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A full-length cDNA coding for a putative intestinal
carboxylesterase (iCE) was isolated from a human
small intestine cDNA library. The cDNA has an open
reading frame of 559 amino acids with up to 65 % ho-
mology to other carboxylesterases of different mam-
malian species. The deduced amino-acid sequence con-
tains many structural features, that are highly con-
served among all carboxylesterase isoenzymes, like
the serine esterase active site, an ER-retention signal
and one Asn-Xxx-Thr site for N-linked carbohydrate
addition. Northern blot analysis revealed that the cor-
responding mMRNA is 3.4-3.6 kb in size and is preferen-
tially expressed in human intestine with a weak signal
also in liver. Analysis of cells from the gastrointestinal
tract unveiled site-specific, transcriptional regulation
of iICE, with higher expression in small intestine and
lower expression in colon and rectum. The high ex-
pression in small intestine is attributable to a higher
expression in jejunum compared to duodenum and il-

eum. © 1997 Academic Press

Carboxylesterases (E.C. 3.1.1.1) are a group of serine
esterases that are found in a wide range of tissues and
organisms. They hydrolyze many xenobiotics, such as
carboxyl esters, thioesters and aromatic amides, and
they are involved in the detoxification and activation of
ester and amide prodrugs (1,2). Some carboxylesterase
isoenzymes (3,4) have been purified and shown to differ
in biochemical, immunological, and genetic properties.
Therefore, mammalian carboxylesterases are now con-
sidered to constitute a family of isoenzymes (5). The
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physiological role of these enzymes is still elusive, al-
though their involvement in the hydrolysis of several
lipids, such as acylcarnitines and palmitoyl-CoA, has
been documented (2). Some members of the carboxyles-
terase/serine esterase multigene family, like the bile
salt stimulated lipase (BSSL), or the acid cholesteryl
ester hydrolase (ACEH) catalyze the hydrolysis of
cholesteryl esters (6). Investigations from several labo-
ratories have implicated a role of the BSSL in mediat-
ing cholesterol absorption in the gut (7). Involvement
in the esterification of cholesterol within the villus cell
has also been demonstrated for BSSL (8,9,10). Another
member of the carboxylesterase multigene family has
been shown to play a role in human cellular cholesterol
homeostasis (11).

MATERIALS AND METHODS

cDNA cloning and sequencing. A human placental gt 11 cDNA
library (Clontech Laboratories Inc., Palo Alto, CA) was screened us-
ing the **P-labeled human carboxylesterase coding sequence (18) as
described previously (22). Positive recombinant phage plaques were
purified and phage DNA was isolated using the Qiagen Lambda kit
(Qiagen, Chatsworth, CA, USA). DNA inserts were obtained by diges-
tion with EcoRI and subcloned into a pUC 18 vector. Nucleotide
sequences were determined by the dideoxy chain-termination
method (23) with T7 DNA polymerase and fluorescent dye-labeled
primer using an automated DNA sequencer (Pharmacia Biotech,
Freiburg, Germany).

5’-RACE (rapid amplification of cDNA ends) PCR. In order to
identify the 5’end of the carboxylesterase gene, the 5’-RACE-Ready
cDNA prepared from human intestine poly(A)* RNA (Clontech, Palo
Alto, CA, USA) was amplified according to the instructions of the
manufacturer. A primary PCR reaction was conducted with the pro-
vided anchor primer and the gene specific primer iCE1 (5’ GCTGAG-
GTACAGGCAGTCCTCAGAC 3') complemen-tary to nucleotide po-
sitions +358 to +389 with respect to the ATG codon. An aliquot of
the initial PCR reaction served as template in a secondary PCR
reaction (nested PCR) with the anchor primer iCE2 (5’ GCTAAG-
AAACTCTGACTCCACTGCG 3’) matching bases +300 to +324 with
respect to the ATG codon, resulting in a 402 bp amplification product.
An additional 5’-RACE PCR was performed using primer iCE3 (5’

0006-291X/97 $25.00
Copyright © 1997 by Academic Press
All rights of reproduction in any form reserved.



Vol. 233, No. 1, 1997

CCCTCACACCACTCCAAGATTCAGG 3’) resulting in a 337 bp PCR
product. Both PCR products were analyzed on a 1.4 % agarose gel,
blotted onto nylon membranes and hybridized with primer iCE4 (5’
GCGGTGGCCTGTGGGCTTCTGC 3') (data not shown). The verified
DNA fragments were cloned in pUC18 and sequenced.

Northern blot analysis. Ten micrograms each of total RNA from
the human mucosa of different intestinal tissues and other sources
(CLONTECH, Palo Alto, CA, USA) were denaturated in formamide
and formaldehyde at 65 °C for 5 min and electrophoresed in an aga-
rose gel containing formaldehyde. RNA was then blotted onto Hy-
bond Nylon membranes (Amersham, Buckinghamshire, England),
and hybridized with a full-length cDNA probe labeled with o*?P-
dCTP using a random priming kit (Amersham). The membranes were
washed in 2 X SSC-0.1% SDS, then in 0.1 X SSC-0.1% SDS at 65
°C for 15 min each and visualized by autoradiography with Kodak
XR5 film at —80 °C with an intensifying screen.

RESULTS AND DISCUSSION

Library screening. A Agtll cDNA library, constructed
from human small intestine, was screened by plaque

-78 TCEAGCGGCCACCCGGGCAGGTCTCTGGGTCAATAGCAGCGTGTCCGCCGGCAGCGAACCGAGACCAGCGAGCTGACT
1 ATG CGG CTG CAC AGA CTT CGT GCG CGG CTG AGC GCG GTG GCC TGT GGG CTT CTG CTG CTT
1 Met Arg Leu His Arg Leu Arg Ala Arg Lou Ser Ala Val Ala Cys Gly lLev Leu Leu Leu
61 CTT GTC CGG GGC CAG GGC CAG GAC TCA GCC AGT CCC ATC CGS ACC ACA CAC ACG GGG CAG
21 Leu Val Arg Gly Gla Gly Gln Asp Ser Ala Ser Pro Ile Arg Thr Thr His Thr Gly Gln
121 GTG CTG GGG AGT CTT GTC CAT GTG RAG GGC GCC AAT GGC GGG GTC CAA ACC TTC CTG GGA
41 Vai Leu Gly Ser Leu Val His Val Lys Gly Ala Asn Ala Gly Val Gln Thr Phe Leu Gly
181 ATT CCA TTT GCC ARG CCA CCT CTA GGT CCG CTG CGA TTT GCA CCC CCT GAG CCC CCT GAA
61 Ile Pro Phe Ala Lys Pro Pro Leu Gly Pro Leu Arg Phe Ala Pro Pro Glu Pro Pro Glu
243 TCT TGG AGT GGT GTG AGG GAT GGA ACC ACC CAT CCG GCC ATG TGT CTA CAG GAC CTC ACC
81 Ser Trp Ser Gly Val Arg Asp Gly Thr Thr His Pro Als Met Cys Leu Gln Asp Leu Thr
301 GCA GTG GAG TCA GRG TTT CTT AGC CAG TTC RAC ATG ACC TTC CCT TCC GAC TCC ATG TCT
101 Ala Va)l Glu Ser Glu Phe Leu Ser Gln Phe Asn Met Thr Phe Pro Ser Asp Ser Met Ser
361 GAG GAC TGC CTG TAC CTC AGC ATC YAC ACG CCG GCC CAT AGC CAT GAA GGC TCT RAC CTG
121 G'u Rsp Cys Leu Tyr Leu Ser Ile Tyr Thr Pro Ala His Ser His Glu Gly Ser Asn Leu
421 CCG GTG ATG GTG TGG ATC CAC GG GGT GGG CTT GTT TTT GGC ATG GCT TGC TTG TAT GAT
141 Pro Val Met Val Trp Ile His Gly Gly Ala Leu Val Phe Gly Met Ala Ser Lea Tyr Asp
481 GGT TCC ATG CT75 GCT GCC T1G GAG AAC GTG GTG GTG GTC ATC ATC CAG TAC CGC CTG GGT
161 Gly Ser Met Teu Ala Rla Leu Glu Asn Val val Val Val Ile Ile Glr Tyr Arg Leu Gly
541 GTC CTG GGS TTC TTC AGC ACT GGA GAC AAG CAC GCA ACC GGC AAC TGG GGC TAC CTG GAC
181 val Leu Gly Phe Phe Ser Thr Gly Asp Lys Kis Ala Thr Gly Asn Trp Gly Tyr Leu Asp
801 CRA GTG GCT GCA CTA CGC TGG GTC CAG CAG RAT ATC GCC CAC TTT GGA GGC AAC CCT GAC
2C1 Gln Val Ala Ala Leu Arg Trp Val Gln Gln Asn Ile Ala His Phe Gly Gly Asn Pro Asp
661 CGT GIC ACC ATT TTT GGC GAG TCT GCG GGT GGC ACG AGT GTG T CTT &TT GTG TCC
221 Arg Vai Thr Ile Phe Gly Glu Ser Ala Gly Gly Thr Ser val r Leu Val Val Ser
*
721 CCC ATA TCC CAA GGA CTC TTC CAC GGA GCC ATC ATG GAG AGT GGC GIG GOC CTC CTG CCC
241 Pro Ile Ser Gln Gly Leu Phe Eis Gly Ala Ile Met Glu Ser Gly Val Ala Leu Leu Pro
781 GGC CTC ATT GIC AGC TCA GCT GAT GTC ATC TCC ACG GTG GIG GCC AAC CTG TCT GCC TGT
261 v neu Ile Ala Ser Ser Ala Asp Val Ile Ser Thr Val Val Ala Asn Leu Ser Ala Cys
241 GAC CAR GTT GAC TCT GAG GCC CTG GTG GGC TGC CTG CGG GGC AAG AGT AAM GAG GAG ATT
281 Asp Gln Val Asp Ser Glu Ala Leu Val Gly Cys leu Arg Gly Lys Ser Lys Glu Glu Tle
901 CTT GCA ATT AAC AAG CCT TTC AAG ATG ATC CCC GGA GIG GIG GAT GGG GTC T7C CTG CCC
301 Teu Ala Ile Asn Lys Pro Phe Lys Met Ile Pro Gly val Val Asp Gly Val Phe Leu Pro
962 AGG CAC CCC CAG GAG CTG CTG GCC TCT GCC GAC TTT CAG CCT GYC CCT AGC ATT GTT GGT
321 Arg His Pro Gln Glu Leuw Leu Ala Ser Ala Asp Fhe Gln Pro Val 2ro Ser Ile Val Gly
1021 GTC AAC AAC AAT GBA TTC GGC TGG CTC ATC CCC ARG GTC ATG AGG ATC TAT GAT ACC CAG
341 Val Asn Asn Asn Glu Phe Gly Trp Leu Tle ?ro Lys Val Met Arg Ile Tyr Asp Thr Gln

1081  AAG GAA ATG GAC AGA GAG GCC TCC CAG GCT GCT CTG CAG ARA ATG ITA ACG CTG CTG ATG
361 Lys Glu Met Asp Arg Glu Ala Ser Gln Ala Ala Leu Gin Lys Met Leu Thr Leu Lou Met

1341 TTG CCT CCT ACA TTT GGT GAC CTG CTG AGG
381 Leu Pro Pro Thr Phe Gly Asp Leu Leu Arg

GAG TAC ATT GGG GAC AAT GGG GAT CCC
Glu Tyr Ile Gly Asg Asn Gly Asp Pro

120%  ChG ACC CTC CAA GCG CAG TTC CAG GAG ATG ATG GCG GAC TCC ATG TIT GTG ATC CCT GCA

401 Gln Thr Leu Gln Als Gln Phe Gln Glu Met Met Ala Asp Ser Met Phe val Ile Pro Ala
1261  CTC CAR GTA GCA CAT TTT CAG TGT TCC CGG GCC CCT GTG TAC TTC TAC GAG TTC CAG CAT
a2z Leu Gln Val Ala His Phe Gin Cys Ser Arg Ala Pro Val Tyr Phe Tyr Glu Phe Gln lHis
1321 CAG CCC AGC TGG CTC AAG AAC ATC AGG CCA CCG CAC ATG ARG GCA GAC CAT GGT GAT GAG
441 Gln Pro Ser Trp Lev jys Asn Ile Arg Pro Pro His Met Lys Ala Asp His Gly Asp Glu
*
1381  CTT CCT TTT GIT TTC AGA AGT TTC TTT GGG GGC ARC TAC AIT ARA TTC ACT GAG GAA GAG
461 Leu ?ro Phe Val Phe Arg Ser Phe Phe Gly Gly Asn Tyr Ile Lys Phe Thr Glu Glu Giu

1441 GAG CAG CTA AGC AGG AAG ATG ATG AAG TAC TGG GCC AAC TTT GCG AGR AAT GGG AAC CCC
481 Glu Gln Leu Ser Arg Lys Met Met Lys Tyr Trp Ala Asn Phe Ala Arg Asn Gly Asn Pro

1501 AAT GGC GAG GGT CTG CCA CAC TGG CCG CTG TTC GAC CAG GAG GAG CAA TAC CTG CAG CTG
501 Asn Gly Glu Gly Leu Pro His Trp Pro leu Phe Asp Gln Glu Glu Gln Tyr Leu Gln Leu

1561 RAC CTA CAG CCT GCG GTG GGC CGG GCT CTG AAG GCC CAC AGG CTC CAG TTC TGG AAG BAG
521 Asn Leu Gln Pro Ala Val Gly Arg Ala Leu Lys Ala 8is Arg Leu Gln Phe Trp Lys Lys

1621  GCG CTG CCC CAA ARG ATC CAG GAG CTC GAG GAG CCT GAR GAG AGR CAC ACA GAG CTG TAG
541 Ala Leu Pro Gln Lys Iie Gln Glu Leu Glu Glu Pro Glu Glu Arg His Thr Glu Leu end

1681  CTCCCTGTGCCG!

1760  AGAARGAAGTTGAT
1833 CATTCATTCATACT
1918 TARTCCCAGCTATT
1997 AGTGAGACCCCTTCTCARAAAAARARAARMAANAAGAGAGEGTGTGTGAT TAGRAGCTAAATAGGARAGT TTTGAGCTT
2076  CAAGTCAGTGAGGAGTARAARAGATTTTTAARAAGCAA

TGGGTTCGCTGACAGGCGAGGETCA GCTGTGCCCACACACRCCCACTARGG
CCTTCATTCACTTCGCCATT! CATACTTC! GAAGTTGATTCCTTCATTCACTTCGC
CGTCCATCCATTCAGAARCCGGYATTTATTAAGAATT TACTCAGGCATGATGGCCCATACTTG
GARGGATGAGATGGGAGGATGGCT TGAGGCCAGAGG T TTGAGACCGACCAGCCAGGGCAATAC

FIG. 1. The human intestine cDNA sequence (iCE) and the de-
duced amino acid sequence are shown. Translation starts at position
1 and terminates at position 1677. A putative signal peptide is indi-
cated by broken underscore. Serine and histidine residues presumed
to be part of the active site are labeled (). Potential glycosylation
sites, cysteine residues and the C-terminal retention signal are indi-
cated by boldface underscoring.
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#
human iCE 1 MRLHRLRARLSAVACGLLLLLVRGQGQDSASPTRTTHTGOVLGSLVHVKGANAGVQTFLG
human CE 1 MWLRAFILATLSASAAW-----=-~ GHPSSPPVVDTVHGKVLGKEVSLEGFAQPVAIFLG
rat CE 1 —mmmmmme MWLHALVWASLAVCPILGHSLLPPVVDTTQGKVLGKY ISLEGFEQPVAVFLG
rabbit CE 1 PPVVDTVKGYVLGKFVSLEGFAQPVAVFLG
P P
#

61 IPFAKPPLGPLRFAPPEPPESWSGVRDGTTHPAMCLODLTAVE-SEFLSQFNMTFPSDSM
53 IPFAKPPLGPLRFTPPQPAEPWSFVKNATSYPPMCTODPRAGQLLSELFTNRKENIPLKL
53 VPFAKPPLGSLRFAPPQPAEPWSFVKNATSYPPMCSODAGWAKILSDMFSTEKEILPLKI
35 VPE‘AKPPLGSLRFAPPQPAESWSHVKNTTSYPPMCSSDAVSGHMLSELFTNRKENIPLK}
KRk kA RNE AAK Rk %k Ak kL w4 Kk %
#
120 SEDCLYLSIYTPAHSHEGSNLPVMVWIHGGALVFGMASLYDGSMLAALENVVVVIIQYRL
113 SEDCLYLNIYTPADLTKKNRLPVMVWIHGGGLMVGAASTYDGLALAARHENVVVVTIQYRL
113 SEDCLYLNIYSPADLTKSSQLPVMVWIHGGGLYIGGRSPYNGLALSAHENVVUVTIQYRL
95 SEDCLYLNIYTPADLTKRGRLPVMVWIHGGGLMVGGASTYDGLALSAHENVVVVTIQYRL

Rakkkkw Rk kk | kakkkkkae b k% %k h h kA ek KkRkA

*
180 GVLGFFSTGDKHATGNWGYLDQVARLRWVQQONIAHFGGNPDRVTIFGESAGGTSVSSLYV
173 GIWGFFSTGDEHSRGNWGHLDQVAALRWYVQDNIASFGGNPGSVTIFGESAGGESVSVLVL
173 GIWGLFSTGDEHSPGNWAHLDQLAALRWVODNIANFGGNPDSVTIFGESSGGISVSVLVL
155 GIGGFGFNIDELF-=-==-~- LVAVNRWVQDNIANFGGDPGSVTIFGESAGGOSVSILLL
. . . [ S PN
# #
240 SPISQGLFHGATMESGVALLEGLI-ASSADVISTVVANLSACDQVDSEALVGCLRGKSKE
233 SFLI-\KNLFHRAISESG\II-\LTSVLVKKGDVKPLAEQIAmGCKTTTSAVMVHCLRQKTEE
233 SPLGKDLFHRAISESGVVINTN- ~VGKKNIQAVNEI IATLSQCNDTS SAAMVQCLRQKTES
207 SPLTKNLFHRAISESGVALLSSLFRK-NTKSLAEKIAIEAGCKTTTSAVMVHCLROKTEE

Wk ke wk xwkk Lok P

299 EILAINKPFK-———-———==-==--] MIPGVVDGVFLPRHPQELLASADEQPVPS IVGVNN
293 ELLETTLKMKFLSLDLQGDPRESQPLLGTYVIDGMLLLKTPEELQAERNFHTVEYMVGINK
292 EL--=~-——--— LEISGKLVQYNISLSTMIDGVVLPKAPEET LAEKSENTVRY IVGENK
266 ELMEVTLKMKFMALDLVGDPKENTAFLTTVIDGVLLPKAPAEIYEEKKYNMLPYMVGINQ

LEEL %Lk ke ke

344 NEFGWLIPKVMRIYD-TQKEMDREASQAALOKMLTLLMLPETFGDLLREEY IGDNGDPQT
353 QEFGWLIPMQLMSYPLSEGQLDOKTAMSLLWKSYPLVCIAKELI PEATEKYLGGTDDTVK
341 QEFGWIIPMMLONL~LPEGKMNEETASLLLRRFHSELNISESMIPAVIEQYLRGVDDPAK
326 QEFGWIIYMQMLGYPLSEGKLDQKTATELLWKSYPIVNVS}\EL’TPVATEKYLGG'TDDPVK
T ) . T
# *
403 LQRQFQEMMADSMEVIPALQVAHFQCSR-APVYFYEFQHQPSWLKNIRPPHMKADHGDEL
413 KKDLFLDLIADVMFGVPSVIVARNHRDAGAPTYMYEFQYRPSFSSDMKPKTVIGDHGDEL
400 KSELILDMFGDIFFGIPAVLLSRSLRDAGVSTYMYEFRYRPSFVSDKRPQTVEGDHGDE L
386 KKDLFLDMLADLLFGVPSVNVARHHRDAGAPTYM‘{EYRYRPSFSSDMRPKTVIGDHGDE[

R w kA ek, *

..... .
462 PFVFRSFFGGNYIKFTEEEEQLSRKMMKYWANFARNGNPNGEGLPHWPLEDOEEQYLOLN
473 FSVFGAPFLKE--GASEEEIRLSKMVMKFWANFARNGNPNGEGLPHWPEYNQKEGYLQIG
460 FFVFGAPLLKE--GASEEETNLSKMVMKFWANFARNGNPNGEGLPHWPEYDEQEGYLQIG
446 FSVLGAPFLKE--GATEEE IKLSKMVMKYWANFARNGN PNGEGLPQWPAYDYKEGYLQIG
o R AR AR R A Py
522 LOPAVGRALKAHRLOFWKKALPQKIQELEEPEERHTEL
531 ANTQAAQKLKDKEVAFWTNLFAKKAVE-KPPQTEHIEL
518 ATTQQAQRLKAEEVAFWTELLAKNPPETDPTEHTEHK-
504 ATTQAAQKLKDKEVAFWTELWAKEAARPRETEHIEL--

Lok YR

FIG. 2. Amino acid sequence comparison between the human
iCE, rat E1 (17), rabbit CE (16) and human carboxylesterases (15,18).
Alignment was carried out using MULTALIGN from the HUSAR
package (DKF2, Heidelberg). An asterisk indicates identity of all
carboxylesterases; a dot shows homology in three members of the
comparison. Potential glycosylation sites and the C-terminal reten-
tion signal are indicated by boldface underscoring. Serine and histi-
dine residues presumed to be part of the active site are labeled (#).
Five cysteine residues are indicated (#).

hybridization using a 520-bp Pstl fragment from a hu-
man carboxylesterase cDNA (9), isolated from human
liver. From 1 X 10° plaques tested, 18 positive clones
were isolated and the insert recovered by PCR amplifi-
cation. The largest cDNA inserts were subcloned into
pUC18 and sequenced with T7 DNA polymerase and
fluorescent dye-labeled primer using an automated
DNA sequencer (ALF, Pharmacia).

Sequencing of full-length cDNA. In order to obtain
the full-length cDNA sequence of the iCE mRNA, a 5’-
RACE-Marathon-Ready cDNA (Clontech, Palo Alto), pre-
pared from human small intestine poly (A)* RNA, was
amplified by 5’-RACE according to the instructions of the
manufacturer (Clontech). A 402-bp long 5’-RACE PCR
product, that overlapped the cDNA by 112 bp, was ob-
tained using a nested PCR reaction with 2 iCE specific
primers (iCE1, iCE2) from the 5’end of the iCE cDNA.
The origin of the PCR product was verified through posi-
tive hybridization with an oligonucleotide (iCE4) preced-
ing the primers used for RACE-PCR. Cloning and se-
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FIG. 3. Northern blot analysis of human liver (1), lung (2), peritoneal cells (3), synovial cells (4), Caco-2 cells (5), monocytes (6), monocytes
(cultured for 7 days) (7) and small intestine(8) RNA with cDNA of human iCE. Total RNA (10 pg) was electrophoresed on agarose gels,
transferred to nylon membranes and hybridized to the **P-labeled full-length iCE cDNA probe.

guencing revealed that transcription starts 78 nucleo-
tides upstream of the presumed ATG start codon. This
transcription start point was also verified by an indepen-
dent 5-RACE-PCR with oligonucleotides derived from
sequences downstream of iCE1 and iCE2.

The nucleotide and deduced aminoacid sequence of
iCE is shown in Fig. 1. The cDNA is 2154 base pairs
(bp) long with an open reading frame of 1677 bp encod-
ing a polypeptide of 559 amino acid residues. The puta-
tive start codon is preceded by a 78 bp long 5’-UTR. The
nucleotide sequence surrounding the first ATG codon is
in agreement with the Kozak consensus sequence (12)
for functional initiation codons often found in eucary-
otic mMRNAs (11). The cDNA contains 6 Cys residues
with one of them being part of the presumed signal
peptide. Cysteines are known to be conserved in car-
boxylesterases and presumably form disulfide bonds.
In addition, two Asn residues at position 111 and 276
in the N-X-S/T motif, which is known to be a putative
N-glycosylation site (12), are present. The Ser at 228
in the G-X-S-X-G motif, which is common to the active
site of the serine esterase family (13), is believed to be
part of the active site of the iCE (14). A tetrapeptide
at the C-terminus (His-Thr-Glu-Leu) very likely repre-
sents the ER-retention signal.

Amino acid sequence comparison. Shibata et al.
(15) classified carboxylesterases into 3 groups, ac-
cording to the C-terminal tetrapeptide and the pres-
ence or absence of a peptide sequence encoded by exon
8 of the human carboxylesterase gene. Fig. 2 shows an
alignment of the amino acid sequence of the intestinal
carboxylesterase with those of three carboxylesterases
that belong to 3 distinct groups. Rabbit CE (16) for
group I, rat E1 (17) for group Il and human carboxyles-

terases (15,18) for group Ill. The protein sequence of
the human iCE showed 62.9 %, 65.6 % and 65.1 %
homology to the group I, Il and 11l carboxylesterases,

respectively. The serine 228 in the pentapeptide G-X-
S-X-G and the histidine 457 that constitute the active

site, are conserved in iCE. In addition, the four cys-
teines involved in disulfide bonds in carboxyl-esterases
are also conserved in iCE. The C-termini of the human
intestinal, liver and rabbit carboxylesterases contain
the identical H-X-E-L tetrapeptide, a signal for protein
retention at the luminal side of endoplasmatic reticu-
lum (19, 20). The C-terminal protein sequences of group
Il enzymes have conserved H-T-E-H-X amino acid resi-
dues which are believed to be relevant for secretion (19,
21). All of the carboxylesterases have N-X-T/S sites for
N-linked carbohydrate addition.

Tissue distribution of iCE mRNA. In order to deter-
mine the tissue distribution of iCE mRNA expression,
Northern blot analysis was performed at a selected set
of RNAs. Equal amounts of total RNA isolated from
human intestine (mucosa), lung, liver, synovial cells,
peritoneal cells, Caco-2 cells, monocytes and monocytes
cultured for 7 days, were separated by gel electrophore-
sis, blotted and hybridized with a *P-labeled iCE cDNA
probe. As seen in Fig. 3, the iCE mRNA is moderately
expressed in liver and highly expressed in intestine.
Three mRNA species of different size (3.4 kb, 4.5 kb and
2.2 kb) were identified. Whether these forms originate
because of the use of different transcription start
points, or are the result of alternative splicing, is still
elusive. It is also conceivable that, because of the rela-
tively high homology among the carboxylesterases, the
hybridization signals may reflect cross-hybridization
with so far uncharacterized isoenzymes. Overex-
pression and purification of the iCE will enable the
characterization of functional specificities as well as
the analysis of tissue distribution using antibodies
raised against the protein, in comparison to other car-
boxylesterases.

In order to elucidate the physiological functions of
iCE , Northern blot analysis using RNAs from different
intestinal tissues was performed (Fig. 4). The expres-
sion of iCE mRNA in healthy tissues of the small intes-
tine, colon and rectum revealed high expression in
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FIG. 4. Northern blot analysis of different gastrointestinal tis-
sues. Each lane was loaded with 10 pg of total RNA isolated from
enterocytes of the mucosa of a healthy individual (duodenum, lane
1; jejunum, lane 2; ileum, lane 3). The RNA was extracted with
guanidinium-thiocyanate buffer and purified by CsCl centrifugation,
separated on a denaturing gel, transferred to Gene Screen plus mem-
branes (New England Nuclear, Boston, MA 02118) and probed with
a *?P-labeled full length iCE cDNA.

small intestine and low expression in rectum (data not
shown). The higher expression in small intestine is
mainly attributable to a higher expression in the jeju-
nal region (Fig. 4, lane 2), compared to a moderate
expression in duodenum (Fig. 4, lane 1) and low expres-
sion in ileum (Fig. 4, lane 3). These data possibly indi-
cate that iCE may be important for xenobiotic control
and detoxification of the intestinal mucosa. Whether
the iCE expression pattern responds to certain gastro-
intestinal inflammatory diseases, in particular of the
colon (Ulcerative Colitis and Crohn$ disease), thus in-
dicating an involvement in the xenobiotic control and
detoxification of the intestinal mucosa, is currently un-
der investigation.

We have cloned and characterized a new member of
the carboxylesterase family that is expressed in human
intestine and liver. Overexpression and purification of this
novel protein, followed by the characterization of func-
tional specificities and analysis of the tissue distribution

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

of iCE using antibodies, will contribute to understand its
specific role in the large family of carboxylesterases.
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