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Field of the invention

The present invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described belcw of such proteins. The invention
also encompasses vectors, such as plasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzyme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention also includes processes for the preparation of
the novel products of the invention. The new proteins of
the invention are related to an enzyme, known i.a. as
human bile salt-stimulated lipase.
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Background to the invention

The human lactating mammary gland synthesizes and secretes
with the milk a bile salt-stimulated lipase (BSSL) [1]
that, after specific activation by primary bile salts [2,
57, 58], contributes to the breast-fed infant's endogenous
capacity of intestinal fat digestion [3-5]. This enzyme,
which accounts for approximately 1% of total milk protein
[6], is a non specific lipase; in vitro it hydrolyses not
only tri-, di- and monoacylglycerols, but also
cholesteryl~-, and retinyl esters, and
lysophosphatidylglycerols [7-10]. Furthermore, its
activity is not restricted to emulsified substrates, but
micellar and soluble substrates are hydrolyzed at similar
rates [11].

BSSI: is not degraded during passage with the milk through
the stomach, and in duodenal contents it is protected by

bile salts from inactivation by pancreatic proteases such _

as trypsin and chymotrypsin [2,11]. It is, however,
inactivated whgn the milk is pasteurized, e.g. heated to
62.5 ©C, 30 min [12]. Model experiments in vitro suggest
that the end products of triacylglycerol digestion are
differént'in the presence of BSSL [5,7]. Due to lower
jntraluminal bile salt concentrations during the neonatal
period [13,14] this may be beneficial to product
absorption [5,15].

The carbkoxylic ester hydrolase (CEH) of human pancreatic
juice {16] seems functionally to be identical, or at least
very similar, to BSSL [8]. They also share common epitopes
[8,17]), have identical N-terminal amino acid sequences
[17] and are inhibited by inhibitors of serine esterases,
e.g. eserine and diisopropylfluorophopsphate [6,8,16]. It
has been hypothesized that the two enzymes are products of
the same gene [18,19]. The observed molocular size

difference [8,19] could be explained by different patterns

of gliycosylation, as recently suggested [17].

This Sheet Has Been Replaced

IR




10

15

20

25

30

35

'~ Dietary lipids is an important source of energy. The

energy-rich triacylglycerols constitute more than 95% of
these lipids. Some of the lipids, e.g. certain fatty acids
and the fat soluble vitamins, are essential dieatary
constituents. Before gastro-intestinal absorption the
triacylglycerols as well as the minor components, i.e.
esterified fat-soluble vitamins and cholesterol, and
diacylphosphatidylglycetols, require hydrolysis of the
ester bonds to give rise to less hydrophobic, absorbable

products. These reactions are catalyzed by a specific

group of enzymes called lipases.

In the human adult the essential lipases involved are
considered to be gastric lipase, pancreatic colipase-
dependent lipase (tri- and diacylglycerol hydrolysis),
pancreatic phospholipase A2 (diacylphosphatidylglycerols)
and carboxylic ester hydrolase (cholesteryl- and fat
soluble vitamin esters). In the breast-fed newborn bile
salt-stimulated lipase plays an essential part in the
hydrolysis of several of the above mentioned lipids.
Together with bile salts the products of 1lipid digestion
form mixed micelles from which absorption occurrs (3-5).

Common causes of lipid malabsorption, and hence
malnutrition,'are reduced intraluminal leavels of
pancreatic colipase-dependent lipase an/or bile salts.
Typical examples of such lipase deficiency are patients
suffering from cystic fibrosis, a common genetic disorder
resulting in a life-long deficiency in som 80% of the
patients, and'chronic pancreatitis, often due to chronic
alcoholism.

The pancreatic and liver functions are not fully developed
at birth, most notably in infants born before term. Fat
malabsorption, for physiological reasons, is a common
finding and thought to result from low intraluminal
pancreatic colipase-dependent lipase and bile salt
concentrations (3,4,13-15). However, because of BSSL, such
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malabsorption is much less frequent in breast-fed infants
than in infants fed pasteurized human milk of infant
formulas (3-5, 12, 59, 60, 61). This is one reason why it
has been advocated that newborn infants, particularly
preterm infants, that cannot be fed their own mothers milk
should be fed hon-pasteurized milk from other mothers
(12).

The present treatment of patients suffering from a
deficiency of pancreatic lipase is the oral administration
of very large doses of a crude preparation of porcine
pancreatic enzymes. Colipase-dependent pancreatic lipase
is inactivated by low pH. Such conditions are prevalent in
the stomach, with the result that orally administered
pancreatic lipase is virtually completely inactivated on
the passage through the stomach to the gut. Therefore,
this effect cannot be completely overcome by the use of
large doses of enzyme. The large doses administered are
inadequate for most patients, and the preparations are
impure and unpalatable. Certain tablets have been
formulated which pass through the acid regions of the
stomach and discharge the enzyme only in the relatively

~alkaline environment of the jejunum. However, many

patients suffering from pancreatic disorders have an
abnormally acid jejunum and such tablets may fail to
discharge the enzyme and may therefore be ineffective.
Moreover, since the preparations presently on the market
are of a non-human source there is a risk of
immunoreactions that may cause harmful effects to the
patients or result in reduced therapy efficiency.

A further drawback with the present preparations is that
their content of other lipolytic activities than colipase-
dependent lipase are not stated. In fact, most of them
contain very low levels of CEH/BSSL-activity. This may be
one reason why many patients, suffering from cystic
fibrosis in spite of supplementation therapy, suffer from
deficiencies of fat soluble vitamins ‘and essential fatty
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Thus, there is a great need for products with properties
and structure derived from human lipases and with a broad
substrate specificity, which products may be orally
administered to patients suffering from deficlency of one
or several of the pancreatic lipolytic enzymes. The
products of the present invention fulfil this need by
themselves or in combination with other lipases or in
combination with preparations containing other lipases.
Furthermore, for some human infants there is an obvious
need to improve fat utilization from conventioral infant
formulas, or pasteurized human milk from so-called milk
banks.

BSSL has several unique properties that makes it ideally
suited for substitution and supplementation therapy:

It has been designed by nature for oral administration.
Thus, it resists passage through the stomach and is
activated in contents of the small intestine.

Its specific activation mechanism should prevent
hazardous lipolysis of food or tissue lipids during
storage and passage to its site of action.

Due to its broad substrate specificity it has the
potential to, on its own, mediate complete digestion of
most dietary lipids, including the fat soluble vitamin
esters. '

BSSL may be superior to pancreatic colipase-dependent
lipase to hydrolyze ester bonds containing long-chain
polyunsaturated fatty acids.

In the presence of gastric lipase and in the absence of,
or at low levels of colipase-dependent lipase BSSL can
ascertain a complete triacylglycerol digestion in vitro
even if the bile salt levels are low such as in newborn
infants. In the presence of BSSL the end products of
triacylglycerol digestion become free fatty acids and free
glycerol rather than free fattf acids and monoacylglycerol
generated by the other two lipases (5). This may favour
product absorption particularly when the iantraluminal bile
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salt levels are low (3,15).

From a historical point of view infant formulas have been
developed, and improved, from the concept that their
composition should be as similar to that of human milk as
possible. It is desirable to supplement such formulas.

The utilization for supplementation, substitation or
therapy of bile salt-stimulated lipases (BSSL), or of
proteins with the essential functions of BSSL, requires -
however access to quantities of the product on a large
technical scale. It is not possible in factory scale tc
rely on natural sources such as milk as starting material.
Besides the prcblem mentioned above with inactivation of
BSSL during pasteurization, there is the additional risk
of contaminaticn of material from a natural source with
infectious agents, e.g. vira such as HIV virus and CMV.
There is, accordingly, a need for large scale access to
products having BSSL properxties. The present invention
provides such products and methods for their preparation.

Prior art references are given later in this
specification.
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. The invention

The present invention is based on the cloning of cDNA
coding for BSSL derived from human mammary gland. We have
also isolated, from human pancreas, a partial cDNA coding
for CEH. Deduced amino acid sequences from the human
cDNA's and comparison with CEH from other species, support
the interpretation that BSSL and CEH are identical.

As will be further detailed below, it was surprisingly
found that the structure of the protein as deduced from
the cDNA sequence is quite different from the structure of
other lipases. The structure proved urexpectedly to be
more like the structure of typical esterases, such as
cholinesterase.
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With reference to Figure II and Figure VII, products of
the invention are:

a) a protein as defined by the amino acid sequence 1-722
in Fig. VII,

b) a protein as defined by the amino acid sequence 1-535
in Fig. VII,

c) a protein as defined by the amino acid sequence 1-278
in Fig. VII,

d) a protein as defined by the amino acid sequence 1-341
in Fig. VII,

e) a protein as defined by the amino acid sequence 1-409
in Fig. VII,

£) a protein as defined by the amino acid sequence 1-474
in Fig. VII,

g) combinations of proteins dgfined under b) - £f) e.g.
as defined by the amino acid sequence in positions 1-278,
279-341, 279-409, 279-474, 342-409, 342-474 and S536-722.

h) combinations of proteins defined under &) -~ g) in
combination with one or more of the repeats according to
Figure V,

i) a protein as defined urder a) - h) possessing an
additional, N-terminal amino acid, namely methionine,
and functionally equivalent variants and mutants of the
proteins defined in a) - i) above;

It should be noted that “he proteins under a, b, ¢, 4, e,
£, h and 1 above will not be identical in all respects to
naturally occurring BSSL, but they will exhibit one or
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more of the critical functions of ngturilly occurring
BSSL. Critical functions are given below.

J) a DNA sequence coding for the proteins defined in a,
b,c,4,6e, £, h and 1 above.

k) a DNA sequence according to Fig. II, defined by the
following nucleotide numbers in Fig. II:

a) a DNA sequence 151-2316 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-722
in Fig. VI1I,

b) a DNA sequence 151-1755 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-535
in Fig. VII, |

c) a DNA sequence 151-985 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-278
in Fig. VII, |

d) a DNA sequence 151-1172 according to Fig. 1I, coding
for the protein defined by the amino acid sequence 1-341
in Fig. VII, ' ' '
e) a DNA seguence 151-1376 according to Fig. 11, coding
for the protein defined by the amino acid sequence 1-409
in Fig. VII,

£) a DNA sequence 151-1574 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-474
in Fig. Vi1,

g) a DNA sequence 986-1172 according to Fig. 1I, coding
for the protein defined by the amino acid sequence 279-341
in Fig. VII,

h) a DNA sequence 986-1376 according tc Fig. II, coding
for the protein defined by the amino acid sequence 279-
409 in Fig. VII,

i) a DNA sequence 986-1574 according to Fig. II, coding
for the protein defined by the amino acid sequence 279-474

in Fig. VII, I
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5) a DMA sequence 1173-1376 according to Pig. II, coding
for the protein defined by the amino acid sequence 342-409
in Pig. VI1I,

k) a DNA seguence 1173-1574 according to Pig. II, coding
for the protein defined by the amino acid sequence 342-474
in Pig. VII.

Significant functions of proteins of the invention are
a) suitable for oral administration,
L) being activated by specific bile salts,

c) acting as a non-specific lipase in the contents of the
small intestines, that is being able to hydrolyze iipids
relatively independent of their chemical structure and
physical state (emulsified, micellar, soluble).

d) Ability to hydrolyze triacylglycerols with fatty acids
of different chain-length and different degreee of
unsaturation.

e) Ability to hydrolyze also diacylglycerol,
monoacylglycerol, cholesteryl esters,
iysophosphatidylacylglycerol, and retinyl and other fat
soluble vitamin-esters.

£f) Ability to hydrolyze hot only the sn-1(3) ester bonds
in a triacylglycerol but also the sn-2 ester bond.

g) Ability to interact with not only primary but also
secondary bile salts.

h) Dependency on bile salts for optimal activity.

1) stability so that gastric contents will not affect the
catalytical efficiency to any substanth_} _d_gqree.

This Sheet Has Been Repl

U




10

15

20

25

30

35

11

j) Stability towards inactivation by pancreatic
proteases, e.g. trypsin, provided bile salts are present.

k) Ability to bind to heparin and beparin derivatives,
e.g. heparan sulphate.

1) Ability to bind to lipid-water interphases.
m) Stability to permit lvophilization.

n) Stability when mixed with food constituents such as in
human milk, or milk formula.

The critical functions for supplsamentation, substitution,
or therapy are these according to a}), c¢), d4), e), £), i),
J) and 1). For other purposes, not all critical functions
may be necessary.

For expression of the proteins indicated above, the
appropriate DNA sequence indicated above will be inserted
into a suitable vector which then is introduced into a
suitable host organism. The said vector will also have to
comprise appropriate signal and other sequences enabling
the organism to express the desired protein.

Suitable expression organisms:

with the recombinant DNA techniques it is possible to
clone and express a protein of interest in a variety of
prokaryotic and eukaryotic host organisms. Possible
expression organisms are bacteria, simple eukaryots
(yeast), animal cell cultures, insect cell cultures, plant
cell cultures, plants and transgenic animals. ERach
individual system has its own particular advantages and
disadvantages. The simple conclusion is that every gene to
be expressed is a unique problem anéd no standard solution
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is available.

Commonly used bacterial systems are R, Coli, Bacillus
subtilis, Streptomyces. Commonly used yeasts are
saccharomyces, and Pichia Pastoris. Cossmonly used animal
cells are CHO cells and COS cells. Commonly used insect
cell cultures are Drosophila derived cells.

Commonly used.plant is the tobacco plant. Possible
transgenic animals are goat and cow.

Possible bacterial vectors are exemplified by pUC and '
protein A-vectors.

Possible yeast vector is exemplified by pMA 91.

Possible insect vectors are devired from Baculo-virus.
Possible animal cell vectors are derived from SV/40.
Possible plant vectcrs are derived from the Ti-plasmid.
In every system, both natural and synthetic promoters and
terminators can be used.

It is undexrstood that depending on the choice of

éxpression system, the expressed protein may contain an

additional N-terminal amino acid (methionine), contain a

few extra amino acids, or be fused to a heterologous

protein, (e.g. protein A), or differ from the naturally

occurring protein with respect to glycosylation.

Furthermore, the vectors may also contain signal sequences

in order to export the protein to the periplasm or to the

culture medium.

Thus, further aspects of the invention are:

a) a vector comprising a DNA sequence coding for a
protein as specitied above, ‘

b) a host organism comprising a DNA sequence as
specified above,

c) a process for the production of a protein as
specified above, by growing a host organism
containing a vector as specified under a) above and

isolating the protein.
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Methods from purification are based on the expression
system used (e.g. protein A/IgG) and/or on methods used
for purification of the naturally occurring enzyme, as
described in reference 6.

Additional aspects of the invention are:

- a pharmaceutical composition comprising a protein as
specified above, '

- the use of a protein as specified above for the
manufacture of a medicament for the treatment of a
pathological condition related to exocrine pancreatic
insufficiency,

- the use. of a protein as specified above for the
manufacture of a medicament for the treatment of cystic
fibrosis,

- the use of a protein as specified aho#e as a supplement
to an infant food formulationm,

-the use of a protein as specified above for the
manufacture of a medicament for the treatment of chronic
pancreatitis, '

"=the use of a protein'as specified above for the:

manufacture of a medicament for the treatment of fat
malabsorption of any etiology,

-the use of a protein as specified above for the.
manufacture of a medicament for the treatment of
malabsopt.ion of fat soluble vitamins,

-the use cof a protein as specified above forthe
manufacture of a medicament for. the treatment of fat
malabsorption due to physiological reasons, e.g. in new-
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b_orn infants.

The DNA sequence in Fig. II from position 151 up to and
including position 2316 is the sequence coding for the entire
protein. The sequence from position 2317 up to and including
position 2415 is not translated to protein, but is included
in exon d identified in Table 2 below.

In one embodiment of the invention, the protein as defined in
pharagraphs a) - i) above is provided in isolated form and/or
, in substantially pure form.

The DNA sequences as defined in paragraphs a) - k) above are
in one embodiment of the invention provided in isolated form
and/or in substantially pure form.

Experimental part

. Abbreviations
aa, amino acid; bp, base pair; BSSL, bile salt-stimulated
lipase; c-AMP, cyclic adenosine monophosphate; CEH,
carboxylic'ester hydrolase; Da, dalton; ¢ ?GTP, 7-deaza-2-
deoxyguanosine 5'triphosphate; EDTA, ethvlene diamine
tetraacetate; kb, kilobases; MOPS, 3-N-morphélino-
.propanesulfonic acid; nt, nucleotide; PAGE, pclyacrylamide
gel electrophoresis; SDS, sodium dodecyl sulfate; SSC, NaCl
citrate, xGal, 5-bromo-4-chloro-3-indolyl-3-D-
galactopyranoside.

Enzymes
Bile salt-stimulated lipase EC 3.1.1.3
Carboxylic ester hydrolase EC 3.1.1.1
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Material and Methods

A. Enzyme and antibody preparation

BSSL was purified from human milk as previously described
{6]. When used for antibody production the enzyme was
further purified by SDS-PAGE. The protein band
corresponding to the lipase was, after staining with
Coomassie Brilliant blue, electroeluted from the gel.
Twentyfive ug of purified enzyme, together with an equal
volume of Freund's complete adjuvant, was used for a first
i.c. injection and the same amount of enzyme with
incomplete adjuvant for the subsequent monthly booster
injections. The rabbits were bled about two weeks after
each booster and sera prepared and stored at -20 °C.

B. Preparation of tryptic fragments and amino acid
sequence analysis

Three mg of purified BSSL was dissolved in 1 ml of 0.1M
Tris-Cl buffer, pH 8.5, containing 6M guanidinium
hydrochloride and 2 mM EDTA. Dithiocerythritol was added to
SmM. After incubation at 37 <C for 2h, 300 ul 50 mM
jodoacetate was added. After 90 min incubation at 25 =C in
darkness the reduced and carbozymethyléted enzyme was
desalted on a Sephades G-25 column, equilibrated with
0.5M ammonium bicarbonate. Thirty ug of tosyl-L-
phenylalanine chloromethane treated bovine trypsin
(Worthington diagnostics syster Inc., Freehold, NJ, USA)
was added before lyophilization. The lyophilized protein
was dissolved in 4 ml 0.1M ammonium bicarbonate and an
additional 90 ug of trypsin was added. After 5h incubation
at 37 °C the protein was again lyophilized. The tryptic
digest was dissolved in 0.1% trifluoroacetic acid
(2mg/ml). Three hundred ug of trypsinated BSSL was
chromatographed on HPLC using a C-18 reversed phase column
and eluted with a gradient of 0-50% acetonitrile in 0.1%
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trifluoroacetic acid. Peptide collection was monitored by
continuous recording of the absorbance at 215 nm. Peptides
to be sequenced were further purified by rechromatography
using the same column with adjusted gradients.

Samples of peptide fragments to be sequenced were dried
under nitrogen to remove acetonitrile and applied to the
sequencer. For N~terminal sequence analysis, native BSSL
was dissolved in 0.1% acetic acid. Sequence analyzes were
performed on an Applied Biosystems Inc. 477A pulsed
liquid-phase seguencer and on-line PTH 120A analyzer with
regular cycle programs and chemicals from the
manufacturer. Initial and repetitive yields, calculated
from a sequenced standard protein, B-lactoglobulin, were
47 and 97%, respectively.

C. Isolation of RNA

Samples of human pancreatic adipose and lactating mammary
gland tissues were obtained at surgery and immediately put
into guanidinium thiocyanate (1~5 g in 50 ml). Total RNA
was extracted as described by Chirgwin [20]). Poly(A)-RNA
was prepared by chromatography on oligo-deokythymidilate-
(oligo{(DT))-cellulose column [21].

D. Construction and screening of cDNA libraries

Approximately 15 ug poly-adenylated RNA f£rom human
pancreas was denatured with methyl mercuric hydroxide [22]
and primed with oligo (dT) ....e primers (Pharmacia,
Uppsala, Sweden), and reversely transcribed using
standard procedures [23). Second-strand synthesis was
carried out according to Gubler and Hoffman {24], except
that DNA ligase and B-NAD were omitted, and the reaction
temperature was set at 15 °C. Excess RNA was digested with
RNAse A (50ug/ml), and the double-stranded cDNA was
treated with EcoRI methylase [25]. Ends were blunted with
Klenow enzyme. After ligation to EcoRI_linkers and
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cleavage with EcoRI the cDNA was fractionated on a
Sepharose 4B-Cl column. The void volume fraction was:
precipitated with ethanol and the cDNA ligated into the
EcoRI site of a phosphatase treated gtll vector [26). In
vitro packing yielded more than 7x10°® recombinants.

A cDNA library from human mammary gland, derived from
tissue obtained from a women at the eighth month of
pregnancy, was purchased (Clontech Laboratories, Inc.,
Palo Alto, CA; USA).

Phages from the cDNA libraries were plated at 5x10* plaque
forming units per 120-mm dish. The antiserum was diluted

to a ratio of 1:3200 and screening was performed according

to Young and Davis [27]. Alkaline-phosphatase-conjugated
goat-anti-rabbit antibodies were used as second antibodies
(Bio-Rad, Richmond, CA USA). To isolate clones
corresponding to the 5'-end of the mRNA, nucleic acid
hybridization was done under standard conditions [23]
using a subcloned fragment from one of the immunopositive
clones as a probe.

E. RNA analysis

Blectrophoresis was carried out in a 1% agarose gel in
40mM MOPS buffer pH 7.0 after denaturation with glyoxal

" and dimethylsulfoxide [28]. Glyoxalated total RNA was then

transferred to nitrocellulose filters [29]. The blots were
proped with subclones of BSSL and CEH recombinants that
were labelled by the oligo-labeling technique [30].
Prehybridization and hybridization were carried out with
50% fcrmamid at 46 <C [23]. Posthybridization washes werz
performed at high stringency (0.1% SDS and 0.1xSSC at

60° C). (1lxssc, 0,15M NaCl, 0.0015M Na, citrate, pH 7.§).

F.- Nucleotide sequence
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CDNA inserts from BSSL and CEH recombinants were either -
directly cloned into M3mpl8 and mpl9 after sonication and
size fractionation or some of them were further subcloned
into pTZ19R after digestions with PstI, BstXI, NarI, Smal
and AhaIl. The nucleotide sequence was determined by the
dideoxy chain-termination method [31]. The GC-rich repeats
(see below) were also sequenced with Tagl polymerase and
dc 7GTP. Both strands were sequenced. Seguence information
was retrived from autoradiograms by use of the software
MS-EdSeq as described by Sjoberg et al [55].

G. Amino acid sequence predictions and homologies.

To predict the corresponding amino acid sequence of the
cDNA inserts, codon usage of different reading frames was
compared according to Staden and gave one open reading
frame [32]. Homologies were searched for with the programs
of the UWGCG software package [33].

Results and Diécussion

A. Seduences qf fryptic fragments and the nfterninus of
BSSL -

Trypsin digestion of purified BSSL resulted in
approximately 50 fragments as judged by the number of
peaks obtained during the HPLC-chromatography (Fig. I).
The peaks were collected and the indicated peaks which
could be isolated in a highly purified state and in
reasonable quantities, were sequenced. The resulting
sequences are shown in Table I. In addition the 30 most N-
terminal residues were sequenced (Fig. 1I), and they
confirm the previously reported sequence of Abouakil et
al. (30 residues) [17].

The 22 residues long N-terminal sequence reported from
Wang & Johnson [34]) is a glycine in our report-and a

This Sheet Has Been Replaced

il




10

15

20

25

30

35

19
lysine in Wang & Johnson's.
B. Nucleotide sequence of BSSL

For construction of the Agtll cDNA library we used
polyadenylated RNA from human pancreas. Initially four
immunopositive clones were isolated, and then this
pancreatic expression cDNA library was screened with
antiserum against BSSL. Nucleotide sequence analysis of
the four clones showed that they are in perfect agreement
and correspond to the 3'-end of the mRNA. They all begin
with a poly A tail and differ only in length; the longest
insert, designated ACEH, spans 996 bp.

A cDNA library from human mammary gland was screened with
antiserum, and the pancreas clone ACEH as probe. Poéitive
clones were isolated from both screenings, which all
originate from the 3'-end. The longest mammary gland
clone, designated ABSSL, reaches 2100 bp upstream. It
contains four of the sequenced tryptic fragments (Fig.
II), but do not include the N-terminal amino acid -
sequence. To extend the sequence beyond the translation
start, the mammary gland cDNA library was rescreened with

‘a 118 bases long probe derived from the most 5'proximal

part of'ABSSL._Ohe clone was isolated that continued a
further 328 nucleotides upstream. It matched the N-
terminal amino acid sequence, and contained the remaining

" tryptic fragment. As shown in Fig. II, the cDNA is 2428

nucleotides long and contains 81 bases upstream from the
first ATG codon. The polyadenylation signal, AATAAA is
located 13 nucleotides upst.ream from the poly A tail and
the termination codon TAG was found at nucleotide 2317
followed by a 3'-untranslated region of 112 bp.

A GC rich region consisting of 16 repeats of 33 bases was
found in the 3'-end of the sequence between base 1756 and
2283. The nucleotide sequence of the repetition, shown
in Fig. I1I, consists of six identical repetitions
surrounded by ten repetitions with different number of
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substitutions that have probably occurred after several
duplications. The low number of substitutions suggests
that these repetitions have appeared late during
evolution.

C. Tissue distribution of expression

RNA from human lactating mammary gland, pancreas, adipose
tissue and from a human hepatoma celline (HepG2) was
analyzed by Northern blotting. The size of the messenger
was determined to be approximately 2.5 kb in both
lactating mammary gland and pancreas. No signal could be
detected in the lanes with RNA extracted from HepG2 or
adipose tissue (Fig. IV). '
Since the 1ARNA used for the mammary gland library was
obtained from a female in her 8th month of pregnancy, it
is evident that transcription and probably translation of
the BSSL gene is turned on before partus, in agreement
with previous findings on BSSL secretion before partus
[35]). See Figure 1V.

D. Amino acid sequence of BSSL

Assessed by SDS-PAGE the molecular mass has been reported
to be 107-125 kDa [8,36] and by analytical
ultracentrifugation to be 105 kDa [{37]. The enzyme, as
deduced from the cDNA, consists of 722 amino acid residues
(Fig. II) which, giving a molecular mass of 76.271 Da,
indicates that the enzyme contains at least 15-20%
carbohydrate. The leader sequence is 23 residues long. A
tentative active site serine residue is localized to
serine-217 (Fig. V). The sequence around this serine
accord with the consensus active site sequence of serine-
hydrolases [38]. It has recently been it was proposed that
basic residues found close to the active site serine may
be involved ir the cleavage of esterbonds in acylglycerols
by lipases [39]. It is interesting to note that such

WA
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residues are not present in BSSL. The single tentative N-
glycosylation site is localized only seven residues from
the serine. The degree of glycosylation [6,16] suggests
that the enzyme contains 0-linked carbolydrate. There are
numerous sites where such glycosylation could have
occurred. The amino acid composition based on purified
enzyme has shown a high content of proline residues [6].
The amino acid sequence obtained from c¢cDNA confirms this.
Moreover, most of the proline residues are localized in
the 16 repeats of 11 residues each, constituting the main
part of the C-terminal half of the enzyme.

R. Comparison of the enzymes in mammary gland {BSSL) and
pancreas (CEH)

BSSL of human milk and human pancreas CEH have previously
been shown to be similar, if not identical. The present
data strongly suggests that the two enzymes are products
of the same gene. The nucleotide sequence of the cDNA
clones shows that the pancreatic clone ACEH is identical
with the mammary gland clone ABSSL from the poly A tail
and 996 bases towards the 5'-end, including the seguence
coding for the proline rich repeats. Northen blot gave a
single band of 2.5 kb in RNA from pancreas and lactating
mammary gland (Fig. IV). Genomic Southern blots fucther
support the idea that only one gene codes for BSSL and
CEH. The difference in mobility on SDS-PAGE between BSSL
and CEH can be explained as a consequence of different
glycosylation or differential splicing.

The similarity of BSSL to the rat and bovine enzymes {see
below) and to results from genomics blots support the
possibility that differential splicing cannot account for
the mobility difference. Since the C-terminal sequence has
not been confirmed on the protein level there is a less
likely possibility that CEH may be processed by a
proteolytic clearage in the C-terminal end. )
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So far as we know pancreatic enzymes that obviously
correspond to CEH have often been named after species and
the particular substrates used to determine their
respective activitiés; lysophospholipase, cholesteryl
esterase, sterol ester hydrolase, non-specific lipase,
carboxyl ester lipase and cholesteryl ester hydrolase.
Available data are compatible with the view that all these
activities described originates in one and the same
functional entity (42,43]. This illustrates the broad
substrate specificity and the relevance of designating
them as non-specific lipases. When the sequence of human
BSSL/CEH is compared to the sequence of lysophospholipase
from fat pancreas {40])] and cholesterol esterase from
bovine pancreas [41] extensive similarities are found that
extend about 530 residues from the N-terminal (Fig V); but
they differ in the part of the molecule where the repeaté
occur. The rat enzyme has only four repeats and the bovine
three. Hence the human enzyme is a considerable longer
peptide.

Moreover, striking similarities were found between BSSL
and a number of typical esterases, ©.g. acetyl choline
esterases from several specigs, including man and
Drosophila, and carboxyl esterases (Fig. VI). These
similarities were restricted to the N-terminal 300
residues of BSSL which includes the tentative active site
serine-residue. A similarity to acetyl choline esterase
has been predicted from the fact that BSSL is inhibited by
typical choline esterase inhibitors (6, 8, 16]. With the
possible exception of the rat liver carboxyl esterase
{45), none of these similar enzymes has been shown to have

the same bile-salt dependency as BSSL; this suggests that

the structural basis for this property resides in the C-
terminal part of the protein. Moreover, BSSL can

efficiently attack emulsified substrates which is not a
known characteristic of the similar esterases. For this

activity bile salt is a prerequisite. —_——— =
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The predicted sequence for human BSSL was compared with
other well characterized mammalian lipases. Apart from the
consensus sequence around the active site serine (G-X-S-X-
G), no obvious similarities were found [44].

In addition to the similarities with other enzymes, there
also significant similarities to one c-AMP dependent
protein from Dictyostelium discoideum [46] as well as to
thyroglobulin from several species (Fig VI) [47-49]. The
similarities between BSSL and thyroglobulin, which
comprise the active site region but not the active site
itself, indicate that these highly concerved stretches of
amino acids are of more generalized importance than merely
supporting the enzymatic activity of esterases.

In conclusion, human milk BSSL consists of 722 amino acid
residues. Available data strongly indicate that its
peptide chain is identical to that of pancreatic CEH, and
they are coded for by the same gene. The strongest '
evidence is that the nucleotide sequences of their 3 -
ends and their N-terminal amino acid sequences are
identical. The striking homologies found to rat pancreatic
lysophospholipase and bovine pancreatic cholesterol
esterase support the hypothesis that also these enzymes
are functionally identical. However, as it has been
suggested, the different molecular sizes found among
species are not due to differences merely in
glycosylation; instead they reflect a variable number of
an eleven aminc acid repeat. The similarity of the active
site sequence between these esterases suggests that these
proteins derive from s ccmmon ancestral gene.

With reference to Figures I-VII, the following legends are
1ven. . e e . ——_—
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Figure I: Separation of the tryptic digest of BSSL on HPLC

Purified BSSL was treated with trypsin and chromatographed
on HPLC as described in Materials and Methods. The
indicated peaks were collected and purified further by a
rechromatograph and their amino acid sequence determineqd.

Figure II: The cDNA nucleotide sequence and the deduced
amino acid sequence for human bile salt-stimulated lipase:

The cDNA is 2428 bases long. The N-terminal 23-codon
sequence (nt82-150) starting with an ATG, is interpreted
as a leader peptide since the N-terminal amino acid
sequence of the matu:e protein starts at codon 24 (nt 151,
Ala). The leader peptide is underlined. The sign *
indicates the stérting point of an exon. The sign §
indicates the starting point of the repetition part.

Figure I1I: The nucleotide sequence of the C-terminal GC-
rich repetitions in the bile salt-stimulated lipase:

Substitutions are indicated by a *.

Figure IV: Northern blot hybridization

Northern bliot analysis of total RNA isolated from human

- lactating mammary gland, pancreas, adipose tissue and.a

human hepatoma cell line (HepG2). Total TNA (10ug) from
lactating mammary gland (lane A), pancreas (lane B),
adipose tissue (lane C) and HepG2 (lane D) were
electrophoresed in a 1% agarose gel in 40mM MOPS buffer at
Ph 7.0 after denaturation of RNA in 1M glyoxal, 50%
dimethylsulfoxide and 40mM MOPS. The glyoxalated RNA was
then transferred to nitrocellulose paper for hybridization
with [** P} labeled BSSL cDNA (ABSSL).
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Figure V: Comparison of the deduced amino acid sequence
from human milk BSSL, rat pancreatic lysophospholipase

(Ratlpl) [40] and bovine pancreatic cholesterol esterase
Bovceh 41]}:

The serine residues involved in the active site are
indicated by a *, and the § indicates the single possible
N-glycosylation signal of the protein. The direct repeats
of amino acid sequences are boxed. Matching sequences are
denoted in capital letters, matching sequences between two
enzymes are denoted in small letters and mismatching with
a dot.

Figure VI: Comparison of the primary structure of BSSL to
other esterases, thyroglobuline and to one c-AMP dependent

enzyme from Dictyostelium discoideum:

BSSL: bile salt stimulated lipase from human, Cheshum:
cholinesterase from fetal human tissue [50], Torpace:
acetylcholinesterase from Torpedo marmorata [S51],
Drosceh: carboxylic ester hydrolase from Droscphila
melaogaster [52], Ratlivce: carboxyl esterase from rat

liver [53], Drosace: acetylcholinesterase from Drosophila

melaogaster [54], Thyrhum: thyroglobulin from human [49]
and Dict.Di: c~-AMP dependent enzyme from Dictyostelium
discoideum [46]. There are 7 different domains that show
similarities between the enzymes. Boxes enclose residues
which are identical and small letters in the consensus
sequence indicate identical residues in all the enzymes
except for one. Dots indicate mismatches. The serine
residue involved in the active site is indicated with ¥*.
The figure in the right hand corner shows how the domains
are oriented.
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Figure VII:

gives the amino acid sequence 1 - 722 for the entire
protein (one letter code) and indicates exons a, b, ¢,
and 4. The sign § indicates the starting point of the
repetition part.
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Table 1. Amino acid sequence of BSSL peptides.

Due to interfering peaks no positive identification of the
residue in cycles 1 and 2 of the sequencing could be made
in peptide number 26. The peptide numbers refer to the
peaks in Fig I.

S S D SO B ED P G G A S G et WS GO Y G S SIS WD WS GRS SIP G G WL D T S GE W G D R W SIS D G D D W S G G S G OD D M S D G G e

TP16:LysValThrGluGluAspPheTyrLys
TP19:GlyIleProPheAlaAlaProThrLys
Tp20:LeuValSerGluPheThrIleThrLys
T£24:ThrTyr;laTereuPheSerHisProSerArg
TPZG:PheAspVaiTerhrGluSerTrpAIaGInAsp

ProSerGlnGluAsnLys

——
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Table 2: Identification of the exons a, b, ¢ and d

numbered as in Piqures II and VII.

.exon Location

between nucleotide number

a 986-1172
b 1173-1376
c 1377-1574
d

1575-2415

the entire 151-2316
protein

the entire 151-1755
protein _

excluding
repetitions

between aminoacid
number

279-341
342-409
410-474
475-722

1-722

1-535

A i A A A L B L L L L L L L L Y Y Y yY Y Yry Y yYrY Y r YT YTt Y I I Y
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what we claim is:

1.

10.

A protein as indicated in Figure VII from position 1
to position 722. '

A protein as indicated in Figure VII from position 1
to position 535.

A protéin as indicated in Figure VII from position 1
to position 278.

A protein as indicated in Figure VII from position 1
to position 341.

" A protein as indicated in Figure VII from position 1

to position 409.

A protein as indicated in Figure VII from position 1
to position 474. -

A prbtein as indicated in Figure VII from position 1
to position 278, position 279 to position 341,
position 279 to position 409, position 279 to
position 474, position 342 to position 409, position
342 to position 474, or position 536 to position 722.

A protein according to any of claims 1-7 in
combination with one or more cf the repeats according
to Figure V.

A protein according to any'of claims 1-8, possessing
methionine as additional N-terminal amino acid.

A protein according to any of claims 1-9, exhibiting
one or several of the critical functions of
naturally occurring bile salt-stimulated lipase.
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11.

12.

13.

1‘.

15.

16.

17.

‘18.

L
A functionally equivalent variant or mutant of a

protein according to any of claims 1-9.

A DNA sequence coding for a protein with the amino
acid sequence according to claim 1.

A DNA sequence coding for a protein with the amino

-acid sequence according to claim 2.

A DNA sequence coding for a protein with the amino
acid sequence according to any of claims 3, 4, S, 6,

7, 8, 9, 10 and 11.

A DNA sequence defined by the following nucleotide
numbexs in Figure II:

151-2316
151-175S
151-98S
151-1172
151-1376
151-1574
986-1172
986-1376
986-1574
1173-1376
1173-1574

A vector comprising a DNA sequence codinq for a
protein according to claiml 1-11

A vector comprising a DNA sequence according to
claims 12 - 15.

A host organism transformed with a vector according
to claims 16 or 17. e o
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19.

20.

21.

22.

23.

24.

25.

26.

27.

N
dpepinley gy

containing a vector according to claims 16 or 17, and
isolating the protein.

A pharmaceutical composition comprising a protein
according to any of claims 1 - 11.

A pharmaceutical composition comprising a protein
according to any of claims 1-11 in combination with
a lipase or in combination with preparations
containing lipases.

The use of a protein according to any of claims 1 -
11, for t_hé manufacture of a medicament for the
treatment of a pathological condition related to
exocrine pancreatic insufficiency. -

The use of a protein according to any of claims
1 - 11 for the manufacture of a medicament for the
treatment of cystic fibrosis.

The use of a protein according to any of claims
1 - 11 as a supplement to an infant food formulation.

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of chronic pancreatitis.

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of fat malabsorption.

The use of a protein accordin to any of claims 1-11
for the manufacture of a medicament for the
tresatment of malabsorption of fat soluble __v_i_._tgmins.
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28.

29.

30.
31.

32.

33.
34.

35.

36.

37.

37

MR R O A |

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of fat malabsorption due to physiological
reasons.

The use, according to claims 22-28 of a protein
according to any of claims 1-11 in combination with a
lipase or lipases or in combination with preparations
containing a lipase or lipases.

An infant food formulation, supplemented with a protein
according to any of claims 1 - 11,

A protein according to claims 1 - 11 in substantially
pure form.

A protein according to claims 1 - 11 in isolated form.

A DNA sequence according to claims 12 - 15 in
substantially pure form.

A DNA sequence according to claims 12 - 15 in isolated
form.

A process for the preparation of a pharmaceutical
composition according to claims 20 or 21 by
incorporating a protein according to claims 1 - 11, 31,
or 32 in a pharmacologically acceptable carrier.

A process according to claim 35 for the preparation of
a pharmaceutical composition for oral administration.

A process for the preparation of an infant food
formulation according to claim 30, by supplementing an
infant food formulation with a protein according to
claims 1 ~-11, 31, or 32. R
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Abstract

The present invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described below of such proteins. The invention
also encompasses vectors, such as plasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzyme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention alsc includes processes for the preparation of
the novel products of the invention. The new proteins of
the invention are related to an enzyme, known i.a. as
human bile salt-stimulated lipase.
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10 : 30 ' S0
ACCTTCTGTATCAGTTAAGTGTCAAGATGGAAGGAACAGCAGTCTCAAGATAATGCAAAG

70 90 110
AGTTTATTCA!CCAGAGGCTGATGCTCACCATGGGGCGCCTGCAACTGGTTGTGTTGGGC
MetLeuThrMetGlyArgLeuGlnLeuValvValLeuGly

130 150 170
CT&ACCTGCTGCTGGGCAGTGGCGAGTGCCGCGAAGCTGGGCGCCGTGT!CACAGAAGGT

LeuThtCysCysTrpAlaVaIAIaSerAIaAlaLysLeuGlyAlthlTerhrGluGly
190 210 " 230

GGGTTCGTGGAAGGCGTCAATAAGAAGCTCGGCCTCCTGGGTGACTCTGTGGACATCTTC
GlyPheValGluGlyValAsnLysLysLeuGlyLeuLeuGlyAspSeiValAspIlePhe
250 270 290
AAGGGCATCCCCTTCGCAGCTCCCACCAAGGCCCTGGAAAATCCTCAGCCACATCCTGGC
LysGlyIleProPheAlaAlaProThrLysAlaLeuGluAsnProGlnProHisProGly
’ 310 330 | 350
TGGCAAGGGACCCTGAAGGCCAAGAACTTCAAGAAGAGATGCCTGCAGGCCACCATCACC
TrpGlnGlyThtheuLy:Al&LysAsnPhepysLysArgCysLeuGlnAlaThrIleThr
370 | 390 a0
CAGGACAGCACCTACGGGGATGAAGACTGCCTGTACCTCAACATTTGGGTGCCCCAGGGC
GlnAspSexThxTyrGlyAspGluAspCysLeuTyrLeuAsnIleTrpValProGlnGly
430 450 470
AGGAAGCAAGTCTCCCGGGACCTGCCCGTTATGATCTGGATCTATGGAGGCGCCTTCCTC
ArgLysGlnValSerArgAspLeuProValMetIleTrpIleTyrGlyGlyAlaPheLeu
490 510 530
ATGGGGTCCGGCCATGGGGCCAACTTCCTCAACAACTACCTGTATGACGGCGAGGAGATC
MetGlySerGlyHisGlyAlaAsnPheLeuAsnAsnTyrLeuTyrAspGlyGluGlulle
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$S0 $70 $90
GCCACACGCGGAAACGTCATCGTGGTCACCTTCAACTACCGTGTCGGCCCCCTTGGGTTC
AlaThrA:gGlyAanh1IloVQIVhIThtPhoAsnTy:Agialclyrtobouclyrho
610 - 630 650
CTCAGCACTGGGGACGCCAATCTGCCAGGTAACTATGGCCTTCGGGATCAGCACAEGGCC
LeuSerThrGlyAspAlaAsnLeuProGlyAsnTyrGlyLeuArgAspGlnHisMetAla
670 690 710
ATTGCTTGGGTGAAGAGGAATATCGCGGCCTTCGGGGGGGACCCCAACAACATCACGCTC
IleAIaTrpVaILysAngsnI1eAlaAlaPheGlyGlyAspProAsnAsnIleThrLeﬁ
730 | 750 770
TTCGGGGAGTCTGCTGGAGGTGCCAGCGTCTCTCTGCAG!CCCTCTCCCCCTACAACAAG
PheGlyGluSerAlaGlyGlyAlaSerValSerLeuGlnThrLeuSefProTyrAsnLys
790 810 830
GGCCTCATCCGGCGAGCCATCAGCCAGAGCGGCGTGGCCCTGAGTCCCTGGGTCATCCAG
GlyLeulleArgArgAlalIleSerGlnSerGlyValAlaLeuSerProTrpvallleGln
’ 850 870 890
AAAAACCCACTCTTCTGGGCCAAAAAGGTGGCTGAGAAGGTGGGTTGCCCTCTGGGTGAT
LysAsnPtoLeuPheTprlaLysLyng131acluhythlclyCylP:dvalclyAsp
| 910 930 Y 950
GCCGCCAGGATGGCCCAGTGTCTGAAGGTTACQQRTCCCCGAGCCCTGACGCTGGCCTAI
AlaAlaArgﬂetAlaGlnCysLeuLysValTh(éfggrohrghlaLeuThrLeuAlaTyr
970 990 = Pk 1010
AAGGTGCCGCTGGCAGGCCTGGAGT;CCCCATGCTGCACTATGTGGGCTTCGTCCCTGTC
LysValProLeuAlaGlyLeuGluTyrProMetLeuHisTyrValGlyPheValProVal
1030 1050 1070
ATTGATGGAGACTTCATCCCCGCTGACCCGATCAACCTGTACGCCAACGCCGCCGACATC

IleAspGlyAspPhelleProAlaAspProIleAsnLeuTyrAlaAsnAlaAlaAsplle

F.ijure ll-,/z N

Sheet Has Been Replaced

THin \IIl



1090 1110 1130
GACTATATAGCAGGCACCAACAACATGGACGGCCACATCTTCGCCAGCATCGACATGCCT
AspTyrIleAlaGlyThrAsnAsnMetAspGlyHisIlePheAlaSerIleAspMetPro

1150 _ 1170 1190
GCCAECAACAAGGGCAACAAGAAAGTCACGGA;GAGGACTTCTACAAGCTGGTCAGTGAG
AlaI1eAsnLysGly&snLysLysvalThrGIuGluAspPheTyrhyéLeuValSetGlu

1210 1239 1250
TTCACAATCACCAAGGGGCTCAGAGGCGCCAAGACGACCTTTGATGTCTACACCGAGTCC
PheThrIleThrLysGlyLeuArgGlyhlaLysThrThrPheAspValTerhrGlusér

1270 ’ 1230 1310
TGGGCCCAGGACCCATCCCAGGAGAATAAGAAGAAGACTGTGGTGGACTTTGAGACCGAT
TrpAlaGlnAspProSerGlnGluAsnLysLysLysThrValvValAspPheGluThrAsp

1330 1350 1370

*

GTCCTCTTCCTGGTGCCCACCGAGATTGCCCTAGCCCAGCACAGAGCCAAIGCCAAGAGT"
ValLeuPheLeuValProThrGlulleAlalLeuAlaGlnHisArgAlaAsnAlaLysSer
1390 1410 1430
GCCAAGACCTACGCCTACCTGTTTTCCCATCCCTCTCGGATGCCCGTCTACCCCAAATGG
AlaLysThrTyrAlaTy;LeuPheSerHisProSerArgHetProValTerroLysTrp

1450 | 1470 1490 |
GTGGGGGCCGACCATGCAGATGACATTCAGTACGTTTTCGGGAAGCCCTTCGCCACCCCC
ValGlyAlaAspHisAlaAspAspIleGlnTyrValPheGlyLysProPheAlaThrPro

1510 1530 1550
ACGGGCTACCGGCCCCAAGACAGGACAGTCTCTAAGGCCATGATCGCCTACTGGACCAAC
ThrGlyTyrArgProGlnAspArgThrVa1SerﬂysAlaHetIleAlaTerrpThrAsn

1570 1590 1610
TTTGCCAAAACAGGSEACCCCAACATGGGCGACTCGGCTGTGCCCACACACTGGGAACCC

PheAlaLysThrGlyAspProAsnMetGlyAspSerAlaValProThrHisTrpGluPro
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1630 1650 - 1670
TACACTACGGAAAACAGCGGCTACCTGGAGATCACCAAGAAGATGGGCAGCAGCTCCATG
TyrThrThrGluAsnSerGlyTyrLeuGluIleThrLysLysMetGlySerSerSerMet

1690 1710 1730
AAGCGGAGCCTGAGAACCAACTTCCTGCGCTACTGGACCCTCACCTATCTGGCGCTGCCC
LysArgSerLeuArgThrAsnPheLeuArgTyrTrpThrLeuThrTyrLeuAlaLeuPre

1750 1770 | 1790
ACAGTGACCGACCAGgAGGCCACCCCTGTGCCCCCCACAGGGGACTCCGAGGCCACTCCC
ThrValThrAspGlnGluAlaThrProValProProThrGlyAspSerGluAlaThrPro

1810 1830 1850
GTGCCCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGCGGTGACTCCGGGGCC
ValProProThrGlyAspSerGluThrAlaProValProProThrGlyAspSerGlyAla

1870 | 1890 . 1910
CCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCQ@TGCCGCCCACGGGEGACTCC
ProProVa1ProPro'rhrGlyAspSQrGIyAlaProPrroPro'l‘hrGlyAsySer

1930 1950 Y 1970
GGGGCCCCCCCCETGCCGCCCACGGGTCACTCCGGGGCCCCCCCCGTGCCGCCCACGGGT
GlyAIi?roProValrrorroThtGIyAspserGlyAlaProPrthlP:orrorhrcly

1990 - 2010 2030
GACTCCGGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCPCCCCGTGCVGCCC

L

- AspSerGlyAlaProProValProProThrGlyAspSerGlyal aProProValPrePro
2050 2070 2090
ACGGGTGACTCCGGCGCCCCCCCCGTGCCGCCCACGGGTGACGCCGGGCCCCCCCCCETE
ThrGlyAspSerGlyAlaProProValProProThrGlyAspAlaGlyProProProVal
2110 2130 . 2150
CCGCCCACGGGTGACTCCGGCGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCC
ProProThrGlyAspSerGlyAlaProPtoValPro?;oThrGlyAspSerélyAlaPro
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3170 4190 2210
CCCGTGACCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGG
ProValThrProThrGlyAspSerGluThrAlaProValProProThrGlyAspSerGly

2230 | 2250 2270
GCCCCCCCTGTGCCCCCCACGGGTGACTCTGAGGCTGCCCCTGTGCCCCCCACAGATGAC
AlaProProValProProThrGlyAspSerGluAlaAlaProValProProThrAspAsp

2290 2310 ' 2330
TCCAAGGAAGCTCAGATGCCTGCAGTCATTAGGTTTTAGCGTCCCATGAGCCTTGGTATC
SerLysGluAlaGlnMetProAlavVallleArgPhe '

2350 2370 2390
AAGAGGCCACAAGAGTGGGACCCCAGGGGCTCCCCTCCCATCTTGAGCTCTTCCTGAATA

2410
AAGCCTCATACCCCTAAAAAAAAAAAAA

F;,we _TL/{
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10 © 30 SO
AKLGAVYTBGG?VEGVNKKLGLLGDSVDIfKGIPPAAPTKKLBNPQPHPGWOGTLKAKN?
70 : 90 110
KKRCLQATITQDSTYGDEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGHGANFL
130 150 170

NNYLYDGEEIATRGNVIVVTIFNYRVGPLGFLSTGDANLPGNYGLRDQHMATAWVKRNIAA

190 210 230
FGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSPWVIQKNPLFWAKKY

250 270 290
AEKVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAGLEYPMLHYVGFVPVIDGDFIPADP
exon—a
310 330 ' 350

INLYANAADIDYIAGTNNMDGHIFASIDMPAINKGNKKVTEEDFYKLVSEFTITKGLRGA

370 390 410 |
KTTFDVYTESWAQDPSQENKKKTVVDFETDVLFLVPTEI ALAQHRANAKSAKTYAYLPSH
430 sxon b 450 470
PSRMPVYPKWVGADHADDIQYVPGKPFATPTGYRPQDRTVSKAMIA!WTNPAKTGDPNHG
490 %0 | 530

DSXZ?&HWEPYTTENSGYLEITKKMGSSSMKRSLRTNPLRYWTLTYLALPTVTDQBATPV
== exon a . e
550 L 570 590

PPTGDSEATPVPPTGDSETAPVPPTGDSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGD

610 630 650
SGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGDSGAPPVPPTGDAGPPPVPPTGDSGAPP

670 690 710
VPPTGDSGAPPVTPTGDSETAPVPPTGDSGAPPVPPTGDSEAAPVPPTDDSKEAQMPAVI
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DERIVATIVES OF HUMAN-/BILE-SALT STIMULATED LIPASE,
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

Field of the invention

The présent invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described belcw of such proteins. The invention
also encompasses vectors, such as plasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzyme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention also includes processes for the preparation of
the novel products of the invention. The new proteins of
the invention are related to an enzyme, known i.a. as
human bile salt-stimulated lipase.
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Background to the invention

The human lactating mammary gland synthesizes and secretes
with the milk a bile salt-stimulated lipase (BSSL) [1]
that, after specific activation by primary bile salts [2,
57, 58], contributes to the breast-fed infant's endogenous
capacity of intestinal fat digestion [3-5]. This enzyme,
which accounts for approximately 1% of total milk protein
[6], is a non specific lipase; in vitro it hydrolyses not
only tri-, di- and monoacylglycerols, but also
cholesteryl-, and retinyl esters, and
lysophosphatidylglycerols [7-10]). Furthermore, its
activity is not restricted to emulsified substrates, but
micellar and soluble substrates are hydrolyzed at similar
rates [11]. |
BSSI, is not degraded during passage with the milk through
the stomach, and in duodenal contents it is protected by
bile salts from inactivation by pancreatic proteases such
as trypsin and chymotrypsin [2,11]. It is, however,
inactivated when the milk is pasteurized, e.g. heated to
62.5 °C, 30 min [12]. Model experiments in vitro suggest
that the end products of triacylglycerol digestion are
difrferent in the presence of BSSL [5,7). Due to lower
intraluminal bile salt concentrations during the neonatal
period [13,14] this may be beneficial to product
absorption [5,15].

The carkoxylic ester hydrolase (CEH) of human pancreatic
jJuice [16] seems functionally to be identical, or at least
very similar, to BSSL [8]. They also share common epitopes
[8,17], have identical N-terminal amino acid sequences
[17]) and are inhibited by inhibitors of serine esterases,
e.g. eserine and diisopropylfluorophopsphate [6,8,16]). It
has been hYpothesized that the two enzymes are products of
the same gene [18,19). The observed molocular size
difference [8,19] could be explained by different patterns
of glycosylation, as recently squgsgeg [17].
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Dietary lipids is an important source of energy. The
energy-rich triacylglycerols constitute more than 95% of
these lipids. Some of the lipids, e.g. certain fatty acids
and the fat soluble vitamins, are essential dieatary
constituents. Before gastro-intestinal absorption the
triacylglycerols as well as the minor compbnents, i.e.
esterified fat-soluble vitamins and cholesterol, and
diacylphosphatidylglycerols, require hydrolysis of the
ester bonds to give rise to less hydrophobic, absorbable
products. These reactions are catalyzed by a specific
group of enzymes called lipases.

In the human adult the essential lipases involved are
considered to be gastric lipase, pancreatic colipase-
dependent lipase (tri- and diacylglycerol hydrolysis),
pancreatic phospholipase A2 (diacylphosphatidylglycerols)
and carboxylic ester hydrolase (cholesteryl- and fat
soluble vitamin esters). In the breast-fed newborn bile
salt-stimulated lipase plays an essential part in the
hydrolysis of several of the above mentioned lipids.
Together with bile salts the products of 1ipid digestion
form mixed micelles from which absorption occurrs (3-5).

Common causes of lipid malabsorption, and hence
malnutrition, are reduced intraluminal leavels of
pancreatic colipase-dependent lipase an/or bile salts.
Typical examples of such lipase deficiency are patients
suffering from cystic fibrosis, a common genetic disorder
resulting in a life-long deficiency in som 80% of the
patients, and chronic pancreatltis, often due to chronic
alcoholism. '

The pancreatic and liver functions are not fully developed
at birth, most notably in infants born before term. Fat
malabsorption, for physiological reasons, is a common
finding and thought to result from low intraluminal
pancreatic colipase-dependent lipase and bile salt
concentrations (§!4,13-15)} However, because of BSSL, such
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malabsorption is much less frequént in breast-fed infants
than in infants fed pasteurized human milk of infant
formulas (3-5, 12, 59, 60, 61). This is one reason why it
has been advocated that newborn infants, particularly.
preterm infants, that cannot be fed their own mothers milk
should be fed non-pasteurized milk from other mothers

(12).

4

The present treatment of patients suffering from a
deficiency of pancreatic lipase is the oral administration
of very large doses of a crude preparation of porcine
pancreatic enzymes. Colipase-dependent pancreatic lipase
is inactivated by low pH. Such conditions are prevalent in
the stomach, with the result that orally administered
pancreatic lipase is virtually completely inactivated on
the passage through the stomach to the gut. Therefore,
this effect cannot be completely overcome by the use of
large doses of enzyme. The large doses administered are
inadequate for most patients, and the preparations are
impure and unpalatable. Certain tablets have been
formulated which pass through the acid regions of the
stomach and discharge the enzyme only in the relatively
alkaline environment of the jejunum. However, many
patients suffering from pancreatic disorders have an
abnormally acid jejunum and such tablets may fail to
discharge the enzyme and may therefore be ineffective.
Moreover, since the preparations presently on the market
are of a non-human source there is a risk of
immunoreactions that may cause harmful effects to the
patients or result in reduced therapy efficiency.

A further drawback with the present preparations is that
their content of other lipolytic activities than colipase-
dependent lipase are not stated. In fact, most of them
contain very low levels of CEH/BSSL-activity. This may be
one reason why many patients, suffering from cystic
fibrosis in spite of supplementation therapy, suffer from

deficiencies of fat soluble vitamins and essential fatty
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acids.
Thus, there is a great need for products with properties

and structure derived from human lipases and with a broad
substrate specificity, which products may be orally
administered to patients suffering from deficiency of one
or several of the pancreatic lipolytic enzymes. The
products of the present invention fulfil this need by
themselves or in combination with other lipases or in
combination with preparations containing other lipases.
Furthermore, for some human infants there is an obvious
need to improve fat utilization from conventiornal infant
formulas, or pasteurized human milk from so-called milk
banks.

BSSL has several unique propertles that makes it ideally
suited for substitution and supplementation therapy:

It has been designed by nature for oral administration.
Thus, it resists passage through the stomach and i
activated in contents of the small intestine.

Its specific activation mechanism should prevent
hazardous lipolysis of food or tissue lipids during
storage and passage to its site of action.

Due to its broad substrate specificity it has the
potential to, on its own, mediate complete digestion of
 most dietary lipids, including the fat soluble vitamin
esters.

BSSL may be superior to pancreatic colipase~dependent
lipase to hydrolyze ester bonds containing long-chain
polyunsaturated fatty acids.

In the presence of gastric lipase and in the absence of,
or at low levels of colipase-dependent lipase BSSL can
ascertain a complete triacylglycerol digestion in vitro

" even if the bile salt levels are low such as in newborn
infants. In the presence of BSSL the end products of
triacylglycerol digestion become free fatty acids and free.
glycerol rather than free fatty acids and monoacylglycerol
generated by the other two lipases (5). This may favour
product absorption particularly when the intraluminal bile

5




salt levels are low (3,15).
From a historical point of view infant formulas have been
developed, and improved, from the concept that their
composition should be as similar to that of human milk as
possible. It is desirable to supplement such formulas.

The utilization for supplementation, substitation or
therapy of bile salt-stimulated lipases (BSSL), or of
proteins with the essential functions of BSSL, requires
however access to quantities of the product on a large
technical scale. It is not possible in factory scale to
rely on natural sources such as milk as starting material.
Besides the prcblem mentioned above with inactivation of
BSSL during pasteurization, there is the additional risk
of contaminaticn of material from a natural source with
infectious agents, e.g. vira such as HIV virus and CMV.
There is, accordingly, a need for large scale access to
products having BSSL properties. The present invention
provides such products and methods for their preparation.

Prior art references are given later in this
specification.
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. The invention

The present invention is based on the cloning of cDNA
coding for BSSL derived from human mammary gland. We have
also isolated, from human pancreas, a partial cDNA coding
for CEH. Deduced amino acid sequences from the human
cDNA's and comparison with CEH from other species, support
the interpretation that BSSL and CEH are identical.

As will be further detailed below, it was surprisingly
found that the structure of the protein as deduced from
the cDNA sequence is quite different from the structure of
other lipases. The structure proved urexpectedly to be
more like the structure of typical esterases, such as
cholinesterase.
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with reference to Figure II and Figure VII, products of
the invention are:

a) a protein as defined'by the amino acid sequence 1-722
in Pig. VII,

b) a protein as defined by the amino acid sequence 1-535
in Fig. VII,

c) a protein as defined by the amino acid sequence 1-278
in Fig. VII,

d) a protein as defined by the amino acid sequence 1-341
in Fig. VII,

e) a protein as defined by the amino acid sequence 1-409
in Fig. VII,

£) a protein as defined by the amino acid sequence 1-474
in Fig. VII,

g) combinations of proteins defined under b) - £) e.g.
as defined by the amino acid sequence in positions 1-278,
279-341, 279-409, 279-474, 342-409, 342-474 and 536-722.

h) combinations of proteins defined under L) - g) in
combination with one or more of the repeats according to
Figure V,

i) a protein as defined under a) - h) possessing an
additional, N-terminal amino acid, namely methionine,
and functionally equivalent variants and mutaats of the
proteins defined in a) - i) above;

It should be noted that the proteins under a, b, ¢, 4, é,
£, h and 1 above will not be identical in all respects to
naturally occurring BSSL, but they will exhibit one or
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more of the critical functions of naturally occurring
BSSL. Critical functions are given below.

3) a DNA sequence coding for the proteins defined in a,
b, c, 4, e, £, h and 1 above.

k) a DNA sequence according to Fig. II, defined by the
following nucleotide numbers in Fig. II:

a) a DNA sequence 151-2316 according to Fig. 1I, coding
for the protein defined by the amino acid sequence 1-722
in Fig. VIIX,

b) a DNA sequence 151-1755 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-535
in Fig. VII,

c) a DNA sequence 151-985 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-278
in FPig. VII,

d) a DNA sequence 151-1172 according te Fig. II, coding
for the protein defined by the amino acid sequence 1-341
in Fig. VII,

e) a DNA seguence 151-1376 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-409
in Pig. VII,

£f) a DNA sequence 151-1574 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-474
in Fig. VI1, _

g) a DNA sequence 986-1172 according to Fig. II, coding
for the protein defined by the amino acid sequence 279-341
in Fig. VII,

h) a DNA sequence 986-1376 according tc Fig. II, coding
for the protein defined by the amino acid sequence 279-
409 in Fig. VII,

i) a DNA sequence 986-1574 according to Fig. II, coding
for the protein defined by the amino acid sequence 279-474

in Fig. VII, P
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4) a DMA sequence 1173-1376 according to Pig. II, coding
for the protein defined by the amino acid sequence 342-409
in Pig. VII,

k) a DNA sequence 1173-1574 according to Fig. II, coding
for the protein defined by the amino acid sequence 342-474
in Pig. VII. ' :

Significant functions of proteins of the invention are
a) suitable for oral administration,
b) being activated by specific bile salts,

c) acting as a non-specific lipase in the contents of the
small intestines, that is being able to hydrolyze lipids
relatively independent of their chemical structure and
physical state (emulsified, micellar, soluble).

d) Ability to hydrolyze triacylglycerols with fatty acids
of different chain-length and different degreee of
unsaturation.

e) Ability to hydrolyze also diacylglycerol,
monoacylglycerol, cholesteryl esters,
iysophosphatidylacylglycerol, and retinyl and other fat
soluble vitamin-esters. '

£f) Ability to hydrolyze not only the sn-1(3) ester bonds
in a triacylglycerol but also the sn-2 ester bond.

g) Ability to interact with not only primary but also
secondary bile salts.

h) Dependency on bile saits for optimal activity.

i) stability so that gastric contents will not affect the
catalytical efficlency to any substantial degree.
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j) stability towards inactivation by pancreatic
proteases, e.g. trypsin, provided bile salts are present.

k) Ability to bind to heparin and beparin derivatives,
e.g. heparan sulphate.

1) Ability to bind to lipid-water interphases.

m) Stability to permit lyophilization.

n) Stability when mixed with food constituents such as in
human milk, or milk formula.

The critical functions for supplamentation, substitution,
or therapy are these according to a), ¢), 4), e), £), 1),
j) and 1). For other purposes, not all critical functions
may be necessary.

For expression of the proteins indicated above, the
appropriate DNA sequence indicated above will be inserted
into a suitable vector which then is introduced into a
suitable host organism. The said vector will also have to
comprise appropriate signal and other sequences enabling
the organism to express the desired protein.

Suitable expression organisms:

With the recombinant DNA techniques it is possible to
clone and express a protein of interest in a variety of
prokaryotic and eukaryotic host organisms. Possible
expression organisms are bacteria, simple eukaryots
(yeast), animal cell cultures, insect cell cultures, plant
cell cultures, plants and transgenic animals. EBach
individual system has its own particular advantages and
disadvantages. The simple conclusion is that every gene to
be expressed is a unique problem ané no,standard solution
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is available.

Commonly used bacterial systems are R, Coli, Bacillus
subtilis, Streptomyces. Commonly used yeasts are
saccharomyces, and Pichia Pastoris. Commonly used animal
cells are CHO cells and COS cells. Commonly used insect
cell cultures are Drosophila derived cells.

Commonly used plant is the tobacco plant. Possible
transgenic animals are goat and cow.

Possible bacterial vectors are exemplified by puUC and
protein A-vectors.

Possible yeast vector is exemplified by pMA 91.

Possible insect vectors are devired from Baculo-virus.
Possible animal cell vectors are derived from SV/40.
Possible plant vectors are derived from the Ti-plasmid.
In every system, both natural and synthetic promoters and
terminators can be used.

It is understood that depending on the choice of

expression system, the expressed protein may contain an

additional N-terminal amino acid (methionine), contain a

few extra amino acids, or be fused to a heterologous

protein, {(e.g. protein A), or differ from the naturally

occurring protein with respect to glycosylation.

Furthermore, the vectors may also contain signal seqﬁences

in order to export the protein to the periplasm or to the

culture medium.

- Thus, further aspects of the invention are: _

a) a vector comprising a DNA sequence coding for a
protein as specitfied above, '

b) a host organism comprising a DNA sequence as
specified above,

c) a process for the production of a protein as
specified above, by growing a host organism
containing a vector as spec;fzed under a) above and

isolating the protein.
This Sheet Has Been Replac
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Methods from purification are based on the expression
system dsed (e.g. protein A/IgG) and/or on methods used
for purification of the naturally occurring enzyme, as
descrthed in reference 6.

Additional aspects of the invention are:

- a pharmaceutical composition comprising a protein as
specified above,

- the use of a protein as specified above for the
manufacture of a medicament for the treatment of a
pathological condition related to exocrine pancreatic

insufficiehcy,

- the use of a protein as specified above for the
‘manufacture of a medicament for the treatment of cystic -
£ibrosis, '

- the use of a protein as specified above as a supplement
to an infant food formulation,

~-the use of a proteiﬁ as specified above for the
- manufacture of a medicament for the treatment of chronic
.pancreafltis,

~the use of a protein as specified above for the :
manufacture of a medicament for the treatment of fat
malabsorption of any etiology, -

-the use of a protein'as specified above for the.
manufacture of a medicament for the treatment cf
malabsoption of fat soluble vitamins,

-the use cof a proteintas specified above for the
manufacture of a medicament for. the treatment of fat
ma1§p§9£g;;99"gpg"to physiological reasons, e.g. in new-
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born infants.

The DNA sequence in Fig. II from position 151 up to amd
including position 2316 is the sequence coding for the entire
protein. The sequence from position 2317 up to and including
position 2415 is not translated to protein, but is included
in exon d identified in Table 2 below.

In one embodiment of the invention, the protein as defined in
pharagraphs a) - i) above is provided in isolated form and/or
in substantially pure form.

The DNA sequences as defined in paragraphs a) - k) above are
in one embodiment of the invention provided in isolated form
and/or in substantially pure form.

Experimental part

Abbreviations

aa, amino acid; bp, base pair; BSSL, bile salt-stimulated
lipase; c-AMP, cyclic adenosine monophosphate; CEH,
carboxylic ester hydrolase; Da, dalton; c 7GTP, 7-deaza-2-
deoxyguanosine 5'triphosphate; EDTA, ethvlene diamine

- tetraacetate; kb, kilobases; MOPS, 3-N-morphclino-
.propanesulfonic acid; nt, nucleotide; PAGE, pclyacrylamide
gel electrophoresis; SDS, sodium dodecyl sulfate; SSC, NaCl
citrate, xGal, 5-bromo-4-chloro-3-indolyl-3-D-
galactopyranoside.

Enzymes
Bile salt-stimulated lipase EC 3.1.1.3

Carboxylic ester hydrolase EC 3.1.1.1

A .
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Material and Methods

A. Enzyme and antibody preparation

BSSL was purified from human milk as previously described
[6]. When used for antibody production the enzyme was
further purified by SDS-PAGE. The protein band
corresponding to the lipase was, after staining with
Coomassie Brilliant blue, electroeluted from the gel.
Twentyfive ug of purified enzyme, together with an equal
volume of Freund's complete adjuvant, was used for a first
i.c. injection and the same amount of enzyme with
incomplete adjuvant for the subsequent monthly booster
injections. The rabbits were bled about two weeks after
each booster and sera prepared and stored at -20 °C.

B. Preparation of tryptic fragments and amino acid
sequence analysis

Three mg of purified BSSL was dissolved in 1 ml of 0.1M
Tris-Cl buffer, pH 8.5, containing 6M guanidinium
hydrochloride and 2 mM EDTA. Dithicerythritol was added to
5mM. After incubation at 37 °C for 2h, 300 ul 50 mM
iodoacetate was added. After 90 min incubation at 25 ©C in
darkness the reduced and carboxymethylated enzyme was -
desalted on a Sephades G-25 column, equilibrated with
0.5M ammonium bicarbonate. Thirty ug of tosyl-L-
phenylalanine chloromethane treated bovine trypsin
(Worthington diagnostics system Inc., Freehold, NJ, USA)
was added before lyophilization. The lyophilized protein
was dissolved in 4 ml 0.1M ammonium bicarbonate and an
additional 90 ug of trypsin was added. After 5h incubation
at 37 °C the protein was again lyophilized. The tryptic
digest was dissolved in 0.1% trifluoroacetic acid
(2mg/ml). Three hundred ug of trypsinated BSSL was
chromatographed on HPLC using a C-18 reversed phase column
and eluted with a gradient of 0-50% acetonitrile in 0.1%

This Sheet Has Been Replaced
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trifluoroacetic acid. Peptide collection was monitored by
continuous recording of the absorbance at 215 nm. Peptides
to be sequenced were further purified by rechromatography
using the same column with adjusted gradients. |
Samples of peptide fragments to be sequenced were dried
under nitrogen to remove acetonitrile and applied to the
sequencer. For N-terminal sequence analysis, native BSSL
was dissolved in 0.1% acetic acid. Sequence analyzes were
performed on an Applied Biosystems Inc. 477A pulsed
liquid-phase sequencer and on-line PTH 120A analyzer with
regular cycle programs and chemicals from the
manufacturer. Initial and repetitive yields, calculated
from a sequenced standard protein, B-lactoglobulin, were
47 and 97%, respectively.

C. Isolation of RNA

Samples of human pancreatic adipose and lactating mammary
gland tissues were obtained at surgery and immediately put
into guanidinium thiocyanate (1-5 g in 50 ml). Total RNA
was extracted as described by Chirgwin [20]. Poly(A)~RNA

" was prepared by chromatography on oligo-deoxythymidilate-
(oligo(DT))-cellulose column {21].

D. Construction and screening of cDNA libraries

Approximately 15 ug poly-adenylated RNA from human
pancreas was denatured with methyl mercuric hydroxide [22]
and primed with oligo (dT) .a2-.e pPrimers (Pharmacia,
Uppsala, Sweden), and reversely transcribed using
standard procedures [23]. Second-strand synthesis was
carried out according to Gubler and Hoffman {[24], except
that DNA ligase and 8-NAD were omitted, and the reaction
temperature was set at 15 °C. Excess RNA was digested with
RNAse A (50pg/ml), and the double-stranded cDNA was
treated with EcoRI methylase [25]. Ends were blunted with
Klenow enzyme. After ligation to EcoRI linkers and
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cleavage with EcoRI the cDNA was fractionated on a
Sepharose 4B-Cl column. The void volume fraction was:
precipitated with ethanol and the cDNA ligated into the
EcoRI site of a phosphatase treated gtll vector [26]. In
vitro packing yielded more than 7x10® recombinants.

A cDNA library from human mammary gland, derived from
tissue obtained from a women at the eighth month of
pregnancy, was purchased (Clontech Laboratories, Inc.,
Palo Alto, CA; USA).

Phages from the cDNA libraries were plated at 5x10° plaque
forming units per 120-mm dish. The antiserum was diluted
to a ratio of 1:3200 and scrgening was performed according
to Young and Davis [27]. Alkaline-phosphatase-conjugated
goat-anti-rabbit antibodies were used as second antibodies
{(Bic~Rad, Richmond, CA USA). To isolate clones
corresponding to the 5'-end of the mRNA, nucleic acid
hybridization was done under standard conditions [23]
using a subcloned fragment from one of the immunopositive
clones as a probe.

E. RNA analysis

Electrophoresis was carried out in a 1% agarose gel in
40mM MOPS buffer pH 7.0 after denaturation with glyoxal
and dimethylsulfoxide [28]. Glyoxalated total RNA was then
transferred to nitrocellulose filters [29]. The blots were
proped with subclones of BSSL and CEH recombinants that
were labelled by the oligo-labeling technique [30].
Prehybridization and hybridization were carried out with
50% formamid at 46 °C [23]. Posthybridization washes were
performed at high stringency (0.1% SDS and 0.1xSSC at

60° C). (1xssc, 0,15M NaCl, 0.0015M Na, citrate, pH 7.%).

F. Nucleotide sequence
is Sheet Has Been-Replaced
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cDNA inserts from BSSL and CEH recombinants were either
directly cloned into M3mpl8 and mpl9 after sonication and
size fractionation or some of them were further subcloned
into pTZ19R after digestions with Pstl, BstXI, NarI, Smal
and AhaII. The nucleotide sequence was determined by the
dideoxy chain-termination method [31). The GC-rich repeats
(see below) were also sequenced with Tagl polymerase and
dc 7GTP. Both strands were sequenced. Sequence information
was retrived from autoradiograms by use of the software
MS-EdsSeq as described by Sj8berg et al {55].

G. Amino acid sequence predictions and homologies.

To predict the corresponding amino acid sequence of the
cDNA inserts, codon usage of different reading frames was
compared according to Staden and gave one open reading
frame [32]. Homologies were searched for with the programs
of the UWGCG software package [33].

Results and_Discussion

A. Sequences of tryptic fragments and the N-terminus of
BSSL

Trypsin digestion of purified BSSL resulted in
approximately 50 fragments as judged by the number of
peaks obtained during the HPLC-chromatography (Fig. I).
The peaks were collected and the indicated peaks which
could be isolated in a highly purified state and in
reasonable quantities, were sequenced. The result;ng.
sequences are shown in Table I. In addition the 30 most N-
terminal residues were sequenced (Fig. II), and they
confirm the previously reported sequence of Abouakil et
al. (30 residues) [17].

The 22 residues long N-terminal sequence reported from
Wang & Johnson [34] is a glycine in our report and a = .
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lysine in Wang & Johnson's.

B. Nucleotide sequence of BSSL

For construction of the Agtll cDNA library we used
polyadenylatéd RNA from human pancreas. Initially four
immunopositive clones were isolated, and then this
pancreatic expression cDNA library was screened with
antiserum against BSSL. Nucleotide'sequence analysis of
the four clones showed that they are in perfect agreement
and correspond to the 3'-end of the mRNA. They all begin
with a poly A tail and differ only in length; the longest
insert, designated ACEH, spans 996 bp.

A cDNA library from human mammary gland was screened with
antiserum, and the pancreas clone ACEH as probe. Poéitive
clones were lsolated from both screenings, which all
originate from the 3'-end. The longest mammary gland
clone, designated ABSSL,_reaches 2100 bp upstream. It
contains four of the sequenced tryptic fragments (Fig.
II), but do not include thec N-terminal amino acid
sequence. To extend the sequence beyond the translation
start, the mammary gland cDNA library was rescreened with
a 118 bases long probe derived from the most 5'proximal
part of ABSSL. One clone was isolated that continued a
further 328 nucleotides upstream. It matched the N-
terminal amino acid sequence, and contained the remaining
tryptic fragment. As showvn in Fig. II, the cDNA is 2428
nucleotides long and contains 81 bases upstream from the
first ATG codon. The polyadenylation signal, AATAAA is
located 13 nucleotides upstream from the poly A tail and
the termination codon TAG was found at nucleotide 2317
followed by a 3'-untranslaitod region of 112 bp.

A GC rich region consisting of 16 repeats of 33 bases was
found in the 3'-end of the sequence between base 1756 and
- 2283. The nucleotide secuence of the repetition, shown
in FPig. I1I, consists of six identical repetitions '
surrounded by ten repetitions with d;fferent number of
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substitutions that have probably occurred after several
duplications. The low number of substitutions suggests
that these repetitions have appeared late during
evolution.

C. Tissue distribution of expression

RNA fror human lactating mammary gland, pancreas, adipose
tissue and from a human hepatoma celline (HepG2) was
analyzed by Northern blotting. The size of the messenger
was determined to be approximately 2.5 kb in both
lactating mammary gland and pancreas. No signal could be
detected in the lanes with RNA extracted from HepG2 or
adipose tissue (Fig. IV).:

Since the 1aRNA used for the mammary gland library was
obtained from a female in her 8th month of pregnancy, it
is evident that transcription and probably translation of
the BSSL gene is turned on before partus, in agreement
with previous findings on BSSL secretion before partus
[35). See Figure 1IV.

D. Amino acid sequence of BSSL

Assessed by SDS-PAGE the molecular mass has been reported
to be 107-125 kDa [8,36] and by analytical
ultracentrifugation to be 105 kDa [37]. The enzyme, as
deduced from the cDNA, consists of 722 amino acid residues
(Fig. II) which, giving a molecular mass of 76.271 Da,
indicates that the enzyme contains at least 15-20%
carbohydrate. The leader sequence is 23 residues long. A
tentative active site serine residue is localized to
serine-217 (Fig. V). The sequence around this serine
accord with the consensus active site sequence of serine-
hydrolases [38]. It has recently been it was proposed that
basic residues found close to the active site serine may
be involved ir the cleavage of esterbonds in acylglycerols
by lipases [39]. It is interesting to note that such.
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residues are not present in BSSL. The single tentative N-
glycosylation site is localized only seven residues from
the serine. The degree of glycosylation [6,16] suggests
that the enzyme contains 0O-linked carbolydrate. There are
numerous sites where such glycosylation could have
occurred. The amino acid composition based on purified
enzyme has shown a high content of proline residues [6].
The amino acid sequence obtained from cDNA confiirms this.
Moreover, most of the proline residues are localized in
the 16 repeats of 11 residues each, constituting the main
part of the C-terminal half of the enzyme.

E. Comparison of the enzymes in mammary gland {BSSL) and
pancreas (CEH)

BSSL of human milk and human pancreas CEH have previously
been shown to be similar, if not identical. The present
data strongly suggests that the two enzymes are products
of the same gene. The nucleotide sequence of the cDNA
clones shows that the pancreatic clone ACEEH is identical
with the mammary gland clone ABSSL from the poly 2 tall
and 996 bases towards the 5'-end, including the seguence
coding for the proline rich repeats. Northen blot gave a
single band of 2.5 kb in RNA from pancreas and lactating
mammary gland (Fig. IV). Genomic Southern blots fucther
support the idea that only one gene codes for BSSL and
CEH. The difference in mobility on SDS-PAGE between BSSL
and CEH can be explained as a consequence of different
glycosylation or differential splicing.

The similarity of BSSL to the rat and bovine enzymes {see
below) and to results from genomics blots support the
possibility that differential splicing cannot account for
the mobility difference. Since the C-terminal sequence has
not been confirmed on the protein level there is a less
likely possibility that CEH may be processed hy a

- proteolytic clearage in the C-terminal end.
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' So far as we know pancreatic enzymes that obviously
correspond to CEH have often been named after species and
the particular substrates used to determine their
respective activities; lysophospholipase, cholesteryl
esterase, sterol ester hydrolase, non-specific lipase,
carboxyl ester lipase and cholesteryl ester hydrolase.
Available data are compatible with the view that all these
activities described originates in one and the same
functional entity [42,43]. This illustrates the broad
substrate specificity and the relevance of designating
them as non-specific lipases. When the sequence of human
BSSL/CEH is compared to the sequence of lysophospholipase
from fat pancreas [{40] and cholesterol esterase from
bovine pancreas [41] extensive similarities are found that
extend about 530 residues from the N-terminal (Fig V); but
they differ in the part of the molecule where the repeats
occur. The rat enzyme has only four repeats and the bovine
three. Hence the human enzyme is a considerable longer
peptide. '

Moreover, striking similarities were found between BSSL
and a number of typical esterases, e.g. acetyl choline
esterases from several species, including man and
Drosophila, and carboxyl esterases (Fig. VI). These
similarities were restricted to the N-terminal 300
residues of BSSL which includes the tentative active site
serine-residue. A similarity to acetyl choline esterase
has been predicted from the fact that BSSL is inhibited by
typical choline esterase inhibitors [6, 8, 16]. With the
possible exception of the rat liver carboxyl esterase
[45), none of these similar enzymes has been shown to have
the same bile-salt dependency as BSSL; this suggests that
the structural basis for this property resides in the C-
terminal part of the protein. Moreover, BSSL can
efficiently attack emulsified substrates which is not a
known characteristic of the similar esterases. For this

activity bile salt is a prerequisite.
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The predicted sequence for human BSSL was compared with
other well characterized mammalian lipases. Apart from the
consensus sequence around the active site serine (G-X-S-X-
G), no obvious similarities were found [44].

In addition to the similarities with other enzymes, there
also significant similarities to one c-AMP dependent
protein from Dictyostelium discoideum [{46] as well as to
thyroglobulin from several species (Fig VI) [47-49]. The
similarities between BSSL and thyroglobulin, which
comprise the active site region but not the active site
itself, indicate that these highly concerved stretches of
amino acids are of more generalized importance than merely
supporting the enzymatic activity of esterases.

In conclusion, human milk BSSL consists of 722 amino acid
residues. Available data strongly indicate that its
peptide chain is identical to that of pancreatic CEH, and
they are coded for by the same gene. The strongest |
evidence is that the nucleotide sequences of their 3 -
ends and their N-terminal amino acid sequences are
identical. The striking homologies found to rat pancreatic
. lysophospholipase and bovine pancreatic cholesterol
esterase support the hypothesis that also these enzymes
are functionally identical. However, as it has been
suggested, the different molecular sizes found among
species are not due to differences merely in
glycosylation; instead they reflect a variable number of
an eleven amino acid repeat. The similarity of the active
site sequence between these esterases suggests that these
proteins derive from z common ancestral gene.

With reference to Figures I-VII, the following legends are
given. '
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Figure I: Separation of the tryptic digést of.BSSL on HPLC

Purified BSSL was treated with trypsin and chromatographed
on HPLC as described in Materials and Methods. The
indicated peaks were collected and purified further by a
rechromatograph and their amino acid sequence determined.

Figure II: The cDNA nucleotide sequence and the deduced
amino acid sequence for human bile salt-stimulated lipase:

The cDNA is 2428 bases long. The N-terminal 23-codon
sequence (nt82-150) starting with an ATG, is interpreted
as a leader peptide since the N-terminal amino acid
sequence of the mature protein starts at codon 24 (nt 151,
Ala). The leader peptide is underlined. The sign *
indicates the starting point of an exon. The sign #
indicates the starting point of the repetition part.

Figure III: The nucleotide sequence of the C-terminal GC-
rich repetitions in the bile salt-stimulated lipase:

Substitutions are indicated by a *.

Figure IV: Northern blot hybridization

Northern blot analysis of total RNA isclated from human
lactating mammary gland, pancreas, adipose tissue and a
human hepatoma cell line (HepG2). Total TNA (10ug) from
lactating mammary gland (lane A), pancreas (lane B),
adipose tissue (lane C) and HepG2 (lane D) were
electrophoresed in a 1% agarose gel in 40mM MOPS buffer at
Ph 7.0 after denaturation of RNA in 1M glyoxal, 50%
dimethylsulfoxide and 40mM MOPS. The glyoxalated RNA was
then transferred to nitrocellulose paper for hybridization
with [*2 P) labeled BSSL cDNA (ABSSL).
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Figure V: Comparison of the deduced amino acid sequence
from human milk BSSL, rat pancreatic lysophospholipase
(Ratipl) [40] and bovine pancreatic cholesterol esterase

Bovceh 41

The serine residues involved in the active site are
indicated by a *, and the # indicates the single possible
N-glycosylation signal of the protein. The direct repeats
of amino acid sequences are boxed. Matching sequences are
denoted in capital letters, matching sequences between two
enzymes are denoted in small letters and mlsmatching with
a dot.

Figure VI: Comparison of the primary structure of BSSL to
other esterases, thyroglobuline and to ocne c-AMP dependent
enzyme from Dictyostelium discoideum:

BSSL: bile salt stimulated lipase from human, Cheshum:
cholinesterase from fetal human tissue [50], Toxrpace:
acetylcholinesterase from Torpedo marmorata [S51],
Drosceh: carboxylic ester hydrolase from Droscphila
melaogaster [52), Ratlivce: carboxyl esterase from rat
liver [53]), Drosace: acetylcholinesterase from Drosophila
melaogaster {54), Thyrhum: thyroglobulin from human [49]
and Dict.Di: c-AMP dependent enzyme from Dictyostelium
‘discoideum [46]. There are 7 different domains that show
similarities between the enzymes. Boxes enclose residues
which are identical and small letters in thes consensus
sequence indicate identical residues in all the enzymes
except for one. Dots indicate mismatches. The serine
residue involved in the active site is indicated with *.
The figure in the right hand corner shows how the domains
are oriented.
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Figure VII:

gives the amino acid sequence 1 - 722 for the entire
protein {(one letter code) and indicates exons a, b, c,
and d. The sign § indicates the starting point of the
repetitlon part.
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Table 1. Amino acid sequence of BSSL peptides.

Due to interfering peaks no positive identification of the
residue in cycles 1 and 2 of the sequencing could be made
in peptide number 26. The peptide numbers refer to the
peaks in Fig I.

. D W S D T T D G D G TS @ S G W S G A G Gh WD A WD S GR GB GR Gw G T G T E W G G G D A D T T G G5 G G ¢ G D D D G e . e s

TP16:LysValThrGluGluAspPheTyrLys
TP19:GlyIleProPheAlaAlaProThrLys
Tp20:LeuvalSerGluPheThrIleThrLys
T§24:ThrTyr}laTereuPheSerHisProSerArg
T?ZG:PheAspVaiTerhrG1uSerTrpA1aGlnAsp

ProSexrGlnGluAsnLys
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Table 2: Identltlcaiion of the exons a, b, c and 4
numbered as in PFiqures II and VII.

-exon Location
between nucleotide number between aminocacid
number
a 986~-1172 279-341
b 1173-1376 342-409
c 1377-1574 - 410-474
d 1575-2415 475-722
the entire 151-2316 1-722
protein
the entire 151-175% 1-538
- protein
excluding
repetitions

- A G D AP AP S AD TR D G P ap EB A AR GP W @GP S D G ab G D SD S D M S R A A S D D A D G S RS D D AR ED UG WS A S D T D B
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What we ciain is:

1. A protein as indicated in Figure VII from position 1
to position 722.

2. A protein as indicated in Figure VII from position 1
to position 535. '

3. A protéin as indicated in Figure VII from position 1
to position 278.

4. A protein as indicated in Figure VII from position 1
to position 341. '

S. A protein as_indicéted in Figure VII from position 1
to position 409.

6. A protein as indicated in Figure VII from position 1
to position 474. :

7. A protein as indicated in Figure VII from position 1
to position 278, position 279 to position 341,
position 279 to position 409, position 279 to
position 474, position 342 to position 409, position
342 to position 474, or position 536 to position 722.

8. A protein according to any of claims 1-7 in
combination with one or more cf the repeats according
to Figure V.

9. A protein according to any of claims 1-8, possessing
methionine as additional N-terminal amino acid.

10. A protéin according to any of claims 1-9, exhibiting
one or several of the critical functions of
“naturally occurring bile salt-stimulated lipase.
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A functionally equivalent variant or mutant of a
protein according to any of claims 1-9.

A DNA sequence coding for a protein with the amino
acid sequence .according to claim 1.

A DNA sequence coding for a protein with the amino
acid sequence according to claim 2.

A DNA sequence coding for a protein with the amino
acid sequence according to any of claims 3, 4, 5, 6,
7. 8, 9, 10 and 11.

A DNA sequence defined by the following nucleotide
numbers in Figure II:

151-2316
151-1755
151-98S

151-1172
151-1376
151-1574
986-1172

986-1376
986-1574

1173-1376 .
1173-1574

#

A vector comprising a DNA sequence codinq for a
protein according to clajms 1 - 11

A vector comprising a DNA sequence according to
claims 12 - 15.

A host organism transfomed with a vector according
to claims 16 or 17. o
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19.

20.

21.

22.

23.

24.

25.

26.

27.

A process for the production of a protein according
to claims 1 - 11 by growing a host organisa
containing a vector according to claims 16 or 47, and
isolating the protein.

A pharmaceutical composition comprising a protein
according to any of claims 1 - 1l.

A pharmaceutical composition comprising a protein
according to any of claims 1-11 in combination with
a lipase or in combination with preparations
containing lipases.

The use of a protein according to any of claims 1 -
11, for the manufacture of a medicament for the
treatment of a pathological condition related to
exocrine pancreatic insufficiency.

The use of a protein according to any of claims
1 - 11 for the manufacture of a medicament for the
treatment of cystic fibrosis.

The use of a protein according to any of claims
1 - 11 as a supplement to an infant food formulation.

The use of a protein according to any of claims 1_-11
for the manufacture of a medicament for the
treatment of chronic pancreatitis.

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of fat malabsorption. '

The use of a protein accordin to any of claims 1-11
for the manufacture of a medicament for the
traatment of malabsorption of._.fqg__ ‘_§<_>}_u_b}g ___yj.'camins.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of fat malabsorption due to physiological
reasons.

The use, according to claims 22-28 of a protein
according to any of claims 1-11 in combination with a
lipase or lipases or in combination with preparations
containing a lipase or lipases.

An infant food formulation, supplemented with a protein
according to any of claims 1 - 11.

A protein according to claims 1 - 11 in substantially
pure form.

A protein according to claims 1 - 11 in isolated form.

A DNA sequence according to claims 12 - 15 in
substantially pure form.

A DNA sequence according to claims 12 - 15 in isolated
form. ' '

A process for the preparation of a pharmaceutical
composition according to claims 20 or 21 by
incorporating a protein according to claims 1 - 11, 31,
or 32 in a pharmacologically acceptable carrier.

A process according to claim 35 for the preparation of
a pharmaceutical composition for oral administration.

A process for the preparation of an infant food
formulation according to claim 30, by supplementing an
infant food formulation with a protein according to

claims 1 -11, 31, or 32.
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DERIVATIVES OF HUMAN BILE-SALT STIMULATED LIPASE,
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

Abstract

The present invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described below of such proteins. The invention
also encompasses vectors, such as plasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzyme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention alsc includes procesSes for the preparation of
the novel products of the invention. The new proteins of
the invention are related to an enzyme, known i.a. as
human bile salt~-stimulated lipase.

FIGURE 2.
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10 - 30 ' so
ACCTTCTGTATCAGTTAAGTGTCAAGATGGAAGGAACAGCAGTCTCAAGATAATGCAAAG

70 90 ' 110
AGTTTATTCATCCAGAGGCTGATGCTCACCATGGGGCGCCTGCALCTGGTTGTGTTGGGC
MetLeuThrMetGlyArgLeuGlnLeuValValLeuGly

130 150 170
CTéACCTGCTGCTGGGCAGTGGCGAGTGCCGCGAAGCTGGGCGCCGTGT%CACAGAAGGT

LeuThrCysCysTrpAlavValAlaSerAlaAlalLysLeuGlyAlaVvValTyrThrGluGly
190 210 230
GGGTTCGTGGAAGGCGTCAATAAGAAGCTCGGCCTCCTGGGTGACTCTGTGGACATCTTC

GlyPheVa161uGlyVa1AénLysLysLeuGlyLeuLeuGiyAspSeralAspIlePhe
| 250 - 270 290
AAGGGCATCCCCTTCGCAGCTCCCACCAAGGCCCTGGAAAATCCTCAGCCACATCCTGGC
LysGlyIleProPheAlaAlaProThrLysAlaLeuGluAsnProGlnProHisProGly
310 330 350
TGGCAAGGGACCCTGAAGGCCAAGAACTTCAAGAAGAGATGCCTGCAGGCCACCATCACC
TrpGlnGlyThrLeulLysAlaLysAsnPheLysLysArgCysLeuGlnAlaThrIleThr
370 390 410
CAGGACAGCACCTACGGGGATGAAGACTGCCTGTACCTCAACATTTGGGTGCCCCAGGGC
GlnAspSerThrTyrGlyAspGluAspCysLeuTyrLeuAsnIleTrpValProGlnGly
430 450 | 470
AGGAAGCAAGTCTCCCGGGACCTGCCCGTTATGATCTGGATCTATGGAGGCGCCTTCCTC
ArgLysGlnValSerArgAsplLeuProvValMetIleTrpIleTyrGlyGlyAlaPheLeu
490 510 530 |
ATGGGGTCCGGCCATGGGGCCAACTTCCTCAACAACTACCTGTATGACGGCGAGGAGATC
netGIySerclyﬂisG1yA1aAsnPheLeuAsnAsnTereuTyrAspGlyGluGIuIIe
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550 570 | 590
GCCACACGCGGAAACGTCATCGTGGTCACCTTCAACTACCGTGTCGGCCCCCTTGGGTTC
AlaThrArgGlyAathlI1ththlTh:PhoAsnTy:A:yValGlyPtoLnuGlyPho

610 630 650
CTCAGCACTGGGGACGCCAATCTGCCAGGTAACTATGGCCTTCGGGATCAGCACATGGCC
LeuSerThrGlyAspAlaAsnLeuProGlyAsnTyrGlyLeuArgAspGlnHisMetAla

670 690 710
ATTGCTTGGGTGAAGAGGAATATCGCGGCCTTCCGGGGGGACCCCAACAACATCACGCTC
IleAlaTrpVallLysArgAsnIleAlaAlaPheGlyGlyAspProAsnisnIleThrlLeu

730 750 _ 770
TTCGGGGAGTCTGCTGGAGGTGCCAGCGTCTCTCTGCAGACCCTCTCCCCCTACAACAAG
PheGlyGluSerAlaGlyGlyAlaSerValSerLeuGlnThrLeuSefProTyrAsnlLys

790 810 830
GGCCTCATCCGGCGAGCCATCAGCCAGAGCGGCGTGGCCCTGAGTCCCTGGGTCATCCAG
GlyLeulleArgArgAlalleSerGlnSerGlyvValAlaLeuSexProTxpVallleGln
| 850 870 890
AAAAACCCACTCTTCTGGGCCAAAAAGGTGGCTGAGAAGGTCGGTTGCCCTGTGGGTGAT
LysAsnProlLeuPheTrpAlalysLysValAlaGluLysValGlyCysProValGlyAsp

910 930 e 950
GCCGCCAGGATGGCCCAGTGTCTGAAGGTTACTQRTCCCCGAGCCCTGACGCTGGCCTAT
AlaAlaArgHetAlaGlnCysLeuLysValTh{?EB?roArquaLeuThrLeuAlaTyr

970 990 ~ FH 1010 .
AAGGTGCCGCTGGCAGGCCTGGAGT;CCCCATGCTGCACTATGTGGGCTTCGTCCCTGTC
LysValProlLeuAlaGlyLeuGluTyrProMetLeuHisTyrValGlyPheValProval

1030 . | 1050 107¢
ATTGATGGAGACTTCATCCCCGCTGACCCGATCAACCTGTACGCCAACGCCGCCGACATC
IleAspGlyAspPheIleProAlaAspProIieAsnLeuTyrAlaAanAlaAlaAspIle
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1090 1110 : 1130

GACTATATAGCAGGCACCAACAACATGGACGGCCACATCTTCGCCAGCATCGACATGCCT
Asp&yrr1eAlaGlyThrAsﬁAsnﬂetAspGlyHisIlePheAlaSe:IloAspHetPro
1150 1170 . 1190
- GCCATCAACAAGGGCAACAAGAAAGTCACGGAGGAGGACTTCTACAAGCTGGTCAGTGAG
AlalleAsnLysGlyAsnlysLysValThrGluGluAspPheTyrLysLeuValSerGlu
1210 1239 | 1250
TTCACAATCACCAAGGGGCTCAGAGGCGCCAAGACGACCTTTGATGTCTACACCGAGTCC
PheThrI1eThrLysGlyLeuArgGlyhlaLysThrThrPhéAspVaITerhrcluSer
1270 1230 " 1310
TGGGCCCAGGACCCATCCCAGGAGAATAAGAAGAAGACTGTGGTGGACTTTGAGACCGAT
TrpAlaGlnAspProSerGlnGluAsnLysLysLysThrValValAspPheGluThrAsp
1330 1350 1370
GTCCTCTTCCTGGTGCCCACCGAGATTGCCCT AGCCCAGCACAGAGCCAATGCCAA;AGT
ValbeuPheLeuValProThrGIuIleAlaLeuAlaGlnHisArgAlaAsnAlaLysSer
1390 140 1430
GCCAAGACCTACGCCTACCTGTTTTCCCATCCCTCTCGGATGCCCGTCTACCCCAAATGG
AlaLysThrTyrAlaTyrLeuPheSerHisProSerArgMetProvValTyrProLysTrp
1450 1470 1490
GTGGGGGCCGACCATGCAGATGACATTCAGTACGTTTTCGGGAAGCCCTTCGCCACCCCC
ValGlyAlaAspHisAlaAspAsplIleGlnTyrValPheGlyLysProPheAlaThrPro
1510 1530 1550
ACGGGCTACCGGCCCCAAGACAGGACAGTCTCTAAGGCCATGATCGCCTACTGGACCAAC
ThrGlyTyrArgProGlnAspArgThrValSerLysAlaMetIleAlaTyrTrpThrAsn
B 1570 1590 1610
TTTGCCAAAACAGGEEACCCCAACATGGGCGACTCGGCTGTGCCCACACACTGGGAACCC

PheAlaLysThrGlyAspProAsnMetGlyAspSerAlavValProThrHisTrpGluPro
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1630 1650 : 1670
TACACTACGGAAAACAGCGGCTACCTGGAGATCACCAAGAAGATGGGCAGCAGCTCCATG
‘l'yt'rhtrhrcluunSerGly‘ry:LouGl.uIllo'rhrt.ysl.yalletslysorsorSornot
1690 1710 1730
AAGCGGAGCCTGAGAACCAACTTCCTGCGCTACTGGACCCTCACCTATCTGGCGCTGCCC
LysAtherLeuArg'r_hrAsnPhei.euArgTyﬂrpﬂrbeurhrryrnomaieurre
1750 ' 1770 : 1790
ACAGTGACCGACCAG(';AGGCCACCCCTGTGCCCCéCACAGGGGACTCCGAGGCCACTCCC
ThrValThrAspGlnGluAlaThrProValProProThrGlyAspSerGluAlaThrPro
1810 _ 1830 1850
GTGCCCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACCGGTGACTCCGGGECC
ValProProThrGlyAspSerGluThrAlaProvValProProThrGlyAspSerGlyAla
1870 1890 P" 1910
CCCCCCGTGCCGCCCACGGETGACTCCGGGGCCCCCCCEBIGCCGCCCACGRGTGACTCC
ProProValProProThrGlyAspSerGlyAlaProPr @ roProThrGlysspSer
1930 1950 1970
GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCCGTGCCGCCCACGGGT
GlyAléProProValProProThrGlyAspSerGlyAlaProProValProProThrGly
| 1990 2010 2030
GACTCCGGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCLCCCCGTGCTECCC
AspSerGlyAlaProProValProProThrGlyAspSerGlyal a?roProValPrci’ro
2050 2070 2090
ACGGGTGAC'I'CCGGCGCCCCCCCCGTGCCGCCCACGGGTGACGCCGGGCCCCCCCCCGTG
ThrGlyAspSerGlyAlaProProvValProProThrGlyAspAlaGlyProProProval
2110 2130 : 2150
CCGCCCACGGGTGACTCCGGCGCC_CCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCC
ProProThrGlyAspSerGlyAlaProProValProProThrGl yhspSerClyAlaPro '
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2170 3190 2210
CCCGTGACCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGG
| ProValThrProThrGlyAspSerGluThrAlaProValProProThrGlyAspSerGly

2230 23250 2270
GCCCCCCCTGTGCCCCCCACGGGTGACTCTGAGGCTGCCCCTGTGCCCCCCACAGATGAC
AlaProProValProProThrGlyAspSerGluAlaAlaProvValProProThrAspAsp

2290 2310 2330
TCCAAGGAAGCTCAGATGCCTGCAGTCATTAGGTTTTAGCGTCCCATGAGCCTTGGTATC
SerLysGluAlaGlnMetProAlavVallleAxrgPhe

2350 2370 2390
AAGAGGCCACAAGAGTGGGACCCCAGGGGCTCCCCTCCCATCTTGAGCTCTTCCTGAATA

2410
AAGCCTCATACCCCTAAAAAAAAAAAAA
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GGCGOCCCCCCCGTCCC0CCCACO0CTOACICE § 0 .
GGGGCCCCCCCCOTOCORCECACIOCTCACTCE 6 | ldancieal O
GGGCCCCCCOCCGTGCCGECCACICGTOACTCE 7 | cOnzensus  ©
GCCOCCCCCCCCTOCOGCCCACCOOTOACTCE & °
GOGGCCCCCCCCOTCCOGCCCACCOSTGACTCE 9 o
GCQGCCCCCCC0GTOCC0CCCACOGCTOACHOC 10 2
GGGEOCOCCCCOGTORCRCCCACS0CTRACTCC 13 1
GGQOCCOCOCCOGTCC00CCCATOICTOACTCS 12 1

. GGGGCCCCCCCOGTOACEOCCACOOCTRACTOE 13 2
G48).COGCCCOOGTOCCOCCCACIOCTOACTCS 14 3
13 s
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Field of the invention

The present invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described belcw of such proteins. The invention
also encompasses vectors, such as plasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzyme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention also includes processes for the preparation of
the novel products of the invention. The new proteins of
the invention are related to an enzyme, known i.a. as
human bile salt-stimulated lipase.
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Background to the invention

The human lactating mammary gland synthesizes and secretes
with the milk a bile salt-stimulated 1ipaée (BSSL) [1])
that, after specific activation by primary bile salts [2,
57, 58], contributes to the breast-fed infant's endogenous
capacity of intestinal fat digestion [3-5]. This enzyme,
which accounts for approximately 1% of total milk protein
[6], is a non specific lipase; in vitro it hydrolyses not
only tri-, di- and monoacylglycerols, but also
cholesteryl-, and retinyl esters, and
lysophosphatidylglycerols [7-10]. Furthermore, its
activity is not restricted to emulsified substrates, but
micellar and soluble substrates are hydrolyzed at similar
rates [11].

BSSL ‘is not degraded during passage with the milk through
the stomach, and in duodenal contents it is protected by
bile salts from inactivation by pancreatic proteases such
as trypsin and chymotrypsin [2,11). It is, however,
inactivated when the milk is pasteurized, e.g. heated to
62.5 “C, 30 min [12]. Model experiments in vitro suggest
that the end products of triacylglycerol digestion are
different in the presence of BSSL [5,7). Due to lower
intraluminal bile salt concentrations during the neonatal
period [13,14] this may be beneficial to product
absorption [5,15].

The carkoxylic ester hydrolase (CEH) of human pancreatic
Jjuice {16] seems functionally to be identical, or at least
very similar, to BSSL [8]. They also share common epitopes
[8,17]), have identical N-terminal amino acid sequences
[17] and are inhibited by inhibitors of serine esterases,
e.g. eserine and diisopropylfluorophopsphate [6,8,16]. It
has been hypothesized that the two enzymes are products of
the same gene [18,19]). The observed molocular size
difference [8,19] could be explained by different patterns _
of g;ycosylation, as recently suggested [17]. |
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Dietary lipids is an important source of energy. The
energy-rich triacylglycerols constitute more than 95% of
these lipids. Some of the lipids, e.g. certain fatty acids
and the fat soluble vitamins, are essential dieatary
constituents. Before gastro-intestinal absorption the
triacylglycefols as well as the minor components, i.e.
esterified fat-soluble vitamins and cholesterol, and
diacylphosphatidylglycerols, require hydrolysis of the
ester bonds to give rise to less hydrophobic, absorbable
products. These reactions are catalyzed by a specific
group of enzymes called lipases.
In the human adult the essential lipases involved are
considered to be gastric lipase, pancreatic colipase-
dependent lipase (tri- and diacylglycerol hydrolysis),
pancreatic phospholipase A2 (diacylphosphatidylglycerols)
and carboxylic ester hydrolase (cholesteryl- and fat
soluble vitamin esters). In the breast-fed newborn bile
salt-stimulated lipase plays an essential part in the
hydrolysis of several of the above mentioned lipids.
Together with bile salts the products of lipid digestion
 form mixed micelles from which absorption occurrs (3-5).

Common causes of lipid malabsorption, and hence
malnutrition, are reduced intraluminal ieavels of
pancreatic colipase-dependent lipase an/or bile salts.
Typical examples of'such.lipase deficiency are patients
suffering from cystic fibrosis, a common genetic disorder
resulting in a life-long deficiency in som 80% of the
patients, and chronic pancreatitis, often due to chronic
alcoholism.

The pancreatic and liver functions are not fully developed
at birth, most notably in infants born before term. Fat
malabsorption, for physiological reasons, is a common
finding and thought to result from low intraluminal
pancreatic colipase-dependent lipase and bile salt
concentrations (3,4,13-15)l However, because of BSSL, such
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malabsorption is much less frequent in breast-fed infants
than in infants fed pasteurized human milk of infant
formulas (3-5, 12, 59, 60, 61). This is one reason why it
has been advocated that newborn infants, particularly
preterm infants, that cannot be fed their own mothers milk
should be fed non-pasteurized milk from other mothers

(12).

The present treatment of patients suffering from a
deficiency of pancreatic lipase is the oral administration
of very large doses of a crude preparation of porcine
pancreatic enzymes. Colipase-dependent pancreatic lipase
is inactivated by low pH. Such conditions are prevalent in
the stomach, with the result that orally administered
pancreatic lipase is virtually completely inactivated on
the passage through the stomach to the gut. Therefore,
this effect cannot be completely overcome by the use of
large doses of enzyme. The large doses administered are
inadequate for most patients, and the preparations are
impure and unpalatable. Certain tablets have been
formulated which pass through the acid regions of the
stomach and discharge the enzyme only in the relatively
~alkaline environment of the jejunum. However, many
patients suffering from pancreatic disorders have an
abnormally acid jejunum and such tablets may fail to
discharge the enzyme and may therefore be ineffective.
Moreover, since the preparations presently on the market
are of a non-human source there is a risk of
immunoreactions that may cause harmful effects to the
patients or result in reduced therapy efficiency.

A further drawback with the present preparations is that
their content of other lipolytic activities than colipase-
dependent lipase are not stated. In fact, most of them
contain very low levels of CEH/BSSL-activity. This may be
one reason why many patients, suffering from cystic
fibrosis in spite of supplementation therapy, suffer from
deficiencies of fat soluble vitamins and essential fatty
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Thus, there is a great need for products with properties
and structure derived from human lipases and with a broad
substrate specificity, which products may be orally
administered. to patients suffering from deficlency of one
or several of the pancreatic lipolytic enzymes. The
products of the present invention fulfil this need by
themselves or in combination with other lipases or in
combination with preparations containing other lipases.
Furthermore, for some human infants there is an obvious
need to improve fat utilization from conventioral infant
formulas, or pasteurized human milk from so-called milk

banks.

BSSL has several unique properties that makes it ideally
suited for substitution and supplementation therapy:
It has been designed by nature for oral administration.
Thus, it resists passage through the stomach and is
activated in contents of the small intestine.

Its specific activation mechanism should prevent
hazardous lipolysis of food or tissue lipids during
storage and passage to its site of action.

Due to its broad substrate specificity it has the
potential to, on its own, mediate complete digestion of
most dietary lipids, including the fat soluble vitamin
esters.

BSSL may be superior to pancreatic colipase-dependent
lipase to hydrolyze ester bonds containing long-chain
polyunsaturated fatty acids. .

In the presence of gastric lipase and in the absence of,
or at low levels of colipase-dependent lipase BSSL can
ascertain a complete triacylglycerol digestion in vitro
even if the bile salt levels are low such as in newborn
infants. In the presence of BSSL the end products of
triacylglycerol digestion become free fatty acids and free
glycerol rather than free fatty acids and monoacylglycerol
generated by the other two lipases (5). This may favouf
product absorption particularly when the intraluminal bile
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salt levels are low (3,15).

From a historical point of view infant formulas have been
developed, and improved, from the concept that their
composition should be as similar to that of human milk as
possible. It is desirable to supplement such formulas.

The utilization for supplementation, substitation or
therapy of bile salt-stimulated lipases (BSSL), or of
proteins with the essential functions of BSSL, requires
however access to quantities of the product on a large
technical scale. It is not possible in factory scale to
rely on natural sources such as milk as starting material.
Besides the prcblem mentioned above with inactivation of
BSSL during pasteurization, there is the additional risk
of contaminaticn of material from a natural source with
infectious agents, e.g. vira such as HIV virus and CMV.
There is, accordingly, a need for large scale access to
products having BSSL properties. The present invention
provides such products and methods for their preparation.

Prior art references are given later in this
specification.
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The invention

The present invention is based on the cloning of cDNA
coding for BSSL derived from human mammary gland. We have
also isolated, from human pancreas, a partial cDNA coding
for CEH. Deduced amino acid sequences from the human
cDNA's and comparison with CEH from other species, support
the interpretation that BSSL and CEH are identical.

As will be further detailed below, it was surprisingly
found that the structure of the protein as deduced from
the cDNA sequence is quite different from the structure of
other lipases. The structure proved unexpectedly to be
more like the structure of typical esterases, such as
cholinesterase.
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With reference to Figure II and Figure VII, products of
the invention are:

3

a) a protein as defined by the amino acid sequence 1-722
in Fig. VII, |

b) a protein as defined by the amino acid sequence 1-535
in Fig. VII,

c) a protein as defined by the amino acid sequence 1-278
in Fig. VII,

d) a protein as defined by the amino acid sequence 1-341
in Pig. VII,

e) a protein as defined by the amino acid sequence 1-409
in Fig. VvII,

£f) a protein as defined by the amino acid sequence 1-474
in Fig. VII,

g) combinations of proteins defined under b) - £) e.q.
as defined by the amino acid sequence in positions 1-278,
279-341, 279-409, 279-474, 342-409, 342-474 and S36-722.

h) combinations of proteins defined under ) - g) in
combination with one or more of the repeats according to
Figure V,

i) a protein as defined under a) - h) possessing an
additional, N-terminal amino acid, namely methionine, _
and functionally equivalent variants and mutants of thg
proteins defined in a) - i) above;

It should be noted that the proteins under a, b, c, 4, e,
f, h and i1 above will not be identical in all respects to
naturally occurring BSSL, but they will exhibit one or
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more of the critical functions of naturally occurring
BSSL. Critical functions are given below.

J) a DNA sequence coding for the proteins defined in a,
b, ¢, 4, e, £, h and 1_above.

k) a DNA sequence according to Fig. II, defined by the
following nucleotide numbers in Fig. II:

a) a DNA sequence 151-2316 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-722
in Fig. VIIX, _

b) a DNA sequence 151-1755 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-535
in Fig. VII, "

c) a DNA sequence 151-985 according to Fig. 1I, coding
for the protein defined by the amino acid sequence 1-278
in Fig. VII,

d) a DNA sequence 151-1172 according to Fig. 1I, coding
for the protein defined by the amino acid sequence 1-341
in Fig. VII,

e) a DNA sequence 151-1376 according to Fig. II, coding
for the Qrotein defined by the amino acid sequence 1-409
in Pig. VII,

£f) a DNA sequence 151-1574 according te Fig. II, coding
for the protein defined by the amino acid sequence 1-474
in Fig. Vi1, ' .

g) a DNA sequence 986-1172 according to Fig. II, coding
for the protein defined by the amino acid sequence 279-341
in Fig. VII,

h) a DNA sequence 986-1376 according_tc Fig. 11, coding
for the protein defined by the amino acid sequence 279-
409 in Fig. VII,

i) a DNA sequence 986-1574 according to Fig. II, coding
for the protein defined by the amino acld sequence 279¥474'

in Fig. VII,
This Sheet Has Been Re laced
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3) a DNA sequence 1173-1376 according to Fig. II, coding
for the protein defined by the amino acid sequence 342-409
in Pig. VII,

k) a DNA sequence 1173-1574 according to Fig. II, coding
for the protain defined by the amino acid sequence 342-474
in Fig. VII. :

Significant functions of proteins of the invention are
a) suitable for oral adn_tinistration.‘
b) being activated by specific bile salts,

c) acting as a non-specific lipase in the contents of the
small intestines, that is being able to hydrolyze iipids
relatively independent of their chemical structure and
physical state (emulsified, micellar, soluble).

d) Abil:l.ty to hydrolyze triacylglycerols with fatty acidl
of different chain-length and different degreee of
unsaturation.

e) Ability to hydrolyze also diacylglycerol,
monoacylglycerol, cholesteryl esters,
iysophosphatidylacylglycerol, and retinyl and .other fat
soluble vitamin-esters. -

£) Ability to hydrolyze not only the sn-1{(3) ester bonds
in a triacylglycerol but also the sn-2 ester bond.

g) Ability to interact with not only primary but also
secondary bile salts.

h) Dependency on bile salts for optimal activity.

1) stability so that gastric contents will not affect the

catalytical efficliency to any substantial degree.
. Thls Sheet Has Been Replac
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j) Stability towards inactivation by pancreatic
proteases, e.g. trypsin, provided bile salts are present.

k) Ability to bind to heparin. and beparin derivatives,
e.g. heparan sulphate.

1) Ability to bind to lipid-water interphases.
m) Stability to permit lyophilization.

n) Stability when mixed with food constituents such as in
human milk, or milk formula.

The critical functions for supplamentation, substitution,
or therapy are these according to a), c), d4), e), £), 1),
J) and 1). For other purposes, not all critical functions

may be necessary.

For expression of the proteins indicated above, the
appropriate DNA sequence indicated above will be inserted
into a suitable vector which then is introduced into a
suitable host organism. The said vector will also have to
comprise appropriate signal and other sequences enabling
the organism to express the desired protein.

Suitable expression organisms:

With the recombinant DNA techniques it is poséible to
clone and express a protein of interest in a variety of
prokaryotic and eukaryotic host organisms. Possible
expression organisms are bacteria, simple eukaryots
(yeast), animal cell cultures, insect cell cultures, plant
cell cultures, plants and transgenic animals. Each
individual system has its own particular advantages and
disadﬁantages. The simple conclusion is that every gene to
be expressed is a unique problem anéd no standard solution
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is availadble.

Commonly used bacterial systems are B, Coli, Bacillus
subtilis, Streptomyces. Commonly used yeasts are
saccharomyces, and Pichia Pastoris. Commonly used animal
cells are CHO cells and COS cells. Commonly used insect
cell cultures are Drosophila derived cells.

Commonly used plant is the tobacco plant. Possible
transgenic animals are goat and cow.’

Possible bacteriali vectors are exemplified by pUC and '
protein A-vectors.

Possible yeast vector is exemplified by pMA 91.

Possible insect vectors are devired from Baculo-virus.
Possible animal cell vectors are derived from SV/40.
Possible plant vecters are derived from the Ti-plasmid.
In every system, both natural and synthetic promoters and
terminators can be used.

It is understood that depending on the choice of
expression system, the expressed protein may contain an
additional N-terminal amino acid (methionine), contain a
few extra amino acids, or be fused to a heterologous
protein, (e.g. protein A), or differ from the naturally
occurring protein with respect to glycosylation.
Furthermore, the vectors may also contain signal sequences
in order to export the protein to the periplasm or to the
culture medium. '

Thus, further aspects of the invention are:

a) a vector comprising a DNA sequence coding for a
protein as specified above, '

b) a host organism comprising a DNA sequence as

, specified above,

c) a process for the production of a protein as
specified above, by growing a host organism
containing a vector as specified under a) above and
isolating the protein.



. REPLACEMENT SHEET
This Sheet Has Been R

(N0 i . 30 Jav 197

Methods from purification are based on the expression
system used (e.g. protein A/IgG) and/or on methods used
for purification of the naturally occurring enzyme, as
described in reference 6.

Additional aspects of the invention are:

= a pharmaceutical composition comprising a protein as
specified above,

- the use of a protein as specified above for the
manufacture of a medicament for the treatment of a
pathological condition related to exocrine pancreatic
insufficiency,

- the use. of a protein as specified above for the
manufacture of a medicament for the treatment of cystic
fibrosis,

- the use of a protein as specified above as a supplement
to an infant food formulation,

-the use of a protein as specified above for the
manufacture of a medicament for the treatment of chronic
pancreatitis,

-th2 use of a protein as specified above for the:
manufacture of a medicament for the treatment of fat
malabsorption of any etiology,

-the use of a protein as specified above for the.
manufacture of a medicament for the treatment cf
malabsoption of fat soluble vitamins,

-the use of a protein as specified above for:the _
manufacture of a medicament for. the treatment of fat
malabsorption due to physiological reasons, e.g. in new-
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born infants.

The DNA sequence in Fig. II from position 151 up to and
including position 2316 is the sequence coding for the entire
protein. The sequence from position 2317 up to and including
position 2415 is not translated to protein, but is included
in exon d identified in Table 2 below.

In one embodiment of the invention, the protein as defined in
pharagraphs a) - i) above is provided in isolated form and/or
in substantially pure form.

The DNA sequences as defined in paragraphs a) - k) above are
in one embodiment of the invention provided in isolated form
and/or in substantially pure form.

Experimental part’

Abbreviations

aa, amino acid; bp, base pair; BSSL, bile salt-stimulated
lipase; c-AMP, cyclic adenosine monophosphate; CEH,
carboxylic ester hydrolase; Da, dalton; c 7GTP, 7-deaza-2-
deoxyguanosine S'triphosphate; EDTA, ethyvlene diamine
tetraacetate; kb, kilobases; MOPS, 3-N-morphclino-
propanesulfonic acid; nt, nucleotide; PAGE, pclyacrylamide
.gel electrophoresis; SDS, sodium dodecyl sulfate; SSC, NacCl
citrate, xGal, S5-bromo-4-chloro-3-indolyl-~-8-D- -
galactopyranoside.

Enzymes
Bile salt-stimulated lipase EC 3.1.1.3
Carboxylic ester hydrolase EC 3.1.1.1

ThlS Sheet Has Been R
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A. Enzyme and antibody preparation

BSSL was purified from human milk as previously described
(6]. When used for antibody production the enzyme was
further purified by SDS~-PAGE. The protein band
corresponding to the lipase was, after staining with
Coomassie Brilliant blue, electroeluted from the gel.
Twentyfive ug of purified enzyme, together with an equal
volume of Freund's complete adjuvant, was used for a first
i.c. injection and the same amount of enzyme with
incomplete adjuvant for the subsequent monthly booster
injections. The rabbits were bled about two weeks after
each booster and sera prepared and stored at -20 =C.

B. Preparation of tryptic fragments and amino acid
sequence analysis

Three mg of purified BSSL was dissolved in 1 ml of 0.1M
Tris-Cl buffer, pH 8.5, containing 6M guanidinium
hydrochloride and 2 mM EDTA. Dithicerythritol was added to
SmM. After incubation at 37 ©C for 2h, 300 pl 50 mM
iodoacetate was added. After 90 min incubation at 25 °C in
darkness the reduced and carboxymethylated enzyme was
desalted on a Sephades G-25 column, equilibrated with
0.5M ammonium bicarbonate. Thirty ug of tosyl-L-
phenylalanine chloromethane treated bovine trypsin
(Worthington diagnostics system Inc., Freehold, NJ, USA)
was added before lyophilization. The lyophilized protein
was dissolved in 4 ml 0.1M ammonium bicarbonate and an
additional 90 pg of trypsin was added. After 5h incubation
at 37 °C the protein was again lyophilized. The tryptic
digest was dissolved in 0.1% trifluoroacetic acid
(2mg/ml). Three hundred ug of trypsinated BSSL was _
chromatographed on HPLC using a C-18 reversed phase column
and eluted with a gradient of 0-50% acetonitrile in 0.1%
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trifluoroacetic acid. Peptide collection was monitored by
continuous recording of the absorbance at 215 nm. Peptides
to be sequenced were further purified by rechromatography
using the same column with adjusted gradients.
Samples of peptide fragments to be sequenced were dried
under nitrogen to remove acetonitrile and applied to the
sequencer. For N-terminal sequence analysis, native BSSL
was dissolved in 0.1% acetic acid. Sequence analyzes were
performed on an Applied Biosystems Inc. 477A pulsed
. liquid-phase sequencer -and on-line PTH 120A analyzer with
regular cycle programs and chemicals from the
manufacturer. Initial and repetitive yields, calculated
from a sequenced standard protein, B-lactoglobulin, were
47 and 97%, respectively.

C. Isolation of RNA

Samples of human pancreatic adipose and lactating mammary
gland tissues were obtained at surgery and immediately put
into guanidinium thiocyanate (1-5 g in 50 ml). Total RNA
was extracted as described by Chirgwin [20]. Poly(A)-RNA
was prepared by chromatography on oligo-deoxythyﬂidilate-
(0ligo(DT) )~cellulose column [21].

D. Construction and screening of cDNA libraries

Approximately 15 ug poly-adenylated RNA from human
pancreas was denatured with methyl mercuric hydroxide [22]
and primed with oligo (dT) i..-1e primers (Pharmacia,
Uppsala, Sweden), and reversely transcribed using
standard procedures [23]. Second-strand synthesis was
carried out according to Gubler and Hoffman [24), except
that DNA ligase and B~NAD were omitted, and the reaction
temperature was set at 15 °C. Excess RNA was digested with
RNAse A (S50ug/ml), and the double-stranded cDNA was _
treated with EcoRI methylase [25). Ends were blunted with
Klenow enzyme. After ligation to EcoRI linkers and
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cleavage with EcoRI the cDNA was fractionated on a
Sepharose 4B-Cl column. The void volume fraction was'
precipitated with ethanol and the cDNA ligated into the
EcoRI site of a phosphatase treated gtll vector [26]. In
vitro packing yielded more than 7x10® recombinants.

A cDNA library from human mammary gland, derived from
tissue obtained from a women at the eighth month of
pregnancy, was purchased (Clontech Laboratories, Inc.,
Palo Alto, CA; USA).

Phages from the cDNA libraries were plated at 5x10* plaque
forming units per 120-mm dish. The antiserum was diluted
to a ratio of 1:3200 and screening was performed according
to Young and Davis {27]. Alkaline-phosphatase-conjugated
goat-anti-rabbit antibodies were used as second antibodies
(Bic~-Rad, Richmond, CA USA). To isolate clones
corresponding to the 5'-end of the mRNA, nucleic acid
hybridization was done under standard conditions [23]
using a subcloned fragment from one of the immunopositive
clones as a probe.

E. RNA analysis

Electrophoresis was carried out in a 1% agarose gel in
40mM MOPS buffer pH 7.0 after denaturation with glyoxal
and dimethylsulfoxide [28]. Glyoxalated total RNA was then
transferred to nitrocellulose filters [29]. The blots were
propved with subclones of BSSL and CEH recombinants that
were labelled by the oligo-labeling technique [30].
Prehvbridization and hybridization were carried out with
50% formamid at 46 °C [23]. Posthybridization washes wers
performed at high stringency (0.1% SDS and 0.1xSSC at

60° C). (1xssc, 0,15M NaCl, 0.0015M Na, citrate, pH 7.5).

F. Nucleotide sequence set Has Been Replaced
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cDNA inserts from BSSL and CEH recombinants were either .
directly cloned into M3mpl8 and mpl9 after sonication and
size fractionation or some of them were further subcloned
into pTZ19R after digestions with PstI, BstXI, NarI, Smal
and AhaII. The nucleotide sequence was determined by the
dideoxy chain-termination method [31]. The GC-rich repeats
(see below) were also sequenced with Tagl polymerase and
dc 7GTP. Both strands were sequenced. Segquence information
was retrived from autoradiograms by use of the software
MS-EdSeq as described by Sjdberg et al [55].

G. Amino acid sequence predictions and homologies.

To predict the corresponding amino acid sequence of the
cDNA inserts, codon usage of different reading frames was
compared according to Staden and gave one open reading
frame [32]. Homologies were searched for with the programs
of the UWGCG software package [33].

Results and Discussion

A. Seéuences of tryptic fragments and the nftermdnus of
BSSL

Trypsin digestion of purified BSSL resultad in
approximately 50 fragments as judged by the number of
peaks obtained during the HPLC-chromatography (Fig. I).
The peaks were collected and the indicated peaks which
could be isolated in a highly purified state and in
reasonable quantities, were sequenced. The resulting
sequences are shown in Table I. In addition the 30 most N-
terminal residues were sequenced (Fig. II), and they '
confirm the previously reported sequence of Abouakil et
al. (30 residues) {17].

The 22 residues long N-terminal sequence reported from
Wang & Johnson [34] is a glycine in our report and a_

This Sheet Has Been Replaced
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B. Nucleotide sequence of BSSL

For construction of the Agtll cDNA library we used
polyadenylated RNA from human pancreas. Initially four
immunopositive clones were isolated, and then this
pancreatic éxpression CDNA library was screened with
antiserum against BSSL. Nucleotide sequence analysis of
the four clones showed that they are in perfect agreement
and correspond to the 3'-end of the mRNA. They all begin
with a poly A tail and differ only in length; the longest
insert, designated ACEH, spans 996 bp.

A cDNA library from human mammary gland was screened with
antiserum, and the pancreas clone ACEH as probe. Positive
clones were isolated from both screenings, which all
originate from the 3'-end. The longest mammary gland
clone, designated ABSSL, reaches 2100 bp upstream. It
contains four of the sequenced txyptic fragments (Fig.
II), but do not include the N-terminal amino acid
sequence. To extend the sequence beyond the translation
start, the mammary gland cDNA library was rescreened with
‘a 118 bases long probe derived from the most 5'proximal
part of ABSSL. One clone was isolated that continued a

- further 328 nucleotides upstream. It matched the N-
terminal amino acid sequence, and contained the remaining
tryptic fragment. As shown in Fig. II, the cDNA is 2428
nucleotides long and contains 81 bases upstream from the
first ATG codon. The polyadenylation signal, AATAAA is
located 13 nucleotides upstream from the poly A tail and .
the termination codon TAG was found at nucleotide 2317
followed by a 3'-untranslated region of 112 bp.

A GC rich region consisting of 16 repeats of 33 bases was
found in the 3'-~end of the sequence between base 1756 and
2283. The nucleotide secuence of the repetition, shown
in Pig. I1I, consists of six identical repetitions

" surrounded by ten repetitions with different number of
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substitutions that have probably occurred after several
duplications. The low number of substitutions suggests
that these repetitions have appeared late during
evolution.

——tea

C. Tissue distribution of expression

RNA from human lactating mammary gland, pancreas, adipose
tissue and from a human hepatoma celline (HepG2) was
analyzed by Northern blotting. The size of the messenger
was determined to be approximately 2.5 kb in both
lactating mammary gland and pancreas. No signal could be
detected in the lanes with RNA extracted from HepG2 or
adipose tissue (Fig. 1IV). '

Since the RNA used for the mammary gland library was
obtained from a female in her 8th month of pregnancy, it
is evident that transcription and probably translation of
the BSSL gene is turned on before partus, in agreement
with previous findings on BSSL secretion before partus
[35]. See Figure 1V.

D. Amino acid sequence of BSSL

Assessed by SDS-PAGE the molecular mass has been reported
to be 107-125 kDa [8,36] and by analytical
ultracentrifugation to be 105 kDa [37]). The enzyme, as
deduced from the CDNA, consists of 722 amino acid residues
(Fig. II) which, giving a molecular mass of 76.271 Da,
indicates that the enzyme contains -at least 15-20%
carbohydrate. The leader sequence is 23 residues long. A
tentative active site serine residue is localized to
serine-217 (Fig. V). The sequence around this serine
accord with the consensus active site sequence of serine-
hydrolases [38]. It has recently been it was proposed that
basic residues found close to the active site serine may
be involved ir the cleavage of esterbonds in acylglycerols
by lipases (39]. It is interesting to note that such
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residues are not present in BSSL. The single tentative N-
glycosylation site is localized only seven residues from
the serine. The degree of glycosylation [6,16] suggests
that the enzyme contains 0-linked carbolydrate. There are
' numerous sites where such glycosylation could have
occurred. The amino acid composition based on purified
enzyme has shown a high content of proline residues [6].
The amino acid sequence obtained from ¢DNA confirms this.
Moreover, most of the proline residues are localized in
the 16 repeats of 11 residues each, constituting the main
part of the C-terminal half of the enzyme.

R. Comparison of the enzymes in mammary gland {BSSL} and
pancreas (CEH)

BSSL of human milk and human pancreas CEH have previously
been shown to be similar, if not identical. The present
data strongly suggests that the two enzymes are products
‘'of the same gene. The nucleotide sequence of the cDNA
clones shows that the pancreatic clone ACEH is identical
with the mammary gland clone ABSSL from the poly A tall
and 996 bases towards the 5'-end, including the seguence
coding for the proline rich repeats. Northen blot gave a
single band of 2.5 kb in RNA from pancreas and lactating
mammary gland (Fig. IV). Genomic Southern blots fucther
support the idea that only one gene codes for BSSL and
CEH. The difference in mobility on SDS-PAGE between BSSL
and CEH can be explained as a consequence of different
glycosylation or differential splicing.

The similarity of BSSL to the rat and bovine enzymes {see
below) and to results from genomics blots support the
possibility that differential splicing cannot account for
the mobility difference. Since the C-terminal sequence has
not been confirmed on the protein level there is a less
likely possibility that CEH may be processed by a
proteolytic clearage in the C-terminal end.
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So far as we know pancreatic enzymes that obviously
correspond to CEH have often been named after species and
the particular substrates used to determine their
respective activities; lysophospholipase, cholesteryl
esterase, sterol ester hydrolase, non-specific lipase,
carboxyl ester lipase and cholesteryl ester hydrolase.
Available data are compatible with the view that all these
. activities described originates in one and the same
functional entity [42,43]. This illustrates the broad
substrate specificity and the relevance of designating
them as non-specific lipases. When the sequence of human
BSSL/CER is compared to the sequence c¢f lysophospholipase
from fat pancreas [40] and cholesterol esterase from
bovine pancreas [41] extensive similarities are found that
extend about 530 residues from the N-terminal (Fig V); but
they differ in the part of the molecule where the repeats
occur. The rat enzyme has only four repeats and the bovine
three. Hence the human enzyme is a considerable longer
peptide.

Moreover, striking similarities were found between BSSL
and a number of typical esterases, e.g. acetyl choline
esterases from several species, including man and
Drosophila, and carboxyl esterases (Fig. VI). These
similarities were restricted to the N-terminal 300
residues of BSSL which includes the tentative active site
serine-residue. A similarity to acetyl choline esterase
has been predicted from the fact that BSSL is inhibited by
typical choline esterase inhibitors {6, 8, 16]. With the
possible exception of the rat liver carboxyl esterase
[45), none of these similar enzymes has been shown to have
the same bile-salt dependency as BSSL; this suggests that
the structural basis for this property resides in the C-
terminal part of the protein. Moreover, BSSL can
efficiently attack emulsified substrates which is not a
known characteristic of the similar esterases. For this
activity bile salt is a prerequisite.
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The predicted sequence for human BSSL was compared with
other well characterized mammalian lipases. Apart from the
consensus sequence around the active site serine (G-X-s-X-
G), no obvious similarities were found [44].

In addition to the similarities with other enzymes, there
also significant similarities to one c-AMP dependent
protein from Dictyostelium discoideum [46] as well as to
thyroglobulin from several species (Fig VI) [47-49]. Th
similarities between BSSL and thyroglobulin, which
comprise the active site region but not the active site
itself, indicate that these highly concerved stretches of
amino acids are of more generalized importance than merely
supporting the enzymatic activity of esterases.

In conclusion, human milk BSSL consists of 722 amino acid
residues. Available data strongly indicate that its

peptide chain is identical to that of pancreatic CEH, and
they are coded for by the same gene. The strongest
evidence is that the nucleotide sequences of their 3 -
ends and their N-terminal amino acid sequences are
identical. The striking homologies found to rat pancreatic
lysophospholipase and bovine pahcreatic cholesterol
esterase support the hypothesis that also these enzymes
are functionally identical. However, as it has been
suggested, the different molecular sizes found among
species are not due to differences merely in-
glycosylation; instead they reflect a variable number of
an eleven amino acid repeat. The similarity of the active
site sequence between these esterases suggests that these
proteins derive from sz ccmmon ancestral gene.

With reference to Figures I-VII, the following legends are

given.
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Figure I: Separation of the tryptic digest of BSSL on HPLC

Purified BSSL was treated with trypsin and chromatographed
on HPLC as described in Materials and Methods. The
indicated peaks were collected and purified further by a
rechromatograph and their amino acid sequence determined.

Figqure IXI: The cDNA nucleotide sequence and the deduced
amino acid sequence for human bile salt-stimulated lipase:

The cDNA is 2428 bases long. The N-terminal 23-codon
sequence (nt82-150) starting with an ATG, is interpreted
as a leader peptide since the N-terminal amino acid
sequence of the mature protein starts at codon 24 (nt 151,
Ala). The leader peptide is underlined. The sign *
indicates the starting point of an exon. The sign §
indicates the starting point of the repetition part.

Figure III: The nucleotide sequence of the C-terminal GC-
rich repetitions in the bile salt-stimulated lipase:

Substitutions are indicated by a *.

Figure 1V: Northern blot hybridization

Northern blot analysis of total RNA isolated from human
lactating mammary gland, pancreas, adipose tissue and a
human hepatoma cell line (HepG2). Total TNA (10ug) from
lactating mammary gland (lane A), pancreas (lane B),
adiposs tissue (lane C) and HepG2 (lane D) were
electrophoresed in a 1% agarose gel in 40mM MOPS buffer at
Ph 7.0 after denaturation of RNA in 1M glyoxal, 50%
dimethylsulfoxide and 40mM MOPS. The glyoxalated RNA was
then transferred to nitrocellulose paper for hybridization
with [*# P] labeled BSSL cDNA (ABSSL).
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Figure V: Comparison of the deduced amino acid sequence
from human milk BSSL, rat pancreatic lysophospholipase

(Ratlpl) {40] and bovine pancreatic cholesterol esterase
Bovceh 411]:

The serine residues involved in the active site are
indicated by a *, and the # indicates the single possible
N-glycosylation signal of the protein. The direct repeats
of amino acid sequences are boxed. Matching sequences are
denoted in capital letters, matching sequences between two
enzymes are denoted in small letters and mismatching with
a dot.

Figure VI: Comparison of the primary structure of BSSL to
other esterases, thyroglobuline and to one c-AMP dependent
enzyme from Dictyostelium discoideum:

BSSL: bile salt stimulated lipase from human, Cheshum:
cholinesterase from fetal human tissue [50], Torpace:
acetylcholinesterase from Torpedo marmorata [51],
Drosceh: carboxylic ester hydrolase from Droscphila
melaogaster [52), Ratlivce: carboxyl esterase from rat
liver [53], Drosace: acetylcholinesterase from Drosophila
melaogaster [54], Thyrhum: thyroglobulin from human [49]
and Dict.Di: c-AMP dependent enzyme from Dictyostelium
discoideum [46]. There are 7 different domains that show
similarities between the enzymes. Boxes enclose residues
which are identical and small letters in the consensus
sequence indicate identical residues in all the enzymes
except for one. Dots indicate mismatches. The serine
residue involved in the active site is indicated with *.
The figure in the right hand corner shows how the domains
are oriented.
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Figure VII:

gives the amino acid sequence 1 - 722 for the entire
protein (one letter code) and indicates exons a, b, c,
and 4. The sign # indicates the starting point of the
repetition part.
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Table 1. Amino acid sequence of BSSL peptides.

Due to interfering peaks no positive identification of the
residue in cycles 1 and 2 of the sequencing could be made
in peptide number 26. The peptide numbers refer to the
peaks in Fig I. :

D - D I R e WD D e P GO G GEI R G SN I S b I W W S G G D WS VD GHb W GI G SR U T WD W N GE S M AN W ED G W W W WS W

TP16:LysValThrGluGluAspPheTyrLys
TP19:GlyIleProPheAlaAlaProThrLys
Tp20:LeuValSerGluPheThrIleThrLys
T§24:ThrTyrAlaTereuPheSerHisProSerArg
TP26:PheAspVaiTYrThrGluSerTrpAIaGlnAsp

.ProSerGlnGluAsnLys
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Table 2: Identification of the exons a, b, c and 4
numbered as in Pigqures II and VII.

.exon Location
between nucleotide number between aminoacid
number

a 986-1172 279-341

b 1173-1376 342-409

c 1377-1574 410-474

. | 1575-2415 ) 475-722

the entire 151-2316 1-722

protein '

the entire 151-175S 1-53S

protein

excluding

repetitions
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A protein as indicated in Figure VII from position 1

to position 722.

A protein as indicated in Figure VII from position 1

to position 515.

A protéin as indicated in

to position 278.

A protein as indicated in

to position 341.

A protein as indicated

to position 474.

. A protein as indicated in
to position 409.

in

A protein as indicated in
to position 278, position 279 to position 341,
position 279 to position 409, position 279 to
position 474, position 342 to position 409, position
342 to position 474, or position 536 to position 722.

Figure VII from position 1
Figure VII from position 1
Figure VII from position 1
Figu;e VII from position 1

Figure VII from position 1

A protein according to any of claims 1-7 in
combination with one or more cf the repeats according

to Figure V.

A protein according to any of ctaims 1-8, possessing
methionine as additional N-terminal amino acid.

A protein according to any of claims 1-9 exhibiting
one or several of the critical functions of
naturally occurring bile salt-stimulated lipase.
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A functionally equivalent variant or mutant of a
protein according to any of claims 1-9.

A DNA sequence codinhg for a protein with the amino
acid sequence according to claim 1.

A DNA sequence coding for a protein with the amino
acid sequence according to claim 2.

A DNA sequence coding for a protein with the amino
acid sequence according to any of claims 3, 4, S, 6,
7. 8, 9, 10 and 11.

A DNA sequence defined by the following nucleotide
numbers in Figure II:

151-2316
151-1755
151-985
-151-1172
151-1376
151-1574
986-1172
986-1376
986-1574
1173-1376
1173-1574

A vector comprising a DNA sequence coding for a
protein according to claims 1 - 11

A vector comprising a DNA sequence according to
claims 12 - 15.

A host organism transformed with a vector according

to claims 16 or 17. This Sheet Has Been Replaced

R




PR 1

REPLACEMENT SHEET -

oo || I

19. A process for the production of a protein according
to claims 1 - 11 by growing a host organisa
containing a vector according to claims 16 or 117, nnd
isolating the protein.

20. A pharmaceutical composition comprising a protein
according to any of claims 1 -~ 11.

21. A pharmaceutical composition comprising a protein
according to any of claims 1-11 in combination with
a lipase or in combination with preparations
containing lipases.

22. The use of a protéin according to any of claims 1 -
11, for the manufacture of a medicament for the
treatment of a pathological condition related to
exccrine pancreatic insufficiency.

23. The use of a protein according to any of claims
1 - 11 for the manufacture of a medicament for the
treatment of cystic fibrosis.

24. The use of a protein according to any of claims'
1 - 11 as a supplement to an infant food formulation.

25. The use of a protein according.to any of claims 1-11
for the manufacture of a medicament for the
treatment of chronic pancreatitis.

26. The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of fat malabsorption. )

.27. The use of a protein accordin to any of claims 1-11
' for the manufacture of a medicament for the
trzatment of malabsorption of fat soluble vitamins.

This Sheet Has Been Replaced
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28.

29,

30.

31.

32.

33.

34.

35.

36.

37.

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of fat malabsorption due to physiological
reasons.

The use, according to claims 22-28 of a protein
according to any of claims 1-11 in combination with a
lipase or lipases or in combination with preparations
containing a lipase or lipases.

An infant food formulation, supplemented with a protein
according to any of claims 1 - 11.

A protein according to claims 1 - 11 in substantially
pure form.

A protein according to claims 1 - 11 in isoclated form.

A DNA sequence according to claims 12 - 15 in
substantially pure form.

A DNA sequence accordlng to claims 12 - 15 in isolated
form.

A process for the preparation of a pharmaceutical
composition according to claims 20 or 21 by
incorporating a protein according to claims 1 - 11, 31,
or 32 in a pharmacologically acceptable carrier.

A process according to claim 35 for the preparation of
a pharmaceutical composition for oral administration.

A process for the preparation of an infant food
formulation according to claim 30, by supplementing an
infant food formulation with a protein accordlng to
claims 1 -11, 31, or 32. T -
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DERIVATIVES OF HUMAN BILE-SALT STIMULATED LIPASE,
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

Abstract

The present invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described below of such pro;eins. The invention
also encompasses vectors, such as plasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzyme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention alsc includes processes for the preparation of
the novel products of the invention. The new p:oteins of
the invention are related to an enzyme, known i.a. as
human bile salt-stimulated lipase.

FIGURE 2.
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10 30 S0
ACCTTCTGTATCAGTTAAGTGTCAAGATGGAAGGAACAGCAGTCTCAAGATAATGCAAAG

70 90 110

AGTTTATTCATCCAGAGGCTGATGCTCACCATGGGGCGCCTGCAACTGGTTGTGTTGGCC

MetLeuThrMetGlyArgLeuGlnLeuValvValLeuGly
130 150 170

CTCACCTGCTGCTGGGCAGTGCCGAGTGCCGCGAAGCTGGGCGCCGTGTACACAGAAGGT
LeuThrCysCysTrpAlaValAlaSerAlaAlaLysLeuGlyAlavalTyxrThrGluGly

190 ' 210 230
GGGTTCGTGGAAGGCGTCAATAAGAAGCTCGGCCTCCTGGGTGACTCTGTGGACATCTTC
GlyPheValGluGlyValAsnLysLysLeuGlyLeuLeuGlyAspSerValAspIlePhe

'250 . 270 290
AAGGGCATCCCCTTCGCAGCTCCCACCAAGGCCCTGGAAAATCCTCAGCCACATCCTGGC
LysGlyIleProPheAlaAlaProThrLysAlaLeuGluAsnProGlnProHisProGly

310 330 350
TGGCAAGGGACCCTGAAGGCCAAGAACTTCAAGAAGAGATGCCTGCAGGCCACCATCACC
TrpGlanGlyThrLeulysAlaLysAsnPhelysLysArgCysLeuGlnAlaThrIleThr

370 390 | 410
CAGGACAGCACC$ACGGGGATGAAGACTGCCTGTACCTCAACAITTGGGTGCCCCAGGGC
GlnAspSerThrTyrGlyAspGluAspCysLeuTyrLeuAsnIleTrpValProGlnGly

430 450 470 |
AGGAAGCAAGTCTCCCGGGACCTGCCCGTTATGATCTGGATCTATGGAGGCGCCTTCCTC
ArgLysGlnValSerArgAspLeuProValMetIleTrpIleTyrGlyGlyAlaPheLeu

490 510 530
ATGGGGTCCGGCCATGGGGCCAACTTCCTCAACAACTACCTGTATGACGGCGEGG#GATC

MetGlySerGlyHisGlyAlaAsnPheLeuAsnAsnTyrLeuTyrAspGlyGluGlulle

FIGURE 2 - 1/5 This Sheet Has Been
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$S0 $70 $9¢0

GCCACACGCGGAAACGTCATCGTGGTCACCTTCAACTACCGTGTCGGCCCCCTTGGGTTC
ilaThrArgGlyAathlIlththlThrPheAsnTyrArqvalGlyProLeuGlyfhc
610 | - .630 - 650
CTCAGCACTGGGGACGCCAATCTGCCAGGTAACTATGGCCTTCGGGATCAGCACATGGCC
LeuSerThrGlyAspAlaAsaLeuProGlyAsnTyrGlyLeuArgAspGlnHisHetAla
670 690 710
ATTGCTTGGGTGAAGAGGAATATCGCGGCCTTCGGGGGG@ACCCCAACAACATCACGCTC
IleAlaTrpValLysArgAsnlIleAlaAlaPheGlyGlyAspProAsnAsnlleThrLeu
730 750 770
TTCGGGGAGTCTGCTGGAGGTGCCAGCGTCTCTCTGCAGACCCTCTCCCCCTACAACAAG
PheGlyGluSerAlaGlyGlyAlaServValSerLeuGlnThrLeuSefProTyrAsnLys
790 . .81 . 830
GGCC*CATCCGGCGAGCCATCAGCCAGAGCGGCGTGGCCCTGAGTCCCTGGGTCATCCAG
GlyLeuIleArgArgAlalleSerGlnSerGlyValAlaLeuSerProTrpVallleGlan
| 850 870 890
AAAAACCCACTCTTCTGGGCCAAAAAGGTGGCTGAGAAGGTGGGTTGCCCTGTGGGTGAT
LysAsnProLeuPheTrpAlaLysLysValAlaGluLythlclyCysProValslyAsp
910 930 oy 950

GCCGCCAGGATGGCCCAGTGTCTGAAGGTTACTBATCCCCGAGCCCTGACGCTGGCCTAT

AlaAlaArguetAlaGlnCysLeuLysValThé@EBproArgAlaLeuThrLeuAlaTyr
970 990 = FH 1010
AAGGTGCCGCTGGCAGGCCTGGAG&:CCCCATGCTGCACTATGTGGGCTTCGTCCCTGTC
LysValProLeuAlaGlyLeuGluTyrProMetLeuHisTyrValGlyPheValProVal
1030 1050 1070
ATTGATGGAGACTTCATCCCCGCTGACCCGATCAACCTGTACGCCAACGCCGCCGACATC

IleAspGIyAspPheIIeProAlaAspProIleAsnLeuTyrAlaAsnAlaAlaAspIle

FIGURE 2 - 2/5
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1090 1110 1130

GACTATATAGCAGGCACCAACAACATGGACGGCCACATCTTCGCCAGCATCGACATGCCT
AspTyrIleAlaGlyThrAsnAsnMetAspGlyHisIlePheAlaSerIleAspMetPro
1150 1170 *' 1190
GCCATCAACAAGGGCAACAAGAAAGTCACGGAGGAGGACTTCTACAAGCTGGTCAGTGAG
AlaIleAsnLysGlyAsnLysLysValThrGluGluAspPheTyrLysLeuValSerGlu
1210 ' 1239 1250
TTCACAATCACCAAGGGGCTCAGAGGCGCCAAGACGACCTTTGATGTCTACACCGAGTCC
PheThrIleThrLysGlyLeuArgGlyAlaLysThrThrPheAspValTyrThrGluSer
1270 1290 1310
TGGGCCCAGGACCCATCCCAGGAGAATAAGAAGAAGACTGTGGTGGACTTTGAGACCGAT
TrpAlaGlnAspProSerGlnGluAsnLysLysLysThrvValValAspPheGluThrAsp
1330 1350 1370 .
GTCCTCTTCCTGGTGCCCACCGAGATTGCCCTAGCCCAGCACAGAGCCAATGCCAAGAGT
ValLeuPheLeuValProThrGlulleAlaleuldlaGlnHisArgAlaAsnAlaLysSer
1390 1410 1430
GCCAAGACCTACGCCTACCTGTTTTCCCATCCCTCTCGGATGCCCGTCTACCCCAAATGG
AlaLysThrTyrAlaTereuPheSerHisProSerAxgnetProValTerroLysTrp
1450 1470 1490
GTGGGGGCCGACCATGCAGATGACATTCAGTACGTTTTCGGGAAGCCCTTCGCCACCCCC
ValGlyAlaAspHisAlaAspAspIleGlnTyrValPheGlyLysProPheAlaThrPro -
1510 ' 1530 : iSSO
ACGGGCTACCGGCCCCAAGACAGGACAGTCTCTAAGGCCATGATCGCCTACTGGACCAAC
ThrGlyTyrArgProGlnAspArgThrValSerLysAlaMetIleAlaTyrTrpThrAsn
) 1570 159@7..1 1610 . .
TTTGCCAAAACAGGSEACCCCAACATGGGCGACTCGGCTGTGCCCACACACTGGGAACCC
PheAlaLysThrGlyAspProAsnMetGlyAspSerAlan;gnghrHiSTIPGIUPIO

FIGURE 2 - 3/5 . Sheet Has
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1630 1650 - 1670

TACACTACGGAAAACAGCGGCTACCTGGAGATCACCAAGAAGATGGGCAGCAGCTCCATG
TyrThrThrGluAsnSerGlyTyrLeuGlulleThrLysLysMetGlySerSerSarMet
1690 _ 1710 1730
AAGCGGAGCCTGAGAACCAACTTCCTGCGCTACTGGACCCTCACCTATCTGGCGCTGCCC
LysArgSerLeuArg'r_hrAsnPheLeuArg‘ryrfrpThrLeu'I_.‘hr‘l‘ereuAlaLeu.Pre
1750 1770 _ 1790
ACAGTGACCGACCAGEAGGCCACCCCTGTGCCCCCCACAGGGGACTCCGAGGCCACTCCC
'rhrval'rhn\spclnGluAla'rhrProValProProThrGlyAspSerGluAla'rhrPto
1810 1830 1850
GTGCCCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACCGGTGACTCCGGGGCC
ValProProThrGlyAspSerGluThrAlaProValProProThrGlyAspSerGlyAla
1870 1890 f&” 1910
CCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCQ@TGCCGCCCACGGGTGACTCC
ProProValProProThrGlyAspSerGlyAlaProPr @ roProThrGlyispSer
1930 1950 4 1970
GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCCGGGGCCCCCCCCGTGCCGCCCACGGGT
GlyAlaProProValProProThrGlyAspSerGlyAlaProFrovValProProThrGly
1990 - 2010 2030
GACTCCGGGGCCCCCCCCGTGCCGCCCACGGETGACTCCGGGGCCCCCCCCGTGCLECCC
AspSerGlyAlaProProValProProThrGlyAspSerGlyalaProProValPrcPro
2050 2070 5090
ACGGGTGACTCCGGCGCCCCCCCéGTGCCGCCCACGGGTGACGCCGGGCCCCCCCCCGTG
ThrGlyAspSerGlyAlaProProValProProThrGlyAspAlaGlyProProProval
2110 2130 2150
CCGCCCACGGGTGACTCCGGCGCCCCCCCCGTGCEGCCCACGGGTSACTCCGGGGCCCCC

ProPro’rhrGlyAspSerGlyAlaProProValProP_ro'l‘hrGlyAspSerGlyAlaPr:o -

FIGURE 2 - 4/5
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2170 2190 2210
CCCGTGACCCCCACGGGTGACTCCGAGACCGCCCCCGTGCCGCCCACGGGTGACTCCGGE
ProValThrProThrGlyAspSerGluThrAlaProValProProThrGlyAspSerGly
2230 . 2250 2270
GCCCCCCCTGTGCCCCCCACGGGTGACTCTGAGGCTGCCCCTGTGCCCCCCACAGATGAC
Ala?roProValProProThrGlyAs_pSe:GluAl aAlaProValProProThrAspAsp
2290 | 2310 : 2330
TCCAAGGAAGCTCAGATGCCTGCAGTCATTAGGTTTTAGCGTCCCAEGAGCCTTGQTATC
SerLysGluAlaGlnMetProAlaValIieArgPhe
2350 2370 2390
AAGAGGCCACAAGAGTGGGACCCCAGGGGCTCCCCTCCCATCTTGAGCTCTTCCTGAATA

2410 '
AAGCCTCATACCCCTAAAAAAAAAAAAA

FIGURE 2 - 5/5
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MLEHGRLQBVVLGLECCWAVASAAKLGAVYTEGGFVEGVNKKLGLLG DS
. « . MGRLEVLFLGLTCCLAAACAAKLGALYTEGGFVEGVNKKLSLLGGDS
« « - sMLGASRLGPSPGCLAVASAAKLGSVYTEGGFVEGVNKKLSLFG. DS

....grl....lgltcclaaaaAAKLGavYTEGGFVEGVNKEKLSLLG.DS

100
VDIFKGIPFAAPTKALENPQPHPGWOGTLKAKNFKKRCLOATITQDSTYG
VDIFKGIPFA. TAFTLENPQRHDGROCTHATOFKKRCLOATITODOTYG
VDIFKGIPFAAAPKALEKPKRHPGWQGTLKAKS FKKRCLQATLTQDSTYG

VDIFKGIPFAa. . KaLEnPqQrHPGWQGTLKAK. FKKRCIQATiTQDsSTYG

150
DEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGBGANFLNNYLYD

QEDCLYLNIWVPQGRKQVSHDLPVMVWIYGGAFLMGSGQGANFLKNYLYD
NEDCLYLNIWVPQGRKEVSHDLPVMIWIYGGAFLMGASQGANFLSNYLYD

-EDCLYLNIWVPQGRKQVShDLPVMiWIYGGAFLMGSgQGANFL . NYLYD

200
GKKIATRGNVIVVTFNYRVGPLGFLSTGDANLPGNYGLRDQHMAIAWVKR
GKKIATRANVIVVTFNYRVGPLGFLSTGDANLPGNFGLRDQHMATAWVER
GKKIATRGNVIVVTFNYRVGPLGFLSTGDSNLPGNYGLWDQHMAIAWVKR

GKKIATRgNVIVVIFNYRVGPLGFLSTGDaNLPGNyGLrDQHMAIAWVKR

# * 250
NIAAFGGDPNNITLFGESAGGASVSLOTLSPYNKGLIRRAISQSGVALSP
NIAAFGGDPNNITIFGESAGGAIVSIQTLSPYNKGLIRRAISQSGVALSP
NIEAFGGDPDNITLFGESAGGASVSLQTLSPYNKGLIKRGISQSGVGLCP

NIaAFGCDPDNITLFGESAGGASVSLOTLSPYNKGLIrRalISQSGVaLsP

300
WVIQOKNPLFWAKKVAKKVGCPVGDAARMAQCLKVTDPRALTLAYKVPLAG
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DERIVATIVES OF HUMAN BILE-SALT STIM
CAL COMPOSITIONS CONTAINING THEM

FPield of the invention

Tne present invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described below of such proteins. The invention
also encompasses vectors, such as piasmid constructs,
comprising such DNA sequences, being capable of expressing'
the desiréd_enzyme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention also includes processes for the preparation of
the novel products of the inventicn. The new proteins of

the invention are related to an enzyme, known i.a. as

human bile salt-stimulated lipase.
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Background to the invention

The human lactating'mammary gland synthesizes and secretes
with the milk a bile salt-stimulated lipase (BSSL) (1}
that, after specific activation by primary bile salts [2,
57, 58}, contributes to the breast-fed infant's endogenocus
capacity of intestinal fat digestion [3-5]. This enzyme,
which accounts for approximately 1% of total milk protein
[6], is a non specific lipase; in vitro it hydrolyses not
only tri-, di- and monoacylglycerols, but also
cholesteryl-, and retinyl esters, and

‘lysophosphatidylglycerols {7-10]). Furthermore, its

activity is not restricted to emulsified substrates, but
micellar and solubie substrates are hydrolyzed at similar
rates [11].

BSSL is not degraded during passage with the milk through
the stomach, and in ducdenal contents it is protected by
bile salts from inactivation by pancreatic proteases such
as trypsin and chymotrypsin [2,11]. It is, however,
inactivated when the milk is pasteurized, e.g. heated to
62.5 °C, 30 min [12]). Model experiments in vitro suggest
that the end products of triacylglycerol digestion are
different in the prescnce of BSSL [5,7). Due to lower
intraluminal bile salt concentrations during the neonatal
period {13,14] this may be beneficial to product
absorption {5,15].

The carboxylic ester hydroclase (CEH) of human pancreatic
juice [16]) seems functionally to be identical, or at least
very similar, to BSSL [S§]. They also share common epitopes
[8,17], have identical N-terminal amino acid sequences
{17) and are inhibited by inhibitors of serine esterases,
e.g. eserine and diisopropylfluorophopsphate [6,8,16]). It

‘has been hypothesized that the two enzymes are products of

the same gene [18,19]. The observed molocular size .
difference [8,19] could be explained by different patterns
of glycosylation, as recently suggested [17].
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Dietary lipids is an important source of energy. The
energy-rich triacylylycerols constitute more than 95\ of
these lipids. Some of the lipids, e.g. certain fatty acids
and the fat soluble vitamins, are essential dieatary
constituents. Before gastro-intestinal absorption the
triacylglycerols as well as the minor components, i.e.
esterified fat-scoluble vitamins and cholesterol, and
diacylohosphatidylglycerols, require hydrolysis of the
ester bonds to give rise to less hydrophobic, absorbable
products. These reactions are catalyzed by a specific
group of enzymes called lipases.

In the human adult the essential lipases involved are
considered to be gastric lipase, pancreatic colipase-
dependent lipase {tri- and diacylglycerol hydrolysis),
pancreatic phospholipase A2 (diacylphosphatidylglycerols)
and carboxylic ester hydrolase (cholesteryl- and fat
soluble vitamin esters). In the breast-fed newborn bile
salt-stimulated lipase plays an essential part in the
hydrolysis of several of the above mentioned lipids.
Together with bile salts the products of lipid digestion
form mixed micelles from which absorption occurrs (3-5).

Common causes of lipid malabsorption, and hence
malautriticon, ate reduced intraluminal leavels of
parncreatic colipase-dependent lipase an/or bile salts.
Typicél examples of sﬁch lipase deficiency are patients
suffering from cystic fibrosis, a common genetic disorder
resulting in a life-long deficiency in som 80% of the
patients, and chronic pancreatitis, often due to chronic
alcchelism.

The pancrzatic and liver functions are not fully developed
at birth, most notably in infants born before term. Fat
malabsoxption, for physioclogical reasons, is a common
finding and thought to result from low intraluminal
pancreatic colipase-dependent lipase and bile salt
concentratipns_(3,5L1§715)l_aowgyer, because of BSSL, such
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malabsorption is much less frequent in breast-fed infants
than in infants fed pasteurized human milk of infant
formulas (3-5, 12, 59, 60, 61). This is one reascn why it
has been advocated that newborn infants, particularly
preterm infants, that cannot be fed their own mothers milk
should be fed non-pasteurized milk from other mothers
(12).

T

The present treatment of patients suffering from a
deficiency of pancreatic lipase is the oral administration
of very large doses of a crude preparation of porcine
pancreatic enzymes. Colipase-dependent pancreatic lipase
is inactivated by low pH. Such conditions are prevalent in
the stomach, with the result that orally administered
pancreatic lipase is virtually completely inactivated on
the passage through the stomach to the gut. Therefore,
this effect cannot be completely overcome by the use of
large doses of enzyme. The large doses administered are
inadequate for most patients, and the preparations are
impure and unpalatable. Certain tablets have been
formulated which pass through the acid regions of the
stomach and discharge the enzyme only in the relatively
alkaline environment of the jejunum. Bowever, many
patients suffering from pancreatic disorders have an
abhormally acid jejunum and such tablets may fail to
discharge the enzyme and may therefore be ineffective.
Moreover, since the preparations presently on the market
are of a non-human source there is a risk of
immunoreactions that may cause harmful effects to the
patients or result in reduced therapy efficiency.

A further drawback with the present preparations is that
their content of other lipolytic activities than colipase-
dependent lipase are not stated. In fact, most of them
contain very low levels of CEH/BSSL-activity. This may be
one reason why many patients, suffering from cystic
fibrosis in spite of supplementation therapy, suffer from
deficiencies of fat soluble vitamins and essential fatty
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Thus, there is a great need for products with properties
and structure derived from human lipases and with a broad
substrate specificity, which products may be orally
administered to patients suffering from deficiency of one
or several of the pancreatic lipolytic enzymes. The
products of the present invention fulfil this need by
themselves or in combination with other lipases or in
combination with preparations containing other lipases.
Furthermore,'for some human infants there is an obvious
need to improve fat utilization from conventloral infant
formulas, or"pasteurized human milk from so-called milk
banks. ' )

BSSL has several unique propertiés that makes it ideally
suited for substitution and supplementation therapy:

It has been designed by nature for oral administration.
Thus, it resists passage through the stomach and is
activated in contents of the small intestine.

Its specific actiwation mechanism should prevent
hazardous lipolysis of food or tissue lipids during
storage and passage to its site of action.

Due to its broad substrate specificity it huas the
potential to, on its own, mediate complete digestion of
most dietary lipids, including the fat soluble vitamin
esters.

BSSL may be superior to pancreatic colipase-dependent
lipase to hydrolyze ester bonds containing long-chain
polyunsaturated fatty acids.

In the presence of gastric lipase and in the absence of,
or at low levels of colipase-dependent lipase BSSL can
ascertain a complete triacylglycerol digestion in vitro
even if the bile salt levels are low such as in newborn
infants. In the presence of BSSL the end products of
triacylglycerol digestion become free fatty acids and free
glycerol rather than free fatty acids and monoacylglycerol
generated by the other two lipases (5). This may favour
product absorption particularly when the intraluminal bile

| 03 FEB 1998\1 |
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salt levels are low (3,15).
From a historical point of view infant formulas have been

. developed, and improved, from the concept that their

composition should be as similar to that of human milk as
possible. It is desirable to supplement such formulas.

The utilization for supplementation, substitation or
therapy of bile salt-stimulated lipases (BSSL), or of
proteins with the essential functions of BSSL, requires
however access to quantities of the product on a large
technical scala. It is not possible in factory scale to
rely on natural sources such as milk as starting material.
Besides the prcbliem mentioned above with inactivation of
BSSL during pasteurization, there is the additional risk
of contaminaticn of material from a natural source with
infectious agents, e.g. vira such as HIV virus and CMV.
There is, accordingly, a need for 1a£ge scale access to
products having BSSL prdperties. The present invention
provides such products and methods for their preparation.

Prior art references are given later in this
specification.
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. The invention

The present invention is based on the cloning of cDNA
coding for BSSL derived from human mammary gland. We have
also isolated, from human pancreas, a partial cDNA coding
for CEH. Deduced amino acid sequences from the human
cDNA's and ¢omparison with CEH from other species, support
the interpretation that BSSL and CEH are identical.

As will be further detailed below, it was surprisingly
found that the structure of the p:otein as deduced from
the cDNA sequence is quite different from the structure of
other lipases. The Structuxe proved unexpectedly to be
more like,the structure of typical esterases, such as
cholinesterase.
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Wwith reference to Figure IT and FPigure VII, products of
the invention are:

a) a protein as defined ky the amino acid sequence 1-722
in Pig. VII,

b) a protein as defineéd &y the amino acid sequence 1-535
in Pig. VII,

c) a protein as defined by the amino acid sequence 1-278
in Fig. VII, -

d) a protein as defined by the amino acid sequence 1-341
in Fig. VII,

e) a protein as defined by the amino acié sequence 1-409
in Fig. VII,

f) a protein as defined by the amino acid seguence 1-474
in FPig. VII, °

g) combinations of proesirs defined under ) - £f) e.g.
as defined by the amino acid sequence in positions 1-278,
279-341, 279-409, 279-474, 342-409, 342-473 snd 536-722.

h) combinations of prcgmins defined under o) - g) in
combination with one or mcre of the rereats according to
Figure Vv,

i) a protein as defined under a) - h) possessing an
additional, N-terminal znino acid, namely methionine,
and functionally equivalent wariants and mutants of the
proteins defined in a) - i} above;

It should be noted that the proteins under a, b, ¢, d, e,
£, h and i1 above will not be identical in 211 respects to
naturally occurring BSSL, but they will exhibic one or

o .
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more of the_critical functions of naturally occurring
BSSL. Critical functions ars given below.

J) a DNA sequence coding for the proteins defined in a,

b, ¢, 4, e, £, h and i adove.

k) a DNA sequence according to Pig. II, defined by the

following nucleotide nuwnbers in Pig.

a) a DNA sequence 151-2316 according
for the protein defined by the amino
in Pig. VII,
b) a DNA sequence 151- 1755 aﬂcording
for the protein defined by the amino
in Pig. VII,

I1:
to Plg. II, coding
acid sequence 1-722

to Pig. II, coding
acid sequence 1-535

c) a DNA sequence 151-985 according to Pig. II, coding

for the protein defined by the amino
in Fig. viI, :

d) a DNA sequence 151-1172 according
for the protein defined by the amino
in Pig. VII,

e) a DNA seﬁuenee 151-137€ according
for the protein defined by the amino
in-prig. vII,

£) a DNA sequence 151-1574 according
for the protein defined by the amino
in Figq. ViI,

g) a DNA sequence 986-1172 according
for the ptotein defined by the amino
in Fig. viI,

h) a DNA sequence 986-137§ aéco:ding
for the prétein defined by the amino
409 in Pig. VII, .

i) a DNA sequence 986-1574 according

‘for the protein defined bg tbc amino

in Pig. VII.
‘This Sheet Has Been Re,
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4) a DMA sequence 1173-1376 according to Fig. II, coding
for the protein defined by the .-ano'acid sequence 342-409
in Fig. VII, - . |

k) a DNA sequence 1173-1574 aeeotdinq to Fig. 1I, ocoding
for the protein defined by the amino acid sequence 342-474
in Pig. VII. "

signifiéaat:functions of proteins of the invention are
a) suitable for oral administration,
b) being activate¢ by specific bile salts,

c) acting as a non-specific lipase in the contents of the
small intestines, that is being able to hydrolyze iipids
relatively independent of their chemical structure and
physical state (emulsified, micellar, solublej.

d) Ability to hydrolyze triacylglycerols with fatty acids
_of different chain-length and different degreee of
unsaturaticn.

e) Ability to hydrolyze also diacylglycerol,
monoacyiglycersl, cholesteryl esters,

-lysophosphatidylacylglycercl, and retinyl and other fat

soluble vitamin-esters.

£) Ability to hydrolyze not only the sn-1(3) ester bonds
in a triacylglycerol but also the sn-2 ester bond.

g) Abiiity to interéct with not only primary bui also
secondary bile salts.

n) Dependéncy on bile salts for optimal activity.

i) sStability so that gastric contents will not affect the
catalytical efficiency to any substantial degree.
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jJ) Stability towards inactivation by pancreatic
proteases, e.g. trypsin, provided bile salts are present.

k) Ability to bind to heparin and bheparin derivatives,
e.g. heparan sulphate.

1) Ability to bind to lipid-water interphases.
m) Stability to permit lyophilization.

n} Stability when mixed with food constituents such as in
human milk, or milk formula.

The critical functions for supplementation, substitution,

" or therapy are these according to &), c), 4), e), £), 1),

j) and l1l). Por other purposes, not all critical functions
may be necessary.

For expression of the proteins indicated above, the
appropriate DNA sequence indicated above will be inserted
into a suitable vector which then is introduced into a
suitable host organism. The said vector will also have to
comprise appropriate signal and other sequences enabling
the- organism to express the desired protein.

Suitable expression organisms:

With the recombinant DNA techniques it is possible to
clone and express a protein of interest in a variety of
prokaryotic and eukaryotic host organisms. Possible
expression organisms are bacteriz, simple eukaryots-
(veast), animal cell cultures, insect cell cultures, plant
cell cultures, plants and transgenic animals. BRach
ihd;vidual system has its own particular advantages and

- disadvantages. The simple conclusion is that every gene to

be expressed is a unique problem and no standard solution

‘This Sheet Has Been Repl
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Commonly used bacterial systems are B, Coli, Bacillus
subtilis, Streptomyces. Commonly used yeasts are
saccharomyges, and Pichia Pastoris. Commsonly used animal
cells are CHO cells and COS cells. Commonly used insect
cell cultures are Drosophila defived'cells.

is availadble.

Commonly used plant is the tobac§o p1ant. Possible

'transgenic animals are goat and cow.

Possible bacteriali vectors are exemplified by pUC and
protein A-vectors. | S

Possible yeast vector is exemplified by pMA 91.

Possible insect vectors are devired from Baculo-virus.
Possible animal cell vectors are derived from Sv/40.
Possible plant vectcrs are derived from the Ti-plasmid.
In every system, both natural and synthetic promoters and
terminators can be used.

It is understood that depending on the choice of

expression system, the expressed_protein may contain an

additional N-terminal amino acid (methionine), contain a

few extra amino acids, or be fused to a heterologous

protein, (e.g. protein A), or differ from the naturally

occurring protein with respect to glycosylation.

Furthermore, the vectors may also contain signal sequences

in order to export the protein to the periplasm or to the

culture medium. _ ' |

Thus, further aspects of the invention are:

a) a vector comprising a DNA sequence coding for a
protein as specified above,

b) a host organism comprising a DNA sequence as
specified above,

¢) a process for the producticn_of a protein as
specified above, by growing a host organism
containing a vecrtor as specified under a) above and
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Methods from purification are based on the expression
system used (e.g. protein A/IgG) and/or on methods used
for purification of the naturally occur:ing engyme, as
described in reference 6.

Additional aspects of the inventidn_are:

- & pharmaceutical composition comprising a protein as
specified above,

- the use of a protéin as specified above for the
manufacture of a medicament for the treatment of a
pathological condition related*to exocrine pancreatic
insufficiency,

- the use of a protein as specified'above for the
manufacture of a medicament for the treatment of cystic
fibrosis,

- the use of a proteln as specified above as a supplement
to an infant food formulation,

-the use of a protein as specified above for the
manufactuzé of a medicament for the treatment of chronic
panckeatitis,

-the use of a protein as specified above for the:
manufacture of a medicament for thg treatment of fat

~malabsorption of any etiology,

~the use of a protein_as specified above for the.
manufacture of a medicament for the treatment of
malabsoption of fat soluble vitamins,

~-the use cf a protein as specified above for the

" manufacture of a medicament for the treatment of fat

malabsorption due to physiological reasons, e.g. in new-

B
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The DNA gequence in Fig. II from position 151 up to and
including position 2316 is the sequence coding for the entire
protein. The sequence from position 2317 up to and including
position 2415 is not translated to protein, but is included
in exon @ identified in Table 2 below.

In one embodiment of the invention, the protein as defined ir
pharagraphs a) - i) above is provided in isolated form and/or

. in substantially pure form.

The DNA sequences as defined in paragraphs a) - k) above are
in one embodiment of the invention provided in isolated form
and/or in substantially pure form.

Experimental part

. Abbreviations

aa, amino acid; bp, base pair; BSSL, bile salt-stimulated
lipase; c-AMP, cyclic adenosine monophosphate; CEBH,
carboxylic ester hydrolase; Da, dalton; ¢ 7GTP, 7- deaz;-’-
deoxyguanosine 5'triphosphate; EDTA, ethylene diamine
tetraacetate; kb, kilobases; MOPS, 3-N-morpholino-
propanesulfonic acid; nt, nucleotide; PAGE, polyacrylamide
gel electrophoresis; SDS, sodium dodecyl sulfate; SSC, NaCi
citrate, xGal, 5-bromo-4-chloro-3-indolyl-8-D-
galactopyranoside.

Enzymes
Bile salt-stimulated lipase EC 3.1.1.3

Carboxylic ester hydrolaée EC 3.1.1.1

eet Has Been Rep‘laced

\\\\\\\\ IO



10

15

20

25

30

35

REPLACEMENT SHEET

15 03 FEB 1998

Material and Methods

A. Enzyme and antibﬁdy'_preparation

BSSL was purified from human milk as previously described
[6). When used for antibody production the enzyme was
further purified by SDS-PAGE. The protein kand
corresponding to the lipase was, after staining with
Coomassie Brilliant blue, electroeluted from the gel.
Twentyfive ug of purified enzyme, together with an equal
volume of Freund's complete adjuvant, was used fecr a fii'st
i.c. injection and the same amount of enzyme with
incomplete adjuvant for the. subSequent monthly booster
injections. The rabbits were bled about two weeks after
each booster and sera prepared and stored at -20 >C.

B. Preparation of tryptic fragments and amino acid
sequence analysis

Three mg of purified BSSL was dissolved in 1 ml of 0.1M
Tris-Cl buffer, pH 8.5, containing 6M guanidinium
hydrochloride and 2 mM EDTA. Dithiocerythritol was added to
SmM. After incubation at 37 ©C for 2h, 300 ul 50 mM
iodoacetate was added. After 90 min incubation at @5 °C in
darkness the reduced and carboxymethylated enzyme was
desalted on a Sephades G-25 column, equilibrated with

0.5M ammonium bicarbonate. Thirty ug of tosyl-L-
phenylalanine chloromethane treated bovine trypsin
(Worthington diagnostics system Inc., Freehold, NJ, USA)
was added before 1yoph1112atn.on. The lyophilized protein
was dissolved in 4 ml 0.1M ammonium bicarbonate and an
additional 90 ug of trypsin was added. After 5h incubation
at 37 °C the protein was again lyophilized. The tryptic
digest was dissolved in 0.1% trifluoroacetic acid
(2mg/ml). Three hundred ug of trypsinated BSSL was
chromatographed on HPLC using a C-18 reversed phase column
and eluted with a gradient of 0-50% acetonitrile in 0.1%

Thxs Sheet Has Been Replaced
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trifluorocacetic acid. Peptide collection was monitored by
continuous recording of the absorbance at 215 nm. Peptides

" to be sequenced were further purified by rechromatography

using the same column with adjusted gradients.

Samples of peptide fragments to be sequenced were dried
under nitrogen to remove acetonitrile and applied to the
sequencer.'Fo: N-terminal sequence analysis, native BSSL
was dissolved in 0.1% acetic acid. Sequence analyzes were
performed on an Applied Biosystems Inc. 477A pulsed
liquid-phase sequencer and on-line PTH 120A analyzer with
regular cycle programs and chemicalis from the
manufacturer. Initial and repetitive yields, calculated
from a sequenced standard protein, 8-lactoglobulin, were
47 and 97%, respectively.

C. Isolation of RNA

Samples of human pancreatic adipose and lactating mammary
gland tissues were obtained at surgery and immediately put
into guanidinium thiocyanate (1-5 g in 50 ml). Total RNA
was extracted as described by Chirgwin [20]. Poly{A)-RNA
was prepared by chromatography cn cligo-deoxythymidilate-
(oligo(DT))-cellulose column [21].

D.—Tonstruction and screening of cDNA libraries
Approximately 15 ug Pcly-adenylated RNA from human

pancreas was denatured with methyl mercuric hydroxide [22]
and primed with oligoe (d4T) i.2..s Primers (Pharmacia,

_ Uppsala, Sweden), and reverselv transcribed using

standard procedures [23]). Second-strand synthesis was
carried out'according to Gubler and Hoffman [24], except
that DNA ligase and B-NAD were omizted, and the reaction
temperature was set at 15 °C. Excess RNA was digested with
RNAse A (50ug/ml), and the doutie-~stranded CDNA was
treated with EcoRI methylase [25). Ends were blunted with
Klenow enzyme. After ligation to EcoRI linkers and

" This Sheet Has Been Replaced
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.cleavage with EcoRI the cDNA was fractionated on a

Sepharose 4B-Cl column. The void volume fraction was
precipitated with ethanol and the cDNA ligated into the
BEcoRI site of a phosphatase treated gtll vector {26]. In

vitro packing yielded more than 7x10°® recombinants. -

A cDNA library from human mammary gland, derived from
tissue obtained from a women at the eighth month of
pregnancy, was purchased (Clontech Laboratories, Inc.,
Palo Alto, CA; USA;.

Phages from the cDNA liibraries were plated at 5x10* plaque
forming units per 120-mm dish. The antiserum was diluted
to a ratio of 1:3290 and screening was performed according
to Young and Davis [27]. Alkaline-phosphatase-conjugated
goat-anti~-rabkit antibodies were used as second antibodies
(Bio-Rad, Richmond, CA USA). To isolate clones
corresponding to the 5'-end of the mRNA, nucleic acig
hybridization was done under standard conditions [23]
using a subcloned fragment from one of the immunopositive
clones as a probe.

E. RNA analysis

Elewtrophoresis was carried out in a 1% agarose gel in
40mM MOPS buffer pH 7.0 after denaturation with glyoxal
and dimethylsulfoxide [28]. Glyoxalated total RNA was then
transferred to nitrocellulose filters [29]. The blots were
probed with subclores of BSSL and CEH recombinants that
were labelled by the oligo-labeling technigque [30].
Prehybridization and hybridization were carried out with
50% formamid at 46 °C [23]. Posthybridization washes ‘wers
performed at hzgh tringency (0.1% SDS and 0.1xSSC at

60° C). (1xssC, 0,15M NaCl, 0.0015M Na, citrate, pH 7.35).

F. Nucleotide sequence This Sheet Has Been Replace
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cDNA inserts from BSSL and CEH recombinants were elther
direcﬁly cloned into M3mpl8 and mpl9 after sonication and
size fractionation or some of them were further subcloned
into pTZ219R after digestions with PstI, BstXI, Narl, Smal
S and Ahall. The nucleotide sequence was determined by the
dideoxy chain-termination method [31]. The GC-rich repeat:
(see pelow) were also sequenced with Taql polymerase and
dc "GTP. Both strands were sequenced. Seguence informatio:
was retrived from autoradiograms by use of the software
10 MS-Edseq as described by Sjdberg et al {55].

C. Amino acid sequence predictions and homologies.

Tc predict the corresponding amino acid sequence of the
15 cDNA inserts, codon usage of different reading frames was
compared according to Staden and gave one open reading
frame [32). Homologies were searched for with the program:
of the UWGCG software package [33].

20 Resulrs and Discussion

A. Sequences of tryptic fragments and the N-terminus of
BSSL

25 -Prypsin digestion of purified BSSL resulted in

' approximately 50 fragments as judged by the number of
peaks obtained during the HPLC-chromatography (Fig. I).
The peaks were collected and the indicated peaks which
could be isolated in a highly purified state and in

30 rezsonable quantities, were sequenced. The resulting
sequences are shown in Table I. In addition the 30 most N-
Lerminal residues were sequenced (Fig. II), and they
.confirm the previously reported sequence of Abouakil et
al. {310 residues) [17]. |

The 22 residues long N-terminal sequencc reported from
Wang &_q°hns9n_[34]_;s a glycine in our report and a

This Sheet Has Been Replaced
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lysine in Wang & Johnson's.

B. Rucleotide sequence of BSSL

For construction of the Agtll cDNA library we used
polyadenylated RNA from human pancreas. Initially four
immunopositive clones were isoclated, and then this
pancreatic expression CDNA library was screened with
antiserum against BSSL. Nucleotide sequence analysis of
the four clones showed that they are in perfect agreement
and correspond to the 3'-end of the mRNA. They all begin
with a poly A tail and differ only in length; the longest
insert, designated ACEH, spans 996 bp.

A cDNA library from human mammary gland was screened with
antiserum, and the pancreas clone ACEH as probe. Positive
clones were isolated from both screenings, which all
originate from the 3'-end. The longest mammary gland
clone, designated ABSSL, reaches 2100 bp upstream. It
contains four of the sequenced tryptic fragments (Fig.
II), but do not include the N-terminal amino acid
sequence. To extend the sequence beyond the translation
start, the mammary gland cDNA library was rescreened with
a 118 bases long probe derived from the most 5'proximal
part of ABSSL. One clune was isolated that coatinued a
fur€her 328 nucleotides upstream. It matched the N-
terminal amino acid sequence, and contained the remaining
tryptic fragment. As shown in Fig. II, the cDNA is 2428
nucleotides long and contains 81 bases upstream from the
first ATG codon. The polyadenylation signal, AATAARA is
located 13 nucleotides upstream from the poly A tail and
the termination codon TAG was found at nucleotide 2317
followed by a 3'-untranslated fegion of 112 bp.

A GC rich region consisting of 16 repeats of 33 bases was
found in the 3'-end of the sequerice between base 1756 and
2283. The nucleotide sequernce of the repetition, shown
in Pig. III, consists of six identical repetitions
surrounded by ten repetitious with different number of

Thls Sheet Has Been Replaced
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- sﬁbstituticms that have probably occurred after several

duﬁlicat;ic_ns._ The low number of substitutions suggests

' 't_hat these repetitions have appeared late during
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evolution.

© C. Tissve distribution of expression

~ RNA from human laciating mammary glaﬁd, pancreas, adipose

tissue_ and from a human hepatoma celline (HepG2) was

- analyzed by Northern blotting. The s._i.ze of the messenger
‘was determined to be approximately 2.5 kb in both

lla'ct_ating' mammary gland and pancreas. No signal could be

- detected in the lanes with RNA extracted from HepG2 or
" adipose tissue (Fig. IV).

Since the KNA used for the mammary gland library was

‘obtained from a female in her 8th month of pregmancy, it

is evid_ent that transcription and probably translation of
the BSSL gene is turned on before partus, in agreement
with previous findings on BSSL secretion before partus

{35]. See Figure IV.

D. Amino acid sequence of BSSL

~Assessed by SDS-PAGE the molecular mass has been reported
~to"be 107-12% kDa [8,36] and by analytical
ultracentrifugation to be 105 kba [37]. The enzyme, as

. deduced from the cDNA, consists of 722 amino acid residues

(_Fig. II) which, giving a molecular mass of 76.271 Da,
indiéates that the enzyme contains at least 15-20%
carbohydrate. The leader sequence is 23 residues long. A
tentative active site serine residue is localized to
sei:ing-Zl? (Fig. V). The sequence arocund this serine

._ accord with the consensus active site sequence of serine-
_hydrglases {38]). It has recently been it was proposed that

basic residues found close to the active site serine may

~be involved ir the cleavage of esterbonds in acylglycerols

_by lipases (39j. It is interesting to note that such
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residues are not present in BSSL. The single tentative N-
glycosylation site is localized only seven residues from
the serine. The degree of glycosylation [6,16] suggests
that the enzyme contains 0-linked carbolydrate. There are
numerous sites where such glycosylation could have
occurred. The amino acid composition based on purified
enzyme has shown a high content of proline residues [6].
The amino acid sequence obtained from c¢DNA confirms this,

' Moreover, most of the proline residues are localized in

the 16 repeats of 11 residues each, constituting the main
part of the C~-terminal half of the enzyme.

. Comparison of the enzymes in mammary gland (BSSL) and
pancreas (CEH)

BSSL of human milk and human pancreas CEE have previously
been shown to be similar, if not identical. The present
data strongly suggests that the two enzymes are products
of the same gene. The nucleotide sequence of the cDNA
clones shows that the pancreatic clone ACEE is identical
with the mammary gland clone ABSSL from the poly A tail
and 996 bases towards the S5'-end, including the sequence
coding for the proline rich repeats. Northen blot gave a
single band of 2.5 kb in RNA from pancreas and lactating
mammary gland (Fig. IV). Genomic Southern blots further
support the idea that only one gene codes for BSSL and
CEE. The difference in mobility on SDS-PAGE between BSSL
and CEH can be explained as a consequence of different
glycosylation or differential splicing.

The similarity of BSSL to the rat and bovine enzymes (see
below) and to results from genomics blots support the
possibility that differential splicing cannot account for
the mobility difference. Since the C-terminal sequence has
not been confirmed on the protein level there is a less
likely possibility that CEH may be processed by a
proteolytic clearage ir__x_the C-terminal end.

This Sheet Has Been Repl
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So far as we know pancreatic enzymes that obvioﬁsly
correspond to CEH have often been named after species and
the particular substrates used to determine their
respective ac:ivities; lysophospholipase, cholesteryl:
esterase, sterol ester hydrolase, non-specific lipase,
carboxyl ester lipase and cholesteryl ester hydrolase.

- Available data are compatible with the view that all these

activities described originates in one and the szame
functional entity [42,43]. This illustrates the brecad
substrate specificity and the relevance of designating
them as non-specific lipases. When the sequence of human
BSSL/CEH is compared to the sequence of lysophosphclipase
from fat pancreas {40] and cholesterol esterase from
bovine pancreas [41] extensive similarities are found thnat
extend about 530 residues from the N-terminal (Pig V); but
they differ in the part of the molecule where the repeats
occur. The rat enzyme has only four repeats and the kovine
three. Hence the human enzyme is a consideradle longe:x
peptide.

Moreover, striking similarities were found between BSSL
and a number of typical esterases, e.g. acetyl choline
esterases from several species, including man and
Drosophila, and carboxyl esterases (Fig. VI). These
similarities were restricted to the N-terminal 300
residues of BSSL which includes the tentative active site
serine-residue. A similarity to acetyl choline esterase
has been predicted from the fact that BSSL is inhibited by
typical choline esterase inhibitors [6, 8, 16]. With the
possible exception of the rat liver carboxyl esterase
[45), none of these similar enzymes has been shown to have
the same bile-salt dependency as BSSL; this suggests that
the structural basis for this property resides in the C-
terminal part of the protein. Moreover, BSSL can
efficiently attack emulsified substrates which is not a
known characteristic of the similar esterases. For this

activity bile salt is a prerequisite.
’ is Sheet Has Been Replaced
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The predicted sequence for human BSSL was compared with
other well characterized mammalian lipases. Apart from the
consensus sequence around the active sgite serine (G-X-S-X-
G), no obvious similarities were found_[l&l.

In addition to the similarities with other enzymes, there
also significant similarities to one c-AMP dependent

. protein from Dictyostelium discoideum [46] as well as to

thyroglobulin from several species (Fig VI) [47-49].
similarities between BSSL and thyroglobulin, which
comprise the active site region but not the active site
itself, indicate that these highly concerved stretches of
amino acids are of more generalized importance than merely
supporting the enzymatic activity of esterases.

In conclusion, human milk BSSL consists of 722 amino acid
residues. Available data strongly indicate that its
peptide chain is identical to that of pancreatic CEH, and
they are coded for by the same gene. The strongest
evidence is that the nucleotide sequences of their 3 -
ends and their N-terminal amino acid sequences are
identical. The striking homologies found to rat pancreatic
lysophospholipase and bovine pancreatic cholesterol
esterase support the hypothesis that aiso these enzymes
are functionally identical. However, as it has been
suggested, the different molecular sizes found among
species are not due to differences merely in
glycosylation; instead they reflect a variable number of
an eleven amino acid repeat. The similarity of the active
Site sequence between these esterases sujgests that these
proteins derive from a common ancestral gene.

With reference to Figures I-VII, the f>llowing legends are
glven. .- e — e e e e —_——
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Pigure I: Separation cf the tryptic digest of BSSL on HPLC

. Purified BSSL was treated with trypsin and chromatographed

on HPLC as described in Materials and Methods. The
indicated peaks were collected and purified further by a
rechromatograph and their amino acid sequence determined.

Figure II: The cDNA nucleotide sequence and the deduced
amino acid sequence for human bile salt-stimulated lipase:

The cDNA is 2428 bases loang. The N-terminal 23-codon
sequence (nt82-150) starting with an ATG, is interpreted
as a leader peptide since the N-terminal amino acid
sequence of the mature protein starts at codon 24 (nt 151,
Ala). The leader peptide is underlined. The sign *
indicates the starting point of an exon. The sign ¢
indicates the starting roint of the repetition part.

Piqure III: The_nucleotide sequence of the C-terminal GC-
rich repetitions in the bile salt-stimulated lipase:

Substitutions are indicated by a *.

Figure IV: Northern blct hybridization

Northern blot analysis of total RNA isolated from human
lactating mammary giand, panéreas, adipose tissue and a
human hepatoma cell line (HepG2). Total TNA (10ug) from
lactating mammary gland (lane A), pancreas (lane B),
adipose tissue (lane C) and HepG2 (lane D) were
electrophoresed in a 1% agarose gel in 40mM MOPS buffer at
Ph 7.0 after denaturation of RNA in 1M glyoxal, 50%
dimethylsulfoxide and 4CmM MOPS. The glyoxalated RNA was
then transferred tc nitrocellulose paper for hybridization
with: {®*2 P] labeled BSSL cDNA (ABSSL).

This Sheet Has Been Replaced
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Figure V: cOmparison of the deduced amino acid sequence

from human milk BSSL, rat pancreatic lysophospholipase
(Ratipl) [40] and bovine pancreatic cholesterol esterase
{Bovceh) [41]:

The serine residues involved in the active site are
indicated by a *, and the # indicates the single possible
N-glycosylation signal of the protein. The direct repeats
of aminc acid sequences are boxed. Matching sequences are
denoted in capital letters, matching sequences between two
enzymes are denoted in small letters and mismatching with
a dot.

Pigure VI: Comparison of the primary structure of BSSL to
other esterases, thyroglobuline and to one c-AMP dependent
enzyme from Dictyostelium discoideum:

BSSL: bile salt stimulated lipase from human, Cheshum:
cholinesterase from fetal human tissue [50], Torpace:
acetylcholinesterase from Torpedo marmorata (51},
Drosceh: zarboxylic ester hydrolase from Droscphila
melacgaster [52], Ratlivce: carboxyl esterase from rat
liver [53], Drosace: acetylcholihesterase from Drosophila
melaogaster {54], Thyrhum: thyroglobulin from human [49]
and Dict.Di: c-AMP dependent enzyme from Dictyostelium
discoideur [46]. There are 7 different domains that show
similarities between the enzymes. Boxes enclose residues
which are identical and small letters in the consensus
sequence indicate identical residues in all the enzymes
except for one. Dots indicate mismatches. The serine
residue involved in the active site is indicated with =*.
The figure in the right hand corner shows how the domains
are oriented.
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Figg_ re VII:

gives the amino acid sequence 1 - 722 for the entire
protein (one letter code) and indicates exons a, b, ¢,

and d. The sign § indicates the starting point of the
repetition part.
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Table 1. amino acid sequence of BSSL peptides.

Due to interfering peaks no positive identification of the
residue in cycles 1 and 2 of the sequencihq could be made
in peptide number 26. The peptide numbers refer to the
peaks in Fig I. '

TP16:LysValThrGluGluAspPheTyrLys
TP19:GlyIleProPheAlaAlaProThrLys
szo:LeuValSerGluPheThrIleThrLys
TP24:ThrTyrAlaTyrLeuPheSerHisProSerArg
TP26 : PheAspValTyrThrGluSerTrpAlaGlnAsp

ProSerGlnGluAsnLys

heet Has Been Replaced
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Table 2: Identification of the exons a, b é and d4

———M

numbered as in Figures I and VII.

S
exon Location
10 between nucleotide number between amincacid
' number
a 986-1172 279-341
b 1173-1376 342-409
15 ¢ 1377-1574 410-474
d 1575-2415 475-722
the entire 151-2316 1-722
protein '
20 .
the entire 151-175% 1-53%
protein
excluding
repetitions
25 ...................... -----_-----‘ .........................
30
35 —
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A protein as indicated in Pigure VII from position 1
to position 722. '

A protein as indicated in Figure VII from position 1
to position 53S.

A protein as indicated in Figure VII from position 1

to position 278.

A protein as indicated in Figure VII from position 1
to position 341.

A protein as indicated in Figure VII from position 1
to position 409.

A protein as indicated in Figure VII from position 1

to position 474.

A protein as indicated in Figure VII from position 1
to position 278, position 279 to position 341,
position 279 to position 409, position 279 to
position 474, position 342 to position 409, position
342 to position 474, or position 536 to position 722.

A protein according to any of claims 1-7 in
combination with one or more cf the repeats according
to PFPigure V.

A protein according to any of claims 1-8, possessing
methionine as additional N-terminal amino acid.

A protein according to any of claims 1-9, exhibiting
one or several of the critical functions of
naturally occurring bile salt-stimulated lipase.
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11.

12.
13.

1‘.

15.

16.
17.

18.

A functionally equivalent variant or mutant of a
protein according to any of claims 1-9.

A DNA sequence coding for a protein with the anino
acid sequence according to claim 1.

A DNA sequence coding for a protein with the amino
acid sequence according to claia 2.

A DNA sequence coding for a protein with the amino
acld sequence according to any of claims 3, ¢, S, 6,
7, 8, 9, 10 and 11.

A DNA sequence defined by the following nucleotide
numbers in Figure II:

151-2316
151-1755
151-985
151-1172
151-1376
151- 1574
986-1172
986-1376
986-1574
1173-1376
1173-1574

A vector comprising a DNA sequence codinq for a
protein according to clajims 1 - 11

A vector comprising a DNA sequence according to
claims 12 - 15,

A host organism transformed with a vector according
to claims 16 or 17.

b
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19.

29.

21.

22.

23.

24.

25.

26.

27.

A process for the production of a protein according

to claims 1 - 11 by growing a host organism
containing a vector according to claims 16 or 17, and
isolating the protein. -

A pharmaceutical composition comprising a protein
according to any of claims 1 - 11.

A pharmaceutical composition comprising a protein
according to any of claims 1-11 in combination with
a lipase or in combination with preparations
containing lipases.

The use of a protein according to any of claims 1 -
11, for the manufacture of a medicament for the
treatment of a pathological condition related to
exocrine pancreatic insufficiency.

The use of a protein according to any of claims
1 - 11 for the manufacture of a medicament for the
treat.ment of cystic fibrosis.

The use of a protein according to any of claims
1 - 11 as a supplement to an infant food formulation.

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of chronic pancreatiti_s.

~The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of fat malabsorption.

The use of a protein accordin to any of claims 1-11

for the manufacture of a medicament for the

 treatment of malabsorption of fat soluble vitamins.
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29'
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31.

32.

33.
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36.

37.

L I

for the manufacture of a medicament for the

tréatment of fat malabsorption due to physiological
reasons.

The use, according to claims 22-28 of a protein
according to any of claims 1-11 in comdination with a
lipase or lipases or in combination with preparations
containing a lipase or lipases.

‘An infant food formulation, supplemented with a protein

according to any of claims 1 - 11.

A protein according to claims 1 = 11 in substantially
pure form.

A protein according to claims 1 - 11 in isolated form.

A DNA sequence according to claims 12 ~ 15 in
substantially pute form.

A DNA sequence accoxdinq to claims 12 ~ 15 in isolated

form.

A-process for the preparation of a pharmaceutical
composition according to claims 20 or 21 by
incorporating a protein according to claims 1 - 11, 31,
or 32 in a pharmacologically acceptable carrier.

A process according to claim 35 for the preparation of .

a pharmaceutical composition for oral administration.

A process for the preparation of an infant food -
formulation according to claim 30, by supplementing an
infant food formulation with a protein according to
claims 1 -11, 31, or 32. o -
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ACCTTCIGTA TCAGTTAAGT GTCAAGATGG AAGGAACAGC AGTCTCAAGA TAATGCAAAG 60
AGTTTATTCA TCCAGAGGCT G ATG CTC ACC ATG GGG OGC CIG CAA CIG GIT 111
Me 0] t G1 n Va
1l 5 10
GIG TIG GGC CTC ACC TGC TGC TGG GCA GIG GCG AGT GCC GOG AAG CIG 159
Va G a Va a a Ala Lys leu
15 20 25
GGCGCCGIGTACACAGAAGGTCGGTICGI’GGAAGGCGICAATAAGAPM 207
Gly Ala Val Tyr Thr Glu Gly Gly Phe Val Glu Gly Val Asn Lys Lys
30 335 40
,CICGGCCICCIGGGPGACTCI‘G’IGGACATC‘ITCNGCGC ATC CCC TTC 255
Leu Gly Leu Leu Gly Asp Ser Val Asp Ile Phe Lys Gly Ile Pro Phe
45 S0 S5
GCA GCT' OCC ACC AAG GOC CTIG GAA AAT OCT CAG CCA CAT CCT G&C T6GG 303
Ala Ala Pro Thr Lys Ala Leu Glu Asn Pro Gln Pro His Pro Gly Trp
60 _ 65 70
CAA GGG ACC CTG ARG GCC AAG AAC TTC AAG AAG AGA TGC CTG CAG GCC 331
Gln Gly Thr leu Lys Ala Lys Asn Phe Lys Lys Arg Cys leu Gln Ala
75 80 85 90
ACC ATC ACC CAG GAC AGC ACC TAC GGG GAT GAA GAC TGC CIG TAC CIC 3e¢
Thr Ile Thr Gln Asp Ser Thr Tyr Gly Asp Glu Asp Cvs Leu Tyr leu
95 100 10
AAC ATFTGG GIG CCC CAG GGC AGG AAG CAA GIC TCC GGG GAC CIG ¢ 447
AsnIleanalProGlnGlyAngysGanalSerArgAspl’.euPro
110 . 120
GIT ATG ATC TGG ATC TAT GGA GGC GCC TTIC CIC ATG GGG TOC GGC CAT 495
Val Met Ile Trp Ile Tyr Gly Gly Ala Phe leu Met Gly Ser Gly His
130 135 )
GGG GCC AAC TTC CIC AAC AAC TAC CIG TAT GAC GGC GAG GAG ATC GCC 543
Gly Ala Asn Phe Leu Asn Asn Tyr lLeu Tyr Asp Gly Glu Glu Ile Ala
140 145 150
ACA GGC GGA AAC GTC ATC GIG GTC ACC TTC AAC TAC GGT GIC GGC OCC 551
Thr Arg Gly Asn Val Ile Val Val Thr Phe Asn Tyr Arg Val Gly Pro
155 160 165 i70
CIT GGG TTC CTC AGC ACT GGG GAC GOC AAT CIG CCA GGT AAC TAT GGC 639
Leu Gly Phe Leu Ser Thr Gly Asp Ala Asn leu Pro Gly Asn Tyr Gly
175 -. 180 ' 18s .
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195
ATC
Ile
ACC
hr
AGC
Ser
Fhe Trp Ala Lys Lys Va
260
< AGG
Arg

ACG

™hr

cIe

Leu

GGC

Gly a
TIC TGS GOC AMA AAG

t Ala Ile Ala Trp Val Lys Arg Asn Ile Ala

= B §g 83 BY URR 43 8% HE 4%

198 B¥ B85 BB Ha EEB 8% EX 43
¢% 89 4§ 85 45 BER HE -dk HE 8% 838 8% &3
6% 838 84 @m 6 B& YIR mm % H3 8§Y 8§58 gF
BT E& BOR 83 B3 B&F §E B8 €& 4% H3 83 s
B3 82 95 B35 BF B 69 HF &R 43 ER 9y 83



1359
1407

1311

[illaced

W

Thﬁ |S|fiiet Has Been Re;

Fig42{3/4)

EET |
B

8

YOS FEB 199

REPLACEMENT SH

|

[l

[

1455
1503
S
1585
1637
1653
1743
1791
1839
1887

53 92 L3 §3 BY 4B X 838 BE BY
4§ HE Y3 By #& B BR BY B9% 8
HS 42 HY ¥F U&R 4% BY 4% R §38
838 §3 B §5 4% BER 83 By 83 8
B3 B2 BS BY ¥§ 2% BR §¥ 42 BB
GF BB 958 ¥5 $3 B BN HR® 83 8B
3% 2% BY HRE 84 BY Ux HE By &P
HE B B9 8§ G 4 BY B9 4% HEa
453 BE 94 "85 85 8§% 84 BR B3 HE
k9 EFS BE GX HE B BAR BE 8¢ 83
§E H& 388 3% 3 BE WK AR BR 83
8§ 835 &5 U428 BE 2% BE .83 4R B)
BE LG8 HE EX 823 2% BY 85 &F 483
Gye 88 BE ¥§ X 4B ER 8% HE &3
4E 488 8% 8% BE H4 983 8% gy 8y
4 §3 B30 BE BY 84 Y& BB 83 BB



aced

i

This Sheet Has Been Repl

Fig.2(4/4)

AEPLACEMENT SHEET

ros FEB 1998

923
1953
2031
2079
2127

t¥ 8% UEZ Bo HE
gi B3 BE Q4% B3
gk 494 43 HR §38
43d Bk 85 8&F BY
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§g HE 44 BEG
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Ed
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g &
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g
83

gad 83 HE
838 86
83 B33
g8 B
B3 &
umo g4 §
§ES &
g 8& B

oG o
Pro Pro

val
6535

ccc

Pro
G OCC ACG GGT GAC TOC GGC GCC CcC
Pro Pro Thr Gly Asp Ser Gly Ala Pro

G GCC
y Ala
635
val
GAC
Asp

2223
2271
2316
" 2378
2428
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Number of substitutions
GAGGCCACCCCTGTGcchCCACAGGGGACTCC 1 6
' * *
GAGGCCACTCCCGTGCCCCCCACGGGTGACTCC 2 4
» ® ) .

GAGACCGCCCCCGTGCCGCCCACGGGTGACTCC 3 _ : 3

* » »* o

s
Lo ]

GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC

GGGGCCCCCCCCGTGCCGCCCACGGGTIGACTCC

(Y]
[»]

GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC G Identical Q
GGGGCCCCCCCCGTGCCGCCCACGGGTCACTCC 7 E:nsensus 0
GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC ¥ o
GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC 9-4 0
GGCGCCCCCCCCGTGCCGCCCACGGGTGACGCC 10 | -
GG;CCCCCCCCCGTGCCGCCCACGGGTGAC;CC 11 i
GGC;CCCCCCCCGTGCCGCCCACGGGTGACTCC 1z i
GG:GCCCCCCCCGTGACCCCCACGGGTGACTCC 13 2
GAGACCGCCCCCGT&:C:CCCACGGGTGACTCC 14 3
G;G;CC;CCCCTGTGCCCCCCACGGGTGACTCT 15 ' . 3
GAGGCTGCCCCTGTGCCCCCCACAGAIGACTC: 16 7
» %0 * * * * '

GGGGCCCCCCCC GTGCCGCCCACGGGTGACTCC  Consensus
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Bssl
Ratlpl
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Consensus

Bssl
Ratlpl
Boveceh

Consensus

Bssl
Ratlpl
Bovech

Consensus

Bssl . _
Ratlpl
Bovceh

Consensus

Bssl
Ratlpl
Bovech '

Consensus

-

Bssl'
‘Ratlpl
quceh

Cconsensus
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50
MLTMGRLQLVVLGLTCCWAVASAAKLGAVYTEGGFVEGVNRKLGLLG. DS
.+ .MGRLEVLFLGLTCCLAAACAAKLGALYTEGGFVEGVNKKLSLLGGDS
«++ .MLGASRLGPSPGCLAVASAAKLGSVYTEGGFVEGVNKKLSLFG.DS

....grl....lgltcclaaaaAAKLGavYTEGGFVEGVNKKLSL1G.DS

100
VDIFKGIPFAAPTKALBNPQPHPGWQGTLKAKNFKKRCLQAIITQDSTYG
VDIFKGIPFA.TAKTLENPQRHPGWQGTLKATQFKKRCLQATITQDDTYG
VDIFKGIPFAAAPKALEKPKRHPGWQGTLKAKSFKKRCLQATLTQDSTYG

VDIFKGIPFAa. .KaLEnPgQrHPGWQGTLKAK . FKKRCLQATiTQDSTYG

: 150
DEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGBGANFLNNYLYD
QEDCLYLNIWVPQGRKQVSHDOLPVMVWIYGGAFLMGSGQGANFLKNYLYD
NEDCLYLNIWVPQGRKEVSHDLPVMIWIYGGAFLMGASQGANFLSNYLYD

«EDCLYLNIWVPQGRKqVShDLPVMiWIYGGAFILMGSgQGANFL.NYLYD

” 200
GKKIATRGNVIVVTFNYRVGPLGFLSTGDANLPGNYGLRDQHHAIAWVKR
GKKIATRANVIVVTFNYRVGPLGFLSTGDANLPGNFGLRDQHMAIAWVKR
GKKIATRGNVIVVIFNYRVGPLGFLSTGDSNLPGNYGLWDQHMAIAWVKR

GKKIATRGNVIVVTFNYRVGPLGFLSTGDaNLPGNYGLrDQHMAIAWVRR

# * 250
NIAAFGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSP
NIAAFGGDPNNITIFGESAGGAIVSLQTLSPYNKGLIRRAISQSGVALSP
NIEAFGGDPDNITLFGESAGGASVSIQTLSPYNKGLIKRGISQSGVGLCP

NIaAFGCDPDNITLFGESAGGASVSLQTLSPYNKGLIrRaISQSGVaLsP

300
WVIQKNPLFWAKKVAKKVGCPVGDAARHAQCLKVTDPRAETLAYKVPLAG
WAIQENPLFWAKTIAKKVGCPTEDTAKMAGCLKITDPRALTLAYRLPLKS
WAIQQDPLFWAKRIAKKVGCPVDDTSKMAGCAKITDPRALTLAYKLPLGS

WaIQ.nPLFWAK.iAKKVGCPV.btakMAquKiTDPRALILAYklPL.s

350
LEYPHLHYVGFVPVIDGDFIPADPINLYANAADIDYIAGTNNMDGHIFAS
QEYPIVEYLAFIPVVDGDFIPDDPINLYDNAADIDYLAGINDMDGHLFAT
TEYPKLHYLSFVPVIDGDFIPDDPVNLYANAADVDYIAGTNDOMDGHLFVG

.EYP.1HY).FVvPViDGDFIPADPiNLYaNAADiDYiAGENAMDGHLFa.
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400

IDMPAINKGNKKVTEEDFYKLVSEFTITKGLRGAKTTFDVYTESWAQDPS
VDVPAIDKAKQDVTEEDFYRLVSGHTVAKGLKGTQATFDIYTESWAQDPS
MDVPAINSNKQDVTEEDFYKLVSGLTVTKGLRGANATYEVYTEPWAQDSS

.DVPAInk.kqdVTEEDFYKLVSg.TvtKGLrGa.aTfdvYTESWAQDDS

450
QENKKKTVVDFETDVLFLVPTEIALAQHRANAKSAKTYAYLFSHPSRMPV
QENMKKTVVAFETDILFLIPTEMALAQHRAHAKSAKTYSYLFSHPSRMPI
QETRKKTMVDLETDILFLIPTKIAVAQHKSHAKSANTYTYLFSQPSRMPI

QEn.KKTVVAfETDiLFLiPTeiAlAQHrahAKSAKTY. YLFShPSRMP]
- 500
YPKWVGADHADDIQYVFGKPFATPTGYRPQDRTVSKAMIAYWINFAKTGD
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DERIVATIVES OF HUMAN BILE.SALT STIMULATED LIPASE. AND PHARMACEUTI-
CAL COMPOSITIONS CONTAINING THEM

Field of the invention

Tne present invention relates to new DNA sequences, to new
oroteins coded for by such DNA sequences, and to the use

. as further described below of such proteins. The invention

also encompasses vectors, such as piasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzyme. The invention alsc includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention also includes processes for the preparation of
the novel products 6f the inventicn. The new proteins of
the invention are related to an enzyme, known i.a. as
human bile salt-stimulated lipase. |

R
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Background to the invention

The human lactating mammary gland synthesizes and secretes
with the milk a bile salt-stimulated lipase (BSSL) [1]
that, after specific activation by primary bile salts {2,
57, 58], contributes to the breast-fed infant's endogenous
capacity of intestinal fat digestion [3-5]. This enzyme,
which accounts for'approximately 1% of total milk protein
[6], is a non specific lipase; in vitro it hydrolyses not
only tri-, di- and monoacylglycerols, but also
cholesteryl-, and retinyl esters, and
lysophosphatidylglycerols. {7-10]. Furthermore, its
activity is not restricted to emulsified substrates, but.
micellar and solubie substrates are hydrolyzed at similar
ratés {11].

BSSL is not degraded during passage with the milk through
the stomach, and in duodenal contents it is protected by
bile salts from inactivation by pancreatic proteases such
as trypsin and chyhotrypsin [2,11]. It is, however,
inactivated when the milk is pasteurized, e.g. heated to
62.5 ©C, 30 min [12]. Model experiments in vitro suggest
that the end products of triacylglycerol digestion are
different in the prescnce of BSSL [5,7]. Due to lower
intraluminal bile salt concentrations during the neonatal
period [13,14]) this may be beneficial to product
absorption [5,15].

The carboxylic ester hydrolase (CEH) of human pancreatic .
juice [16) seems functionally to be identical, or at least
very similar, to BSSL [S]). They also share common epitopes
[8,17), have identical N-terminal amino acid sequences
{17) and are inhibited by inhibitors of serine esterases,
e.g. eserine and diisopropylfluorophopsphate [6,8,16]. It
has been hypothesized that the two enzymes are products of
the same gene [18,19]. The observed molocular size
difference [8,19) could be explained by different patterns
of glycosylation, as recently suggested [17].
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Dibvar; Tipids is an important source of energy. The
energy-rich triacylglycerols constitute more than 95% of
these lipids. Some of the lipids, e.g. certain fatty acids
and the fat soluble vitamins, are essential dieatary
constituents. Before gastro-intestinal absorption the
triacylglycerols as well as the minor components, i.e.
esterified fat-soluble vitamins and cholesterol, and
diacylphosphatidylglycerols, require hydrolysis of the
ester bonds to give rise to less hydrophobic, absorbable
products. These reactions are catalyzed by a specxfic
group of enzymes called lipases.

In the human adult the essential lipases involved are
considered to be gastric lipase, pancreatic colipase-
dependent lipase (tri- and diacylglycerol hydrolysis),
pancreatic phospholipase A2 (diacylphosphatidylglycerols)
and cikrboxylic ester hydrolase (cholesteryl- and fat
soluble vitamin esters). In the breast-fed newborn bile
salt-stimulated lipase plays an essential part in the
hydrolysis of several of the above mentioned iipids.
Together with bile salts the pro&ucts of 1lipid digestion
form mixed micelles from which absorption occurrs (3-5).

Common causes of lipid malabsorption, and hence
malautrition, are reduced intraluminal leavels of
pancreatic colipase-dependent lipase an/or bile salts.
Typical examples of such lipase deficiency are patients
suffering from cystic fibrosis, a common genetic disorder
resulting in a life-long deficiency in som 80% of the
patients, and chronic pancreatitis, often due to chronic
alcchclisa. |

The pancreatic and liver functions are not fully developed
at dirth, most notably in infants born before term. Fat
malabsoxption, for physiological reasons, is a common
finding and thought to result from low intraluminal
pancreatic colipase-dependent lipase and bile salt
coacentrations (3,4,13-15). However, because of BSSL, such
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malabsorption is much less frequent in breast-fed infants

‘than in infants fed pasteurized human milk of infant

formulas (3-5, 12, 59, 60, 61). This is one reason why it
has been advocated that newbora infants, particularly
preterm infants, that cannot be fed their own mothers milk
should be fed non-pasteurized milk from other mothers
(12). )

The present treatment of patients suffering from a
deficiency,of'pancréatic lipase is the oral administration
of very large doses of a crude preparation of porcine
pancreatic enzymes. Colipase-dependent pancreatic lipase
is inactivated.by low pH. Such conditions are prevalent in
the stomach, with the result that orally administered
pancreatic lipase is virtually completely inactivated on
the :passage through the stomach to the gut. Therefore,
this effect cannot be completely overcome by the use of
large doses of enzyme. The large doses administered are
inadequate for most patients, and the preparations are

‘impure and unpalatable. Certain tablets have been

formulated which pass through the acid regions of the
stomach and discharge the enzyme only in the relatively
alkaline environment of the jejunum. However, many

patients suffering from pancreatic disorders have an

abhormally acid jejunum and such tablets may fail to
discharge the enzyme and may therefore be ineffective.
Moreover, since the preparations presently on the market
are of a non-human source there is a risk of
immunoreactions'that may cause harmful effects to the
patients or result in reduced therapy efficiency.

A further drawback with the present preparations is that
their content of other lipolytic activities than colipase- |
dependent lipase #re-not stated. In fact, most of them
contain very low levels of CEH/BSSL-activiti. This may be
one reason why many'patients, suffering from cystic
fibrosis in spite of supplementation therapy, suffer from
deficiencies of fat soluble vitamins and essential fatty
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acids.

Thus, there is a great need for products with properties
and structure-deriVed-from human lipases and with a broad
substrate specificity, which products may be orally
administered to patients suffering from deficiency of one
or several of the pancreatic lipolytic enzymes. The
products of the present invention fulfil this need by
themselves or in combination with other lipases or in
combination with preparations containing other ligpases.
Furthermore, for some human infants there is an obvious
need to improve fat utilization from conventior:al infant
formulas, or pasteurized human milk from so-called milk
banks.

. BSSL has several unique properties that makes it ideally

suited for substitution and supplementation therapy:

It has been designed by nature for oral administration.
Thus, it resists passage through the stomach and is
activated in contents of the small intestine.

Its specific actiwation mechanism should prevent
hazardous lipolysis of food or tissue lipids during
storage and passage to its site of action.

Due to its broad substrate specificity it has the
potential to, on its own, mediate complete digestion of
most dietary lipids, including the fat soluble vitamin
esters. _
BSSL may be superior to.pancreatic colipase-dependent
lipase to hydrolyze ester bonds containing lohg-chain
polyunsaturated fatty acids.

In the presence of gastric lipase and in the absence of,
or at low levels of colipase-dependent lipase BSSL can
ascertain a complete triacylglycerol digestion in vitro
even if the bile salt levels are low such as in newbdrn
infants. In the presehce of BSSL the end products of
triacylglycerol‘digestion become free fatty acids and free
glycerol rather than free fatty acids and monoacylglycerol
generated by the other two lipases (5). This may favour

product absorption particularly when the intraluminal bile
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salt levels are low (3,15).

From a historical point of view infant formulas have been
developed, and improved, from the concept that their
composition should be as similar to that of human milk as
possible. It is desirable to supplement such formulas.

The utilization for supplementation, substitation or
therapy of bile salt-stimulated lipases (BSSL), or of
proteins with the essential functions of BSSL, requires
however access to quantities of the product on a large
technical scale. It is not possible in factory scale to
rely on natural sources such as milk as starting material.
Besides the prcblem mentioned above with inactivation of
BSSL during pasteurization, there is the additional risk
of céntaminaticn of material from a natural source with
infectious agents, e.g. vira such as HIV virus and CMV.
There is, accordingiy, a need for 1a£ge scale access to
products having BSSL properties. The present invention
provides such products and methods for their preparation.

Prior art references are given later in this
specification.
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. The invention

The present invention is based on the cloning of cDNA
coding for BSSL derived from_hnman mammary gland. We have
also isolated, from human pancreas, a partial cDNA coding
for CEH. Deduced amino acid sequences from the human
CDNA'Ss and'compa:ison with CEH from other species, suppo:rt
the interpretation that BSSL and CEH are identical.

'As will be further detgiled:below, it was surprisingly

found that the structure of the p:otein as deduced from
the cDNA seqﬁence is quite different from the structure of
other lipases. The structure proved unexpectedly to be
more like the structure of typical esterases, such as
cholinesterase.
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With reference to Figure IT and Figure VII, products of
the invention are:

a) a protein as defined ky the amino acid sequence 1-722
in Fig. VII,

b) a protein as defined kEy the amino acid sequence 1-535
in Pig. VII,

c) a protein as defined by the amino acid sequence 1-278
in Fig. VII, - ’

d) a protein as defined by the amino acid sequence 1-341
in Fig. VII,

e) :a protein as defined by theée amino acid segquence 1-409
in Pig. VII,

f) = a protein as defined by the amino acid sequence 1-474
in Pig. VII, ° |

g) combinations of prcesirs defined under ) - £f) e.g.
as defined by the amino acidé sequence in positions 1-278,
279-341, 279-409, 279-474, 342-409, 342-473 snd 536-722.

h) combinations of prcemins defined under o} - g) in
combination with one or mcre of the rereats according to
Figure v, |

i) a protein as definet under a) - h) possessing an
additional, N-terminal znino acid, namely methionine,
and functionally equivalant variants and mutants of the
proteins defined in a) - i} above;

It should be notéd that the proteins under a, b, ¢, 4, e,
£, h and i above will not be identical in 211 respects to
naturally occurring BSSL, but they will exhibit one or
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‘Aore‘B!’EﬁE“EFT?TEiI functions of naturally occurring

BSSL. Critical functions ars given below.

i) a DNA sequence coding for the proteins defined in a,
b, c,4d,e £, h and { adove.

k) a DNA éequence according to Pig. II, defined by the
following nucleotide numbers in Pig. II:

a) a DNA sequence 151-2316 according to Fig. II, coding
for the-protein defined by the amino acid sequence 1-722
in Pig. VII,

b) a DNA sequence 151-175S according to Fig. II, coding
for the protein defined dy the amino acid sequence 1- 535
in Rig. VII, |

€) a DNA sequence 151-985 according to Pig. II, coding
for the protein defined by the amino acid sequence 1-278
in Pig. vII,

d) a DNA sequence 151-1172 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-341
in Fig. vII,

e) a DNA sequence 151-1376 according to Fig. II, coding
for the protein defined by the amino acid sequence 1-409
in-prig. VvII,

£) a DNA sequence 151-1574 according teo Fig. II, coding
for the protein defined by the amino acid sequence 1-474
in Fig. vII,

g) a DNA sequence 986-1172 according to Fig. II, coding
for the protein defined by the amino acid sequence 279-341
in Fig. viI,

h) a DNA sequence 986-1376§ aécording tc Fig. II, coding
for the protein defined by the amino acia sequence 279-
409 in Fig. VII,

1) a DNA sequence 986-1574 acaording to Fig. II, coding

for the protein defined by the amino acld sesquence 279-474
in Fig. viI, '
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3} a DMA sequence 1173-1376 according to Fig. II, coding
for the protein defined by the amino acid sequence 342-40%
in Pig. VII, _ .

X) a DNA seqQuence 1173-1574 accordinq to Pig. 1I, ocoding
for the protein defined by the amino acid sequence 342-474
in Pig. VII.

siqnific;at'functions of proteins of the invention are

a) suitable for oral administration,

b) beinq.activiﬁed by spécific bile salts,

c) acting as a non-specific lipase in the contents of the
small intestines, that 1s being able to hydrolyze iipids
relatively independent of their chemical structure and

physical state (emulsified, micellar, solublej.

d) Ability to hydrolyze triacylglycerols with fatty acids

‘of different chain-length and different degreee of

unsaturaticen.

e) Ability to hydrolyze also diacylglycerol,
monoacyliglycersl, cholesteryl esters,

-lysophosphatidylacylglycerol, and retinyl and other fat

soluble vitamin-esters.

£f) Ability to hydrolyze not only the sn-1(3) ester bonds
in a triacylglycerol but also the sn-2 ester bond.

g) Abiiity to interact with not only primary but also
secondary bile salts. .

h) Dependency on bile salts for optimal activity.

i) stability so that gastric cohtents will not affect the
catalytical_gfficiency to any substantial degree.
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§) Stability towards inactivation by pancreatic

_prdtgases,-e.g. trypsin, provided bile salts are present.

k) Ability to bind to heparin and neparin derivatives,

- e.g. heparan sulphate.

1) Ability to bind to lipid-water interphases.
m) Stability to permit lyophilization.

n) Stability when mixed with food constituents such as in
human milk, or milk formula.

The critical functions for supplementation, substitution,
or therapy are these according to i), c), &), e), £), 1),
j) and 1). Por other purposes, not all critical functions
may be necessary.

For expression of the proteins indicated above, the
appropriate DNA sequence indicated above will be inserted
into a suitable vector which then is introduced into a
suitable host organism. The said vector will also have to
comprise app:opriate signal and other segquences enabling
the- organism to express the desired protein. '

Suitable expression organisms:

With the recombinant DNA techniques it is possible to
clone and express a protein of interest in a variety of
prokaryotic and eukaryotic host organisms. Possible
expression organisms are bacteriz, simple eukaryots -
(veast), animal cell cultures, insect cell cultures, plant
cell cultures,'plants and transgenic animals. BRBach
individual system has its own particular advantages and
disadvantages. The simple conclusion is that every gene to
bc expressed is a unique problem ané no standard solution
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Commonly used bacterial systems are K, Coli, Bacillus
subtilis, Streptomyces. Commonly used yeasts are
saccharomyges, and Pichia Pastoris. Commonly used animal
Ccells are CHO cells and COS cells. Commonly used insect
cell cultures are Drosophila derived cells.

Commonly used plant is the tobacco plant. Possible
transgenic animals are goat and cow.

Possible bacteriai vectors are exemplified by pUC and
protein A-vectors. |

Possible yeast vector is exemplified by pMA 91.
Possible insect vectors are devired from Baculo-virus.

‘Possible animal céll vectors are ¢erived_£rom SV/40.

Possible plant vectcrs are derived from the Ti-plasmid.

In every system, both natural and synthetic promoters and
terminators can bé used. '

It is understood that depending on the choice of

expression system, the expressed protein may contain an

additional N-terminal amino acid (methionine), contain a

few extra amino aclds, or be fused to a heterologous

protein, {(e.g. protein A), or differ from the naturally

occurring protein with respect to glycosylation.

Furthemmore, the vectors may also contain signal sequences

in order to export the protein to the periplasm or to the

culture medium. '

Thus, further aspects of the invention are:

a) a vector comprising a DNA sequence coding for a
protein as specified above,

b) a host arganlsm comprising a DNA sequence as
specified above,

¢} a process for the production of a protein_as
specified above, by growing a host organism
containing a vector as specified under a) above and
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Methods from purification are based on the expression
system used (e,g; protein A/IgG) and/or on methods used
for purification of the naturally occurring enzyme, as

described in reference 6.
Additiénil aspects of the invention are:

- & pharmaceutical composition comprising a protein as
specified above, -

- the use of a protein as specified above for the
manufacture of a medicament for the treatment of a
pathological'condition_related‘to exocrine pancreatic
insufficiency,

- the use of a protein as specified'above for the
manufacture of a medicament for the treatment of cystic
fibrosis,

- the use of a protein as specified above as a supplement
to an infant food formulatiop,

~-the use.of a protein as specified above for the
manufacture of a medicament for the treatment of chronic
pancreatitis,

-ths use of a protein as specified above for the:
manufacture of a medicament for the treatment of fat

.malabsorptibn of any etiology,

-the use of a protein as specified above for the.
manufacture of a medicament for the treatment of
malabsoption of fat soluble vitamins,

~-the use cf a protein as specified above for the

- manufacture of a medicament for the treatment of fat

malabsorption'due to physiological reasons, e.g. in new-
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bora infants.

The DNA sequence in FPig. II from position 151 up to and
including position 2316 is the seguence coding for the entire

- protein., The sequence from position 2317 up to and including

position 2415 is not t:ans}ated to protein, but is included
in exon & identified in Table 2 below.

In one embodiment Qf the invention, the protein as defined ir
pharagraphs a) - i) above is provided in isoclated form and/o:

. in substantially pure form.

The DNA sequences as defined in paragraphs a) -~ k) above are
in gne embodiment of the invention provided in isolated form
and/or in substantially pure form.

Experimental part

. Abbreviations.

aa, amino acid; bp, base pair; BSSL, bile salt-stimulated
lipase; c-AMP, cyclic adenosine monophosphate; CEH,
carboxylic ester hydrolase; Da, dalton; ¢ ’GIP, 7-deaza-2-
deoxyguanosine S'triphosphate; EDTA, ethylene diamine '
tetraacetaté} kb, kilobases; MOPS, 3-N-morpholino-
propanesulfonic acid; nt, nucleotide; PAGE, polyacrylamide
gel electrophoresis; SDS, sodium dodecyl sulfate; SSC, NaCi
citrate, xGal, S5-bromo-4-chloro-3-indolyl-8-D-
galactopyranoside.

Enzymes -
Bile salt-stimulated lipase EC 3.1.1.3

Carboxylic ester hydrolase EC 3.1.1.1
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Material and Methods

A. Enzyme and antibody preparation

BSSL was purified from human milk as previously described
{6]. When .uéed for aL_ntibody production the enzyme was
further purified by SDS-PAGE. The protein Lkand
corresponding to the lipase was, after staining with
Coomassie Brilliant blue, electroeluted from the gel.
Twentyfive ug of purified enzyme, together with an equal
volume of Freund's complete adjuvant, was used feor a first
i.c. injection and the same amount of enzyme with
incomplete adjuvant for the subsequent monthly booster
injections. 'rhe rabbits were bled about two weeks after
each booster and sera prepared and stored at -20 >C.

. .
B. Preparation of tryptic fragments and amino acid
sequence analysis

Three mg of purified BSSL was dissolved in 1 ml of 0.1M
Tris-Cl buffer, pH 8.5, containing 6M guanidinium
hydrochloride and 2 mM EDTA. Dithiocerythritol was added to
SmM. After incubation at 37 ©C for 2h, 300 ul 50 mM
iodoacetate was added. After 90 min incubation at @5 °C in
darkness the reduced and carboxymethylated enzyme was
desalted on a Sephades G-25 column, equilibrated with

0.5M ammonium bicarbonate. Thirty ug of tosyl-L-
phenylalanine chloromethane treated bovine trypsin
(Worthington diagnostics system Inc., Freehold, NJ, USA)
was added before lyophilization. The lyophilized protein
was dissolved in 4 ml 0.1M ammonium bicarbonate and an

~ additional 90 ug of trypsin was added. After 5h incubation

at 37 ©C the protein was again lyophilized. The tryptic
digest was dissolved in 0.1% trifluorcacetic acid
(2mg/ml). Three hundred ug of trypsinated BSSL vas
chromatographed on HPLC using a C-18 reversed phase column
and eluted with a gradient of 0-50% acetonitrilc in 0.1%
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ﬁrifluorbacetic acid. Peptide collection was monitored by
continuous recording of the absorbance at 215 nm. Peptides
to be sequenced were further purified by rechromatography
using the same column with adjusted gradients.

Samples of peptide fragments to be sequenced were dried
under nitrogen to remove acetonitrile and applied to the
sequencer. For N-terminal sequence analysis, native BSSL
was dissolved in 0.1% acetic acid. Sequence analyzes were
performed on an Applied Biosystems Inc. 477A pulsed
liquid-phase sequencer and on-line PTH 120A analyzer with
regular cycle programs and chemicals from the
manufacturer. Initial and repetitive yvields, calculated
from a sequenced standard protein, B8-lactoglobulin, were
47 and 97%, respectively.

C. Isolation of RNA

Samples of human pancreatic adipose and lactating mammary
gland tissues were obtained at surgery and immediately put

'into guanidinium thiocyanate (1-5 g in 50 ml). Total RNA

was extracted as described by Chirgwin [20]. Poly(A)-RNA
was prepared by chromatography cn oligo-deoxythymidilate-
(oligo(DT))~-cellulose column [2ij.

D.-Construction and screening of cDWA libraries

Approximately 15 pg poly-adenylated RNA from human
pancreas was denatured with methyl mercuric hydroxide [22]
and primed with oligo (4T) 1:-:e Primers (Pharmacia,
Uppsala, Sweden), and reverselv transcribed using -
standard procedures [23]. Second-strand synthesis was
carried out according to Gubler and Hoffman [24], except
that DNA ligase and B-NAD were omizted, and the reaction
temperature was set at 15 °C. Pxcess RNA was digested with
RNAse A (50ug/ml), and the doutie-stranded cDNA was

‘treated with EcoRI methylase ([2%]. Ends were blunted with

Klenow enzyme. After ligation to ZcoRI linkers and
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cleavage with BcoRI the cDNA was fractionated on a
Sepharose 4B-Cl column. The void volume fraction was _
precipitated with ethanol and the cDNA ligated into the
BcoRI site of a phosphatase treated gtll vector [26). In
vitro packing yielded more than 7x10® recombinants. -

A cDNA library from human mammary gland, derived from
tissue obtained from a women at the eighth month of
pregnancy, was purchased (c10ntech Laboratories, Inc.,
Palo Alto, CA. USA).

Phages from the cDNA liibraries were plated at 5x10° plaque
forming units per 120-mm dish. The antiserum was diluted
to a ratio of 1:3290 and screening was performed according
to Ydung and Davis [27]. Alkaline-phosphatase-conjugated
goat-anti-rabkit antibodies were used as second antibodies
(Bio-Rad, Richmond, CA USA). To isolate clones
corresponding to the 5'-end of the mRNA, nucleic acid
hybridization was done under standard conditions [23]
using a subcloned fragment from one of the immunopositive
clones as a probe.

E. RNA analysis

Electrophoresis was carried out in a 1% agarose gel in
40mM MOPS buffer pH 7.0 after denaturation with glyoxal
and dimethylsulioxide [28]. Glyoxalated total RNA was then
transferred to nitrocellulose filters (29]. The blots were
probed with subclores of BSSL and CEH recombinants that
were labelled Ly the oligo-labeling technique [30].
Prehybridization and hybridizati_bn were carried out with
50% formamid at 46 °C [23]. Posthybridization washes ‘wers
performed at high stringency (0. 1% SDS and 0.1xSSC at

60= ¢). (1xssc, 0,15M NaCl, 0.0015M Na, citrate, pH 7.6).

P. Nucleotide sequence
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cDNA inserts from BSSL and CEH recombinants were either
directly cloned into M3mpl8 and mpl9 after sonication and
size fractionation or some of them were further subcloned
into PTZ19R after digestions with PstI, BstXI, Narl, Smal
‘and AhaII. The nucleotide sequence was determined by the
dideoxy chain-termination method [31). The GC-rich repeat:
(see below) were also sequenced with Tan polymerase and
dc GI?. Both strands were sequenced. Seguence informatior
was retrived from autoradiograms by use of the software
MS-Edseq as described by Sjdberg et al {55].

G. Amino ééid sequence predictions and homologies.

Tc predict the corresponding amino acid sequence of the
CDNA inserts, codon usage of different reading frames was
compared according to Staden and gave one open reading
frame {32). Homologies were searched for with the programs
of the UWGCG software package [33].

Results and Discussion

A. Sequences of tryptic fragments and the N-terminus of
BSSL

“Trypsin digestion of purified BSSL resulted in
approximately 50 fragments as judged by the number of

- peaks obtained during the EBPLC-chroma2tography (Fig. I).
The peaks were collected and the indicated peaks which
could be isolated in a highly purified state and in
rezsonable quantities, were sequenced. The resulting
sequences are shown in Table I. In addition the 30 most N-
Lerminal residues were sequenced (Fig. II), and they
confirm the previously reported sequence of Abouakil et
al. {10 residues) (17].

The 22 residues long N-terminal sequencc reported from
Wang & Johnson [34] is a glycine in our report and a
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lysine in Wang & Johnson's.

B. Rucleotide sequence of BSSL

For construction of the Agtll cDNA library we used
polyadexiyla_t.ed RNA from human pancreas. Initially four
immunopositive clones were isolated, and then this
pancreatic expression cDNA library was screened with
antiserum against BSSL. Nucleoctide sequence analysis of
the four clones showed that they are in perfect agreement
and correspond to the 3'-end of the mRNA. They all begin
with a poly A tail and differ only in length; the longest

- insert, designated ACEH, spans 996 bp.

A cDNA 1ibraty from human mammary gland was screened with
antiserum, and the pancreas clone ACEE as probe. Positive
clones were isolated from both screenings, which all
originate from the 3'-end. The longest mammary gland
clone, designated ABSSL, reaches 2100 bp upstream. It
contains four of the sequenced tryptic fragments (Fig.
II), but do not include the N~terminal amino acid
sequence. To extend the sequence beyond the translation
start, the mammary gland cDNA library was rescreened with
a 118 bases long probe derived from the most 5'proximal
part of ABSSL. One clone was isolated that continued a
fur€her 328 nucleotides upstream. It matched the N-
terminal amino acid sequence, and contained the remaining
tryptic fragment. As shown in Pig. II, the cDNA is 2428
nucleotides long and contains 81 bases upstream from the
first ATG codon. The polyacdenylation signal, AATAAA is
located 13 nucleotides upstream from the poly A tail and
the termination codon TAG was found at nucleotide 2317
followed by a 3'-untranslated region of 112 bp.

A GC rich région consisting of 16 repeats of 33 bases was
found in the 3'-end of the sequence between base 1756 and
2283. The nucleotide sequence of the repetition, shown
in Pig. I1I, consists of six identical repetitions
surrounded by ten repetitions with different number of
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substitutions that have probably occurred after several
dupiications. The low number of substitutions suggesats
that these repetitions have appeared late during
evolution.

. €. Tissue distribution of expression

RNA from human lactating mammary gland, pancreas, adipose
tissue and from a human hepatoma celline (HepG2) was
analyzed by Northern blotting. The size of the messenger
was determined to be approximately 2.5 kb in both
lactating m.ami\ary gland and pancreas. No signal could be
detected in the lanes with RNA extracted from HepG2 or
adipose tissue (Pig. IV).

Since the MKNA used for the mammary gland library was
obtained from a female in her 8th month of pregnancy, it
is evident that transcription and probably translation of
the BSSL ge—né is turned on before partus, in agreement
with previous findings on BSSL secretion before partus
{35]. See Figure Iv.

D. Amino acid sequence of BSSL

Assessed by SDS-PAGE the molecular mass has been reported
to~be 107-12% kDa {8,36] and by analytical .
ultracentrifugation to be 105 kba [37]. The enzyme, as
deduced from the CDNA, consists of 722 amino acid residues
(Pig. II) which, giving a molecular mass of 76.271 Da, '
indicates that the enzyme contains at least 15-20%
carbohydrate. The leader seguence is 23 residues long. A
tentative active site serine residue is localized to
serine-217 (Fig. V). The sequence arcund this'serine
accord with the consensus active site sequence of serine- -
hydrolases [38]). It has recently been it was proposed that
basic residues found close to the active site serine may
be involved ir the cleavage of esterbonds in acylglycerols
by lipases {39]. It is interesting to note that such
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residues a're"“nOt present in BSSL. The single tentative N-
glycosylation site is localized only seven residues from
the serine. ‘The degree of glycosylation [6,16] suggests
that the enzyme contains O0-linked carbolydrate. There are
numerous sites where such glycosylation could have
occurred. The amino acid composition based on purified
enzyme has shown a high content of proline residues [6].
The amino acid sequence obtained from cDNA confirms this.
Moreover, most of the proline residues are localized in
the 16 repeats of 11 residues each, constituting the main
part of the C-terminal ha.lf of the enzyme.

B. ¢ompa.risono£theenzynesinnamarygland(3$$t.)and

- pancreas {CEH)

BSSL ?f human milk and human pancreas CEE have previously
been shown to be similar, if not identical. The present
data strongly suggests that the two enzymes are products
of the same gene. The nucleotide sequence of the cDNA
clones shows that the pancreatic. clone ACEH is identical
with the mammary gland clone ABSSL from the poly A tail
and 996 bases towards the S'-end, including the sequence
coding for the proline rich repeats. Northen blot gave a
single band of 2.5 kb in RNA from pancreas and lactating
mammary gland (Fig. IV). Genomic Southern blots further
support the idea that only one gene codes for BSSL and
CEE. The difference in mobility on SDS-PAGE between BSSL
and CEH can be explained as a consequence of different
glycosylation or differential splicing.

The similarity of BSSL to the rat and bovine enzymes (see
below) and to results from genomics blots support the
possibility that differential splicing cannot account for
the mobility difference. Since the C-terminal sequence has
not been confirmed on the protein level there is a less
likely possibility that CEE may be processed by a
proteolytic clearage in the C-terminal end.
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So far as we know pancreatic enzymes that obvioiuly
correspond f.o CEH have often been named after species and
the particular substrates used to determine their
respective activities; lysophospholipase, cholesteryl
esteraée, sterol ester hydrolase, non-specific lipase,
carboxyl ester lipase and cholesteryl ester hydrolase.
Available data”a.rg compatible with the view that all these
activities described originates in one and the same
functional entity [42,43]. This illustrates the brcad
substrate specificity and the relevance of designating
them as non-specific lipases. When the sequence of human
BSSL/CEH is compared to the sequence of lysophosphclipase
from fat pancreas [40] and cholesterol esterase f£from
bovine pancreas [41] extensive similarities are found that
extend about 530 residues from the N-terminal (Fig Vv); but
they {differ in the part of the molecule where the repeats
occur. The rat enzyme has only four repeats and the kovine
three. Hence the human enzyme is a considerable longer
peptide.

Moreover, striking similarities were found between BSSL
and a number of typical esterases, e.g. acetyl choline
esterases from several species, including man and
Drosophila, and carboxyl esterases (Fig. VI). Tnese
simiflarities were restricted to the N-terminal 300
residues of BSSL which includes the tentative active site
serine-residue. A similarity to acetyl choline ezterase
has been predicted from the fact that BSSL is inhibited by
typical choline esterase inhibitors [6, 8, 16]). With the
possible exception of the rat liver carboxyl esterase
[45), none of these similar enzymes has been showrn to have
the same bile-salt dependency as BSSL; this suggests that
the structural basis for this property resides in the C-
terminal part of the protein. Moreover, BSSL can
efficientiy attack emulsified substrates which is not a
known characteristic of the similar esterases. For this
activity hi-l.é salt is a prerequisite.
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The predictedfsequence for human BSSL was compared with
other well characterized mammalian lipases. Apart fraom the
consensus sequence around the active site serine {G-X-S-X-
G), no obviocus similarities were found [44].

In addition to the similarities with other enzymes, there
also significant similarities to one c-AMP dependent
protein from Dictyostelium discoideum [46] as well as to
thyroglobulin from several species (Fig VI) [47-49]. The
similarities between BSSL and thyroglobulin, which
comprise the active site region but not che active site
itself, indicate that these highly concerved stretches of
amino acids are of more generalized importance than merely
supporting the enzymatic activity of esterases.

In conclusion, human milk BSSL consists of 722 amino acid
residues. Available data strongly indicate that its |
peptide chain is identical to that of pancreatic CEH, and
they are coded for by the same gene. The strongest
evidence is that the nucleotide sequences of their 3 -
ends and their N-terminal amino acid sequences are
identical. The striking homologies found to rat pancreatic
lysophospholipase and bovine pancreatic cholesterol
esterase support the hypothesis that aiso these enzymes
are functionally identical. However, as it has been
suggested, the different molecular sizes found among
species are not due to differences merely in
glycosylation; instead they reflect a variable number of
an eleven amino acid repeat. The similarity of the active
site sequence between these esterases sugjgests that these
proteins derive from a common ancestral gene. )

With reference to Figures I-VII, the foilowing legends are
given. |
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Figure I: Separation cf the tryptic digest of BSSL on HPLC

Purified BSSL was treated with trypsin and chromatographed
on HPLC as described in Materials and Methods. The
indicated peaks were collected and purified further by a
rechromatograph and their amino acid sequence determined.

Figure II: The cDNA nuclectide sgggencé and the deduced
amino acid sequence for human bile salt-stimulated lipase:

The cDNA is 2428 bases loag. The N-terminal 23-codon
sequence (nt82-150) starting with an ATG, is interpreted
as a leader peptide since the N-terminal amino acid
sequence of the mature protein starts at codon 24 (nt 151,
Ala). The leader peptide is underlined. The sign *
indicates the starting point of an exon. The sign ¢
indicates the starting roint of the repetition part.

Piqure III: The nucleotide seggence of the C-terminal GC-
rich repetitions in the bile salt-stimulated lipase:

Substitutions are indicated by a *.

Figure IV: Northern blect hybridization

Ncrthern blot analysis of total RNA isolated from human
lactating mammary gliand, pancreas, adipose tissue and a
human hepatoma cell line (HepG2). Total TNA (1lO0ug) from
lactating mammary gland {lane A), pancreas (lane B),
adipose tissue (lane C) and HepG2 (lane D) were
electrophoresed in a 1% agarose gel in 40mM MOPS buffer at
Ph 7.0 after denaturation of RNA in 1M glyoxal, 50%°
dimethylsulfoxide and 4CmM MOPS. The glyoxalated RNA was
then transferred to nitrocellulose paper for hybridization
with: {32 P] labeled BSSL cDNA (ABSSL). |
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Figure V: Comparison of the deduced amino acid sequence

from human milk BSSL, rat pancreatic lysophospholipase

{Ratipl) [40] and bovine gancreatic cholesterol esterase
Bovceh 411:

The serine residues involved in the active site are
indicated by a *, and the § indicates the single possible
N-glycosylation signal of the protein. The direct repeats
of aminc acid sequences are boxed. Matching sequences are
denoted in capital letters, matching sequences between two
enzymes are denoted in small letters and mismatching with
a dot.

Piqure VI: Comparison of the primary structure of ESSL to

othel esterases, thyroglobuline and to one c-AMP dependent
enzyme from Dictyostelium discoideum:

BSSL: bile salt stimulated lipase from human, Cheshum:
cholinesterase from fetal human tissue [50), Torpace:
acetylcholinesterase from Torpedo marmorata [51],
Drosceh: zarboxylic ester hydrolase from Drosophila
melacgaster [52], Ratlivce: carboxyl esterase from rat .
liver [53], Drosace: acetylcholinesterase from'DroSophila
melaogaster [54], Thyrhum: thyroglobulin from human [49]
and Dict.Di: c-AMP dependent enzyme from Dictyostelium
discoideur [46]. There are 7 different domains that show
similarities between the enzymes. Boxes enclose residues
which are identical and small letters in the consensus
sequence indicate identical residues in all the enzymes
except for one. Dots indicate mismatches. The serine
residue involved in the active site is indicated with *.
The figure in the right hand corner shows how the domains
are orieated. -
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gives the amino acid sequence 1 - 722 for the entire
protein {one letter code) and indicates exons a, b, ¢,
and 4. The sign § indicates the starting point of the
repetition part.
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Table 1. Amino acid sequence of BSSL peptides.

Due to interfering peaks no positive identification of the
residue in cycles 1 and 2 of the sequencing could be made
in peptide number 26. The peptide numbers refer to the
peaks in Fig I.

8 TP16:LysValThrGluGluAspPheTyrLys
TP19:GlyIleProPheAlaAlaProThrLys
szo:LeuValSerGluPheThrIleThrLys
TP24:ThrTyrAlaTyrLeuPheSerHisProSerairg
TP26:PheAspVaLTerhrGiuSerTrpAlaGlnAsp

ProSerGlnGluAsnLys
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Table 2: Identification of the exons a, b, ¢ and &
numbered as in Figures II and VII.

S
exon Location _
10 between nucleotide number between amincacid
number
a 986-1172 . 279-341
b 1173-1376 342-405
15 ¢ 1377-1574 ' 410-474
a 1575-2415 475-722
the entire 151-2316 1-722
protein '
20 : _
the entire 151-175S | 1-535
protein
excluding
repetitions
25 ---------------------------------‘-- ..... - ahaha) D @ U5 D b e - op -
30

35
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1. A protein as indicated in ?igu;e VII from position 1
to position 722.

2. A protein as indicated in Figure VII from position 1
to position 535.

3. A protein as indicated in Figure VII from position 1
to position 278.

4. A protein as iudicated in Pigure VII from position 1
to position 341.

5. ‘A protein as indicated in Figure VII from position 1
to position 409.

6. A protein as indicated in Figure VII from position 1
to position 474.

7. A protein as indicated in Figure VII from position 1
to position 278, position 279 to position 341,
position 279 to position 489, position 279 to
position 474, position 342 to position 409, position
342 to position 474, or position 536 to position 722.

8. A protein according to any of claims 1-7 in
combination with one or more cf the repeats according
to Pigure V.

9. A protein according to any of claims 1-8, possessing
methionine as additional N-terminal amino acid.

10. A protein according to any of claims 1-9, exhibiting
one or several of the critical functions of
naturally occurring bile salt-stimulated lipase.
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11.

12.

13.

1.

1s.

16.

17.

18.

A functionally equivelent variaat or mutant of a

protein according to any of claims 1-9.

A DNA sequence coding for a protein with the anino
acid sequence according to claim i.

A DNA sequence coding for a protein with the amino
acid sequence according to claim 2.

A DNA sequence coding for a protein with the amino
acid sequence according to any of claims 3, 4, S, 6,
7, 8, 9, 10 and 11.

A DNA sequence defined by the following nucleotidc_
numbers in Figure Il:

151-2316
151-17S88
151-983

151-1172
151-1376

151-1574

986-1172
986-1376
986-1574
1173-1376
1173-1574

A vector comprising a DNA sequence coding for a
protein according to claims 1 - 11

A vector comp:lsin§ a DNA sequence according to
claims 12 - 135,

A host organism transformed with a vector according
to claims 16 or 17.
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A process for the production of a protein according
to claims 1 - 11 by growing a host organisa
containing a vector according to claims 16 or 17, and
isolating the protein. -

A pharmaceutical composition comprising a protein
according to any of claims 1 - 11.

A pharmaceutical composition comprising a protein
according to any of claims 1-11 in combination with
a lipase or in combination with preparations
containing lipases.

'rhe use of a protein according to any of claims i -
11 for the manufacture of a medicament for the
treatment of a pathological condition related to
exocrine pancreatic insufficiency.

The use of a protein according to any of claims
1 - 11 for the manufacture of a medicament for the
treatment of cystic fibrosis.

The use of a protein according to any of claims
1 - 11 as a supplement to an infant food formulation.

The use of a protein according to any of claims 1-11
for the manufacture of a medicament for the
treatment of chronic pancreatitis.

The use of a protein according to any of claims 1 11
for the manufacture of a medicament for the
treatment of fat malabsorption.

The use of a protein accordin to any of claims 1-11

for the manufacture of a medicament for the
trsatment of malabsorption of fat soluble vitamins.
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The use of a protein according to any of claims 1-1t
for the manufacture of a medicament for the

treatment of fat malabsorption due to physiological
reasons.

The use, according to claims 22-28 of a protein
according to any of claims 1-11 in combination with a
lipase or lipases or in combination with preparations
containing a lipase or lipases.

‘An infant food formulation, supplemented with a protein

according to any of claims 1 - 11.

A protein according to claims 1 -.11 in substaatially
pure form.

A protein according to claims 1 - 11 in isolated form.

A DNA sequence according to claims 12 - 15 in
substantially pute form.

A DNA sequence according to claims 12 - 15 in isolated
form. '

A-process for the preparation of a pharmaceutical
composition according to claims 20 or 21 by
incorporating a protein according to claims 1 - 11, 31,
or 32 in a pharmacologically acceptable carrier.

A process according to claim 35 for the preparation of .
a pharmaceutical composition for oral administration.

A process for the preparation of an infant food -
formulation according to claim 30, by supplementing an
infant food formulation with a protein according to

~claims 1 -11, 31, eor 32.
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DERIVATIVES OF HUMAN BILE-SALT STIMULATED LIPASE,
AND PHARMACEUTICAL COMPOSITIONS CONTAINING THEM

Abstract

The present invention relates to new DNA sequences, to new
proteins coded for by such DNA sequences, and to the use
as further described below of such proteins. The invention
also encompasses vectors, such as plasmid constructs,
comprising such DNA sequences, being capable of expressing
the desired enzYme. The invention also includes host
organisms transfected with such constructs e.g. bacteria
yeast, mammalian cells, and transgenic animals. The
invention alsc includes processes for the preparation of
the novél products of the invention. The new proteins of
the invention are related to an enzyme, known i.a. as
human bile salt-stimulated lipase.

FIGURE 2.
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ACCTTCIGTA TCAGTITAAGT GICAAGATGG AAGGAACAGC AGTCTCAAGA TAATGCAAAG 60'
AGTTTATTCA TCCAGAGGCT G ATG CTC ACC ATG GGG OGC CIG CAA CIG GTIT 111
Met Leu Thr Met Gly Arg Leu GIn Leu Val
1l S 10
GIG TIG GGC CIC ACC TGC TGC TGG GCA GIG GOG AGT GOC GOG AAG CIG 159
Val Ieu Gly Leu Thr Cvs Cvs Trp Ala Val Ala Ser Ala Ala Lys leu
15 - 20 25
GGC GCC GIG TAC ACA GAA GGT GGG TTIC GIG GAA GGC GIC AAT AAG AAS 207
Gly Ala Val Tyr Thr Glu Gly Gly Phe Val Glu Gly Val Asn Lys Lys
30 3s 40
CIC GG¢ CTC CTG GGT GAC TCT GIG GAC ATC TTC AAG GGC ATC CCC TTC 255
Leu Gly leu Leu Gly Asp Ser Val Asp Ile Phe Lys Gly Ile Pro Phe
' 45 50
GCA GCT COC ACC AAG GOC CTG GAA AAT OCT CAG CCA CAT CCT GGC TGG 303
AlaAlaPromrLysAlaLeuGluAsnProGlnPro!-usPro Gly Trp
: 60 65 70
CAA GGG ACC CTG AAG GCC AAG AAC TTC AAG AAG AGA TGC CTG CAG GCC 351
Gln Gly Thr leu Lys Ala Lys Asn Phe Lys Lys Arg Cys Leu Gln Ala
75 80 85 20
ACC ATC ACC CAG GAC AGC ACC TAC GGG GAT GAA GAC TGC CTG TAC CIC 3%¢
Thr Ile Thr Gln Asp Ser Thr Tyr Gly Asp Glu Asp Cys Leu TyY leu
95 100 103
ARC ATFTGG GIG CCC CAG GGC AGG AAG CAA GIC TCC GG GAC CIG CCC 437
Asn Ile Trp Val Pro Gln Gly Arg Lys Gln Val Ser Arg Asp leu Pro
_ 110 115 120
GIT ATG ATC TGG ATC TAT GGA GGC GCC TTC CIC ATG GGG TCC GGC CAT 495
Val Met Ile Trp Ile Tyr Gly Gly Ala Phe Leu Met Gly Ser Gly His
125 130 135 :
GGG GCC AAC TTC CIC AAC AAC TAC CTG TAT GAC GGC GAG GAG ATC GOC 543
GlyAlaAsnPheIeuAsnAsnTyrI.'eu'IyrAspGlyGluGluneAla
140 145 150
ACA OGC GGA AAC GIC ATC GIG GIC ACC TIC AAC TAC OGT GIC GGC OCC ss1
Thr Arg Gly Asn Val Ile Val Val Thr Phe Asn Tyr Arg Val Gly Fro
155 160 165 170
CITGGGTICCI’CPGCACI‘GGGGACGCCAATCIG&A@AACTATCGC 639
Leu Gly Phe Leu Ser Thr Gly Asp Ala Asn lLeu Pro Gly Asn Tyr Gly
175 180 18z
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1071
11le
1167
1213
1262
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102

93 43 @5 BEE 93 9% g3 LS 038 B3 BE 3% BE
b3 BY 95 HE 938 B3 B3 B 4§ 933 3% 4. B
%88 33 45 G§ G4 BSR BE GE H3 83 958 &% &3
gF §38 4k B3 B3 95 BER BF 4% 8% 45 gAR 42
35 BE UER B3 95 B3 2% B23 BR 8% 85 BE ks
3 B3 LY B99 15 BN EE bF 46% 48 93 93 43
BE 8¢ B3 B3 H3% 8% 3 BF B3 983 95 &Y &8
G383 U¢ MY R U3E BX RE DR BE RER &3 L2
G4 63 85 33 EZ U3 BER 83 8% §3 83 Bsg
43 45 R3S 4§ BY 5% B3 BIR B3 g4 GR 95 4
9% BE BY 83T 6E GBS 83 BY UER &3 5E gr 9%
33 88 &4 3 5B B3 6% HE 48 ©kR 88 &2 43
358 83 8% 65 25 GRS BE -8L EE 38 538 48 83
5§ 838 43 BY 85 S %88 83 4% 43 8§ 838 F
BF B2 G538 BY B3 Gy Ul BAB §3 9% U9 '82 B
Bi 1 83 B35 B3 B3 EF 47 §9R B3 BE 8X 83



ROELACEMENT SHEET
25 SEP 1998

Fig.2(3/4)

[
"
()]

1311
1359
1407
1453
1503
1

1593
167
1695
1743
1791
1839
1887

E&S 86 HBY 82 Y& &% B BY 45 g& G838 BE B
sf B33 E& @% WE H3 B4R d& By HE By @98 8%
Ed €3 B33 83 84 &3 4% HE® 43 By 4% HBE G&S

E3 U3 d& 8g% B3 BE Hg Y4 8E3 B3 ®¥ B3 4d
e EBa H3 B9 E&S B3 &8 4§ 25 B3R 98 HE HE
2%¢ 86 & BE HBE 253 45 d8 HE E& HER 33 HE

25 HAS Y& 25 35 EBY BRZ 4@ HY U@ HE B3R B
25 BF 25% BE 89 B9 d% GEd 4% By GY 8% HER
25 B4 Hd d&% BE& G4 "¢ de Y48 YE BE Gg HE
§ B3 By &9 E9¢ 4§ gd& UE ¥y BER 4B g4 W4
568 B2 9% HE ¥k 488 3% §3 &Y d& Ha3% BE 83
By B¥9 H3 BF 83 &3 Ha® BE 35 WY .33 HER BY
BE &9 3§% BF Ea HE EE 843 4% B3 33 BF 488
s8 8% H3 By% 8% BF 3§ J& YER HE 3% HE &S
8 44 GF BE -8A% 8k Ui HE H3 453 Y w44
§3% 83 44 84 §4 48¢ BE B 33 Y& GBI® HI BE
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T 2378
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CCCATCTIGA GCICTTCCIG AATAAAGOCT CATACOCCTA AAAAAAAAAA AN



Fig. 3.

GfGGCCfCCCCTGTGCC?CCCACAGGGGACTCC
* I

GAGGCCACTCCCGTGCCCCCCACGGGTCACTES
P Y *
GAGACCGCCCCCCTGCCGCCCACGGGTCACTCS

* » ®

GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC

GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC
é

GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC
GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC
GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC
GGGGCCCCCCCCGTGCCGCCCACGGGTGACTCC

GGCGCCCCCCCCGTGCCGCCCACGGGTGACGCC
» o *
GGGCCCCCCCCCGTGCCGLCCACGGGTGACTCC

*

GGCGCCCCCCCCGTGCCGCCCACGGGTGACTCC
»

GGGGCCCCCCCCGTGACCCCCACGGGTGACTCC
* *

GAGACCGCCCCCGTGCCGCCCACGGGTGACTCC
* % »

GGGGCCCCCCC?GTGCC?CCCACGGGTGACTCT
*

{ i
GAGGCTGCCCCTGTGCCCCCCACAGATGACTCC
L Y * = * »

GGGGCCCCCCCC GIGCCGCCCACGGGTGACTCC
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. ' S0
MLTMGRLQLVVLGLTCCWAVASAAKLGAVYTEGGFVEGVNKKLGLLG.DS

_+ « s MGRLEVLFLGLTCCLAAACAAKLGALYTEGGFVEGVNKKLSLLGGDS |
+++ . MLGASRLGPSPGCLAVASAAKLGSVYTEGGFVEGVNKKLSLFG.DS -

«e..grl....lgltcclaaaaAAKLGavYTEGGFVEGVNKKLSLIG. DS

' ' 100
VDIFKGIPFAAPTKALENPQPHPGWQGTLKAKNFKKRCLQATITQDSTYG
VDIFKGIPFA.TAKTLENPQRHPGWQGTLKATQFKKRCLQATITQDOTYG
VDIFKGIPFAAAPKALEKPKRHPGWQGTLKAKS FKKRCLQATLTQDSTYG

VDIFKGIPFAa. .KaLEnPQrHPGWQGTLKAK. FKKRCLQATiTQDSTYG

. 150
DEDCLYLNIWVPQGRKQVSRDLPVMIWIYGGAFLMGSGBGANFLNNYLYD
QEDCLYLNIWVPQGRKQVSHDLPVMVWIYGGAFLMGSGQGANFLKNYLYD
NEDCLYLNIWVPQGRKEVSHDLPVMIWIYGGAFLMGASQGANFLSNYLYD

.EDCLYLNIWVPQGRKqVShDLPVMiWIYGGAFLMquqGANFL.NYLYD

: ' e T 200
GKKIATRGNVIVVTFNYRVGPLGFLSTGDANLPGNYGLRDOQHMAIAWVKR
GKKIATRANVIVVTFNYRVGPLGFLSTGDANLPGNFGLRDQHMAIAWVKR
GKKIATRGNVIVVIFNYRVGPLGFLSTGDSNLPGNYGLWDQHMAIAWVKR

GKKIATRgNVIVVTFNYRVGPLGFLSTGDaNLPGNyGLrDQHMAiAWVKR

. # * - 250
NIAAFGGDPNNITLFGESAGGASVSLQTLSPYNKGLIRRAISQSGVALSP
NIAAFGGDPNNITIFGESAGGAIVSIQTLSPYNKGLIRRAISQSGVALSP
NIEAFGGDPDNITLFGESAGGASVSLQTLSPYNKGLIKRGISQSGVGLCP

.NIaAFGCDPDNITLFGESAGGAsVSLQTLSPYNKGLIrRaISQSGVanP

300 -

WVIQKNPLFWAKKVAKKVGCPVGDAARMAQCLKVTDPRAiTLAYKV?LAG
WAIQENPLFWAKTIAKKVGCPTEDTAKMAGCLKITDPRALTLAYRLPLKS
ﬁAIQQDPLFWAKRIAKKVGCPVDDTSKMAGCAKITDPRALTLAYKL?LGS

WaIQ.nPLFWAK. iAKKVGCPv.DtakMAGC1KiTDPRALTLAYK1PL. s

350
LEYPMLHYVGFVPVIDGDFIPADPINLYANAADIDYIAGTNNMDGHIFAS
QEYPIVEYLAFIPVVDGDFIPDDPINLYDNAADIDYLAGINDMDGHLFAT
TEYPKLHYLSFVPVIDGDFIPDDPVNLYANAADVDYIAGTNOMDGHLFVG

-EYP.1HY1.FVvPViDGDFIPADPiNLYaNAADiDYiAGENAMDGH1Fa.
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400
IDMPAINKGNKKVTEEDFYKLVSEFTITKGLRGAKTTFDVYTESWAQDPS
VDVPAIDKAKQDVTEEDFYRLVSGHTVAKGLKGTQATFDIYTESWAQDPS
MDVPAINSNKQDVTEEDFYKLVSGLTVTKGLRGANATYEVYTEPWAQDSS

.DVPAInk.KkqdVTEEDFYKLVSg. TvtKGLrGa . aTfdvYTESWAQDPS

450
QENKKKTVVDFETDVLFLVPTEIALAQHRANAKSAKTYAYLFSHPSRMPV
QENMKKTVVAFETDILFLIPTEMALAQHRAHAKSAKTYSYLFSHPSRMPI
QETRKKTMVDLETDILFLIPTKIAVAQHKSHAKSANTYTYLFSQPSRMPI

QEn.KKTVVdeTDiLFLiPTeiAlAQHrahAKSAkTY.YLFShPSRMPi
' ' 500
YPKWVGADHADDIQYVFGKPFATPTGYRPQDRTVSKAMIAYWTNFAKTGD
YPKWMGADHADDLQYVFGKPFATPLGYRAQDRTVSKAMIAYWTNFAKSGD
YPKWMGADHADDLQYVFGKPFATPLGYRAQDRTVSKAMIAYWTNFARTGD
YPKWmGADHADDLQYVFGKPFATP1GYRaQDRTVSKAMIAYWTNFAKLGD
= 530
PNMGDSAVPTHWEPYTTENSGYLEITKKMGSSSMKRS LRTNFLRYWTLTY
PNMGNSPVPTHWYPYTMENGNY LDINKKITSTSMKEHLREKFLKFWAVTF
PNTGHSTVPANWDPYTLEDDNYLEINKQMDSNSMKLRTLTNYLQFWTQTY
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