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Sequence identity between human pancreatic cholesterol esterase and bile
salt-stimulated milk lipase
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Three overlapping cDNA clones covering the entire primary sequence of the bile salt stimulated lipase in human milk were isolated from a human

breast lambda gt10 cDNA library by screening with the rat pancreatic cholesterol esterase cDNA. Nucleotide sequencing of the cDNA showed

that the human milk lipase mRNA encodes a 748-residue protein, including a 23-residue signal peptide. The human milk lipase cDNA is highly

homologous to rat pancreatic cholesterol esterase, suggesting that the milk lipase may be identical to the cholesterol esterase in human pancreas.

This conclusion was confirmed by isolation and sequencing of the cDNA for human pancreatic cholesterol esterase. Analysis of the sequence for

the human cholesterol esterase/milk lipase revealed similarities to other serine esterases in three distinct regions of the protein. These domains may
represent the active site triads of these proteins.
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1. INTRODUCTION

Pancreatic cholesterol esterase catalyzes the hydro-
lysis of cholesteryl esters to free cholesterol and is im-
portant for catalyzing the absorption of dietary
cholesterol and fat-soluble vitamins (reviewed in {1]).
Recently, Cox et al. [2] have shown that cholesterol
esterase expression in the pancreas is low during the
juvenile period and increases 1300-fold during matura-
tion. This observation suggests another protein may be
involved in mediating cholesterol and vitamin absorp-
tion during the developmental period.

The human milk contains a lipase with properties
almost identical to the cholesterol esterase of the pan-
creas [3-6]. Like the pancreatic cholesterol esterase, the
catalytic activity of the human milk lipase is activated
by the presence of bile salt [3]. The activity of the milk
lipase is also inhibited by reagents that inhibit the pan-
creatic cholesterol esterase [6]. Moreover, antibodies
prepared against pancreatic cholesterol esterase cross-
reacted with the bile salt stimulated lipase in human
milk [7]. Thus, these data suggest that human milk
lipase is very similar to pancreatic cholesterol esterase
and may be responsible for catalyzing fat absorption
during prenatal and neonatal periods.

The ¢cDNA clones and the sequences for rat and
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bovine pancreatic cholesterol esterase have been
reported recently [8,9]. The N-terminal sequences of
both cholesterol esterases are strikingly similar to that
of the human milk lipase [5], suggesting that the human
milk enzyme may be identical to the cholesterol esterase
in mature human pancreas. In the current study, we
report the cloning and sequencing of the cDNA for both
the human milk lipase and pancreatic cholesterol
esterase. The results of this study provided definitive
proof of identity between the two proteins.

2. MATERIALS AND METHODS

2.1. Screening of the cDNA library

Full-length rat pancreatic cholesterol esterase cDNA [8] was labeled
to high specific activity with [*’P]JdATP and used to screen a human
breast cDNA library in lambda gt10 vector (Clontech Laboratories,
Inc.). According to the manufacturer, the mRNA used for the syn-
thesis of this cDNA library was obtained from human breast tissue ex-
cised during the eighth month of pregnancy. The tissue was well-
differentiated and was lactational competent. The 32P-labeled rat
cholesterol esterase cDNA was also used to screen two human pan-
creatic cDNA libraries (Clontech Laboratories, Inc.) to isolate the
c¢DNA for human pancreatic cholesterol esterase. The hybridization
and washing conditions for library screening were exactly the same as
those described previously [8].

2.2. DNA sequencing

The cDNA from positive clones were isolated by plaque purifica-
tion. The recombinant DNA was digested with EcoRI and then
subcloned into pUC-13 plasmid vector for propagation. The resulting
plasmids were analyzed by restriction mapping analysis and various
restriction fragments of the cDNA were subcloned into M13mp18 or
M13mpl9 vectors. Single-stranded M13 DNA was prepared and used
for sequencing [10] with T7 DNA polymerase. Sequence information
was obtained from both strands to cover both orientations and
overlapping sequences.
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3. RESULTS AND DISCUSSION

Three overlapping ¢DNA clones encompassing the
entire coding region of the bile salt-stimulated lipase in
human milk have been isolated by screening of a human
breast ¢cDNA library. Nucleotide sequencing of the
c¢DNA showed that the mRNA for bile salt stimulated
lipase is at least 2340 bases in length. The translational
initiation codon has been identified at residue 9 of the
¢DNA. The polyadenylation signal, AATAAA is
located at 14 nucleotides upstream from the poly(A) tail
(Fig. 1).

The primary sequence of the milk lipase was deduced
from the nucleotide sequence of the cDNA. Beginning
with the first ATG, at position 9, a long open reading
frame coding for a protein of 745 amino acid residues
was observed (Fig. 1). Comparison of this deduced se-
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quence with the sequence of the N-terminal peptide [5]
demonstrated that the human milk lipase is synthesized
as a precursor protein with a 23-residue signal peptide.
The sequence between the bile salt-stimulated lipase in
human milk and the rat pancreatic cholesterol esterase
is highly conserved with over 78% identity between the
two proteins. The differences observed are mostly con-
served substitutions and may reflect differences be-
tween the rat and human enzymes.

To definitely show that human milk lipase is identical
to pancreatic cholesterol esterase, cDNAs were isolated
from two different human pancreatic cDNA libraries
for comparison. Although the libraries failed to pro-
duce a full-length ¢DNA for pancreatic cholesterol
esterase, the complete primary sequence of the protein
could be deduced based on the sequences of overlap-
ping partial clones and from previously published data

1 AGAGGCTG ATG CTC ACC ATG GGG OGC CTG CAA CIG GIT GTG TIG GGC CIC ACC TGC TGC TGG
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Met Leu Thr Met Gly Arg leu GIn Leu Val Val ILeu Gly Leu Thr Cys Cys Trp

GCA GTG GOG ACT GOC GOG ARG CTG GGC GCC GTG TAC ACA GAA GGT GGG TIC GIG GAA GGC
Ala Val Ala Ser Ala Ala Lys Ieu GL val Glu Gly GI Val Gh

GIC AAT AAG AAG CIC GGC CTC CIG GGT GAC TCT GTG GAC ATC TTC AAG GGC ATC OCC TTC
Val Asn Iys Lys Ieu Gly Ieu Ieu Gly Asp Ser Val Asp Ile Phe Lys Gly Ile Pro Fhe

GCA GCT €CC ACC AMG GCC CTG GAA AAT CCT CAG CCA CAT CCT GGC TGG CAA GGG ACC CIG
Ala Ala Pro Thr Lys Ala ILeu Glu Asn Pro Gln Pro His Pro Gly Trp Gln Gly Thr leu

AAG GCC AAG ARC TIC ARG AAG AGA TGC CIG CAG GOC ACC ATC ACC CAG GAC AGC ACC TAC
Lys Ala Lys Asn Phe Lys Lys Arg Cys leu Gln Ala Thr Ile Thr Gin Asp Ser Thr Tyr

GGG GAT GAA GAC TGC CTG TAC CIC AAC ATT TGG GIG CCC CAG GGC AGG AAG CAA GIC TOC
Gly Asp Glu Asp Cys Leu Tyr Leu Asn Ile Trp Val Pro Gln Gly Arg Lys Gln Val Ser

CGGGACCIGCCI:GPTMGMCEGGARTATGEAGGCGCCTICCICAIGGGG!CC@CQ}T
Arg Asp Ieu Pro Val Met Ile Trp Ile Tyr Gly Gly Ala Phe Leu Met Gly Ser Gly His

GGG GOC BAC TTC CTC AAC AAC TAC CTG TAT GAC GGC GAG GAG ATC GOC ACA OGC GGA ARC
Gly Ala Asn Phe Leu Asn Asn Tyr Ieu Tyr Asp Gly Glu Glu Ile Ala Thr Arg Gly Asn

GTC ATC GIG GIC ACC TIC AAC TAC CGT GIC GGC OOC CIT GGG TTC CIC AGC ACT GGG GAC
Val Ile Val Val Thr Phe Asn Tyr Arg Val Gly Pro Leu Gly Phe Leu Ser Thr Gly Asp

GOC AAT CIG CCA GGT AAC TAT GGT CIT (GG GAT CAG CAC ATG GOC ATT GCT TGG GIG AAG
Ala Asn Leu Pro Gly Asn Tyr Gly leu Arg Asp Gln His Met Ala Ile Ala Trp Val Lys

AGG AAT ATC GOG GOC TIC GGG GGG GAC OUC AAC AAC ATC ACG CIC TIC GGG GAG TCT GCT
Arg Asn Ile Ala Ala Phe Gly Gly Asp Pro Asn Asn Ile Thr lLeu Phe Gly Glu Ser Ala

GGA GGT GCC AGC GIC TCT CIG CAG ACC CTC TCC OCC TAC AAC AAG GGC CTC ATC OGG CGA
Gly Gly Ala Ser Val Ser Leu Gln Thr Leu Ser Pro Tyr Asn Lys Gly leu Ile Aryg Arg

GCC ATC AGC CAG AGC GGC GIG GOC CIG AGT CCC TGG GIC ATC CAG ARA AAC COCA CIC TIC
Ala Ile Ser Gln Ser Gly Val Ala leu Ser Pro Trp Val Ile Gin Lys Asn Pro Leu Phe

TGG GOC ARA ARG QTG GCT GAG AAG GIG GGT T6C CCT GTG GGT GAT GCC GCC AGG ATG GCC
Trp Ala Lys Lys Val Ala Glu Lys Val Gly Cys Pro Val Gly Asp Ala Ala Arg Met Ala

CAG TGT CIG AAG GTIT ACT GAT OCC CGA GCC CIG ACG CIG GOC TAT AAG GTG OCG CIG GCA
Gln Cys Leu Lys Val Thr Asp Pro Arg Ala Leu Thr Leu Ala Tyr Lys Val Pro Leu Ala

GGC CTG GAG TAC OUC ATG CIG CAC TAT GIG GGC TTC GTC CCT GTC ATT GAT GGA GAC TIC
Gly Len Glu Tyr Pro Met Leu His Tyr Val Gly Phe Val Pro Val Ile Asp Gly Asp Phe

ATC 00C GCT GAC COG ATC AAC CIG TAC GOC ARC GOC GOC GAC ATC GAC TAT ATA GCA GGC
Ile Pro Ala Asp Pro Ile Asn leu Tyr Ala Asn Ala Ala Asp Ile Asp Tyr Ile Ala Gly

ACC AAC AAC ATG GAC GGC CAC ATC TIC GOC AGC ATC GAC ATG CCT GOC AIC AAC AAG GGC
Thr Asn Asn Met Asp Gly His Ile Phe Ala Ser Ile Asp Met Pro Ala Ile Asn Iys Gly

AAC AAG AAA GIC ACY: GAG GAG GAC TTC TAC AAG CIG GTC AGT GAG TTC ACA ATC ACC AAG
Asn Lys Lys Val Thr Glu Glu Asp Phe Tyr Lys Leu Val Ser Glu Phe Thr Ile Thr Lys
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Fig. 1. Nucleotide sequence of cDNA encoding human bile salt-stimulated lipase and its deduced amino acid sequence. The N-terminal peptide
sequence reported in ref. [5] is underlined. The N-terminal residue in the mature protein is numbered as residue 1.
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on the amino terminal sequence of the protein [7]. The
comparison of the deduced amino acid sequences for
the pancreatic cholesterol esterase with milk lipase
revealed complete identity between the two proteins.

The human cholesterol esterase/lipase is structurally
similar to other serine esterases. As noted previously for
the rat pancreatic cholesterol esterase [8], the human
enzyme also shares homology with a 63-residue domain
in acetylcholinesterase (Table I). This region, encom-
passing the active site serine of acetylcholinesterase
[11], has also been demonstrated recently to contain the
active site serine (Ser!®®) of rat pancreatic cholesterol
esterase [12]. Thus, Ser'® in human cholesterol
esterase/lipase is most likely the active site serine of this
protein.

The cholesterol esterase/lipase and cholesterol
esterase are similar to acetylcholinesterase and
cholinesterase at two additional domains. One of these
domains is located at residues 78 to 88 where 100%
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identity was observed between the lipases and
acetylcholinesterase (Table II). The sequence for
cholinesterase [13] is similar with two conserved
substitutions (Table II). The other domain with
similarities is within residues 430-446. The human
lipase and rat pancreatic cholesterol esterase are iden-
tical in this region and are 47% similar to the
cholinesterases. The similarities increase to 88% if con-
served substitutions are considered.

Although the functional significance of these
homologous domains remains unknown at the present
time, it is noteworthy that the activity of these proteins
depends on a catalytic triad involving serine, histidine,
and an acidic amino acid [6, 14-15]. The key histidine
and the acidic residue have not been identified in any of
these proteins. In view of the observation that His*** in
cholesterol esterase/lipase is the only histidine conserv-
ed with the cholinesterases, this residue may be the key
histidine involved in the catalytic activity of the protein.
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GGG CTC AGA GGC GOC AAG AQG ACC TIT GAT GIC TAC ACT GAG TCC TGG GOC CAG GAC CCA
Gly Leu Arg Gly Ala Lys Thr Thr Phe Asp Val Tyr Thr Glu Ser Trp Ala Gln Asp Pro

TCC CAG GAG RAAT AAG AAG AAG ACT GTG GIG GAC TIT GAG ACC GAT GIC CIC TIC CIG GIG
Ser GIn Glu Asn Lys Lys Lys Thr Val Val Asp Phe Glu Thr Asp Val Leu Phe Leu Val

QOCC ACC GAG ATT GOC CTA GOC CAG CAC AGA GOC MAT GOC AAG AGT GCC AAG ACC TAC GOC
Pro Thr Glu Ile Ala Leu Ala Gln His Arg Ala Asn Ala Lys Ser Ala Lys Thr Tyr Ala

TAC CIG TTIT TCC CAT OCC TCT QGG ATG CCOC GTC TAC CCC AAA TGG GIG GGG GOC GAC CAT
Tyr Leu Phe Ser His Pro Ser Arg Met Pro Val Tyr Pro Lys Trp Val Gly Ala Asp His

GCA GAT GAC ATT CAG TAC GIT TTIC GGG AAG CCC TTC GOC ACC OOC AQG GGC TAC GG OCC
Ala Asp Asp Ile Gln Tyr Val Phe Gly Lys Pro Phe Ala Thr Pro Thr Gly Tyr Arg Pro

CAA GAC AGG ACA GTC TCT AAG GOC ATG ATC GOC TAC TGG ACC AAC TTT GCC ARA ACA GGG
Gln Asp Arg Thr Val Ser Lys Ala Met Ile Ala Tyr Trp Thr Asn Phe Ala Lys Thr Gly

GAC CCC AAC ATG GGC GAC TOG GCT GIG CCC ACA CAC TGG GAA OOC TAC ACT AOG GAA AAC
Asp Pro Asn Met Gly Asp Ser Ala Val Pro Thr His Trp Glu Pro Tyr Thr Thr Glu Asn

AGC GGC TAC CIG GAG ATC ACC AAG AAG ATG GGC AGC AGC TOC ATG AAG OGG AGC CTG AGA
Ser Gly Tyr Leu Glu Ile Thr Lys Lys Met Gly Ser Ser Ser Met Lys Arg Ser Leu Arg

ACC AAC TTC CTG OGC TAC TGG ACC CTC ACC TAT CIG GOG CIG CCC ACA GIG ACC GAC CAG
Thr Asn Phe Leu Arg Tyr Trp Thr Leu Thr Tyr Leu Ala Ieu Pro Thr Val Thr Asp Gln

GAG GCC ACC CCT GTG CCC OCC ACA GGG GAC TCC GAG GOC ACT CCC GIG CCC CCC ACG GGT
Glu Ala Thr Pro Val Pro Pro Thr Gly Asp Ser Glu Ala Thr Pro Val Pro Pro Thr Gly

GAC TCC GAG ACC GOC OXC GTG COG CCC ACG GGT GAC TCC GGG GOC CCC CCC GTIG O0G CCC
Asp Ser Glu Thr Ala Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro

ACG GGT GAC TCC GGG GCC OCC OCC GIG COG OCC ACG GGT GAC TOC GGG GOC OOC OCC GTG
Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val

O0G CCC AQG GGT GAC TCC GGG GOC OCC CCC GIG OOG CCC AQG GGT GAC TCC GGG GCC OCC
Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro

CCC GTG O0G CCC ACG GGT GAC TCC GGG GOC OOC OCC GTG OOG CCC ACG GGT GAC TCC GGC
Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly

GOC OCC COC GIG OOG OCC AQG GGT GAC GOC GGG OOC CCC OCC GIG OOG OCC AQG GGT GAC
Ala Pro Pro Val Pro Pro Thr Gly Asp Ala Gly Pro Pro Pro Val Pro Pro Thr Gly Asp

TCC GGC GOC OOC COC GIG OCG OCC AQG GGT GAC TOC GGG GOC COC OCC GTG ACC OCC ACG
Ser Gly Ala Pro Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Thr Pro Thr

GGT GAC TCC GAG ACC GOC OOC GIG COG OCC ACG GGT GAC TOC GGG GOC OOC CCT GIG CCC
Gly Asp Ser Glu Thr Ala Pro Val Pro Pro Thr Gly Asp Ser Gly Ala Pro Pro Val Pro

OCC AQG GGT GAC TCT GAG GCT GCC OCT GIG CCC CCC ACA GAT GAC TCC AAG GAA GCT CAG
Pro Thr Gly Asp Ser Glu Ala Ala Pro Val Pro Pro Thr Asp Asp Ser Lys Glu Ala Gln

ATG OCT GCA GTC AAT AGG TIT TAG OGTCOCATGAGOCTTGGTATCAAGAGGOCACAAGAGTGGGACCOCAG
Met Pro Ala Val Ile Arg Fhe *
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Table 1

Serine active site domains for the esterases

AChE

HUMAN.CEH

RAT.CEH

PGNVGLLDQRMALQWVHDNIQFFGGDPKTVTIFGESAGGASVGMHILSPGSRDLFRRAILQSG

* * * * % * * * % *kk ok % d ok k *hkkdk K *

PGNYGLRDQHMAIAWVKRNIAAFGGOPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSG
* * * *

PGNFGLRDQHMAIAWVKRNIAAFGGDPDNITIFGESAGAASVSLQTLSPYNKGLIRRAISQSG

Comparison of the active site domains of acetylcholinesterase (AChE) and rat cholesterol esterase (RAT.CEH) with a region
of human cholesterol esterase (HUMAN.CEH). The * indicates differences in amino acid. The active site motifs are underlined.

Table 11

Putative domain for active site acidic residue

* *
Cholinesterase (90-100) EDCLYLNVWIP
AChE (92-102) EDCLYLNIWVP
HUMAN.CEH (78-88) EDCLYLNIWVP
RAT.CEH (78-88) EDCLYLNIWVP

A conserved sequence between human serum cholinesterase, acetyl-

cholinesterase (AChE), the human- (HUMAN.CEH), and rat- cholesterol

esterase (RAT.CEH). The differences are indicated by * and the putative
acidic residue(s) important for enzyme activities are underlined.

Table 111

Putative histidine active site domain

December 1990

AChE (435-451) WMGVIHGVEIEFVFGLP
CHOLINESTERASE (433-449) WMGVMHGYEIEFVFGLP
* * ok ok ok f ok #
HUMAN.CEH (430-446) VGADHADDIQYVFGKP
RAT.CEH (430-446) MGADHADDLQYVFGKP

Sequence comparison between putative histidine active site domains of acetylcholinesterase

(AChE), human serum cholinesterase, human- (HUMAN.CEH), and rat- cholesterol esterase

(RAT.CEH). Conserved substitutions between the serine esterases and the cholesterol

esterases are indicated by * while the non-conserved substitutions are indicated by #. The
putative active histidines are underlined.

The identity of Glu’® and Asp’”® in the third
homologous domain suggests that one or both of these
residues may also be important for enzyme activity.
Thus, we propose that Glu’8/Asp”®, Ser!®, and His**’
form the catalytic triad for cholesterol esterase/lipase.
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