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Ta determine the active site residue, human mlk bile-salt stimuluted lipase (BSSL) was labelled with P Hdvisoprapyl fuorophesphate (DFP) Parual

scquence analysis of cyanogen bromide fragments (a total of 146 residues from 6 peptides) reveiled ¥4 % sequence identity with a putative rut lyso-

phospholipase Sequence analysis of o PHIDFP-labellcd peptide indicated that the active sile senne was contmined in the sequence Gly-Glu-Ser Ala-

Gly. In additien to sinulunty with rat lysophospholipuse, this sequence showed homology with regions of human butyrylcholinesterase and electric
ray acetylcholinesterase (68 % identaty). [t ix caneluded that these proteins are members of 1 new supergens fumily

Human milk bile-sult siimulated hpase, Lysophospholipase, Active site Acetylehalinesterase

1. INTRODUCTION

The major lipase activity in human milk is stimulated
by bile-salts (bile-salt sumulated lipase; BSSL). This
lipase is activated by bile salts containing a 7-hydroxyl
group [1,2] and the enzyme contributes significantly to
the utilization of milk Lipids in the newborn [3].

The BSSL enzyme i1s very non-specific, hydrolysing a
wide range of triglycerides as well as cholesterol and
aryl and alkyl esters [2,4]. It represents 1% of human
milk protein and has been purified using several pro-
cedures [5,6]. The reported molecular masses of the two
preparations of BSSL are 125000 and 90000. This dif-
ference 15 likely to be due to variations in the mobility
of this glycoprotein in different gel electrophoresis
systems. Blackberg and Hernell [6] showed that treat-
ment with DFP resulted in inhibition of activity and in-
corporation of radiolabelled reagent into the protein.

The properties of BSSL are very similar to a bile salt-
stimulated lipase, carboxyl-ester hydrolase (CEH)
which is present in human pancreatic secretions [7,8].
The amino acid content was shown to be similar to rat
cholesterol esterase and bovine lysophospholipase and
these authors suggested that the three activities may
belong to the same protein. Immunological and kinetic
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comparisons indicated thar the bile-salt stimulated
hipases 1n human milk and pancreatic juice were very
simifar (9].

The NHj-terminal 22 residues of the milk enzyme
have been reported [5]. Recently the NHa-terminal 30
residues of human pancreatic carboxylesterase and milk
bile-salt stimulated lipase were found to be identical
and to show a high degree of homology with rat and
dog pancreatic carboxylesterases [10].

In the present study we have obtained partial amino
acld sequence data for the human milk enzyme and
found a high degree of sequence similarity with a
putative rat lysophospholipase, deduced from a cloned
¢DNA corresponding to the largest mRNA species
isolated from adult rat pancreas [11}], In addition, the
sequence containing a serine residue reactive with DFP
was determined and found to be homologous with ac-
tive site sequences of cholinesterases.

2. MATERIALS AND METHODS

2| Preparation of BSSL

The enzyme was purified from fresh human mulk using the pro-
cedure described [6] The enzyme was dialysed extensively, freeze-
dried and stored at 4°C prior to use

2.2 Reaction of BSSL with fH)DFP

An ahquot (100 ul, 100 xCi) of radioactively labelled DFP
[1.3-*H]DFP (NEN, Dupont, 3 Ciymmo!) was combined with 10 2] of
unlabelled DFP (10 86 #M 1n propan 2-o0l) and 78 1 (70 9 xC1/100
nmol) added to the BSSL enzyme (~2 mg in 1 ml of 5 mM sodium
barbitone/0 1 M NaCl, pH 7 4 ). The enzyme was 1ncubated (final
concentration 0 1 mM DFP) for 30 min at 37°C and appled to a
column (1 6x22 cm) of Sephadex G-25 equilibrated with 01 M
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NHLHCO: Fractions (0 73 ml) were colleciad and aliguats taken lor
rudiouetive determinution A total of 10 89 4¢1 of ("H)DFP radivac:
tivily was incorporated inio protein, Thiv ecorrospanded (o an in-
sorporaion of 15,38 amol DFP#33 nmel BSSL (0.81 melémal),
atvuming a moleeular mass of 3000 and B yw = 11,6 for the BSSL cn-
dyme (10), An allquat of the labelicd preparation wits analywed by
SDSpalviacrylamide gel electrophorgsis an 4 10%s acvrylamide gel {13).
Pratein was deteeted by Coomansie blue staining and radioactive
bands deteied by NMuorography wing sodium salicylate [13) The
rachaacuvity of ['H)DFP-camnaining fractom was determines by
wintilation counting (LKB Wallae Berarag) The effivlency of couns
ting way 5%,

23 Preparation of CNBrleavage af peplidex af [ HIDFPlabelled
BSSL

Approsimately 13 nmol of ['H)DEP-labelled BYSL was distalcd
in 100 a4l af 70% formic aud containing 10 mp CNBr and incubated
for 6 I al raom tempersture and then overmght at 4°C followed by
feeeze drylng afier dilubon with water, The sample was redissalved In
600 21 of & M guanine-HCl in 0 1% aqueous trilluarencetic acid and
injected onto a Vydae €4 (0.46 x 25 ¢cm) ¢olumn cquilibrated with
Y0% solvent A (0 190 aqueous trifluoroacetic acid) and 10% solvent
B (0% acetomtriles0 1% tnfluoreucetle acid) The column was
eluted with a hnear gradient of 10% (o 70% solvent B aver B0 min,
Ja b miZzmin Flow rate, Peptides were detected by absorbanwe at 214
nn Aliquots of friactians were tuken for scinultation counting Pep-
tides vecovered from this column were further purified using ssalar
wonditions on a Vydac Phenyl ¢column (0 46 x2S em) [n some cases,
additional punification was carnied out by microbore HPLC using an
Aquapore RP300 CR column (0 2x22 em), a 140A solvent delivery
system and 10008 diode array detestor (Apphed Biosystens)

24 Prorein sequence analysis

Sequense analysis was performed using a gas phase sequencer
(mode! 470A) equipped with an on-line pheaylthiohydantoin amine
acid analyser (120A) with chemicals and the program (03RPTH) sup
phied by the manufacturer (Applied Biosystems). Protein sequence
data was used to search the NBRFE database ({release 28 0) using the
University of Wisconsin software {14)

3. RESULTS

Preliminaiy kinetic studies showed that treatment
with a 2-10-fold molar excess of DFP resuited in com-
plete inhibition of human milk hipase activity. Incuba-
tion with [*H]DFP resulted in the labeliing of the en-
zyme to a specific activity of 0.43 xCi/nmol (0.61 mol
DFP/mol of enzyme). Analysis by SDS-polyacrylamide
gel electrophoresis and fluorography showed that the
radioactivity was incorporated 1nto a single component
running as a broad band, M, 120 000 (Fig. 1) which cor-
responded to the major protein detected by Coomassie
blue staining 1n the preparation.

3 1. Sequence similarity of BSSL and rat lysophos-
Dpholipase

Cleavage of the protein at methionine residues with
CNBr resulted in the conversion of all of the [*H]DFP-
labelled material to low molecular weight material as in-
dicated by SDS-polyacrylamide gel electrophoresis
(data not shown)., The CNBr fragments were separated
by reverse phase HPLC (Fig. 2). A number of the CNBr
peptides from pools denoted C, D, and E were further
purified by HPLC (data not shown) and subjected 12
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Fig. 1. Analysis of BSSL by SDS-polyacrylamide gel electrophoress

A sample of '"H|DIP-labelled BSSL was run on a 10% poly

acrylamide gel in the presence of SDS under reducing vonditions. (1)

Staiming with Coomassie blue, (2) detection of radioactively [abelled
materiat by fluorography.
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Fig. 2. Separation of CNBr-cleavage peptides from [*H]DFP-labelled
BSSL by reverse phase HPLC The CNBr-digested material was
dissolved in 600 4! of 6 M guanidine-HCI/0 1% trifluoroacetic acid
and injected onto a Vydac C4 column (0 46 x 28 cm) equilibrated with
90% solvent A (0 1% aqueous trifluoroacetic acid) and 10% solvent
B (80% acetonutriles0 1% tnifluoroacetic acid) The column was
eluted with a linear gradient of 10% to 70% solvent B over 80 nun at
1 ml/min flow rate Peptides in pools C-13, D20 and E-1 were further
purified and subjected to sequence analysis (Fig 3A) PoolsE and F
contained all of the [*H)DFP-labelled material which was recovered
from the column (62% of radioactivity injected onto the column)
The majonty of this was recovered in pool F (76%). A peptide CB,
F7-9A was punified and subjected to sequence analysis (Table I,
Fig 3B)
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Fig. 3 NHyterminal sequences of CNBrcleavage peptides from [PHIDFP-lubelled BSSL and companson with segments of rat lysophospholipase

and cholinesternses. (A) Alignment of NH-terminal sequences of CNBr peplides D20-3, E-1, D20-5, C-13and 7-9A2 with rat lysophasphelipase,

lysoPL [13]. The recovery of phenylithiohydanton amino acids ateyele | of Edman degradation corresponded 10 38, 81, 90 and 6 pmol for peptides

D20-3, E.1, D20-5, and C:19, respectively, The average repetitive yiclds for those corresponded 1o 91 6, 92 5, 95 0 nnd 97 4%, respeetinely (B)

Allgnment of the NHa-terminal sequence of the [*H)DFP labelled peptide, CB F7-9A1 with regions of lysoPL, human butyrylcholingsierase

hBuChE [18) and marbled ray ncetylcholinesterase, rayAChE [19) ldentieal residues are indaeated (=) * Inchicates the posion corresponding to
the release of radioactivity,

automated sequerce analysis. A search of the NBRF
protein sequence database with each of these sequences
revealed sequence similarity with a putative rat lyso-
phospholipase (Fig. 3A). The observed sequence identi-
ty for these alignments corresponded to 82 out of 99
residues (83% 1dentity). No sequence similarity was
identified with other lipases.

3.2. Characterization of ['H]DFP-lubelled material
Srom the CNBr digest of BSSL

All of the [*H]DFP-labelled matenial following
HPLC was recovered in pools E and F (Fig. 2). The
overall recovery from the column was 62%, 76% of
which was recovered in pool F. This fraction contained
a number of peptides which were very difficult to
separate. This necessitated repeated reverse phase
HPLC, using a variety of columns and conditioas and
resulted in high adsorptive losses of the labelled
material. Fractions containing peptides of highest
specific activity were pooled from each HPLC run. A
fraction, designated F7-9A was obtained which con-
taining 9.8% of the imual pool F radioactivity. An al-
quot of this fraction (containing 99000 cpm equivalent
to 120 pmol [*H]DFP-containing material) was sub-
Jected to automated sequence analysis. This gave two
sequences in approximately equal amounts. However,
one of the sequences, designated CB F7-9A1 was
equivalent to residues 190-217 of rat lysophospholipase
(93% identity). The NH>-terminal 19 residues of the
other peptide CB F7-9A2 was similar to residues
275-293 of rat lysophospholipase (Table I, Fig. 3A).
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The sequencing efficiency of the two peptides differed
and residues 12-28 of peptide F7-9A1 could be iden-
tified without reference to the rat sequence The se-
quence of peptide CB F7-9A1 corresponded to Ala-
He-Ala-Trp-Val-Lys-Arg-Asn-lle-Ala-Ala-Phe-Gly-
Gly-Asp-Pro-Asn-Asn-lle-Thr-Leu-Phe-Gly-Glu-(Ser)-
Ala-Gly-Gly and peptide CB F7-9A2, Ala-GIn-(Cys)-
Leu-Lys-Val-Thr-Asp-Pro-Val-Ala-Leu-Thr-Lecu-Ala-
Tyr-Lys-Leu-Pro. The release of radioactivity at each
cycle of Edman degradation is also shown 1n Table I, It
can be seen that radioactivity was released at cycle
number 25 indicating that the sequence Gly-Glu-Ser-
Ala-Gly 1n peptide CB F7-9A1 contans a serine which
1s reactive with DFP. In a separate experiment the re-
mainder of the material from pool F7-9A was reduced
and alkylated and two peptides F7-9A1 and F7-92 were
separated by HPLC Automated sequence analysis
vertfied the NHa-terminal sequences of each of these
peptides and indicated that the two peptides are hinked
by a disulphide bond (data not shown).

3.3. Homology of human milk BSSL and rat pan-
creatic lipase active site sequences with cho-
hnesterase

The N-terminal 28 residues of peptide CB F7-9A1
containing the DFP reactive site had a high degree of se-
quence identity with residues 190-217 of rat lysophos-
pholipase. Both of these sequences showed sequence
homology with active site regions of human butyryl-
cholinesterase and electric ray acetylcholinesterase

(Fig. 3B).
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Fable |
Sequence analyvis of the {'HIDFPlabellcd CNBr-peptide F7.9A from
BSSL
Cyels Amine acid I'HIDEP  riysoPlL  rlysoPL
tYwcld pmel) (cpm) (190=217) (275-311)
Ala{i12) 130 Ala Al
2 Hletd8) Gin(d7) n He Gly
A Alal) 1 Ala Ui
4 Trpt16) Leutds) (1] Tep Leu
L] Val{d1) Ly(23) 7 Val Lys
[ Lys(24) Val(28) 8 Ly lle
? Arg(18) The¢lo) 54 Arg Thr
a Asn(l4) Awpi2l) a2 Asn Awp
Y 1lc(28) Prati¥) (.13 te Pro
10 Ala(a2) val(®) 218 Ald Arg
1 Ala(s4) 107 Ald Ala
12 Phe(30) Leu(I®) 104 Phe lew
13 Gly(24) Thr($) 94 Gly The
14 Cly(21) Leu(d) 1o Gly Lew
135 Asp(19) Ala(9) 116 Ap Ala
14 Pro(20) Tyr(10) 136 Pra Tyr
17 Asn(#) Lys(Ss) 148 Asp Arg
18 Asn(I18) Leu(d) 184 A Leu
19 1le(16) Pro(d) 177 lle fra
20 Thri6) 200 Thr Leu
21 Leu(9) 1958 lle Lyx
2 Phe(l3) 200 Phe Ser
23 Gly(8) 191 Gly Gin
24 Glus) 198 Glu Glu
25 {Ser)* 1420 Ser Tyr
26 Ala(5) 804 Ala Pro
27 Gly(4) 390 Gly Ile
28 Gly(d4) 220 Gly

The [*H)DFP peptide subjected to sequence analysis contained 99 000
¢pm Thasis equivalent to 120 pmol based on the specific activity (0 43
#Ci/mmol) following reaction of the BSSL. enzyme with *H|DFP
Thesample was not reduced and ulhylated so Cys at posiion 3would
not have been detected. (Ser)® This residue was mferred from the
release of radioactivity corresponding to this cycle The sequences of
residues 190-217 and 275-301 of rat lysophospholpase (rlysoPL) as
reported [11) are shown tor comparison

4. DISCUSSION

Human milk BSSL has many properties in common
with a carboxyl-ester hydrolase (CEH) found in the
pancreatic juice from a number of species. It appears
that the carboxylesterase 15 responsible for activities
known as cholesterol esterase, non-specific lipase and
lysophospholipase [15]. In the present study, the rela-
tionship of BSSL to the pancreatic enzymes has been
clarified by partial amino acid sequence analysis. A
high degree of sequence similarity was observed be-
tween BSSL and a putative rat lysophospholipase [11]

The sequence of peptide CB D20-3 corresponded to
the NHa-terminal sequence of BSSL (data not shown,
[51). Recently, the NHa,-terminal sequences of pan-
creatic CEHs were reported and compared to BSSL
[10}. The NHz-terminal 30 residues of human CEH and
BSSL were identical and a high degree of homology was
seen between these sequences and those of dog, rat and
pig CEH. We note that the reported NH,-terminal se-
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quence of rat CEH {10) corresponds exactly with
residues 21-36 of rat lyosephospholipase, indicating
that this protein contains a 20 residue leader sequence
[11).

The &. tivity of BSSL Ix very sensitive to the action of
DFP (6,16). Incorporation of ["H]DFP resulted in the
labelling of a 110-120 kDa band which is in agreement
with the relative molecular masses reported for HSSL in
human pancreatic CEH {5,6,10]. The human enzyme
appears to be extensively glycosylated compargd with
rat CEH [10). Automated Edman degradation of a
['H|DFP:labelled peptide revealed sequences cor-
responding to two peptides (CB F7-9A1 and CB
F7-9A2) which appear to be linked by a disulphide
bond. The two sequences were aligned with sequences
commencing at residues 190 and 275 of the rat se-
quence, It is significant that in the rat sequence both se-
quences are preceded by a methionine residue and cys-
teine residues are found at positions 266 and 277, In ad-
dition, Cys residues corresponding to these positions
have been shown to form a disulphide bridge in
Torpedo acetylecholinesterase [17). The NH:-terminal
sequences of CB F7-9A1 and CB F7-9A2 together with
data obtained from the four other CNBr-peptides
(Fig. 3A) provide a total of 146 residues. This 1s
equivalent to approximately 25% of the BSSL se-
quence, assuming the same number of residues as
reported for rat lysophospholipase [11]. [t 1s important
to note that the six CNBr peptides revealed sequence
similarity with segments found throughout the rat
lysophospholipase sequence [11]. Furthermore, all of
the BSSL CNBr peptides start at positions preceded by
Met 1n the rat sequence, except CBD20-5 where the
preceding residue was Ile. With the exception of peptide
CB F7-9A1 (discussed below) search of the NBRF data
base revealed no obvious homologies other than with
rat lysophospholipase It is likely, theiefore, that BSSL
represents the species counterpart of rat lysophospho-
lipase CEH and that 1t represents a pancreatic protein
which is also secreted by the lactating mammary glands
in humans.

Sequence analysis of peptide CB F7-9A1 resulted 1n
the release of radioactivity at position 25, indicating
that this position contains the serine which reacts with
DFP. This residue 1s contained within a sequence -Gly-
Xaa-Ser-Xaa-Gly- which is a consensus sequence found
in the active site of pancreatic lipase, serine proteases
and cholinesterases Search of the NBRF database with
the NH;-terminal sequence of CB, F7-9A1 revealed ad-
ditional homology (16/28 identities) with human
butyrylcholinesterase and marbled ray acetylcholin-
esterase [18,19]. This homology 1s consistent with the
esterase activity and DFP sensitivity of BSSL. It was of
interest to compare the entire rat lysophospholipase se-
quence with human butyrylcholinesterase [18]. The two
proteins were found to be 32% 1dentical using the pro-
gram GAP (data not shown).
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In conclusion. it appears that BSSL and human pan-
creatic CEH are likely to be identical, representing the
species counterparts of rat lysophospholipase (CEH).
BSSI. is a member of a supergene family including
cholinesterases,
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