 1 makes clear. We have found no
SNPs within coding elements of CHST1, CHST3, or other
CHSTs, suggesting that members of this gene family are
under strong selective pressure to conserve sequences in
those regions. Other genes that encode drug-metabolizing
enzyme genes, e.g., microsomal glutathione S-transferases,
are similarly conserved (Iida et al. 2001a—c). In addition, we
also identified four insertion—-deletion polymorphisms
within the CHST1 and CHST3 gene loci (Fig. 1 and Table 1).

Altogether, we have collected a total of 105 SNPs among
five CHST genes in the Japanese population. We hope that
the virtual experiments made possible by our SNP catalog
will accelerate certain aspects of genomic and pharmaco-
genetic research.
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